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Clinical Studies of Controlled-Releasce Medications

by Vincent Karusaitis M.LD.

National Center for Drugs and Biclagics

I would like to share with you today my perceptions of when,
why and what clinical trials reed tu ke done on oratl controlled
release products prior to their approval. You will note I said
my perceptions. The FDA has not established clear guidelines for
these products. I believe this is because there has been more
variability in the circumstances and the reguirements for
approval of controlled release products because the requirements
have tended to be individualized to the particular circumstances.
Thinking at FDA about the requirements for approval of contralled
release products has not only evalved over the last 2 tao 10 years
but at apy given pcoint in time, including now, there have been
differences of opinion in different divisions of FDA about what
the requirements should he. The effect has been to obscure the
gerieric principles that underly the requirements for approval of
new dosage forms. These principles and requirements are
essentially independent of the delivery system and the route aof
delivery. It has caused both the industry and the FDA to have
difficulty in coming to grips with second generation dosage forms
as rautinely and with as much consistency as we manage with the
dosage form which is first studied and approved. I’d like to
emphasize the principles as I see them because I feel they answer

mest of the questions that are raised and that if we have a
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better understanding of them most of cur disagreements will

disappear.

For completeness sake I waould like to briefly point aut an
important aspect of this subject which has several facets each aof
which we could spend our allutted time on. My choice of how to
spend our time was based on those aspects which I think cawse our
confusicon and not the ones from a scientific, pharmaceutical ar
medical standpaint which are the most important in deciding for
which druas oral controlled release farmulations are desireable

and feasible.

The first question which one needs to ask is whether a drug
is a candidate for a controlled-release formulation. This is not
a trivial question and in fact is a question that needs to be
ashked, answered and discussed in some depth by chemists, clinical
pharmacoalogists and clinicians as well as marketing pecple. I
don't intend to discuss this today except to say that for the
purposes of our discussicen I'm gqoing bo assume that the answer is
yes and that the drug has a short half life, i.e.— its half life
is less than 1/2 the usual dosing interval, and that it is a drug

that is taken chronically 4-6 times/day.

I think it is worth nating that usually new chemical
entities are not initially marketed as oral contralled release
formulations., This is not because there are any prohibitions
against it, in fact as we get technically more proficient I think
we'll see more new chemical entities for oral administration
introduced in cantrolled release dosage farms. The explanation
is that you need to know the drug and how it should be used
before you can determine what dose or doses for what disease or

diseases are suitable for treatment with controlled release
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farmulations. Again as we get more proficient we wil) learn how
to design and utilize muitipie strength controllied release
preperations in dosage titration so that we can study them as
part of the drug development process and clinicians can start
therapy with them more often even with drugs that need careful
dosage titration. Eut in keeping with current norms I’m going to
assume for our discussion today that the drug we are discussing
is already approved for cral use in an immediately available

farmulation.

We know of course that we will have to do bicavailability
testing. The question is will we have to do clinical studies
comparing the efficacy and adverse effects of the new controlled
release formulation with the approved formulation. The answer teo
that generally should be yes and is yes for the hypothetical drug
I‘'ve described so far, Let me explain. My first slide which is
aur hypoethetical drugq shows our expectations. The controlled
release farmulation not only allows the patient the greater
convenience of taking only 1 dose every 12 hours rather than 3,
but it smooths out the plasma peaks and valleys. The steady
state plasma concentration curves would not look very different
than these curves. Mean steady state plasma levels would be the

same for both formulations.

Some would argue that if mean steady state plasma levels are
calculated to be the same, further clinical testing in terms of
relative efficacy and adverse effect incidence are unnecessary.
Others would claim that if the peaks and valleys of the
immediately available form are within the cbserved range of
steady state blood levels in successfully treated patients i.e.-
those obtaining the desired treatment effect without side

effects, comparative clinical testing is not necessary. They
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would reserve comparative clinical trials for thoese drugs for
which it had been demonstrated that there was a correlatian
between a narrow range of blood levels and either effectiveness
or- same adverse effect. In my opinion both of these approaches

are based on false assumptions.

