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PROCEEDI NGS
Call to Oder

DR KIBBE: By the clock on the wall, I
think we are at 8:30. It |ooks like our
el ectronics are working so we will be in good
shape. W need to start off with the readi ng of
the conflict of interest statenent.

Conflict of Interest Statenent

MB. SCHAREN:. Good norning. | amHilda
Scharen. | amthe executive secretary for the
Advi sory Conmittee for Pharmaceutical Science and
am goi ng to be going through the conflict of
interest statenent for the comittee.

The foll owi ng announcenent addresses the
i ssue of conflict of interest with respect to this
meeting and is nade a part of the record to
precl ude even the appearance of such at this
meeti ng.

Based on the agenda, it has been
determned that the topics of today's neetings are
i ssues of broad applicability and there are no
products being approved at this neeting. Unlike
i ssues before a committee in which a particul ar
product is discussed, issues of broader

applicability involve nmany industrial sponsors and
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academic institutions. Al special governnent
enpl oyees have been screened for their financial
interests as they may apply to the general topics
at hand.

To determine if any conflict of interest
exi sted, the agency has revi ewed the agenda and al
rel evant financial interests reported by the
meeting participants. The Food and Drug
Adm ni stration has granted general matters waivers
to the special governnent enpl oyees participating
in this meeting who require a waiver under Title
XVI1l, United States Code Section 208.

A copy of the waiver statements may be
obt ai ned by submitting a witten request to the
agency's Freedom of Information O fice, Room 12A-15
of the Parkl awn Buil di ng.

Because general topics inmpact so nmany
entities, it is not prudent to recite all potentia
conflicts of interest as they nmay apply to each
menber and consul tant and guest speaker. FDA
acknow edges that there may be potential conflicts
of interest but, because of the general nature of
the di scussion before the cormttee, these
potential conflicts are mtigated.

Wth respect to FDA's invited industry
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representative, we would |ike to disclose that

Gerald Mgliaccio is participating in this nmeeting
as an industry representative, acting on behal f of
regul ated industry. M. Mgliaccio is enpl oyed by
Pfizer. Dr. Paul Fackler is participating in this
meeting as an acting industry representative. Dr.
Fackl er is enpl oyed by Teva Pharmaceuticals U S. A

In the event that the discussions involve
any other products or firns, not already on the
agenda, for which FDA participants have a financi al
interest, the participants' involvenent and their
exclusion will be noted for the record. Wth
respect to all other participants, we ask in the
interest of fairness that they address any current
or previous financial involvenmrent with any firm
whose product they nmay wish to comment upon. Thank
you.

DR KIBBE: Thank you, Hlda. Just so
that our audi ence knows who all is here, | would
like to ask everybody to introduce thensel ves and
give their affiliation. W wll start with Dr. Yu.
Law ence?

DR. YU Lawence Yu, Director for
Science, Ofice of Generic Drugs, Ofice of

Phar maceuti cal Sci ence, CDER, FDA.
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DR BUEHLER: Gary Buehler, Director,
Ofice of Generic Drugs, Ofice of Pharmaceuti cal
Sci ence, CDER

DR HUSSAIN: Ajaz Hussain, Deputy
Director, Ofice of Pharnmaceutical Science, CDER

MS. WNKLE: Helen Wnkle, Director,
O fice of Pharnmaceutical Science, CDER

DR. AM DON: Gordon Anmi don, University of
M chi gan.

DR VEN TZ: Jurgen Venitz, Virginia
Conmonweal t h Uni versity.

DR SELASSIE: Cynthia Sel assie, Ponpbna
Col | ege.

DR. BOEHLERT: Judy Boehlert, and | have
my own pharnmaceutical consulting business.

DR SWADENER  Marc Swadener, consumer
representative, retired from University of
Col or ado, Boul der.

DR KIBBE: | am Art Kibbe and | am
Prof essor of Pharmaceutical Sciences at W/ kes
Uni versity.

DR MEYER  Marvin Meyer, formerly
Uni versity of Tennessee professor, now living in
Boca Raton, Florida.

DR, SI NGPURWALLA: Nozer Singpurwall a,
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Geor ge Washi ngton University.

DR KOCH: Mel Koch, the Director for the
Center for Process Analytical Chemstry at the
Uni versity of Washi ngton.

DR. COONEY: Charles Cooney, Professor of
Cheni cal and Bi ochem cal Engineering at MT.

DR. DELUCA: Pat DelLuca, University of
Kent ucky.

MR MGIACCIO Gerry Mgliaccio, Pfizer.

DR FACKLER: Paul Fackler, industry
representative, Teva Pharnmaceuticals.

DR KIBBE: Thank you. W are going to
start this morning and Dr. Yu will set us up for
our discussion. Law ence?

Bi oequi val ence of Hi ghly Variabl e Drugs

DR YU Good norning. M slides |I guess
are in a different file so |l wll give ny
i ntroduction w thout the slides.

Dr. Kibbe, Chair of the FDA Advisory
Commi ttee for Pharmaceutical Science, nmenbers of
the FDA Advisory Conmittee for Pharnmaceutical
Sci ence, distingui shed speakers, distinguished
guests and di stingui shed audi ence, | am Law ence
Yu. | amDirector for Science, Ofice of Generic

Drugs, O fice of Pharnmaceutical Science, CDER, FDA.
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This norning it gives ne great pleasure
and privilege to introduce to you the first topic
of bi oequi val ence, bi oequival ence of highly
variabl e drugs. The objectives of this discussion
are to explore and define bi oequi val ence issues of
hi ghly variable drugs, to discuss and to debate
potential approaches in resolving them
specifically the pros and cons of the solutions and
the benefits and linmtations of these potentia
appr oaches.

The bi oequi val ence i ssues of highly
vari abl e drugs have been di scussed in many
conferences and neetings nationally and
internationally. The issue is obvious because of
the high variability of the drugs or drug products
that require a | arge nunber of subjects or
volunteers in order to pass the confidence interva
of 80-125 percent. Despite many, many di scussions,
despite many, nmany publications in scientific
literature, to date there is no consensus and no
sol utions have ever been reached. |In fact, there
is no regulatory definition with respect to the
hi gh variability drugs or drug products. So, there
are various approaches in resolving this in the

scientific literature, for exanple, expansion of
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t he bi oequivalence limts; for exanple, using
scal i ng approaches.

We have invited a panel of distinguished
speakers this norning to discuss this issue related
to the bioequival ence of highly variable drugs from
various perspectives, frompractical difficulties
of bi oequival ence of highly variable issues, from
mechani sti ¢ under st andi ng of what causes the high
variability of drug or drug products, from
under st andi ng of different approaches to resolve
under st andi ng of clinical inplications why high
variability drugs are safer, fromcase studi es and,
finally, fromregulatory options

At the end of these presentations you wll
be asked to discuss or address the follow ng
gquestions. First, what is actually the definition
for highly variable drugs or drug products?

Second, with respect to expansion of
bi oequi val ence limts, what additional information
shoul d we gather in order to answer this question?
We al so ask you to comrent on scal ing approaches.

Wth this introduction, | want to turn the
podi um over to our first speaker, Charlie
Di Li berti. Charlie?

Why Bi oequi val ence of Highly Variabl e Drugs
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is an |Issue

MR. DI LIBERTI: Thank you, Dr. Yu. Before
| start | need to disclose the potential conflict
of interest in that | amenpl oyed by Barr and | am
al so a sharehol der and option holder in the firm

Al so, before | get into the actua
discussion | would like to say that in the context
of preparing this presentation | had numerous
di scussions with nany of ny colleagues in the
i ndustry and, based on the feedback that i got from
them it seems to me that the views that | am about
to portray in nmy presentation are quite widely held
in the industry.

[Slide]

Wth that, let's start off with the
definition of highly variable drugs. O tentines,
hi ghly variable drugs are defined in the context of
wi t hi n-subject variability in ternms of a
bi oequi val ence study. | would Iike to take it one
step further and | ook at variability within the
pati ent and what does this high | evel of
variability mean to an individual patient taking
the drugs.

Conmmonl y, the often used definition of

hi ghly variable drugs is those drugs whose
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intra-subject or, as | characterize it here as

intra-patient, coefficient of variation, or CV, is
approxi mately 30 percent or nore. | will use that
as ny guideline for the rest of this presentation

[Slide]

What are the current criteria? Just very
briefly, for bioequival ence they involve a
compari son between test and reference product,
involving the natural log transformation of the
data. The current criteria are that the 90 percent
confidence intervals around the geonetric mean
test/reference ratios have to fall entirely within
the range of 80-125 percent.

These criteria really apply to all drugs
here, in the U S., regardl ess of the inherent
variability of the drugs. These criteria do have
other inmplications. For example, they can be used
by innovator and, for that matter, generic firns to
justify a substantial formulation change so it is
not just in the context of approving a generic.

[SIide]

This really speaks to the crux of the
issue with highly variable drugs in that it
portrays the nunber of subjects that you woul d have

to plan on using in a two-way crossover
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bi oequi val ence study given a particul ar
intra-subject CV. You can see that for very |low CV
drugs the nunber of subjects required is fairly
smal | and quite manageable froma practica
standpoi nt but, as the CV increases, you can see
that the nunber of subjects required can increase
to quite | arge nunbers, possibly in the hundreds.

[Slide]

Way do we possibly need alternative
criteria for highly variable drugs? Well, first of
all, we have an ethical mandate to nininize human
experinmentation. Second of all, the prohibitive
size of sone bioequival ence studies for sone highly
vari abl e drugs inpacts on the availability of a
generic version of that drug, which may nean that
in the absence of a generic nany Americans can't
afford the reference product so they may go either
untreated or they may be subdividing their doses
contrary to the prescription.

Al so, changing criteria will reduce the
nunber of participants in the BE studies and
think it can't be done without conprom sing the
safety and efficacy of the product. Also, there is
experience el sewhere in the world with criteria

ot her than 80-125 percent.
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[Slide]

This slide shows sone of the
bi oequi val ence criteria in other countries and
regions in the world. These are not specific to
hi ghly variable drugs and in many cases they don't
apply necessarily to all drugs. That is why | have
"nmost drugs" or "sone drugs" listed here. But,
certainly, there is experience with certain drugs
in these different regions with confidence
intervals that are either w der than 80-125 or, in
the case of Canada for many drugs there is no
confidence interval criterion, just a point
estimate criterion

[ Slide]

What types of drugs are highly variabl e?
Well, the types of drugs really cut across al
t herapeutic classes and include both new and ol der
products. The potential savings to American
consuners could possibly be in the billions of
dollars if generics are approved. In saying this,
I want to be clear that the bi oequival ence issues
for many of these drugs are not the only barriers
to getting a generic. |In some cases there mght be
patent issues or fornulation issues as well, but

still the bioequival ence issues do represent some
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15
sort of a barrier.

VWhat are sone examples? This is a very
brief list and the list can go on and on but just
to give you sone kind of representative exanpl es of
drugs that cut across nmany therapeutic areas, sone
of which are on-patent, sone off-patent, just to
give a flavor.

[ Slide]

Anot her issue is that as of |ast year we
now have to nmeet confidence interval criteria for
fed bi oequi val ence studies. So now the variability
under the fed state is of concern. There is
generally very little information avail able on the
variability of drugs in the fed state, and we have
found that sone drugs do show nore variability
under fed conditions than under fasting conditions,
|l eading to the potential for bioequival ence
failures because they may be under-powered. Wat |
amtrying to get across here is that because of the
| ack of information on many drugs under fed
conditions, there may in fact be many nore highly
vari abl e drugs than we are | ed to believe.

[ Slide]

Way aren't the current criteria

appropriate for sonme highly variable drugs? Well,
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I will start off by saying that the current
criteria are, | believe, appropriate for drugs with
| ow to noderate variability because the
dose-to-dose variability that a patient would
experience i s conparabl e and consistent with the
width of the criteria.

However, in the case of highly variable
drugs this is not true where the dose-to-dose
variability experienced by a patient may often be
much larger than the width of the criteria. | wll
illustrate this point later on with sone graphs.

Hi ghly variable drugs are oftentines w de
therapeutic index drugs. In other words, they have
shal | ow response curves and w de safety nargins.
want to qualify this statenent by saying when | say
hi ghly variabl e drugs, highly variable in a patient
with respect to the paraneter that is variable. |If
a patient experiences high variability, that neans
that the drug is safe and effective despite this
wide variability in the patient. Therefore, |
bel i eve that nodifying bioequivalence criteria on
hi ghly variable drugs to reduce the nunber of
participants in bioequival ence studies could be
acconpl i shed while still maintaining safety and

ef fi cacy assurance.
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[Slide]

Different highly variable drugs may
require different approaches. One size may not fit
all. As we can see fromthe earlier power graphs
that | had plotted, obviously the number of
subjects required for a drug with, say, 30 percent
coefficient of variation is very different fromthe
nunber of subjects required for a drug with, say,
70 percent intra-subject CV. And, there are other
consi derations that we have to take into account.

[Slide]

Probably one of the nore inportant
considerations is whether the drug accunulates in a
patient at steady state. Let's first take the case
of a drug that does not experience significant
accunul ation to steady state in a patient. These
are typically short half-life drugs, in other
words, short half-life with respect to the dosing
interval. Here are sone exanples. W could
possi bly consi der sone sort of nodification to the
criteria for both AUC and Crax because an actua
patient woul d experience significant dose-to-dose
variability for both Crax and AUC because neit her
is snoothed out at steady state. Therefore, the

drug could be considered to exhibit a w de
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dose-to-dose variation in blood | evels irrespective
of chronic dosing.

The sane sort of logic could potentially
apply to a highly variable drug that is not dosed
chronically. One particular application of the
scenario of a relatively short half-life drug that
does not undergo accumrul ation night be the case of
a parent drug with a short half-life and high
variability where there is also a netabolite that
needs to be neasured which has a nuch | onger
half-life and low variability. | could easily
envi sion the case where the confidence interva
criteria are sonmehow nodified to accomodate the
hi gher variability of the parent drug but, in the
sanme conpound, the current 80-125 criteria could be
applied to the nmetabolite.

[ Slide]

Now let's | ook at the case of accumul ation
to steady state. Typically, this is a case where a
drug is used chronically and with a half-life | ong
relative to the dosing interval so there is sone
accunul ation going on. Here are a few exanpl es.

In this case, because the accumrul ation
process will tend to reduce the fluctuation in AUC

and Cmax, both at steady state, actually in

file:///C|/Dummy/0413phar.txt (18 of 282) [4/20/04 9:52:15 AM]

18



file:///C)/Dummy/0413phar.txt

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

essence, the drug to a patient may not really be

hi ghly vari abl e because the variability may be
smal | at steady state. However, the Chmax and AUC
think need to be looked at in a different |ight.

At steady state the test/reference ratio for two
drugs, assuming linear accunulation, will be about
the same as the test/reference ratio that we see in
a single dose study because the accumul ati on
process preserves that test/reference ratio.

However, for Cmax, generally speaking, the
test/reference ratio that we see at single dose
conditions will be the nost extrene and the
test/reference rati o observed upon accunul ation to
steady state will go closer and closer to unity,
one. So, that is why | think we potentially need
to consider these two cases differently in the case
of a drug that accunul ates.

[ Slide]

The other possibility with drugs subject
to accurmul ation is to actually conduct the steady
state study but this has all sorts of practica
limtations for some drugs, including toxicity.

[ Slide]

What | have tried to do in this graph is

to get some sense of the magnitude of day-to-day
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1 fluctuations in a pharmacoki netic paraneter--1 hav
2 plotted this as if it were Cnax but it could

3 equally apply to AUC--in the case of a drug that

4 does not undergo accurul ation

5 VWhat is plotted here, in orange, is

6 simul ated data representing the sequential

7 day-to-day Crax's that might be seen in a given

8 patient taking a single drug over the course of 30
9 days where the drug has a true nean of 100 percent
10 In fact, the sanple nean here for this set of 30

11 data points is 100 and is the geonetric nean, and

e

12 the CV of this data set is 10 percent. So, you can

13 see that the drug is fairly well controlled within

14 a fairly narrow range. Just as a yardstick for

15 variability, | have plotted the bioequival ence
16 limts, the 80 percent Iimt and the 125 percent
17 limt. | want to nmake it clear these limts do not

18 apply to individual day-to-day val ues, but | am
19 just plotting themhere to give sone sense of

20 scal i ng.

21 What | have plotted here, in the green,
22 a different formulation, fornulation B of the sane
23 drug that has a nmean here of 125. So, it is a 25
24 percent higher nean than this. CVis still 10

25 percent. So, this could be seen to represent the
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magni t ude of change that one woul d expect upon
switching a patient fromone fornulation to a
second fornulation with a higher nmean. You can see
that there is sone degree of overlap between the
second formul ation and the first but, just
eyeballing this, it is not too hard to see that
there is visually sone discernible shift in the
overall levels.

[ Slide]

Let's see what the case |ooks like for a
drug with 30 percent intra-subject CV. You can see
here that there are many nore excursions on a
single fornulati on outside the range of 80-125
percent. Overall, there is nuch nore overl ap
between fornmul ation B and fornul ati on A despite the
fact that these two fornulations differ by 25
percent.

[ Slide]

Let's increase the variability one notch
further to 50 percent CV, and we can see even nore
day-to-day excursions in Crax for a patient on a
gi ven formul ation, many of them outside 80-125.

You can see now that the overlap between
formulation B and fornmulation A again a 25 percent

difference here, is alnobst not discernible at all

file:///C|/Dummy/0413phar.txt (21 of 282) [4/20/04 9:52:15 AM]

21



file:///C)/Dummy/0413phar.txt

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

to the eye.

[Slide]

Finally, let's turn it up one notch
further to 70 percent intra-subject CV. Wth a
drug that is this variable you end up, while on a
single fornmulation with no switch involved, with a
range of Cmax val ues that could be as far as a
5-10-fol d range day-to-day. So, there are wi de
swings in the Crax's achieved for a given subject.

In light of this, suppose that this is a
reference drug that is already approved by the
agency and known to be safe and effective, that
safety and efficacy is true in spite of the w de
variability from day-to-day so, therefore, the drug
cannot have a narrow therapeutic index and nust
necessarily have a relatively wi de therapeutic
index if it is safe and effective despite such w de
vari ation.

Al so, you can see that the switch-over
product, fornulation B, again a 25 percent higher
mean, is virtually indistinguishable now fromthe
range of blood |evels that you see with formulation
A

| think that the criteria, which are stil

plotted here, 80-125 percent, need to be
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commensurate with the degree of overlap that we are
trying to achi eve between fornul ati ons. Even
though these are the criteria, | would like to
point out that in order to pass the criteria the
actual observed mean in a bioequival ence study
generally has to be in a very narrow range, nmaybe 5
or 10 percent deviant from 100. Cutside of that,
your chances of passing a bioequival ence study on a
very variable drug are very, very poor

[Slide]

There are certain special considerations
that we need to take into account in the discussion
of highly variable drugs, one of which is where
paral |l el studies are conducted for long half-life
drugs.

Otentines you can't do a crossover study
because the wash-out period would be too | ong.
Powering parallel studies depends on between
subj ect variability rather than within subject
variability. Between subject variability is often
| arge, necessitating | arge bioequival ence studies
just as with highly variable drugs. However, the
hi gh bet ween subject variability does not
necessarily inmply high within subject variability.

Instead, it could be due to inter-individua
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differences in absorption, netabolism etc. So,

these drugs, froma clinical perspective, nmay not
really be highly variable but we are still faced

with the powering problens in ternms of conducting
bio studies. |In these cases, generally speaking,
mul tiple dose studies are not feasible, and we

m ght consider sone sort of alternative criteria
for such studies.

[ Slide]

A second issue that arises and is directly
related to the issue of highly variable drugs is
the issue of pooling data frommultiple dosing
groups. Because of the | arge nunber of subjects
often required for highly variable drugs,
oftenti mes you have to split up dosing into
mul ti pl e dosi ng groups.

Currently, the FDA requires a statistica
test for the poolability of the data fromthese
mul tiple dosing groups and the test is a neasure of
the significance of the group by treatnment
interaction terns in the analysis of variance. |If
this interaction termis statistically significant,
then you are not permitted to pool the data from
the nmultiple dosing groups. The consequence of

this is that each group is then evaluated on its
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own nerit and, because each group is generally
consi derably snaller than the total pool of
subj ects, each group will be grossly under-powered
to achi eve bi oequi val ence and, therefore, if you do
have a statistically significant interaction term
overall you are likely to have failed the criteria.

This procedure results in discarding and
havi ng to repeat about 5 percent of studies based
on random chance alone, even if there is no genuine
underlying effect. The concern here | think is
that even if there were sonme sort of underlying
expl anation for the statistical significance of the
interaction term for exanple differences in
demogr aphi cs anong the dosing groups, | believe
that there is no reason not to use the data from
all the dosing groups because had they been dosed
together in a single group it would be perfectly
usabl e and we woul dn't be having this discussion

[Slide]

Concl usi ons--whil e the current
bi oequi val ence acceptance criteria | believe are
appropriate for drugs with ordinary variability, |
believe that they may not be appropriate for some
hi ghly vari abl e drugs.

Current bioequival ence acceptance criteria
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make it difficult or inpossible to devel op generics
in some cases, which has the public health issue of
effectively denying treatnment to many patients
because of affordability issues.

| believe that practical, scientifically
sound al ternative bi oequival ence acceptance
criteria could be inplenmented for highly variable
drugs to reduce the bioequival ence study size while
still maintaining assurance of safety and efficacy.

Di fferent approaches nay be needed for
different types of drugs dependi ng on accurul ation
followi ng multiple dosing, and al so dependi ng on
the variability of the drug. And, other related
situations, i.e., the issue of parallel studies and
mul ti pl e dosing groups should also be considered in
conjunction with any changes to acceptance criteria
for highly variable drugs. Thank you

DR KIBBE: Does anybody on the panel have
questions for our presenter to clarify information?
Nozer ?

DR SI NGPURWALLA: Certainly, | do. |
have four questions and five coments. Do | have
time?

DR KIBBE: You have until everybody

| eaves to go to the airport!
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DR, SI NGPURWALLA: The first question is a
question of clarification. Wat is Chax? when
sonebody puts C and a nax | think of the maxi mum

MR. DI LIBERTI: That represents the
maxi mum because concentration achieved within a
given patient or subject over the course--

DR SI NGPURWALLA: So, it is maxi mum bl ood
concentration?

MR, DILIBERTI: Yes, it is maxi mum bl ood
concentrati on.

DR. SI NGPURWALLA: Thank you. \What is
AUC?

MR DI LIBERTI: Area under the curve,
which is generally taken to be a nmeasure of the
extent of absorption.

DR, SI NGPURWALLA: The third question is
why did you take natural |ogs?

MR DILIBERTI: It is conventional in the
anal ysi s of bioequival ence data to do a | og
transformation. This is already established as
st andar d- -

DR, SI NGPURWALLA: Log transfornmation of
the whol e data or just the maxirmunf?

MR DI LIBERTI: You would log transform

each of the individual Crax's and then foll ow t hat
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by appropriate analysis of variance. The sane |og
transformation al so applies to the individual AUCs
prior to anal ysis of variance.

DR, SI NGPURWALLA:  Well, | can see doing a
log transformation of all the data to get
approximate normality if the distribution is |og
nor mal .

MR DILIBERTI: Yes, that is true.

DR, SI NGPURWALLA: Just taking the | og of
the maxi mum -1 don't know. By geonetric nmean, you
mean product divided by--what do you exactly mean?

MR, DI LIBERTI: The geonetric nean i s what
results fromthe log transformation. You do the
| og transformati on and conduct anal ysis of
variance. Fromthe analysis of variance you get a
| east-squares nmean on a |l og transforned vari abl e.
When you back-transformthat by exponentiating it
you end up with, in essence, a geonetric nean.

DR, SI NGPURWALLA: Ckay. Now we will go
to coments. As sonebody who is newto all this
and doesn't know, the thought that first conmes to
my mind is that this HvVD, highly variable drug,
shoul d really be | ooked at as a bivariate probl em
You have two variables. One variable is the extent

of absorption and the other variable is the rate of
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absorption. So, | would look at it as a surface
because the followi ng is possible, suppose you have
a drug which has a low variability with respect to
absorption but high variability with respect to
extent of absorption, how do you classify it? So,
what we need is a better neasure of classifying a
hi ghly variable drug which is a bivariate neasure.
That is the first conment.

You proposed, | think, abolishing the
confidence limt notion.

MR. DILIBERTI: No, | didn't. | am not
here to propose solutions to the problem | amjust
here to really identify what the concerns and
probl ems are.

DR SI NGPURWALLA: Ckay, but do you have
any sense of what is an alternative?

MR. DI LIBERTI: Various alternatives have
been proposed, including reference scaling or sone
fixed point scaling that is different from 80-125--

DR. SI NGPURWALLA: But you are not putting
those forward?

MR DILIBERTI: | amnot really here to
di scuss that.

DR SI NGPURWALLA: So, your basic focus is

criticizing what is there but w thout an
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alternative in nind?

MR. DILIBERTI: Right, I think nmany of the
| ater speakers will address the issue of potentia
sol uti ons.

DR, SI NGPURWALLA: Now, in these charts
that you showed, how did you choose the particul ar
pati ent whose charts you were show ng?

MR DILIBERTI: It is simulated data. It
is log normally distributed random i ndependent
variables. It is not patient data. | amsorry,
thought that that was clear. It is entirely a
conputer sinulation just to give sone sense of the
relative magni tude of the variability.

DR, SI NGPURWALLA:  Well, | didn't get that
message. | thought that was a real patient--

MR. DI LI BERTI : No, no, no.

DR. SI NGPURWALLA: --those data you were
showi ng.

MR, DI LI BERTI: No.

DR. SI NGPURWALLA: But you don't need to
show it because if it is sinulated we can
appreciate it. The last point is when you tal ked
about pooling the data between two groups, howis a
group defined? What constitutes a group?

MR DI LIBERTI: By the day on which dosing
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occurs. For exanple, it may be inpractical to dose
100 patients or subjects in a clinic all on the
same day. So, you nmay have to dose half of them
today and maybe the other half several weeks from
t oday.

DR SI NGPURWALLA: So the groups are
random dependi ng on who shows up

MR. DI LIBERTI: Essentially, yes.

DR SI NGPURWALLA: Suppose one were to
thi nk about form ng these groups based on sone
ot her, you know biol ogical or--defining a group in
a certain way, conceivably you could justify
pooling. This is conpletely random

MR. DILIBERTI: Right, and | believe that
the way that the groups are conventionally arranged
in a typical bioequival ence study pooling nmay be
justified even if you do have a statistically
significant interaction term

DR SI NGPURWALLA: See, what | amafraid
of is that if you did this on sone other day and
you had the sanme policy of pooling at random you
may see a conpletely different result in the sense
that the point you are maki ng may not be nade.
Wel |, thank you.

MR. DI LI BERTI: Thank you
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DR KIBBE: Anybody el se? Co ahead.

DR SELASSI E: You nentioned that
potential savings to patients are in the billions
of dollars if generics are approved. Can you tel
me or do you have an idea of what percentage woul d
actually be the lack of savings due to the fact
that there are no generics for each of these as
opposed to ot her patent issues?

MR DILIBERTI: That is very difficult to
assess because, for exanple, in |looking at patents
you need to | ook even beyond the "Orange Book."
Sone of these fornul ations have patents that are
not listed in the "Orange Book." So, to conpile
data like that would be a Hercul ean task. However,
I do know from personal experience that the
difficulties in nmeeting bioequival ence criteria do,
in fact, pose a very real barrier to the
devel opment of sone generi cs.

DR MEYER If | could give an exanple, if
your wife is on premarine you know you insurance
co-pays $20.00, because there is no generic
currently avail abl e because of bi oequi val ence
i ssues, instead of $5.00.

MR DI LIBERTI: Right.

DR MEYER Since ny light is on | wll
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just add that | do agree with you about pooling
data together. A clinical trial, after all, has a
patient cone in to a doctor's office; they take a
measurenent. A week |l ater another patient conmes in
and now you have two groups, and you don't analyze
those separately. So, unless there is really sone
reason to think that two groups of 50 can't be put
together to make one group of 100, | think it is
silly not to put themtogether

DR KIBBE: Paul ?

DR. FACKLER: If | could just make a
coupl e of comments, one addressing the issue of AUC
and Cmax, there are very few drugs where | think
Cmax is not highly variable but AUCis. | would
say that fromour experience it is the other way
around.

DR. SI NGPURWALLA: | amsorry, | mssed
that. You are saying that the two are correl ated.

DR. FACKLER: | amsaying that there are
very few exanples of drugs that are highly variable
on AUC but not highly variable at Cnax. Generally
it is the other way around, AUC is not as variable
as Cmax.

DR SI NGPURWALLA: So, it nakes mny point

that you may have a bivariate situation
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DR. FACKLER  Yes, absolutely.

DR SI NGPURWALLA:  Thanks.

DR FACKLER: One of the things | wanted
to ask Charlie was on the simulated data you
represented 80 percent and 125 percent. | am
wondering did you happen to calculate the
confidence intervals for the sinmulated data sets to
show where the 90 percent confidence intervals
woul d have resulted? Because | amcertain they are
far beyond 80-125.

MR. DILIBERTI: That is right. No, | did
not go through that cal cul ation

DR. FACKLER: The last point | wanted to
make was that on the graph of the nunber of
subj ects needed to get to 80 percent power versus
the variability, it is inportant to recognize that
80 percent power neans that one out of five studies
under those conditions will fail to show
bi oequi val ence, or only four out of five will. So,
even if a product is tested against itself with,
for instance, 30 percent variability, using the
nunber of subjects in that particular graph one out
of five studies will fail to show that the product
against itself is bioequivalent.

DR KIBBE: Shall we nove along? | think,
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CGordon, you are up.
Hi ghly Variable Drugs: Sources of Variability

DR AMDON. | amgoing to tal k about
sources of variability and enphasi ze nmechani sns of
absorption and focus on bi oequi val ence from an
absorption point of view. It is the approach |
have been taking for the past 10 to 15 years.

[ Slide]

If you think about bioequival ence where we
are conparing drug products, then the question of
bi oequi val ence is really a dissolution question
Ri ght, the sane drug? So, we should be | ooking at
mechani sm and di ssol uti on and processes that are
controlling absorption and devel op our tests around
that nmechanism what is controlling the process.

O course, plasna |levels are the gold
standard. CQur business is to ensure that plasm
| evel s match the innovator product used in the
clinical testing. That is the criterion, no
question about that; no argument about that. The
question is what test.

[Slide]

So, | want to show some of the factors.
We tend to focus on bioequival ence froma plasma

| evel point of view over here. W focus on the
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pl asma which is the gold standard. But if
absorption is controlled by the dissol ution
process, dissolution controls the presentation of
drug along the gastrointestinal tract and,
therefore, controls the rate and extent of
absorption. |If the rate and extent of absorption
is the sane, then the plasma levels will be the
same. So, in the question of bioequival ence then
the real scientific issue is how do we set a

di ssolution standard? My position nay be a little
extreme because no one seens to want to think about
that very much but that is the reality of the

sci ence.

[ Slide]

So, | think if you have two drug products
that present the sanme concentration profile al ong
the gastrointestinal tract, they will have the sane
rate and extent of absorption and systemc
availability. You may want to think about that,
the sane rate and extent of absorption inplies the
sanme systenmic availability. So, we need to focus
on product.

[ Slide]

Sone of the processes in the

gastrointestinal tract that can lead to the
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variability--and | will just illustrate sone of the
processes here--would be the gastric enptying,
intestinal transit, lumnal concentration both of
pH and surfactants, phospholipids, presence or
absence of food. Wen you think about it, there
are a |lot of sources of variability just in the
gastrointestinal tract.

[ Slide]

System ¢ avail ability--what should our
testing ensure? It is the gold standard, no
question about it. But the question then is what
is the best test? Wlat is the best test to ensure
pl asma | evel s? And, when plasna | evels are
difficult to measure or, in the case of highly
vari abl e drugs where it requires a | ot of subjects,
then | think it really requires us to think what is
the source of that variability and then what type
of test mght we set.

I would argue that if two highly variable
drug products dissolve the sane way in the
gastrointestinal tract they will be bioequivalent.
It might require 100 subjects to show that. |
think that is unnecessary. | think you just do it

with a dissolution test and the answer will be far

si npl er.
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[Slide]

So, what are sone of the physicochem ca
factors? Cdearly, particle size and distribution;
wetting and solid-liquid contact; and, of course,
in some cases chem cal instability such as prodrugs
and esterases and peptidases in the
gastrointestinal tract can lead to highly variable
absorpti on and, hence, systemic availability.

[ Slide]

I just put one graph in here show ng the
dependence here of dissolution time, ranging up to
30 hours, and gastrointestinal transit tinme as a
function of particle size. | can't nmanipulate this
in this presentation but the dissolution tine
increases dramatically as the drug solubility
decreases. Particle size becones a critical factor
for low solubility drugs. O course, everyone
realizes that but it is not particle size that we
put into the formulation, it is the particle size
that comes out of the formulation in the
gastrointestinal tract. So, those process
vari abl es are inportant.

