The FDA Process for Approving CGeneric Drugs

SLIDE 1

H. |'"mGary Buehler, Director of FDA's Ofice of Generic
Drugs, and today we are going to discuss the FDA process
for approving generic drugs.

SLIDE 2

Do you know that generic drugs are safe and effective
alternatives to brand nanme prescriptions? They can help
both consuners and the governnment reduce the cost of
prescription drugs. Currently, about 50% of al
prescriptions dispensed are generic and they save an
average of about $50.00 for every prescription sold.

SLI DE 3

Traci ng back to the beginnings of the generic drug program
t he Hat ch- Waxman Anmendnents of the Federal Food, Drug, and
Cosnetic Act were passed in 1984. This was consi dered one
of the nobst successful pieces of |egislation ever passed
and, in fact, created the generic drug industry as we know
it today. It increased the availability of generics from
about 12%in 1984 to 44%in the year 2000, and close to 50%
today. This was a conprom se |egislation benefiting both
the brand and the generic firmns.

SLIDE 4

For the generic firms, it allowed themto rely on the
findings of safety and efficacy of the innovator drug after
the expiration of certain patents and exclusivities. In

ot her words, the generic drug firms did not have to repeat
t he expensive clinical and pre-clinical trials that have to
be done for a new drug application. For the innovator
industry, it allowed certain patent extensions and
exclusivities that were not avail abl e previously.

SLIDE 5

Goi ng over a conparison of the review required for a new
drug application or an NDA to the review required for an
abbrevi ated new drug application or ANDA, many of the
points are the sanme. Chem stry, Mnufacturing, and



Controls are rigorously reviewed by both the new drug
reviewers and the generic drug reviewers. Labeling is also
reviewed and has to be identical in nbost aspects. Testing
is identical for the new drug applications and the generic
drug applications. The sane FDA field inspectors inspect
the manufacturing facilities for generics and for the

i nnovat or products. These facilities nust be up to date

w th respect to good manufacturing practices or GWs and
must have docunentation that they are able to nmanufacture
the products for which they have applications. The
differences in the applications, as previously stated, are
the clinical studies and animal studies required for the
new drug application and the bioavailability studies that
have to be conducted to define the drug’s interactions and
adverse events. A surrogate for these studies is the

bi oequi val ence study that has to be submtted for the ANDA
Showi ng in the bioequival ence study that the active
ingredient is absorbed at the sanme rate and extent as the
reference product allows the generic to rely on the
findings of safety and efficacy of that product.

SLI DE 6

The general requirenents for a generic drug application or
ANDA are | abeling, chem stry and m crobi ol ogy,

bi oequi val ence, and legal. W will go into these in a
little nore detail

SLIDE 7

How do we assure the quality of a generic drug? As stated
above, we have five steps to the review process that are
identical to the NDA process. Bioequival ence for
conplicated products is discussed with the sane staff who
have revi ewed the brand nanme product.

FDA has extensive experience with the innovator drug
product. Many tinmes this product has been on the market
for many years. So in tapping fromthe experience fromthe
new drug review, we have experience in review ng adverse
events and clinical experiences with the drug product.
There is also a great anount of scientific literature on
the drug product that we are able to access. Lastly, the
product is known to be safe. Again, with its years of

mar keting history, there is no question about the safety of
the drug product.



SLI DE 8

This is a schematic of the generic drug review process from
recei pt of application until its final approval. The
applicant submts the application to us and it goes through
an initial filing reviewto nake sure the application has
all the requisite pieces to be reviewed. Wth respect to
any patents or exclusivities, this group also assures that

all initial |egal requirenents have been addressed. From
the filing review, it is sent to chem stry and m crobi ol ogy
if necessary for sterile products. It is sent for a

| abel ing review and to bi oequi val ence for a review of the
bi oequi val ence study. W also request certain plant

i nspections and manufacturing inspections to nmake sure that
the manufacturing sites and all other ancillary sites are
in conpliance with good manufacturing practices. Each of

t hese disciplines conpletes their review and once everyone
has resolved any deficiencies identified in the
application, the product can be approved.

SLIDE 9

What are the requirenents for a generic drug? A generic
drug has to have the sane active ingredient(s), the sane
route of adm nistration, the sane dosage form (tablet,
capsule or injectable), and the sane strength, and the sane
condi tions of use when conpared to its reference |listed
drug or correspondi ng brand nanme product.

