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Therapy of Leprosy*
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The latest developments and ideas in the therapy of leprosy are discussed, the needfor
long-term studies being stressed. The therapeutic efficacy and effective dosages of some
sulfones (especially diaphenylsulfone), thiambutosine and long-acting sulfonamides such
as sulfamethoxine and sulfalene, are considered. The possibilities for two newer drugs,
4,4'-diacetyldiaminodiphenylsulfone and clofazimine (B-663), both still in the early stages
of evaluation, are also described and the potential value of thalidomide in treatment of
the lepra reaction is discussed. The authors make a number of recommendations for
controlled trials and lines of investigation and, in particular, favour a biochemical approach
to the correction of defective host defences. Diaphenylsulfone is still considered the drug
of choice for use in the therapy of leprosy.

In therapeutic research in leprosy three recent
developments must be considered in planning new
programmes of investigation. They are: (1) The
development of an experimental model for inocula-
tion of Mycobacterium leprae into the foot pads of
mice; this technique might be useful for assessing
the possible therapeutic activity of anti-leprosy
drugs, which could be confirmed later in clinical
trials. (2) The utilization of the morphological
index (MI) as a means of determining the therapeutic
value of anti-leprosy drugs. (3) The possibility of
determining experimentally, by inoculating bacilli
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into the foot pads of mice, whether a given strain of
Myco. leprae is sulfone-resistant.
With reference to the morphological index, it has

very frequently been observed in Venezuela, and
apparently in other parts of the world also, that
untreated lepromatous leprosy patients show an
MI for Myco. keprae varying from 0 to 20% of
solidly staining forms, even in fresh lesions of very
recent development. The MI in untreated lepro-
matous leprosy patients in Africa is usually higher
than 20%. In other centres it has been found that
the MI varies from 10% to 50% or more. This
observation has led some specialists to believe that
the concept that, in relation to human leprosy,
only solidly staining forms are viable should be
modified to include also forms showing a slight
irregularity of morphology or staining. The notable
differences observed when results from various
centres are compared indicate the need for a better
definition of solid and non-solid forms of Myco.
keprae and a standardization of examination, fixation
and staining techniques. The significance of the MI
in relation to the bacteriological index (BI) and the
clinical status of the patients, and also to the histo-
pathological finidings, should be assessed in long-
term studies.
As regards sulfone resistance, which is a phenom-

enon of rare appearance, strains of Myco. leprae
are frequently resistant also to treatment with thiam-
butosine, thiosemicarbazones and long-acting sulfo-
namides; however, other medicaments may act in
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proven cases of drug resistance. This resistance in
patients treated previously only with diaphenyl-
sulfone might be attributed to a mutant strain of
Myco. leprae but might also be due to a defect in the
host, involving the absorption and metabolism of
antileprosy drugs or a defect involving enzyme attack
on the drug at the intracellular level. The latter
possibility might be acceptable if the blood level and
urinary excretion of the drug is very low or nil
compared with the dose of the drug administered,
and if Myco. leprae obtained from the tissues of such
cases and inoculated into the foot pads of mice
were sensitive to diaphenylsulfone.1

These general considerations may serve as an
introduction to developments in the therapy of
leprosy that have taken place since the 8th Inter-
national Congress of Leprology held in Rio de
Janeiro in 1963.
From a review of the literature, it is evident that

there is a general tendency to evaluate anti-leprosy
drugs in non-controlled trials and, consequently,
the results may not reflect the real effectiveness of
these drugs. All studies on drugs for the treatment
of leprosy should be based on standard procedures
for controlled trials. Pilot experiments of short
duration may, however, be made without a control
group as a means ofobserving secondary effects and to
obtain preliminary indications of the value ofthe drug.