The view that steady state is an equilibrium betweern input
and output may be convenient mathematically but in my opinion it
is unphysiological and usually not appropriate. It views steady
state as a tub with water (drug) flowing in and out and the level
staying constant (at drug receptor sites). I view steady state
Jike the tides with the drug coming in (to receptor sites as well
as the plasma) and then receding after each dose. For drugs with
longer half lifes as is illustrated in the next slide the peaks
and valleys at steady state are proportionally smaller and the
tub equilibrium model may be appropriate. A drug with a 12 hour
half life as depicted in this slide should not require every &
hour dosing, however. If clinical experience has shown a é& hour
desing interval to be necessary or beneficial in any way then I
think camparative clinical trials should be done to see what
further flattening out of the "tides" might do. If a & hour
dosing interval has not been shown to be necessary or useful I
don’t see any necessity for a 12 hour controlled release
formulation. For many drugs with half lives longer then 24 hours
once a day dosing is based on convenience and compliance rather
than therapeutic necessity. For such drugs controailed release

dusage forms are alsc inappropriate in my opinion.

What about the argument that in the case of many or even
most drugs there has been no correlation between plasma levels
and therapeutic or adverse effects and therefore the plasma

levels don’t mean anything particularly when the peaks and
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valleys are within the observed therapeutic range for the drug.
I'm not persuaded by this argument because I don't think its
based on adequate data. Usually drugs aren’t studied and
patients aren’t followed in everyday practice in ways that
facilitate discovering anything except the qroussest effects.

When asked for data that there are significant differences in
therapeutic or adverse effects based on the flow and ebb of the
dosing tide, a fair question, I must admit that I don’t have very
muck or very gwod clinical data e¢ither., The most we)l accepted
and unequivecal example is probably the differences between
prednisone given as a single dose every other morning versus
qiving the same dose divided inta 1/8 of the total every & hours.
In those conditions where single duse efficacy and adverse
effects can he studied, such as in analgesic testing, there is
clearly a temporal relation between effects and the dosage tide.
But even with these drugs there have naot been many attempts to
study in the same way the time course of effects over dosage
intervals during chronic dosing. There are also animal data
showing significant differences assaciated with dose timing that
suggest we could reap some benefits clinically if we Tearned more

about pharmacodynamics during chronic dosing in man.

But what really persuades me is how much room I see there is
for improving efficacy and reducing side effects in the druas
that come through the IND/NDA process. Significant numbers of
patients are poorly benefitted and another smaller group has side
effects that limit the usefulness of the drug. We drop those
patients out or accept their "failure" for either reason as
givens without ever attempting to Jearn anything from their
experience. When I talk like this an argument I freguently hear
is that practiticoners will find these things out "in the real
wortd" as they will have to do anyhow because swmehow the real

warld is different than the IND/NDA process. I don't really know
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how much improvement we can introduce by better control aver the
drug tides but clearly if we don't try to study it we may never
knaw because as I see "the real world" fewer advances in our
knowledge about clinical medicine are coming from the
practiticrner today and mere are coming from forma) studies. DBRut

that is ancther subject.

I'd like to turn now to the kinds of studies I think we need
to de. They should be positively controlled double blind trials
comparing the new dosage form to the approved fermulation. In
the case of new chemical entities, the control formulation should
be the mne which was used to initially demcnstrate efficacy and
side effects. I'm assuming the fermulations will look different
so that a placebo for each will be necessary. CQur main concern
statistically will he the power of the study to detect
significant differences. We will need to make some crucial
assumptions about respanse rates and side effect rates and their
variability before the study. We'1l also need to decide how big
a difference is "clinically significant”. If a study shows ne
difference but fails to pass our predetermined minimum power
requirements it should be declared a flop just as we would do in
the case of a placebo controlled study if we could show no
difference between our test druq and placeho at the F{.03 level.
I believe our power requirements for these studies stould be at
the 93% tevel. We shauld not be content with being wrong any
more often when our goal is to shaw no difference than when we

try to show a difference.

We should try to lTook far differences in effectiveness and
side effects related to time during the dosage pericod which we
have tended to ignore in the past. The peaks and valleys may

give us dosage interval cycles. We should recognize that these

RIGHTS

i,



Drug Development and Industrial Pharmacy Downloaded from informahealthcare.com by Biblioteca Alberto Malliani on 01/20/12
For personal use only.

CONTROLLED-RELEASE MEDICATIONS 1287

cycles will not necessarily occur at the same time as the plasma
peaks and valleys or at the same time in relationship to one
another. The compartments where the drug receptors are may have
high and low tides at different times just as occurs with the
vcean tides in our tidal bays and rivers. It will be important
te design studies to look far these offsets and not miss them by
fozusing on the plasma profile. Actually I think when we look

we’1l find cycles for many drugs.

