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New Indications for Existing Drugs — Implications for
Drug Development and Clinical Practice

B. H. SmiTH*
New York, U.S.A.

Abstract — Optimization of the use of available resources for health is a necessity for both the developing
and developed world because both are faced with a significant disparity between needs and resources.
Better use of existing therapeutic agents, which are cost-effective, readily avarlable and easy lo use
represents a critical element in the overall effort.

Using the unusual case of the drug phenylomn as an example, this paper exploves the value of new
indications for existing drugs and describes a system for evaluating such indications and expanding the
appropriate use of these agents. Emphasis is placed on the leadership role of developing countries m this
process and on crucial elements of any such program such as knowledge of local I national needs and
priorities; innovative approaches lo clinical research in a range of dmicel settings from rural primary
health care clinics to tertiary cave centers; and the establishment of national end mulitnational teamwork

and more effective two-way communication.
INTRODUCTION

n a world with rapidly shrinking economc
resources, the goal of achieving ‘Health for All
by the Year 2000,” as set by the World Health
Organization, seems remote. Both industrizhzed and
developing nations face severe challenges to their health
efforts. In the developing world, especially in rural arcas.
the need to build basic infrastructural components of a
good-health system and to provide the necessary logisti-
cal support and maintenance is just one of many pressing
concerns Including adequate nutrition, clean water,
sanitation and restoration of polluted environments.

* Director, The Health Foundahwn, New York, NUY. 10021, U.S A,
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The availability of suitable, cost-effective phar-
macologic agents for the treatment of diseases and
the relief of symptoms is an mmportant component
of any health system. One clear point is that, with
respect to drug development, the resources required
to bring a new chemical therapeutic entity through
a U.S.-type pharmaceutical regulatory maze to ap-
proval for marketing and gencral use are just too
great to make such efforts practical in the developing
world!?.

What can and should be done in the developing
world with respect to drug development and regula-
tion? Docs all drug development have to be Iett to
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the mndustrialized countries? No. As stated in the
accompanyving article, there are many things that can
be done in the developing world'. In fact, the optimi-
zation of the use of available health resources 1s an
arca 1n which the devcloping nations can take a
strong feadership role. teaching the developed world
how to do things better.

A PRACTICAL APPROACH

One very practical approach is the optimization of
the use of already available, often inexpensive, drugs.
What steps can be taken to achieve this? The first
step for a physician, other health care professional,
clinic. hospital. or nation, is to identify health needs
clearly. Existing data should be reviewed for theur
adequacy and inadequacy. Proper epidemiologic
studies mav be needed, but simpler surveys of the
qualitative and quantitative health problems seen at
each level of the health care system from rural
primary health care center to tertiary care facibity
within a major medical center should be carried out
first.

As a second step, the list of health needs must
be matched against a list of available resources. In
the case of therapeutic agents (such as phenytoin,
see below) hsts of indications can be compared to
the symptoms and disorders that nced to be treated.
If an mexpensive, easy-to-use, and readily available
drug, can be used to treat several symptoms and
disorders, so much the better.

Being presented with a list of reported therapeutic
uses of a drug, of course, does not solve the problem
of determining which to recommend to physicians
and other health professionals. Critical review of the
available literature {database) is an essential third step.

Once the list of indications has been reviewed and
trimmed or augmented as indicated, health professionals
need to be informed as to how to better use the agent.
In other words, effective and relable systems of
communication and education need to be established,

The fifth and final step 1s the establishment of a
monitoring or reporting system enabling health pro-
fessionals to report their experience with therapeutic
agents or approaches to symptoms and diseases to
the central data bank and health promotion coordinat-
ing facility. Feedback is essential to the continuing
improvement of the total health system.

THE PBINYTOIN STORY

To elucidate this topic and illustrate some 1mportant
associated issues, the story of the drug phenytomn is
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very relevant. It shows how additional research inputs
can define new indications for existing drugs. At the
same time, 1t illustrates how good chinical research
carried out In places as disparate as rural primary
health care centres, hospttals and major academic
medical centers can come together to contnibute to
better health and health-care delivery. Good chnical
care and good clinical research are not antithetical,
but mutually reinforcing.