[ Slide]

Sonme of the factors in the

gastrointestinal tract then are gastric enptying,
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intestinal transit, position dependent perneability
al ong the gastrointestinal tract--duodenum

jejunum ileumand colon and, of course, intestina
mucosal cell netabolism and in particular CYP3A4
which is highly expressed and differentially
expressed al ong the gastrointestinal tract, and
potentially PGP expression along the
gastrointestinal tract.

[Slide]

To give you an exanple of variability in
gastric enptying rates, we can just | ook at the
|ight blue because that is admnistered with 200
m, the approximate gl ass of water that we use. W
used 200 m here because we did this before we got
involved in drug regul atory standards and realized
that a glass of water was the U S. standard; not
the standard in Japan. W are trying to figure
that out, what is a glass of water in Japan. So,
with 200 M you can see that the variability in
gastric enptying. Depending on when you dose in
the fasting state, it ranges from5 mnutes to
about 22 minutes. There is about a 4-fold
variation in gastric enptying rate depending on
when you adnminister to a particular subject. This

is because of the different contractual activities

file:///C|/Dummy/0413phar.txt (39 of 282) [4/20/04 9:52:16 AM]



file:///C)/Dummy/0413phar.txt

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

in the fasted state, shown here as phase 1, 2, 3
and 4.

[ Slide]

Clearly, intestinal transit--again, this
is amnovie but | can't showit with this
presentation--transit through the gastrointestina
tract where the drug is released in the duodenum
It has a very short transit time, maybe 10, 15
m nutes through the duodenum jejunum ileum and
colon. The dissolution rate, particularly of a |ow
permeability drug where the perneability appears to
be the rate-determ ning step to absorption, the
perneability profile along the gastrointestina
tract is very inportant.

[ Slide]

There are about 10 L of fluid processed in
the gastrointestinal tract per day, actually
dependi ng on whi ch book you read, 8 to 10. O the
10 L that are processed, only about 2 L are
actually ingested as external. The other 8 L are
ourselves. W are continually secreting and
reabsorbing not only fluids but cells and proteins
and other ions that are secreted into the intestine
so there is a trenendous anount of variability and,

of course, food has a |arge inpact on that as well
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41
So, that is a major factor that can be involved in
the variability and dissolution and absorption in
the gastrointestinal tract.

[Slide]

I show here just ranitidine, a |low
perneability drug. This is animal data. | don't
have human data and, in fact, it is very hard to
get human data al though there is sone data
avai |l abl e. The duodenum jejunum ileum-there is
a significant difference in perneability. So, you
can envision a slowy dissolving ranitidine
product--1 don't know if there are any, but
releasing in the ileum woul d have very poor
absorption. So, dissolution for a |ow perneability
drug is probably nore inportant because, in
general, the perneability in the upper part of the
gastrointestinal tract is nore inportant or higher,
I shoul d say.

You know, we used to use |anguage |ike
"rapidly but inconpletely absorbed.” You would see
that in the literature after anal ysis of
pharmacoki netic data and | would say how can that
be? It doesn't make sense to ne. |If it is rapid
it should be well absorbed. R ght? Cdearly, there

has to be position-dependent perneability and the
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absorption rate nust decrease dramatically at sone
poi nt very quickly after the drug is admi nistered.
Presumably, that is the result of drug getting into
the ileumor distal in the small intestine where
there is | ower absorption.

[Slide]

PGP--this is sone i mmunoquantitation
results on CYP3A4 showing the variation in the
duodenum ileum and colon, nmuch less in the colon
so that there is less netabolism particularly if
there is a controlled rel ease formul ati on rel easi ng
drug in the colon and, of course, much nore in the
liver. | don't know, maybe Leslie is going to say
nmor e about the netabolism source of variability,
maybe not. You are shaking your head, no.

[Slide]

I amgoing to propose that we classify the
drugs, highly variable drugs using BCS. Here is
what | think we would see. W need to actually
| ook at particular drugs. |In fact, | would like to
see a |list of drugs perhaps based on the
variability of reference products, whatever we
could find today, develop a list of highly variable
drugs or that we think mght be highly variable,

and then | ook at their properties and deci de what
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are the likely sources of variability.

Anyway, | know there are certain so-called
hi ghly variable drugs that are Cass | drugs. They
have to be | ow dose, low solubility drugs but they
are sol ubl e enough to dissolve in a glass of water.
That is our criteria at the present tine. So, if
those drug products dissolve rapidly--if they do;
don't know if they do, we should | ook at that and
it is over; there is noissue. It is all biologic
variability; nothing to do with the product
variability. Again, that is a hypothesis.

Probably the najority of the drugs that
are highly variable are in Cass Il where there is
|l ow solubility, potentially Cass IV for sone
hi gher nol ecul ar wei ght conpounds. There, the
sol ubility-dissolution nmetabolisminteraction can
be difficult to separate and that is where we would
need to | ook nore carefully at the drug products to
determne whether it is the solubility and
dissolution variability or whether it is a
met abolismvariability that is leading to the high
variability in plasm |evels.

[Slide]

So, | think that the BCS classification

can help focus on the source of the high
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44
variability. Then, in the case of rapid
dissolution of Class | and Class Ill drugs a
di ssolution standard may be enough. There nay not
be too many highly variable drugs because | think
the mpjority would be the low solubility C ass |
or Cass IV drugs and there | think metabolism
and/ or dissolution can be the source of
variability. 1In the case of netabolism the
nmet abol i smvariation would be due to the
variability and di ssolution and presentation al ong
the gastrointestinal tract. So, again, it cones
back to a dissolution issues.

In fact, | would propose that we | ook nore
carefully at the highly variable drugs, the sources
of variability, again asking the critical question
what is the best test? What is the best test?
will go back to the original inplenentation of BCS
in the case of high solubility, high perneability,
rapidly dissolving drugs. Plasnma |evels are
telling us nothing about the product differences.

It is only telling us about gastric enptying
differences at the tine of administration of
patients or subjects. So, again, focusing on

di ssolution and classification | think can help us

unravel and sinplify sonme--maybe not all. Mybe
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not all of the highly variable drugs can be
simplified this way but | think some of them can be
simplified this way. For those drugs that are
conplicated, we just say they are conpli cated.
Take a drug like premarine. You have already
mentioned that, Marvin. | think that premarine is
a conplicated drug. That is life; that is the way
it is. It is too conplicated for us to unrave
today because of the way we regul ate drugs and
approve drugs. So. | am happy to answer any
questions by the conmttee.

DR KIBBE: Questions, folks? Jurgen?

DR. VENITZ: | agree with you, | amvery
much in favor of identifying sources of variability
and what you are presenting are obvi ous sources of
variability, and it always bothers nme when we talk
about highly variable drugs and they are defined
phenologically. Al we are doing is a clinica
study. W are neasuring Crax and AUC and we find
that they vary a lot, and that is the end of it,
and now let's change criteria to see whether they
can fit bioequivalence. So, | agree with you on
t hat .

What | won't agree with you, at |east not

fully, is that it is all a dissolution issue. |
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think you are ignoring, in ny mnd at |east, the
effects that excipients my have that could be very
different between formulations so that may not have
an i npact on dissolution but may have an inpact on
pH, may have an inpact on permeability and may have
an inpact on G netabolism Now, | don't know
whet her that is a significant problemor not but I
think it is nmore than dissolution that you are
| ooking at. It doesn't preclude what you are
recomendi ng, which is basically do dissolution
tests and find out if that is an issue and then see
how t hat matches your in vivo data. That is just a
conmment .

DR AMDON: If we extend the dissolution
to dissolution of the excipient, that is, the
di ssolution of the excipient and the drug, then I
think we woul d be okay; | think ny statenment woul d
be okay.

DR VENITZ: But if you have products that
have different excipients, that is nmy point.

DR. AM DON.  Yes, okay.

DR VENITZ: As you said, lifeis
complicated. Sometinmes it works; sometines it
doesn't.

DR AMDON:. Right. So, that is the
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function of what is the source of the variability.

DR VEN TZ: VYes.

DR KIBBE: Ajaz?

DR HUSSAIN: | worked with Gordon for
many years on devel opi ng the BCS guideline, and so
forth, and we actually did exam ne that very
guestion of excipients and their inpact not only on
the di ssol ution process but on perneability and
metabolismand it is a serious issue and | think we
| earn nore about transport every day. Therefore,
clearly, | think when Gordon nmentioned dissolution,
we have discussed that so many tines and we al ways
include that as a source of variability and that
has to be consi dered.

But, Gordon, | wanted to push you in a
different direction. One of the hesitations as we
devel oped the BCS gui dance was the reliability of
the in vitro dissolution test. W were not
confident that the current test really was good
enough to extend it to the sl ower rel easing
products. So, that was the reason we crafted
rapi dly dissolving and said dissolution is not rate
limting and, therefore, we can rely on the current
dissolution test to do that.

| think as we nove forward here, | think
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what we have done with the PAT initiative is to
sort of say, all right, let's really ask the
question what are the criteria variables, what are
the root causes of this. So, go back to the basics
as to particle size, and so forth, and if you
real ly understand those rel ati onshi ps then you have
a better |ink between your fornulation and your
exci pients; you have your process directed to the
clinical relevance. So, that is the opportunity
that technology is offering us to do that wi thout
having to do an artificial in vitro test where
questions keep continuing and increasing with
respect to the relevance of that in vitro test.

DR. AMDON: | certainly obviously agree,
Ajaz. W have tal ked about these issues for many
years. | did use the word in vivo dissolution
There is a big step fromin vitro to in vivo. |
don't think it is magic; it is just conplicated and
I think we can figure that out. | think we can
determne for any particular drug what might be a
good representative dissolution test, and | might
call that a bioequival ence dissolution test rather
than a QC, quality control, dissolution test. But
you are absolutely right. The issue is really in

vi vo dissolution and how do we capture that in sone

file:///C|/Dummy/0413phar.txt (48 of 282) [4/20/04 9:52:16 AM]

48



file:///C)/Dummy/0413phar.txt

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

in vitro nmethodology. | don't think we have
t hought about that very hard at all. | amnot sure
why. We use the termdissolution very generically
when it should be much nore specific.

DR. KIBBE: Les wants to comment and then
Nozer. Can you nake a coment, Les, because you
are not part of the conmittee?

DR. BENET: They said as a visitor | can
I wanted to comment on BCS and what Jurgen brought
up in ternms of the excipients. Wen we initiated
BCS | was very strong concerning the potential for
excipients on Cass | drugs and we have witten the
rules to make sure that these excipients don't have
an effect. 1In fact, | now recognize that with
Class | drugs that is not a problem that the
excipients won't be a problemin ternms of affecting
at least the transporters. But they will be a
problemwith Class Il drugs.

So, so far | have been very opposed to
moving the Cass Il drugs because | can nake a
Class IIl formulation that will pass dissolution,
any dissolution, and fail. The reason is that
Class |11 drugs need uptake transporters to get
absorbed and, therefore, | can block an uptake

transporter in the gut with a substance that has no
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dissolution criteria. So, | still think we are a
little early in translating this dissolution
criteria beyond Cass |, but | think we were
correct in dass | and the extra safeguards we put
in actually really turn out not to be necessary.

DR SINGPURWALLA: | like this concept of
| ooking at the causes of variability. 1 see this
as a first step towards going to a Bayesi an
alternative for the existing nmethodol ogy that was
criticized by the first speaker. But | do have a
question perhaps both for you and al so for the
first speaker. Has anybody | ooked at the
reliability of the testing instrunent itself?
Because if the testing instrunent itself shows a
|arge variability--if the instrument itself shows a
large variability then you don't know whether the
variability is comng fromthe instrunent or from
the particular drug or the conbination of the
instrunment, the drug and the patient.

DR. KIBBE: Anybody? Wo wants to handl e
t hat ?

DR VENITZ: | think by instrument what
you mean i s the human being used in those studies.
Are you tal king about dissolution or are you

tal ki ng about in vivo?
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DR, SI NGPURWALLA: Bot h.

DR VENITZ: Well, then let's tal k about
invivoand | will leave it up to you to tal k about
di ssolution. What you are looking at is the Cmax's
and the areas under the curves. They do not only
depend upon absorption and dissol ution; they depend
on everything that happens after the drug gets in
the body, which is sonething we are not interested
in. If that contributes significantly to the
variability, then you are looking at prinmarily
variability and di sposition which determ nes why we
have a highly variable drug, not because there is
variability in absorption. So, your instrunent
woul d be a very noisy instrunment | think, to use
your |i ngo.

DR, SINGPURWALLA:  Right. You have an
i nstrument by which you nmeasure these things, l|ike
a thernonmeter. |f your thernoneter is bad--

DR. VENITZ: | amsaying that for sone
drugs it could well be that you have a very noi sy
instrument and the noise is not related to what you
are trying to neasure.

DR. SI NGPURWALLA: Exactly.

DR KIBBE: Let nme just take the

prerogative of the chair for half a second and then
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I will let you speak. It is very difficult for us
to understand the real noise |evel of the
instrument. The instrunent is the bioequival ency
test itself and the agency gets subnissions with

bi oequi val ency tests that are passed. The question
is how nany were done that failed before the one
that passed, and what was done to nmake that work?

I think if you go back and we got a bunch
of data together, which we can't but it would be
interesting to look at, we would find that the
instrument is very crude and the reason we |ive
with it is that it is close to the clinica
t herapeutic outconmes that we really want to neasure
interms of steps away fromthat outcone. What
Gordon is recommending is that we even eliminate
the human from our deci sion-maki ng process, which
brings us further away fromthe ultimate goal which
is to know that it therapeutically equival ent, and
we have to be sure that our predictor is going to
hold true. Those are the problenms | think that we
all have been struggling with for 25 years.

DR HUSSAIN. Now | have three conments.
Wth respect to the instrunent variability, | think
it is a very inportant question. |In the case of

bi oequi val ence testing we try to mninize that and
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53
try to nake it nore precise and nore accurate by
doing a crossover study. W test the two products
in the sane patient in a crossover fashion. So,
that is our attenpt to mininize that. The other
attenpt that we had to minimze is to get a group
of more simlar individuals but we wanted to nove
away fromthat in the general popul ation because
the crossover is a way to mnimze that. | also
poi nted out with respect to variability the
dissolution test. | think as we think about that,
we need to address that.

But the point | think, going back to the
key question, is what are the inportant questions
here? Dr. Kibbe's conment was, in a sense,
bi oequi val ence. For therapeutic equival ence our
approach is very sinple. First you need to be
pharmaceutically equivalent and then, if there is a
need, you do a bio study. For exanple, for
phar maceuti cal equival ence for solutions you don't
need a bio study. So pharmaceutical equival ence,
bi oequi val ence and then therapeutic
equi val ence--those conme together to define that.
could sort of generalize what Gordon has said, in a
sense if we understand our fornulations, if we

under stand our processes, if we understand the
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mechani sns, pharnmaceuti cal equival ence essentially
i s defining therapeutic equival ence.

DR. AMDON. To cone back to your question
about the dissolution apparatus, there is a range
of dissolution apparatus in the USP that are used
internationally, and you can study many of the
vari abl es that change in vivo by pH and surfactants
in those apparatus. The apparatus thensel ves have
been proven perhaps historically to be very
reliable, although you could argue rmaybe today that
we coul d design a better apparatus but that is very
conpl i cated because these things are used in nmany
conpanies internationally with defined procedures
that are approved by the regul atory agenci es and
maki ng change in an apparatus is a very conpl ex
process.

But, yes, we can study the various
variables in vivo and | think that a dissolution
test that included changes in pH and surfactant to
reflect what is happening in vivo is something we
should do. W don't do that; we just do fixed pH
and follow the dissolution as a function of tine.
So, | don't think we use our apparatus very
insightfully actually.

DR KIBBE: | would argue that the way we
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use dissolution is reliable but insensitive, and we
need to do a lot nore to be able to nmake that
conversion. Anybody el se?

DR MEYER  Gordon, | listened to the PAT
stuff all day yesterday and what | got out of it is
that it is applicable to this so the idea of why do
we have variability--right now we are proposing to
potentially change our rel ease specifications
because our product is too variable and that is not
acceptable in the manufacturing arena. You go back
and figure out why it is too variable. | wonder
how much data is really available on if | gave
mysel f a rapidly absorbed drug once for the next
three weeks, what would ny profiles | ook |ike?
don't know that there is a |lot of data that shows
reproducibility in a subject, unless it was the old
mul tiple dose studies where the drug was

essentially elimnated in 24 hours.

So, | think we need some nore infornmation.

I don't know, maybe the agency does this, but when
the innovator firnms do special popul ati ons and they
find the elderly are different than the young, do
they have to then go further and explain is that
gastrointestinal pH is it transit, is it

met abolism what is the reason for it. Because
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think then we can get sonme background information
on source of variability.

Just to bounce off an idea which is
undoubt edly | udicrous, do we need in a sense to
prescreen sone subjects so we have a calibrated man
or, if youwill, a USP nman or wonman that is then
allowed into the study so if they have |ess
variability they get into our study? Could we do
that? One thing that really troubles ne is the
current policy, and | understand why it is and
think | support it, of having different nechani sns
of release tested against each other in a
bi oequi val ence study, an oral study versus a
particul ar dosage form Intestinal transit can
have a profound difference on those two so if you
have a uni form man, that uniform man may show t hem
to be equal but if you throwin a vegetarian, that
vegetarian mght show the oral tablet is excreted
in four hours and the other person may take nuch
|l onger. So, just sone support really for the idea
of knowi ng where the problens are; can we reduce
variability sonmehow, are subjects legitimately--is
that a viabl e approach?

DR AMDON: | don't know, | amnot sure

woul d want to take on presel ecting subjects because
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57
what criteria are you going to use? Nornmal in what
sense?

DR MEYER | amthinking nore in terns
of , say, rapid netabolismor poor netabolism W
do that now sonewhat routinely.

DR AM DON: R ght.

DR. MEYER  So, we might give a
panel - - CROs now, they use the same subjects over
and over again anyway. Let's characterize them
first before they are allowed into subsequent
st udi es.

DR KIBBE: Paul, go ahead.

DR, FACKLER: If | can just coment on
that, we used to do bi oequival ence studies in males
only and restricted their ages from 18 to 45,
believe. The agency has recently requested that BE
studi es be done in a larger group of people, nore
representative of the American popul ation so we now
i nclude fenmales and we include the elderly, and it
just nakes the variability problemthat rmuch worse.
I nmean, | agree conpletely that ideally if we would
get 15 people all exactly the sane way, all exactly
with the sane physical habits, generally with the
sanme diet, it would nmake BE studi es easier to pass

because we have reduced the variability in the
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subj ects. But the agency has been going, at |east
recently, in the opposite direction, making these
products in particular less likely to pass agai nst
t hensel ves agai n.

DR. KIBBE: It is ny inpression, and I am
sure the FDA people will correct me, that they are
trying to get two answers using one study, and that
is, are the two formul ati ons behavi ng the same,
shoul d be their behavior independent of the
subj ects studied, and are there variabilities
bet ween product-subject interactions that m ght be
significant in special populations. | think it is
really hard to do that in one study, and that is
one of the problens you are running into. \Wat |
think Gordon is suggesting is if we understood the
vari abl es we m ght not have to use that blunt a
tool to estimate what will happen in the average
patient.

I would love to see us be able to do that.
There was a wonderful report done--Les wll
renenber because he is alnpst as old as | am-by
the agency that | ooked at dissolution and tried to
correlate it with bioequival ency data that they had
al nrost twenty years ago and there was absolutely no

way that dissolution predicted any of the results
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that they got on those studies. So, it is nore
complicated than it first appears.

DR AMDON. | got involved in this
process about that tinme, and nmy position is you
just did the wong test. GCkay? That is the
problem So, it is a matter of refining the
dissolution test to nake it nore relevant to the
vari abl es that we need to control to ensure
bi oequi val ence. W haven't done enough of that.

DR KIBBE: Ajaz, you have a comment?

DR. HUSSAIN: The key aspect | think is
that we need to keep the focus on asking the right
gquestions and if a bioequival ence study is only
for, you know, males 18 to 45, is that the right
question fromthe public health aspect because the
product is going to be used in all popul ations?
So, you really have to go and | ook at the
fundanental s of what is a bioequival ence study. |If
it is just confidence interval criteria, then that
i s one aspect.

DR SI NGPURWALLA: Wiy not have a separate
set of drugs for different categories of people?
Li ke, you know, you have chol esterol drugs 20 ng,
10 nmg and you specify your mlligrans based on the

popul ati on.
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DR. HUSSAIN:. That is a mmjor aspect of
dose finding and then | abeling that goes into the
new drug devel opnent process itself. The
bi oequi val ence essentially has been a quality
assurance approach to nmaking sure that a
pharmaceutical ly equal product has an in vivo rate
and extent of absorption simlar to the innovator.
That is one of the main reasons for doing the bio
study, to nmake sure that your assunptions and your
invitro nmethods are nore reliable or at |east
conform fromthat perspective.

DR KIBBE: Thank you. Unl ess soneone
el se has a comment we will let you off the hook for
a few mnutes, and go to Dr. Benet who wll

enl i ghten us.

Clinical Inplications of H ghly Variable Drugs

DR. BENET: | am ol der!

[ Laught er]

Thank you. It is a pleasure to be here.
I think the last two tines | have appeared before
this commttee | stayed in nmy office but it is nice
to be here in person, and | thank you for the

opportunity.

We have been discussing at an
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international level, | was reninded as | heard
this, for 15 years--we held our first sort of
consensus conference in 1989 to try to devel op
standards for bioequival ence and we are still at
it.

[Slide]

This was said by the first speaker but
this is a slide that is now maybe 12 years old, or
at least parts of it. The current U S. Procrustean
bi oequi val ence gui delines: the nmanufacturer of the
test product nust show using two one-sided tests
that a 90 percent confidence interval for the ratio
of the mean response--usually the area under the
curve and Cmax--of its product to that of the
reference product is within the limts of 0.8 and
1.25 using log transforned data. It is
Procrustean, and those of you who don't renenber
your nythol ogy, the Procrustes hinself was a robber
that took people when they cane through his gate
and put themon his bed, the Procrustean bed. |If
they were too long he cut off their feet. |If they
were too short he stretched themout until they fit
the bed. And, that is exactly what we have,
Procrustean guidelines that say all drugs must fit

the sane criteria no natter what the issues are.
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Now, BCS, biopharmaceutical classification
system is non-Procrustean. It is an advance and
the obvi ous answer, Arthur, to why a study failed
in looking at dissolution is that we didn't
understand the flawed classifications. So, the
only time dissolution is going to have any
rel evance to bi oequival ence or bioavailability is
for ass | and Cass Ill drugs. Since we |ooked
at all drugs about 20 years ago, we were obviously
going to fail. So, we are making sonme advances.

But | strongly believe and have suggested over a
nunber of years that there need to be other

non- Procrust ean advances and that is what | wll
tal k about today.

[ Slide]

What are we trying to solve? Wat are the
bi oequi val ence i ssues and what concerns patients
and clinicians so that they have confidence in the
generic drugs that are approved by the regul atory
agencies so that they feel there are no questions
related to their therapeutic efficacy?

It doesn't help to tell them-and that is
a true fact, it doesn't help to tell themthat
there has never been a drug that passed the U S

FDA bi oequi val ence i ssues that ever caused any
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t herapeutic problens in a prospective study. That
doesn't hel p them because they al ways say, well, it
is the next drug and they have a | ot of enphasis
out there from people who would |ike themto
question the bioequival ence criteria. So, this is
always in nmy mnd, that one of the najor issues
that we face is not necessarily scientific but it
is creating an environment where the American
public has confidence in the regulations that we
use and the drugs that we say can go on the narket.
But what we have done and what our
concerns are now with therapeutic index drugs, NTI,
we need to have practitioners have assurance that
transferring a patient fromone drug product to
anot her vyields conparable safety and efficacy, and
a few years ago we terned that switchability and we
devel oped or tried to devel op a nunmber of
statistical criteria to approach that. The issues
we are facing today are for a w de therapeutic
i ndex, highly variable drugs which do not have to
study an excessive nunber of patients to prove that
two equival ent products neet the preset one size
fits all statistical criteria. So, these are the
issues | want to address and ask the comrittee to

t ake cogni zance of.
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[Slide]

Now, it was not obvious a few years ago
but it is very obvious today that if you have a
narrow t herapeutic index drug it is very easy to
pass the bioequival ence criteria, and that is
because narrow t herapeutic index drugs, by
definition, nmust have small intra-subject
variability. If this were not true for narrow
therapeutic index drugs, patients would routinely
experience cycles of toxicity and | ack of efficacy,
and t herapeutic nmonitoring would be useless. So,
in fact, it is not an issue. Narrow therapeutic
drugs we take care of and we do very well froma
scientific issue. W mght not have the
confidence, and | will come back and address that.

[Slide]

Let's | ook at some narrow t herapeutic
i ndex drugs. They have high inter-subject
variability and they have | ow intra-subject
variability. That is why we don't have to worry;
when we get the patient to the right place, they
stay there. The question was are they all Cass |
Class Il. Theophylline is a Class | drug. So,
there are drugs on this list that are Cass | drugs

al t hough nost of themare Cass |l drugs.
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Getting back to the reliability of the
instrument, | would just |like to nake a coment.
Look at the warfarin sodiumintra-subject
variability. The clinical measure that the
clinician uses to judge the status of the patient
interms of his blood thinning capability, the I NH
measurenent, is significantly nore variable. So,
in fact, what the clinician does in testing if the
drug is working is nore variable than the patient
is going to experience fromdose to dose in terns
of the criteria for this particular drug. So,
these are interesting questions.

[Slide]

Now, we tried to address this
switchability issue over a long period of tinme with
the concept called individual bioequival ence, and
chaired the expert panel for about three years and
tried to address this issue. The ideas about
i ndi vi dual bi oequi val ence were that we were going
to get these prom ses, we woul d address the correct
question, switchability in a patient. W would
consi der the potential for subject by formulation
interaction. There would be incentive for |ess
vari abl e test products. Scaling would be based on

variability of the reference product both for
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hi ghly variable drugs and for certain
agency-defi ned narrow t herapeutic range drugs.
And, we woul d encourage the use of subjects nore
representative of the general popul ation

In fact, none of that worked and we gave
up onit. So, did it address the correct question?
Wl |, the question was, was there even a question
and was there any necessity for this at all, and
there is no evidence that the present regul ations
are inadequate and that we need to be nore rigorous
in our definition related to switchability.

[SIide]

Consi der that the subject by formulation
interaction turned out to be an unintelligible
paraneter from both the agency and the exterior
scientific comunity.

Incentive for |ess variable test products,
yes, but that could be solved by average
bi oequi val ence scaling and that is what at |east |
am here to tal k about today.

Scal ing based on variability of the
ref erence product both for highly variable drugs
and for certain agency-defined narrow t herapeutic
i ndex drugs, again average bi oequival ence with

scaling could solve this issue
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Encourage the use of subjects nore
representative of the general popul ation, that was
a good hope but it conpletely failed in terns of
how peopl e desi gned their study. So, it didn't
wor k.

[Slide]

| recognized in Lawmence's introduction
that the FDA doesn't have a definition for highly
variabl e drugs. This is the consensus definition
that canme out of a nunber of internationa
wor kshops, highly variabl e drugs shoul d be those
when the intra-subject variability is equal or
greater than 30 percent. The idea is that for wide
therapeutic index highly variable drugs we should
not have to study an excessive nunber of patients
to prove that two equival ent products neet this
preset one size fits all statistical criteria.

This is because, by definition, again
hi ghly vari abl e approved drugs nust have a wi de
t herapeutic i ndex, otherwi se there would have been
significant safety issues and | ack of efficacy
during Phase Il testing. |In fact, highly variable
drugs fall out; don't get to the market. They fal
out in Phase Il because the conpany can't prove

that they work and they can't prove that they are
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68
safe. So, we don't have highly variable narrow
therapeutic index drugs. W only have drugs that,
with this trenendous variability that we
potentially sawin the first speaker's slide, don't
have any problens. And, those individual patients
havi ng very high levels one tinme, low levels the
next tine, high areas under the curve one tinme, |ow
areas under the curve the next time get through.

In fact, for those highly variable drugs we don't
need to worry about the genetic differences in
their enzymes. It has al ready been shown that,
yes, there are trenendous differences. Sonebody is
going to have very high | evels because they | ack
the enzyne; sonmebody is going to have very | ow
| evel s but still they are safe and effective
because they are wi de therapeutic index drugs.
[Slide]
But it makes it very difficult, as was
al so pointed out by the first speaker, to get them
to be bioequival ent and here is ny champi on or what
I think is the chanpion fromthe data that | have
seen, and this is progesterone which | believe is
the poster drug for highly variable variability. A
repeat neasures study of the innovator's product

was carried out in 12 heal thy post-nenopausa
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fermal es and it yielded intra-subject variability in
an AUC of 61 percent for the coefficient of
variation and intra-subject coefficient of
variation for Crax of 98 percent.

If you did the calculations, it cane out
that you needed 300 wonen just to neet the
statistical criteria and, in fact, this was not a
study that a generic company, or at |east the
conpany interested in this, could afford to carry
out because, for sure, we know that the way we
design the studies there is a chance, even if you
had the right nunbers, that one out of ten or one
out of five studies would fail just on statistical
chance and you have carried out a study with 300
people in it to prove that this highly variable
drug is bioequivalent. This is the issue that we
are asking you to tal k about today, and can we
solve this problemso that we don't have highly
vari abl e, very safe, wi de therapeutic index drugs
for which we can't prove bi oequi val ence because of
the inherent variability of the innovator product.

[Slide]

| appeared before this commttee three and
a half years ago to give the recomendati ons of the

FDA expert panel on individual bioequival ence, and
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these are sonme of the recommendations. One that |
didn't put on here is that all generic drug studies
must be submitted to the agency, and | amvery
pl eased that that has happened and congratul ati ons
to the agency.

Qur recomendations at that tine were that
sponsors nay see bi oequi val ence approval using
ei ther average bioequival ence or individua
bi oequi val ence, and we recomended that the subject
by formul ati on paraneter be del eted since no one
knew what to do with it and we couldn't justify it
statistically.

We asked that scaling for average
bi oequi val ence be consi dered, that the agency and
the statistical group go into this and it be
sonmething to be followed up and presented to this
advisory conmittee at sone time in the future

W recommended at that tine that if an |IBE
study, individual bioequival ence study, was carried
out and the test product fails you could not then
reanal yze with average bi oequival ence because in
those days we said you had to pick one or the
ot her.

Here is sonething that we recommended t hat

I want to bring up again today because this has to
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do wth confidence. W recomended the point
estimate criteria be added, and we added this not
on any scientific basis that we are going to rule
out products, we said that these criteria are

al ways met today and what we have is a conception
or a view outside that it would be possible to have
products that differ by 25 percent, and that we
woul d be well served if we would say let's put a
point estimate criterion in addition to our
criteria--AUCs of at |east plus/mnus 15 for point
estimate criteria and Crax plus/m nus 20 percent no
matter what you do, and if you have narrow
therapeutic index drugs nake it even snaller, make
the point estimate plus/mnus 10 percent for AUC
and plus/mnus 15 percent for Cmax.

[Slide]

So, what | am suggesting here today and
what | amrecomrending to the conmttee to do is
ask the agency to devel op net hodol ogy, and we are
going to hear some, to allow approval based on
wei ghti ng of average bi oequival ence anal ytical for
hi ghly variable drugs so that we can bring some
drugs to the market that can't be studi ed because
of the progesterone exanple. Also, that the point

estimate criteria be added to the criteria because,
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72
in fact, all products will pass these criteria at
the present tinme and we won't be harmed, or we will
i ncrease the confidence of those that say, you
know, you could have two products that differ by 50
percent because | ook at what the FDA criteria say.

Now, the FDA criteria, as they used to be
witten two years ago, were easily misinterpreted
but that al so changed two years ago and now the
criteria are witten in a way that no clinician can
understand themin the first place so they won't be
m si nt er pr et ed.

[ Laught er]

They still say exactly the sanme thing but
they can't be msinterpreted to say you could have
two products that differ by 50 percent. So, these
are ny recomendations. Thank you for listening to
ne.

DR KIBBE: Questions for Dr. Benet?

DR SI NGPURWALLA: | have a comment not
just to you but to everyone else. This exanple of
hi ghly variabl e drugs shows, to nme, how the drug
i ndustry is buried under the tonbstone of
frequenti st methods. Such nethods ignore clinica
and bi opharmaceutical know edge, and it is bogged

down by its own weight.
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DR. BENET: | disagree.

DR, SI NGPURWALLA:  Why?

DR BENET: | think you are conming to this
fresh and that is good, but what we are interested
inis safety and efficacy, and in all cases
measures of safety and efficacy are nore variable
t han any pharnmacoki neti c neasure. What we are
really interested in, what the agency is interested
inis safety and efficacy.

DR, SI NGPURWALLA:  Who said that Bayesian
met hods do not incorporate high variability? It is
these confidence intervals and these confidence
limts, and the comrent you nake is a failure to
under st and Bayesi an net hods.

