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Two Controlled Studies of the Efficacy of Isoniazid
Alone in Preventing Relapse in Patients with

Bacteriologically Quiescent Pulmonary Tuberculosis
at the End of One Year of Chemotherapy *
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D. RAJAPPA, C. V. RAMAKRISHNAN, P. R. SOMASUNDARAM, H. STOTT,

S. SUBBAMMAL, & S. VELU 1

An earlier report showed that, in patients with bacteriologically quiescent pulmonary
tuberculosis at the end of I year of chemotherapy, isoniazid alone in a single daily dose
of 150-200 mg, given as maintenance therapy in the second year, did not markedly prevent
relapse over a 4-year period of follow-up in patients who had had residual cavitation (the
" open-negative " syndrome) at I year, but was highly effective in patients who had not.
As a result of these findings, two controlled studies, reported here, were undertaken.

The first study was undertaken in patients with bacteriologically quiescent disease and
residual cavitation at I year, and investigated the value of isoniazid in a higher daily dose
(400 mg) throughout the second year; this is known to be the optimum therapeutic dose
when isoniazid is prescribed alone for I year in the initial treatment of the disease. The
second study was carried out in patients with bacteriologically quiescent disease and no
residual cavitation at 1 year, and sought to determine the value of a shorter duration
(6 months) of chemotherapy in the second year with a daily dose of 300 mg of isoniazid.
Neither of the two isoniazid regimens was highly satisjactory, although both appeared to
have had some effect in preventing relapse during the 4-year period offollow-up.

An earliercontrolled study carried out at this Centre
(Evans et al., 1969) showed that, in patients with
bacteriologically quiescent pulmonary tuberculosis
and residual cavitation at the end of 1 year of chemo-
therapy, isoniazid alone in a single daily dose of
150-200 mg (approximately 4.5 mg per kg of body
weight) throughout the second year did not have a
marked effect in preventing bacteriological relapse
over a 4-year period of follow-up. When the pre-
liminary findings of this study became available, it
was decided to investigate whether a higher dosage of

* From the Tuberculosis Chemotherapy Centre, Mad-
ras-31, India. The Centre is under the joint auspices of the
Indian Council of Medical Research, the Tamil Nadu (Madras
State) Government, and the World Health Organization in
collaboration with the Medical Research Council of Great
Britain. This paper is being published also in the Indian
Journal of Tuberculosis.

1 Deceased.

isoniazid-i.e., 400 mg in a single daily dose-would
be more effective. This higher dosage had been shown
to be optimum therapeutically when the drug was
given alone, in a single daily dose, for 1 year to pre-
viously untreated tuberculosis patients with a posi-
tive sputum, in whom the disease had been newly
diagnosed (Tuberculosis Chemotherapy Centre,
Madras, 1963). However, it resulted in peripheral
neuropathy in approximately one-fifth of the patients
(Tuberculosis Chemotherapy Centre, Madras, 1960).
It was therefore decided that 6 mg of pyridoxine,
which was known to be highly effective in preventing
such neuropathy (Tuberculosis Chemotherapy Centre,
Madras, 1963), should be incorporated into each
dose of isoniazid. In a study based on random allo-
cation to treatment, this isoniazid regimen (400 mg
daily for 1 year) was compared with a placebo. The
results over a 4-year period are reported in this paper.
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The earlier study (Evans et al., 1969) had also
shown that, in patients with bacteriologically quies-
cent disease and no residual cavitation at 1 year,
isoniazid alone in a single daily dose of 150-200 mg
for the whole of the second year was highly effective
in preventing bacteriological relapse over a 4-year
period. When the preliminary findings became avail-
able, it was decided to investigate whether mainten-
ance chemotherapy with isoniazid alone for a short-
er duration (6 months) would also be highly effect-
ive if the daily dose were increased to 300 mg (with-
out any pyridoxine supplement); the 400-mg dose was
not selected as it would have required a pyridoxine
supplement for the prevention of peripheral neuro-
pathy, resulting in increased cost. A study based on
random allocation was undertaken to compare this
isoniazid regimen (300 mg for 6 months) with a
placebo. The results over a 4-year period are reported
in this paper.

PLAN AND CONDUCT OF THE TWO STUDIES

On admission to initial treatment, all the patients
reported here had had newly diagnosed, previously
untreated pulmonary tuberculosis with a positive
sputum and isoniazid-sensitive organisms, and the
great majority had had cavitary disease. In the
first year they had received isoniazid either alone or
in combination with streptomycin, PAS, or thio-
acetazone (for details, see Table 8). At 1 year, they
had all had bacteriologically quiescent disease-i.e.,
all cultures examined at 10, 11, and 12 months (usu-
ally a total of 7-9) were negative.

Assessment of cavitation at 1 year
At 1 year, the postero-anterior radiograph and

tomograms were reviewed by any two of the Centre's
physicians (and, in case of disagreement, by a third),
and each patient was classified as having either resi-
dual cavitation or no residual cavitation.

Treatment in the second year (the first year offollow-
up)
At the end of the first year, the patients were

allocated at random to treatment in the second year
with isoniazid alone or a placebo. The treatment
regimens were as follows:

For patients with residual cavitation:

(a) Isoniazid 400 mg plus pyridoxine 6 mg, in a
single tablet, daily for 12 months; or

(b) a placebo (calcium gluconate 500 mg or lac-
tose 500 mg), in a single tablet, daily for 12 months.

For patients with no residual cavitation:
(a) Isoniazid 300 mg, in a single tablet, daily for

the first 6 months, and the placebo (see above), in
a single tablet, daily for the next 6 months; or

(b) the placebo (see above), in a single tablet, daily
for 12 months.

Treatment in the third and subsequent years
No antituberculosis chemotherapy was prescribed

routinely for patients in either study in the third,
fourth, and fifth years.