Phenytoin (PHT) has been in clinical use for more
than fifty years. Onginally synthesized in 1904 by a
German chemist, Heinrich Biltz, it was found by
Putnam and Memtt to be an extremely effective
anticonvulsant”®. In fact, phenytoin revolutionized
the care of eptleptic patients because it was not only
effective 1n preventing seizures, but also not sedative,
enabling epileptic patients to lead normal hives.

As 1mportant as phenytoin's use in seizures has
been, and continues to be, it is just the beginning
of the phenytoin story. Since 1938, clinical inves-
tigators and practising physicians around the world

have reported 1t useful for a wide variety of symptoms
and disorders (see Table 1).

TABLE 1. Partial List of Reported Clinical Uses of PHT
(based on literature survey, 1938-1990).

Grand mal and local motor seizure disorders
Anxiety

Episodic dyscontrol/irntability

Stuttering and speech disorders

Bulimia

Cardiac arrhythmia, especially ventricular and digitalis
induced

Angina
Atherosclerosis (raises high density lipoproteins)
Choreiform disorders

Continnous muscle fiber activity syndrome (Isaacs
Syndrome)

Other myotonic disorders
Singultus (hiccups)

Tetanus

Trigemal and other neuralgias
Migraine headache

Neuropathic pain

Wound healing (periodontal, decubitus, diabetic, trophic
teprosy post-infection ulcers, and burns}

Pruritus Am

Scleroderma

Epidermotysis bullosa

Asthma

Lriitable bowel syndrome

Hypoglycemia reactions

Syndrome of inappropriate antidhuretic hormone
Fever/transfusion reactions

Rheumatoid arthritis
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FIRST OBSTACLES

Virtually every physician knows of phenytoin’s use
in serzure disorders and some, of its usefulness for
cardiac arrhythmias, and for trigeminal neuralgia.
Many of its other reported applications are unknown.
Why is this?

There are several reasons, all of which are germane
to any discussion of how to 1mprove health through
the optimization of the use of available resources.
First, the reports of phenytoin’s usefulness in a range
of symptoms and disorders are scattered in some 250
medical journals and are written in at least 15 different
languages. No onc physician could be expected to
see even a small fraction of the reports. The same
could be said of many aspects of medicine. Extensive
knowledge on a particular topic can be scattered and
therefore hidden in the enormous world of medical
literature. In developing countries, especially in rural
arecas, the problem is made worse by the fact that
libraries may be non-existent or woefully inadequate.
You can’t optimize the use of resources if you don’t
know about the resources.

Established misconceptions of medicine form a
second obstacle to the optimal use of available re-
sources. Goodwin and Goodwin call this ‘the tomato
effect”. ‘Generally accepted’ ideas about disease patho-
physiology or therapeutic agent usefulness have often
led physicians to reject clear evidence that the truth
is otherwise.

Phenytoin is a ‘double tomato’. After its synthesis,
it was tested for its sedative properties since it was
(incorrectly) assumed that effective antiseizure agents
had to be sedatives. Because phenytoin had no
sedative effect, it was put back on the shelf tor
twelve years until Putnam and Merritt tested it in a
cat model of epilepsy and found it to be effective
and, remarkably, non-sedative™*, In other words, it
was not put into clinical use sooner because of a
faulty assumption used to screen all potential an-
tiepileptic compounds. The second ‘tomato effect
occurred when phenytoin’s broader uses, well-de-
scribed in the literature, were ignored, in part because
everyone knew that 1t was an anticonvulsant. Under
the guiding axiom of a ‘single drug for a singlc
disorder’, phenytoin shouldn’t be uselul for anything
else. We now know that diseases don’t define drugs;
rather it is the basic mechanisms of action of a drug
that define where it may be useful.

OPTIMIZING THE USE OF PHENYTQIN

To better use phenytoin we need to not only overcome
the above obstacles (which, fortunately, we can control
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and systematically apply the five principles or steps
outlined earlier). As stated previously, there are
reports of numerous successful applications of pheny-
toin in a variety of disorders (see Table 1). As
physicians in country X, we would like to explore
these to see it we might make better use of this drug.

A good starting place for the review of indications
for a medication 1s with its basic mechanisms of
action. Although such mechanisms will not always
tell us exactly how a drug may be achieving a
particular therapeutic effect, they offer a general
background against which to measure the likelihood
that the drug could have such effects.

