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Background: Despite the increasing prevalence of drug-resistant
tuberculosis, most low- and middle-income countries use standard-
ized regimens, without assessment of drug susceptibility.

Purpose: To perform a systematic review and meta-analysis of the
effect of initial drug resistance and treatment regimen on tubercu-
losis treatment outcomes.

Data Sources: PubMed, the Cochrane Central Database of Clinical
Trials, and EMBASE were searched for studies published in English
from 1965 to June 2007. Additional studies were identified from
cited references.

Study Selection: Randomized, controlled trials and cohort studies
of standardized treatment of previously untreated patients with
culture-confirmed pulmonary tuberculosis. Drug-susceptibility test-
ing was done on pretreatment isolates from all patients and from
patients with treatment failure or relapse.

Data Extraction: Two authors reviewed the studies for methods,
initial drug resistance, treatment regimens, and outcomes.

Data Synthesis: Pooled cumulative incidences were computed with
random-effects meta-analyses. Association between risk factors and

outcomes were determined by using stratified analyses. The cumu-
lative incidence of acquired drug resistance with initially pan-sensi-
tive strains was 0.8% (95% CI, 0.5% to 1.0%) compared with 6%
(CI, 4% to 8%) with initially single drug–resistant strains and 14%
(CI, 9% to 20%) with initially polydrug-resistant strains. Failure and
relapse were most strongly associated with initial drug resistance.
Failure was also associated with shorter duration of rifampin ther-
apy and nonuse of streptomycin, whereas the rate of relapse was
higher with shorter duration of rifampin therapy and nonuse of
pyrazinamide.

Limitations: Few studies included HIV-infected persons, and treat-
ment outcomes were pooled despite considerable heterogeneity.

Conclusion: Treatment outcomes were substantially worse in the
presence of initial drug resistance, which has important implications
in resource-limited settings in which drug resistance is prevalent.
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Resistance to antituberculosis drugs was first described
soon after the introduction of streptomycin (1) and is

currently one of the most important threats to global tu-
berculosis control (2). In 2004, the World Health Organi-
zation estimated that among patients who had never re-
ceived treatment before (new cases), the prevalence of drug
resistance to any of the standard first-line tuberculosis
drugs ranged from less than 5% to more than 30% in
different countries (3). The World Health Organization
also estimated that more than 240 000 cases of multidrug-
resistant tuberculosis (defined as resistance to at least iso-
niazid and rifampin) occurred, which represented 2.7% of
all new cases. An additional 181 000 cases of multidrug-
resistant tuberculosis occurred among previously treated
patients (representing 18.5% of re-treatment cases) (4).
The threat of drug resistance has been underscored by re-
cent reports of extensively drug-resistant strains (5). Drug-
resistant strains cause much higher rates of mortality, fail-
ure, and relapse (6), and treatment is more toxic,
expensive, and lengthy (7).

In addition to the ongoing HIV epidemic, the emer-
gence of multidrug-resistant and extensively drug-resistant
tuberculosis underscores the importance of preventing
drug resistance (8, 9), especially in settings without the
resources to do drug-sensitivity testing or purchase the sec-
ond-line drugs for treatment. Selecting a strategy to pre-
vent drug resistance should be based on strong evidence,
such as the results a systematic review can provide. There-

fore, we planned a systematic review and meta-analysis (if
appropriate) among previously untreated patients (new
cases) with active pulmonary tuberculosis to determine the
association among tuberculosis treatment outcomes (fail-
ure, relapse, and acquired drug resistance) and initial drug
resistance (that is, before treatment); duration of rifampin
therapy; use of pyrazinamide; use of streptomycin; and the
number of drugs used in therapy.

METHODS

Data Sources
We searched PubMed, EMBASE, and the Cochrane

Central Database of Clinical Trials for original articles and
reviews from 1965 to June 2007. Our keywords included
tuberculosis or TB and treatment or therapy and resistance or
MDR-TB or sensitivity or susceptibility. We limited the

See also:

Print
Editors’ Notes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 124

Web-Only
Appendix Tables
CME quiz
Conversion of graphics into slides

Annals of Internal Medicine Review

© 2008 American College of Physicians 123



search to studies published in English for treatment of ac-
tive disease caused by Mycobacterium tuberculosis in hu-
mans. We searched reference lists of identified original ar-
ticles and reviews for other relevant articles. We did not
include abstracts, chapters of books, conference proceed-
ings, or correspondence.