DR BENET: | understand Bayesi an net hods.

DR, SI NGPURWALLA: No, you don't; you
woul dn't say this.

DR BENET: Well, | welcone the
conmittee's spending the tine discussing this with
you and if you adjourn | get to go hone.

[ Laught er]

DR MEYER | think | agree with
everything you have said and it embarrasses me no
end to say that!

[ Laught er]

file:///C|/Dummy/0413phar.txt (73 of 282) [4/20/04 9:52:16 AM]

73



file:///C)/Dummy/0413phar.txt

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

Is there still going to be a perceived
probl em when you have, let's say, a Crax point
estimate of plus/mnus 15 percent? Isn't that
going to solicit illustrations of, well, |ook, ny
Cmax was 115 units and their Cnmax was 85 and the
hi gh and | ow can be switched in the nmarketpl ace?

DR. BENET: | think we are never going to
get around that. There are always going to be
people who will take the present situation and use
it to their marketing advantage. So, | don't think
we can get around that. You know, we have the sane
i ssues today. | amnot sure that everyone on the
committee is aware that in terns of BCS Class |
where you don't have to do a clinical study--I
don't know of a generic conpany that has used that
for exactly the reason you are bringing up, Mrvin.
They woul d be afraid that someone will go out there
and say this product has never been tested in
humans; it was approved on the basis of a
di ssolution. You have confidence in this product
so that people that use BCS Class | at the present
time are the innovators who use it when they have a
SUPAC change or sonmething like that. So, | think
we are always going to face that, and | think what

we need to do is just try to do the best job that
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we can in making it happen

DR. KIBBE: Let ne just ask about an
application of one of your recomendations to your
own exanmple. |If you use nethodology that is
devel oped as a wei ghted average, how woul d that
play out with progesterone? |n other words, what
ki nd of nunbers would we start to work w th?

DR. BENET: | mean, | do agree with
weighting to the variability of the innovator
product. In other words, that would be the termin
the denom nator that you would weight. But there
are different statistical issues that have to be
addressed that | can't do so we need the expert
statisticians to tell us how to approach that. But
that is what | want. | would want a wei ghting on
the variability of the innovator product in ternmns
of the coefficient of variation for Crax as one
criterion and for AUC as another criterion

DR. KIBBE: | have al ways found
intellectually attractive the concept of three ways
where we could |l ook at variability and then conpare
it to the generic. |Is that going to help us get to
the nunbers that we need to nmake these kinds of
deci si ons?

DR. BENET: Well, there is going to have

file:///C|/Dummy/0413phar.txt (75 of 282) [4/20/04 9:52:16 AM]

75



file:///C)/Dummy/0413phar.txt

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

to be sonme nmeasure of intra-subject variability.
We need to know that, and | have requested the
agency for many years to nmake this a requirenent
for new drugs, that a measure of intra-subject
variability in humans or even in patients be
included in the approval process and be included in
t he package insert. So, we do have to have that
measure sone pl ace

I am very encouraged, even though the
agency does not require that, that we are starting
to see with many new products, when you | ook at
their package insert, measures of intra-subject
variability included because it is inportant
criteria and value that clinicians want to know.
What is the inherent pharnacokinetic variability so
that then | can say is the pharmacodynam c
variability nmore than this inherent pharnmacokinetic
variability. |If they don't know the inherent
phar macoki netic variability, then they have a tough
ti me maki ng any decision about whether the change
in efficacy is related to pharnmacokinetics or to
real variability. So, sonebody has to do this,
Arthur, and | think that has to cone out of what
you reconmmend.

DR MEYER Les, you put a little bit |ess
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wei ght on Cmax than you do on AUC, there is a |less
stringent requirenent. |Is that because Crax is
nore vari abl e because we don't neasure it very
precisely, or is it because Crax is |ess inportant
than AUC? And, | would quarrel that we don't have
enough data for the latter conclusion

DR BENET: Well, in sone cases we do but,
as was initially discussed, it is confounded. As
we all know, Chmax is a very confounded neasure and
the agency and many acadeni cs have spent years and
years in trying to devel op a new neasure. None of
themturned out to be any better. So, it is very
confounded and, as was stated, is always nore
hi ghly variable than AUC. | know of no case.

DR MEYER But it is the only neasure we
have that has any conponent of rate init.

DR. BENET: That is correct, but it is
nmore vari abl e.

DR VENITZ: Les, | agree with your
addi tional recomrendation to put constraints on the
poi nt estinmates. You nentioned one of the reasons
being that the public needs to be reassured that,
i ndeed, no matter whether it is unintelligible
regul ation or not, we do have generics that are

bi oequi val ent .
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What | am personally not certain about is
whet her | agree with the reference scaling--and,
again, we are going to have sone nore presentations
on that--because you are now, in nmy mnd,
aggregating vari ance and nean differences, and | am
not sure whether one can offset the other. In
other words, if you have a | arge nean difference,
can that be offset by differences in variance?

When we had the discussion last time with |IBE
surprisingly there were drugs out there in the

dat abase that the FDA provided us with that passed
| BE but woul dn't have passed ABE, which | think was
counter-intuitive for nost of us, at |east on the
comrmittee, in terns that we expected IBE to be nuch
nmore conservative than ABE and it didn't turn out
that way. So, | still personally wi thhold judgnent
on the reference scaling but I amvery much in
favor of putting in additional constraints.

DR. BENET: Let ne just answer that.
thi nk having the additional constraints solves part
of the probl em

DR. VENI TZ: Yes, that was the reason why
I think the committee at that tinme went along with
that because we were worried about the |BE not

bei ng conservative enough. Right now you are
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basi cal | y breaking drugs down into two categories,
NTIs and non-NTls, in ternms of the criteria that
you are going to use or that you are proposing to
be used for BE assessnent.

DR. BENET: Yes.

DR VENI TZ: Can you think of additiona
criteria along the lines that we heard Gordon talk
about, that if we understand where the variability
comes fromwe mght use different criteria? In
other words, is NTl the only thing that we have in
some decision tree that decides which way we are
going to go?

DR BENET: As | said, the NTI statenent
there has nothing to do with science because it is
easy to prove bi oequival ence of NTI drugs. It just
has to do with confidence. So, that is why | nade
it lower, because it is easy to pass.

| definitely believe that as we progress
we are going to have different criteria, and
think BCS has a real potential for it. | have a
big list, my BCS list, and | | ooked to see what
drugs were there and that is why | nade sure that
theophylline was a Class | drug. | think as we
progress--and | presented to the agency | ast

Novenber mnmy newest concepts in terns of using BCS
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or sone sort of variant of BCS to actually predict
drug disposition, and | think we are going to
progress a lot in the next few years.

DR. KIBBE: Nozer?

DR. SI NGPURWALLA: Well, just a genera
comment. | was pleased to hear you acknow edge
that newconmers can identify things |ike
confoundi ng, but | also think that newconers can
| ook at an ol d problem and cone up with new net hods
of addressing that. Therefore, | urge you to pay
more attention to alternate nethods and not get
committed to an old, archaic notion of confidence
intervals. These have been criticized in the
literature. And, what we see here is repeated use
of confidence limts, and the difficulty that
confidence limts poses both to the FDA and also to
the drug industry in getting their drugs approved.
So, | amgoing to urge you to start paying nore
attention to alternatives and don't dismiss it.

DR. BENET: | don't dismss it, and ny
col | eague, Dr. Scheiner, has spent a lot of tine
inform ng the coormittee and the agency of these
approaches and the Bayesi an approach, and | think
we are all well aware of it and do recognize it.

It is inportant to have fresh eyes and fresh views
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of these kinds of issues, but it is also inportant
to recogni ze that the agency's criteria are safety
and efficacy, and when we have criteria that have
never failed it is tough to say that we nove beyond
that criteria to untested criteria in ternms of this
particular issue. So, that is why the agency nust
be very careful in the changes that they nake

DR. KIBBE: Thank you, Les. W have one
nore speaker before the break. Dr. Endrenyi

wel cone.

Bi oequi val ence Methods for Hi ghly Variabl e Drugs

DR ENDRENYI: Thank you

[Slide]

This presentati on was put together with
Laszlo Tothfalusi and I would like to acknow edge
t hat .

[Slide]

I would like to raise a nunber of
questions which | believe that this conmittee wll
have to make recommendati ons about eventually that,
certainly, the agency ought to consider. | would
like to go through the first part fairly quickly
because much of that has al ready been consi dered.
So, we have the usual criterion of conparing two

formul ati ons and the confidence limts for the

file:///C|/Dummy/0413phar.txt (81 of 282) [4/20/04 9:52:16 AM]

81



file:///C)/Dummy/0413phar.txt

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

rati o of geonetric nmeans shoul d be between 0.8 and
1.25. This has already been stated.

[Slide]

It has al so been stated that for highly
vari abl e drugs this presents a probl em because with
|arge variations it is very easy to hit that 0.8 to
1.25 and, therefore, nmany subjects nmay be needed in
order to satisfy that.

[Slide]

For the purpose of this presentation but
not necessarily as the final word at all, the
coefficient of variation has been considered
exceedi ng 30 percent for highly variabl e drugs.

[Slide]

This slide would sinply ask is there an
i ssue and this has al ready been asked and the
answer was probably yes. In this case, two
formul ations of isoptin are considered in the sane
subj ect repeatedly, and two di fferent occasions
different relationships between the two
formul ati ons were obtained. So, it |ooks as though
the drug is not really bioequivalent with itself
and that is a concern, but this has already been
denonstrated by Dr. DiLiberti

[Slide]
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This is perhaps nore recent. This was
obtained from D ane Potvin, from M)S, who
denonstrated that, indeed, things | ook reasonable
as long as the intra-individual CV is up to about
70 percent but beyond that it is very difficult to
satisfy the criteria. There are nmany, nmany studies
submitted that failed

[Slide]

Then she went on, very kindly, to | ook at
details of these highly variable drugs. Fromthis,
one could conclude that there is a relationship
between the coefficient of variation and failure
rate, higher failure rate with higher coefficient
of variation. Mnd you, these are all submitted
studies so this analysis is still biased because
the company subnitted themin the hope that they
woul d pass, so these are not all studies at all

The second conclusion is that, indeed,
AUCs fail less frequently than Cnax's but they
still fail with a high frequency. So, the
variation of AUCs shoul d not be disnissed.

[Slide]

Study condition--perhaps | would omt this
al nrost entirely because it is considering single

dosi ng versus steady state. In the US thisis a
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1 non-i ssue because U.S. goes by single
2 adm ni stration even though it has been denonstrated

3 and we know that frequently in steady state we get

4 | ower variation--not frequently but not always.
5 [Slide]
6 This is a study showing that and in the

7 US | think this is largely at the nonent

8 irrel evant.
9 [ Slide]
10 St udy designs, which one to choose? A 2 X

11 2 traditional or replicate design? 1t need not be

12 a 4-period replicate design; it could be 3.

13 [ Slide]
14 Now, the advantage of replicate designs
15 i ncludes that one gets clear estinmates of

16 within-subject variations. Particularly the

17 concern would be to get a clear estimate of

18 wi t hi n-subj ect variation for the reference product.
19 I would note that this design is favored by K K

20 M dha who has worked | ong years and is certainly

21 one of the forenpbst experts on the bioequival ence

22 of highly variable drugs and drug products. So,

23 his voi ce ought to be respected.

24 Secondly, on the other hand, my concern is

25 that one can have a pooled criterion which could
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have better properties, pooled criterion related to
the test and reference products together.

There are issues that these replicate
desi gn studi es can be eval uated by various
procedures, and a question is whether these
procedures woul d give the sane results and,
therefore, would agencies be able to check how
those results woul d be cal cul ated and were
cal cul at ed

Anot her question arises, nanely, is a test
comparing the variations of test and reference
products useful; is it needed? O, perhaps is an
estimate of these variations sinply sufficient or
is that needed?

[ Slide]

Turning to the 2 X 2 crossovers, they are
simple; sinple to execute, sinple to evaluate. An
advantage is that there are many studies on file
and they could be eval uated retrospectively.

Anot her comment is that the ratio of
wi t hi n-subject variabilities could be estimated.
There are procedures that would pernit this even
from2 X 2 crossover studies. For example, the
procedure suggested here by Guil baud and Gould is

to have for each subject the sumof the test and
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86
reference response, AUC or Cmax in this case, and
then the difference of the two; plot them against
each other, have a linear regression and eval uate
the slope, and then apply the slope in that fashion
whi ch gives the ratio of the estimated vari ances.
So, it would be possible to evaluate this ratio
from2 X 2 crossovers. However, features of this
procedure have not been studied and they ought to
be eval uat ed.

[Slide]

Now, various possibl e nmethods of
eval uation, the usual procedure is unscal ed average
bi oequi val ence with a criterion of 0.8 to 1.25 for
the ratio of geonetric nmeans, the GVR It is also
possi ble to apply unscal ed average bi oequival ence
wi th expanded bi oequivalence limts. One way of
doing it is to present these bioequivalence linits.
It has been shown that sone jurisdictions do this.
For exanple, the ratio of GWR could be between 0.75
and 1.33 or 0.7 to 1.43. This is one possibility
which is practiced in sone areas, or to expand the
bi oequi val ence linits flexibly depending on the
estimated variation. | shall talk nore about these
pr ocedur es.

Anot her approach is the scal ed average
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bi oequi val ence and, again, | shall refer to this
and shall talk about this, and | also should
mention scal ed i ndividual bioequival ence for
conpari sons only.

[ Slide]

To tal k about unscal ed average
bi oequi val ence--these scissors are supposed to be
| ess than or equal signs so instead of scissors, it
is less than or equal --the unscal ed average, as we
have seen--this is a bit nore formalized but, as
you see here, the ratio of geometric neans shoul d
be between, say, 0.8 or 1.25 or 0.75 and 1. 33.

This is the sane statenent as saying that the

| ogarithm c bi oequival ence limts should be plus
and minus and in between is the difference of the

| ogarithmic means, and that is a useful way to | ook
at it. Now, the procedure is sinple but as the 0.8
and 1.25 limts were arbitrary so would be any
other criteria.

But anot her concern is that whatever way
it would be decided, if this is the way to go, then
0.75 to 1.33 is a partial solution because it may
hel p drugs with, say, 30, 40 percent intra-subject,
intra-individual variation but not those which have

hi gher variations and 50, 60 percent would still be
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the cut off.

[ Slide]

Anot her approach woul d be to expand the
limts in proportion to the estimated variation
Thi s has been suggested by Boddy and coworkers.

So, here there is a proportionality factor, and the
other factor is the estimted standard deviati on,

i ntra-subject variation. This procedure has the
advantage that the usual testing procedure can be
applied with some proviso. The statistical power

i s independent of the variation and the statistica
power is higher, much higher than the unscal ed

aver age bi oequi val ence with the usual criterion so
we need fewer subjects.

On the other hand, the criterion is that
bi oequi val ence linits, as shown there, are really
random vari abl es because they include the estimted
standard devi ation, estimated intra-subject
variation. So, the limt itself is a variable.
Therefore, the two one-sided test procedure is not
quite correct, however, it is becom ng
approximately correct with | arge sanpl es.

[ Slide]

Scal ed average bi oequi val ence is very

simlar to the previous one except that the S from
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t he bi oequivalence limts, here, canme over to the
measure that we apply. So, it is formally very
simlar and we have devel oped and have reconmended
procedures for setting the bioequival ence linits.

Agai n, the advantages are that the
statistical power is independent of the variation
and with the same sanple size is much higher than
the unscal ed average bi oequival ence. | amgoing to
denonstrate this. There is a sensible
interpretation. The first interpretation is very
simlar to that applied with individua
bi oequi val ence, nanely, the expected change to
switching is being conpared with the expected
di fference between replicate adm nistrations and
one can nmake sense of that.

A second interpretation is that the
standardi zed effect size is being applied which is
a clinical interpretation. There are procedures to
eval uate confidence limts. |If it is a2 X2
crossover, then non-central t-test can be appli ed,
or there is a procedure recommended by Hysl op and
her coworkers which is somewhat nore invol ved but
still reasonable | think.

[ Slide]

This is a denpnstration conparing the
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procedures and effectiveness of various approaches.
They include the scal ed individual bioequival ence,
scal ed average bi oequi val ence and unscal ed average
bi oequi val ence. You see the probability of
acceptance. These are results of simulations. It
anmounts to the probability of acceptance at various
di stances between the two neans. The first thing
you can see is that for individual bioequival ence
the range is very wide. Ranges are much narrower
wi th scal ed average bi oequi val ence. So, this wide
range rai sed the concern of Dr. Benet. The second
observation is that scal ed average bi oequi val ence
is, indeed, nmuch nore powerful than unscal ed

aver age bi oequi val ence. So, we again need fewer
peopl e.

[Slide]

VWhat is the linmting variation for highly
vari abl e drugs? This is obviously a subject of
regul atory decision, as are the others. The
procedure coul d be that we apply unscal ed average
bi oequi val ence if the variation is less than the
cut-of f measure and use sone kind of a different
procedure appropriate for highly variable drugs if
the variation is higher.

Perhaps | should go down here. This is
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91
the sane kind of nixed nodel that was suggested for
i ndi vi dual bi oequi val ence but, just as Dr. Benet
suggested, it is not reasonable that a sponsor
shoul d play both ways. The sponsor shoul d decl are
the intention of using one procedure or the other
in the protocol

I wouldn't necessarily disniss these other
possibilities. For exanple, K. M dha recomends 25
percent. The outcone of those probabilities that
you have seen on the previous slide depend on how
you set these limting variations. Obviously, 30
percent is stricter than 25 percent. |In all cases
you and the agency will ask what is the practically
reasonabl e criterion that one can live with, the
agency can live with and the industry can live
with, and the public can live with. So, don't
necessarily set everything on the 30 percent; do
consi der what the effect of, say, 25 percent would
be.

[ Slide]

Now, this nethod of the secondary
criterion has arisen in connection with the
features of individual bioequival ence. So, we talk
about two approaches, that of individua

bi oequi val ence and today we are tal king about
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hi ghly variable drugs. There are two very
di fferent concerns.

First of all, we have already seen that
for highly variable drugs the potential variation
is smaller than with individual bioequivalence. In
the case of individual bioequival ence the
devi ati ons arose because the regulatory criterion
was changed. A nuch nore liberal regulatory
criterion was introduced whereas in the case of
hi ghly variable drugs it is a natural change of the
variability between the two nmeans. You know this
very well. Wth the usual kind of drug the
vari ati on between the neans just fluctuates
slightly. Mst of the differences are probably
bet ween the two neans and are within the range of
10 percent. But with highly variable drugs those
means al so fluctuate much nore. So, to inpose a
constraint of 10-15 percent on this natura
variation means that the natural fluctuation is
altered so the sources of the concern are very
different. Wereas in the case of individua
bi oequi val ence you have to deal with the criterion,
here you have to deal with the natural variation

[ Slide]

So, | would |like to rai se some caution
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In addition, the inposition of the secondary
criterion has serious consequences. | present this
fromny life earlier when | dealt with individua

bi oequi val ence because we had the results then;
don't have many results for average bioequival ence.
But, again, here you have the results for

i ndi vi dual bi oequi val ence. This is the probability
curve for the constrained criterion alone and this
is then the application of the conbined criterion

The conbined criterion is expected and
does al ways run below the two separate criteria.

But when the GWR criterion is highly constricting,
as in this case, then the conbined criterion is
really a GVR criterion essentially and has not hi ng
to do, or very little to do with the bioequival ence
criterion. So, if you were to consider the
secondary criterion, then this slide suggests to do
it with great caution and after serious

consi derati on.

[ Slide]

Here are the questions again which | have
rai sed for the cormittee's consideration and for
the agency's consideration. They certainly suggest
that many of these issues require further

consi deration and further investigation.
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Oiginally | wanted to end with this | oose and
compl i ant nmode, however, | |ooked at the questions
bei ng rai sed and, since after this | may have to
shut up, | would like to call attention to question
2(b) in which the application of scaling is
conbined with the application of this secondary
criterion. | would Iike to call your attention to
the fact that these are two separate questions.
Both of them ought to be studied further but, to ny
mnd, the restriction criterion is nuch nore
controversial and requires thorough exploration for
its need as well as for its application. So, |
woul d recommend a separation of those questions.

Al so, | have a question about reference
scaling. | would certainly like to be an advocate
for scaling, but whether the scaling ought to be
reference scaling | would like again to be a
subj ect for study. Thank you

DR KIBBE: Thank you. Questions?

Jur gen?

DR. VENITZ: | have a question about your
first sinmulation slide where you conpare the IBE to
the ABE and scaled ABE. My question basically is
that you are assuning for the purposes of

sinmul ation that the COvs for both test and
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95
reference are the sane, 40 percent. |Is that
correct?

DR. ENDRENYI: Yes.

DR. VENI TZ: Wat woul d happen if you had
differences in COVs between test and reference? 1In
other words, let's assunme that the test product has
much |l ess intra-individual variability than the
reference, how woul d that affect your curves?

DR ENDRENYl: It does affect the curves,
but mainly the curve of the individua
bi oequi val ence. It affects little the average
bi oequi val ence curve

DR. VENI TZ: What about the scal ed average
BE?

DR ENDRENYl: The sane. But that is an
artifact in a way because here we consider the
scaling by reference product so we didn't
have--these were 4-period studies. Your question
is relevant if you consider the 2-period studies.

DR. VENITZ: Right, right.

DR ENDRENYI: Which we haven't done, but
that is an interesting question. It would be worth
i nvestigating.

DR VENI TZ: So, the answer that you are

using then is the reference variation
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DR. ENDRENYlI: That is right.

DR. VENITZ: So, you are assuning that you
know but you woul dn't necessary do a 2 X 2--

DR ENDRENYlI: No, the estimated
reference

DR VENI TZ: So, you could get that froma
2 X 2 design?

DR ENDRENYI: Well, it is a different
interpretation. Yes, we could but it has to be
val i dated whether it works or not. W haven't done
t hat .

DR KIBBE: Anybody else? Ajaz, do | see
you | eaning forward? No? Go ahead.

DR. SI NGPURWALLA: | just have a technica
comment. Sonewhere in your slides you had a
restricted maxi mum likelihood. Right?

DR. ENDRENYl: Yes, as a possible
pr ocedur e.

DR, SI NGPURWALLA: As a possible
pr ocedur e?

DR. ENDRENYI: Yes.

DR SI NGPURWALLA:  Well, this is a
techni cal comment, the maxi mumlikelihood is
advocat ed because of its asynptotic properties in

the sense that it converges to the center. You
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know, you get the central lint theorem \When you
restrict your maxi mumthere is no assurance that
you converge, the central limt theorem
Therefore, the value of that process cannot be
really evaluated. | don't know what inpact al
that has on the proposals you have nmade but | just
want to caution you

DR. ENDRENYl: You are absolutely right,
but the point | think was that in the case of
replicate design probably the procedure of
eval uati on woul d have to be defined very clearly
and very strictly, otherwi se one can go in all
different directions and that will be another task
if the agency goes that way.

DR KIBBE: Go ahead.

DR. BENET: Just a quick follow up on
Laszlo's comment, | think it would be worthwhile if
the agency went back and | ooked at the content
uniformty criteria and published two sets of data.
I think it would be worthwhile to go back and | ook
at the bioequival ence data and | ook and see how
often it falls within certain criteria. You have a
bi g database and it would be nice to see what those
nunmbers were, and | think that woul d be useful for

the conmittee on the secondary criteria.
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DR YU Actually, you will see that in
the last talk. Samis going to talk about data.

DR KIBBE: It is always good to have data
when we are having a di scussion. No one else?

Mar v?

DR. MEYER This is probably a
statistically ignorant question but under the
scal ed condition, however you want to scale it, is
it possible to have a product with a scale
confidence linmt that was, say, 60-90? |If so, then
let's say the ratio woul d be somewhere around 75
percent and that woul dn't be acceptable. So,
wi t hout the point estimate constraint you have a
potential for allow ng 60-90 approved and 120- 140
to be approved.

DR ENDRENYIl :  No- -

DR MEYER Two different studies?

DR ENDRENYlI: In two different
studies--within each study it should be one and
woul dn't envi si on between study variati on and
don't--1 doubt it very nuch.

DR MEYER Even if the test product only
rel eased 70 percent of its dose and the innovator
rel eased 100 percent of its dose the true ratio

woul d be 0.7 and you woul dn't know that; you woul d
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be looking for 1.0. It is not possible?

DR. ENDRENYlI: No, | think if it is
inter-study variation, then with the Iow variation
drugs each of them woul d be between 0.8 and 1.25
but the two in conparison with each other could be
quite different. That is equally possible but it
is not likely. |If it is the sane reference
product, then it is not possible.

DR KIBBE: | see no other questions.
Thank you very much. W will take our break now.
W will be back at 10:52

[Brief recess]

DR KIBBE: W have open public hearing at
one o' clock but there are no presentations to be
made at that tine so what we will be able to do is
nmodi fy our schedule to try to get everything done
and get back on schedule. | know there is a |ot of
interest in what we are tal king about so we night
al | ow our speakers a little extra time and sone
questions and answers to go a little further. |
see our next speaker is at the podium ready to go,
Bar bara Davit.

Bi oequi val ence of Hi ghly Variabl e
Drugs Case Studies

DR DAVIT: | ampleased to be able to
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respond to one of the questions that Les raised, in
that we do have a survey of some of the data that
has been submitted to the D vision of

Bi oequi val ence.

[ Slide]

When Dale and | were tal king about putting
this presentation together for the advisory
committee, one of the things we thought we woul d
consider is |ooking at what has been submitted to
the Division of Bioequival ence and to answer the
question of whether highly variability is a
significant issue in these bioequival ence studies
i n ANDA submi ssi ons.

By | ooking at these data and focusing on
sone case studies, we thought also we coul d maybe
answer the questions in a linited nunber of cases
of what is contributing to the variability or what
are sone of the sources of this variability.

[Slide]

So, what we were trying to do is see if
there is a significant problemw th highly variable
drugs, and | would like to nention, first of all,
that this obviously represents a biased sanple
because we receive predom nantly studi es that have

passed the 90 percent confidence interval criteria.
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So we obviously don't see the big picture |ike
people fromindustry would be seeing. W don't see
what percentage that is of the total nunber of
drugs in a conpany's pipeline for exanple.

But of the submi ssions we saw, which are
passi ng studi es, what percentage were for highly
vari abl e drugs? Did these studies involve
enrolling a | arge nunber of subjects because that
has been one of the issues that has been raised
today, the | arge nunber of subjects that night be
necessary to show bi oequi val ence for these generic
products of highly variable drugs? Also, how
narrow and wi de are these 90 percent confidence
interval s? That goes along with how many subjects
are necessary for a passing study.

[Slide]

We collected data fromall the
bi oequi val ence studies that were subnmtted to the
Di vi si on of Bioequival ence in 2003. W used the
root nmean square error as an estimate of
intra-subject variability. | realize this is just
a rough estimate and it is not a pure estimte of
the intra-subject variability but, unfortunately,
nmost of the studies that we had to | ook at were

two-way crossover studies so the best estinate that
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we could get of the intra-subject variability was
the root nean square error

We defined a highly variable drug as one
with a root nmean square error which is greater than
0.3, representing 30 percent intra-subject
variability. The data that | am going to present
is only solid oral dosage forns, and | would like
to point out that all the studies that | am going
to be presenting passed our 90 percent confidence
interval criteria, but that is because for the nost
part we don't receive subm ssions of studies where
the product did not pass bioequival ence criteria.

[Slide]

First of all from2003, this was a tota
of 212 in vivo bioequival ence studies. O these
212, looking at only those studies in which the
root mean square error of AUC or Crmax was greater
than 0.3, in 15.5 percent of these studies, AUC or
Cmax, was greater than 0.3. |n other words, in
about 15 percent of our studies the drug woul d
qual i fy as having highly variable characteristics.
Most of this was due to Cmax and this has been
di scussed today. So, in about 13 percent of the
total only Crmax was highly variable. There were no

studies in which only AUC was highly variable. But
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there were 5 studies in which both AUC and Cnax
were highly variable, and this was 2.5 percent of
the total.

[Slide]

This goes along with the previous slide
and it just shows the nunber of studies in which we
saw a root nean square error of a particular val ue
for Cmax. There is an error in this particular
slide in your handout but this is the correct
slide. Really, obviously, for nost of the Crax
val ues the root nean square error is below 0.3. |
have a line here representing 0.3. | think | said
earlier that 15 percent of all the studies, 15.5
percent of all the studies that came in had a root
mean square error for Chrax of greater than 0. 3.

[Slide]

This is for AUC. O course, the AUCis a
|l ot less variable than Cmax. Really, for the nost
part the root nmean square errors were hovering
around 0.1 to 0.15, so quite a bit less variability
in AUC t han Crax.

[Slide]

One of the questions that we wanted to ask
was what is contributing to this variability.

Since for a |ot of products we | ook at
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bi oequi val ence studies in fasted subjects as well
as fed subjects, we wanted to see what inpact was
having on variability. | nentioned 33 studies.
This represented a total of 24 of the ANDAs that
were submitted and reviewed in 2003. O these,
both AUC or Crax were highly variable in both the
fed and fasted studies. In 8 of these the

phar macoki neti c paraneters were highly variable in
only the fed study, and for 7 the PK paraneters
were highly variable in only the fasted study. But
thisis alittle bit skewed too because we have
submi ssions, for whatever reason, which contain
only a fed study and submi ssions that contain only
a fasted study--not a lot but it does happen.

[Slide]

Thi s shows some of our data. | think
these are all the Crax values fromthe 212 studies
I was tal king about in which Crax was variable in
only the fed study and not the fasting study. So,
this woul d suggest, of course, that we are seeing
variability because of food effects. | am not
giving the names of the drugs but | have
illustrated them by cl ass.

There is a variety of reasons | think for

the variability. Sonme of these are prodrugs. W
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have a nunber of angiotensin converting enzyne
i nhi bitors and nost of these are prodrugs.
Generally the parent is present at |ow
concentrations so this could contribute to the

variability. A nunber of these drugs also are

hi ghly netabolized and this would contribute to the

variability. But, in this case, obviously there

was a food effect. The variability was observed in

the fed state, not in the fasting state. In these
studi es too the nunber of subjects ranged from
about 27 to 51 | guess, so all over the place in
terns of nunbers of subjects.

[Slide]

It is pretty unusual to only see a highly

variable Cmax in the fasting study and not the fed
study, and this occurred in only two cases | ast
year. These were both angi otensin converting
enzyne inhibitors, both prodrugs. For one of them
t he bi oequi val ence was based on neasuring the
parent. For the other one the conpany coul d not
nmeasure the parent despite | guess a nunber of
attenpts. This is actually true for pretty much
everyone who has worked with this particul ar drug.
So, the bioequival ence here is only based on the

metabolite. But that is quite rare. In the vast
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majority of subm ssions that we have the
bi oequi val ence i s based on the parent.

[Slide]

This table shows the Crax data where Cmax
was highly variably in both fed and fasted studies.
So, for this drug product obviously there will be
hi ghly variabl e regardl ess of whether it is the fed
study or the fasted BE study. This was six drug
products, various drug classes, various reasons for
variability; some prodrugs, sonme highly netabolized
drugs; sone drugs that undergo extensive first-pass
met aboli sm  The nunber of subjects varied froml
guess 18 to 57.

[Slide]

Finally, this table is for two-way
crossover studies and shows the data for which both
AUC and Crax were highly variable, and this was for
four drug products. For the one that | have shown
in yellow, for this particular product both AUC and
Crmax met the highly variable criteria in both the
fed and the fasting state. For the other drugs
there was high variability in the fed but not
necessarily the fasted, or Chax and not necessarily
AUC. So, this was four drugs that fell in this

class. The nunber of subjects that the conpanies
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used varied from26 to 62

[ Slide]

In trying to explore sone of the sources
for this variability, we wanted to conpare the
intra-subject variability for the test versus the
reference product. W don't see very nany
replicate design studies anynore. |In this
particul ar class of drugs we only had two
submi ssions | ast year so these are the data from
the two subni ssions.

These data are a good sign because what
they showis that the variability, based on the
root mean square error, was conparable for the test
and the reference product for both of these drug
products. That is obviously what we are | ooking
for because we want to see people achieve a generic
product that is the same as the reference product.
So, inthis case | would say the variability was
conpar abl e, test versus reference

One study used 33 subjects. The other,
this would obviously fall into a category where it
necessitated a | ot of subjects because this was not
only 77 subjects, it was also a replicate design so
it meant that each of these 77 subjects received

the drug product four tines, on four occasions.
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So, this was quite an extensive study.

[Slide]

Anot her question we wanted to ask was are
there ever cases in which the pharnmacokinetic
variability is a function of the drug product as
opposed to the drug substance. W found two
i nstances | ast year, two different drug products
and | will call themdrug C and drug D. This was
the sane RLD for both studies for drug C and the
same RLD for both studies with drug D. Drug C was
an extended rel ease tablet. Drug D was an
i mredi ate rel ease tablet.