MECHANISMS OF ACTION

The structure of phenytoin (5, 5-diphenylhydantoin,
DPH, MW 252) is shown in Figure 1. It is a
lipid-soluble, membrane-active agent. Phenytoin
appears to act at the interface between membrane
lipids and integral proteins altering the function of
the latter. In the case of the sodium channel, phenytoin
prolongs the recovery time of activated, voltage-
dependent Na* channels®”®?, By doing this, it limits
the rapid reusc of the channel and thus selectively
reduces or prevents repetitive firing of Na™-dependent
action potentials.

Calcium channel function is also modulated by
phenytoin™!!. The net effect is a reduced entry of

NH

MW 1 252- 26
(NA salt 274-25)

Fiaure 1. Molecular Structure of Phenytom.

Ca** into the cell. Conscquently, both pre- and
post-synaptic ncuronal function is attected. A summary
of phenytoin’s actions Is presented in Figure 2. In
non-ncuronal c¢ells, such as gha, the acinily of
Na* — K* ATPase 15 stimulated., resulting iy extrusion
of Na* from the cell in exchange for K5

The net elfect of these and vanous other acttons
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(which cannot be discussed here because of space
limitations) 1s a stabilization of membranes and de-
creascd abnormal neuromatic (or muscle) excitability,
Importantly, single or jow-frequency activity is not
affected.

As a membrane-active agent, phenytoin should also
affect the function of cells other than neurons or
muscle cells (so-called ‘non-excitable’) cells. Such
effccts have been well documentced and range from
expected alterations in the Ca*"-dependent release
of hormones such as insulin from pancreatic beta
cells™* to stimulation of Na*— K* ATP use and
modulation of cell mitosis in part because of alterations
in cytoskeletal function (microtubule assembly) and
protein synthesis™”. A summary of some of these
actions 18 presented in Figure 3.

Given both the pervasive influence of phenytoin
on the nervous system which etfects physiological
function, as well as phenytoin’s direct modulatory
etfects on the functions of non-neural systems, there
is a clear basis for phenytoin to affect multiple body
systems and functions.

REVIEWING THE CLINICAL LITERATURE

With this background in mind, we need to consider
the evidence that phenytoin is useful in various
clinical symptoms and disorders. Only a few can
be presented here, but are useful as examples ot
the practical process of analyzing existing data (i.e.,
reviewing the published literature) prior to making
recommendations about the broader, more efficient

use of any drug,
In reviewing existing literature, one has to deal

with a wide variety of types of evidence. There are
data from case reports; open trials involving small
and large numbers of patients; controlled series com-
paring one drug to another or to placebo; on-off-on
studies in which the therapeutic agent is 1nstituted,
withdrawn and reinstituted; and the randomized,
double-blind trials favoured today. The problem con-
fronting the analyst is how to put all the evidence
together in a meaningful, accurate way. Reviews
continue to be useful resources, but are necessarly
imprecise and not always relevant to local problems.
Technigues such as mcta-analysis have been developed
to assess the evidence from different studies, but
thus far have limited capabihties'®!, The realistic
problems facing analysts in developing countrics are
not going to wait for sophisticated new methodology
or idealized studics, as valuable as thcey both may
be. Analyses and decisions have to be made on the
basis of avatlable data, application of real-life prob-
ability assessments, simple risk-benefit analyses, and
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common scnse. Given the proper care and diligence
such methods can work.

Although the details of a practical literature analysis
systcm are beyond the scope of this paper, a check
list of useful elements to consider is given in Table
2. In the sections that follow, these points will be
applied in a summary fashion to the example being
used in this paper, phenytoin.