SLIDE 10

The | abeling has to be the "same" as the brand nane

| abeling. The generic applicant nmay del ete portions of the
| abel ing protected by patent or exclusivity. The |abeling
may differ in certain excipients, pharnmacokinetic data, and
how supplied section. The generic does not have to have
the sane bottle sizes as the innovator product and the
generic can also differ in product-specific
characteristics.

SLIDE 11
Chem stry is an inportant aspect of the generic product

review. The chem st | ooks at the conponents, conposition
of the generic product, to nmake sure that the formulation



is stable and in conpliance wth our regulations and
standards. The chem st |ooks at all the manufacturing and
controls of the product, carefully reviews the batch
formul ati on and records, and the description of the
facilities to nake sure they are in conpliance with good
manuf acturing practices. The chem st carefully | ooks at
the specifications and tests to nake sure that the
inpurities are within our certain limts and that the tests
are appropriate for the particular product. Packaging is
reviewed to make sure it assures the stability of the
product and the stability is assessed to assure that the
shelf life of the product is appropriate.

SLIDE 12

We have manufacturing and conpliance progranms to assure the
quality of the marketed drug products. W have routine
surveill ance of marketed drug products to make sure they
are, in fact, what they say they are. W have routine

i nspections of all manufacturing sites to nake sure that
they are in conpliance with current good manufacturing
practices. The pre-approval manufacturing and testing

pl ant inspections al so assure that the actual manufacturing
site is capable of manufacturing a particul ar product.

SLI DE 13

Approved Drug Products with Therapeutic Equival ence
Eval uations is the official nane of what we affectionately
call the Orange Book.

SLI DE 14

The Orange Book lists all FDA approved drug products, that
i's, NDAs, over-the-counter products, and abbrevi ated new
drug applications or generic products. The O ange Book

al so contains therapeutic equival ence codes. Any product
that has an A prefix is considered a substitutable product
by FDA. Any product that has a B prefix has not been
proven to be equivalent and, therefore, is not
substitutable, although it is a safe and effective product
for use. The Orange Book al so has the expiration dates of
certain patents and exclusivities and it denotes the
reference listed drug for each particular brand nane
product. The generic conpanies usually use this
information to determ ne what reference product they have
to do their bioequival ence tests on.



And now | would like you to hear fromny coll eague who wl |
di scuss the bioequival ence requirenents for generic drug
products. Thank you.

SLI DE 15

H. |'mDale Conner, Director of the D vision of

Bi oequi val ence, O fice of Generic Drugs, and | amgoing to
di scuss bi oequi val ence and how we apply that science to
assure therapeutic equival ence of generic drugs.

Bi oequi val ence on its face seens |ike a very sinple concept
where you conpare two formrul ati ons containing the exact
sanme amount of an active drug in the sane dosage-form you
sinply determ ne whether that formul ation supplies that
drug to the body in an equivalent manner. As you will see,
how we go about doing that and assuring that equival ence is
often m sunderstood. It is not only confusing to |aynen
and consuners but to nedical professionals as well. Even
people within the FDA sonetines get confused about this.

|"mgoing to start out by giving a sinple definition of

bi oequi val ence. There are, perhaps, many definitions and
this one, | believe, is adapted fromthe regul ations:

"Phar maceuti cal equival ents whose rate and extent of
absorption are not statistically different when

adm nistered to patients or subjects at the sanme nol ar dose
under different simlar experinental conditions.” This
enconpasses a |lot of explanation in that, under simlar
condi tions, when we give these two pharmaceutically

equi val ent products to the sane individual patient, the
patient should absorb the sanme anount of drug, or very
close to the sane anount of drug, and absorb it at the sane
rate.

SLI DE 16

What is the purpose of bioequival ence? Fromthe Ceneric
Drugs perspective, in the end, we would |like a generic drug
that is substitutable for a reference or brand nane drug.
This substitution could be inplenented w thout any

addi tional prescriber intervention. That neans that a
patient could walk into their pharmacy one day, having
recei ved and been very well controlled on the brand nane
drug, or perhaps even another generic drug, and the

phar maci st coul d substitute an A-rated FDA approved generic
drug to that patient for their next nonth or so of drug



t herapy, and we woul d effectively see no objective
difference in the therapeutic outcone for that patient.
There woul d be both no change in efficacy and no greater

i nci dence of side effects. So we |look at both the efficacy
side and the side effect side.