Study Selection
We reviewed cohort studies or randomized, controlled

trials (RCTs) that reported treatment outcomes of failure
or relapse. In selected studies, all patients had active pul-
monary disease, without previous treatment, that was con-
firmed by mycobacterial culture. Drug-susceptibility test-
ing was done in all patients before treatment and among all
failures or relapses by using standard methods (10, 11).
Treatment was standardized (not individualized), was di-
rectly supervised or observed, and included isoniazid and
rifampin. We reported the number of patients starting
treatment and developing treatment outcomes by each
treatment regimen and initial drug-susceptibility testing
pattern. We excluded studies or groups that included rifa-
pentine or rifabutine therapy, nondrug therapy (for exam-
ple, vaccines), or therapies that would be considered inad-
equate by current standards (12–14).

Two investigators independently conducted the elec-
tronic search. The selection of articles for review was done
in 3 stages: titles alone, then abstracts, and then full-text
articles. Disagreements about study selection were resolved
by consensus.

Data Extraction and Quality Assessment
We reviewed selected studies by using standardized

forms to abstract data about study design; treatment regi-

mens; pretreatment drug-susceptibility testing; supervision
of treatment; use of fixed-dose combinations; funding
source; and numbers of patients who started treatment,
defaulted, died, had treatment failure, were lost to follow-
up, or had relapse. Two independent reviewers extracted
the data, and disagreements were resolved by consensus.

We selected only high-quality studies for diagnosis,
treatment, and outcome assessment. Studies were consid-
ered high quality if they lost fewer than 10% of patients
during treatment, fewer than 10% during follow-up of 30
months or less, or fewer than 20% of patients during fol-
low-up of 30 to 60 months. Randomized, controlled trials
were considered high quality if they were double-blind and
concealed allocation by using central randomization or
numbered opaque, sealed envelopes; sealed envelopes from
a closed bag; numbered or coded bottles or containers; or
drugs prepared by a central pharmacy.

Data Synthesis and Analysis
In accordance with the World Health Organization’s

definitions for tuberculosis control (15), treatment failure
was defined as cultures that were consistently positive or
positive and required treatment after 5 months of treat-
ment. Relapse was defined as recurrence of positive cul-
tures that required therapy after apparent cure. Initial drug
resistance was defined as pretreatment resistance and cate-
gorized as pan-sensitive, single drug resistance (resistance to
1 first-line antituberculosis drug other than rifampin), or
polydrug resistance (resistance to �2 drugs). If patients
with initial rifampin resistance (and multidrug resistance)
were identified in the report, they were excluded from
analysis. Acquired drug resistance was defined as new resis-
tance to 1 or more of the tuberculosis drugs received
among patients with treatment failure and those with re-
lapse.

Patients treated in different groups of the same RCT
were analyzed as separate cohorts if the regimens differed
in initial drug resistance, duration of rifampin, use of pyr-
azinamide or streptomycin, or number of drugs in the ini-
tial or continuation phase. The initial phase was defined as
the initial period when more drugs were used—typically
the first 1 to 3 months. The continuation phase was the
remainder of therapy, when the number of drugs was re-
duced. For each cohort, we calculated cumulative inci-
dence (and 95% CIs) of failure, relapse, and acquired drug
resistance. We used forest plots to summarize these results.
A random-effects meta-analysis was done by using the Der-
Simonian–Laird method (Meta-Disc software, version 1.2,
Madrid, Spain [16]), with studies weighted by total sample
size to pool incidence of all outcomes (17). We corrected
for overdispersion to account for variability among studies.
To account for heterogeneity, we did subgroup analyses
and stratified study results by predefined covariates of in-
terest. We assessed heterogeneity by using the chi-square
test (statistical significance was set at P � 0.05) and eval-

Context

Identifying strategies to optimize tuberculosis treatment
outcomes is important in light of the increasing occurrence
of drug-resistant tuberculosis.