TABLE 2. Elements to be Considered in a Medical Literature
Review

Questions 0 Question/Hypothesis to be tested
asked e Isitclearly stated with precise
endpoints?
e Can it be answered?
Materials ¢ Study Design: Open, Controlled,

Double-Blind?
{ Patient Selection:
e Randomized?
e Homogeneous?
e Precise inclusion/exclusion criteria
e Patient numbers adequate?
O Treatment
e Groups/Arms
e Well-matched/comparable?
e Nature of control/cooperative
treatment
e Duration of treatment sufficient?
e Cantreatments be compared?
$ Assessment
e Number/frequency adequate?
e Observations/measurers/endpoints?
{ qualitative/quantitative
¢ subjective/objective
0 observer bias
e Follow-up adequate?
{ duration
O observations
e Drop outs/fail to complete?
¢ Data
e Clear and sufficient presentation?
e Internally consistent?
e Lrror measurer?
O standard deviation
O error of the meun
e Anualwsiy adequate?
{0 proper statistics?
§ common sense tost?
e What *holes” arve theren the Jata?
o Adrverse results?
Do data jusnty?
Is one treatment better’w orse than
another?
e Dowe haow enough?
@ Dowenced moie evidenee?
¢ Istrcatment apphicabie to my paticats?
e IsDicatimentsafe?
¢ I:vifreatment cost-cffectne?

and methods

Results

Conclusion

<
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CLINICAL INDICATIONS FOR PHENYTOIN

Central Nervous Svstem Disorders

Observed very early in phenytoin's use for setzures
was the fact that, with seizure control, came improve-
ments in patients’ sense of well-being, mood and
behaviour® 1. These same changes were also seen
in non-epileptics with mood and behavioural disorders
given phenytoin. Since then, phenytoin has been
reported to be useful in anxiety™ =, episodic dyscon-
trol and violence™*, alcohol and drug with-
drawal”®<=* and attention deficit disorders™ *-%,
to name just a few.

How good is the evidence? As pointed out above,
the first question we may want to ask is whether 1t
makes sense that phenytoin should be valuablc 1n
mood and behavioural disorders. The answer must
be ‘yes. since phenvtoin acts to regulate excess
neuronal activity or hyperexcitability states in the
central nervous system. Episodic dyscontrol and out-
bursts of violence, as well as the dramatic state of
heroin withdrawal, reflect excess neuronal activity.

Consistency with the theoretical basis does not
mean clinical effectiveness. We must look at the
clinical data. Taking vitolent behaviour and episodic
dyscontrol as a first case, we can identify 30 published
studies or reports of clinical experience including
anger and related emotions (see reference 32 for
citations) commenting on phenytoin's usefulness.
Seven are double-blind; 8 involve large numbers of
patients {more than 100 on average). Taking into
account the vanety of condihons represented and
assigning even very modest probability figures (10 in
11 for the double-blind studies; 5 in 6 for the large
studies; and 1 in 2 for the remaining 15 studies) that
these studies are correct (including both positive and
negative results), the probability that phenytoin is
useful for episodic dyscontrol and/or viclent behaviour
1s nigh (J. Dreyfus, personal communication).

Recently, very carefully controlled studies being
carried out by the University of Texas Medical Branch
at Galveston and the Texas Department of Corrections
have shown significant reductions of episodes of
violent behaviour and tension-anxiety measures in a
high-risk prison population®**. Put to this rigorous
test, the rough probability assessment made above
has held up well.

Neuromusciilar Disorders

The nature of the evidence for the effectiveness of
phenytoin in neuromuscular disorders is different
from that for mood and behavioural disorders. The
theoreuical basis, however, is clearly parallel since
both neurons and muscle cells are ‘excitable’.
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For disorders such as the continuous muscle fiber
activity syndromes, the database is inevitably smaller
because the condittons are so rare. Under the diag-
nostic category of neuromyotonia, Isaacs syndrome,
and/or other continuous muscle fiber activity disor-
ders*?333¢37  there are 40 papers reporting 60 cases.
Phenytoin is clearly of value in 50. Sometimes com-
bination with carbamazepine has been of value. Useful
controls include the failure of other medications, the
worsening of symptoms atter PHT withdrawal, and
the correlation of electromyographic measurements
of the myotonic discharges with or without phenytoin.

Pain

Phenytoin has been used since the 1940s for the
control of various types of pain including trigeminal
neuralgia, migraine and other types of headache,
painful neuropathies, tabes, post-stroke pain, cancer
pain, herpes zoster and post-herpetic necuralgia, an-
gina, and, recently, in rheumatoid arthritis**. It is
also being used topically to relieve the pain of various
types of wounds and ulcers. Space limitations prevent
us from examining the evidence for all these types
of pain. Accordingly, our discussion must be limited
to trigeminal neuralgia and cancer pain.