In effect what we are aimng for by doi ng bi oequival ence is
to assure therapeutic equival ence of these products.

Bi oequi val ent products and therapeutically equival ent
products can be substituted for each other w thout any
adjustnment in dose or other additional therapeutic

nmoni toring other than what you would ordinarily do for that
patient on that particular nmedication. The nost efficient
met hod of assuring therapeutic equivalence inthe end is to
assure that the formul ations performin an equival ent
manner .

This brings up one of the inportant points that are often
m sunder st ood about bi oequi val ence. Bi oequi val ence is
really a test of in-vivo fornulation performance. Wat we
are interested inis that two manufacturers or sonetines

t he same manufacturer has nade two separate fornul ations
cont ai ning exactly the sane amobunt of exactly the sane
active drug and they want to test or be sure that those
products performin the in-vivo situation in a close to

i dentical manner.

SLI DE 17

This slide is a sinplified schematic of what happens when
one gives an oral dosage form [I'mgoing to spend a little
bit of time on this because this lays out the areas of
concern or what happens when you give an oral product. It
al so serves to explain why we do certain things to assess
saneness or bi oequival ence and why certain other options at
our disposal are not the best choice.

If we go fromleft to the right of this slide, we see that
we start with a dosage form It could be a tablet or a
capsule. If it's an oral product, we give that tablet to a
patient, they swallowit, and the drug, which is in the
solid formin the G track, goes into solution. That is a
critical step. Howthat solid formfalls apart, rel eases
its drug, and goes into solution is a critical step as far
as formul ati on performnce.



In effect, as you follow this schematic further on, it's
the only step in which we as regulators and the
pharmaceutical industry as manufacturers really have any
control. The rest of the steps in the process are patient-
related. In other words, the drug is absorbed and the
natural disposition of the patient or the group of patients
controls how the drug is distributed and how eventually it
gets to the site of action. The thing that we really have
control over and the thing that we as a regul atory agency
want to assure is that the first step is equival ent between
these two products so that the two tablets transition from
the solid to the solution state and becone avail able for
absorption in the same manner. That's why bi oequi val ence
as we use it is a test of fornulation performance. The
formul ati on performance we are tal king about is in that
very first step in the transition froma solid dosage form
to a drug in solution, which is then available in the G
track for absorption.

As we follow this through, that's what we're really
concentrating on; making sure that two products by two
manuf acturers or even two products by the same manufacturer
do that step in an equival ent manner.

As we see, the drug gets into solution and it's then
avai |l abl e for absorption through the gut wall and absorbed
into the blood. This is over sinplified because there are
a nunber of steps in between. Fromthe gut wall to the

bl ood, there is often passage through the liver and |I've
sinplified that here. However, it appears in the bl ood
directly after absorption. Then the blood carries it to
the site of activity and subsequently the drug does what it
is designed to do at the site of activity and we eventual ly
see a therapeutic effect or sone other pharnmacol ogic effect
as well, even an adverse event or a side effect. W would
al so see that as well after the drug got to its site or
sites of activity being carried there by the blood. Thus
we have described in a very sinple way what happens after
we give a solid dosage formto the point where we would
actually see an effect.

The question is what woul d be the best way of assuring that
these two products performin the sane way in vivo? |

can't sinply give this solid dosage formto people and | ook
down in the G track and see howit's dissolving or
becom ng available. That is really not exactly a very
practical way to approach things. | want to go down the



schematic and say what's the nost sensitive point that |
can actually measure drug | eaving the dosage form and

entering into the body and then subsequently arriving at
the site of activity and causing a pharmacol ogi c effect.

The first step where | can reasonably do that is the bl ood.
The bl ood acts as a carrier, an internedi ate between the
drug being absorbed and the eventual effect. The blood, as
we all know fromclinical practice, can be easily sanpl ed.
It is used for a variety of different types of clinical
monitoring and quite a few bl ood sanpl es can be taken over
time if you really need to. The drug appearance in bl ood
and the pharnmacokinetics of that drug in blood has sone
very favorable characteristics for answering the questions
we' re posing about the dosage form perfornance.