We will look at drug Cfirst. |In one
study, conducted by one applicant, using | guess 33
subjects in the fasted and 35 subjects in the fed,
this product would not qualify as a highly variable
drug. Notice root nean square errors of 0.18,

0.11, 0.21, 0.24. However, for the sanme reference
product, in other words it is the same product,
different formul ati on, another conpany, 0.31, 0.38,
0. 25, 0.34.

This could be due to a nunber of reasons.
I 1 ooked at the data and, obviously, the extended
rel ease dosage forns are nore conpl ex than the

i medi at e rel ease dosage forns and the two
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formul ations were quite different. So, there could
have been, you know, differences in variability due
to the formulation. Al so, the bioequival ence
studies were done at different sites. | |ooked at
the assays. They were both LCMS assays. | didn't
get the specifics of the extraction nethods but |
noticed that the two studies had different limts
of quantitation and there were different doses in
the two studies. | amnot sure how nuch of a
factor this was. This was an extended rel ease
product for which | believe there were three
different strengths. One conpany submitted a study
on the highest strength and | think used two tines
15 mg, which was 30. The other conpany did studies
on 5 ng and used 4 tinmes 5 ng, which was 20. So,
different doses in the two studies. So, there are
all these factors that could be contributing to the
variability. At least, those are the factors
coul d think of.

Drug D--this was an interesting issue.
Once again, in the hands of one sponsor, one
applicant, we saw root nmean square errors of 0. 16,
0.25, 0.13 and 0.2; the other applicant, 0.38,
0.55, 0.22 and 0.24. This was an i medi ate rel ease

product and | noticed that the fornul ati ons of

file:///C|/Dummy/0413phar.txt (109 of 282) [4/20/04 9:52:17 AM]

109



file:///C)/Dummy/0413phar.txt

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

these two were qualitatively identical
quantitatively there were some differences.

These were done at two different sites and
in this particular application the bioanaytica
met hods were done at a CRO that we have had sone
issues with in the past. They seened to be having
problenms with sone of their data. So, it could
have been a contributing factor here.

I would like to stress that of all the
applications that we saw | ast year, these were the
only four in which we saw that there was a
di fference which was possibly due to drug
formul ati on or possibly due to where the studies
were done that was contributing to the high
variability.

[Slide]

Then we thought we would | ook at how many
study subjects are usually enrolled in these
studies. Once again, | enphasize that this is
really a biased sanpl e because we only see the
studi es that have passed. W don't know how many
tries this represents. W don't know how many
studi es were done where the conpany just coul dn't
get the study to pass the confidence interva

criteria so these are just the passed studies.
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I was expecting to see a rmuch bigger
increase in the nunber of subjects as we went above
0.3 and we really didn't. This could probably be
in part because, as you know, the root nean square
error is not really a true estimate of variability;
it is just a rough estimate. But in general, |
guess of all the studies that canme in | ast year,
that canme in and were reviewed, there were only 14
that enrolled nore than 50 subjects, and for those
that net our high variability criteria there were
only 5 that enrolled nore than 50 subjects. |
think there are about 14 with root mean square
errors greater than 0.3 that enrolled nore than 40
subjects. But in some cases we are seeing high
nunbers of subjects but this particular graph shows
that it is possible for conpanies to do a study
with under 40 subjects with a drug that is
considered highly variable and still pass
confidence interval criteria.

[Slide]

Then | wanted to see what woul d happen if
we plotted the width of the confidence interva
versus the nunber of subjects, and this was done
for Cmax. These are the 33 bioequival ent studies

in which the root nmean square error of the Crax was
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greater than 0.3. Really not a big surprise. As
the nunber of subjects increased the wi dth of the
confidence interval becane narrower, suggesting, as
has been mentioned this norning, that with a higher
nunber of subjects it is nuch easier to neet the
confidence interval criteria because the confidence
interval of the product becones narrower.

[ Slide]

These are the data for AUC. W have data
froma conbination of fed and fasted studies. |
would like to point out the two at the top. These
are fed bioequival ence studies and they don't neet
our present confidence interval criteria, but these
studies were submitted before the new food gui dance
was put into effect, which was in January. |If a
study was subnmitted before January of 2003, we were
eval uating the study based on our old criteria for
fed bi oequi val ence studies, neaning that only the
point estimate had to fall within the limts of 0.8
to 1.25. That is why, if you | ook at the
confidence intervals, if these studies had been
done | ater these would not have nmet our criteria
but they met our criteria at the tinme.

Once again, you can see a trend where, as

t he nunber of subjects increases, the confidence
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interval narrows. | suspect that these two
products, with nore study subjects, probably would
have been able to squeeze into the 0.8 to 1.25
confidence interval

[Slide]

In conclusion, | would just like to sumup
that these are observations fromthe data that we
| ooked at from 2003, and 15.5 percent of all the
bi oequi val ence studies that were submtted and
reviewed | ast year were for drugs that net the
highly variable criteria. Cmax was nore variabl e
than AUC. In general, higher pharmacokinetic
variability occurred in the fed bioequival ence
studies. The two replicate design studies that we
were able to | ook at showed conparabl e
phar macoki netic variability for the generic and the
RLD product.

[Slide]

In two cases for two drug products the
variability was associated with the formulation or
other factors in conducting the bioequival ence
studies. In general, the width of the 90 percent
confidence interval narrowed as the nunber of
subj ects increased. O the 212 passing

bi oequi val ence studies, only 14 enrolled nore than
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1 50 subjects. O the 33 passing bioequival ence

2 studies of highly variable drugs, only 5 enrolled
3 nore than 50 subjects.

4 [Slide]

5 I would I'ike to acknowl edge the menbers of
6 our working group at the FDA. This is a group of
7 i ndi vi dual s who have been di scussing the highly

8 vari abl e drug issues and what types of

9 presentations to put together for the advisory

10 conmmittee neeting today. | would like to give a
11 speci al thanks to Devvrat Patel, one of our

12 reviewers in the Division of Bioequival ence, who
13 collected all the data that | showed you today. |
14 would also like to thank all of our reviewers for
15 their hard work in putting the reviews together

16 fromwhich Dev was able to collect these data.

17 Thank you for your attention

18 DR KIBBE: Questions, folks? Go ahead,
19 Jur gen.
20 DR. VENI TZ: Just one clarification. This

21 was an interesting presentation, Barbara but just
22 one clarification, the root nmean square error that
23 you cal cul ated, is that the pool ed intra-individua
24 variability across test and reference?

25 DR DAVIT: Yes, it is.
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DR. VENITZ: Then if you go back to your
slide nunmber 14, this is where you | ook at the
effect the drug product may have and you conpare
the extended rel ease and the i medi ate rel ease. In
case nunber one, | guess manufacturer nunber one,
it looks like it is a lowvariability drug and for
manuf acturer nunber two is a high variability drug.

DR DAVIT: Right.

DR VENITZ: Could that indicate that the
test product for manufacturer two actually has a
hi gher variability and the reference drug still has
the sanme, whatever variability, it has?

DR. DAVIT: Oh, absolutely. | nean, yes,
there is no way to tell.

DR VENITZ: So, this mght then
contradi ct one of the statenents that you nade
| ater on because you are saying that test and
reference in the replicate design studies--

DR. DAVIT: For those two products.

DR. VENITZ: Right, for those two products
it could well be that the test product has higher
variability than the reference product.

DR. DAVIT: For this product, yes, it is a
possibility.

DR VENITZ: But all the replicate design
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studi es that you | ooked at--

DR. DAVIT: \VWhich was only two.

DR VENITZ: Right, you found for those
two at |east that test and reference had the sane
intra-individual variability.

DR DAVIT: Yes.

DR. VENI TZ: How does that conpare to the
overal | experience, going back beyond your survey?
Do you have any idea? Because | know they tal ked
about this in 2001 the last tinme we net.

DR. DAVIT: You know, that is a really
good question and we didn't have the tine for this
presentation. W were only able to collect data
fromlast year. W do have a lot of replicate
design data from 2000, 2001 and | guess sone from
2002 and | think we would Iike to expand this study
and go back a number of years because we woul d have
nore replicate design studies to conpare test and
reference variability. Yes, this is all we have,
unfortunately.

DR BENET: First of all, what you
presented is very interesting but it wasn't what |
asked for. So, let nme make clear what | think the
comrittee could use. There is an issue about the

point estimate. |n 1999 Conmi ssi oner Heaney
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published in JAMA an article where she | ooked at
all the drugs approved in '97, showed the content
uniformty and the Cnax and AUC with the neans and
the standard deviations. What | amasking you to
do is to go back and give the commttee informtion
on the point estinates. Were are the point
estimates on all those studies? How nuch
variability? Are you going to do that?

DR YU That is actually going to be
presented by the next speaker

DR. BENET: You set nme up. Barbara said
she was answering ny question! Many of you saw the
MDS abstract at the AAPS in Novenber of 2002. |If
you didn't, | have two slides here that | talk
about all the time. MDS | ooked at 800 fasting
studies in terns of approval or non-approval. O
course, you can have a highly variable drug that 12
peopl e pass because sonetines statistics work.

I think the npst interesting piece of data
fromthat is that they | ooked at the number of
subj ects enroll ed and how many studies fail ed.
When they | ooked at 49-60 subjects enrolled in a
study, 68 percent of the studies failed. When they
| ooked at greater than 60 subjects 12 percent of

the studies fail ed.
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Now, why is that? It has nothing to do
with statistics. It has nothing to do with going
back and saying how are you going to run the study.
It has to do with generic conpani es CEGs, and
have seen it many times. The scientists say to the
conpany "we have run the prelimnary study. W ran
six. W need 96 people to nake sure that we neet
the confidence intervals," and the president says,
"96 people? Do you know how rmuch that costs? | am
feeling lucky, run 24." And, that is exactly what
happens. If the 24 they get it. |If the 24 doesn't
pass, they either give up or they run another
study. So, you can't conclude anything fromthe
data that you are seeing here in ternms of
variability and the ability to pass. | want to
warn you on that. | think it is really inportant
to realize that until you start to see all the
data, which you will now, you really can't nake
comment s about whether highly variable drugs can
pass or whether you could have a progesterone study
that passed based on 50 subjects. You could
easily; you just have to be lucky and | ots of
peopl e are | ucky.

DR DAVIT: Ch, | agree. | thought the

exact sanme thing when | |ooked at all these studies
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wi th the nunber of subjects and nunber 24 and 25
came up again and again and | wondered if it was
sonet hing like that.

DR KIBBE: | just have a question about
the data. You had 212 studies you anal yzed but
that wasn't for 212 different conpounds--

DR DAVIT: Right.

DR. KIBBE: --there were multiple
submi ssions for the sane conpound.

DR DAVIT: Right.

DR. KIBBE: So, the question that | cone
back to is on that early slide where you showed
five studies had AUC and Cmax probl ens, which
represented 2.5 percent. How many drugs was that?

DR DAVIT: Onh, that was five different
drugs.

DR. KIBBE: Five different drugs, not just
five studies by different conpanies?

DR DAVIT: Right, it was five different
drugs.

DR KIBBE: That isn't the same though for
the 33 with AUC or Cmax?

DR DAVIT: Correct.

DR KIBBE: There would be cases where you

had studi es where there were nultiple studies
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showi ng the sane drug having variability in each
one of the studies?

DR DAVIT: Right. | actually had a slide
like that at one point and | took it out. But the
answer to your question is yes.

DR DELUCA: | noticed that your data is
just for the approved drugs.

DR DAVIT: Yes.

DR DELUCA: But | had a question. Maybe
Les--with the data he just nentioned because he has
data there of approved and non-approved, you have
212 here, is there a feel in relation to how many
drugs were not approved that did not neet the
specs? Maybe the industry or the data that Les has
m ght be able to give an estinmate of what that
m ght be.

DR. BENET: Well, this is sonething that
Laszlo said. | nmean, the MDS data obviously--you
know, what they showed was that if you had CVs | ess
than 30 percent, only |like one-quarter of the
studies failed. If you had CVs greater than 30
percent, 62 percent failed. And, Laszlo was giving
you the data for greater than 35 percent and all of
themfailed. But, again, these could have easily

been under-powered. | think nost of these are
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under-powered in terns of the studies that MDS ran

but it is 800 studies. | mean, they got data from
800 studi es.
DR, SI NGPURWALLA: | want to respond to

Dr. Benet again before he goes away.

[ Laught er]

Now, you raised this dichotony of the
surprise that the test passed and then it failed,
or sonething like that. | amnot sure exactly how
you said it. But there is a procedure in
statistics called sequential analysis which | am
sure you are aware of. The governnent, not the FDA
but the Departnment of Defense uses this procedure
for acceptance sampling of products, whatever
product they are interested in. The whole idea
behind that is you test one itemat a tinme and you
make a decision either to accept or to reject. |If
you cannot nake a decision to accept or to reject,
you take another sanple. You keep taking a sanple
until you make a decision, let's say, to accept.
The governnent then buys tons and tons of
transistors or whatever it is based on this nice,
little sequential test, codified an put out as
mlitary standard 414, version C, which is how I

| ast renmenber it.
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Now, if you use that particular procedure
and let's say the procedure says accept and, for
fun, you don't accept and go on testing nore, guess
what happens. The procedure |eads to rejection
So, an early acceptance could be a bad thing had no
tested nore. It seens that the sane phenonenon is
happeni ng here. The culprit there again is this
concept of type 1 and type 2 errors that cone into
pl ay. These procedures have been di scussed and
shown to be incoherent. | suspect sinmilar things
are happeni ng here. Thank you

DR KIBBE: Paul ?

DR. FACKLER: | have a coupl e of comments.

Odinarily | agree with Les but | think he m ght
have over-sinplified the generic industry.
Admittedly, a study with 96 subjects costs a | ot of
money and there is a statistical probability that
with a highly variable drug you will pass with 10
or 12 subjects. Decisions are made based on a | ot
of factors. Part of it is the probability of
passing. Part of it is the econom cs of what a
product might bring back to a generic conpany. |
will leave it at that.

As far as the analysis that the FDA has

done, the generic industry has been asked to subnit

file://IC|/Dummy/0413phar.txt (122 of 282) [4/20/04 9:52:17 AM]

122



file:///C)/Dummy/0413phar.txt

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

123
failed studies and | believe it is alnpst part of
the Federal Register now that those are required.
But those are failed studies on products that are
submitted to FDA. There are a nunber of products
that the generic industry works on that never come
to FDA because the BE studies haven't been able to
be passed. So, MDS have a | arger data bank of
studi es than FDA but, of course, it is confidentia
informati on and MDS can't really share all of the
details about that w th FDA

A coupl e of other comments, the one slide
that showed the two products that had differing
root mean squares, you suggested it night be
fornul ation differences that caused the difference
in the variabilities. |1 amnot sure that you can
draw that conclusion. You did qualify it by saying
that there could be other reasons for those errors.
It could be as sinple as different popul ations of
patients or subjects in these cases. W have seen
exanpl es where doing a highly variabl e product by
one CRO can give a dramatically different
variability than another CRO just because of the
variability of the subject population that the CRGs
are able to gather. A CROin the inner city is

going to have a dramatically different patient
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popul ation than a CROin the country in the
northern part of a very isolated corner of the
Uni ted States.

Then, | wanted to nake the sane conment
about the slide that showed only five studies with
nmore than 50 subjects. The studies with 50, 60,
70, 80 and 90 subjects often fail and FDA never
becones aware of those. Those projects are often
dropped after two or three failures because there
doesn't seemto be a way to neet the 0.8 to 1.25
confidence intervals.

I woul d suggest, if the resources are
there, the FDA go back and | ook at all those
replicate design studies that were submtted two
and three years ago when we were | ooking at |IBE as
a possibility and scal ed bi oequival ence. | think
you will find that the variability between test
product and test product is really not different
than the variability you see between the reference
product in those replicate design studies.

DR KIBBE: Anybody else? A az?

DR, HUSSAIN: | think | just want to put
some issues back, inportant issues back on the
table. | think one of the reasons we wanted Gordon

Ami don to conme and speak here | think was to focus
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on what the root causes of variability are.

Because often we have these discussions, and so
forth, and we get so bogged down in the nunbers and
the statistics that we forget what the rea
questions are that we were really asking. So, |
just want to rem nd us.

DR KIBBE: Anybody el se? No? Thank you
Now Dr. Sam Hai dar.

FDA Perspectives

DR. HAI DAR. Good norning, everyone.

[Slide]

For my talk | will present regulatory
perspectives on the issue of bioequival ence of
hi ghly vari abl e drugs.

[Slide]

W are interested in this issue because it
has several potential benefits, including reduction
in regulatory burden and easier market access for
drugs which are safe and effective but also highly
vari abl e.

[Slide]

Initially I would |ike to present a quick
overview of the regulatory requirenments if
di fferent agencies including the FDA. For exanple,

Heal t h Canada, CPMP in Europe and the FDA
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equi val ent in Japan

[Slide]

The FDA criteria for bioequival ence has
been nore precisely defined earlier so | wll just
repeat that we have 80-125 percent limts on the 90
percent confidence interval for both AUC and Cnmax.
These criteria are applied to drugs of |ow and high
variability.

[Slide]

In contrast, Health Canada has the same
criterion on AUC, the 80-125, however, no
confidence interval criteria for Crmax. They just
have a constraint on the point estinmate test to
fall between 80 and 125. In June of |ast year,
these criteria were judged flexi ble enough to
handl e highly variable drugs by an expert advisory
committee meeting.

[Slide]

In Europe they have the same linmits on the
confidence interval for AUC and Crax, however, they
do make an exception in certain cases with regard
to Cmax where wider limts are acceptable and they
cite the 75-133 as an exanpl e.

[Slide]

In Japan al so they have the 80-125 percent

file:///C|/Dummy/0413phar.txt (126 of 282) [4/20/04 9:52:17 AM]

126



file:///C)/Dummy/0413phar.txt

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

127
limts for AUC and Crax, however, in cases of
failure they do allow for add-on studies.

[Slide]

Fromthis, we conclude that najor
regul atory agenci es do have sone flexibility in
their regulations to handl e special cases of the
hi ghly variable drugs. To evaluate the performance
of the FDA criteria a survey was taken of ANDA
submi ssi ons between 1996 and 2001. | will present
the point estimate distribution for Chmax and AUC

[Slide]

This is the point estimate distribution
for AUC and we have the percent of total studies
submitted. W can see that there is a clustering
around the ratio of 1.0 and with a closer | ook we
saw that for 95 percent of the studies--the in vivo
bi oequi val ence studi es, 95 percent were within
pl us/ m nus 10 percent.

[Slide]

For Cmax, which is a nore variable
paraneter, it is expressed with a w der
distribution. However, we also see a clustering
around the ratio of 1.0. In the case of Cnax, 85
percent of the studies were within plus/mnus 10

per cent .
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[Slide]

Fromthis data set we created a subset
that included highly variable drugs and highly
vari abl e drug products. W see a sonmewhat simlar
distribution, also clustering around a ratio of 1.0
for the AUC

[Slide]

The sane is true for Chmax but also to a
| esser extent as expressed by the greater
di stribution.

[Slide]

Fromthis we conclude that although the
FDA criteria allow for a mean difference of
pl us/ m nus 20 percent, the vast majority of the
submi ssions were within plus/mnus 10 percent.

This was al so observed for highly variable drugs.

[Slide]

In dealing with the special case of highly
vari abl e drugs there are several options, including
a scaling approach based on intra-subject
variability in Cmax and AUC, or direct expansion of
the regulatory linmts.

[Slide]

For scaling approaches, they would result

in areduction in sanple size. The limts are not
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fixed but they are defined as a function of the
variability. There may al so be a need for a point
estinate constraint.

[Slide]

In contrast, direct expansion of the
limts, which may be applied only to Chmax or Cnmax
and AUC, the limts are fixed, for exanple 70 to
143, for drugs which are considered highly variable
or are classified as highly variable. There may
al so be a need for a point estinmate constraint in
this approach as well.

A maj or concern with this nethod for drugs
whi ch are borderline around the 30 percent cut-off
is how do we classify those drugs, and who does it?
Because, obviously, there are major comerci al
advantages with a drug being classified as highly
vari abl e under those circunstances.

[Slide]

A study conducted by Walter Hauck, which
was supported by the FDA when the food effect
gui dance was under devel opnent--they wanted to | ook
at the inmpact of expanded linmits around Crax on
study design since fed studies in general tend to
be nore highly variable. The interval test

eval uated was 70-143 around Chax. The outcone was
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60 percent reduction in sanple size on average. A
concern was expressed in that study that Cmrax
ratios of up to 128 percent still passed using this
limt.

[Slide]

Finally, if a decision is nade to nodify
the regul ations to accommodate highly variable
drugs, we feel like either approach would result in
a significant reduction in sanple size although an
additional regulatory criterion m ght be needed
constraining the point estinmate. However, based on
our previous experience, it is very likely that a
clustering around a ratio of 1.0 would still be
observed al though, in theory, it could fluctuate to
a greater extent.

[Slide]

Now Dr. Dal e Conner would chair the
question and answer session.

Bi oequi val ence of Hi ghly Variable Drugs QA

DR. CONNER: Good norning. | was asked to
sinmply not have a presentation but conme up and
field questions. You know, anything on this topic
is fair ganme | think, although you can try and get
sonme other ones in if you like. However, | decided

to start it off to get the ball rolling by nmaking a
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fewremarks. First off, | can truly say when | sit
through a |l ot of advisory commttee topics and

di scussions | amnot extrenely stinmulated by them
| hate to admit that but sometimes sone of the
topics to me, personally, are not very exciting.
Thi s one however | found extrenely exciting from
begi nning to end, and perhaps that is just because
it is bioequivalence; it is what | do all the tinme
and it is a problemthat has been discussed for a
long tine and, due to the experts and this
committee, we are finally starting to nake sone
progress towards doi ng sonething about it.

So, | would like to thank both the
committee and all the excellent speakers who really
gave us quite a lot to think about and discuss.
Because there were so many issues, | sat there with
my little list of points that | was going to make
whi ch, hopefully, wouldn't have taken very | ong but
it started to expand at a very alarming rate with
each of the speakers and the excellent points they
were making. | consider it kind of a scaling
effect that ny points were expanding with the
variability and quality of the speakers. So,
will try and keep it to a m nimum and perhaps be a

little Procrustean in cutting off both ends.
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These comments, these points | am naking
are ny own take on it so one shouldn't necessarily
interpret this as FDA policy or even FDA thinking,
but | tend to deal with these types of questions on
a day-to-day basis in a practical sense and it
really seens to ne, and what shoul d have cone out
of this if you get down to the real issue, what we
are looking at here for the nmpbst part is an
econom c issue. In other words, fromthe drug
conmpany's point of viewit is really economcs.
These studi es cost too mnuch.

When | want to develop this drug--if | am
a generic conpany and | want to devel op this drug
and, as has been stated before, ny statistician
conmes back and say you have to do 120 subjects,
am sure that the bean counters at the firmare very
al armed and saying, "nmy God, |'mused to paying for
a 24-subject trial and you've just told ne it's
five times as expensive." For a snall conpany that
could nean three or four other products that I
don't have the funds to devel op. So, they have to
make a choice. |Is this product worth all that
money to spend or should | do four or five other
ones and forget about this?

It doesn't necessarily nean those products
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aren't going to be devel oped by soneone and be on
the market but it will decrease the players. Only
those with deep pockets will be able to develop it
So, of course, in the marketplace you will have
very much | ower conpetition, which is not good for
t he consuner.

So, there is a variety of econonic
considerations that this brings into play and if we
consi stent sonehow, using scientifically valid,
good regul atory nethods, alleviate sone of that,
that would be good. The FDA has a notivation as
well. As has been nentioned, we have a nandate to
el imnate or decrease unnecessary or excessive
human testing so we have a nmotivation as well. Qur
nmotivation isn't strictly econom c but we don't
want to expose normal subjects or patients in these
trials anynore than we have to because although
nost of these trials are very low risk, they are
not no risk. So, it is up to us to devel op
scientifically valid ways to determ ne
bi oequi val ence with confidence, yet efficiently
with the | east nunber of subjects we can get away
with. That is our notivation.

So, you could sinply say fromthe firnis

poi nt of view because of this criterion, because of
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134
this inflexible criterion | amhaving to do an
unreasonabl e or excessive nunber of subjects. Now,
what is that? | nean, how do you define
"unreasonabl e" or "excessive?" | amsure that some
peopl e say that anything above 24 is unreasonabl e
and if | asked everybody in this roomwhat is an
unr easonabl e nunber of subjects, what is the
maxi mum nunber of subject you think you should have
to do in any bioequival ence study for any product,

I woul d probably get as many answers as there are
people in this room

So, one of the ways you could start is
sinmply enmpirically saying, okay, | amgoing to set
a nunber of sanples that | don't want to go above,
no matter what. A very sinple way would be to work
your way backward fromthat nunmber. Say, 60 was
the hi ghest you ever wanted to do, work your way
back saying, well, this is the variability I am
looking at. This is the allowable true mean
difference. This is the power | want. Wrk your
way back and through sinmulation you get a set of
criteria that would achi eve that goal, static
criteria. You could do sonmething like that.

Static criteria, | think as the | ast

coupl e of talks have outlined, in this case has
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some probl ens because you have boundary conditions,
thi ngs where a drug product in one CROs hands is
hi ghly variable. You know, you go to another CRO
and it is not highly variable. So, who gets the
benefit of your highly variable technique? Wen
you | ook at creating a nmethod to deal with this you
don't want to reward highly variable. You don't
want sponsors, whether they intend to or not, to
force thenselves into the highly variable state
just to get the benefit of whatever techniques you
are dealing with. So, you want to adequately dea
with the problemw thout, whether unintentionally,
encouragi ng bad or highly variable formnul ati ons.
VWhat was mentioned by Les in the
i ndi vi dual bi oequi val ence, that was an attenpt to
promi se the fact that system woul d encourage firnms
to nmake | ower variability products that stil
mat ched and fit within the accepted criteria,
therapeutic criteria that were established in the
NDA. Even if we are not able to do that, we
certainly don't want to do the opposite. W
certainly don't want to unintentionally encourage
peopl e to make their products or do their studies
in a nore variable manner just to get a benefit and

an easier pass. So, just keep that in mind when
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you are considering anything. You don't want to be
count erproducti ve. You know, help people in one
way and then be counterproductive in another way
and, therefore, decrease the quality of the generic
and maybe even the innovator products that we are
putting out. So, that is sonething that always has
to be kept in mnd.

The topic that also worries nme--1 again
said in these scientific discussions--1 wll make
anot her adni ssion, a portion of ny mnd is always
on the scientific discussions and a portion of ny
mnd is, you know, on the practical sense of how
the heck am| going to inplement this. Because the
scientists in industry, the firms and the revi ew
staff at the FDA are the ones that are going to
have to live with this, are going to have to find a
way to inplement these techniques, to make them
work, and a lot of tines the little details that we
don't talk about in roonms |like this are the things
that kill you, that make this an al most unworkabl e
system

For exanple, we can all agree and discuss
that we |ike 30 percent as the cut-off but, again,
now do you deternmine that 30 percent? Is it

determi ned before you do any studies, from pil ot
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studies? |Is it deternmined fromthe literature? 1Is
it determined fromthe NDA? Wat happens when the
entire literature and avail able informati on says
that sonmething is 28 percent and sonebody does a
study and it is 34 on that one product? Every
ot her product that is done, simlar product, is
still 29, what do you do in that case? O the
opposite? You know, every other study has been 32,
33, 34. It is considered a highly variable drug.
Sonehow you do one study, have one fornulation and
it is 28. Wat do you do then? So, that really is
a very practical thing. These things that are on
the borderline could have the benefit or the renedy
applied to themor not applied to them dependi ng
how their data comes out. It is probably an
advantage for a proper scaling nethod rather than
simply increasing the study confidence intervals.

Wth that said, | will field the questions
if there are any.

DR KIBBE: Shall we start? Les wants to
ask a question.

DR. CONNER: Les gets very antsy unless he
tal ks about every ten m nutes.

DR KIBBE: |If you do all the paperwork,

Les, you can sit at the table.
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DR. BENET: That is exactly why | am not
sitting at the table.

[ Laught er]

Dal e, going back to Sanmis data and j ust
followi ng up exactly what you said, you have sone
products that passed where the point estinate on
Cmax was 1.2 and they were supposed to be in the
hi ghly variabl e group. Have you gone back and
| ooked at that data? Was it a huge nunber of
subjects or was there no variability on that study?

DR. CONNER: Usually with that type there
are only like one or two instances. | nean, we
have done all sorts of periods and done that data,
and | actually like that way of presenting it

rat her than the Heaney article--

DR. BENET: | like that way too.
DR. CONNER: --and subsequent article
whi ch just gave point estimates. | always expect,

you know, that | amgoing to see that are out at
1.8 or 1.9 or, you know, kind of close to the edge
but not quite there, and I always react with horror
when | see that particular data point. Wen we
really go in--1 amnot really sure; | would
actually have to direct it to Samto put that

t oget her because it doesn't nmake sense to ne that
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sonet hing could have a point estimate that far out
and be highly variable unless they used a | ot of
subjects--1 nean a lot. So, | will direct it to
himbut, on its face, it doesn't seemto nake sense
because | have seen that type of data presented in
ot her ways and when | |ooked into it, it was a | ow
variability product. It was sonething that just
squeaked by, had low variability and they used
sufficient subjects so even the alarm ngly cl ose
poi nt estimate was still okay by our criteria.

DR. KIBBE: W are recording the activity
so you have to talk into a m crophone.

DR HAIDAR: | will have to go back and
| ook at that study but based on what | have seen
there were naybe one or two studies that were above
1.20, and the reasons could be | arge nunber of
subj ects or just purely by chance.

DR BENET: | agree they passed but |
think it would be instructive to go back and | ook
at those boundary conditions and see what are the
characteristics of those studies. | amsort of
t hi nki ng back to the generic drug scandal, you
know, where we saw some unbelievably | ow standard
devi ations that nobody el se ever saw at any ot her

time and | just think we ought to | ook at that data
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140
careful ly.

DR. CONNER: Sonetimes you can get |ow
standard devi ati ons when you study the sanme drug
agai nst the sane drug.

DR. FACKLER Can | address that point?

DR KIBBE: Please, go ahead.

DR FACKLER: Confidence intervals weren't
required for fed studies prior to 2002.

DR DAVIT: | was just going to say the
sane thing.

DR. FACKLER: A lot of the fed studies
from'96 to 2002 only needed a point estinmate to
pass so 1.20 was perfectly within FDA s
acceptability criteria.

DR BENET: | amaware of that too but you
didn't separate them out, San? Those were both fed
and fasted conditions?

DR DAVIT: It is everything.

DR. BENET: | think we need to separate
them out .

DR HAIDAR. They were not separated.

This was our initial |ook.

DR. DAVIT: | would like to say too that

probably we didn't start seeing consistently fed

studi es that passed confidence interval criteria
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until about six nonths ago. So, before that al
the fed studies were point estimate criteria.

DR. CONNER. So, we are doing an unusua
anal ysis. W are taking that data and cal cul ating
confidence intervals but it was never designed or
powered to do that. So, in a way we are being
unfair to the data although, | nean, it is stil
useful to look at it but, you know, to expect it to
pass confidence intervals when that was never the
intent and the statisticians that designed them
never powered it that way.

DR BENET: Right, | can understand that.
If it was really true, then ny recomendati on woul d
be inpossible so that is why | want to see data
that looks at that. | think you do too, or the
conmi ttee shoul d too.

DR. CONNER: It is also inmportant to
renenber that point estimates--you know, people
like to | ook at them because they are easy and they
seemto be the mean but you have to really | ook at
themvery carefully because the say the statistics
work that isn't the true nmean of the product. That
is sinmply an estimte of the center of the data of
your snall sanple of the universe. So, although it

is interesting to |l ook at them and they can be a
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good indicator, you have to be very careful when
you | ook at point estimates because it is not the
true nean.

DR KIBBE: Ajaz?

DR. HUSSAIN: | think Dale mentioned
sonething which | think is inportant and | want to
sort of repeat that because | think the whole
aspect of bioequivalence is to confirmthat two
pharmaceutical ly equal products woul d behave as we
woul d expect themto behave. And, | think we keep
m ssing that discussion and | think this discussion
also will not get to that but | want to keep
pounding on that. |If there are differences in the
variability of the product in terms of rate and
extent of absorption, that is the concern. That is
a regul atory decision that has to be eval uated,
whet her a high level of variability conpared to a
| ower level of variability in the innovator product
is acceptable or not.

But the key aspect here is differences in
the two products of the sane drug. The drug is the
sane here. The formulation is different. That is
the focus of our entire discussion and, again, we
get into the discussion on nunbers and so forth but

we never ask the question--since generally drug
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approval is evaluation of the chenistry

manuf acturing controls and then there is the

bi oequi val ence study which is one study. If we
remenber the clay feet of the bioequival ence
argunent that Prof. Levy has al ways argued, the
connection never gets discussed and sonehow we have
to rethink that process

DR. KIBBE: Nozer?