SULFONES

None of the drugs used in the last 5 years has
proved to be more effective than sulfones and the
opinion expressed by the Panel on Therapy at the
8th International Congress of Leprology must still
be considered valid. The Panel stated that no single
drug seems to be outstanding in its action, or likely
to supplant diaphenylsulfone on the grounds of
therapeutic efficacy, cost or ease of administration;
diaphenylsulfone was considered the drug of choice
for general use in active leprosy. Some observations
should, however, be made on the use of this sulfone,
in particular that it is effective in low doses. Some
specialists consider that low dosages (25 mg, 50 mg,
100 mg or 200 mg twice per week, or even as little as
1 mg per day) are as effective as the conventional dose
of I00 mg per day with the advantage of being
accompanied by fewer secondary effects; small doses
are also considered less likely to provoke a lepra
reaction. This opinion is not shared by all; in fact,

1 Dr S. G. Browne has certain reservations about this
paragraph and Dr M. F. R. Waters does not subscribe to
the views expressed in it.

some authors feel that the conventional dose of
100 mg per day or 600 mg weekly for a patient
weighing 60 kg should be continued, at least until
much more information about the effect of dia-
phenylsulfone in low dosages has been obtained from
long-term controlled trials. In several publications
it is mentioned that the size of the dose has no
influence on the appearance of reactional pheno-
mena, which would be as frequent with conventional
doses as with lower doses. However, it should
always be borne in mind that in treating leprosy,
especially the lepromatous type, with small doses of
diaphenylsulfone too little of the drug may be
administered and the emergence of resistant strains
of Myco. leprae may be encouraged.
A double-blind trial, which is now being carried

out with the collaboration of various centres, was
planned by WHO to compare the results obtained
with two different dosages of oral diaphenylsulfone-
namely, 10 mg/kg and 3.33 mg/kg per week. In
Venezuela, another controlled trial is being made to
compare two dosages of parenteral diaphenyl-
sulfone, 20.8 mg/kg and 6.9 mg/kg, administered
once a month.
From the publications reviewed and from com-

ments received it can be concluded that the effective-
ness of lower doses of diaphenylsulfone has not
yet been confirmed. When the minimal effective
dose is being determined, the following points
should be considered: (1) side-effects; (2) reactiva-
tion and relapses; (3) the possible development of
sulfone-resistant strains of Myco. leprae. Therefore,
until prolonged, controlled investigations have been
made to evaluate their efficacy, it would be pre-
mature to recommend the use of low dosages in
mass campaigns.

Parenteral administration of diaphenylsulfone
should ensure that the patient receives an adequate
dose; however, various problems arise, due princi-
pally to the long duration of the treatment. Another
problem to be considered is the pain that the patient
suffers as the dose is increased, and the possibility
that an abscess may form. Until recently, there
existed also a difficulty in knowing whether or not the
sulfonaemia produced by parenteral administration
would be within the effective concentration.

In a trial sponsored by WHO in different centres,
the level of sulfonaemia produced by monthly
injections of an experimental preparation 2 in com-

' Two repository suspensions were tried-namely, 250 mg
of diaphenylsulfone per ml suspended in an aqueous vehicle
and 250 mg of diaphenylsulfone per ml in ethyl chaulmoograte
gelled with 3 % aluminium monostearate.
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parison with orally administered diaphenylsulfone
was studied. The levels varied from 0.5 mg to 1 mg
per litre of blood. In Venezuela, the results of
monthly injections of 4 ml-5 ml of the repository
suspension were compared with those produced by
the standard oral dose (100 mg daily). As the net
content of diaphenylsulfone in 1 ml of the suspension
was 250 mg, the parenteral dose received by patients
in each monthly injection varied from 1000 mg to
1250 mg. In lepromatous leprosy patients, the
results obtained with parenteral administration of
diaphenylsulfone were in every way comparable
with those obtained by standard oral administration
of the drug. On that basis, it has been the policy in
Venezuela to extend the use of the monthly parent-
eral injection to the treatment of all lepromatous,
borderline and Mitsuda-negative indeterminate cases
of leprosy.
By applying to leprosy the observation of Mac-

kaness (1954) on the induction of artifical cellular
immunity to Myco. tuberculosis in macrophages
with polyoxyethylene ethers, several investigators
have tried to produce a similar phenomenon in the
cells of lepromatous patients by the injection of
Macrocyclon, the most active and least toxic of the
polyoxyethylene ethers, as a combined therapy with
diaphenylsulfone, but the results obtained were not
superior to those obtained with diaphenylsulfone
alone. Although the results were negative, this
experimental work is mentioned because the under-
lying theory has a logical basis. There remains a
possibility that the combined treatment might be
advantageous in borderline and Mitsuda-negative
indeterminate cases of leprosy, in which cellular
immunity is not so completely affected as in the
lepromatous cases.