Contribution

This systematic review of 22 trials and 7 cohort studies
involved 14 333 new tuberculosis cases. Findings showed
that poor outcomes were associated with initial drug resis-
tance and that treatment was not based on susceptibility
testing. Estimated rates of failure or relapse were 35% to
40% for patients who received rifampin for 2 months and
20% for those who received rifampin for 6 months.

Implication

These findings suggest that poor outcomes can be antici-
pated in settings that, because of limited resources, do not
do susceptibility testing before initiation of tuberculosis
treatment.

—The Editors
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uated the presence of a statistically significant degree of
variability among studies.

Role of the Funding Source
The authors were supported in part by the Canadian

Institutes of Health Research and the Fonds de la recher-
che en santé du Québec. The funding sources had no di-
rect role in the design and conduct of the study or in the
decision to submit the manuscript for publication.

RESULTS

Qualitative Assessment of Studies
We identified 645 citations through the electronic data-

base search. Figure 1 summarizes the results of these
searches, appraisals, and reasons for exclusion of studies. In
brief, 44 of 145 full-text articles were reviewed and selected
(22 RCTs and 7 cohort studies). We identified 39 articles
describing 25 studies from the PubMed search, then an
additional 3 articles describing 2 studies from the Coch-
rane database search and 2 further articles by using EM-
BASE. Failure and relapse were reported in 28 and 25
studies, respectively. Only 1 study received operating funds
from a pharmaceutical company.

Appendix Table 1 summarizes cohort studies, and Ap-
pendix Table 2 summarizes the RCTs (both available at
www.annals.org). Half of the trials were initiated from
1969 to 1979, compared with only 3 trials and 6 cohorts
initiated since 1990. Because of the study selection criteria,
all studies were considered to be of high quality in terms of
diagnostic criteria, treatment administration, and outcome
assessment. Of the studies assessing relapse, 23 (91%) were
considered high quality because the dropout rate during
follow-up was less than 10%. Half the studies reported
methods of randomization, and all were considered ade-
quate. Only 9% of studies were double-blind because of
differences between groups in number of drugs, use of
streptomycin, different lengths, or different frequency of
administration. Only 5 studies included known HIV-pos-
itive patients, for a total of 712 HIV-infected patients in
our review. Compared with those in RCTs, relapse rates in
the cohort studies were the same, whereas rates of treat-
ment failure and acquired drug resistance were somewhat
higher (although not statistically significant).

Incidence and Correlates of Treatment Outcomes
In total, treatment therapy failed in 235 of 13 048

patients (pooled incidence, 1.8% [95% CI, 1% to 3%]),
and 591 of 9476 patients had relapse (pooled incidence,
6.2% [CI, 5% to 7%]). Failure and relapse were measured
in 12 813 participants; of whom, 178 (1.4% [CI 1.0% to
1.7%]) had acquired drug resistance. Cumulative incidence
was consistently low in all cohorts with initially pan-sensi-
tive strains (Figure 2) but was much higher and more vari-
able in cohorts with initial drug resistance (Figures 3 and 4
[18–60]).

Table 1 shows that treatment failure was very strongly
associated with initial drug resistance: The cumulative in-
cidence of failure in new cases with preexisting resistance to
1 drug (single drug resistance) was 8% (6% to 11%), and
resistance to 2 drugs (polydrug resistance) was 21% (CI,
13% to 29%). The failure rate was also higher if strepto-
mycin was not used or if only 2 drugs were used in the
continuation phase of therapy. The cumulative incidence
of failure in patients with initial drug resistance who re-
ceived rifampin for 1 to 4 months was more than double
that of patients with the same resistance who received ri-
fampin for 5 months or more (Figure 5). Relapse was also
strongly associated with initial drug resistance, and the rate
was somewhat higher if pyrazinamide was not administered
(Table 2). The relapse rate in patients who received ri-

Figure 1. Summary of literature search and study selection.