DR SI NCPURWALLA:  First | would like to
comment on vocabulary. | prefer that you use the
word within-subject versus between subject instead
of this inter- and intra-, whatever it is.

DR. CONNER: | agree. | always get m xed
up by that too.

DR SI NGCPURWALLA: | think that is a mnor
comrent. But the significant coment is in the
handout questions on your |ast slide.

DR. CONNER: Those aren't really ny
questions. Those are the questions for the
committee.

DR SI NGPURWALLA: Right, but are we ready
to tal k about these?

DR. KIBBE: W are ready if you are.

DR SI NGPURWALLA: Right, | am Now, this

whol e nmorning's presentation, which | agree with
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you was not boring but very interesting, makes one
poi nt clear, that this problem of bioequival ence
and highly variable products calls for an
application of risk-based decision-nmaking. The FDA
shoul d serve as a benevol ent deci si on-maker and
formul ate the problem as one of deci sion-naking
under uncertainty, keeping in mind the interests of
the popul ation, of the subjects; keeping in mnd
the interests of the drug conpanies or the
pharmaceuti cal conpani es and bal anci ng and trading
of f those risks.

You can retain the technol ogy of scaling.
You can retain the investigation of causes of
variability. There is nothing in the framework
that denies those things. But what is really
needed is a change of mind set and a shift in the
paradigm You have to get away fromthe notion of
confidence intervals which have, | amtold, just
been introduced two or three years ago, and nove on
into a paradi gm of deci sion-naking under certainty,
bringing in utilities, bringing in those kinds of
considerations into this problem otherw se you are
just spinning your head agai nst the wheel. That is
ny conmment .

DR KIBBE: Anybody? Marvin?
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DR MEYER If we go with the static
change, 70-143 for exanple, that smacks a bit of
being arbitrary which is a problemto defend and,
wi thout a point estimate, allows, according to
Wal ter Hauck, 128 percent to pass. That can be
taken care of by a point estimate such as Les
suggested. So, the arbitrariness of that bothers
ne.

But if we go to what | think is nore
scientific-based, based on the variability of the
reference, albeit necessary to do a replicate at
| east on the reference, then you have a situation
where you have confidence limts varying by study,
by sponsor, by whatever el se and then the
mar ket pl ace becones chaotic because | am sure you
wi Il have people arguing, well, our confidence
limts are narrower than their confidence linits

and we have, therefore, a better product. O

course, then you will send out a letter and say you

can't say that. So, | don't know -l guess | would
favor the scale because it has sone el enents of

being tied to real data, and then somehow figure

out--1 think Les said don't worry about what people

think in sonme sense. So, if the confidence limt

ranged within two sponsors, naybe it isn't going to
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be a big i ssue once peopl e understand what you did.
Those are just sone conments really.

DR. CONNER:. Over the years | have been in
many neetings, internal and external, where we have
di scussed w dening or tightening the confidence
i nterval depending on the topic and the drug under
di scussion. The tendency that al ways di sturbs ne,
and still disturbs ne to this day, is people say,
oh well, it is nmore variable so we should w den the
confidence intervals; let's do 70, let's do
pl us/mnus 30. You query where did you get this
nunber. Well, it is wider. Well, how do you
support that? Wat nmakes you think that is w de
enough to deal with the problen? Mybe you have
gone too far. O tightening the confidence
interval limts, static linmts are the sane.
mean, what makes you think that is tight enough to
deal with the perceived problen? People tend to
just junp to the next--you know, they say it is
going to be wider and they go to the next five or
ten. But we rarely ever have anyone cone in and
support that with data. Maybe it is just because
the data is hard to come by but it disturbs nme to
this day that nost of these discussions are not

supported by any kind of scientific support that
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this change is truly going to be able to perceive
the probl em

You know there are decisions and there are
problems with scaling nethods, especially if you do
m xed scal i ng where you have a transition point
where it goes froma constant or static limt to a
scaled limt, which we saw proposed in individua
bi oequi val ence. There are some boundary probl ens
around that transition point. Again, you know,
which side do | fit? Were do | get a better deal?
That type of situation. But | don't really think
it is as big a problem You know several different
sponsors m ght have slightly different linits
because those linmts are determ ned by their own
data, their study, their data. |If, say, one CROis
alittle nore sloppy--1 don't nean necessarily
negatively, and their variability of doing their
study is a little bit higher, that scaling would
account for that because you woul d have that across
the board for both reference and test. | nean,
scal i ng does have sonme properties that if it is
properly done it is probably a little nore el egant
way to deal with this problem Still, you have to
do it properly and you have to think it through

very carefully. You can't just junp into a nethod
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wi t hout careful study.

DR. KIBBE: Jurgen?

DR VENITZ: | amtrying to get us to
start working on question nunber one, and it has to
do with the conmrent that | nade earlier. Gordon
tal ked about nechanisns. W heard Ajaz talking
about the need to understand where the variability
comes from and that really is something that |
personally ammissing. And, | won't even get into
my pet peeve about what is the clinical relevance
of all of this.

But if | can identify, and | think | amin
agreenent with Nozer that we have to use risk-based
assessnent. Well, risk to ne neans | have to
under stand where are the key variability sources
that | aminpacting on. Wat if the variability is
primarily driven by system c metabolism then the
area under the curve and Crax do not reflect
primarily product performance. They reflect
somet hing el se which presumably is not affected by
changi ng products. So, is there any way that you
can incorporate that in sone kind of algorithm
some kind of decision tree where you deci de what
rul es you are going to use dependi ng on what you

know about the drug? Mybe | amnot as strongly
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statistically Bayesian as you are, but | do believe
that the current system di sregards anything that we
know about the product. It just says conpare
product A to product B and roll the dice. It
i gnores everything that we know about the
pharmaceutic characteristics of the drug substance
and what we night know about a specific product in
question, whether it is extended or imedi ate
rel ease classification.

So, | would like for the FDA to think
about how you could cone up with an algorithm a
deci sion tree where you would incorporate that in
the early stages and then, by the tinme that you get
to the end of your tree, there are different rules
but those rules are then based on what you know
about the drug, not about sonething
arbitrary--well, in order for ne to avoid a | arge
nunber; in order for ne to pass sone arbitrary
criteria | have to do this. To nme, it is the tai
waggi ng the dog as opposed to trying to use the
under st andi ng that we have and a | ot of those
products that you are | ooking at have been out for
a long tine so we know a | ot about them but we
ignore that when it cones to the bioequival ence

assessnent.
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As far as scaling is concerned, the way |
understand it right now!l amstill wary about the
scaling and | really haven't forned an opinion yet.
In order to do the average bi oequival ence scaling,
ri ght now what you need and probably the nopst
i mportant problem | guess is wthin-subject
variability in the reference product. How would
you get that? You couldn't get it froma 2 X 2
study design. So, whose responsibility thenis it
to provide that information? Because it presumably
requires either a replicate design study or a
specific study just to identify the wthin-subject
variability in the innovator product. Wose
responsibility is that? |Is the FDA going to pay
for all those studies?

DR CONNER Usually it is the sponsor's.

DR. VENITZ: Ckay, so the generic conpany
has to do at least two studies or a replicate
desi gn study.

DR. CONNER: Wth that approach, if that
is the type of scaling you designed requiring
replicate designs as we tried to do in the past,
probably a replicate design would be in order.

But, you know, there are a variety of things in the

literature and other proposals where that may or
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may not be necessary. But if you did pick that
type of approach, yes, the sponsors would end up
probably doing sone type of replicate design

DR KIBBE: Law ence?

DR YU | want to nmake a conment. |
guess a | ot of speakers, especially FDA speakers
fromthe Ofice of Generic Drugs, paid a | ot of
attention this morning to the generic application.
Yes, it is absolutely necessary that a part of the
requi renent for generic approval for the narket.
But | want to renmind you that we are devel opi ng an
FDA policy to equally apply for innovator
manufacturers. What | specifically mean is that |
think we have data to show that innovators, during
the drug devel opnent process, during the approva
process or postnarketing, will make significant
changes, for exanple in excipients, formulation and
manuf acturing facilities, and so on and so forth.
They will be required to conduct a bioequival ence
study to nake sure they are equal. Therefore, for
hi ghly variable drugs it is also equally applied
for the innovator, not just sinply the generic
companies. | want to nake sure that is

under st andabl e.

Secondly, in ternms of if we go forward, we
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are seeking your advice on which approach we shoul d
take so that we can spend time on the right track
and then cone back to you with reconmendati ons on
what approach we should take. |If the comittee
advi ses us to nove forward with the reference
scal i ng how do we determ ne within-subject
variability? That is an excellent question
Certainly it would be very difficult to get a
two-way crossover study. W would have to go to
the three-way crossover study at |east a
replicative design fromthe reference |ist product
to get the nunber. Thank you

DR KIBBE: Marv?

DR. MEYER To kind of follow up on
Jurgen's coment about what we know about the drug,
I think there are a couple of sinple yardsticks.
If you can give a patient an intravenous and then
transfer themto IR or if you can give themIR and
transfer themto CR or back and forth, there is
probably no issue with Crax there. |If the product
is only available in one strength, 200 ng, and
take it and small| people take it and ol d people
take it once a day or twice a day, there is
probably no real issue with AUC or Crax so you

coul d have sonewhat |ess stringent requirenents for
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t hose kinds of drugs.

One ot her conmment, add-in designs--it has
shown up here and there but we haven't really
addressed it and, to ne, that seemed to be one
approach, provided that there are some constraints
on that and you don't just keep on adding three
subjects until you get it right. Add-ons have sone
capability of elininating excessive use of
subj ect s.

DR. CONNER By add-on, | think you nean
sequenti al .

DR MEYER  Yes.

DR. CONNER: I n other words, you do the
first group, you |l ook at the results, you nake a
deci si on whether to go on or not.

DR MEYER Right, the point estimate
| ooks good- -

DR CONNER: What we refer to as add-on
is, you know, you plan to do 24 subjects and you
get a whole lot of dropouts. You haven't | ooked at
the data; you have no decision based on the results
but you realize you are going to cone up short so
you get some alternates, recruit some nore and put
themin. That is what we consider an add-on. So,

there is no real decision based on results.
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Whereas a sequential design is a plan ahead of tine
to do a certain nunber and generally, as has been
menti oned before, the true sequential design where
you do one sanple at atinme is really not very
practical in these types of studies. It would take
you years maybe to do the right trial

So, what we are talking about is a partia
sequential where you do groups. |If you were going
to plan an overall 36, you were going to do 12 at a
time or 18 at a time, look at the results, make a
deci sion--you know, a correct statistical penalty
for that | ook and that decision and then go on. W
don't currently accept that but we are working on
it. In several venues, PQRI and ot herw se, we have
some wor ki ng groups | ooking at that very carefully
and the proper statistics to do on that. So, we
hope to have sone results on that pretty soon

DR KIBBE: Ajaz?

DR, HUSSAIN. No, | think |I just wanted to
say a couple of things after Jurgen's coment.
From what he discussed, | think there are a
probably a few questions which are not on the
screen. So, are we asking the right question also
is the topic and | totally agree with himin a

sense because we continue to use the black box
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approach. W don't know anything about it so we
have to pass through this goal post and t he goal post
often tends to be arbitrary to start with.

Then al so, | think we essentially nove
towards a check box exerci se because that is easy
to inplenent, and so forth. dearly, | think you
have to bal ance the ease of the process of doing
somet hing and the scientific rigor and so forth.
So, | think clearly as we nove forward we will be
| ooki ng at what are the right questions also and
what are the right opportunities.

Two things that | think will open this up
further and new opportunities will cone is the
prior know edge. For exanple, currently if you
| ook at an ANDA subm ssion or even an NDA
submi ssi on you don't have rmuch information to nmake
decisions with respect to formulation, process and
so forth, what are the critical variables. In
I CH B we have essentially noved forward with
phar maceuti cal devel opnent as a basis for making
nmore scientific, mechanistic based decisions. So,
I think we are trying to bring that know how into
the agency to do that.

Al'so, | look at subm ssions of all

studies, all bio studies done as an opportunity to
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use all that know edge to nake nore rationa

deci sions and set nore appropriate specifications,

and so forth. So, clearly, | think there is

opportunity that is opening up and what you see in

front of you are questions of trying to make

decisions in the current node and the future m ght

be quite different.

DR. KIBBE: Let ne just throw out somne
thoughts fromlistening to everyone. W have been
trying to take a conplicated situati on and nmake an
easy rule, a sinmple rule. | think Jurgen hit one
of the points dead-on, and that is, | think we
really need a decision tree that | ooks at the
characteristics of the product we are dealing with
and the therapeutic ranges that it is effective in.
W have lots of data on a |ot of these products in
terns of their therapeutic concentrations in the
body and how wi de that can be and still get
reasonably safe therapeutic effects.

To make a rule that only responds to the
fact that the product is variable and doesn't have
a basis for why we are allowing that variability or
why we shouldn't allow that variability just
doesn't sound good to ne. The thought of going

outside the box with sone solutions to sone of
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these problens, instead of going straight to

anot her bio study and redesigning a bio study--and
Gordon said, you know, what is wong wth designing
better dissolution testing? One thing no one ever
said is, well, what is wong with a different

ani mal nodel ? You know, | have had quite a bit of
success wWith the pig. The pig is a good ani nal
nmodel for human absorption in the G tract and that
is really what we are caring about--and the
controls, the negative controls are always tasty.

[ Laught er]

The question here is too conplicated for a
si npl e answer and whet her we have enough data to
get really a quality answer today is probl ematic.

I amintrigued by scaling but only when the
supportive data makes sense that we should scale to
al | ow somret hing to happen.

I love three-way and four-way studies
because they get at what we have been trying to get
at for years, which is how variable is the product
and how variable are the people we test it on

I worked for a couple of years in a
contract research lab. W did ten bio studies a
month and | will tell you that | don't think the

agency gets to see 40 percent of what we do, and
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think a lot of the conpanies, when they find that
they can't successfully formulate, they kill it and
none of those studies show up. You night get sone
useful qualitative information fromthe contract
research labs by just sinply asking themto tel

you how many studies they do that never make it to
t he agency so you have a handle on the denomni nator,
if you will.

I think you have a real bear by the tai
here and | wish | had as much confidence in
Bayesi an that woul d answer every question as mny
col | eague does, but | think really we have to
appl y--we have to be willing for the agency not to
have a rule that everybody can | ook at in one
sentence and say | neet that rule or | don't neet
that rule. W have to be willing to say good
sci ence supports ny product, good science doesn't
support my product, and the agency can make a
deci si on based on a whole set of criteria.

The last thing is that there is lots of
information | would | ove to | earn about the
process, supporting Gordon's idea of really
under st andi ng the vari abl es and under st andi ng what
is going on so | can nmake better decisions and | am

stuck with the single question of who is going to
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pay for that, and | don't see everybody rushing to
the forefront to throw mllions of dollars for
understanding it when what they really want to do
is get the product on the market.

DR. MEYER A really quick followup to
Art, maybe there is a way for the innovator firns
to have a little expansion of exclusivity if they
seek answers to sonme of the questions you would
really like to know about mechanisns. It wouldn't
cost you a cent. It would cost the American public
alittle bit but the return m ght be good.

DR SI NGPURWALLA:  Well, | was very
pl eased to hear Art tal k about using decision trees
but was a little concerned when he said he doesn't
have that nmuch faith in Bayesian nethods. Well,
the two are isonorphic, ny friend.

DR KIBBE: Pat?

DR DELUCA: Just a conmment, it seens to
me that the innovator wants a drug approved so it
shoul d be i ncunbent upon the innovator to seek
answers to why there is that high variability. |
don't know if we need to give any nore exclusivity,
I think it ought to be incunmbent upon themto do
this and to see whether that high variability is a

formul ati on or a physical property, as Gordon had
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out | i ned.
DR. MEYER Pat, when | was talking about
exclusivity | was tal king about sonething al ready
approved, nmuch like the pediatric carrot--if you do
pedi atric studies you get an extra six nmonths; if
you do nechani sm studi es you get another three

nmont hs, or whatever. And, if you are naking a

mllion a day that is a pretty good incentive.
DR KIBBE: | don't know where the
incentive is for the conpany. If | am an innovator

wi th an approved product on the market which has a
|l ot of variability but is still approved and it is
clinically effective, and it has been sold and now
I am producing X billion dollars worth of product
every year, do | really want to carefully define
that product so soneone el se can copy it? O, do
want to keep claimng that the trace elenents in it
that cone fromthe natural source are so inportant
if they have to be assays so that | don't have to
have the problen? | nean, | think Marvin is right,
you have to have an incentive for themto get that
data for you.

DR. HUSSAIN: | just want to point out
what Dr. Benet and Jurgen al so pointed out, that

think as you go through an approval decision to
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approve a new drug product, the basis of it is
safety and efficacy and the risk/benefit decision
that is made. Oten when you go through that
process what results is that it is a safe and

ef fi caci ous product.

Now, PK variability, yes, we can neasure
it. We knowit is there and it may not have any
bearing on that and that is what Dr. Benet started
di scussing, and so forth. So, keep in mnd--Jurgen
keeps raising his hand again--what is the clinica
rel evance. |If we can nmeasure it and it is highly
variable, if it is not relevant we should probably
not be neasuring it.

DR. KIBBE: Paul, go ahead.

DR FACKLER: | was just going to nake a
comment along the same lines. W are aware of sone
NDAs t hat have been approved wi thout the BE studies
having to neet the traditional confidence intervals
on both Crax and AUC- -

DR. HUSSAIN: Yes, it is done all the
tine. It is a clinical decision; it is not a PK
deci si on.

DR. FACKLER Right, where the Division
can say, you know, the Cmax isn't that relevant to

this therapeutic endpoint and, of course, then the
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generic industry still has to neet Crax even when
ref erence versus reference can't possibly pass it.
So, | think it is a real problemfor the generic
i ndustry. Lawence is right, these rules apply to
new drugs but the divisions have the authority I
suppose to waive a particular data requirenent.
You know, as far as granting extra
exclusivity to find the variability in a new drug,
I don't think the generic industry is opposed to
doi ng replicate design studies, doing four-way
studies, to define the variability of the reference
product and | am guessing that the Division of
Bi oequi val ence woul d be interested to know t he
variability in the test product they are
considering. So, | amsure there are lots of ways
of getting the information one needs to nmake a
deci si on about whether a product is highly
variable. | just wanted to point out that there
are products approved for which there is no way for
a generic product to gain approval w thout
reference scaling, w der goal posts, whatever the
conmittee decides to recommend. There needs to be
a process for a certain fraction of products that
are on the market today in the U S

DR KIBBE: And | would hope that the FDA
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staffers will go away and give us a decision tree
wi th some understandi ng of the therapeutic outcones
and the risk/benefit of that product, how narrow
the therapeutic range has to be, how variable it

is, and then the goal posts can nove based on a

deci sion tree and not have us reestablish another
set that are just ticked. | think we have lived
quite well with 80-125 but it was still picked.
Soneone cane up and put that down.

The other point | just wanted to enphasize
is what Les said about how this plays out in the
public and anobng heal thcare professionals, and his
concept of adding the point deternination with what
woul d appear to be to them a narrower range or
al | owabl e range m ght be sonething also to | ook
i nto.

DR YU | guess we will have to look into
| ong-term sol utions, the short-term sol utions,
| ong-term obj ectives and short-term objectives.

t hi nk nmechani sns under st andi ng of the causes of
variability and having sonme kind of decision tree
which you inmagine is a great idea. | think that is
| ong-term we ought to be looking for. W ought to
be looking at nmoving in this direction. W also

have to bal ance the short-term objectives. If we
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have not seen what the decision tree will | ook
like, howto inplenment themright now basically the
policy for the short-termis 80-125 percent
confidence interval, and you have al ready heard

that some drugs may be difficult to nmeet, nmaybe

never to be put on the market. So, | guess this is
a question put to the coommittee we will have to
discuss. In other words, we are waiting to al so

devel op the great idea of |ong-termobjective
deci sion trees and then put basically, given this
short-term period for the next decade, you will not
have those products. So, that is a decision for
whi ch we are seeking your advice. Thank you

DR. CONNER:  One conment, | nean, you
menti oned that we should cone forward with a nunber
of sets of data, including the therapeutic range of
the product. Now, having been involved in at |east
one working group where we were | ooking at NT
drugs and saying, well, can we have a definition,
you know, that can always be supported for a given
drug or new drug to say what its therapeutic w ndow
or therapeutic range is, we spent | think about
four or five years and realized we couldn't do it
because the data, even in an NDA, does not really

tell the true therapeutic range. | nmean, they have
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sonme indicators that if | go up above a certain

poi nt, you know, | don't get anynore efficacy and
start to get something with disturbing side effects
but, you know, they usually don't have a ful
characterization of therapeutic range. Plus, the
definition of what indicators | |ook for and, you
know, do | take a ratio and do | look at this
versus that, you know, for any given drug it is
just not there. Even if you had infinite anmount of
data, it is very hard to decide what | should | ook
at and what | should use. So, it is easy to say |
want to know about the therapeutic range but the
data to determine it so that everyone will agree on
it, and determne it with certainty just isn't
there. W spent along tine really trying to do
that and finally gave up, unfortunately. W are
still interested in the topic but, you know, we
realize that it is a lot harder to do than nost
people realize

DR. KIBBE: Marvin?

DR. MEYER Since it is in the interest of
everyone who is trying to sell a highly variable
drug, it would seemto me that a nunber of
conpani es would give a release to MDS, if asked, to

just have a disguised set of data--you don't even
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have to say class of drugs.

I kind of favor nunber two, reference
scaling with a test of a reference stipulation, but
I would be interested in seeing the 66 percent of
studies that failed and what would you have to do
to your limts in order to get themto pass and
work with real data. Right nowit is sonewhat
hypot het i cal

DR CONNER  Well, that could be done and
it would provide nore evidence and information
about the immedi ate problembut | don't think that
partial know edge of those would get at the root
cause, which is what some nenbers have said they
want to see. | nean, you really have to know what
the nature of those drug substances is and how t hey
are formul ated. You have to know a | ot of factors
and relate that to what you saw in trying to get at
the problemand its root causes.

DR. MEYER Yes, that is a | audable goa
but | thought we wanted an answer while we are
still alive.

[ Laught er]

DR. CONNER: | expect you will be around
for quite a while.

DR KIBBE: Gary?
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DR BUEHLER: W do want an answer while
you are still alive, Marvin. This is a big issue
for us. | amone that always says that we have to
bring difficult issues to the advisory comittee
and, you know, we bring sort of soft balls to you.

I really nade the point that this is a very
difficult scientific issue. It is an econonic

i ssue. As was brought up today, clearly it is an
econom c issue but the Ofice of Generic Drugs is
an economcally driven office that nakes scientific
deci si ons and nakes these economi c decisions in a
scientific way. W have products out there that we
can't get generics of, and that was nmade evi dent by
Dr. Fackler, from Teva, and he knows that probably
better than | do. But generic drugs are a big
political issue. They are a big, passionate issue
with the American public today. People see
generics as an answer to the high cost of
prescription drugs today.

So, what we are bringing to you today--|I
am not saying that a decision tree is not a good
idea; | think it is a great idea, but | agree with
my coll eagues fromthe O fice of Generic Drugs that
a decision tree can be an awfully long process to

put together and to gather the data fromall the
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various drugs, and | amnot sure | have the staff
to be able to do that within the next mllennium or
so. So, what we would like fromyou today is sone
direction as to which way to go. |f you would be
able to provide that to us sonmehow, we woul d
appreci ate that.

DR KIBBE: | think we have heard from Dr.
Meyer that he prefers scaling. How many of us
think that that is an option for situations that
seemto be highly variable and need an eval uati on
outside of the current rules?

DR SINGPURWALLA: | amsorry, | think one
has to put things sonetinmes rather bluntly. | fee
that those questions that you have asked are the
wrong questions, or there should be additiona
questions, nanely, what are the alternatives? The
decision tree, as Jurgen puts it, is a very good
al ternative.

The second point is the scaling. The
scal i ng has been tal ked, and tal ked, and tal ked
about. There is a sinple reason why you do the
scaling. The scaling is a transfornmation which
tries to bring the variability down. |If the
scal i ng does not bring the variability down no

statistician will do it. Its main purpose is
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two-fold, to nake everything | ook approxi mately
normal and, in the process, bring the variability
down. So, the scaling is a technical exercise
whi ch nobody shoul d question or criticize whenever
it is appropriate and it is not a debatabl e issue.

The issue that is really debatable is are
those the right kind of questions and do we want to
pursue that |ine of questioning. Wat | would Iike
to do, if M. Chairman would all ow ne sonetine
later in the afternoon, is to ask everyone around
the table what do they mean by confidence limts;
what is its interpretation; and howis it
understood. And, | will make a bet that fifty
percent will get the answer wong, at |least. Thank
you.

DR KIBBE: It is against federa
regul ation to ganble in Washington, D.C

[ Laught er]

There will be no betting going on

Jurgen, what do you think?

DR VENITZ: | think it is time for |unch

DR. KIBBE: No, no, no one is going to
lunch until we answer his question. Wat do we do
in the short tern?

DR VENITZ: Well, in the short terml
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don't think there is anything wong with reference
scaling the way | understand it. | had sone
question about how you are going to get the
estimate for your wthin-subject reference
variability but if that is part of a replicate
design study or separate study, | think I can live
with that. | still think, as | said before with
Les, you shoul d have additional constraints on the
point estimates, and it might just be for public
consunption so everybody on the outside that is the
reci pi ent of whatever we come up with today feels
confortable, yes, the rules are not being bent to
make bad products | ook good or, you know, highly
vari abl e drugs | ook good. But other than that,
can live with this as a band aid. | do think you
shoul d start working on the | ong-term strategy,
whi ch cones back to the decision aspects.

DR KIBBE: Gordon, what do you think?

DR AMDON. | would agree with the
scaling. Again, the question of how you get the
reference scaling, | think the | ast point on the
reference scaling is a good starting point to | ook
at in trying to make that in a concrete decision
rule. | still think that the nechanism you know,

what is going on with highly variabl e drugs, where
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1 the problens are, that is the real long-term

2 sol ution, understandi ng what the problemis and the
3 FDA should in some way put some resources into

4 that, and | think Marvin Meyer's suggestion is an

5 excel l ent one. You know, just provide some

6 incentive for industry to fund research into what

7 i s happening with these drugs.

8 DR. KIBBE: Judy?

9 DR BOEHLERT: | have thought about this a
10 lot and | also would agree with using the scaling

11 factors but | think you are still going to be in a

12 position of having to make deci sions and havi ng

13 sone kind of decision tree, even if it is not

14 formal because Dr. Davit presented data this

15 nmor ni ng that showed that the same product with two
16 different |aboratories had different values. So,
17 you are going to be in that situation where one

18 manuf act urer uses scaling and the other one doesn't
19 so you are going to have to nmake sone deci sions

20 around those issues. It is not so straightforward,
21 particularly when you get around that 30 percent

22 number .

23 DR. BUEHLER: Maki ng decisions is "an

24 under stood" for ne so | can accept that. But |

25 echo Jurgen. W have to nake sure that whatever we
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decide will provide a good scientific nethod so
that the generic products that go on the market as
a result of this are unequivocally bioequival ent
and, of course, safe and effective.

DR. KIBBE: M coll eague who hardly ever
speaks?

DR SELASSIE: | agree with what Jurgen
sai d because | think that there needs to be a
mechani stic basis as to what type of scaling
factors you use, and it seens to nme that that is
really important and we need to understand the
physi cochem cal paraneters that are involved in
di ssolution and it seens like that is mssing and
is arbitrary in trying to set some scaling factor
and we are not taking those types of phenonena into
consideration. So, | think a decision tree in the
| ong-term woul d be a good idea but | guess in the
interimyou can use sonething |like reference
scal i ng.

DR KIBBE: Marc?

DR SWADENER: | think it is alittle bit
naive to think that all of us here, at every stage
along the line, don't use a decision tree of sone
sort. Formalizing it to the stage that people are

tal ki ng about here is a little diplomatic but we
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all have a decision tree that we use. Wether |
came here to this meeting or not, | used one.
Wiether it was formalized or not is a different
quest i on.

I do know enough about statistics to know
you can't believe themall the tinme. You have to
be very, very careful about them So, | think I
woul d encourage | ooking at a decision tree not as
the short termas it will take tine, and do the
best you can. | do agree with Jurgen, you really
have to | ook at what are the real fundanental
questions you are dealing with too. Wth ny
representation on this conmmttee, the public just
needs to know that what they are getting is safe
and will do what it says it will do. Now, that is
a very sinple approach but they don't know all this
stuff and they are relying on you to do the best
you can. | don't see that you are not doing that.

DR KIBBE: Dr. Koch?

DR. KOCH: Yes, | would agree with the
sunmmary that you canme up with and certainly stay
with the reference scaling short term but sonething
has to be put together to address the decision tree
appr oach.

DR COONEY: | think that the change in
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limts is not acceptable because it is very
arbitrary and if there are options | think the use
of reference scaling nmakes fundanental sense.
Furthernore, a decision to do that is a decision
down the path of a decision tree so it is a |logica
step to take and | want to underscore the

i mportance of continuing to gather the data and
establish the criteria around which these

i ndi vi dual decisions are nade and you will be in a
better position to do this goring forward.

DR KIBBE: Pat?

DR DELUCA: | amcertainly an advocate of
getting those drugs that are safe and effective to
the market. Certainly, the public would benefit
fromthose. | guess | favor in the short term-
think in the long term sonething nore substantia
has to be done with regards to decision making, but
reference scaling | think is very inportant here.
Again, | don't like the arbitrary nature of
widening the limts but if that is sonething that
can be approached in the short term then | would
be for it.

I still think that we need to encourage
the innovator to finance for the high variability

that exists. Wether it is offering incentives in
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some way, so be it but certainly an incentive if
they can reduce the variability. It seens to me
they gain sonething when the generic has to go into
the reference scaling, they have inproved the
product so | think that is also an incentive to do
it.

DR KIBBE: Qur industry representatives
have a comment one way or the other? | would just
like to wap up and go to lunch but with one
comment. | think if we go ahead and nake a change
in the way we approve highly variable drugs, then
think we ought to consider seriously also Les
other point which is to come up with sonething that
is going to reassure the public that the changes we
are naking are not getting drugs that can vary by
50 percent on the narketplace but, rather, that
they really are tighter than that so they
understand it better. So, | would end with that.
Wth that said and no one else waving frantically
to get ny attention, we will break for lunch and we
wi || be back at 1:40.

[ Wher eupon, at 12:40 p.m the proceedings

were recessed for lunch, to resune at 1:40 p. m]
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1 AFTERNOON PROCEEDI NGS
2 [ Because the Chairman reconvened t he
3 proceedi ngs before 1:40 p.m, part of the text is m ssing.
4 There were no speakers who wi shed to speak

5 during the open public hearing but there was a public
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submi ssion from Zeb Horowitz, MD.]

Bi oi nequi val ence: Concept and Definition

[Slide]

DR YU ...bioavailability is rate and
extent of absorption and it is the site of drug
action. So, normally you give a drug to a healthy
vol unteer or patient and neasure the plasm
concentration against time, as shown in this
figure. Then you get a Crax here; you get the AUC
AUC is area under the curve. Cmax is a surrogate
for the rate of drug absorption; AUC is basically
for the extent of absorption so this is defined as
bi oavai l ability.

[Slide]

Bi oequi val ence basically is defined as the
absence of a significant difference in the rate and
extent to which the active ingredient or active

moi ety in the pharmaceutical equival ents or
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pharmaceutical alternatives becone avail abl e at the
site of drug action when adm nistered at the sane
nmol ar dose under simlar conditions in the

appropri ately designed study. So, this basically
is the Federal Register Notice definition. So,

bi oequi val ence basically neans the absence of a
significant difference in the rate and extent of
drug absorpti on.

[ Slide]

Thi s nmorni ng we di scussed bi oequi val ence
and we said a 90 percent confidence interval for
the extent or AUC for the rate as a surrogate or
Cmax 80-125 percent. Now, passing or neeting the
bi oequi val ence standards all ows marketing access
basically as one of the standards for approval of
the applications. O course, you have to neet
very many other requirenments, especially with
respect to the chem stry, manufacturing controls
with respect to quality of the products. So,
demonstrati on of bioequival ence makes the generic
to be approved and the innovator basically
denonstrates that the narketed fornulation is
equi valent to the clinical fornulation

[ Slide]

The question is why do we define the
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bi oi nequi val ence concept? What are you talking
about here? Wy do you define this? 1t is because
FDA receives studies that attenpt to reverse a
previous finding of bioequival ence. |n other

wor ds, you approve a product to put on the market
when sone manufacturer conducts a study to show or
fails to show t he bioequival ence. Also, in the
public literature there are clains of

bi oi nequi valence. In reality, it is sinply a
failure to denonstrate bioequival ence. So, there
is a concept you need to clarify, what is called

bi oequi val ence and what is called bioinequival ence.
What is the difference when you fail to denobnstrate
bi oequi val ence and bi oi nequi val ence?