Collapse therapy and resection
No patient in either study had collapse therapy

or resection.

General management during the 4-year period of
follow-up
All patients were managed on an out-patient basis.

During the second year, patients receiving isoniazid
attended the Centre once a fortnight and those re-
ceiving the placebo attended once a month, to col-
lect their medicaments. During the third and subse-
quent years, all patients attended the Centre once
every 3 months for routine assessments. Throughout
the period of follow-up, their homes were visited
once a month by a health visitor.
The routine assessments included: (a) a clinical

assessment at monthly intervals in the second year
and at 3-monthly intervals subsequently; (b) apostero-
anterior chest radiograph at 3-monthly intervals in
the second year and at 6-monthly intervals subse-
quently; and (c) the bacteriological examination of
sputum specimens as described below. In addition,
for patients receiving isoniazid, the regularity of
drug intake was assessed by collecting a urine speci-
men at every clinic attendance (i.e., once a fortnight)
and examining it by the combined naphthoquinone-
mercuric chloride test of Gangadharam et al. (1958).

Bacteriological investigations
The standard procedure was to obtain 14 sputum

specimens from each patient in the second year, 9 in
the third year, 9 in the fourth year, and 11 in the
fifth year (Table 1). Extra specimens were collected
if a positive culture was obtained.
The sputum specimens were examined by direct

smear microscopy and by culture. If a positive cul-
ture was obtained in any month, an isoniazid sensiti-
vity test was set up, and also a test of sensitivity to
any companion drug that the patient had received
during the first year. The techniques employed for
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Table 1. Frequency of bacteriological examination
during the 4-year period of follow-up

Type and No. of Total No.

Year Month sputum specimens a of
Yeair Month ispecimens

collection supervised for thespot year

13 to 23 1 or 1
second 14

24 2 and 1

27, 30, and 33 1 and 1
third 9

36 2 and 1

39, 42, and 45 1 and 1
fourth 9

48 2 and 1

51, 54, 57, and 59 % 1 and 1
fifth 11

60 2 and 1

a A collection specimen was one collected overnight in the
home; a supervised spot specimen was one produced in the clinic
after the throat of the patient had been tickled with a swab to induce
coughing.

smear and culture examinations and isoniazid sensi-
tivity tests, and the definition of isoniazid resistance,
have been reported earlier (Tuberculosis Chemo-
therapy Centre, Madras, 1964). Identification tests
(colonial morphology, catalase activity, and niacin
production) were undertaken on all cultures selected
for sensitivity tests, using procedures described by
Thomas et al. (1961).

Definition of bacteriological relapse

A bacteriological relapse is defined as the occur-
rence of 2 or more positive cultures in any 6-month
period-e.g., in 7 consecutive monthly examinations
in the second year or in 3 consecutive 3-monthly
examinations in subsequent years.

Assessment of radiographs
An independent assessor (Dr J. Frimodt-M0ller),

who did not know what treatment had been given,
or any other particulars of any individual patient,
made the following assessments, using postero-ante-
rior chest radiographs:

(1) total extent of radiographic lesion at the
start of the initial treatment and at 1 year;

(2) extent of cavitation at the start of the initial
treatment; and

(3) for patients with residual cavitation at 1 year: 1
radiographic changes between 12 and 24 months 2
and between 24 and 60 months; and
for patients with no residual cavitation at 1 year.'

radiographic changes between 12 and 18 months 2
and between 18 and 60 months.

In order to ensure uniformity in standards, each
of the assessments was undertaken for all the patients
at a single session. The procedures and classifications
employed have been described in detail elsewhere
(Tuberculosis Chemotherapy Centre, Madras, 1960).

RESULTS

Study ofpatients with residual cavitation at I year
Number ofpatients in the study. A total of 123 pa-

tients had bacteriologically quiescent disease with
residual cavitation at 1 year. Of these, 59 were allo-
cated to the placebo group for the second year and
64 to the 400-mg isoniazid regimen. However, 1 pa-
tient (placebo), while in a general hospital for cirrho-
sis of the liver, was given streptomycin plus isoniazid
by the hospital authorities for 7 weeks in the second
year. Another patient (isoniazid) was withdrawn
from the study on account of psychosis induced by
isoniazid (page 607). Excluding these 2 patients,
there remain 58 placebo patients and 63 isoniazid
patients in the analysis.

Prestudy factors. All the patients had positive cul-
tures on admission to initial treatment; moreover,
the first collection specimen of sputum was smear-
positive in 91 % of the 58 placebo patients and 95 % of
the 63 isoniazid patients, including 620% and 590%,
respectively, in whom it was moderately or heavily
positive. Moderate or extensive cavitation was pre-
sent in 74% of the placebo patients and 590% of
the isoniazid patients (P = 0.1), and moderate,
extensive, or gross lesions (for definitions, see Tuber-
culosis Chemotherapy Centre, Madras, 1960) in 9000
of the patients in each series.

In the first year, sputum conversion3 had com-
menced within 3 months in 60% of the placebo pa-
tients and 67 % of the isoniazid patients. At 1 year-
i.e., at the start of the present study-40%0 of the
placebo patients and 38% of those on isoniazid had
moderate, extensive, or gross residual radiographic
lesions.

1 Assessment made by the Centre's physicians (see
page 604).

2 That is, the period for which isoniazid was prescribed
for half the patients.

3 That is, negativity of all cultures for at least 3 conse-
cutive months.
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In summary, the two series of patients were similar
in all prestudy factors considered.

Freqienicy ofculture examination. The mean number
of cultures per patient was 14.3 in the placebo series
and 14.2 in the isoniazid series in the second year;
8.7 and 9.1, respectively, in the third year; 8.6 and
8.4, respectively, in the fourth year, and 10.5 in each
series in the fifth year. Thus, the two series were
examined with high and similar frequency during the
4-year period of follow-up.