Oten when | speak to clinicians, the question cones up
that it's all very nice to neasure things in the bl ood, but
what I'mreally interested in is the eventual therapeutic
effect. Wiy don't you just neasure that directly? There
are certain types of products where we have to do that
because the blood is either not relevant or the drug
doesn't appear in any neasurable quantity in the bl ood or
for other reasons. So we have to use either

phar macodynam ¢ neasures or clinical neasures, which are
what was used to assess the drug efficacy originally
anyway. When you | ook at the characteristic of those
measurenents, there are sonme problens. First, the
appearance in the blood is very close to the event that
we're looking at. There are not too many steps in between
that add variability, because each step that you pass

t hrough increases the cunmul ative variability. For bl ood
concentrations, nost of the relationshi ps between bl ood or
pl asma concentrations and dose are linear. |f the dose

i ncreases or decreases a little, we see a |linear increase
or decrease in the plasma or bl ood concentrations. Even
when it's non-linear elimnation pharmacokinetics, in
effect it actually becones overly sensitive to telling the
di fferences between products. In that situation, a smal
change in delivered dose results in disproportionally |arge
increase in plasma concentrations. So the neasurenent of
drug appearing in blood allows us to fairly accurately tel
what the relative bioavailability of the dosage formis
between two or nore fornul ations.

| f we consider clinical effects, the pattern of a clinical
response, if we renenber our pharmacol ogy, is usually an S



shaped or signoidal dose response curve. What we're really
| ooki ng for when we | ook at differences in bioequival ence
is if two pharmaceutically equival ent products, containing
t he sane anount of a drug, effectively deliver a different
dose. Wiat we're looking for ideally for a bioequival ent
product is that the product should deliver the sane dose at
the same rate to the body. So putting it on a dose-
response curve is valid. W see that the response that
we're getting in a therapeutic response is not |inear
related to a change in dose. It's nore S-shaped.

SLI DE 18

If we go to the next slide and see that relationship bl own
up, in effect you will see two different situations. What
shoul d be evident fromthe slide is that the dose that you
actually pick to do your study and to study these two
products is extrenely critical if you're using this type of
relationship to infer differences in dosage form
performance, differences in release fromthe dosage form
and availability to the body.

We see at the top of the plateau where we're getting

maxi mal effect, where we sinply can give a | ot nore of the
drug and we' ve nmaxed out the pharmacol ogi c effect that
we're going to get. You can have a very large difference
bet ween products. On this scale, since it's a |log scale,
you mght see a ten tinmes or one hundred tinmes difference
and see absolutely no difference in the therapeutic
response. Oobviously, if you went up to a big enough
difference in dose, other effects perhaps unrelated to this
m ght conme into play, such as toxic effects. But in this
effect that we're neasuring, we see that we can have a
very, very large difference in the performance of those
products and see absolutely no difference in our clinical
response.

| f, however, we were to study it at a | ower dose that was
in this increasing part of the dose response curve, we
woul d see a very nice difference in response wth even a
fairly small relative difference in dose between these two
products. If we're going to do this, one of the problens
is we have to have sone idea of the dose response

rel ati onship. W have to do our study at a dose that is on
that rising portion of the curve if we hope to be able to
have that test show any existing difference. So that's
critical and often we really don't know that. W don't



have a good idea of the correct and nost sensitive dose
range so it's very hard when we have to do this type of
study to actually pick the dose that will give us
sensitivity and actually tell us if there is a difference
between the products. That's really critical and for that
reason this doesn't have properties that are as easy to
deal with as bl ood.

As you know from | ooking at clinical responses, either in
patient treatment or in studies, the variability of these
measurenents is quite high for nost clinical responses. 1In
addition to the problemthat | mentioned, that yields
studies that are very large and often it's very easy to

m sj udge the power and not put enough patients in your
trial. Therefore, you end up doing a large trial wthout
any definitive results saying that the product is or is not
bi oequi valent. So this type of study, although it appears
to be exactly what you want to see, is fraught with

probl ens and actually ends up being fairly insensitive if
not done perfectly.

SLI DE 19

Again, this is a repeat of the straight plasm
concentration curve. No matter what dose you pick, you
still get the sane relative response. A doubling of the
dose woul d give a conparabl e increase in your outcone,
which is plasma concentration, if you study it at a | ower
or a higher dose. That's a very nice property of plasma in
addition to the fact that it has |lower variability and
needs fewer subjects to get at the sane answer.