DIPHENYLTHIOUREAS

Some favourable results have been obtained in
small groups of lepromatous patients with injections
of thiambutosine. The same may be said of thio-
carbanylimide, which is chemically related to
thiambutosine and has shown good results from the
clinical as well as from the bacteriological point of
view in lepromatous cases. It should be kept in
mind that, according to the results obtained, devel-
opment of resistance to these drugs is frequent.
Moreover, their cost and the difficulties in their
utilization make them second-choice medications.

LONG-ACTING SULFONAMIDES

The compounds of this group of drugs which have
been used in anti-leprosy therapy are sulfadi-

methoxine, sulfalene, sulfamonomethoxine and
sulformetoxine. The last two compounds have been
the most frequently used and are reported to be the
most active.
Up to now, no controlled trial with these drugs

has been reported; some leprologists claim to have
obtained good results with them, even better than
with diaphenylsulfone, but others consider their
efficacy to be poor. It has also been stated that
patients resistant to diaphenylsulfone are also
resistant to long-acting sulfonamides.
Although no serious side-effects resulting from

the use of long-acting sulfonamides in the treatment
of leprosy have been reported, there is good evidence
that serious, and even lethal, secondary effects have
accompanied the use of these drugs in the treatment
of other diseases, They should, therefore, be used
under strict control in anti-leprosy therapy.

CLOFAZIMINE (B-663) 1

Clofazimine, an anti-mycobacterial drug of the
phenazine series which is active against Myco.
tuberculosis in vitro and against tuberculosis in mice
and guinea-pigs, has been tested for use in leprosy,
mainly in lepromatous cases.
The drug is eliminated in the urine slowly and can

be detected several weeks after the medication has
been suspended. It is sparingly present in the
plasma and is retained principally in the tissues
by the reticulo-endothelial system. The drug was
active in mice and in murine leprosy.
A certain number of authors have reported that

B-663 has an anti-leprosy action in doses varying
from 200 mg weekly to 600 mg daily. Reports have
also been made that the drug may prevent the onset
of acute reactions in patients with lepromatous
leprosy and that in adequate doses it may also
control severe reactions in corticosteroid-dependent
patients. However, an important disadvantage of
B-663 is that it imparts a reddish black hue to the
skin of patients, evident in light-skinned persons but
much less so in coloured persons. This coloration
appears during the course of 8-12 weeks' treatment
and persists for several months after suspension of
the medication.

It is reported that B-663 is useful in two situations
-namely, in cases resistant to sulfones and in lepra
reactions of long duration that are apparently
aggravated by sulfone treatment. It would be of

Proposed international non-proprietary name.
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value to know the minimal useful dose of this drug
since it might be less than the average dose of
100 mg-300 mg per day used in the preliminary
trials.

DADDS

(4,4'-diacetyldiaminodiphenylsulfone)

Trials with DADDS for the treatment of leprosy
are still being conducted and only the preliminary
findings of a long-term study are known. The first
reports have indicated that with a dose of 225 mg
every 75 days there is a reduction in the number of
mycobacteria in nasal washings and a decrease in
the MI in lepromatous leprosy and the drug is said
to show some clinical effect. The BI has not shown
any modification up to now. No local reaction at
the injection site is reported and DADDS is generally
very well tolerated.