Bacteriological relapse. A bacteriological relapse
occurred during the 4-year period in 9 of the 58 pa-
tients in the placebo series and in 9 of the 63 in the
isoniazid series (Table 2). Of these, 1 placebo patient
and 5 isoniazid patients had sputum conversion sub-
sequently without recourse to retreatment, and
remained persistently culture-negative till the end of
the study. Thus, relapse requiring retreatment oc-
curred in 8 (14%) of patients in the placebo series
and in 4 (6 %) in the isoniazid series, a suggestive but
non-significant difference (P = 0.1).1

In 6 patients (4 placebo, 2 isoniazid), retreatment
was necessitated by the radiographic deterioration
(confirmed by an independent assessor, Dr K. S. San-
jivi) associated with the bacteriological relapse; I of
the 2 isoniazid patients had tuberculous meningitis
also. In the other 6, retreatment was given solely for
bacteriological reasons. Thus, 4 patients (3 placebo,
1 isoniazid) had at least I positive smear and at least
5 positive cultures during the 3 months immediately
preceding the start of retreatment. A fifth (placebo)
had repeatedly produced positive cultures, inter-
spersed with negative ones, during the previous year.
The sixth (isoniazid) had produced a positive culture
(20-100 colonies) at 2 successive monthly exami-
nations.
Of the 8 placebo patients who needed retreatment,

5 had their relapse in the second year, 2 in the fourth
year, and 1 in the fifth year (Table 2); 7 had isoniazid-
sensitive cultures at the time of the relapse. Of the
4 isoniazid patients requiring retreatment, 2 showed
a relapse while they were receiving isoniazid-i.e.,
in the second year-1 with an isoniazid-resistant cul-
ture and the other with an isoniazid-sensitive culture;
the other 2 showed relapses in the fourth year, both
with isoniazid-sensitive cultures.

Radiographic progress. Between the 12th and 24th

I As the progress of the patients receiving isoniazid cannot
be inferior to that of the placebo patients, P-values corres-
ponding to 1-tail tests of significance are reported whenever
progress is considered.

months, 5 patients died without showing any evidence
of bacteriologically active tuberculosis; 4 patients had
a bacteriological relapse for which retreatment was
started, including 3 (2 placebo, 1 isoniazid) who had
an associated clear-cut radiographic deterioration. For
the remaining 112 patients (52 placebo, 60 isoniazid),
the radiographic changes between 12 and 24 months
are set out in Table 3. It will be seen that 58 % of
the placebo patients and 52% of those on isoniazid
showed improvement, which was slight in all but 2.

Between the 24th and 60th months, when none
of the patients received any routine chemotherapy,
6 patients died without showing any evidence of
bacteriologically active tuberculosis; 8 patients had a
bacteriological relapse for which retreatment was
started, including 3 (2 placebo, 1 isoniazid) who had
an associated clear-cut radiographic deterioration.
Of the remaining 43 placebo patients and 55 isonia-
zid patients (Table 3), 44% and 690%, respectively,
showed radiographic improvement, the difference
being significant (P = 0.01). However, it will be
noted that the improvement was slight in all but
3 and therefore the difference observed is probably
of little importance. This conclusion was supported
by the finding that the proportions of patients with
the various radiographic changes at 60 and at 24
months were similar in the placebo and in the
isoniazid series. (These assessments were specially
undertaken for all the patients, in random order,
by an independent assessor-Dr K. V. Krishna-
swamy.)

Deaths. Of the 49 placebo patients and 54 isonia-
zid patients who did not have a bacteriological re-
lapse, 7 and 4, respectively, died during the 4-year
period of follow-up. Of these, 4 died of respiratory
causes-2 in the 14th and 56th months, respectively,
in status asthmaticus; 1 in the 22nd month from
non-tuberculous bronchopneumonia; and I in the
28th month, 10 days after a spontaneous pneumo-
thorax. Death was due to gastrointestinal causes in
two and cardiovascular causes in three. One patient
died of an undiagnosed febrile condition, and one
from complications of advanced leprosy.
Of the 11 patients who died, 10 had been consist-

ently culture-negative for periods ranging from 7 to
53 months (mean: 28 months) before death. The re-
maining patient died of acute dysentery; he had pro-
duced 1 positive culture (1 colony) 5 months before
death but this was followed by 6 negative cultures.
It may be concluded, therefore, that none of the 11
deaths was due to active tuberculosis. No autopsies
were performed.
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Table 2. Bacteriological relapse during the 4-year period of follow-up in patients with
residual cavitation at 1 year

Total No.
Treatment of

in the second patients
year (A)

placebo 58

isoniazid 63

Total

Patients who had a bacteriological relapse

Those requiring retreatment

No. % of Year of relapse
(A) second third fourth fifth

9 8 14 5 0 2 1

9

Isoniiazicd toxicity. None of the patients developed
peripheral neuropathy. However, one patient a
slow inactivator of isoniazid-became disoriented
and violent 6 weeks after the start of the isoniazid
regimen (400 mg, plus 6 mg of pyridoxine, in a single
daily dose). By means of a therapeutic test, isoniazid
was found to be the cause of the psychosis and was
therefore discontinued. (This patient had had no
untoward symptoms in the year of initial treatment,
when he had received 150-175 mg of isoniazid daily
in 2 divided doses together with PAS)

Study of patients with no residiual cavitation at I year
Numniber of patienzts in the study. A total of 246

patients had bacteriologically quiescent disease with
no residual cavitation at I year. Of these, 119 were
allocated to the placebo for the whole of the second

4 6 2 0 2 0

year and 127 to 300 mig of isoniazid for 6 months
followed by the placebo for 6 months. One patient
was re-treated for what was thought at the time
to be a bacteriological relapse; subsequently, how-
ever, it was found that he had been excreting only
atypical mycobacteria. Excluding this patient, there
remain 118 placebo patients and 127 isoniazid patients
in the analysis.

