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It is a commonplace to assert that the era
of rational and scientifically established
chemotherapy has dawned but recently,
and that the effective treatment of leprosy
is embraced within our own professional
life-span. In these brief years, we have
progressed from the empiricism and folk-
lore of chaulmoogra and hydnocarpus oils,
and their ostensibly more respectable esters
and iodized derivatives, and their salts
with strong bases, through the aniline dyes
and diphtheria toxoid, to the sulfones and
their chemical congeners, and to clofazi-
mine, rifampicin, etc. (?). During the same
period, the experimental basis of specific
chemotherapy has been firmly established,
and the elegant mouse footpad investiga-
tive model has been shown to provide a
reproducible framework for demonstrating
the identity and viability of the causative
organism, the therapeutic activity in con-
trolled concentrations of drugs and metabo-
lites, the occurrence of drug-resistant
strains, and the initial steps in the demon-
stration of the precise mode and site of
action of mycobacteriostatic and perhaps
mycobactericidal compounds. Furthermore,
during this decade, the methodology of
therapeutic trials has been more precise-
ly defined, and hence has yielded more
exact, more rational, and more rapid re-
sults. The appraisal of clinical changes di-
rectly associated with active chemotherapy
is now made objectively and differentiated
from the extraneous phenomena with
which they were in the past frequently
confused.

The welcome increase in research into
these and other aspects of leprosy has led
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to a veritable burgeoning of new know.
edge and new insights. This in turn shoulg
lead to the more effective treatment of the
individual leprosy patient and more efficient
control measures. So far, in the world a5
a whole, there is little evidence that, except
in isolated privileged pockets, the leprosy
endemic is abating: the gaps are too large
and too many between laboratory apg
ficld, and between what is known and what
is applied.

In discussing the bases of modern chemo.
therapy in leprosy, attention will, cop.
sonant with the context of this predomi.
nantly clinical session, be largely focussed
on the clinical aspects, but the increasing
indebtedness to the experimental microbip)-
ogist will be tacitly assumed throughout,
and is here acknowledged.

Certain bases for the assessment of chem-
otherapeutic activity in leprosy are now
generally  accepted, though different
weightings are accorded to the individual
findings. The investigator makes tacit as-
sumptions that may or may not be true or
relevant. He is dealing with patients who
are human beings, and not experimental
animals, and he is ethically responsible for
the local and remote results of his acts of
commission and of omission. To the con-
scientious clinician, leprosy is more than an
infection with M. leprae: it is the sum of
the physical results of such infection, to-
gether with the economic and psychologic
consequences of social prejudices and pres-
sures.

Clinically, management is much more
than chemotherapy. And, indeed chemo-
therapy may be irrelevant or positively mis-
leading if it is confined to a study of the
isolated phenomenon of the presence and
appearance of certain organisms rendered
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yisible by staining with carbol Ffuchsin.
These latter may represent but a stage in a
complicated life-cycle, and their extreme
paucity in certain lesions that are by defini-
tion leprosy should at least engender an
attitude of caution. :

Another caveat concerns the extremely
vigorous tuberculoid response seen at the
cellular level, the developed cell-mediated
immunity. The presumably provocative bi-
ochemical antigen, as it is produced in suc-
cessive centrifugal zones corresponding to
slow and scanty bacillary penetration, is
indirectly responsible for such obvious ma-
croscopic pathologic changes as hyperemia,
impairment of pigment formation, diminu-
tion of cutaneous sensation and disturbance
of hair growth. Despite the apparent ab-
sence of viable mycobacteria, and the rarity
of even acid-fast material in such lesions,
mycobacteriostatic drugs seem to have dis-
tinct activity in accelerating and perhaps
initiating resolution. In point of fact, some
workers suggest that the long-acting sul-
fonamides, for instance, appear to be more
active than the sulfones in this respect,
more rapid in their facilitation of the repig-
mentation of tuberculoid lesions.