Phenytoin was first tried in trigeminal neuralgia in
1942 by Bergouignon™®. A summary of the studies
since then indicates that 265 of 483 patients treated
with phenytoin have responded with significant reliet
(see Table 3; see reference 32). The initial success
rate with oral phenytoin is quite high (60% ), especially
considering the history of therapeutic refractoriness
in this disorder. Reviewing the literature further we
find that intravenous phenytoin can be used in cases
of trigeminal neuralgia refractory to oral phenytoin
or to carbamazepine®. This adds another dimension
to its usetulness.

Mention of carbamazepine raises a different kind
of question. The data indicate that carbamazepine is
more effective than phenytoin initially in trigeminal

TABLE 3. PHT n Trigeminal Neuralgia®

Pis. Response Yo
265 Complete Relief 35
114 Partial Relief 24
24 Slight Relief 5
80 No Response 16
483 Total 100

* Data collected from the section on tngeminal neuralgia n The
Bioad Range of Chirucal Use of Phenytoin (Smith et al |, 1988a).

CURRENT SCIENCE, VOL. 60, NO, 4, 25 FEBRUARY ]9Vl



New Indications for Existing Drugs — Implications for Drug Development and Clinical Practice

neuralgia?™*" ¥, Both drugs have a substantial failure
rate with time. Smce resources are limited, should
we choaose just one of the two drugs for our antineural-
oic armamentarium? As far as cost is concerned,
phenytoin is a far cheaper drug. It also offers an
intravenous form, which carbamazepine currently does
not. However, since there are cases where one is
effective and the other 1s not, or where one is
tolerated, but the other is not, then we probably
should have both available (likely in any case since
both are essential to antiseizure therapy).

Terminal cancer pain 1s currently the subject of a
WHO program because 1t has not been adequately
treated in the past”. A major problem in rural India
is the difficulty of obtaining opiates for the relief of
malignant cancer pain. Recogmzing this need, and
mindful of the reports that phenytoin is useful as an
analgesic or as an analgesic adjuvant® we can easily
argue that trials of phenytoin in terminal cancer pain
should be carried out. Three recent and/or current

trials in India support the effectiveness of pheny-
toyin$3:46:47

Wound Healing

A final example of the optimization of phenytoin’s
usefulness as an available, cost-effective resource for
health is that of wound healing. In 1958 Shapiro
found that periodontal surgery patients pretreated
with phenytoin not only healed faster, but had less
pain®®, Subsequently, his findings were confirmed and
extended to topical phenytoin use®+%>4>2,

In the early 1980s a team of physicians in Mexico
decided to examine the use of both oral and topical
phenytoin in the healing of a variety of wounds
including chronic skin ulcers and burns. They found
phenytoin to be much more effective than therr
standard therapies in relieving pain and promoting
healing™"*,

Given the encouragement of these findings, the
then-Dreyfus Medical Foundation (now The Health
Foundation) decided to carry this message to physi-
cians in other parts of the world. If the findings
were correct, phenytoin was a valuable resource for
wound healing all over the world.

To put together a phenytomn-wound healing prog-
ram, further discussions were carried out in Brazil,
the Dominican Republic, Ghana, India, Iran, lraq,
and Mexico, Various types of skin wounds were
identified as targets — decubitus ulccrs, trophic leprosy
ulcers, diabetic ulcers, abscess cavities, traumatic
wounds, and sccond- and third-degree burns, The
initial evaluations were quite positive, and so morg
formal trials were planned and carned out. Again,
the duta indicated that phenytoin was clfective i
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promoting wound healing in comparison to the stan-
dard therapies used in the different regions or coun-
tries. These new data were submitted to peer review
and found to hold up well, with manuscripts accepted
for publication by first-rank international journals
such as the British Journal of Surgery, Diabetes Care,
and The International Journal of Dermatology.

Selected reterences are given so that the reader can

study the data®™5657.58.59.60

Uniformly commented upon by the multinational
team of investigators (all working independently) was
the fact that phenytoin’s clinical uscfulness in pro-
moting wound healing was greatly enhanced by its
availability almost everywhere in the world, its ease
of use, its low cost, and its apparent safety.