Prestudy factors. All the patients had positive cul-
tures on admission to initial treatment; moreover,
890% of the placebo patients and 840% of those on
isoniazid had a positive smear from the first collec-
tion specimen of sputum, including 58% and 50%,
respectively, in whom the smear was moderately or
heavily positive. Cavitation was present in 84% of the
placebo patients and in 83 % of the isoniazid patients,

Table 3. Radiographic changes in patients with residual cavitation at 1 year

Radiographic change

Improvement:

moderate

slight

No change

Deterioration:

slight

moderate

Total

12-24 months 24-60 months

placebo isoniazid placebo isoniazid

No. % o. % No. % No. %

58

0

30

19 36

6

3

0

52 100

52

2

29

27 45

3

1

60 1 oo

0

19

23

1

0

43

44

54

2

100

69

3

35

14

3

0

55

26

5

100

Retreatment started because
of radiographic deterioration

607

2
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Table 4. Bacteriological relapse during the 4-year period of follow-up in patients with
no residual cavitation at 1 year

Patients who had a bacteriological relapse

Treatment Total No. Those requiring retreatment
in the second of

year patients Total Year of relapse(A) ~ No. % of

(A) second third fourth fifth

placebo 118 23 14 12 7 5 1 1

isoniazid 127a 12 6 5 1 2 2 1

a One patient, whose sputum was culture-negative throughout, developed tuberculosis of the spine
in the 48th month and was re-treated. Including this patient, the proportion with a relapse requiring
retreatment was 6 %.

and limited, moderate, or extensive disease in 91 %
and 86%, respectively; no patient had gross dis-
ease. Thus, the two series were similar on admission
to initial treatment.

In the first year, sputum conversion had com-
menced within 3 months in 69% of the placebo
patients and 81 % of the isoniazid patients (P=0.04).
At 1 year, limited or moderate residual radiographic
lesions were present in 32% and 21 %, respectively
(P = 0.07); no patient had an extensive lesion. (For
the implications of these differences for the findings,
see footnote on this page.)

Frequency of culture examination. The mean num-
ber of cultures per patient in each series was 14.2
in the second year, 8.7 in the placebo series and
8.8 in the isoniazid series in the third year; 8.6 in
each series in the fourth year; and 10.2 in each series
in the fifth year. Thus, the two series were examined
with high and similar frequency during the 4-year
period of follow-up.

Bacteriological relapse. A bacteriological relapse
occurred during the 4-year period of follow-up in
23 of the 118 patients in the placebo series and in
12 of the 127 in the isoniazid series (Table 4). Of
these, 9 placebo patients and 6 isoniazid patients had
sputum conversion subsequently without recourse to
retreatment, and all except 1 remained persistently
culture-negative until the end of the study (however,
1 patient (placebo) died in status asthmaticus, and
another (isoniazid) was discharged, both in the
48th month). The exception (isoniazid) was per-
sistently culture-negative for 10 months subsequent
to the relapse, but produced 1 positive culture
(2 colonies) in the 60th month, together with 2 nega-
tive cultures. Thus, a bacteriological relapse requir-
ing retreatment occurred in 14 (12%) in the placebo

series and in 6 (5%) in the isoniazid series (1 other
patient (isoniazid) developed extrapulmonary tuber-
culosis-see below).

Retreatment was started because of clear-cut radio-
graphic deterioration (confirmed by the independent
assessor, Dr K. S. Sanjivi) associated with the bac-
teriological relapse in 8 patients (6 placebo, 2 isonia-
zid), and solely for bacteriological reasons in 12 pa-
tients (8 placebo, 4 isoniazid). Of the latter 12 pa-
tients, 11 had at least I positive smear and at least
4 positive cultures during the 3 months immedi-
ately preceding the start of retreatment. The 12th
(placebo) had produced 8 positive cultures during
the 3-month period, including 4 with a growth of
20 or more colonies.
Of the 14 placebo patients who needed retreatment,

7 had their relapse in the second year, 5 in the third
year, 1 in the fourth year, and 1 in the fifth year
(Table 4); 1 1 patients had cultures sensitive to isonia-
zid at the time of their relapse. Of the 6 isoniazid
patients who had a relapse of their pulmonary dis-
ease requiring retreatment, 1 relapsed in the last
6 months of the second year (while receiving the pla-
cebo), 2 in the third year, 2 in the fourth year, and 1
in the fifth year. All 6 patients had isoniazid-sensitive
cultures at the time of relapse.
One other patient (isoniazid) developed tubercu-

losis of the spine in the 48th month and had to be
re-treated (her sputum remained culture-negative
throughout). In all, therefore, 14 (120%) of 118 place-
bo patients and 7 (6o%) of 127 isoniazid patients
had a relapse requiring retreatment.'

1 The corresponding percentages, after statistical standard-
ization for the differences between the 2 series in the speed of
sputum conversion in the first year and the total extent of the
lesion at 1 year (see above), were 11 % and 6 %, respectively, a
suggestive but non-significant difference (P = 0.1).
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Radliographic progress. Between the 12th and 18th
menths, 2 patients died without any evidence of
bacteriologically active tuberculosis. In 2 others
(both placebo), retreatment was started because
of clear-cut radiographic deterioration associated
with a bacteriological relapse. For the remaining
241 patients (116 placebo, 125 isoniazid), the radio-
graphic changes between 12 and 18 months are

set out in Table 5. It will be seen that 33 % in
each series showed improvement, which was slight
in all but I patient.
Between the 18th and 60th months, when none

of the patients received routine chemotherapy, 6 pa-
tients died without any evidence of bacteriologically
active tuberculosis; 19 patients had a relapse for
which retreatment was started, including 6 (4 placebo,
2 isoniazid) who had an associated clear-cut radio-
graphic deterioration. Of the remaining 101 place-
bo patients and 115 isoniazid patients (Table 5),
50 00 and 44%, respectively, showed radiographic
improvement, which was slight in all but 7 (4 placebo,
3 isoniazid).

