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Summary The events leading to the development of the THELEP Standard
Protocol for controlled clinical trials in lepromatous leprosy are recounted, and
the structure of the Standard Protocol is described. Trials of multidrug regimens
including dapsone, rifampicin and clofazimine or prothionamide have been
undertaken in Bamako and Chingleput.
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Introduction

Modern chemotherapy of leprosy may be said to have begun in 1941, when the
first effective antimicrobial drug, glucosulphone (Promin®), was employed in the
treatment of patients with leprosy.’ During the next 20 years, a number of other
sulphones were introduced into the therapy of leprosy. However, despite the lack
during this period of a precise means of measuring the efficacy of chemotherapy,
the potency of sulphones became firmly established, and dapsone became
accepted as the drug of choice.

MORPHOLOGICAL INDEX

The scientific basis of modern leprosy chemotherapy depends upon the
development of 2 laboratory techniques that made it possible to measure the rate
at which Mycobacterium leprae were killed during treatment. After earlier
workers had called attention to morphological changes of M. leprae during
treatment of leprosy patients, quantitive assessment of the bacterial morphology
was introduced as a means of measuring the response of patients to treatment,
and employed in a series of clinical trials carried out at Sungei Buloh,
Malaysia.!®'223-26 Although the efficacy of treatment by several drugs was
demonstrated by observing the decrease of the morphological index (MI), as this
measurement came to be known, this decrease of the MI appeared to be a rather
insensitive measure of the response to antimicrobial chemotherapy. For example,
the rate of decrease of the MI was no more rapid during treatment with dapsone
or clofazimine in full dosage than during treatment by much smaller dosages of
these drugs. In fact, there is evidence that killing of M. leprae is not the
rate-determining step in the morphological changes that accompany death of the
organisms.?

MOUSE FOOT-PAD INOCULATION

The second laboratory method that contributed uniquely to the development of
modern chemotherapy was Shepard’s mouse foot-pad technique.'® Application
of this technique to the measurement of the rate at which M. leprae are killed
during effective antimicrobial treatment of the patient with lepromatous leprosy
provided a more sensitive and discriminating means of assessing the efficacy of
antimicrobial chemotherapy. Employing this technique, a series of clinical trials
was carried out in San Francisco and in Cebu." 2781720 These trials established
that M. leprae recovered from the lesions of patients with lepromatous leprosy
lost their infectivity for immunologically normal mice after treatment for an
average of 100 days with 50-100 mg dapsone daily; after an average of 150 days
with clofazimine, 100-200 mg daily or 100 mg 3 times weekly; after more than 150
days of treatment with acedapsone, 225 mg intramuscularly every 77 days, or
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clofazimine, 600 mg every 2 weeks or 1200 mg every 4 weeks; and within a few
days of single 600—-1500 mg or daily 300—600 mg doses of rifampicin.

Immunologically normal mice appear to mount an effective immune
response, causing multiplication to cease when the number of M. leprae
approaches 1-2 x 10° per foot-pad. M. leprae fail to multiply when 10° or more are
inoculated into the foot-pad of the normal mouse, and inocula must contain no
more than 10* organisms per foot-pad, if multiplication is to be recognized
reliably. Therefore, failure of multiplication in mice inoculated with 104 M. leprae
implies only that the inoculum included fewer than 1 viable organism per 10*
inoculated. Because a patient with lepromatous leprosy who has not been
previously treated may harbour as many as 10'" M. leprae, of which 109, (10'°)
may be viable, he may harbour a great many viable organisms when, in the course
of effective treatment, the first 99-99, of the patient’s organisms have been killed,
and his M. leprae are no longer capable of infecting normal mice.?

Thus, although application of the foot-pad technique employing immunolo-
gically normal mice to the measurement of chemotherapeutic efficacy produced
much important information, the technique possessed important limitations.
Thus, whereas this technique showed that single doses of rifampicin killed M.
leprae as rapidly as could be measured, it was not sensitive enough to show how
much more rapidly a combination of rifampicin with another bactericidal drug
would kill the organisms, or the rate at which M. leprae would be killed, once the
patient’s organisms were no longer infective for normal mice.