[ Slide]

There are many reasons, as we di scussed
this nmorning, for high variability--under-powered
study designs, study sanples, nany, nmny reasons
that can make a study fail. O course, the easiest
way, as we discussed this norning, is to use a
smal | nunmber of subjects. So, it is easy to fai
to show bi oequi val ence by a snall nunber of
subj ects and, certainly, there will be other
considerations |ike study design, study sanple,

data analysis. There are many, many ot her reasons
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and these are just several of them

[Slide]

What shoul d bi oequi val ence nean if we
define a definition for bioinequival ence? As we
sai d, bi oequival ence | eads to narket access.
Basically a study that denonstrates bioequival ence
is clear and convincing evidence of equival ence.

Bi oi nequi val ence may | ead to market exclusion. O
course, we have to consider nmany, many ot her
factors too as we discussed this norning--safety,

ef fi cacy, pharnmacokinetics, pharmacodynam c

rel ati onship and so on. But a bioequival ence study
denmonstrated by equival ence is clear and convi nci ng
evi dence of potential problemfor the specific
product .

[Slide]

So what do we specifically mean here? |
want to spend a little time on this slide. Wen
you conduct a study, if a study is properly
desi gned, the 90 percent confidence interval is
between 80 to 125 percent. Now, if this study is
under-powered and if this study has a small nunber
of subjects, there is a greater possibility that it
fails to denonstrate bioequival ence. Wat this

specifically nmeans is sinply that the manufacturer
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or sponsor does not use enough subjects for
exanpl e, of course, anong many ot her reasons, to
conduct a study. |If the study is powered enough,
there is a greater possibility that you can narrow
the confidence interval and make this a passing,
successful study. Coming back to so-called

i nequi val ence is to make sure that the test product
has a difference nore than 20 percent or, for
exanple is underneath the 80 percent or above 125
percent. O course, there is also the failure to
demonstrate a bi oequi val ence study because sinply
the top limt above 80 or, on the other side of the
lower limt it nmay be bel ow 125.

I think it is in the best interest of the
public and us, for clarification, that we want to
define the bioequival ence, bioi nequival ence,
failure to denonstrate bioequival ence and failure
to denonstrate bioinequivalence. This is a concept
that we have to be very clear about because in many
cases in the published literature or studies
submitted to the Food and Drug Admi nistration are
sinply that. For exanple, the top limt is above
125 percent or the lower linmt is below 80 percent
i f you use enough power and increase the subjects

of the studies the study will beconme a successful,
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passing study instead of failure to denobnstrate
bi oequi val ence.

Yet, because of confusion because there is
no clear definition with respect to bioequival ence,
in the end any study, whether the lower limt is
bel ow 80 and upper limt is above 125, the sponsor
or other parties will have bioinequi val ence. The
reality is sinmply to fail to denonstrate
bi oequi val ence. In other words, the true
difference is acceptable, however, the study is not
properly desi gned because it is under-powered, or
many, many ot her reasons where the confidence
interval does not nmeet the regulatory criteria,
which is 80-125 percent. At the end, the claimis
basi cal | y bioi nequivalence and in reality, as
said, is a failure to denonstrate bioequival ence.
So, | want to make it clear, | want to clarify the
concept .

[Slide]

So, the objective at FDA is to devel op
bi oi nequi val ence criteria that are scientifically
sound, statistically valid and fair to all parties
and, hopefully, easy to use.

Wth this introduction, | want to turn the

podiumto Don and | am sure a | ot of people know
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him He is the devel oper of the original 80-125
percent criteria for FDA standards. He will be
speaki ng about how to statistically establish
bi oi nequi val ence.

DR. MEYER A real quick question, | don't
quite catch the fail to denpnstrate
bi oi nequi val ence for the one where the right-hand
tail is barely across 80 but the point estimate is
well to the left of 80. It seems to me that stil
i s a bioinequival ent product.

DR YU  This one?

DR MEYER Yes, with the point estimate

falling well to the left. It seens to nme changing
the Nwon't help that one. It will just make the
confidence limts fall, totally bioinequival ent.

DR YU Yes, nost likely if this study is
powered--to increase, for exanple, the power of
this study this product is bioinequivalent. This
time it is because the confidence interval above 80
statistically speaking, as Don can clarify, failed
to denonstrate whether it is truly bioinequivalent
or not. | think that Don is the better person to

answer the question.

Statistical Denponstrations of Bioinequival ence

MR, SCHU RVANN: One clarification to what

file:///C|/Dummy/0413phar.txt (182 of 282) [4/20/04 9:52:18 AM]

182



file:///C)/Dummy/0413phar.txt

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

Law ence said, | did not have anything to do with
choosing 80-125 as the linmts for bioequival ence.

[ Laught er]

[Slide]

This presentation is joint work with
coll eagues in the Quantitative Methods and Research
staff of the Ofice of Biostatistics and also in
the O fice of Generic Drugs, and the bul k of the
presentati on was put together by ny coll eague, Dr.
Qan Li, who originally was scheduled to give this
presentation but she just recently had a baby so
she is having a little deserved maternity | eave.

[Slide]

We hope to go over the definition of
bi oi nequi val ence, comrents on cl ai m ng
bi oi nequi val ence if you fail to show
bi oequi val ence, proposing a criterion to use for
one PK endpoint--PK is pharnmacokinetic, and tal k
briefly about strategi es when you are | ooki ng at
t hree pharmacoki netic endpoi nts.

[Slide]

The usual definition of the bioequival ence
interval on the ratio of the popul ati on geonetric
mean of the test product over the popul ation

geonetric nmean of the reference product is that it

file:///C|/Dummy/0413phar.txt (183 of 282) [4/20/04 9:52:18 AM]

183



file:///C)/Dummy/0413phar.txt

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

should fall within the linmts of 80 percent to 125
percent. That is what is called the bioequival ence
interval. It is never correct to refer to that as
a confidence interval. So, it is obvious to define
t he bi oi nequi val ence region as just the conpl enment.
If you are not in the bioequival ence interval, then
you are in the bioinequival ence regi on which
consists of the two disjoint regions.

[ Slide]

So, the question that | first want to | ook
at is, is it appropriate to claim bioinequival ence
if a study fails to show bi oequi val ence? Two
products may, in fact, be bioequival ent but they
may not be shown to be bioequival ent by the study.
The primary reason for that is inadequate power.
There coul d possi bly be ot her reasons.

[ Slide]

In doing our standard testing for
bi oequi val ence, it is an application of statistica
hypot heses testing where we have a null hypothesis
that says either the ratio of geonetric neans is
too | ow, below 80 percent, or else it is too high,
above 125 percent, and we test that against the
alternative hypothesis that the ratio of geonetric

means is within the interval. The way that we have
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typically tested this statistical hypothesis is by
doi ng two one-sided statistical tests, and each of
those tests is carried out at the al pha equals 0.05
| evel of significance.

Now, it turns out that doing these two
one-sided tests--it is an exanple of what is called
intersection union test--is algebraically
equi valent to calculating a two-sided 90 percent
confidence interval and seeing whether it falls
within the equivalence interval. So, that is why
you hear a lot of talk about confidence intervals
today even though we are not using the confidence
interval as a confidence interval; we are using the
endpoi nts of the confidence interval as test
statistics. Wat we are doing here is statistical
hypot hesis testing. As | said, the type 1
error--we have to reject both one-sided nul
hypot heses, both H nought 1 and H nought 2. If we
reject both one-sided null hypotheses, then we
conclude that this alternative is true, that is,
that we have average bi oequival ence

[Slide]

So, we need to reject the hypothesis of
i nequi val ence with high confidence and the

rejection region is selected to nmake the chance of
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doing that incorrectly to be small, and that is the
| evel of significance which, as | said, is al pha
equal s 0. 05.

[Slide]

So, what is the error associated with
claimng inequivalence if you don't claim
equi val ence? Well, if you are | ooking for a
procedure for testing to see if you have
i nequi val ence, then we need to control the error
wongfully rejecting equivalence to be small. |If
you are going to base it on the equival ence test,
that nmeans you want the equival ence test to have
| arge power. However, the power for the
bi oequi val ence test, as you will in a nonment, nay
not be l|arge overall values of the geonetric nean
ratio in the equival ence region.

The testing for bioequival ence focuses on
controlling the type 1 error and then other aspects
of the test, such as high power if the alternative
is true, are gotten, if they can be. So, we may
not have adequate power to clai mbioequival ence
even when bi oequi val ence is true.

[ Slide]

Here is an exanple. |If we had a product

and we are going to design a two-period, two
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sequence bi oequi val ence trial, and we assunme we
have wi t hi n-subj ect variance of 0.04, that is to
say W thin-subject standard deviation of 0.2, and
we are willing to assunme that the ratio of
geonetric means deviates from1l by no nore than 5
percentage points and, if that is true, we want to
be at |east 85 percent sure that we will reach a
concl usi on of equival ence, you can then crank the
nunbers and you conme up with the sanple size of 22
subj ect s.

Well, if you have 85 percent power, that
means you are 85 percent sure of concluding that
the products are equivalent. That nmeans you coul d
have as much as a 15 percent chance of not
concluding that they are equivalent. So, even with
this design study you could have products that are
equi val ent but you have as nuch as a 15 percent
chance, or even nore, of failing to conclude that
they are equivalent. |In fact, if the variance,
unbeknown to you, is higher than you thought or if
the geonetric nean ratio deviates from1 by nore
than 5 percentage points, the power will be | ower
so the chance of not concl udi ng bi oequi val ence w ||
be higher. So, it should be apparent that that is

not a basis for concluding inequival ence.
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[Slide]

The rejection region for the
bi oequi val ence test--what do | nmean by rejection?

I nean rejecting the hypothesis of inequivalence
and concl udi ng equi val ence--is determ ned by the
variability associated with the point estinmate of
the geonetric mean ratio, which is illustrated here
on the log scale. The higher that standard
deviation of the estimator is, the further away
fromthe actual linmts--delta-2 here is 1.25;
delta-1 is 0.8--the narrower that rejection region
will be and the |ower the power will be. So, it
isn't enough for the point estinmate to be within
the equivalence interval. It has to be confortably
away fromthe edges of the equivalence interval in
order to conclude equival ence.

[Slide]

This is an exanpl e of power curves for the
test for equivalence. The blue Iines correspond to
a standard deviation on the log scale of 0.5. The
red lines correspond to a standard deviation of 0.3
and the green lines correspond to a standard
deviation of 0.1. The solid lines are for a study
with 60 subjects. The correspondi ng dashed |ines

are for a study with 30 subjects.
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Let's take this exanple, a 60-subject
study but the standard deviation is 0.5, even if
you are exactly equival ent, you are identical,
there is a very good chance that you will not
concl ude equi val ence so that is no basis for
concl udi ng i nequi val ence.

[Slide]

So, instead of trying to use the
equi val ence test as a neans for establishing
i nequi val ence, we need to develop a testing
procedure ai ned specifically at inequival ence.

Here we have done that by reversing the hypotheses.
Now the null hypothesis, in statistical jargon, is
that the geometric nean ratio is within the
interval. The alternative is that it is either
bel ow 80 percent or else it is above 125 percent.
So, once again try to test this hypothesis by doing
two one-sided tests, each at a |level of 0.05, and
in the case of equival ence we had to reject both of
the one-sided hypotheses but in this case we have
to reject one or the other. So, we will reject

bi oequi val ence and concl ude bi oi nequi val ence if one
of these two one-sided hypotheses is rejected. It
says here under certain conditions and, in fact,

under nost conditions the overall |evel of that
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190
procedure will not be appreciably different from
0. 05, however, we can find mathematically cases
where it could be higher. It could be as high as
0. 1.

[Slide]

Before | showed you the region for
concl udi ng equi val ence and that is these lines,
here. Now the region for concluding inequival ence
is given by this line and this Iine. You have to
fall higher than this with the point estinmate or
you have to fall lower than that in order to
concl ude i nequi val ence. So, once nore you need to
be confortably away fromthe actual boundary before
you reach your concl usi on.

[Slide]

This is what the power of that test |ooks
like. The color schenme and the solid and dashed
Iine scheme is the same before. These vertica
lines are the 0.8 to 1.25 lines and so if you are
inthe interval, 0.8 to 1.25, the probability never
gets higher noticeably than 0.05. But if you are
outside of the interval, then you have a greater
chance of concl udi ng bi oi nequi val ence. | m ght add
that it is symmetric in the reciprocal of the

ratio. In other words, here is aratio of 0.5 and
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it has a certain high probability of concluding

i nequi val ence. To have the sane probability over
on the other side, it would have to be equal to 2,
which is the reciprocal of 0.5.

[Slide]

We are going to try to control that error
to 0.05. It is a function of what in this slide is
designated sigma-T, which is the standard devi ati on
of the estimator that is used as the basis for the
test statistic. As that sigma-T gets |arger you
coul d possibly have nore than a 5 percent chance of

wrongful Il y concl udi ng i nequi val ence.

[ Slide]
Vel |, how big would the variance have to
be? Dr. Li ran some calculations. |In this

exanpl e, here, N equals 10. A bioequival ence study
with only 10 subjects | don't think would even be
all oned. These studies tend to be considerably

| arger than 10 subjects. But it just illustrates
the fact that even for that tiny sanple size the
standard deviation, which is on the | og scale, has
to be quite large before the chance of making the
wrong decision, that is to say concl uding

i nequi val ence when, in fact, the products are

equi val ent gets unacceptably high. |If you have a
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nmor e reasonabl e nunber of subjects it has to be
astronom cal ly high before you start running into
that problem

There coul d be cases perhaps with a
paral |l el design of a highly variable drug where we
m ght have to do sone adjustnent to the
significance level, and there do exist nmethods in
the literature to do that.

[ Slide]

So, that is the corresponding test to the
bi oequi val ence test for one paraneter, but
generally we assess bioequi val ence studies with
respect to three endpoints--1 said paraneter,
didn't 1? Pharmacokineticists |love to use the word
"paraneter"” to describe AUC and Chax; statisticians
don't. Typically, we require for an equival ent
study you have to show equi val ence for area under
the curve to the last sanpling tinme; area under the
curve extrapolated to infinity; and maxi mum
observed concentration. Wat are we going to do
about bi oi nequi val ence? 1In concept the products
are bioinequivalent if they are bi oi nequival ent
with respect to just one of these three.

[ Slide]

So, what statistical criteria shall we
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use? W are |looking at a nunber of strategies.
Strategy one is to say, well, if you conclude

bi oequi val ence with respect to just one of the

t hree pharmacoki netic endpoints, then you will
reach a concl usi on of bioi nequi val ence. The things
in favor of that is that it is quite intuitive.

The argunents against it are that you now have
three chances--if you have a case where the
products are close to being inequival ent but they
aren't inequival ent, then you have three chances to
make a m stake and you may inflate the overall type
1 error rate.

[Slide]

So, if you are worried about that, here is
anot her strategy which says, well, you have to show
that it is inequivalent with respect to all three
of the PK endpoints. Then you can tightly contro
the type 1 error rate. Type 1 error in this case
means concl udi ng i nequi val ence when, in fact, the
products are equivalent. But the argunent agai nst
this strategy is that it is not going to have
reasonabl e power against alternatives of interest.

[ Slide]

Anot her possibility would be to say, well,

you need to prespecify which endpoint you are going
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to look at. In the slide here AUC was used as an
exanple. Possibly Crax woul d be anot her choi ce.
This will control the type 1 error but if the
endpoi nt you chose is not the endpoint for which
the products are inequival ent, then you are not
goi ng to have a reasonabl e chance of reaching a
proper concl usi on.

[ Slide]

O her strategies require that you show
equi val ence for all three but you adjust the al pha
| evel s so the overall level is maintained but you
have nore power for each individual test. A nethod
to do this which doesn't require the levels to be
the sane for all three endpoints is currently under
devel opnment in QWR

O her possibilities--one that occurred to
me is you nmight say, well, before you can concl ude
that the products are inequivalent with respect to
AUC you have to show inequi val ence for both AUC to
the last tine point and also for AUC to infinity
but we will |ook at Crax separately. But there
could be regulation conplications in all of these
proposal s.

[ Slide]

So, the main focus of this presentation
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was on power to nake the right decision and what we
are calling error, which is making the wong

deci sion and controlling the probability of making
a wong decision. There could be other statistica
i ssues as well. Thank you.

DR KIBBE: W will open it up for
questions fromthe panel. Mrvin, go ahead.

DR. MEYER Don, a practical example of
what woul d happen with strategy one if the type 1
error were inflated and the three PK endpoints are
now hi ghly correl at ed- -

MR, SCHUI RVANN: | apol ogi ze, Dr. Meyer, |
didn't bring those nunmbers with ne--

DR. MEYER  Just conceptually.

MR, SCHUI RMANN:  Suppose you had a product
for which the ratio of the popul ation of the
geonetric means was sonething |ike 124 percent for
all three paraneters. Then, the chance that you
wi Il conclude inequival ence for at |east one of
them coul d be sonething |ike 15 percent, in that
nei ghbor hood, dependi ng on the sanple size;
depending on how tightly correlated the AUC is with
the Cmax. | can't give you a very quick answer.

In some of the sinulations that Dr. Li did about 15

percent was the highest | saw. So, it depends on
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whet her you are interested in controlling that
overall level or whether you are nerely interested
the level in each individual endpoint.

DR BENET: Since this would be a test to
take a drug approved off the nmarket, have you
consi dered that maybe we need nore than one study?
Have you tal ked about that? Have you thought about

that in your thinking about it?

MR SCHU RVMANN: | can't speak for the
Center. | have not thought about that nuch.
DR. BENET: Well, | was reacting to

Barbara's data where you | ooked at the two
different studies with two people running it with
significantly different variance in the two
different studies, and that could be an issue here.
You know, | think it is a statistical issue but it
is also a policy issue in terms of, you know, is
one study going to be adequate? No matter which of
these terrible suggestions you pick, is one study
goi ng to be adequate?

MR SCHUI RMANN:  On the one hand,
requiring two studies would bring it nore in line
with what we require for Phase |1l clinical trials
where we want a reproducible result so you have to

show us nore than once. On the other hand, we
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approve generic drugs with only one bi oequi val ence
study. So, what would be the basis for requiring
two studies for the opposite clainf

DR VEN TZ: But you already have two
studies. Don't you have a prior study that led to
its approval as a bioequival ent generic and now you
have a study to disprove it. So, ny question is
somewhat related to what Les is asking, how do you
incorporate the prior information that you have
fromthe fact that your drug got approved based on
a bi oequi val ence study? Because you now have one
study done God knows how | ong ago- -

MR, SCHUI RVANN:  Yes.

DR. VENITZ: --but it passed
bi oequi val ence. Now you have done a study, no
matter what nethod you use, that shows
bi oi nequi val ence. Are you going to pool the
studies? Are you going to use Bayesian to
i ncorporate your prior information or are you
completely ignoring the fact that in order to get
approval it nust have passed a hi oequi val ence
study? And this is not a question to you but to
ever ybody.

DR BUEHLER: Usually when we get a

chal l enge study now we will informthe generic
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sponsor of the generic application that their

bi oequi val ence has been chal | enged, and that they
can cone back to us with additional data, usually
anot her study, which would refute the study that
came in. W usually review the study extensively,
the chal | enge study extensively to nmake sure that
the study was conducted properly. W reviewit as
far as it was powered correctly, etc. Then we give
the generic firmthat was chall enged the
opportunity to cone back to us with a study or el se
face bei ng downgraded in the "Orange Book."

DR VENITZ: But if they don't cone back
do you ignore the fact that they nust have done a
study in the first place that denonstrated
bi oequi val ence?

DR. BUEHLER: No, we don't ignore that
fact. That is why we | eave them on the nmarket
while they get the additional data to us. | nean
they did subnmit a study to us that showed their
product to be bioequivalent. Now, whatever
happened al ong the way, you know, whatever water
fl owed under the bridge between then and the tine
when we have had the chall enge study, you know,
sonetines it is along tinme. Sonetines

formul ati ons change or reference listed drugs
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199
change so we give themthe opportunity to conme back
to us with another study to show that they are
still bioequival ent.

DR KIBBE: Go ahead, Marc.

DR. SWADENER: Is ny intuitive notion that
these strategies one, two and three could result in
failure to agree on the hypothesis that it turns
out that is not inequivalent doesn't necessarily
say that it is equivalent? Aren't there parts
where it is really not equival ent?

MR, SCHU RMANN:  We are tal ki ng about
studies here and there is such a thing as an
i nconcl usi ve study, a study that does not establish
that two products are equivalent and the study al so
does not establish that the two products are not
equi val ent .

DR. SWADENER  Exactly.

MR SCHUI RMANN:  That isn't to be confused
with the actual reality unknown to any hunman being
whet her they are or aren't equivalent. Wth these
strategi es, dependi ng upon how stringent you nake
it, you could very well have data that, as a
clinical, you look at and it worries you--"gosh,
these products sure differed alot in this

study"--but it is not conclusive that they are
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i nequi val ent. So, yes, you could have that
situation very easily.

DR KIBBE: Marvin?

DR MEYER Gary, did | understand you to
say that if in the initial study the generic
product canme in, let's say, at 80-125, just hit the
upper and lower lint, and then the challenge study
came in at 79-125 the generic would have to redo
their study?

DR. BUEHLER: No. That is part of the
reason for this exercise, that is, we do face
situations like that where we will get very
mar gi nal chal | enge studies submtted and where a
reasonabl e person could say, gee, you if threw
anot her six patients or subjects into that study
and you probably woul d have been 80 or 81. So,
what we are |l ooking for here is to try to set up
sonme guidelines as to what will be acceptable as a
chal I enge to the bioequival ence.

DR. KIBBE: Let me ask Jurgen's questi on,
which is when the challenge cones in is there any
thought to how clinically significant it is what
the chal |l enge study shows? | nmean, is it
clinically significant relative to the use of the

drug itself?

file:///C|/Dummy/0413phar.txt (200 of 282) [4/20/04 9:52:18 AM]



file:///C)/Dummy/0413phar.txt

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

DR. BUEHLER: The chall enge study is
reviewed and we nmake an assessnent as to whether
the chal l enge study, as | said, was conducted
properly and powered properly. |f the condition is
that we believe that nore subjects, you know, would
have thrown it over the Iine we nornally make the
generic do another study to prove their
bi oequi val ence. Now, that is a value judgment wth
respect to what to do. Again, that is one of the
reasons we are here right now W would Iike to
have a little nore certainty in making this
decision as to when a generic has to repeat their
st udy.

DR. KIBBE: Cordon, go ahead.

DR AMDON. Yes, | think we are, again
treating the BE test just as a sinple enpirica
test, yes or no. | think there have to be other
underlying reasons for why there is now a | arge
difference in the performance of the dosage formin
vivo, things such as dissolution. | think one
shoul d | ook at other data and have other facts or
i nformati on supplied by a conpany saying that it
has attenpted the bioi nequi val ence study that they
come up with sonething that suggests that it is

bi oi nequi val ent. There shoul d be other facts that
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support that conclusion, in particular dissolution
met hodol ogy. So, you should | ook for nore
i nfornation.

DR YU That is correct. O course, when
we receive such chall enge studies we have to nake
sure that the study is properly designed and
conducted and the conclusion is valid. Secondly,
we | ook at the quality of the sanple used to
conduct the studies. Fromthe cQVW perspecti ve,
fromthe quality perspective we | ook at the
di ssolution of the stability and potency, and so
on, all the quality standard sanples. Certainly,
we also | ook at the process. As | said, in
bi oi nequi val ence we want evi dence to show
i nequi val ence and we certainly | ook at many, many
other factors. |In other words, we want to say that
the decision we are making is a systematic decision
i nstead of being based on one paraneter.

DR KIBBE: Nozer?

DR. SI NGPURWALLA:  Yes, C, subscript t,
and C subscript infinity--

MR, SCHUI RMANN:  You nean AUC subscri pt--

DR SI NGCPURWALLA: Yes, is that the tine
i ndex?

MR SCHU RVANN: It is not an estinmte of
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2 DR. SI NGPURWALLA: It is some index?

3 MR, SCHUI RMANN:  When you do these studies
4 you give the products to subjects and then you

5 start taking blood sanples fromthem at specified
6 sanpling tines, at however many hours, and one of

7 those has to be the last one. Mybe it is 24

8 hours. 1t would depend on the drug product. So,

9 you can cal cul ate the area under the bl ood | eve

10 time curve up to that last blood sanpling tinme for
11 that subject. You have the data for each sanpling
12 time and the trapezoidal rule is used to calculate
13 the area. So, that is AUC sub t.

14 Now, there is a way of taking the |ast

15 several blood concentrations when you are in what
16 is called the terminal elimnnation phase, and

17 estimate the elimnation rate, and to use that

18 estinmated elimnation rate to extrapol ate that

19 calculated area to theoretical infinite time. That
20 is the AUC infinity.

21 DR SI NGPURWALLA: | got the nessage that
22 AUC infinity is whent goes to infinity.

23 MR, SCHU RMANN:  Yes.

24 DR SI NGCPURWALLA: | amnot sure that this

25 question is germane, but is there a danger or a
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pl easure, dependi ng on which side of the fence you
are, that you nmay nmeke a certain decision for a
certain tinme t and your decision would be reversed
about your hypothesis had t been sonething el se?

MR, SCHU RMANN:  That is really not a
question that | amqualified to address. | amsure
there could be aspects of the profile, the bl ood
concentration over time profile where the action is
in acertaintine interval, and if that happened to
be the last tinme you sanpl ed- -

DR SI NGPURWALLA: I n ot her words, how
sensitive is your hypothesis?

MR, SCHU RVANN: | would yield to the
phar macoki neticists in the roomfor that question

DR KIBBE: Les?

DR BENET: There is definitely that
possibility. There was a fanobus brochure that the
Upj ohn Conpany--so that is how long this is--put
out conparing two different drugs and t hey showed
equi val ence making that error of picking an early
time point so that they actually had very
different--if they had gone to infinity they had
very different times. So, that is very critica
and usual |y what the agency will do or what anyone

will do, you want to know that the area under the
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205
curve up tot is a very high percentage of your
total area under the curve infinity or you woul d
not qualify this as a reasonable study to nmake a
j udgrment on.

DR. SI NGPURWALLA: | have a followup, a
word of caution, are you famliar with the filer
probl enf

MR, SCHU RVANN:  Yes

DR, SI NGPURWALLA: Do you think you would
be a victimof that particular problem here?

MR. SCHUI RMANN:  There are in
bi oequi val ence assessnents but usually not with
phar macoki neti ¢ bi oequi val ence assessnments. W
sometines are not doing the analysis on the |og
transfornmed endpoints but, instead, there are other
types of bioequival ence studies where we are
anal yzi ng the untransformed endpoints and we do,

i ndeed, do two one-sided tests based on |inear
inequalities like mu-T mnus 1.25 times mu-R and
you will reject those two one-sided hypotheses if,
and only if the 90 percent filer's confidence
interval falls within the interval. So, we use
that method. Which aspect of the problemare you
referring to?

DR, SI NGPURWALLA: Well, the filer's
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problemis the follow ng, that when you have two
normal distributions with unknown means and when
you take the ratio of their neans, then it is
possible to get confidence linmits which are from
mnus infinity to plus infinity but with the
coverage probability less than 1.

MR, SCHU RVANN: | am aware of that. |If
your data is such that that woul d happen, then you
woul d not reject the two one-sided tests and you
woul d not reach a concl usion of equival ence.

DR. SI NGPURWALLA: But then we woul d have
addressed the coment ny col |l eague nade that you
wi Il have an inconclusive answer.

DR. SWADENER: M question really rel ated
to rejecting the case that it is non-equival ent.
That doesn't mean that it is equivalent. Right?
Because there are sone outliers; there are places
bet ween the two.

MR SCHUI RVANN:  There are experimental
out conmes that are inconclusive. If you reject
equi val ence, then you conclude inequival ence. |If
you reject inequival ence, then you concl ude
equi val ence. But there are data sets for which you
woul d not reject either.

DR. SWADENER: But | thought you said the
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rationale for trying to define inequival ence,
rejecting equival ence doesn't nean inequival ence.

MR SCHU RMANN:  No, | said failing to
concl ude equival ence doesn't necessarily mean
i nequi val ence. Perhaps that sounds |ike word ganes
to you but | assure you it isn't.

DR SI NGPURWALLA: | think you are facing
a statistician.

DR. SWADENER: No question about it,
right.

[ Laught er]

DR KIBBE: And a frequentist statistician
at that.

DR. SINGPURWALLA: It pains ny heart!

MR, SCHUI RMANN:  The t ake- hone nessage of
my presentation was it is not reasonable to
concl ude bi oi nequi val ence if you do a
bi oequi val ence test and don't concl ude
bi oequi val ence. You have to aima test
specifically at seeing whether you can show
bi oi nequi val ence.

DR KIBBE: Thank you, Don. Ajaz wants to
say sonething and | guess, Lawence, you want to
get back to the questions?

DR YU: Yes.
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DR. KIBBE: (ood.

DR. HUSSAIN: Well, | think this
di scussi on has been focused primarily on the bio
topic but the principles, concepts and issues go
beyond that and how does this relate to that? Does
sonebody have any thoughts on that?

DR, SI NGPURWALLA: Actually, | do

DR. KIBBE: | knew you woul d!

DR SI NGPURWALLA: Again, a problemlike
this is a probl em which should be cast in the
framewor k of decision making or, in other words, it
shoul d be cast in the franework of a Bayesian
setup, and that is the way you address this kind of
a probl em where you may have three decisions, three
actions--equival ence, inequival ence or
i nconclusive. That could be a decision and that
provi sion could be made. O course, it could also
be made in the frequentist framework. But | think
this is another exanple of decision making and it
shoul d be cast in the sanme franmework.

DR KIBBE: | think the problemwe are
facing here is the difference that we have in a
court of |aw between preponderance of evidence and
beyond a reasonabl e doubt, and we accept drugs as

equi val ent when we have the preponderance of
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evi dence. Do we now ask for sonething beyond a
reasonabl e doubt to reject what we have al ready
accepted, and | think that is interesting. Paul?

DR FACKLER: | just wanted to ask a
question, recognizing that there are thousands of
generic products on the market and | understand
that there have been chall enges to those, do you
have any idea how many of those have turned out
post -approval to be inequivalent to the innovator?

DR. KIBBE: He wants a success rate for
chal | enges.

DR BUEHLER: Al right. Well, | have to
think. | know we have had at |east one that | can
renenber where we had a chal | enge and when we
threatened to downgrade they renoved t he product
fromthe market. | know that because that was when
I was in the Ofice of Generic Drugs. | am not
sure how nany nore there have been but | do know
that there was at | east one.

DR. YU | think we just had one right
now. In fact, the study is under-powered so it has

cone back- -

DR. BUEHLER: But that wasn't renpved from

t he mar ket .

DR YU It was not renpved
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1 DR FACKLER: Could |I ask a question then,
2 how i nportant an issue is this?

3 DR, BUEHLER: | think the inportance of it
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Ofice of Generic Drugs with each specific
chal | enge that we get because | have the

under standi ng that the chall enge studies are sort
of bi oequi val ence studies, sort of nmasqueradi ng as
bi oequi val ence studies but they are really
channel ed to show bi oi nequi val ence or show ng

fail ed bioequival ence. Therefore, we | ook at them
really with a fine-tooth conb and, as Law ence
said, we look at all aspects of the drug product
that was used in the challenge study. W go out
and actually nmake site visits to inspect the CRO
that conducted the challenge study to nmake sure
that the study was conducted properly. So, it
really involves a significant anmount of resource
al | ocati on when we get one of these challenge
studi es because we take themvery seriously. |If
soneone chal | enges the bi oequi val ence of a product
that is currently on the market we, in the Ofice
of Ceneric Drugs, take that chall enge very
seriously and we do put a lot of resources into

maki ng sure that it is either valid or invalid.
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Because of that, we would like to have a little bit
better framework under which to sort of, |iKke,
unl eash these dogs. You know, if we don't have to

turn the dogs out we really want to but right now

we are.
DR KIBBE: Do you have a comment?
DR DAVIT: Yes, | wuld like to add to
what Gary was just saying. | was directly involved

in a challenge several years ago and it was a
tremendous amount of work to sort out what was
going on. | was a teamleader at the tine. |
pretty nmuch had ny entire teamworking on it. W
had project managers working on it. W got the
clinical division involved; we had the
statisticians involved. W |ooked at the

di ssolution. We |ooked at the RLD. W made many
visits to the clinical division to discuss what was
going on. W sent an inspection out to the site
where the chall enge study was conducted. W had
meetings with the generic conpany. So, it was
very, very involved. And, the outcone of that
particular situation was positive but it took nmany,
many man hours of work from many different people
to sort things out.

DR YU |In other words, the effort we put
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into clarify some of the concept is well worth it.

DR. KIBBE: Do you think we shoul d
approach it like they do with a challenge flag in a
football gane? That if they uphold the challenge
they still keep their tine outs? And, if the
chal | enge hasn't been upheld they lose their tine
outs? So, if a conpany wants to chall enge they
have to put a bond up to pay for the expense of FDA
adj udi cating the chal |l enge?