In summary, the radiographic progress of the
placebo patients and of the isoniazid patients was

similar during the 4-year period of follow-up.

Deaths. Of 95 placebo patients and 114 isoniazid
patients who did not have a relapse, 2 and 5, res-

pectively, died during the 4-year period of follow-up.

Table 5. Radiographic

Of these, 3 died of gastrointestinal disorders, 1 died
of cancer, 1 committed suicide, and 2 died of un-

known causes. None of the deaths was attributed to
active tuberculosis, as all the patients had been con-

sistently culture-negative for periods ranging from
12 to 45 months (mean: 29 months) before death.
An autopsy was not performed on any of the patients.

Isoniazid toxicity. None of the patients had a

mental disturbance. However, one patient (a slow in-
activator of isoniazid) developed peripheral neuro-

pathy in the fifth month after the start of the isonia-
zid regimen (300 mg in a single daily dose). Pyri-
doxine was prescribed and the isoniazid was con-

tinued until the end of the sixth month, as scheduled.
(One patient in the placebo series had symptoms sug-

gestive of peripheral neuropathy, which were relieved
by the oral administration of vitamin B complex.)

Bacterial population at the time of relapse
In the 2 controlled studies reported above, 20 pa-

tients had a bacteriological relapse followed by spu-

tum conversion (to culture negativity) without re-

course to retreatment and remained persistently
culture-negative thereafter, and 32 patients had a

bacteriological relapse for which retreatment was

started. It is of interest to compare the bacterial popu-
lations in these 2 groups of patients at the time of
relapse. Of the 20 patients who were not re-treated,

changes in patients with no residual cavitation at 1 year

12-18 months 18-60 months

Radiographic change

Improvement:

moderate

slight

No change

Deterioration:

slight

moderate

considerable

Total

placebo isoniazid placeb

No. % No. % No.

33

37

76

1

16
0

116

33

0

41

65

2

100

4

47

83 66 50

1 0

0 0

125 100 1 i01

0 isoniazid

% No. %

50 45

3

48

50 59 51

0 4

2

2

100 115 100

Retreatment started because
of radiographic deterioration 2

0 4

609

0 4 2
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80% produced only negative smears in the month of
relapse and in the following 3-month period, com-
pared with 25% of 32 patients who were re-treated-
a highly significant difference (P <0.001). Consider-
ing next the findings of culture examination during
this period, the highest growth observed was 100 colo-
nies or less for 70% of the former and 34% of the
latter (P = 0.03). Finally, the proportions of pa-
tients who produced at least 3 positive smears dur-
ing this period were 0% and 47 %, respectively
(P <0.001), and, of those who produced at least
3 positive cultures, 10% and 75%, respectively
(P <0.001). Thus, the patients who had sputum con-
version without recourse to retreatment had consider-
ably smaller bacterial populations at the time of re-
lapse than those who were re-treated.

Regularity of self-administration of isoniazid

As stated earlier (page 604), a urine specimen was
examined once a fortnight for patients receiving iso-
niazid in the second year. Table 6 sets out the distri-
butions of patients according to the percentage of
negative test results, together with the mean va-
lues. It will be seen that approximately one-third
of the patients had negative results on at least half
the occasions, and that the mean proportion was of
the order of 400%. Table 6 shows also the influence
of irregularity in drug intake on the incidence of re-
lapse requiring retreatment. Although the numbers
are small, there is suggestive evidence of an asso-
ciation, both in patients with residual cavitation at
1 year and in those with no residual cavitation.
Considering both groups together (it will be noted
that the proportions re-treated and the proportions
with negative urine test results are very similar in the
2 groups), the proportions re-treated were 3 %, 3 %,
and 11%, respectively, in patients with <20%,
20-49 %, and 50% or more negative urine test re-
sults-a significant trend (P = 0.03). The prestudy
condition in these 3 categories of patients was simi-
lar (data not tabulated here). It may be concluded,
therefore, that irregularity in drug intake influenced
the incidence of relapse requiring retreatment.

Prognostic significance of various prestudy factors
The influence of various prestudy factors on the

occurrence of relapse requiring retreatment was stud-
ied, separately for the placebo series and for the
isoniazid series.' Within each series, however, pa-

1 As only positive associations were expected, P-values
corresponding to 1-tail tests of significance have been em-
ployed.

tients with residual cavitation at 1 year and those
with no residual cavitation have been considered to-
gether, as the incidence of relapse requiring retreat-
ment was practically the same in the 2 groups. Thus,
in the placebo series, it was 140% of 58 in the former
group and 12% of 118 in the latter; in the isoniazid
series, the corresponding proportions were 6% of 63
and 6% of 127, respectively.

Placebo series. Considering the condition on ad-
mission to initial treatment of patients in the placebo
series-i.e., those who, by random allocation, re-
ceived no chemotherapy after the first year-there
was clear evidence that the total extent of radio-
graphic disease influenced the likelihood of relapse
requiring retreatment (Table 7); thus, retreatment
became necessary for 6% of 47 patients with trivial,
slight, or limited disease, 11% of 84 patients with
moderate disease, and 22% of 45 patients with
extensive or gross disease-a significant trend
(P = 0.01). The extent of cavitation, however, was
of no prognostic importance. Next, there was a
suggestion that the smear result of the first collec-
tion specimen was of some importance (P = 0.1).

Considering the speed of sputum conversion in the
first year, 5 % of 116 patients with an early sputum
conversion-i.e., by 3 months-were re-treated, com-
pared with 27% of 60 patients in whom sputum con-
version occurred at 4 months or later-a highly
significant difference (P <0.0001).