SLI DE 20

The Regul ations tell us that we have a nunber of options or
approaches to determ ni ng bi oequi val ence and this
regulation is cited on this slide and that is from21 CFR
320.24. It gives us a list of approaches to determ ne

bi oequi val ence in order of preference.

The first is an in vivo neasure of active noiety or
noi eties in the biological fluid. That is at the top of
the list for the reasons | just cited.

O her choices when that is not avail able or feasible are
i n-vivo pharmacodynam ¢ conparisons. These are
phar macol ogi ¢ effects that hopefully can be quantitated and



studied in a controlled environment. They don't
necessarily have to be done in patients but we |ook at an
actual pharnmacol ogi ¢ endpoint that can be quantitated.
Sonetinmes there is no appropriate pharnmacodynam c response
avail abl e for that either.

Then we have to go to in vivo limted clinical conparisons.
We use the sane type of endpoints that were originally used
to approve the product to begin with to prove safety or
efficacy. W adapt that type of approach to do a
conparative study. Qoviously the study size, given the
variability of clinical responses and the fact that often
with the new drug products to begin with in order to show
ef fi cacy agai nst a placebo you needed several thousand
patients. Now we're trying to show differences or saneness
bet ween two products designed to performin the sanme manner
so that the need for patient nunbers may go up considerably
fromthe original trial

If we can't do that, we have the option of doing valid in
vitro conparisons. On this slide a couple of exanples of
each one are listed. Under in vitro conparisons, for
exanple, we've done in vitro conparisons on chol estyram ne,
whi ch is non-absorbable resin that binds bile salts in the
G track, to look at the ability of these different
products to bind in an equivalent manner. 1In the

| aboratory in a very controll ed manner investigators | ook
at the ability of the two products to bind bile salts.
They have to calculate all of the binding curve
characteristics and those characteristics are conpared in
an equi val ence fashion to make sure that the binding
characteristics of these products are the sane. That's an
exanple of an in vitro conparison where we don't really
study the bi oequival ence in vivo because it woul d be
extrenely difficult to do that or at least it would be a
trial that would probably involve the study of many, many
t housands of patients; whereas, this gets at the function
of these two products very efficiently.

The Regul ations allow us to be creative if none of the
above work and find other approaches that are appropriate
and scientifically valid to show equi val ence.

SLI DE 21

The usual study designs that we do for bioequival ence are
si ngl e-dose, two-way crossover fasted or fed studies. This



means that all of the test subjects receive both products.
It is done in a crossover manner and products are given
once to each subject on different occasions and then the
bi oequi val ence and pharnmacoki netic data and paraneters are
conpared between the two treatnents within each subject.
Subj ects serve as their own control

We have alternatives to those studies when they are either
not practical or not indicated.

Al so, what has becone another option is, instead of a
regul ar two-way crossover, to give each subject the sane
product nore than once. That's what we call a replicate
design. It has sone nice properties, although it neans

t hat each subject has to be in a four-armstudy rather than
a two-arm study. The overall nunber of subjects is |ess,
but the nunber of times each subject has to cone inis
nmore. The advantage of that is it gives us an idea of

W t hi n-subject variability whereas the two-way crossover
sinply gives you an idea of the between-subject variability
as far as the conparison of these two products.

Also in certain cases we have to do nultipl e-dose two-way
crossovers. This is often when we have to use patients in
our trials if the drug is too toxic to be given to norma
volunteers. Oten the patients can't sinply be studied in
a single dose. They need the nedication so we have to fit
our study design into their normal treatnent schedul e.

Finally, clinical endpoint studies are often done with
topicals or locally acting products. As | discussed
before, we have no choice but to | ook at the normnal

clinical endpoints and do studies in patients because bl ood
concentrations are not valid for those types of products.

SLI DE 22

The Regul ations allow us to not have to study every single
strength of a product. For exanple, there are cases where
we do a bioequival ence determ nation with full studies on a
hi gher strength. The | ower strengths of the test and
reference products are proportional to their matching

hi gher strengths and we do sone in vitro testing to assure
us that this is true. There is no reason to repeat the

bi oequi val ence in vivo studies on every single strength. |
think that's fairly well accepted in the scientific
comunity as an efficient way to performthese studies.
Oten we grant waivers of those bioequival ence studies for



| oner strengths and the criteria are listed in our
regul ations at 21 CFR 320. 22.