Another group of observations concerns
the mode of action of the drugs used in
leprosy (* 3). The phenomenally low
serum concentrations of dapsone that are
bacteriostatic might suggest that there may
be more to its action than that of a partial
antimetabolite on the analogy of para-
amino-benzoic acid and the sulfonamides
(*). In fact, the pharmacodynamics of
dapsone seem to open up several new
vistas. For emmple its value in dermatitis
herpetiformis, in which it has virtually re-
placed the sulfonamides: it controls the
condition (whose ctiology is unknown),
and it can be given in high doses (200-300
mgm. daily) for long periods without
fausing toxic signs in skin or nerves. In
many kinds of mycetoma, caused by a
variety of organisms, notably Nocardia sp.,

psone is the drug of choice, having re-
Placed jodides, gentian violet, nystatin, etc.

N malaria, the sulfones are finding a new
ad important range of activity, with a
pecific action on Pl falciparum. More re-
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cently, dapsone has been used successfully
in acne, where its mode of action may lie in
its biologic capacity to modify sebum secre-
tion rather than in any hypothetical disin-
fectant or bactericidal action on B. acnei-
formis or the rarer Staph. albus (not aure-
us), secondary invader of comedones. The
tetracyclines and the estrogen derivatives,
long in vogue in treating severe adolescent
acne conglobata, and resistant acne vulgar-
is, also appear to act in similar fashion.
Another link with an essentially noninfec-
tive condition is provided by some collagen
diseases, in which dapsone may possess
properties similar to those of the corticos-
teroids and butazolidine. The direct an-
timicrobial action of dapsone, which in-
deed was its first action to be experimental-
ly investigated by British and French work-
ers over 30 years ago, is sufficiently well
known to be dismissed by a mere passing
reference; black marketeers in West Africa
are as well aware of its use in gonorrheal
infections as are orthodox practitioners of
its value in ulcerations, not necessarily lep-
rotic or trophic. There is evidence that the
exhibition of dapsone in early mycosis fun-,
goides will prevent the development of
tumoral lesions. For completeness’ sake,
mention must be made of the use of dap-
sone in vasculitis, Crohn’s disease, Henoch-
Schénlein’s purpura and ulcerative colitis.
All these observations indicate the diver-
sity of action of the drug most commonly
used in leprosy, which has furthermore
shown minimal activity in related myco-
bacterial disease, such as tuberculosis.
Similar illustrations could be drawn from
other fields, such as the sulfonamides,
clofazimine, rifampicin, etc., but in the
main in the much more restricted area of
such mycobacterial diseases as tuberculosis,
M. ulcerans infections, ete. Enough has
perhaps been said to alert the non-
clinicians to the fact that there may be far
more to the chemotherapy of leprosy than a
simple bacteriostatic or bactericidal action.
The patient—of whom we are sometimes in
danger of losing sight—is not a passive
repository for the multiplication of M. lep-
rae in a complex biologic tissue-culture
system, but a participating, reacting and
suffering individual who wants to get bet-



406

ter of his “leprosy.” He is more interested in
this than in the concentration or morpholo-
gy of the M. leprae in his tissucs.

Bearing these considerations in mind, we
may briefly comment on the accepted cri-
teria for assessing the antileprosy activity of
chemotherapeutic agents:

Clinical amelioration. In such a disease
as leprosy, clinical changes are notoriously
difficult to assess and to quantify (®). They
are slow, affect structures and functions in
varying ways, and may bear no direct or
linear correlation with the bacteriostatic or
bactericidal action of the drug being given.
Many earlier drug trials failed to distin.
guish between the essential and the deriva-
tive in, for example, changes in lesional
pigmentation and in nerve size or tender-
ness. They grouped together primary
effects on bacillary granulomata and sec-
ondary results in diminution of cellular ac-
tivity in pauci-bacillary disease. Some of
them confused complex antiseptic action in
infected neuropathic ulcerations with pro-
gressive intraneural fibrosis consequent on
antibacterial activity and inflammatory re-
sponse. By confining therapeutic trials ini-
tially to patients suffering from active and
progressive  lepromatous  or  near-
lepromatous leprosy, confirmed by all
necessary procedures, and untreated, the
direct effects and consequences of bacteri-
ostatic or bactericidal activity can be more
readily and more accurately assessed. The
extreme slowness of the changes, and the
absence of a definite clinical end-point are
in keeping with the nature of the infection,
and constitute ineradicable difficulties in-
herent in therapeutic trials in leprosy. In
general, the theoretical advantages of pair-
ing, placebo treatment, and double-blind
assessment are minimized by practical and
ethical considerations. The usual progres-
sive worsening of patients with leproma-
tous leprosy, left without treatment, pro-
vides on the whole and in a sufficiently large
group, a sounder scientific baseline for eval-
uation of the efficacy of a drug than the
demonstration of slight clinical differences.
The comparison is really between no treat-
ment and the treatment being investigated.
The patient provides his own control, his
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own bascline, even if he is assumeq ¢
clinically static and nonprogressive. Unb;
ased, independent and  well-qualifieq a::
sessors are only rarely available, ang
absence of subjective bias is difficy) to
achieve in evaluating unquantifiable dat,

Bacteriologic changes. From 19gg i
wards, we have used a simple arithmetje
notation to indicate the average Percentage
of morphologically normal bacilli in Sears
taken by standard techniques from seleciag
skin and nasal mucosal sites in patieng
with multibacillary forms of leprosy (1)
This index provides a delicate and reasoy,
ably precise and comparable indication of
antimycobacterial activity, and represents
the resultant of bacterial multiplication, de.
generation and evacuation. When evacys,.
tion is minimal, and new bacilli fail ¢,
appear, the bacteriostatic activity of the
trial drug is established by the high percent.
age of degenerating forms, ie. acid-fag
material, of recognizably bacillary outline,
that fails to stain regularly and deeply. The
initial Morphological Index apparently
varies from country to country independ-
ently of the criteria adopted for normali-
ty, but in the same reliable and practised
hands comparable results should be ob-
tained. Verification by utilizing the mouse
footpad is a valuable method for demon.
strating viability in an admittedly artifi.
cial micro-environment. The Morphological
Index bears no essential relation to the
initial height of the Bacterial Index or to
changes in the latter. It is a matter of great
interest that in Mitsuda-negative leproma-
tous leprosy, the Morphological Index
should vary within such wide limits in the
untreated patient. There may be no cell-
mediated immunity, but the life-span of
individual bacilli may apparently vary
enormously from patient to patient, and the
Morphological Index (in extreme cases, ad-
mittedly) may be 0 or 100 per cent in
genuinely untreated patients. This observa-
tion should make for extreme caution both
in the selection of patients for inclusion in
drug trials and in the interpretation of the
results.

Other factors, such as the discontinuit}"d
the bacilliferous granuloma and the persist-
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ence of pockets of morphologically normal
bacilli, may also complicate—if not partially
vitiate—the results.

The reappearance of foci of normal bacil-
li, aggregated into well-defined mushroom-
like areas, and sometimes in visible papules,
may or may not herald bacteriologic
relapse, caused by the proliferation of bacilli
which may or may not be drug-resistant.

Histologic examination of material from
the active edges of lesions provides not
only invaluable confirmation of the classifi-
cation, but also data concerning the
presence, disposition and morphology of
the bacilli and the changes in both bacilli
and cellular infiltration that accompany
successful therapy. The histopathology of
the broad intermediate zone between near-
tuberculoid and near-lepromatous leprosy
provides perhaps the most intriguing and
the most puzzling features, with increase in
cellular response with treatment (reversal
reaction), and decrease in resistance on
each successive episode of exacerbation.
Histologic examination, while undoubtedly
superior to the slit-smear technique in
many respects, remains a research tool
rather than a procedure for routine use in
mass leprosy control schemes. It supple-
ments and corrects any conclusions based
on the examination of a minute and per-
haps atypical area of dermal tissue. Long
experience engenders a very healthy re-
spect for the capacity of M. leprae to
persist for years in the tissues without re-
vealing its presence clinically.