The data obtained were reviewed at a meeting
attended by several U.S. wound healing experts in
New York in December of 1988 (ref. 61). The U.S.
physician-investigators in attendance were sufficiently
impressed by the data presented by their colleagues
from the Dominican Republic, Ghana, Iran, Iraq,
India, and Mexico that new U.S. trials were under-
taken with the approval of the U.S. Food and Drug
Administration. As the data spread in publications
and at national and international meetings, more new
trials were stimulated in a number of other countries.
Efforts to obtain official approval for routine use of
phenytoin in wound healing are now being made in
several nations.

The story of phenytoin in wound healing makes
several important points:

e Good clinical research data can be generated even
under difficult circumstances by a wide range of
investigators in many different settings ranging
from rural health care clinics to tertiary care
centres. In fact, data gathered under ditficult
conditions in a rural clinic, for example, can be
very valuable because they represent tests under
real-life conditions.

e Work done in the developing world can mnfluence
what physicians in the developed world do. The
many creative, innovative, and cost-cffective solu-
tions to health problems now ewsting in the
developing world can, and should be, brought to
the attention of the rest of the world. Two-way
communication is not only desirable, it is essential,
if we are to optimize the use of avarlable resources
for health.

e There is tremendous potential value i the exarmna-
tion of new indications for old. mexpensive and
safe medications. More such ettorts need to be made.

e Multinational team clforts can bnng new ndications
for ‘old’ drugs to improve patient care quickly and
effectively. Good commumcation 1 a  vial
supplementary ingredient.
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The networks or ‘teams’ estabhished for one ctiort,
such as that described for phenytomn, can be used
repeatedly for parallel therapeutic agents or mod-
alities.

CONCLUSION

Opumization of the use of available resources for
health is a necessity for the developing and developed
world, as both are faced with shrinking resources for
health. Better use of cxisting therapeutic agents,
which are cost-cffective, readily available, and easy

{o

use represents a critical element in the overall

effort. Developing countries can and should take a
leadership role in this effort. The story of phenytoin,
especially in relation to wound healing, makes this

clear. The opportunities are great; the potential for
human benefit, enormous.
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Potassium and Magnesium in mild essentiaf Hypertension

Hypertension or high arterial blood pressure is neither a disease nor a syndrome. It merely
represents one end of the Gaussian curve of the Mean Arterial Pressure. Less than one-tenth
of the hypertensive population have a specific-disease-related hypertension. In this minority of
cases, treatment of the primary cause invariably cures the hypertension. No antihypertensive
drug is absolutely safe. Almost all drugs make life difficult for the patient with an essentially
asymptomatic condition like hypertension. It has to be recognised that for a physician who
has to treat a patient, optimal therapy is elusive at this time.

The antihypertensive activity of potassium alone and in combination with magnesium was
studied in patients with mild hypertension in a double-blind, randomized, placebo-controlled,
crossover clinical trial. The duration of the trial was 32 weeks. The treatments were potassium
30mmol/15ml or potassium 30mmol/15ml plus magnesium 10mmol/15ml or matching placebo
fwice a day. The sources of pofassium and magnesium were potassium chloride | P and
magnesium chloride | P, respectively. All patients had a normal diet and normal sodium intake.
Blood pressure and heart rate were measured weekly and blood biochemical tests were done
monthly. The results showed that potassium significontly reduced both systolic and diastolic
blood pressure (P<<0.001) and serum cholesterol (P<0.05). Magnesium did not have an
additional effect. These results suggest that potassium could be a valuable alternative to diuretics,
beta blockers and other pharmacological agents in mild hypertension and is well tolerated.
Further controlled studies, both short-term and long-term, may be required to delineate the
place of potassium in the therapeutic armamentarium availoble to physicians to treat mild
hypertension and to examine its possible role in reducing mortality due to stroke.

Excerpted from Patki P S, Singh J, Gokhale S V, et of. Efficacy of potassivum and magnesium
in essential hypertension: A double-blind placebo-controlled, crossover study.

CURRENT SCIENCE, VOL. 60, NO, 4, 25 T'l BRUARY 199}

British Medical Journal 1990; 301: 521-23.

233