Titles identified from PubMed, EMBASE,
Cochrane Database literature search

(after eliminating duplicates) (n = 645)

Abstracts excluded after review (n = 66)
Reviews: 4
Diagnostic studies: 3
Prevalence or case–control design: 12
Regimen (no rifampin, nondrug therapy,

or inadequate): 21
Previously treated, or all MDR TB: 14
Failure, relapse, or drug resistance

not reported: 6
Abstract not available (n = 5)

Titles retained for review of
abstract (n = 184)

Full text reviewed (n = 145)

Additional full texts
identified from
references and

reviews (n = 27)

Titles excluded (n = 461)

Papers not available: 5
Previously treated patients: 7
Failure, relapse, or drug

resistance not reported: 6
Regimen (no rifampin,

rifabutine, or inadequate): 18
No drug-sensitivity testing: 23
No outcomes by drug-

sensitivity test results: 22
Many regimens; outcomes not

by regimen: 20

Reports included (n = 44)
Trials (n = 22)
Cohort studies (n = 7)

Excluded after review (n = 101)

MDR TB � multidrug-resistant tuberculosis.
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Figure 2. Forest plots of acquired drug resistance during treatment among cohorts with initially pan-sensitive strains.
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fampin for 4 months or less was more than twice as high in
the presence of initial drug resistance (Figure 5). Acquired
drug resistance was very strongly associated with initial
drug resistance (Table 3) but only weakly associated with
other treatment factors. Acquired drug resistance was more
frequent in patients with initial polydrug resistance if a
patient received rifampin for a longer duration (Figure 5).
Pyrazinamide was associated with lower relapse rates in
patients with initial drug resistance; however, failure and

acquired drug resistance rates did not differ if pyrazinamide
was used (data not shown).

DISCUSSION

In our analysis of 22 RCTs and 7 cohort studies in-
volving 14 333 new tuberculosis cases, the incidence of
failure, relapse, and acquired drug resistance were substan-
tially increased in patients with initial drug resistance who

Figure 2—Continued.

Study (Reference)
(continued)

Singapore BMRC (49, 50)

Singapore BMRC (49, 50)

Singapore BMRC (49, 50)

Zierski et al. (38, 39)
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BMRC � British Medical Research Council; E Africa � East Africa; E&C Africa � East and Central Africa; HK � Hong Kong; TBRC � Tuberculosis
Research Centre; TBTC/CDC � Tuberculosis Trials Consortium/Centers for Disease Control and Prevention.
*Pooled event rate (95% CI).
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Figure 3. Forest plot of acquired drug resistance during treatment among cohorts with initially single drug–resistant strains.
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were treated with standardized regimens that were not based
on susceptibility testing results. Patients with resistance to 2 or
more drugs had worse treatment outcomes than patients with
single drug–resistant strains. These findings have impor-
tant implications for global tuberculosis control.

The most consistent finding in our review is that ini-
tial drug resistance was associated with substantially in-
creased cumulative incidence of failure, relapse, and ac-
quired drug resistance. This is consistent with recent
reports documenting the development of multidrug-resis-

tant tuberculosis in patients with unrecognized initial re-
sistance who received standardized regimens (61, 62). In
the studies reviewed, patients received standardized regi-
mens, regardless of drug-susceptibility testing results.
Hence, the findings are directly relevant to most low- and
middle-income countries, in which patients with newly di-
agnosed tuberculosis receive standardized therapy (12, 63)
without performance of drug-sensitivity testing because it
is considered too costly and complex. By using the results
of our review, rates of failure and relapse can be predicted

Figure 4. Forest plots of acquired drug resistance during treatment among cohorts with initially polydrug-resistant strains.
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among patients with newly diagnosed tuberculosis with
initial drug resistance who receive internationally recom-
mended standardized regimens, that is, 2 or 6 months of
rifampin treatment (12, 63). Therapy will fail or relapse
will occur in 35% to 40% of patients with newly diag-
nosed tuberculosis, who receive the standardized regimen
of 2 months of rifampin treatment. Therapy will fail or
relapse will occur in 20% of those who receive the stan-
dardized regimen of rifampin for 6 months.