For other types of products, such as topical solutions for
the skin that don't have the transition froma solid state
to aliquid state and are already in solution, we consider
t he bi oequi val ence to be self-evident since they really
don't have anything in their fornulation that could alter
t he bioavailability.

SLI DE 23

The two paraneters that we | ook at to determ ne

bi oequi val ence that are derived from plasma concentrations
are area under the plasma concentration tinme curve, or AUC,
and maxi mum pl asma concentration that's achieved after a
dose, or Chmax. These are very sinple pharmacokinetic
paraneters. You don't have to be an expert in

phar macoki netics to be able to figure themout. They are
quite sinple. They are not really overly dependent on any
nmodel or assunption. The AUC relates to the extent or how
much drug is absorbed froma dosage form Cmax is related
to the rate. Wth a difference in rate, the maxi mum
concentration or peak goes up or down so that it's
sensitive to the rate of drug input fromthe fornulation.
You coul d conceivably have two formul ati ons that would
deliver the exact same anount of drug to the body but do it
at very different rates. One could be fairly rapid with a
hi gh peak and one could take quite a bit longer with a

| oner peak. Those would not be considered equivalent if
they were considerably different from each other.

SLI DE 24

We assess these paraneters by using 90% confi dence
intervals and these nust fit between 80% and 125% It's a
m sconception by nost people, consunmers and physici ans

ali ke, that we allow the nean of the data that we get from
our studies to be as nuch as 80% bel ow or 125% above.
That's really not true. Because we're using these
confidence intervals, the nean of the data never really
gets close to these bounds. That's a very conmon

m sconcepti on.



When we tal k about the 80% and 125% we're tal ki ng about
confidence intervals and for those of us who are not
statisticians, which is probably nost of this audience, it
is very difficult to figure out what we nean by confidence

intervals. |In effect, it's an expression of variability
about the nean froma study so you mght calculate a
standard deviation or a coefficient of variation. |If you

know t he nunber of patients or subjects in your study and
you know that variability, the confidence interva

cal cul ati ons, whether they are 90% or 95% are derived
directly fromthose. |It's yet another expression of
variability of ny data and how confident | amthat | can
extrapol ate that small sanple to determ ne what the true
mean is in ny entire popul ation, which would be in al
patients in this respect.

The confidence interval calculation on these relatively
smal | studies yields a set of nunbers with a wdth of the
confidence interval. You have an upper bound and a | ower
bound for the confidence intervals and the nean sits in the
center of those bounds. Therefore, the edge or either side
of those confidence intervals is the area that can't exceed
the 80% or 125% This neans that when the edge of the
confidence interval reaches there and gets to one of these

bounds, the nean of the data is still well inside the
bounds.
You may have read in the nedical literature that there can

be as nmuch as a

46% di fference in generic products and the question is, can
there be a 46% difference? Wen you really know how this
works, it's actually kind of a ridiculous contention
because the nean of the data never really gets close to
that. Wien we have nore or less failing studies, the nmean
of the data fromour studies still isn't anywhere close to
that. So 46% difference in the nean is just inpossible.

SLI DE 25

Wen we refer to a point estimate, we're really referring
to the nmean of the data fromour study. The data is
expressed as a relationship between the two products. Wen
we tal k about confidence intervals, we're tal king about
confidence intervals or neans of the data expressed as T/R
ratio, T being the data fromthe test and R being the data
fromthe reference. The reference is usually the reference



listed drug or brand nanme product. The test is usually our
potential generic product.

For exanple, a perfect relationship would be 1 or 100%

T/R woul d be exactly the sanme for whatever paraneters we're
| ooking at, AUC or Chmax. As T has greater bioavailability
than R, we get up into the 100s and if the potenti al
generic test product is less than the reference inits

bi oavail ability paraneter, it would be bel ow 100%
Unfortunately, we have to use a little bit of statistics to
explain this.