Finally, the total extent of the residual radio-
graphic lesion at 1 year was of prognostic import-
ance, the proportions requiring retreatment being
8% of 98 in patients with slight, trivial, or no dis-
ease, compared with 180% of 78 in patients with at
least limited disease (P = 0.04).

Isoniazid series. In the 2 isoniazid series com-
bined-i.e., among patients who received isoniazid
for 6 or 12 months in the second year-none of the
prestudy factors appeared to influence the likelihood
of relapse requiring retreatment (Table 7).

Efficacy of isoniazid in patients having an unfavour-
able prestudy condition. A further point of interest
that emerges from Table 7 is the clear evidence of
the value of isoniazid in patients who had an unfa-
vourable prestudy condition. For instance, in those
with extensive or gross disease on admission to initial
treatment, the proportion requiring retreatment was
22% of 45 in the placebo series and 50% of 43 in
the isoniazid series (P = 0.02). The corresponding
proportions were 15 % of 104 and 2% of 101, respect-



Table 6. Results of urine tests performed during isoniazid treatment in the second year

Percentage of negative
urine test results

Less than 20

20-49

50 or more

Total

Mean percentage of negative
test results

Patients with Patients with
residual cavitation no residual cavitation

at 1 year at 1 year
All patients

re-treated re-treated re-treated
total total total

No. %a No. % t No. %

23 1 (4) 39 1 3 62 2 3

18 0 (0) 45 2 4 63 2 3

22 3 (14) 43 4 9 65 7 11

63 4 6 127 7 6 190 11 6

36 38 37

a Parentheses indicate that the percentage is based on fewer than 25 observations.

Table 7. Relapse requiring retreatment, related to prestudy factors

Prestudy factors

Placebo Isoniazid

total re-treated total re-treated
patientsl No. % patients' No. %

Total extent of radiographic disease

trivial, slight, or limited

moderate

extensive or gross

Extent of cavitation.

nil or slight

moderate or extensive

Direct smear microscopy (result of I
collection specimen):

negative or +

++ or +++

On admission to initial treatment

47 3

84 9

45 10

86

90

72

104

10

12

6 8

16 15

In the first year
Month of sputum conversion:

1 or 2 59 3 5 80 5 6

3 57 3 5 65 4 6

4 or more 60 16 27 45 2 4

At 1 year
Total extent of residual radiographic lesion:

nil or trivial 48 4 8 58 3 5

slight 50 4 8 62 2 3

limited or more 78 14 18 70 6 9

All patients 176 22 12 190 11 6

6

11

22

12

13

68

79

43

103

87

89

101

4

5

2

6

5

9

2

6

6

5

6

6

10

2
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Table 8. Relapse requiring retreatment, related to chemotherapeutic regimen in the first year

Regimen in the first year
Efficacy in
the first
year a
(%)

Isoniazid 14 mg/kg, given alone in 1 dose daily i

Streptomycin 1 g or 0.75 g plus isoniazid 15 mg/kg, given together once weekly

Isoniazid 200 mg plus PAS 6 g, given together in I dose daily for the first
6 months, followed by isoniazid 7 mg/kg, given alone in 1 dose daily
for the next 6 months

66

71

67

No. of patients
in the present

study

56

25

40

Patients requiring
retreatment during the

4-year period

No. %

3

2

3

Isoniazid 4 mg/kg plus PAS 0.2 g/kg, given together in 2 divided doses daily 8398 10 I
Isoniazid 7 mg/kg plus thioacetazone 3 mg/kg, given together in 1 dose daily 8244 7 j

Streptomycin 1 g or 0.75 g plus isoniazid 14 mg/kg or 15 mg/kg, given
together twice weekly 93 103 8

7

12

8

a Assessed as the percentage of patients with bacteriologically quiescent disease at 1 year.

ively, in patients with a + or + + + smear result
initially (P<0.001), and 27% of 60 and 4% of 45,
respectively, in patients who had a sputum conver-
sion at 4 months or later (P <0.01).

Influence of the chemotherapeutic regimen in the
first year on the occurrence ofrelapse requiring retreat-
ienlt. The patients reported in this paper had re-
ceived one of six chemotherapeutic regimens in the
first year. The details of these regimens and their
efficacies in the first year are set out in Table 8,
which also presents, for each regimen, the proportion
of patients who had a relapse requiring retreatment
during the 4-year period of follow-up.
The 6 regimens can be divided into 3 distinct catego-

ries-namely, those oflow efficacy (the first 3), those of
moderate efficacy (the fourth and the fifth), and those
of high efficacy (the sixth). Analyses, not tabulated
here, showed that the prestudy condition of the
patients was similar for the 3 categories of regimen;
furthermore, the proportions of patients who re-
ceived maintenance chemotherapy with isoniazid for
(a) 6 months or (b) 12 months in the second year
were also similar for the 3 categories.
Of 121 patients who had received a regimen of

low efficacy in the first year, 7% had a relapse re-
quiring retreatment in the 4-year period of follow-up;
the corresponding proportions were 12% of 142 for
patients who had received a regimen of moderate
efficacy and 80% of 103 for those who had received
one of high efficacy. Thus, there was no evidence

that the efficacy of the regimen, assessed as the per-
centage of patients with bacteriologically quiescent
disease at 1 year, influenced the likelihood of relapse
requiring retreatment in the subsequent 4 years.