DR BUEHLER: That woul d be okay!

DR. YU Basically, in many cases if a
study comes back it fails to denpbnstrate
bi oequi val ence i nstead of bioi nequi val ence st udy.
As Don has very clearly pointed out, if you test
for bioequival ence you sinply fail to show
bi oi nequi val ence. So with a guidance, if you do
want to show that it is bioinequival ence, here you
are, this is howto conduct a study so there is no
confusion or anbiguity. It is a very clear
definition, clear evidence for agency to take
action so we can spend all the time to approve
generic applications. W received over 500 this
year.

DR KIBBE: Marc?

DR. SWADENER: Have you thought about
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whether if, in fact, you clearly defined

i nequi val ence it is going to increase your

chal l enges? WIIl it, in fact, nmake your life
easi er?

DR. YU | think ny life would be a | ot
easier. There is no doubt about it; | amvery
confi dent.

DR. SWADENER: It nmay doubl e t he number of
chal | enges, or triple.

DR YU That is certainly a hypothetica
question and | am very confident.

DR KIBBE: Jurgen?

DR VENITZ: | amtrying to get back to
the questions that you want us to answer, Law ence.
I would say you have denopnstrated to nme that it is
di fferent whether you prove equival ence or you
prove inequivalence. In other words, they are two
different objectives, neaning they require two
different studies. So, failing to show
bi oequi val ence is not the sane as denonstrating
bi oi nequi val ence, which | think is what your first
question is all about.

DR. YU Thank you very nuch--

DR VENITZ: Well, that is nmy persona

answer; | can't speak for the comrittee. The
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second one, as far as the challenge study is
concerned, in order to denonstrate bi oi nequival ence
which, as | said, is not the sane as failing to
show bi oequi val ence, you have to have an adequate
and well-controlled study to do that, which
includes all the characteristics that you are
famliar with. Fromny perspective, in addition to
that you have to have preexisting informtion
suggesting that the drug is bioequival ent because
that is what is being challenged in the first
place. So, in ny mnd, the burden of proof is upon
the chal l enger t have an adequate and
wel | -controll ed study denonstrating beyond any
reasonabl e doubt, to use Dr. Kibbe's term nol ogy,
that they are truly bioinequivalent. So, anong the
strategi es that you are proposing | would use the
nmost conservative one, which | think is number two,
meaning that all three endpoints have to
denonstrate bioi nequival ence. Only underlying
those circunstances woul d you nmove to the next step
whi ch woul d be renpbving, | guess, the generic from
t he market.

DR. YU And sone others too

DR VENITZ: | amsorry?

DR YU Assuming the quality--
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215

DR. VENITZ: Right, just speaking about
the testing procedures. | amsure there are other
things that you | ook at.

DR YU. Yes.

DR. VENITZ: So, | would say nunber one is
the di fference between show ng bi oequi val ence and
showi ng bi oi nequi val ence. Nunmber two, a study to
demonstrat e bi oi nequi val ence has to be adequately
wel | -controlled, or the equival ent thereof. Nunber
three, the burden of proof is on the challenge
sponsor to denonstrate that, and | woul d suggest
strategy two as the npbst conservative one.

DR. YU Thank you

DR. KIBBE: Anybody el se? Marvin?

DR MEYER | agree with part one, that
this is needed. | think, just froma conceptua
poi nt of view, if approval means everything has to
be between 80 and 125, then for inequival ence
everything needs to be | ess than 80 percent or
above, as you have drawn it on your little diagram

| don't knowthat it is fair to require
all three to fail. | think any one should be
enough because, after all, it is not fair to expect
AUC to always fail along with Cmax. Sonetinmes AUC

is fairly stable and Cnax isn't. So, | would say
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nunber one rather than all three.

DR. VENITZ: Can | just give you the
reason why | disagree with you on that?

DR KIBBE: Please, go ahead.

DR. VENI TZ: Because you al ready have a
study that denonstrated bioequivalence in the first
place. Oherwise, | would be in agreement with
you. But it is not like the study stands on its
own. You are basically trying to neta-anal yze two
st udi es.

DR. MEYER But | would argue that you are
just setting it up for the inequival ence people to
fail by requiring all three

DR VENITZ: But | think there is another
study denpnstrating that there is bioequival ence.

DR KIBBE: And we are waiting for Les to
clarify everything for us--

[ Laught er]

--but I think the first point is true,
that we need to have the study design to show
bi oi nequi val ence, not just that you do a
bi oequi val ency study and if it fails that doesn't
work. That is clear. But the argunent over
whet her you want all three itens or not, | think we

need to fall back on what is the clinical relevance
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of the thing failing the Crax conponent of the
bi oi nequi val ency study to a drug that has a | arge
therapeutic index. | think you probably need to
put nore enphasis in terns of area under the curve
if you are going to pick one instead of three. So,
I would be inclined to go with ny col |l eague Jurgen
and say let ne see all three out of whack and then
| amready to get the generic company to do
addi tional studies to balance out what we are
doing. Les?

DR BENET: | would like to nake a
comment - -

DR. KIBBE: (ood.

DR. BENET: --and it is sonething | have
worried about for a long time, and that is the
stability of the innovator's product fromstudy to
study. It sort of gets to Ajaz' question. | have
al ways been concerned about the innovator or
generic, at the end of the shelf life, is the
product equivalent to the product when it was first
approved? So, | think in this criteria there needs
to be sonething that is an evaluation of the data
of the innovator product, that it is, in fact,
representative of what the agency knows. Because

know that there are situations where you could have
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end of the shelf life drugs that would fail versus
when they are first manufactured. So, | could see
how this could easily be manipulated, if | was a
mani pul ati ve person which | amnot, right--

[ Laught er]

--to make a failed study. | don't think
it would be that difficult with sone drugs. So, |
think there needs to be an additional criteria,
again no matter which of these three you pick, that
t he agency has confidence that the innovator data
is, in fact, representative in this study. Maybe
that is already true, Gary. | don't know.

DR BUEHLER: As part of the review of the
study | believe we do | ook at that paraneter.

DR KIBBE: Anybody el se?

DR. COONEY: Just one point to conme back
to, intrying to resolve the distinction between
one, two or three PK paranmeters to nake the
decision on, the issue of clinical relevance that
several of you have spoken to strikes ne as the
nost inmportant part of that part of the question
So, ny question is it doesn't matter what decision
is made, whether it is one, two or three of these
paraneters, how do you factor into the analysis

that you are doing that you have chosen the
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parameters that, in fact, are clinically relevant
for each individual case?

DR KIBBE: Do you want to give an answer?

DR YU Instead of giving an answer, |
guess we have to make sone kind of recomendati on
that, indeed, when we | ook at those chall enge
studies the clinical division is heavily involved.
We are working as a teamin resolving sone of the
chal | enge studies, instead of pharnacol ogi sts or
cheni sts acting al one.

DR. COONEY: Then the question becomes how
do you factor that working into the recomrendati on
that is being nmade so that it isn't just an
arbitrary one, two or three or the paraneters but
that a judgnent call is clearly defined in the
deci si on process?

DR. YU That is, indeed, a challenge. W
will certainly |look at case by case but we do want
sone kind of clarification so that people know what
is going on and what to do.

DR KIBBE: Marvin?

DR MEYER  Two comments. One, | know a
body in the street is not a good neasure but if the
generic product has been out there and has sold

five mllion units, it is probably not that bad if
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your adverse reaction reports aren't al arnming.

Secondly, | think the approach of having
the i nequi val ence confidence limt be totally to
the left of the right of 80 or 125 is a fairly
rigorous kind of assessnent because your point
estimate then has to be well to the left or right
of the upper limt, in other words, quite a ways
away. So, | think one is probably all you need,
Cmax or AUC

DR KIBBE: And, if you are going to go
with one | would go with AUC. Gordon?

DR AMDON. | can readily see how a
contention of bioi nequival ence could generate an
awful lot of work for the agency, and it could be
done al nost frivolously. Therefore, | would be in
favor of requiring that it be all three paraneters
to be bioinequival ent, plus other supporting data
like dissolution data to support that there is
sonething really to go after here and that woul d

merit the action and activity, investigation by the

agency. Yes, | amall in favor of having a bond
posted. |If you don't pass, then you | ose your
money. It is not ganbling, is it?

[ Laught er]

DR KIBBE: That is not legal. But this
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is, soit couldn't be ganbling

DR. BENET: | support that, Art.

DR KIBBE: Les is going to coment. o
ahead.

DR. BENET: Thank you. | want to support
Marvin's position because this is, as is the
difficulty of the correction now-I mean we have
very good criteria for approving bi oequival ence.
The way you have defined bioi nequival ence is very
difficult criteria that has to be outside the
boundary and the confidence interval has to be
outsi de the boundary. For sure, that is going to
be so hard to do, and if there is one, then it is
real and | think that if one of those three
paraneters is outside | would go for the one. |
think Marvin's argunent is a very good argunent.

DR. MEYER  You agreed with ne before.

DR KIBBE: | want sonebody to nake note
of the historical events that Marvin and Les have
been agreei ng everywhere.

[ Laught er]

If you and | are going to have to back
off, then | suggest you |l ook seriously at the area
under the curve, nore seriously than Cmax.

think, if anything that might actually nmeet this
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criteria where the other two wouldn't, it would be
the Cmax. It is the nost open to pushing one way
or the other.

DR AMDON:. | think I amstill alittle
confused, Les and Marvin. You want to do one
paraneter. You want to do a test and if any one
paraneter falls--what is the correct statistica
| anguage?- - doesn't show bi oequi val ence or shows
bi oi nequi val ence as opposed to all three nust
showit--it depends on how you word it, all three
must show bi oi nequi val ence, that woul d be tougher,
right? That is what | amsaying and it is what you
are saying. You are saying, Les and Marvin, that
is too tough. | amnot sure. It makes the agency
|l ook Iike they are trying to sweep everything
possi bl e under the rug by having such criteria that
it will alnpbst never happen.

DR KIBBE: But the bioequival ence
criteria is that way. It requires, you know, both
Cmax and AUC to be--

DR MEYER But if one fails, it fails;
not all three. | mean, if Crax fails it doesn't

matter what the AUC was, you fail ed.

DR KIBBE: W can go around and around on

this. One of the nice things about an advisory
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conmittee is that we give advice and the agency can
just ignore us if they want, and they can | ook at
everybody's advi ce and when the commttee is split
they can take the input of each nenber of the
committee and wei gh one against the other and do a
Bayesi an anal ysis of it and pick the right

decision. Al | amsaying is that if you are going
to accept that the study has shown inequival ence
because it has shown inequival ence in one of the
three paraneters, then | would be careful to nake
sure it was the area under the curve parameter and
not a Cmax. | would have | ess confidence in that
personally and | am sure that is biased.

DR. SI NGPURWALLA: M. Chairman, the point
you rai se has to have one thing in mnd. Are these
three criteria interdependent? |If they are, it
makes a big difference. |If they are not, it makes
anot her difference. | suspect they are
i nt erdependent and that is what you should keep in
mnd. So, rejecting one is as good as rejecting
all if they are interdependent. |If they are not,
then the kind of things you nentioned do becone
serious, or the kind of things that Marvin
menti oned do becone serious. | am asking the

guestion are they interdependent in your judgment.
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DR VENITZ: | think they are
i nt erdependent and | think the differences between
the two strategies are marginal. In other words,
if you reject AUC infinity you are likely to reject
AUC-t as well. Thereis alittle less
i nt erdependence between the Cmax and the area
estimates. So, you are really splitting the
difference that is very small.

DR SINGPURWALLA: Did | agree with you?

DR KIBBE: | don't know. | need a
decision tree to find out whether we agree or not.
Has anybody got anything el se? Law ence, do you
need anything el se fromus or have we given you
enough information to help you go forward?

DR YU | think so.

DR KIBBE: Then | propose that we take
our break. W have two nore topics to cover after
break. W are breaking right on schedule. W wll
be back to do topical bioequival ence at a few
m nutes before 3:00.

[Brier recess]

DR KIBBE: W have a cadre of taxis
waiting at 4:30. W want to be finished. W want
to have tinme for topical bioequival ence, such a

wonder ful topic and Lawence again is going to
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start off, only he has no slides.
Updat e- - Topi cal Bi oequi val ence

DR YU The Cctober, 2003 advisory
conmittee neetings report and, in fact, nanuscript
have reviews and systematic reviews of the
chal | enges in devel opi ng pharmaceutical or
bi oequi val ence criteria for topical products.
think we sent it to you one nonth ago and this is
the work that was devel oped in collaboration with
Dr. Jonathan Wlkin. It also further devel oped the
@B concept.

So, today we want to share with you and
seek your feedback. For exanple, are we on the
right track? We will publish this manuscript very
soon to initiate a dialogue and then bring back to
you the fornmal proposal. W will have Dr.

Li onberger give you an overvi ew of this paper.
Rob?
Est abl i shi ng Bi oequi val ence of Topica
Der mat ol ogi cal Products

DR LIONBERGER: Today | amgoing to give
you an update on our current efforts to devel op
met hods to denonstrate bioequival ence of topica
der mat ol ogi cal products.

[Slide]
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The current state of topica
bi oequi val ence is that for alnost all products, for
al nrost all locally acting dermatol ogi cal products
clinical trials are necessary to denonstrate
bi oequi val ence. So, | amjust going to give you
sonme qui ck exanples of the kind of clinical trials
that are actually needed for this denonstration
These are just recent subnissions to the Ofice of
Generi c Drugs.

[Slide]

As you can see here, the nunber of
subj ects used in these conparisons--these are al
for topical antifungals, there were three-armtest
ref erences placebo studies in patients. They used
700, 400 and 400 subjects. Here is just the
percent cure rate for the test and the reference
product. The reference product is the RLD. Then,
the 90 percent confidence interval on the
di fference between the test and reference cure
rate. The goal for this is to be within mnus 20
to plus 20.

So, you can see that even with these |arge
nunbers of subjects these studies still came close
to failure. So, if you retrospectively | ooked at

the power of these studies, you would find that
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these studi es probably had at |east a 50 percent

chance to fail even with that |arge nunber of

subj ect s.

[ Slide]

So, there are consequences to having this
cost to denonstrating bioequivalence. It is a

barrier to product inprovenent and al so the access
of generic products to the market. |nnovator
products need to use bhioequival ence studies after a
fornul ati on change. These clinical endpoints have
hi gh variability and so, if you think of what the
pur pose of bioequivalence is, it is to denbnstrate
fornmulation sinmlarity and these are just clinica
endpoint and there are just not good nethods to do
that. Also, these |ead to possibly unnecessary
human testing in these studies that have hundreds
of patients to say unapproved products.

[SIide]

So, based on this, sonme of the goals that
we have are to identify when clinical studies are
not necessary to denonstrate bioequival ence of
topical products and to provide sone alternative
met hods that will still assure product quality.

[SIide]

In this talk I amgoing to outline and
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228
give you an update on a strategy to reach these
goal s. CQur bioequival ence strategy starts with a
mechani sti c understandi ng of the topical drug
absorption process. Then we will identify the key
paraneters that affect bioavailability. You heard
a simlar approach in Prof. Amdon's talk this
nmor ni ng where he tal ked about the mechani stic basis
for oral absorption and how that led to a
bi opharnaceutical classification system and the
possibility for bio waivers based on an
under st andi ng of the mechani stic processes
i nvol ved.

So, once these key paraneters are
identified, then we can choose the in vitro and in
vivo tests that best neasure and detect differences
in these key paraneters. As part of the selection,
we are going to | ook at classification of
formulation simlarity. |If two fornul ations have
exactly the sane conponents, exactly the sane
compositions we mght focus a different set of
tests than if they had different excipients and
vastly different formul ations.

This talk is just giving you the first
step to presenting a decision tree that will allow

us to deci de when we m ght not need clinica
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studi es to denonstrate bioequival ence. This
decision tree will be specific for different sites
of action. So first we will look today prinmarily
at products that are targeting the very top |ayer
of the skin, the stratumcorneum Finally, | wll
tal k about sone of the external research projects
that we have under way to support devel oprment of
this decision tree.

[Slide]

So, the first thing | amgoing to talk
about is just an overview of the topical drug
absorption process. Here | have a schematic of the
skin showing different layers. |f you think about
what happens when you apply a topical product,
first the vehicle is applied to the skin and then
the drug must dissolve in the vehicle, if it is not
al ready dissolved, and fused to the surface of the
ski n.

So, the top layer of the skin is the
stratum corneum and this is a very dense |ayer,
about ten microns thick, and it is the primary
barrier to keep things outside of the body. There
are two paths across the stratum corneum either
the drug can partition fromthe vehicle which is

pl aced on the surface of the skin into the stratum
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corneum and di ffused through the stratum corneum
or there is the possibility that drugs applied to
the surface of the skin can travel through the hair
follicles and bypass the stratum corneum

If we | ook at sort of the various areas
avail abl e for transport by these two nechani sns and
we assune that there is no bias in the drug
choosi ng one path over the other, the flux through
the stratum corneumwi || be about 30 tinmes nore
than the transport through the hair follicles if
there is no bias between the two pat hways, if the
drug is equally likely to go into one path or the
ot her.

Once the drug gets across the stratum
corneum then the tissue behind that is rmuch | ess
dense. The drugs can fuse nuch faster; this is
much | ess of a barrier to the drug finally reaching
the system c circul ation

[Slide]

So, as we think about this process we have
to renmenber that we are | ooking at bioequival ence
and the goal of bioequivalence is to detect
differences in the fornulations. It is not really
about how conplicated this absorption process is

and how well we can understand that. It is really
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231
how wel | we can detect differences in the
formul ati ons that have al ready been denonstrated to
contain drugs that work in clinical trials.

[Slide]

Agai n, as Lawence has said and we have
heard many tines today, bioequival ence is defined
as no significant difference in the rate and extent
of absorption at the site of action. So, if we are
| ooki ng at products where the site of action is
this top layer of the skin, the two sort of rates
that can possibly inportant for determining this
are, first the rate at which the drug m ght |eave
the fornul ati on and, second, the rate at which the
drug might cross this barrier of the stratum
corneum So, if we understand those two rates,
then we can understand what rate is actually
controlling the rate at which the drug actually
reaches the site of action. That is the thing that
we are after in bioequival ence, to denpbnstrate that
the two fornulations will performthe sane.

[SIide]

Usual ly, in alnost all cases, the stratum
corneumis the linmting resistance and we
characterize this limting resistance by

perneability. The perneability just includes
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contributes fromthe diffusion of the drug through
the stratum corneum the thickness of this |ayer
and the partition between the vehicle and the
stratum corneum So, we can wite an expression
The J is the total flux. That is the sort of rate
at which drug is reaching the body and that is what
we are interested in when we are nmaki ng our

compari son of bioequivalence. This is related to
the perneability tines the area that is available
times the concentration of the drug that is present
in the vehicle. W can sort of do a little bit of
mani pul ation with this partition coefficient here,
where S is just the solubility of the drug either
in the nenbrane stratum corneum or the vehicle.

So, this is sort of split up into
contributions that are just properties of the skin
and just properties of the fornulation. Fromthis,
you can see it is the thernodynamc activity, the
ratio of the concentration to the solubility in the
vehicle that is the driving force for what the flux
is. So, if the menbranes were the sanme between two
products and presumably if they were applied to the
same person it is the same skin and you woul d think
that these two products would be the sane, and it

is just essentially this activity in the

file:///C|/Dummy/0413phar.txt (232 of 282) [4/20/04 9:52:19 AM]

232



file:///C)/Dummy/0413phar.txt

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

formul ation that woul d determine how fast the drug
arrives at the site of action

But the nobst sort of inportant
conplication here and the thing that we are sort of
worri ed about when we are | ooking at what nethods
are best to devel op, bioequival ence nethods, is
that properties of the fornulation can alter the
barrier properties of the skin. So, if by applying
the fornmulation, either the forrmulation itself or
the excipients init, if they can alter the
properties of the skin they will change this flux
i ndependent of what is happening in the
formulation. There is a whole technol ogy and
design in topical formulations to, say, inprove
bi oavail ability where there are lots of adjuvants
that are known to reduce the barrier and increase
the flux. This is not just hypothetica
possibility but a known situation that can happen

[Slide]

Once we recognize tat this is sort of the
key mechanism Then we can sort of identify what
are possi bl e causes of bioequival ence for products
that have the sane drug content. So at different
stages in the absorption process we can identify

things that possibly can go on
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First of all, at the application stage if
the two products spread differently on the
skin--say, the viscosity or the rheology is
different, you could have different outcones in
terns of how they contact the skin, the anmount of
area each product has if they are applied
simlarly. |If we ook into the formulation we can
i magi ne a case where, well, what if a drug doesn't
| eave the formulation at all? Say, the drug is
present in the formul ati on as suspended particles
and these particles just don't dissolve, the drug
never | eaves the fornulation so, even though you
have the same anount of drug in the fornulation but
it doesn't get out of the formulation, the two
products m ght not be equival ent.

Agai n, the thernodynam ¢ activity in the
vehicle m ght be different. In one case the drug
m ght be dissolved into a cream and partitioned
between the oil and water phases and you have one
concentration of drug, one free concentration of
drug in the vehicle. If you had a suspension where
the particles were dissolving the dissolution rate
m ght control what the free drug concentration is.
And, this could happen if you had the same overal

drug content.
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Fi nally, when you reach stratum corneum
again as | said, formul ations might have different
effects on the stratum corneumor you m ght have
one formulation preferring the follicular pathway.
This is particularly known to happen when you have
particles of certain sizes that m ght bias toward
this particular transport pathway. So, that is
primarily a concern when you have the drug present
in the formul ati on as a suspensi on

So, if you we think about the mechani sm
and possi bl e reasons why products m ght not be
equi val ent, that leads us to think about how can,
or is it possible that in vivo or in vitro tests of
the formul ati on can neasure these differences
adequately enough to replace clinical trials.

[Slide]

So, | just quickly want to point out two
sort of nmobst inportant in vitro tests that are
rel evant to these types of products. The first is
diffusion cell. Just a quick description of what
that it is, in a diffusion cell it nmeasures the
rate at which the drug | eaves the formul ati on and
crosses an artificial in vitro menbrane into
receptor fluids. So, in nost inplenentations of

diffusion cells the nenbrane in the diffusion cel

file:///C|/Dummy/0413phar.txt (235 of 282) [4/20/04 9:52:19 AM]

235



file:///C)/Dummy/0413phar.txt

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

is very perneable to the drug so the nenbrane is
not the limting resistance. In this case, this
really neasures how fast the drug is actually

rel eased fromthe fornulation or diffused fromthe
formul ation, and also the rate of rel ease and
diffusion is also proportional to the fraction of
the free drug. So, it gives you a sense of whether
or not the drug is actually bound to the
formulation or is free to transport into the skin.

Because of this fact that these devices
are usually used with highly perneabl e nmenbranes
they are not very predictive of bioavailability in
Vi vo because in vivo bioavailability is usually
controlled by the resistance due to the stratum
corneumitself. But these tests have been shown to
be very sensitive to formulation differences.

There is also an inmportant safety role for
this test. |If you inmagine applying a topica
product to damaged skin where the barrier function
of the stratum corneum has been breached for some
reason, perhaps by disease, then the drug rel ease
to the patient is going to be determ ned by how
fast it is released in the formulation, which is
exactly what is nmeasured in this type of test.

The other key in vitro test is a measure
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of the rheology or how the fornulation flows. This
woul d determ ne how vehicl e spreads on the skin.
This type of characterization is also inportant to
classifying the proper dosage formfor the
formulation. At the |ast advisory conmittee
meeting you heard about a decision tree to classify
different topical senm-solid dosage forns, and part
of that decision tree involved eval uating rheol ogy
or how easy it was to nake a fornulation flow. So,
that is part of the testing that is already

i nvol ved in these products.

[ Slide]

If you have a drug present in a suspension
formyou have additional tests that m ght be very
relevant to apply. It mght be direct neasurenents
of particle size in the formulation or measurenents
of the dissolution rate in the vehicle as well.

[ Slide]

There are also in vivo tests that can be
used to characterize topical formulations. The two
nost inmportant ones in this case are a skin
stripping nmethod where you apply the fornmulation to
the skin, after a certain amount of time remove it,
then renove the | ayers of skin and assay them for

the actual drug content in the skin layers, or
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m crodi al ysis techni ques where you insert a

capil lary under the skin and you nmeasure the
concentration that passes through the skin into the
| ower |ayers of the derms.

There have been experinental reports in
the literature on how they are used. But in this
context, please renmenber that the inportant role of
invivo tests is to quantify the effect of the
formulation on the skin itself. If we didn't
believe that there is any possibility that the
formul ati on woul d change the barrier properties of
the skin we would be much nore confident that just
assays of the in vitro performance woul d be
sufficient to determ ne whether or not two products
wer e bi oequivalent. But since we have reason to
believe that formul ations can affect the skin
properties, then we would like to at |east have our
battery of tests in sone way to neasure this
effect. So, the role of these in vivo tests is
sort of very specific.

They tell you a lot nore information than
this. They tell you about the anpunt of
experience, concentration, presence of different
aspects of the skin as well. W are specifically

here | ooking fornulation effects since we are

file:///C|/Dummy/0413phar.txt (238 of 282) [4/20/04 9:52:19 AM]

238



file:///C)/Dummy/0413phar.txt

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

239
| ooki ng to determni ne bi oequival ence.

[ Slide]

Now t hat we have sort of identified the
whol e list of tests, the question is how do you
deci de which tests should be rel evant to which
types of products. So, again, here we are going to
be tal king specifically about using formulation
simlarity as part of that classification. So,
here we define QL simlarity as products that have
the sane conponents. @ simlar products have the
same conponents but al so present at exactly the
sanme anounts. So, B neans we have the sane
conponent and the same anount, but they al so have
the sane arrangenent of matter or mcrostructure of
the material so that they are sort of identical not
just in conposition but also in the arrangenment of
the material. So, based on classification of the
formul ation difference between test and reference,
we want to choose the appropriate in vivo or in
vitro test.

So, in all the follow ng discussions,
since we are tal ki ng about bi oequival ence we are
really talking in the beginning, before we even
tal k about bioequival ence, about products that are

pharmaceutical ly equi val ent and that neans they
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have the same active ingredient in the same dosage
formso we are conparing a cream versus a cream
not a creamversus an ointnent or versus a
solution, at the sane strength, the sane dosage
formof the active ingredient and al so targeting
the stratum corneum So, again, all those things
are sort of prerequisites to deternmining if the
products are bioequival ent.

[ Slide]

So, if we start at the sort of highest
degree of simlarity, if we know the products are
@ simlar and have the same conposition, the sane
structure, you mght regard themas identical and,

by definition, bioequivalent.

One exanple in sort of a regulatory schene

where this cones up is for topical solutions. |If
it is asolutionit is in thernodynanic
equilibrium If you know that it is QL and @, has
the sane conposition, then because it is in
t her modynami ¢ equilibriumyou know it has the same
arrangenment of matter as well. So, we often give
bi o waivers for products that are true sol utions.
Unfortunately, for formulations that are
nore conplex than sinple solutions it is harder to

directly tell that they are exactly identical in

file:///C|/Dummy/0413phar.txt (240 of 282) [4/20/04 9:52:19 AM]

240



file:///C)/Dummy/0413phar.txt

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

their formul ation, and possi bly nanufacturing
differences might result in products that have the
same conposition having different arrangenments of
matter. A sinple exanple of that might be a case
where you have the sane conposition but in one
formul ation your particle size is different from
the other one. So, that is sonmething that is a

non-equil i briumstate and usually cones from

differences in the manufacturing process of the raw

materials. So, those are sort of the origins of
cases where products m ght have the sane
conposition but have differences in their 3
identity.

[Slide]

Now i f we step down a little bit and | ook
at products where we just know that they are QL and
@ identical, we want to sort of identify what kind
of differences they could possibly have. So, here
it is sort of thinking if you deliberately took
products with the sane conposition and you tried to
manuf acture themin a way where you actually get
differences in product fornulation, what kind of

thi ngs woul d you have to do?

So, one of those is that rheol ogy m ght be

different. The flow maybe night be different. |If

file:///C|/Dummy/0413phar.txt (241 of 282) [4/20/04 9:52:19 AM]

241



file:///C)/Dummy/0413phar.txt

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

you take a creamor some sort of enulsion and you
changed the particle size of the droplets you night
actual |y change dramatically how the materi al
flows. It night adhere to the skin differently and
you would end up with different performance even

t hough the products have exactly the sane
conposition. By having some non-equilibrium

formul ation in manufacturing, you m ght be able to
change the solubility of the free drug by
increasing the sort of surface area of, say, an oi
phase. You know that in these products you have
the sane excipients. Presunably they should have
mostly the same effect on changing the barrier
products of the skin. But you mght have a case
where in one formulation the excipients mght be
released at a different rate and if you have
suspensi ons, as mentioned before in the particle

si ze exanpl e.

If we think about these things, these are
all sort of manufacturing differences and the
question we want to ask is are the in vitro tests
that we have able to detect these types of
manuf acturing differences? So, again, the rheol ogy
we can neasure directly. In vitro release is a

very sensitive nmeasure of are things diffusing
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through the forrmulation at the sanme rate; will
there be any differences in how sort of excipients
or drug reach the skin itself fromthe formulation
Those two can be directly neasured.

So, the question that sort of hinges on
this is for products where you know that they are
pharmaceutical ly equival ent, you know t hey have
exactly the sane conposition, in this case are in
vitro tests sufficient to ensure bhioequival ence?
Again, all of these differences, all these possible
differences are really due to manufacturing
processes. As | said before, in vitro tests are
probably the npst sensitive and best eval uation
met hods for detecting manufacturing differences
rather than relying on clinical trials, which are
very insensitive to those types of differences.

[ Slide]

If we sort of step down the |evel one nore
time and we | ook at products that are just QL
identical, they just have the same conmponents but
maybe in different anpbunts, in this case we night
be nore concerned that the different anpunts of,
say, excipients in the formulati on m ght have
different effects on the skin barrier. They m ght

change the solubility of the drug in the
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formulation. So, in these cases we might be nore
likely to say that in this category you m ght want
to do sone sort of in vitro test to ensure that the
change in the fornul ati on does not have a
significant effect on the barrier properties.

[ Slide]

Finally, if you go down to products that
are QL different, which neans they m ght have a
di fferent excipient between test and reference
products, again sinilar discussion to the previous
tests for the in vitro tests, but here it seens
that you woul d al ways want to do sone sort of in
vitro test to nmake sure that the new excipients are
not having a different effect on the skin barrier
process.

[Slide]

Just summarizing sort of alittle bit of
our current thinking, we go to the beginning of the
process of developing this type of decision tree
and | ooking at classifications based on fornul ation
simlarity and the level of in vitro and in vivo
testing that you might want to do in those
di fferent categories.

[ Slide]

So, as we were sort of developing this, we
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sort of identified key problens that we wanted to
| ook at. So, we have sort of two ongoi ng externa
research projects, one which with Col orado Schoo
of M nes where we are looking at the in vivo skin
stripping method, specifically |ooking to reduce
variability and al so accuracy of the nethod to
measure both the diffusion coefficient and the
partition into the formulation, so measuring
effects of the fornulation on the stratum corneum
and its partition in it. The key aspect there is
as you are doing the skin stripping, neasuring the
t hi ckness of skin renoved via transepi dernmal water
| oss.

We al so have anot her project going on
So, we have enphasi zed sort of in vitro
characterization and its ability to detect
manuf acturing differences. W have a project with
the University of Kentucky where they are
manuf acturing different fornulations that are QL
and @ identical, so exactly the sane conposition
but using different manufacturing processes,
primarily for creamfornulations so oil and water
emul sions, and then | ooking at these known
di fferences and seeing how nuch difference can we

manufacture | ooking at the ability of the
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rheol ogical and in vitro release tests to detect
these manufacturing differences.

Wth that, | would like to thank you for
your attention and answer any questions that you

m ght have

DR KIBBE: Anybody have any questions?
DR FACKLER: | have one.

DR. KIBBE: (ood.

DR.

FACKLER: Looking at the decision tree
and then at the exanples that you gave at the very
begi nning, the three exanples, to nme, showed
products that were simlarly efficacious and | am
wondering if in your decision tree you are
suggesting that--1 don't know if those products are
QL and 2 or @--but being that they are simlarly
efficacious, is it inportant whether or not the in
vitro tests for those products pass?

DR LIONBERGER Vell, | think we are
trying to provide an alternative framework so the
idea is that, certainly, you can have products that
will give simlar efficacy and they won't nmatch at
all the invitro tests. It is certainly possible
to come up with products that have different
viscosities, different in vitro rel ease rates,

especially since that is not a limting step, and
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still be bioequivalent in a clinical study. So, we
are trying to provide sort of an alternative
pathway. It is not that sort of this decision tree
wi || determ ne bioequivalence; it is sort of an
alternative pathway to doing a clinical study. So,
it is basically up to the sponsor to decide do we
want to try to characterize our product very well
invitro or just do sone sort of clinical study,
and they have to bal ance the costs to those two

di fferent pathways.