Usi ng the bi oequivalence criteria that | nentioned, there
shoul d be a few questions that cone to everyone's m nd when
you first look at this. The first is an understanding that
the mean isn't allowed to be as | ow as 80% or as high as
125% but how do we cone up with the 80%to 125%

It seens a bit |lopsided in that when you first look at it,
we all ow the 90% confidence interval of the test versus
reference to be 25% above, in other words, the test is
greater than the reference but on the other side we don't
all ow the 90% confidence interval to be |ess than 20% bel ow
(test is less than reference). What is the logic in that?
It is based on actual statistical calculations that were
done to this equival ence conparison. Mst of the
statistics that we've |l earned in courses and perhaps apply
even to clinical studies are really attenpting to show t he
di fference between two or nore things.

When one does a classical statistical test like a T test,
you really come up with a conclusion that the two things
are different or conversely, if you're unable to show that
they're different, that you're unable to show that they're
different. Wen you're unable to show that they're
different, it doesn't nmean that they're the sane. It isn't
a proof of saneness. |It's sinply that you failed to show
they're different.

What we want, however, for bioequivalence is a
statistically valid conclusion that the two things are the
same within an acceptable range. The standard statistical
approaches that we all know are not appropriate to get that
conclusion. So some clever statisticians at the FDA cane
up with an adaption of the usual statistics to allow us to
draw a concl usi on of equival ence, not just an absence of

di fference.



The way they did this was called the one-sided test
procedure. The approach sinply is that two one-sided
tests, very simlar to T tests, are perfornmed on this data.
The first of the tests says that the test or T is not
significantly less than the reference. The second test,
that the reference is not significantly |l ess than the test.
So clinically, if I were to have a patient who goes into
the pharmacy and is already on the brand nane and the
generic is substituted, | don't want the generic to be
significantly |l ess than what the patient is already on.
Conversely, if the patient is on the generic and goes into
the pharnmacy and the reference is substituted for that
product, | don't want that reference that the patient gets
to be any less than what the patient is already on.

Those are the two tests that are done. Based on a |ot of
clinical experience and clinical input, the significant
difference for statistical purposes was stated at 20%

That does not nmean that the nean is allowed to be 20%
That's just the clinically significant difference that one
sets for statistics. That's done statistically at an al pha
| evel of 0.05 significance level for each of these tests.
That's inportant, as I'll explain.

To express this mathematically, the T/Rratio of the first
test, the maxi mum bei ng 80/ 100, would be 80% The second
one, the R/'T, also would be 80% However, for a matter of
convention, we express both of those in a conparabl e manner
as T/R W always speak of the test over reference. So
R'T has to be converted to T/R by inverting it and it ends
up having 100/80 or 125%

It's nmerely that you'd have to take the reciprocal of the
second one to end up with this somewhat odd-1ooki ng nunber,
125% \What this really translates into is that the test
can't be 20% 1l ess than the reference statistically and the
reference can't be 20% 1| ess than the test. Those are our
two tests. That's why we often refer to it as 20%
difference in either direction yet the confidence interval
bounds don't seemto |ook Iike that.
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Here you see a picture of possible bioequival ence results.

This is just an illustration of the types of results and
it's neant to illustrate a couple of things. | have



di spl ayed these with bars and you'll see a bar representing
the wdth of the 90% confidence interval that we cal cul ate.
You have to renenber that it's not an evenly distributed

set of data. |It's actually a bell-shaped curve where nost
of the data is in the mddle around the nean and the
i nci dence of data at the end tapers off. 1've displayed it

by bars because it's easier to | ook at.

The first one is hopefully a typical test versus reference
conpari son that we do on a generic product. As you'll see,
the dark line in the center is the nean or point estinate
of the data. The bars on either side are the wdth of the
90% confidence intervals. The reason we use 90% confi dence
intervals is because each of those tests is tested at the
al pha = 0.05 level. So you have 0.05 or 5% on one side and
0.05 and 5% on the other side which represents the other
side of the test. Therefore, what you're left with in the
mddle is 90%

This is very nice. |It's normal variability of the type of
test that we see. The nean is depicted to be pretty nuch
perfect. It's right on the ratio of 1 and the confidence

intervals fit well wthin the 80 to 125% bound so this
woul d be an acceptabl e product as far as a generic drug
product. It passes and the nmean or the center of the data
is centered exactly where it should be.