These poor outcomes will result in greater morbidity
and mortality for patients and, through amplification of
drug resistance, greater harm for the community in the
long term. Improved capacity to detect initial drug resis-
tance is urgently needed. This could be achieved through
greater use of existing technologies for drug-sensitivity test-
ing (64) or through adoption of recently developed rapid
tests for drug resistance (65).

There is considerable interest in the development of
new diagnostic tests (65), drugs (66), and regimens (67) for
the management of multidrug-resistant tuberculosis. We
suggest that better detection of initial drug resistance and
development of appropriate treatment regimens in coun-
tries in which the prevalence of all forms of drug resistance
is already high should be an immediate priority for the
prevention of multidrug-resistant tuberculosis. Better su-
pervision of currently recommended standardized regimens
may prevent multidrug resistance (2). However, our results
suggest that greater application of these regimens may ac-
tually create more cases of multidrug-resistant tuberculosis,
by amplification of resistance in patients with unrecog-
nized initial drug resistance.

Our findings further imply that all outcomes were
worse if patients received rifampin for 4 months or less.
This is relevant for countries now treating all patients with
newly diagnosed tuberculosis with standardized regimens
that include rifampin for the first 2 months only (63), and
reexamination of these regimens may be warranted, partic-
ularly because of the low cost of rifampin when purchased
through the Global Drug Facility (68).

Our review has limitations, despite the large number
of studies and study participants. The most important is
that we compared different groups of RCTs with groups
from other trials. Bias could have been introduced if non-
treatment covariates, such as age, severity of disease, or
other comorbid conditions, were associated with certain
regimens. For example, comparison of patients who re-
ceived rifampin for 2 months with patients in different
trials who received rifampin for 6 months could have been
problematic if there were baseline differences in the 2 study
samples. Pooling results only from trials with identical reg-
imens (and balance of covariates among groups within each
trial) would protect against this type of confounding but
would have severely restricted this review. We chose to
compare several different treatment regimens across studies
to allow pooling of the larger study samples that we needed
to analyze the relatively uncommon outcome of acquired
drug resistance. We were able to analyze multiple treat-
ment factors because the patients with initial drug resis-
tance were treated with many different regimens. To min-
imize differences among studies, we restricted the review to
trials of adequate treatment (those with regimens contain-
ing at least isoniazid and rifampin [14, 63, 69]) of previ-

Table 1. Pooled Estimates of Treatment Failure, Stratified by Initial Drug Resistance and Treatment Regimen Variables

Factor Cohorts,
n

Events/Participants,
n/n

Pooled Cumulative
Incidence (95% CI)

P Value*

Initial drug resistance
Sensitive to all tuberculosis drugs 66 108/11 905 0.9 (0.6–1.2) �0.001
Single drug resistance 42 73/883 8 (6–11) �0.001
Polydrug resistance 28 54/260 21 (13–29) �0.001

Duration of rifampin therapy
1–4 mo 52 43/3457 1.2 (0.4–3) �0.001
�5 mo 85 192/9591 2 (1–3) �0.001

Use of streptomycin
Not used 32 173/6079 3 (1–3) �0.001
Used (0.5–12 mo) 104 62/6969 1 (0–2) �0.001

Use of pyrazinamide
Not used 20 11/1385 1 (0–3) �0.001
Used (1–8 mo) 117 224/11 663 2 (1–3) �0.001

Drugs used
Initial phase

2–3 drugs 31 36/3244 1 (0–2.5) �0.001
�4 drugs 105 199/9804 2 (1–3) �0.001

Continuation phase
2 drugs 65 196/8031 2 (1–4) �0.001
�3 drugs 71 39/5017 0.8 (0–2) �0.001

* Chi-square P value for heterogeneity of stratification variable across cohorts.
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ously untreated adults with microbiologically confirmed,
active pulmonary tuberculosis and microbiologically con-
firmed outcomes. Although settings differed, all samples
were measured from the general population—not sub-
populations (for example, homeless persons or users of il-
licit drugs)—to enhance comparability.