DR. FACKLER: The only reason | ask is
t hi nki ng back on the nasal products, there is a
requi renent for bioequival ence that they pass both
the in vitro studies and the clinical study. So,
am wondering if that is the sane direction FDA is
going in for the topical products.

DR. HUSSAIN: | think right nowthis is
sinmply our current thinking of noving away fromten
years on DPT and so forth, and starting fresh
Again, going to a mechanistic basis, here is
anot her highly variable situation and | think the
mechani stic basis decision tree up front as an
approach to providing all possible alternatives is
the direction. But at the sane time, | think we

need to keep in nmind that in many of these cases
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sone of these attributes are critical variables and
they will need to be controlled during
manuf acturing lot-to-1ot anyway.

DR KIBBE: Judy?

DR. BOEHLERT: Have you al so considered in
these studi es | ooking at how creans or ointnents,
or whatever, age? Because there can be differences
that devel op that are formul ati on dependent or not.
For exanple, it cones out a solution; you could get
crystal growth if it is not in solution to begin
with. So, what seens to be equivalent to start off
with may not be as the product ages.

DR LI ONBERGER: That woul d be part of
sort of the chem stry manufacturing controls to
ensure the stability of the product over its shelf
life. Is that what you are tal king about?

DR. BOEHLERT: Exactly, that is what | am
tal king about. Over the shelf life of a |lot of
creans you will get crystal gromh and the efficacy
of that creamw ||l change because the crystals
start to grow and they don't have the sane
transport property that they did.

DR. LI ONBERGER:  You would want to have in
vitro tests for stability to evaluate those

differences, if they occurred.
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DR KIBBE: Gordon?

DR. AMDON: Yes, Bob, | would like to
commend you. | think you have really brought a
good focus to howto apply and rationally go about
invitro testing for topicals, which are nore
conplicated than oral, as you have described. That
is why | have stayed away fromit. The dilution
that you get in the stomach is an enornous
advantage to regulating oral products, but | think
the enuneration of the factors you are really very
much on track with, sinplifying or quantitating the
di fferences.

I like the idea of starting out by | ooking
at fornulations that have qualitative simlar
conponents because they are maybe going to have
simlar effects on the perneability; simlar
effects on the thernodynanic activity; simlar
evaporation rates of spreading rates--start with
sonet hing that is nmanageabl e and then go off into
different excipients where it is nore conplicated
and determ ne how you m ght characterize that. |
think it is a very difficult process and you are
not going to be able to sinplify everything but you
can sinplify some things and at | east characterize

where we feel confident about the in vitro test and
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where in vivo testing is needed. So, | think it is
really an excellent start.

DR KIBBE: Ajaz?

DR HUSSAIN. | think this is nore focused
on under st andi ng the mechani snms first and then
deciding what is critical and what is not critical,
and how it relates to performance. | totally agree
with you, here is a nmuch nmore conplex systemfroma
physi cal -chem cal perspective conpared to the
tabl ets and how that happens, and here is a highly
vari abl e drug situation also. So, this exanmple
relates totally to the previous disease that we had
on highly variable drug products.

DR. KIBBE: Anybody? No? Good.

DR SELASSIE: In terns of your QL
di fferences, have you | ooked at the role of
hydrophilicity, especially in terms of the
different excipients and what effect they have on
follicular transport versus stratum corneunf

DR. LI ONBERGER Yes. Certainly the
partition between sort of the effect of the
formul ation on different transport paths would be
determ ned by the partition between the two phases.
So, | don't think that just sort of changing the

excipients will have a big effect on partition
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between the two things since they are both
partitioning fromthe same vehicle phase into
either the stratum corneum of the sebaceous fl uid.
So, it is not going to be sort of different unless
you have sone sort of mechani sm by which it can be
bi ased toward the follicle, things like

m cro-notions or things |ike that.

DR. KOCH: | just had a question and it is
rel ated but not necessarily. W heard that using
this topical evaluation is perhaps nore conplicated
than the dissolution one would have in the stomach.
But what about another form a suppository? Are
there methods in place--and obviously it is not
exactly what you would call a topical, but are
there simlar equival ence studies in place that
either can be drawn from particularly as you go
into sone of the European dosage forns, to validate
or add to this particular study?

DR. HUSSAIN: | think the key is that we
often struggle when the site of action is |ocal
Now, rectal suppositories often are for systemc
absorption. |If they are for system c absorption,
then our current systemhandles it fairly nicely.
But if they are for local effects, and anything

that we have to deal with for |ocalized effects, we
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have chal | enges, inhal ation, topical and so forth,
where the site of action is the tissue adjacent to
where the delivery is. So, those are sort of the
common chal | enges we face.

DR. KIBBE: Pat, do you have sonethi ng?

DR DELUCA: | just wonder if this is
going to extend to the transdermal delivery
devi ces, the patches, and all?

DR LIONBERGER: This is mainly for
products that are locally acting so if you can
measure concentration in the blood and sort of
reduce the standard pharnmacoki neti c neasurenents to
do bi oequi val ence

DR. KIBBE: W are clearly talking about
drugs that act in the stratumcorneum But the
direction that drugs nove fromthe applied product
is into the stratum corneum and then out. So, now
that begs the question where they go after that,
and can we neasure it there as a surrogate for it
being in the stratumcorneum | will argue that
our ability to measure trace anount of things has
gotten better. | remenber the reason we actually
even started doi ng pharmacoki netics is because the
Bratton Marshall was invented and we actually could

measure sulfa drugs and therapeutic concentrations
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for the first tine. So, has anyone thought about
the possibility of |ooking for trace anmounts just
to show that it has crossed and penetrated into the
capillaries?

DR. LI ONBERGER: Sonmetines there is
concern that the site of action really is the
stratum corneum You don't know how nuch is
accunul ating there versus other parts of the skin.

DR HUSSAIN. | think the discussions have
al ways been in terns of two aspects, safety and
ef ficacy aspects. Now, if the site of action is
the stratum corneumor the derms or the follicles,
and so forth, clearly that is inmportant from an
ef fi cacy perspective. But where it goes next also
is inportant froma safety perspective and often we
wi Il have sonme coverage of that, and so forth.

But | think the challenge we have had for
the last ten years is that the localized delivery
to site of action is the focal point for discussion
and | ooking at system c circul ati on because, after
topical application, you could | ook at urinary
excretion or even blood levels but that is
general ly considered froma safety perspective, not
to denonstrate bioequival ence because it has

crossed over and it is not the site of action
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DR KIBBE: But you recognize that
bi oequi val ence has al ways been ai ned at eval uating
the dosage form

DR. HUSSAI N.  Yes.

DR. KIBBE: So, once it gets into an
i ndi vidual stratum corneum no matter how long it
takes to get out, that is a direct nmeasure of how
well it got out of the dosage form and if you can
find it and quantitate it, it is a measure of what
happened before. So, | think as we get better with
LC, MSM5 and we can find themit m ght even be
better for some of these conpanies rather than
doing 728 patients to | ook at percent cure rate.
If you can find it with trace anounts with a | ag
time of an hour and a half, and |ook at it for
three or four hours, wouldn't that be acceptabl e?

DR. HUSSAIN: It has not been acceptable
for the last ten years. That has been the debate
because, if you recall the debates that we have had
it was the localized concentration that the
clinicians wanted. | could actually argue that
measuring systemic circulation can actually
indirectly give you that assessnent, but we haven't
been able to convince the rest of the world on that

yet, especially the dermatol ogy community. So, |
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think that is a challenge. But also | was hoping
that we can also bring a |lot of imaging
technol ogi es to bear on this.

DR. KOCH. That is exactly the next point
I was going to make because a | ot of the inmaging
technol ogi es, as they are now being applied for
physi cal measurenents--1 have seen different things
showi ng up that have to do with--well, just the
thing I nentioned yesterday about studying
coatings. Using the same technol ogy we are now
able to get bel ow some of those |evels down to 100
mcrons or increasing all the tinme, and the
sensitivity is inproving. So, at least froman in
vitro nethod, | think a series of inmaging
technol ogi es shoul d be able to begin showi ng sone
val ue there.

DR. HUSSAIN: W just started a process to
| ook at terahertz mcroscopy, a spatial aspect of
| ooki ng at chemical distribution w thin nmenbranes,
and so forth. The technology is evolving rather
qui ckly so we nmay see sone sol utions out there

DR. KIBBE: Anybody el se?

DR MEYER: Silence is interpreted as
negative. | think you have incorporated al nost

everything we tal ked about here that we would |ike
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to do for many things. W would like to know nore
about the mechanism W would like sinpler, or
di ssolution tests that neant sonething, or in vitro
tests that nean sonething. W would |ike a
decision tree. It seens |like everything everybody
menti oned about some of the other problens you are
incorporating. You are testing in vitro, trying to
| ook at manufacturing and effects on topica
variability. So, | think you are covering a |ot of
basi s and doing a good j ob.

DR. KIBBE: Yes, | think you are right.
The one thing that you need to keep in the back of
your mind is that the source of the excipient is
going to have a dramatic effect sometinmes on their
viability and their physical and chemi cal nature.
So, the conpany ought to have good characterization
for all their excipients comng in when you get the
chemistry data for the QL and @2 eval uations
because they don't really characterize the
excipients coming in. It is hard for themto be
assured that they have gotten a good, consistent
product .

DR. COONEY: If | can just add one nore
poi nt, when | think back on studies that | have

done where | have made ni st akes, the nbst conmon
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m stake is not to have | ooked, really | ooked at
what | am doing. So, using inaging and m croscopy
to visualize what is there should not be
over | ooked.

DR. YU Since the imaging techni que has

been nmentioned a couple of tines, | just want to
update you. |In fact, as we are speaking right now
the studi es being conducted, hopefully, will have

sonme results very soon on topical inmaging at the
Uni versity of Kentucky. Thank you

DR. KIBBE: |Is the agency happy with the
di scussi on? Okay? Well, we have our | ast
presentation and then Dr. Hussain wll sunmarize

DR. HUSSAIN: As Nakissa is coming over to
talk, all the topics that we have discussed are
i nterconnected, and one of the issues that Nakissa
wants to bring to your attention is the issue of
nanot echnol ogy- based drug delivery systens.
Currently, there are a nunber of issues--confusion
to a large degree with respect to nomencl ature,
definition and so forth. So, as she tal ks about
that, | think you will see what we are trying to do
to address sone of these.

Fut ure Topi cs-- Nanot echnol ogy

DR. SADRI EH: Good afternoon
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[Slide]

The | ast presentation at this advisory
conmittee neeting will be on nanotechnol ogy. This
is an awareness topic so this is going to be a very
short presentation.

[Slide]

Wiy the interest? Nanotechnology is a
rapidly growi ng area of science. You just have to
| ook at the nunmber of publications with the word
nanot echnology in the title. Wth regards to CDER
interests, it is anticipated to lead to the
devel opment of novel and sophisticated applications
in drug delivery systems. The private sector,
academ c centers and federal agencies are all
devel opi ng substantial prograns in nanotechnol ogy,
and there are significant research dollars being
invested in this area. Approximately 3.7 billion
dol l ars have been invested by the U S. governnent
projected for the next four years. So, this is a
maj or area of research.

[Slide]

This talk will focus on the regul atory
consi derati ons of nanotechnol ogy, and specifically
as they apply to CDER products. W have identified

four areas that we would like to talk about. The
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first one is nonenclature, and quality, safety,
facility/environnental issues. | wll just go over
each one of these things right now briefly.

[Slide]

For nomencl ature the National Science
Foundati on has a definition for nanotechnol ogy
presently, which is anything with a di nension | ess
than 100 nanoneters is consi dered nanot echnol ogy.
However, for CDER purposes we need to first define
what are sone of the nonmenclature criteria, and
then having defined these criteria we will need to
develop a definition that will be appropriate for
CDER, and then identify the potenti al
nanot echnol ogy applications to CDER

[ Slide]

Regarding quality, for products that are
going to be call ed nanotechnol ogy we need to
consi der these five elements here. The first one
is characterization of the nanomateri al s;
description of the critical attributes; assurance
of stability; manufacturing and controls; and then
drug rel ease and bi oequi val ence testing issues.
These all have to be identified and descri bed.

[ Slide]

For safety, pharnmacol ogy and toxi col ogy
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studi es have normally addressed the safety issues.
Currently, we believe that the studies that we
require for any drug the pharnacol ogy and

t oxi col ogy are adequate for nanotechnol ogy products
al so. However, since this is a new area and there
m ght be sone uni que areas of concern, we mi ght
need to think about possibly new testing nodels and
whet her they be in vitro or in vivo. So, these

i ssues will have to be discussed and this is purely
going to be based on scientific issues.

For the environnental aspect the things
that we have to consider are facility design and
the potential inpact of nanotechnol ogy products in
the environnent, whether they be froman industria
setting or other.

[Slide]

The last few slides just identify some of
the chall enges that we anticipate having to address
regardi ng nanot echnol ogy. At CDER we have deci ded
to neet this challenge by crating a
mul tidisciplinary working group. This working
group will identify the regulatory chall enges
related to the tinely scientific assessnent of drug
and drug-devi ce conbi nation products. W have to

consi der the drug-device comnbi nation products in
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this area because in nanotechnol ogy this night be a
very inportant consideration. Also, this working
group will propose solutions to overcone these
chal | enges

Presently, the nenbers for this group are
fromthe O fice of Pharmaceutical Science, Ofice
of New Drugs, Ofice of New Drug Chenmistry, Ofice
of Ceneric Drugs, Over-the-Counter Drugs and Ofice
of dinical Pharmacol ogy and Bi opharnmaceutics. The
co-chairs of this group are in the Ofice of
Phar maceutical Science. There is also one nenber
fromthe O fice of the Conmi ssioner because in the
Ofice of the Conmi ssioner there is an interest
group for nanotechnol ogy and we would like to
mai ntain a connection between the CDER wor ki ng
group and that O fice of the Conm ssioner interest
group so we have that nenber there to naintain
t hat .

[Slide]

The goal s and objectives basically of this
working group are to provide a definition and to
craft the terminology; to develop a position paper,
a Wiite Paper, possibly in the future; to identify
areas of concern and propose suggestions towards

t he devel opnent of regul atory gui dance docunents;
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to identify training and research needs; and to be
i nvol ved in the coordination of the above-stated
activities and al so collaboration for potential
research activities in the future

So, having said that, that is the end of
the presentation. | said it was a "nanotal k. "
Thank you.

DR. KIBBE: It was a "nanotalk." 1 like
that. Are there any questions or coments? Go
ahead.

DR, SI NGPURWALLA: | amvery curious. |
have seen nanot echnol ogy operate at Sandi a Labs.
What | saw was miniature gears and miniature
machi nes that they were making. So, as far as
manuf acturing is concerned or building things is
concerned, | saw the rel evance of nanotechnol ogy.
Can you tell us how nanotechnology is relevant to
the kind of things that you do?

DR. SADRIEH. Are you tal king about
devi ces?

DR SINGPURWALLA: | saw little gears
bei ng nade.

DR. SADRIEH: That sounds nore |like a
device. W are going to focus nostly on drugs.

So, you know, there m ght be drug-device
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conbi nations with the gears that you are talking
about, but we specifically are focusing on drug
i ssues for CDER

DR, SI NGPURWALLA: Right. So, | just need
to get a sense of what you have in mnd

DR SADRIEH. For exanple, we have
nanoparticul ate drugs or, you know, platforns.
Soneti mes sonebody designs a platformand it has
several different conponents in it and there m ght
be an inagi ng conponent and a treatnment conponent,
a targeting conponent, and all of this mght be
within a size that actually would be within the
nano range. So, that is nore the direction that we
are going in.

DR, SI NGPURWALLA: What advantage do you
see init?

DR HUSSAIN. Before | answer that
question direction, | think one of the challenges
we face is that we often get calls from higher-ups
from everywhere, saying, how many nanot echnol ogy
products do you have, and so forth, and it is very
difficult to answer that because there are a |ot of
products whi ch have been in nanoscal es for years,
and every solid material that goes into solution

goes into a nanoscale. So, from one aspect, every
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product we have i s nanotechnol ogy so the definition
out there is not really applicable. So, we want to
avoi d the confusion of what is nanotechnol ogy.

The type of products that we have where
nanot echnol ogy is being utilized is to reduce
particle size to increase bioavailability, and so
forth. That is one but that is sinply
m crom zation to a nanoscale, right? But other
than that, | think you are | ooking at design of
drug delivery systens. These could be nanosones.
These coul d be other ones which are nore target
oriented where you want to distribute the drug
differently, and so forth. So, these are nostly
drug formul ation or drug delivery devices in the
nanorange. Then, as Naki ssa said, you will have
conbi nati ons where, you know, you have a drug
delivery device which is a device, a machine with
drug loaded on to that. So, there are many
possi bl e conbi nations. So.

DR. KOCH: | was going to add there
because | think this committee or working group
that you are tal king about needs to just take a
step back to put on the list those things which may
be obvi ous present products that may go all the way

from aerosol s through a nunmber of m crom zation
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products but | think that also then takes you into
excipients and things that are related. Then,
there are the proactive ones where you woul d
actually be involved with, say, nanotubes, etc.,
for sustained release and things like that. So, it
seens |ike you first need to begin putting

everyt hing on paper that exists and plan as to
proceedi ng or encouragi ng.

DR SADRIEH: But that is what we are
doing. W are presently preparing a database of
what we have al ready in-house, what we have al ready
appr oved.

DR. KOCH. So, we will hear that when you
get to the micron presentation.

[ Laught er]

DR SADRI EH: Sure.

DR KIBBE: Gordon?

DR AM DON: What | can see in the
research area are things |ike polynerized mce
cells. You know there are new technol ogy met hods
bei ng devel oped and | can see where there are going
to be questions what are the things we should be
concerned about--oral, topical ophthalmc, rapid
di ssolving, and | don't know the answer. | think

it is being proactive to |ook at that and, yet we
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have systens to go through the nanoparticle size
range today and we are seeing new technol ogies to
do that and direct use in delivery systens.

Do you have any products or any product
areas that you are initially looking into? Let's
say nanoparticle polynerized oral delivery system
or sonething like that, to kind of focus on what
i ssues do we have to address if we are presented
with one of these as an NDA application, or
probably earlier during the process of devel oping a
delivery systen? Because likely it would be a new
material so then you have the drug master file
i ssues, but maybe not. If it is not, then | think,
yes--if it is a material that is used in humans but
processed differently then you have to ask the
question what standards are we going to set for
t hat .

DR HUSSAIN. Let ne give you an exanple.
The chall enges are in a sense sanme material that we
have al ways used now nano-si zed, and what issues do
they raise? One of the things we had to | ook at
was, for exanple, titanium di oxide and zinc oxide
in sunscreen preparations. You bring themdown to
nanoscal e, you have translucence in sunscreen

preparations.
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Traditionally these are USP nmaterials and
USP does not have physical attributes as
specifications so they are USP. Wether nano or
mcro it doesn't matter, they are USP. That raises
the sane set of issues in terns of do we have the
characterization nmethods? Are these stable? Are
there photocatal ytic issues, and so forth? Al so,
think we are sort of working with the NCTR, the
Nati onal Center for Toxicol ogy Research that has
started a programon | ooking at skin penetration
and photocatal ytic activity leading to some
toxicity issues. So, we have a snall program
| ooking at all those things.

But from a general perspective, what we
have seen happening i s physics becone nore
i nportant now froma stability perspective.
Generally, if anything, we will focus--because we
don't do physics well today with current products,
we have to do physics much better in nanotechnol ogy
products. That is an area of gap that we want to
fill froma characterization perspective

Al so, you will see a |lot of issues in the
press. There are a |ot of concerns being raised,
and so forth, so we just want to nmake sure we are

rational, science-based with our approaches and
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proactive in our approaches because, otherw se,
this area will get stifled and we don't want to do
t hat .

DR. SADRIEH: W currently think that we
are addressing the issues pretty well with our
existing system W just want to nmake sure. This
wor ki ng group is going to consider all the issues
and just nake sure that we really are; is there
anything that we mi ght not have thought about
because, as Ajaz said, we get asked a | ot of
questions. So, | think it is primarily to just
make sure.

DR. AMDON. You are right, it nmay bring
new technol ogi es for quality control and stuff, and
things that we aren't fanmliar with within the
typi cal pharmaceutical manufacturing fornul ation
area. Yes, | think this is a good step to be
proactive and think about what we nmay be faced
with. |In fact, you will be; it is a matter of
when.

DR. COONEY: | would also like to add ny
complinents to taking a very proactive view towards
this area. | would al so suggest that you | ook at
it as a continuumof the activities you have in

pl ace now because it is a continuumfrominterest
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in topical application of drugs. It is a continuum
fromsonme of the things that have been | ooked at in
the drug delivery area. So, it doesn't stand out
by itself but it connects back to so many
activities that are in place.

One of the things that | find very
positive about this is that by anticipation and by
taking this proactive approach you will be able to
put in place the assets, the people, the m nd set
to be prepared when things cone to you and you are
not going to be trying to catch up. You will be
right on line if not even ahead of the gane.

DR SADRI EH. R ght.

DR. KOCH: If | could add something to
that, | think this would be a good opportunity for
the MOUS or NSF where NSF is |ooking to take a role
in nano, but to build on what you have al ready
established if you got involved with
characterization of tools that would hel p take the
conti nuumdown. | still feel that there is
probably in your particle size distributions or
registrations an area, as we have tal ked about,
that is called bel ow 400 nmesh. That could be a
very critical area to what is actually happening in

sone of the dissolutions and other things. So, it
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is a continuum again, but just to nove into
perfecting the characterization tools that wll
all ow you to nove forward

DR KIBBE: Let nme just add a coupl e of
science fiction itens. The rate of technol ogy
change i s exponential and has been exponential for
known recorded history. Right nowwe are at a rate
which is astronom cal. There are sonme people who
have written, really know edgeabl e people in terns
of science who have witten about singularity in
the year 2014 and you can't predict what is
possi ble after that because of the rate, and al
that. And, it is really good to see the agency,
even if it is gradually getting its feet wet in an
area that is potentially spectacular in terns of
t her apeutics whi ch conbi ne what ni ght be called
nano devices with drugs or that kind of thing--so,
I think sone of the issues that you will deal wth,
and this working group mght be the busiest working
group in the agency in about five years. So, it is
really good to see that. Anybody el se have any
coments? |If not, we get to |let Ajaz have the
final word; it is kind of the rule around here.

Concl usi ons and Summary Renar ks

DR. HUSSAIN: Well, | think | have
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actual |y thoroughly enjoyed the discussion and
thi nk, especially today, the norning di scussion was
very useful.

But let nme go back to day one and try to
summari ze sone of the tal ks and at | east sone of mny
conclusions which | think | was able to reach, and
I want to share that internally as we start
tonmorrow and we get back to our work.

On day one we started with the process
anal ytical technol ogy update. W provided you a
brief summary that covered history, evolution,
current status and next steps. | think the
committee was generally satisfied with the progress
of this initiative and essentially agreed with the
direction in which it is going.

I think the suggestions we received from
you for this topic were that we need to consider
nore objective netrics, especially for a training
program to see how effective they are. Look
towards international harnonization is another
message that we heard and we are pursuing that and
will continue to do that. Also, | think Dr. DelLuca
poi nted out the need to encourage publications and
research in this area, and | think this links to

nanot echnol ogy. Everything is connected in sone
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272
way or formand we will try to do that as nuch as
possi bl e.

The afternoon di scussion was PAT provider
tech. As | sort of summarize the talks here, the
O fice of Biotechnology Products is a new office in
the Ofice of Pharmaceutical Science. They were
not part of the initial team building and the
training and certification programthat we had for
our CDER staff nmenbers. Since the guidance is a
framewor k gui dance, the framework is applicable to
any manufacturing. The reason the Ofice of
Bi ot echnol ogy Products was not included within the
scope of the gui dance was because they were not
part of the training.

So, the afternoon discussion was to give
our Ofice of Biotechnology Products and CBER
col | eagues an opportunity to discuss with you
chal | enges of the conmplexity they are facing in
their area, and how PAT night be applicable to
bi ot echnol ogy products. | think we discussed a
nunber of energent technol ogi es and then potentia
applications, not only by the nenbers here but al so
i n open session.

I think the question focus primarily in

particul ar was on how should the training program
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273
be structured as we go to the next training
program The general discussion and what we heard
fromthe conmttee was that training needs to be
enphasi zing nore critical thinking problem solving.
We did not really get a sense that it has to be a
technol ogy focus, and so forth, because we cannot
do that. |If we focus on general principles, if we
focus on the concepts and approach that technol ogy
will evolve and we can al ways gather that
i nformati on rather quickly.

Based on that sort of discussion--1 had a
chance to talk to Helen also, | think we have an
opportunity to think a bit differently than we
were. What | am proposing now is that as we nove
forward, since we already have a mature PAT process
within the O fice of Pharmaceutical Science and
since we never excluded biotechnol ogy products from
t he PAT gui dance because our O fice of New Drug
Cheni stry probably has nore bi ot echnol ogy products
than the Ofice of Biotechnol ogy Products right
now, so | don't see a need to exclude our Ofice of
Bi ot echnol ogy Products fromthe scope of the
gui dance that we finalize

The key issue there is that of training

and certification. Because of the infrastructure
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already in place with our OPS PAT team and ot hers,
through consultation, and so forth, we can actually
build a bridge to that and get the second training
program started but not have to exclude our Ofice
of Biotechnol ogy Products fromthe guidance. So,
that is the thought process that sort of evolved,
and | think Helen an | thought this might be a
better approach as we finalize to include them

So, the guidance will only exclude CBER products
because CBER was not on board fromthat
perspective. So, that is how we think we wll
proceed with that. So, | think the discussion was
very useful to nmake that sort of a decision and
hope you agree with that. |If you don't, obviously
you will tell us before we |eave.

I think discussions today were very
valuable and | amreally pleased with how we sort
of came up with a decision with respect to highly
vari abl e drug products, at |east a sharpened
decision. But | do want to sort of enphasize a
couple of things. In a sense the discussion was on
hi ghly variabl e drug products because
bi oequi val ence deals with formul ati on of products;
it doesn't deal with the drug. |If you inject a

drug, a very sinple solution of drug into a human
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bei ng and you see a lot of variability in the PK
paraneters, that is a highly variable drug with
respect to the disposition characteristics--you
know, metabolism excretion, elimnation and so
forth. Now, if you give the sane solution orally,
then you add on the variability, the physiologic
variability of gastric enptying, and so forth. So,
that is a highly variable drug by itself. For the
sake of assunptions, it is a sinple solution; the
forrmulation is not an effect.

But then you put that drug in a solid
dosage form or any other dosage form or a topica
dosage form and you have a set of variabilities
there. If the variability is the same as what we
had after intravenous adm nistration the
formulation really did not add or subtract from
that variability. So, it is a highly variable drug
and the product did not alter that variability.

But you can al so have scenari os where the
product that you design can increase or actually
reduce that variability. For exanple, | think we
have seen nore recently sonme drugs, especially
Class Il drugs, which have significant food effect
when you admi nister themin a conventional dosage

form |If you can design a formulation, for exanple
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a nanoparticle fornulation or a cycl odextrin-based
formul ati on you can actually elimnate the food
effect so you have reduced the variability. So,
here is a fornulation design strategy that can
actually reduce the variability.

So, | think the highly variabl e discussion
really is a focus of discussion of highly variable
drug products. The variability is no different
fromthe variability of the innovator. That is not
an issue. When the variability is higher then that
becones a decision issue, whether it is acceptable
or not.

But for the last ten years or so that we
have di scussed that, all the discussion has focused
on the statistical criteria and actually trying to
cl ear the check box exercise. The sinple answer, |
think it is sinply an arbitrary nunber. | hate
those check box exercises and it is easy, we can
make a decision. So, | amnot confortable with
sort of arbitrary nunmbers defining that. So,
think that is the gap that will remain.

But the scaling approach, if we address
the arbitrariness of that and nmake it nore
conparative scaling to a reference variability is a

way forward, and | think that was the genera
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conclusion of this coommittee and | think you gave
us the signal to nove forward. | will ask Lawence
next nonth to have that ready for you

[ Laught er]

I think that was a very useful discussion
and | think we will nove forward very quickly to
sort of hone in on that. At the same tinme, | think
the decision tree approach is built in there. It
is alogical decision tree that will evol ve and
think we will nmove there and | can be assured how
it can be done with the topical discussion that
followed, and that is a highly, highly variable
scenario right there

So, | think the discussion was very usefu
and hel ped us nove forward in terns of being nore
confident about the direction we want to nove
forward in. Wth Lawence and his team | amvery
confident. Probably, if necessary, we can bring
our proposal to you in Cctober. That night be an
option. | don't want to put pressure on Law ence
but I think we can do it.

The topic of bioinequivalence | think is
to address currently |I think a procedural nightnmare
that cones fromthe aspect that our O fice of

Generic Drugs has to deal with. | think we want a
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solution to use our resources nore effectively and
so forth. So, Lawrence and the group presented
this proposal and | think generally we cane to the
general understanding that it night be very usefu
to nove forward.

But | do want to sort of rem nd ourselves
of a couple of things. This is an inportant
concept. It is not a trivial concept because we
have to really think beyond the application that we
di scussed today and how it applies to the entire
regul atory scenario. For exanple, out of
specification results and how do we deal with those
is a major issue, and how does this relate to that
discussion | think is a very serious discussion
that probably needs to be considered nore
carefully. One can think about msuse of this in
some ways. |If a product is out of specification
and t he conpany does a bhi oequi val ence study and
fails to establish bioequival ence, and they cone
back and say there is no clinical rel evance so why
do you want to recall the product? So, all those
inmplications are there, which we did not discuss
today. So, it is not a sinple matter and how it
relates to the big picture needs to be | ooked at

very carefully.
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The other positive aspect of this is that
I hope it will force people to ask the question
why, why is it bioinequival ence? That gets to a
road to a mechani sm understandi ng, and | think
wi t hout that the nunbers gane and the check box
exercise will continue. As Helen pointed out in
her opening remarks, we really don't |ike check box
exercises--at |least Helen and | don't |ike them
and we want to nove away fromthat and be nore
sci ence based. But the challenge is when you go
towards that w thout proper training, wthout a
proper quality systemfor our review staff and
revi ew processes, it has the potential of creating
nmore questions and so forth. So, we want to manage
that very, very carefully.

Now, the other two topics that we
di scussed, | think topical bioequival ence again is
a 10-15 year old saga. W have debated and
di scussed this, and so forth, and the only solution
that we could find was to step away fromall that
we have done for 15 years and to start fresh
Law ence and Dr. Lionberger really took the step
backwards and said let's rethink this and work with
Dr. WIkin to rethink the nechani sm perspecti ve.

Again, the nmisgiving, if | have any, is in
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the sense as a professor of pharnaceutics we knew
this 15 years ago. There is nothing new in that.
But it is unfortunate that at FDA we have to now go
back to the basics that we have been teaching. So,
that is a bit of a frustration but | think we have
taken a positive step, in ny opinion, in that
direction and with the support of our clinicians
think we will nove forward very quickly.

Now, nanotechnol ogy--1 think it is sinply
a starting point for discussion and we actually
have a nunber of products which conpanies want to
discuss with us, and PAT is actually very well
connected to nanotechnol ogy. |If you read the
gui dance, there is a sentence in that and many of
the things that we are | ooking at--particle size
reduction, for exanple, particle size analysis, you
cannot just take a sanple and send it to the lab
and do this. Mst of the particle size reductions
are based on on-line assessment of particle size.

So, every discussion topic was
interconnected and | was thinking that, in a sense,
I was going to apol ogize for quality by design of
our advisory committee agenda because | think the
topics were a bit lighter on day one; we had nore

time left, and a bit heavy on day two. But the
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sequence that we had in nind was if you | ook at the
di scussi on of PAT and biotech, and if you | ook at
the di scussion of highly variable drug products,
there was a quality control check right there from
our speakers that we had invited. Everything was
connected. The sequence was there but | think the
material shoul d have been nore in depth on day one.
So, we will work on quality by design for our
agenda nore. Wth that, Helen, do you want to say
sonet hi ng?

M5. WNKLE: | just want to say that |
agree with Ajaz. | thought the conversation, both
yesterday and today, was excellent. | think that
yesterday there was total agreenment on the
direction we are going with PAT. | think that the
conmittee has been very supportive for what we have
been doing in PAT and | think we have noved ahead,
and | think it is going to be really a very good
undertaki ng for industry, FDA and the public, and
appreciate the conmittee's support of that
initiative.

Today' s di scussi on was especi ally val uabl e
tous. | think there are a lot of things in the
area of bioequival ence as well as inequival ence

that we are still learning and still need to nake
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changes. It is constantly evolving and | think
today's conversation will help nove us forward in
the direction we need to go to in naking sone of
the really necessary changes that can reduce the
regul atory burden and really get the products out
on the market quicker. So, | appreciate the
conversation on that as well.

DR KIBBE: Do | get to say we are

adj ourned? Good. W are adjourned.

[ Wher eupon, at 4:10 p.m, the proceedings

wer e adj our ned. ]
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