RECOGNITION OF PERSISTING M. LEPRAFE

At least a partial answer to the second question was given by studies employing
T-cell depleted (adult-thymectomized, whole body-irradiated, and bone-
marrow-reconstituted, ‘TR’) mice, which had been shown by Rees!3 regularly to
permit multiplication after inoculation of 10° M. leprae per foot-pad. The first
clinical trials undertaken, at Sungei Buloh, with inoculation of T900R mice
demonstrated the presence of ‘persisting’ M. leprae .'*?" (Briefly, persisting M.
leprae are organisms that survive treatment by ordinarily effective dosages of
drugs, despite being fully susceptible to the antimicrobial effects of the drugs; this
subject has been recently reviewed by Toman.)??> Viable M. leprae were detected
by inoculation of TR mice with organisms recovered from the tissues of patients
after 10 years of supervised treatment with dapsone in full dosage, after 5 years of
treatment with rifampicin, 600 mg daily, and after treatment for 6 months by
rifampicin, 600 mg daily, administered in combination with dapsone in a daily
dose of 100 mg.

BEGINNINGS OF THE THELEP PROGRAMME

Thus, the situation confronting the committee convened in April 1976 to plan the
THELEP programme? was as follows. As the result of a number of clinical trials
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employing inoculation of normal mice, dapsone, acedapsone, clofazimine,
rifampicin and ethionamide had all been shown, in various dosages, to be
effective antimicrobial drugs for the treatment of patients with lepromatous
leprosy. Moreover, by the use of TR mice, the ubiquity of persisting M. leprae had
been demonstrated. It appeared that, in the course of effective chemotherapy of
lepromatous leprosy, M. leprae were initially killed more or less rapidly; after the
initial kill, however, there remained a number of persisting organisms, which was
too small to be detected by inoculating normal mice with 10* organisms per
foot-pad, but could sometimes be detected by inoculating TR mice with 105
organisms per foot-pad. It was not clear whether the number of persisters was
smaller after treatment by some regimens than it was after treatment by others.

Another problem confronting the THELEP planning committee was that of
resistance to dapsone,’ the scope of which had been revealed as a result of an
application of the mouse foot-pad technique. It was clear that treatment of
patients with combinations of drugs was required to prevent the emergence of
drugresistance. Whether some combinations would be more effective than others
in decreasing the size of the subpopulation of persisting M. leprae was not clear.
Therefore, the planning committee recommended that THELEP undertake
controlled clinical trials of various combined drug regimens, in the course of
which trials TR mice would be inoculated in an attempt to detect persisting M.
leprae. In April 1977, at the first meeting of the THELEP Scientific Working
Group (SWG), a draft Standard Protocol for Chemotherapy Trials in Leproma-
tous Leprosy was revised and adopted.?*

Standard Protocol

The Standard Protocol envisages trials among 3 groups of lepromatous (LL and
LI) patients: 1, those without prior treatment; 2, patients who have relapsed, and
whose Mycobacterium leprae have been proved resistant to dapsone; and 3,
patients who have responded to dapsone monotherapy, and who may therefore
be presumed to harbour dapsone-resistant subpopulations larger than those in
previously untreated patients. The trials must comply with the ethical require-
ments of the World Health Organization;* approval of governmental or
institutional authorities and consent of the patients are to be obtained, and
patients are to be closely monitored for the occurrence of adverse reactions to the
drugs employed in the trials.

Enough patients of the appropriate group are to be recruited into the trial so
that complete data will be available on at least 30 per regimen. Patients should
have LL or LI leprosy, may be of either sex, and should be at least 15 years of age.
To be excluded from the trial are pregnant women, patients with a Mitsuda

* Copies of the Standard Protocol for Chemotherapy Trials in Lepromatous Leprosy may be
obtained by application to the Leprosy Unit, World Health Organization, Geneva, Switzerland.



THELEP controlled clinical trials in LL 171

reaction equal to or greater than 3 mm in diameter, patients with tuberculosis
requiring treatment, and those with a recent history of erythema nodosum
leprosum (ENL), which may indicate recent, effective treatment, and which is
often associated with failure of the patient’s M. leprae to infect mice.