When I talk about positively coentrolled trials and power
like this the first question that gets asked is how many patients
are required for such studies. The key to this is the size of
the difference you want to be 95% sure you could have detected
and didn't and the patient to patient variability in the response
variables. In the case of efficacy with primary
anti-inflammatory study variables we’ve been looking for a 257 to
D07 difference in responses hetween the different formulations.
In side effect variables we've been looking for S fold
differences in reactions occurring in the 1-3% range, 3 fold
differences in reactions eccurring at the 3-9% range and 2 fold
differences in reactions accurring more frequently then 1@%. The
bottom line is about 5@ to 75 patients in each treatment group in

a multicenter study.

This is not a very large number of patients viewed from the
perspective of the requirement of 19000 to 2000 patients to
establish efficacy and the incidence of adverse effects for new
drug entities. Viewed, however, frum the perspective of sponsors
thinking in terms of 24 noermal subjects in a crossover
hicvequivalency study it represents a considerable increase in the
requirements without any additicnal benefits. This brings us to

another controversial area. What do you do with the results of
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these comparative studies between dosage forms? Its clear the
FDA is not going to allow labeling or promotional claims of
clinical supericrity based on smoothing out the peaks and valleys
without clinical evidence that it makes a difference. Whether
that evidence will be nne adequate and well controlled study for
advertising purposes and two such studies for labeling claims is
not completely clear. I think good science and gaod regulation
says that there should be cne standard for both which is that

there should be twn studies.

Good medicine depends on using drugs appropriately.
Physicians who are well acquainted with a drug may substitute a
new dosage form of it with less attention te the fine print in
the labeling or in the advertising than they would give to a drug
that is a new chemical entity with which they are unfamiliar.
Therefore I believe that those of us with medical and scientific
responsibility need to scrutinize‘the labeling and advertising of
new dosage forms more carefully tham uwsual to insure that in
their zeal our advertising colleagues do not Teave physicians
with impressions that cause them to misuse either the new or old
dosage form. The next slide shows an example of an ad that I
believe has just that potential. This is an ad for a 132 hour
sustained release formutation of indomethacin. This formulation
releases 2% mg of indomethacin immediately and the other S@ mg
aver 2-12 hours. In a clinical study of patients with
astecarthritis the sponsor found no difference between this
formulation and Z5mg capsules of indomethacin given three times
per day. They put those 2 facts together and came up with an
advertising campaign for 2 once a day sustained release capsutle
whichk gives 24 hours of relief. Now if you look carefully the
fact that absorption is for 12 hour and that this has only been

demonstrated in some patients with osstecarthritis is in the ad.

RIGHTS

i,



Drug Development and Industrial Pharmacy Downloaded from informahealthcare.com by Biblioteca Alberto Malliani on 01/20/12

For personal use only.

CONTROLLED-RELEASE MEDICATIONS 1289

But the big print and the big message is "cnce a day sustained
release”. I believe it would take an unusally saphisticated
physician to figure out the pharmacokinetics and/or
pharmacodynamics of the dosage form from this ad. Furthermore I
believe it wil) confuse many physicians who are trying to learn
how to use drugs which are given once a day because of long half
lives. Although such ads may do well in the short run, I dan't
believe they are is in the best interest of patients, physicians
or a company in the long haul because if physicians don’t use a
particular formulation properly and get poor results they will

quit using it.

Clearly a system that produces evidence of clinically useful
differences between dosage farms and allows sponsaors to promote
such differences is in the best interest of most everycrne
involived, i.e.— patient, physician and innovator of the dosange
form with the advantage. It offers no advantages or for that
matter disadvantages to sponsars who manufacture generic products
as long as they can do bicequivalency testing to establish
"me—-toc—ness" with the dosage form with an advantage. It does
create an additional area for confrontation between FDA and
companies who like to promote beyond their data. These sponsors
consistently try to suggest that their products have advantages
over others based on camputer modeling, in vitro, animal or blocd
level data or even some theoretical btasis. Thats another sub ject
thouagh and its wnly relevance here is that it will get
inter jected as an argument by people who bkelieve "the American
way" or "the free enterprise” system is better and more rightly
characterized by current OTC advertising rather than current

prescription drug advertising.

I'm afraid I‘ve left you with more problems than solutians.

I hope though that I’ve given you a clear answer to the gquestion
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of what kind of clinical studies should he done if they are geoing
to be done and given you some basis for considering when and why
you should elect or be required or perhaps even want to de such

studies.
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