This drug presents some interesting possibilities
with regard to its clinical and bacteriological activ-
ity-the latter in relation to the MI. A dose of
300 mg every 75 days liberates 4 mg per day, which
corresponds to 3 mg of diaphenylsulfone; if dia-
phenylsulfone is the only active portion of the drug
DADDS, then a dose of diaphenylsulfone as low
as 3 mg per day should have some action. From
the clinical point of view, apart from the possibility
of relapses and the development of sulfone resistance,
the possible danger that this depot preparation may
perpetuate a reactive state in cases in which the
reactive episode was triggered off by the drug must
be borne in mind. By increasing the dose ofDADDS
to 360 mg administered by injection once a month,
a level of circulating drug of 12 mg per day could
be obtained after the third dose; this corresponds
to 9 mg of diaphenylsulfone per day.
Adequate evaluation of the therapeutic activity

of DADDS is still required in a long-term trial.

COMBINED THERAPY

Trials have been made with diaphenylsulfone plus
the simultaneous administration of thiambutosine
and long-acting sulfonamides, as well as with com-
binations of diaphenylsulfone, thiosemicarbazones
and the long-acting sulfonamides, the objectives
being to obtain synergic effects and to prevent the
development of sulfone-resistance. The reports of
different investigators on these trials reveal divergent
opinions; some suggest that the combined treat-
ments are better than diaphenylsulfone alone, while
others indicate that there is no substantial difference.

REACTIONAL PHENOMENA IN LEPROMATOUS
LEPROSY

For treatment of the lepra reaction, in addition to
the corticosteroids, which have been used locally
and generally in spite of their serious side-effects in
prolonged treatment, thalidomide has given good
results. Numerous studies and two controlled trials
have indicated the efficacy of this drug.
From the results so far reported, the effect of

the drug is surprisingly rapid and the most striking
effect has been observed in serious, long-standing
cases of lepra reaction and in its acute neuritic form.
With a daily dose of 400 mg, a remission of the
general reactional syndrome and relief of the neuri-
tic pain within 48 hours has been reported. With
regard to secondary effects, in 200 reactional cases
treated with thalidomide by one of the present
authors, the only side-effects have been constipation
and occasionally diarrhoea, and complaints about
a feeling of dryness in the mouth. It was also found,
as noted by some other authors of the present report,
that thalidomide is not effective in borderline reac-
tional phenomena. It has been pointed out, how-
ever, that once the remission of the reactional
syndrome has been obtained, it is necessary to
continue the treatment since the reaction will reap-
pear in its full intensity if the drug is suspended.
In patients with prolonged and persistent reaction,
the reaction could be controlled with 50 mg of thali-
domide per day while sulfone treatment is continued.
When corticosteroids are to be replaced by thali-

domide, the doses of steroids should be decreased
slowly and progressively in order to avoid pheno-
mena provoked by the suppression of adrenal
activity.

It must be emphasized that a great disadvantage
of the use of thalidomide in lepra reactions is its well-
known teratogenic effect. This effect limits the use
of thalidomide to men and, under strict medical
supervision, to women who have passed the age of
childbearing. Some doctors are prepared to treat
younger women when they are in hospital and sub-
ject to strict control; other doctors consider that
thalidomide should never be given to pre-menopausal
women. Some authors have reported toxic effects on
the peripheral nerves, but other authors have never
observed such effects.

It is to be hoped that investigations will be under-
taken in the near future to determine whether some
of the products of thalidomide metabolism might
retain anti-reactional properties, while losing the
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teratogenic activity of thalidomide itself. The pos-
sibility of using an injectable " depot preparation "
in ambulatory male patients should also be investi-
gated.

OTHER APPROACHES

On the hypothesis that reactional phenomena in
leprosy might be caused by autoimmune mecha-
nisms or by a sensitization to Myco. leprae or its
disintegration products, experiments have been made
with immunological depressors, but the results were
negative. Similarly, no effect has been obtained
with anabolic or anti-inflammatory products admin-
istered to selected patients suffering from severe and
long-standing states of lepra reaction.