The original trials were not explicitly designed for pa-
tients with drug-resistant strains. In total, 883 patients
with single drug resistance were treated in 42 different
cohorts, and 260 patients in 28 cohorts had polydrug-
resistant strains. The heterogeneity of results in these co-
horts with initial drug resistance may have reflected the
small numbers in each group; differences in the actual drug
resistance patterns or regimens used; and other differences
in age, comorbid conditions, disease severity, and health
system factors. Thus, the striking results for drug-resistant
strains must be viewed with some caution. However, a
review of these older trials, in which patients with initial
drug resistance were treated with standard regimens, is
valuable because these trials will not likely be repeated.
Information from RCTs of the treatment of drug-resistant
tuberculosis is urgently needed (67).

Relatively few studies included HIV-infected patients.
Only 712 HIV-infected participants were studied, limiting
power to detect effects associated with this covariate. In
addition, this information was available only as an overall
average prevalence in the study sample, which is inevitably
less accurate than individual-level data. Nonetheless, HIV
infection was statistically significantly associated with fail-
ure, as others have reported (70). We did not assess the
effect of other covariates, such as age or sex.

The large number and sample sizes, diverse treatment
regimens, and wide range of settings of the trials contrib-
uted to the heterogeneity of results. However, this factor,
along with the inclusion of cohort studies that better reflect
typical practice conditions, should enhance the generaliz-
ability of the review. The somewhat worse treatment out-
comes in the cohort studies suggest that rates of failure,
relapse, and acquired drug resistance may be higher in field
conditions than estimated in this review, which predomi-
nantly includes results from RCTs. Dropout rates, partic-
ipant selection, and outcome measures determined that
most studies were of high quality. Concealment of treat-
ment allocation was adequate when stated (but was not
stated in half of the studies). Although very few trials were
double-blind, the use of objective, microbiologically con-
firmed outcomes should have limited bias. The analysis of
results from multiple trials included patients with pan-sen-
sitive and drug-resistant strains, allowing the assessment of
the relative effect of different treatment-related variables on
tuberculosis treatment outcomes in all patients.

Our findings suggest an urgent need for RCTs to eval-
uate improved standardized tuberculosis treatment regimens.
These trials should be conducted in low- and middle-
income countries with limited access to drug-susceptibility
testing and moderate to high prevalence of initial drug

resistance. Studies in resource-limited settings of the feasi-
bility, cost, and impact of new methods of drug-suscepti-
bility testing are also urgently needed. These studies should
assess inexpensive, simple, and rapid methods that have
already been developed for these settings (65).

In conclusion, initial drug resistance was very strongly
associated with treatment failure, relapse, and acquired
drug resistance in previously untreated patients receiving
standardized treatment. In the presence of initial drug re-
sistance, treatment outcomes were statistically significantly
worse if patients received rifampin for less than 5 months.
Prompt action is needed to improve the detection and
treatment of patients with underlying initial drug resis-
tance. This is particularly urgent in settings with limited
resources—places in which rates of initial drug resistance
are high and the current approach may be amplifying drug
resistance and worsening prospects for tuberculosis control
in the long term.

Figure 5. Association of duration of rifampin therapy and
initial drug resistance with failure, relapse, and acquired
drug resistance.
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Table 2. Pooled Estimates of Relapse, Stratified by Initial Drug Resistance and Treatment Regimen Variables

Factor Cohorts,
n

Events/Participants,
n/n

Pooled Cumulative
Incidence (95% CI)

P Value*

Initial drug resistance
Sensitive to all tuberculosis drugs 63 492/8665 6 (5–7) �0.001
Single drug resistance 41 82/661 12 (8–17) �0.001
Polydrug resistance 27 17/150 11 (5–18) NS

Duration of rifampin therapy
1–4 mo 52 249/3084 8 (6–10) �0.001
�5 mo 79 342/6392 5 (4–6) �0.001

Use of streptomycin
Not used 28 215/3404 6 (5–8) �0.001
Used (0.5–12 mo) 103 376/6072 6 (5–8) �0.001