The immunologic findings are of minimal
value in the diagnosis of leprosy and the
evaluation of the results of treatment,
though they may be of fundamental impor-
tance in pathogenesis and classification,
and hence in prognosis. In early leprosy

(indeterminate or minor tuberculoid), and
in children, the degree of positivity of the
lepromin reaction may not correspond with
the clinigal findings, and in major tubercu-
bid leprosy passing through an acute
mflammatory phase, the lepromin reaction
may be transiently negative—an example of
mmunologic exhaustion.
_ There is growing evidence that the slight
Mmunity present in persons developing
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lepromatous leprosy is somehow reduced
still further by the actual infection, just as
the potential reactivity of persons de-
veloping tuberculoid leprosy is somehow
enhanced as cell-mediated immunity in-
creases.

Notwithstanding the range of inherited
ability to lyse M. leprae, the individual
differences in metabolizing and utilizing
antileprosy drugs, and the broad racial dif-
ferences in susceptibility and disease-
patterns, the bases of chemotherapy are
generally well established. T leave to the
biochemists the detailed discussion of the
mechanism of drug action, and the impor-
tance of such structures as lysosomes in the
dissolution of the organisms. The most im-
portant aspect of applied chemotherapy
yet virtually untouched is the removal of
effete antigenic acid-fast material from the
body of the patient cured of his infection
but still suffering from “leprosy.”

The bases of immunosuppressive therapy
in leprosy are only now becoming less
imprecise and more rational than has been
the case hitherto (®). The number of drugs
suggested for the treatment of acute reac-
tion in leprosy, and the contradictions in
the literature, are in the main due to:

1. Lack of definition of the clinical states
considered.

2. Collection of diverse syndromes into a
spurious unity.

3. Variations in the seriousness of reac-
tional episodes not only between one type
of leprosy and another, but also between
examples of apparently the same type
within a country, and also from different
countries.

4. Great diversity of clinical phenomena
associated with essential unpredictability.

5. Absence of objective, measurable cri-
teria for registering in comparable fashion
any improvement attributable to chemo-
therapy.

Successive meectings of experts attempt-
ing to correlate and synthesize diverse
pronouncements have been less successful
in adumbrating the bases for immunosup-
pressive therapy in leprosy than individuals
and groups that have studied the matters
intensively. The reasons for the confusion,
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itemized above, are now yielding to critical
examination, and the emergence of agreed
bases is at least becoming a reasonable
possibility.

1. Lack of definition. The hotchpotch of
inflammation and tissue sensitivity on the
one hand, and the specific response of
target organs (such as the uveal tract, the
peripheral nerves, etc.) on the other,
should now be resolved into more precise
categories, as the findings of histology and
immunofiuorescent investigations are be-
coming available.

2. Variations in gravity. The extreme
range of seriousness of acute episodes, from
a few transient superficial skin lesions to an
inexorably progressive generalized systemic
condition, makes for noncomparability of
results of therapy unless strict criteria are
observed. Thus, the condition should be
established and severe, showing no spon-
taneous amelioration or violent exacer-
bation, and permitting gradation into cate-
gories. Generalizations based on observa-
tions in one country and dealing with clini-
cal states typical of one or a few racial
types, are not necessarily applicable to an-
other situation. Caucasians and Chinese
seem to be subject to more severe, more
prolonged and more unpredictably violent
episodes of reaction than the deeply-
pigmented Bantu. Similarly, minute doses
of dapsone may precipitate a return of
severe signs and symptoms in certain types
of patient though not in others.