Finally, it is thought that in the search for a
rational anti-leprosy therapy, susceptibility and
defence in leprosy should be considered as intrinsi-
cally biochemical phenomena. The idea that there
is an enzymatic defect in the macrophages of suscep-
tible persons, which favours the development of the
disease in its malignant forms is gaining ground
among leprologists. If this view is correct, efforts
should be directed towards the biochemical identifi-

cation of the defect. While leprologists are at present
attempting to find chemical substances with bacteri-
cidal or bacteriostatic activity against Myco. leprae,
the new approach suggested above should lead to
the discovery of means to correct biochemically the
defective defences of the host. The chemotherapeutic
approach to the elimination of the bacillus would
remain a secondary problem.

AREAS REQUIRING FURTHER STUDY

It is suggested that the following controlled trials
should be made.

(1) Determination of the minimal effective dose
of diaphenylsulfone.

(2) Long-term studies on thalidomide, with spe-
cial reference to neural, muscular and bone lesions
in lepra reactions; in particular (a) the reported
development of toxic irreversible sensory neuropathy,
and (b) induction and continuance of specific dia-
phenylsulfone therapy under thalidomide cover.

(3) Studies on the therapeutic value of DADDS,
clofazimine and the long-acting sulfonamides are
also needed.

RtSUME

LE TRAITEMENT DE LA LEPRE

Les auteurs soulignent la necessite d'adopter pour
l'etude des medicaments antilepreux les normes relatives
aux essais contr6les. On peut cependant proceder a des
experiences pilotes de courte duree sans constitution d'un
groupe temoin lorsqu'on d6sire observer les effets secon-
daires d'un compose et se faire rapidement une opinion
sur son interet therapeutique.
Parmi les medicaments utilises au cours des cinq der-

nieres annees, aucun ne s'est rdv6le plus efficace que les
sulfones: la diamino-4,4' diphenylsulfone (DDS) est
consideree comme le medicament de choix pour le traite-
ment de toutes les formes de lepre. L'examen de diverses
publications amene a conclure que l'activite therapeu-
tique des doses de DDS inferieures aux doses classiques
n'est pas demontree et il est premature de recommander
l'utilisation de doses faibles dans les campagnes de masse
avant que leur efficacite n'ait ete evalu&e par des recher-
ches prolongees et contr6lees. Des essais sont actuelle-
ment effectues a l'aide d'une preparation-dep6t de DDS,
la diacetyldiamino-4,4' diphenylsulfone (DADDS).

L'administration de Macrocyclon en association avec
la DDS n'a pas donne de meilleurs resultats que le traite-
ment par la DDS seule.
On a signale l'apparition frequente d'une pharmaco-

resistance apres injection de thiambutosine et de thiocar-
banylimide. Ces produits sont par ailleurs coOteux et d'un
emploi difficile et doivent etre consideres comme des
medicaments de seconde ligne.

Certains leprologues rapportent avoir obtenu des
resultats satisfaisants - et meme superieurs a ceux que
donne la DDS - avec des sulfamides-retard, mais
d'autres par contre jugent ces medicaments peu efficaces.
Pour un certain nombre d'auteurs, le B-663 (un derive
de la riminophenazine), administre a raison de 200 mg
par semaine a 600mg parjour a une action antilepreuse et,
a doses suffisantes, pourrait combattre les rdactions
graves chez les malades presentant une d6pendance
aux corticosteroides. Le produit a cependant l'incon-
venient important de colorer la peau des malades en
rouge fonce.
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Alors que certains lIprologues sont d'avis que les
associations de m6dicaments sont plus efficaces que la
DDS seule, d'autres en revanche estiment qu'il n'y a
aucune diff6rence appreciable entre les deux types de
traitement. La thalidomide a ete employ6e avec succes
dans des cas de r6action l6preuse, et on a signale que les
ph6nom6nes r6actionnels de longue dur6e pouvaient etre
efficacement combattus par I'administration d'une dose

quotienne de 50 mg, le traitement par les sulfones etant
poursuivi. L'emploi de la thalidomide est neanmoins
limite en raison du risque d'effets teratogenes.
Les medicaments immuno-depresseurs et les substances

dot6es de propri6t6s anaboliques ou anti-inflammatoires
n'ont fait preuve d'aucune activite th6rapeutique chez
des malades pr6sentant depuis longtemps une reaction
1lpreuse grave.
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