EXAMINATIONS AT INTAKE

When the patient is first considered for admission into a trial to be conducted
among previously untreated patients, he is examined for the presence of lesions
suggesting previous treatment, interrogated with respect to prior treatment, and a
urine specimen is obtained for dapsone assay to exclude recent intake of the drug.
Upon admission, two skin lesions, eachlargeenough to permit repeated biopsies,
are biopsied, and the specimens are divided, 1 portion of each being immediately
fixed and submitted for histopathological examination; the remaining portions
are placed at 0—4°C, and submitted within 1 week for enumeration of M. leprae
and inoculation of mice; the organisms from the specimen containing the larger
number of M. leprae are to be inoculated into mice for determination of viability
and of susceptibility to dapsone. The patient is then assigned by random
allocation to a treatment regimen.

Following admission to the trial, a complete medical history is obtained, and a
physical examination is performed, with emphasis on those points of the
examination that are particularly relevant to leprosy. A lepromin test is
performed, employing a standard preparation of lepromin. Smears for measure-
ment of the bacteriological index (BI) are made from both ears and from other
sites, and a ‘nose blow’ is obtained. Finally, specimens of urine, faeces and blood
are obtained, and haematologic studies, studies of liver function and other
laboratory tests are performed. Patients with syphilis or heavy burdens of
parasites are to be treated prior to initiating treatment of leprosy by the trial
regimen.

EXAMINATIONS DURING THE TRIAL

At intervals during treatment, a number of tests are carried out, as shown in
Figure 1. Every 4 weeks the patient isexamined briefly by the clinical investigator,
note is made of any changes in the patient’s lesions, and he is interviewed for
symptoms suggesting adverse reactions to drugs. At this same interval, specimens
of urine and blood are obtained for laboratory investigation. A ‘nose-blow’
specimen is obtained after 4 weeks of treatment. Finally, the occurrence of
ENL and other leprosy reactions is recorded, and the reactions are treated
appropriately.

After treatment for 12 weeks, a formal clinical assessment is performed. A
biopsy is performed from the lesion found earlier to yield the larger number of M.
leprae, for histopathological examination and for inoculation of both immunolo-
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Clinical exam. ’— X X X X
Lepromin test X
Urine for DDS |~ X X X X X X X X
Smears for BI |~ X X X X X X
Nose blow [~ X X X
Biopsy |~ XX X X X
Serology |~ X
Faeces for parasites - X
Haematology = X X X X X X X X X X X
Urinalysis = X X X X X X X X X X X
Liver function - X X X X X X X X X X X
Informal exam. |- X X X X X X X
e X0 X X XX
I S - | | ] 1 | 1 1 1
0 3 6 9 12 15 18 21 24

Time after beginning of trial (months)

Figure 1. Schedule of examinations required by the Standard Protocol, showing minimal frequency.

gically normal mice (with 5000-10,000 organisms per foot-pad) and thymecto-
mized-irradiated (TR) mice (with 100,000 M. leprae per foot-pad). Skin smears
are made from the same 6 sites employed earlier, and a ‘nose-blow’ specimen is
obtained.

At intervals of 3 months, beginning after 6 months of treatment, a urine
specimen is obtained for dapsone assay as a guide to the regularity with which the
patient takes his prescribed medication, the patient is examined for evidence of
ENL and a change in his disease process, and he is interviewed for symptoms
suggesting adverse reactions to his drugs. In addition, at intervals of 6 months,
beginning after 6 months of treatment, smears are obtained for measurement of
the BI, and specimens of urine and blood are obtained for laboratory study.

After 12, and again after 24 months of treatment, in addition to those
procedures carried out at intervals of 3 and 6 months, a complete examination is
performed, and a biopsy is performed for histopathologic examination and to
provide organisms for inoculation of TR mice.

Patients may be removed from the trial by the responsible clinician for only a
limited number of reasons: 1, onset of an important intercurrent illness; 2,
evidence of clinically important drug allergy or toxicity; 3, ENL so severe as to
require cessation of therapy; 4, pregnancy;and 5, the patient’s desire to withdraw
from the trial.

The patient may be removed from the trial, or the results of his study may be
excluded from analysis by the THELEP Clinical Trials Subcommittee because
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the M. leprae recovered from the pretreatment biopsy specimen either fail to
infect mice, or are shown to be resistant to dapsone, or because of clinical
worsening or relapse of his leprosy.