3. Diversity of phenomena. While the
signs of systemic involvement usually run
pari passu, and severe edematous and ery-
thematous infiltration may be the visible
evidence of a widespread tissue sensitivity,
one organ may be involved much more
than others, e.g., the skin, the uveal tract,
the Leydig cells of the testis, the peripheral
nerves. If any one criterion is utilized to the
exclusion of others, spurious impressions of
comparability may be presented.

4. Measurable criteria. Anti-inflammatory
activity may now be objectively demon-
strated by the cotton pellet and the car-
rageenin tests, and the presence of fluores-
cent antibody may be shown by special
methods. Body temperature, pulse rate,
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leucoceytosis, proteinuria, are more amen
able  to objective measurement ‘hax;
malaise or pain, or even the redness and
eievation of skin lesions. The value of seria]
histologic examination is limited: the pic.
ture varies so greatly in cellular density, i
cell type, in degree of endarteritis :;.nd
hyaline medial degeneration, in the dene;
and morphology of M. leprae, that im-
provement under treatment is difficult
assess on these grounds alone.

The chemotherapeutic rationale of dry
commonly used for the control of the serj.
ous forms of acute exacerbation in lep
is far from being precisely understood. We
are still at the stage of empiricism apg
pragmatism. There is still disagreement
concerning the advisability of suppressing
or continuing antileprosy treatment durin
severe reaction, some holding that the clinj.
cal state is unaffected, while others point to
the observed precipitation of new lesions
on every exhibition of even minute amounts
of an antileprosy drug. There is also dis-
agreement concerning the reactogenic
properties of drugs, singly or in combina-
tion.

Apart from the sedatives, of the drugs in
use 20 years ago (methylene blue, mer-
curochrome, acriflavine and the rest) only
the antimonials seem to have survived; and
their efficacity—given intravenously as so.
dium antimony tartrate or intramuscularly
as a proprietary preparation—seems well
attested. Loosely termed “anti-inflamma-
tory” drugs, they are prescribed on empiri--
cal grounds.

Chloroquine is virtually the only anti-
malarial in general use for this purpose. Its
action is curiously selective, appearing ei-
ther to act decisively in the individual on
every occasion, or not to act at all. The
complex mode of action of this drug is to be
seen in relation to its use in such diverse
conditions as malaria, rheumatoid arthritis,
lupus ervthematosus, etc.

The corticosteroids, as anti-inflammatory
drugs, have an assured place in the control
of the reactive state. Usually given orally
and parenterally for their systemic effects,
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they also have a demonstrable efficacity
when infiltrated locally (perhaps with hy-
alyronidase) into acutely edematous
peripheral nerves, or introduced subcon-
junctivally in the case of acute iridocyclitis.
Even when antileprosy treatment is tem-
porarily suppressed during the administra-
tion of corticosteroids, multibacillary dis-
ease does not appear to worsen as rapidly
as it might.

Clofazimine has an experimentally estab-
lished anti-inflammatory action; it must be
given in doses adequate to the gravity of
the reaction. In this respect it is no differ-
ent from the corticosteroids. A useful prop-
erty of this drug is that it has a mycobac-
teriostatic action in addition. The exact
mechanism by which it controls the clinical
manifestations of acute reaction is un-
known, but is probably unrelated to its
concentration in cells of the reticulo-
endothelial system. Clofazimine is thus valu-
able in established serious exacerbation, in
reaction-prone patients with lepromatous
leprosy, and in dapsone-resistant leprosy.

Thalidomide has a consistent and rapid
efficacy in controlling the acute reaction in
lepromatous leprosy, and were it not for its
neurotoxic and teratogenic side-effects, it
would doubtless enjoy a more widespread
vogue. Its sedative action (like that of
chlorpromazine) may account for a small
part of its effect in leprosy, but the
mechanism of its apparently specific action
is as yet unexplained. Certain breakdown
metabolic products and related cyclic
imines may have a similar anti-inflamma-
tory action.