DISCUSSION

In the 2 controlled studies reported in this paper,
53 patients had a bacteriological relapse-i.e., 2 or
more positive cultures among 6 or more examined
in a 6-month period. However, 20 (38 %) of these
patients had a sputum conversion subsequently with-
out recourse to retreatment, and remained persistent-
ly culture-negative thereafter. Thus, a bacteriological
relapse, as defined above, did not always carry an un-
favourable prognosis. Consequently, the value of
maintenance chemotherapy with isoniazid has been
assessed mainly in terms of the reduction in the
incidence of relapse requiring retreatment. (It must
be emphasized that the patients in these studies were
under intensive bacteriological surveillance, approxi-
mately 43 cultures per patient being examined dur-
ing the 4-year period offollow-up. In situations where
the frequency of bacteriological examination is lower,
a finding of 2 positive cultures in a 6-month period
could be of greater prognostic significance.)
As regards the patients with bacteriologically quies-

cent disease and residual cavitation at 1 year, a re-
lapse requiring retreatment occurred in 14% of
58 patients who received a placebo in the second year
and in 6% of 63 patients who received isoniazid in

-

612
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a single daily dose of 400 mg throughout the second
year; the reduction of 8 % is suggestive but not signi-
ficant (P = 0.1). In an earlier study at this Centre
(Evans et al., 1969), the corresponding proportions
were 10% of 41 for patients who received a placebo
and 7% of 55 for patients who received isoniazid in a
single daily dose of 150-200 mg throughout the
second year, the reduction due to isoniazid being 3 %.
These findings indicate that 400 mg of isoniazid in
the second year (in a single daily dose) is not ade-
quate as maintenance chemotherapy, although it
may be slightly better than 150-200 mg. Therefore
it may be concluded that a double-drug regimen is
indicated for the prevention of relapse in patients with
residual cavitation at 1 year (it should be noted that
none of the patients had received intensive chemo-
therapy with 3 or more drugs in the early stages of
treatment in the first year). In this context, it is of
interest that, in a group of British patients with
bacteriologically quiescent disease and residual cavi-
tation at 1 year, 28 % of 50 who were allocated to no
chemotherapy in the second year had to be re-
treated on account of bacteriological relapse during
a 3-year period of follow-up, compared with 6% of 34
who were allocated to isoniazid plus PAS for the
second year (Great Britain, Medical Research Coun-
cil, 1962)-a significant difference (P = 0.01).

Considering next the patients with bacteriologi-
cally quiescent disease and no residual cavitation
at 1 year, a relapse requiring retreatment occurred
in 12% of 118 patients who received a placebo in
the second year and in 6% of 127 who received isonia-
zid in a single daily dose of 300 mg for the first 6
months of the second year.1 Thus, maintenance
chemotherapy for 6 months with 300 mg of isoniazid
appears to have had some effect. However, it was
not as effective as isoniazid for 12 months in a single
daily dose of 150-200 mg; none of 103 patients who
received the latter regimen in an earlier controlled
study (Evans et al., 1969) had to be re-treated,
compared with 12% of 107 who received a placebo
in the same study (P <0.0001).

In the patients who did not receive any mainte-
nance chemotherapy in the second year, the cavita-
tion status at 1 year was of little prognostic import-
ance-a finding similar to that in an earlier study
(Evans et al., 1969). However, there was clear evi-

1 The corresponding percentages, after statistical stan-
dardization for the differences between the 2 series in the
speed of sputum conversion in the first year and in the total
extent of the lesion at 1 year (page 608), were 11 % and 6 %,
respectively-a suggestive but non-significant difference
(P = 0.1).

dence that the total extent of the lesion on admission
to initial treatment and at 1 year, and the speed of
sputum conversion in the first year, significantly
influenced the likelihood of relapse requiring re-
treatment. Finally, in patients for whom there was a
relatively high risk of relapse-e.g., those who had
a late sputum conversion in the first year-there
was convincing evidence that maintenance chemo-
therapy with isoniazid was valuable.
With regard to the patients who received main-

tenance chemotherapy with isoniazid in the second
year (for 6 or 12 months), none of the prestudy
factors appeared to be prognostically important.
However, there was some evidence that irregularity in
drug intake, as assessed by the proportion of negative
urine test results, influenced the likelihood of relapse
requiring retreatment. In the present study, the mean
proportion of negative urine test results was of the
order of 40 %, suggesting that the isoniazid regimens
would have been more efficacious had the patients
been more regular in their drug intake. However, it
will be appreciated that, in symptom-free patients
with bacteriologically quiescent disease at the end of
1 year of chemotherapy, it is extremely difficult to
ensure a high degree of regularity in long-term self-
medication.
An earlier study undertaken at this Centre (Evans

et al., 1969) demonstrated that the occurrence of a
relapse in the second to fifth years was not related
to the efficacy of the regimen in the first year, even
when the latter varied considerably (Tuberculosis
Chemotherapy Centre, Madras, 1960). The findings
of the present investigation confirm this observation,
the proportions of patients who had a relapse re-
quiring retreatment being 70% of 121, 12% of 142,
and 8% of 103, respectively, for regimens with low,
moderate, and high efficacies in the first year. It
should be noted that this conclusion concerns regi-
mens that did not contain an initial intensive phase
with three or more drugs.

In the first study reported in this paper, 64 patients
were given 400 mg of isoniazid plus 6 mg or pyrid-
oxine, in a single daily dose, for the second year.
None of them developed peripheral neuropathy.
However, in 1 patient a toxic psychosis due to
isoniazid occurred after 6 weeks. In an earlier study
(Tuberculosis Chemotherapy Centre, Madras, 1960),
mental disturbance attributed to isoniazid occurred
in 1 of 70 patients who received 400 mg of isoniazid
(without pyridoxine) in a single daily dose for 1 year.
Finally, in a study in East Africa (East African/Bri-
tish Medical Research Council Fourth Thiacetazone



0. NAZARETH AND OTHERS

Investigation, 1966), none of 181 patients who were
given 450 mg of isoniazid plus 6 mg of pyridoxine
(plus 150 mg of thioacetazone) in 1 dose daily showed
any sign of mental disturbance. It may be concluded,
therefore, that mental disturbance is a relatively rare
occurrence in patients receiving a moderately high
dosage of isoniazid.