However, if one has a slightly less variability, in other
words, we have nore certainty of the response or
relationship, the confidence interval limt bounds allow it
to be slightly off-center. So the second one again shows a
passi ng study; however, the point estimte or nean of the
data fromthe study is, in this case, less than 1. So it
may be 90% or 92% sonething like that. Yet, because of
the low variability, the confidence interval bounds stil

fit within our acceptance criteria. The |ower the
variability, the nore the systemallows the nean of the
data to be off-center, although this is not an effect that
will allow anything to pass as you'll see.

The third one is kind of an extrenme exanple. W would
never see it because no one would submt it to us. This is
a study where, even though the nean or the point estimte
or center of the data is perfect, right on a ratio of 1,
the variability and confidence intervals of this product,
and it could be variability of the product or inherent
variability of the drug itself in the pharmacokinetics, are
so wide that it fails on both sides. It's sinply



unaccept abl e even though the center of the data is exactly
where it should be. One can see if you have high
variability or a lot of uncertainty in this relationship,
it would fail as well and woul d be an unaccept abl e product.

The next one shows a product where it's kind of a close
call, but it does fail. This study would not support the
approval of a generic drug product. Even though the nean
or point estimate is well w thin bounds, the upper bound of
the 90% confi dence interval goes over our goal post or
range and is probably 126% or so. Therefore, this is a
failure of a study. |If this were the only study we had to
| ook at, we would not approve this as a generic product.

One of the things that affects this confidence interval is
t he nunber of subjects you use in your study. If a firm
had this type of result and this was a true depiction of
how t heir drug product perfornmed, they could probably go
back and do a lot l|arger study and maybe this m ght pass
the next tine around. |It's not a product that's so
different fromthe reference that it would be guaranteed to
fail every tinme. Sonetinmes doing a better or nore
appropriately powered study m ght have a chance of passing.
Then again, it mght not.

The next one is even worse in that even the point estimte

or nean is over the edge. It is possible but very unlikely
that you could do anything to save this product. Doing
anot her study wouldn't be helpful at all. |If the nean is

over, chances are that just increasing the power probably
woul dn't hel p you

The | ast one depicts a product that is totally outside of

t he confidence interval bounds. It's very, very different.
In no respect would this be ever considered equivalent. In
fact, there are sonme people out there who informally call a
result |like this inequivalent, proof that these products
are definitely not equivalent and never will be. A conpany
that gets this should just go back and totally redo the
product because there is absolutely no way that this
product woul d ever be considered equival ent or sane or

t her apeutical ly equival ent.

These tests are actually quite strict and control nobst drug
products quite well. There's a |lot of belief out there
that's not correct, that this is sone kind of I|iberal
systemthat allows any types of products to get through and



that nothing ever fails. This is something that is not
true. This is actually quite a stringent test of products.
Perhaps it could be argued that it mght be too strict for
a |l ot of products.
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One of the things that people continually have great
concern over is what's terned now as Narrow Therapeutic

I ndex Drugs (NTIs). These are fortunately a relatively
smal | nunber of drugs where the dose or therapeutic
concentration of drug that nust be given to obtain the
therapeutic effect is very, very close to the dose that
gives serious toxic effects. There's not really nuch room
for error on these. That's why they're carefully nonitored
using both clinical and plasma concentrati on nonitoring.

There is a | ot of concern with generics of these products.
The concern is that, if the generic product gives a
clinically significant higher dose than the reference
product, we will see toxicity that we wouldn't see with the
brand nanme product, even at the exact sane dose. Sone
exanpl es of these products are digoxin, lithium phenytoin,
and warfarin of which all have generics.

There was consi derabl e controversy surroundi ng these
products. A lot of it was fromthe innovator conpani es but
there were al so many concerned clinicians who were honestly
concerned about the welfare of their patients and whet her
we were doing the right thing in assessing NTlI drugs
correctly. W haven't found it necessary to alter the

bi oequivalence limts sinply because they're quite strict
to begin with. W are constantly assessing the adequacy of
these limts for these products and other products and so
far, at least for the NTlI products we've | ooked at, we
don't believe based on our scientific assessnent that
there's any need to change or tighten up these Iimts.
However, we are constantly |ooking at those things and
assessing data as it cones in and we will act accordingly
shoul d the overall data actually support the need for
decreasi ng those confidence interval goal posts for a given
NTI product.
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Thi s concl udes our overview of the generics drug approval
process. Thank you.