Flufenamic acid, Tanderil (oxyphenbuta-
zone ) and indomethacin and other anti-
inflammatory agents have been used in
leprosy, but in small series or with equivo-
cal results.

The immunosuppressive drugs, cy-
dophosphamide, amethopterin and 6-mer-
captopurine, given experimentally to mice
infected with M. marinum. apparently stim-
ulated bacterial growth; mice infected
with M. tuberculosis died sooner than nor-
mal when given these drugs. In experimen.
tal M. leprae infections, there was appar-
ently no promotion of bacterial growth. but
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the doses of cyclophosphamide had to be
reduced because of drug-associated mortal-
ity. In human beings suffering from lepro-
sy, cyclophosphamide does not control
acute lepra reaction or improve the clinical
condition of patients suffering from erythe-
ma nodosum leprosum.

Cytostatic or cytotoxic agents such as
Natulan, Ancyte and Vercyte have no ap-
parent efficacity when given to patients in
the throes of lepra reaction.

o ° L]

This brief résumé of drugs used to con-
trol the manifestations of acute reaction
indicates the complexity of the clinical con-
dition rather than the precise biochemical
bases for the beneficial results observed.

SUMMARY

Within our professional life-span, the
chemotherapy of leprosy infection has pro-
gressed from irrational folklore to precisely-
tailored chemical synthesis, from haphaz-
ard polypharmacy and clinical impressions
to purposeful therapy and objective ap-
praisal. Of the twin bases of modern chem-
otherapy—experimental and clinical-only
the second will concern us in this pre-
dominantly clinical session, but the clin-
ician’s debt to the experimental biologist
will be apparent throughout. ;

1. Clinical amelioration. Earlier trials
failed to distinguish clearly between cssen-
tial and derivative, primary and secondary,
bacilliferous granuloma and residual cica-
trization. By confining therapeutic trials
initially to patients with lepromatous or
near-lepromatous leprosy, the direct effects
and consequences of bacteriostatic or bac-
tericidal activity can be more readily and
more accurately assesscd, and the complex
tissue response to living and dead myco-
bacteria can be nullified.

2. Bacteriologic changes. From 1960 on-
ward, we have systematically employed an
arithmetical notation to indicate the per-
centage of morphologically normal orga-
nisms present in the multiple sites regularly
smeared. This notation provides a delicate
and precise indication of antimycobacterial
activity, and is largely independent of the
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changes in the level of bacterial concentra-
tion in the tissues. Pockets of viable bacilli
may persist in certain situations, to multi-
ply temporarily. Drug-resistance may be
associated with intermittency of low-dose
treatment.

3. Histologic examination provides evi-
dence for confirmation of classification, of
gradual changes in immunologic pattem, of
persistence of viable bacilli and their pre-
cise location, and the phenomenal
resilience of M., leprae confronted with
mycobacteriostatic drugs and tissue inhibi-
tory factors.

4. The immunologic state, as indicated
by the lepromin reaction, furnishes data of
subservient value especially in the inter-
mediate (or borderline) group.

The bases of immunosuppressive therapy
in leprosy are rather more difficult to
define and delimit, since the criterin for
control are less precise, and the clinical
states are complex and possibly multifacto-
rial in origin.

The first desideratum is comparability—
of etiology (if possible), of severity, and of
prognosis. The range of meaning of the
terms “reactions” and “exacerbation” as
used by clinicians and as seen in the litera-
ture indicates the need for agreed uniform-
ity of nomenclature. Other desiderata
are: objective criteria for therapeutic
efficacy; exclusion of the normal range of
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variability in clinical progress; precisely o,
sessable changes attributable to mc-d'ﬁb
tion; scientific appraisal of the trey o
instituted in the context of ethical o
tions to the sick individual.

The  present  position  of antj
inflammatory drugs used in leprosy, (Chlo:
roquine, corticosteroids, clofazimine, thal
idomide, flufenamic acid, indomeﬂlacini
will be briefly reviewed in the light of these
considerations. '

tmeng
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