In the second study reported in this paper, a single
daily dose of 300 mg of isoniazid was prescribed for
127 patients during a 6-month period in the second
year. None of the patients had a mental disturbance.
However, one developed peripheral neuropathy in the
fifth month. When the same dosage of isoniazid was
given together with 150mg ofthioacetazone in a single
daily dose for 12 months (Tuberculosis Chemotherapy
Centre, Madras, 1966) or for 18 months (East Afri-
can/British Medical Research Council Fourth Thia-
cetazone Investigation, 1966), peripheral neuropathy
occurred in 1 of 80 and in none of 179, respectively.
No pyridoxine supplement was given to the patients
in any of the above-mentioned studies. It may be

concluded, therefore, that the incidence of peripheral
neuropathy with 300 mg of isoniazid is low. Further-
more, even the 2 cases of peripheral neuropathy
observed at this Centre could have been due to, or
precipitated by, a nutritional deficiency, since 1 of 176
patients who received a placebo developed symptoms
suggestive of peripheral neuropathy (page 609), and
tuberculosis patients attending this Centre are known
to have a vitamin deficiency (Ramakrishnan et al.,
1961, 1966; Krishnamurthy et al., 1967).

In conclusion, it may be stated that, in patients
with bacteriologically quiescent disease and residual
cavitation at 1 year, isoniazid alone in a single daily
dose of 400 mg throughout the second year was
not highly satisfactory, although it was of some value.
In patients with bacteriologically quiescent disease
and no residual cavitation at 1 year, isoniazid alone
in a single daily dose of 300 mg for 6 months in the
second year was of some value, but was considerably
less satisfactory than 150-200 mg given in a single
daily dose throughout the second year.
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RESUME

DEUX ETUDES CONTROLEES SUR L'EFFICACITE D'UN TRAITEMENT PAR L'ISONIAZIDE SEUL
DANS LA PREVENTION DES RECHUTES CHEZ DES MALADES ATTEINTS DE TUBERCULOSE
PULMONAIRE BACTERIOLOGIQUEMENT INACTIVE APR-S UN AN DE CHIMIOTHERAPIE

La premi&re etude a porte sur des malades donnant
a l'issue d'un traitement d'un an des cultures negatives,
mais porteurs de cavernes residuelles. Ils ont e repartis,
sur une base aleatoire, en deux groupes: 63 ont requ une
dose quotidienne unique de 400 mg d'isoniazide (avec
6 mg de pyridoxine) pendant la 2e annee; 58 (groupe
temoin) ont requ un placebo (500 mg de gluconate de
calcium ou 500 mg de lactose) pendant la meme periode.
Tous ont e suivis pendant 4 ans.

Huit malades (14%) du groupe temoin et 4 (6%) du
groupe isoniazide ont souffert d'une rechute bacteriolo-
gique exigeant un traitement, dont 5 et 2, respectivement,
durant la 2e annee de traitement (Ire annee d'observa-
tion). Sur 2 malades traites par l'isoniazide au moment
de la rechute, 1 etait porteur de bacilles resistants a ce
medicament; parmi les 10 autres cas de rechute, on trou-
vait 9 excreteurs de bacilles sensibles a l'isoniazide.

Des malades porteurs de lesions tuberculeuses bacterio-
logiquement inactives, sans cavernes residuelles, apres
un an de chimiotherapie, ont participe a la seconde etude:
127 ont requ une dose quotidienne unique de 300 mg
d'isoniazide (sans pyridoxine) pendant 6 mois, puis le
placebo pendant 6 mois: 118 (groupe temoin) ont requ
le placebo pendant un an. Ils ont ete egalement suivis
pendant 4 ans.
On a enregistre une rechute bacteriologique exigeant

un traitement chez 14 malades (12%) du groupe temoin
et chez 6 malades (5 %) du groupe isoniazide, dans 7 et
1 cas, respectivement, durant la 2e annee. Un autre
malade du groupe isoniazide a dfi tre repris en traite-
ment au 48e mois pour tuberculose vertebrale. Aucun des
20 malades ayant presente une recidive bacteriologique
n'etait traite par l'isoniazide au moment de la rechute;
tous, sauf 3, excretaient des bacilles sensibles a l'isoniazide.

614
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Chez les malades A affection bacteriologiquement inac-
tive apres un an qui n'ont pas b6n6fici6 ulterieurement
de la chimiotherapie, 1'etendue globale des signes radio-
logiques avant le traitement initial et apres un an, ainsi
que la rapidite avec laquelle l'expectoration s'est nega-
tivee au cours de la Ire annee, ont nettement influe sur
le risque d'une rechute justiciable d'un traitement.
En revanche, aucun de ces facteurs ne s'est reve1l decisif
du point de vue pronostique chez les malades traites par
l'isoniazide seul pendant 6 ou 12 mois au cours de la
2e annee. L'irregularite de la prise du medicament a favo-
rise la survenue de rechutes requerant un traitement.

Les resultats de ces etudes et de recherches precedentes

indiquent que: a) chez les malades presentant, apres un an
de traitement, une affection bacteriologiquement stabilis6e
et des 1lsions cavitaires residuelles, l'isoniazide seul donne
a la dose quotidienne de 400 mg pendant une 2e annee,
bien que non depourvu d'action, ne temoigne pas d'une
tres grande efficacite dans la prevention des rechutes;
b) chez les malades a cultures negatives et indemnes de
1lsions cavitaires residuelles apres un an de traitement,
l'isoniazide seul, donne a la dose quotidienne de 300 mg
pendant 6 mois, donne certains resultats qui sont cepen-
dant tres inferieurs A ceux obtenus par l'administration
d'une dose quotidienne de 150-200 mg pendant toute la
2e annee.
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