COMPARISON OF REGIMENS

In essence, the THELEP Standard Protocol for Chemotherapy Trials in
Lepromatous Leprosy calls for treatment by a combined drug regimen for a
period of 2 years. Normal mice are inoculated with M. leprae recovered before the
start of treatment, and again after treatment for 3 months, providing an
opportunity to measure the initial rate at which the patient’s M. leprae are killed.
The single biopsy performed after 3 months’ treatment obviously cannot permit a
precise estimate of this rate, but should suffice to exclude the possibility that
members of the drug combination so antagonize each other as greatly to decrease
this initial rate of bacterial killing. TR mice are inoculated after treatment for 3,
12 and 24 months, thus providing 3 opportunities for the detection of persisting
M. leprae. The trial regimens will be compared in terms of the frequency with
which persisting M. leprae are detected.

THELEP controlled clinical trials

At the time that it reviewed the THELEP Standard Protocol, the SWG suggested
a number of combined-drug regimens to be tried among patients of the 3 groups.
At its first meeting, immediately after the meeting of the SWG, the steering
committee of the THELEP SWG selected the Institut Marchoux, Bamako, Mali,
and the Central Leprosy Teaching and Research Institute, Chingleput, South
India, as the sites of the first 2 trials. The trials themselves were to be carried out as
a collaborative effort with participation of several investigators from different
parts of the world. The trials were to be carried out among previously untreated
patients with leprosy classified as LL or LI according to the Ridly—Jopling
classification.'’

Recruitment of patients for the trials was begun in Chingleput in August 1977,
and in Bamako in November of that year. The regimens under trial are, at
Chingleput: 1, regimen A,—dapsone, 100 mg, rifampicin, 600 mg, and clofazi-
mine, 100 mg, each drug administered daily for 2 years; 2, regimen C—a single
initial 1500-mg dose of rifampicin, together with dapsone, 100 mg, administered
daily for 2 years; and 3, regimen D,—as for regimen C, with the addition of
clofazimine administered in a daily dose of 100 mg for the first 3 months.

In Bamako, theregimens undertestare: 1, regimen A,—as for regimen A, but
with prothionamide, 500 mg, in place of clofazimine; 2, regimen C—as for
Chingleput; and 3, regimen E,—dapsone, 100 mg daily for 2 years, rifampicin,
900 mg once weekly for the first 3 months; and prothionamide, 500 mg daily for
the first 3 months.
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At the same time, the steering committee elected to defer controlled trials of
chemotherapy among patients of groups 2 and 3. It would have been difficult to
assemble numbers of lepromatous patients who had relapsed with the emergence
of dapsone-resistant M. leprae, and who had not been started on treatment with
alternate drugs. Patients who had responded well to dapsone monotherapy were
undoubtedly available in larger numbers even than previously untreated patients.
However, their M. leprae were certain to be non-infective for mice, even before
treatment with a combined drug regimen had been initiated, and they would not
have formed a homogeneous group with respect to duration of prior treatment.

The regimens to be studied in the 2 trials were selected, not because they were
felt to be the most suitable for use in leprosy control programmes, but because it
was believed important to study the effects on persisting M. leprae of treatment by
these regimens. Moreover, although it is clear that elimination of persisting M.
leprae may not be identified with ‘cure’ of lepromatous leprosy, the THELEP
SWG thought that trials of combined chemotherapy in which persisting M. leprae
were sought would more quickly provide answers to the very urgent questions
about combined-drug regimens than would trials having relapse of the patient as
theirend-point. Moreover, the SWG did not believe it ethical in 1977 to plan trials
in which chemotherapy of patients with lepromatous leprosy was deliberately
stopped.

Data attesting to acceptably low relapse rates of lepromatous leprosy
following many years of dapsone as supervised monotherapy, or a few years of
chemotherapy with a combination of drugs that included rifampicin and
prothionamide, became available in early 1979. And at its second meeting, in
April 1979, the SWG decided to undertake trials of combined chemotherapy
among large numbers (500-1000) of lepromatous patients whose BI’s had fallen
to 0 after at least 5 years of dapsone monotherapy. Intensive combined-drug
regimens are to be administered for 2 years, after which, active therapy is to be
withdrawn and the patients observed for evidence of relapse. Such trials will
require much more time than those described in this report. But they possess the
advantage of having cure of lepromatous leprosy as their end-point.

An entirely unexpected result of these 2 trials has been the demonstration of
high prevalences of primary dapsone resistance among lepromatous patients at
both trial sites. This is described in detail in the accompanying paper.?! Other
publications of the results of these trials are planned.
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