Use of pyrazinamide
Not used 20 135/1290 11 (6–15) �0.001
Used (1–8 mo) 111 456/8186 6 (5–7) �0.001

Drugs used
Initial phase

2–3 drugs 30 116/1811 6 (4–9) �0.001
�4 drugs 101 475/7665 6 (5–7) �0.001

Continuation phase
2 drugs 61 352/5129 7 (5–8) �0.001
�3 drugs 70 239/4347 5.5 (4–7) �0.001

Dropouts in follow-up
�10% 37 87/1286 7 (4–11) �0.001
�10% 94 504/8190 6 (5–7) �0.001

NS � not significant.
* Chi-square P value for heterogeneity of stratification variable across cohorts.

Table 3. Pooled Estimates of Acquired Drug Resistance in Treatment Failure and Relapse, Stratified by Initial Drug Resistance and
Treatment Regimen Variables

Factor Cohorts,
n

Events/Participants,
n/n

Pooled Cumulative
incidence (95% CI)

P Value*

Initial drug resistance
Sensitive to all tuberculosis drugs 65 88/11 670 0.8 (0.5–1) �0.001
Single drug resistance 42 53/883 6 (4–8) �0.001
Polydrug resistance 28 37/260 14 (9–20) �0.001

Duration of rifampin therapy
1–4 mo 51 42/3222 1.3 (0.6–2) 0.007
�5 mo 84 136/9591 1.4 (0.6–2) �0.001

Use of streptomycin
Not used 32 106/6079 1.7 (0–3) �0.001
Used (0.5–12 mo) 103 72/6734 1.1 (0.5–2) �0.001

Use of pyrazinamide
Not used 20 21/1385 1.5 (0–4) �0.001
Used (1–8 mo) 115 157/11 428 1.4 (1–2) �0.001

Drugs used
Initial phase

3 drugs 31 35/3244 1.5 (1–2) �0.001
�4 drugs 104 143/9569 1.1 (0–2) �0.001

Continuation phase
2 drugs 65 136/8031 0.9 (0–2) �0.001
�3 drugs 70 42/4782 1.7 (1–3) �0.001

Dropouts in follow-up
�10% 43 84/4772 1.8 (0.3–3) �0.001
�10% 92 94/8041 1.2 (0.6–2) �0.001

* Chi-square P value for heterogeneity of stratification variable across cohorts.
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Appendix Table 1. Methods and Quality Assessment of Cohort Studies

Study (Reference) Country Initial Drug Resistance Groups Analyzed (Cohorts), n Patients Treatment Duration, mo Follow-up, mo

Treated, n Defaulted During Therapy, % Followed for Relapse, n Lost to Follow-up, % Rifampin Pyrazinamide Streptomycin

Cohn et al. (18) United States Pan-sensitive, single drug resistance 2 128 14 101 7 6 6 6 56
Murray et al. (19); Sonnenberg et al. (20) South Africa Pan-sensitive 1 298 4 0 –* 6 2 0 0
Churchyard et al. (21) South Africa Pan-sensitive 2 1876 10 0 –* 6 or 8 2 or 3 0 or 2 0
Seung et al. (22) Russia Pan-sensitive, single drug resistance, multidrug resistance 3 1681 10 – –* 6 2 0 0
Jasmer et al. (23) United States Pan-sensitive 1 372 7 269 13 6 2 0 12–24
Nettles et al. (24) United States Pan-sensitive 1 575 7 407 0 6 2 0 24
Thomas et al. (71) India Pan-sensitive 1 –* –* 485 5 6 2 0 18

* Values missing for those treated or followed for relapse indicate that failure or relapse was not reported.

Appendix Table 2. Methods and Quality Assessment of Randomized, Controlled Trials

Study (Reference) Country Initial Drug Resistance Groups Analyzed (Cohorts), n*† Patients Treatment Duration, mo Follow-up, mo

Treated, n‡ Defaulted During Therapy, % Followed for Relapse, n Lost to Follow-up, % Rifampin Pyrazinamide Streptomycin

BMRC (25–28) East Africa Pan-sensitive 1 742 2 677 4 6 0 or 6 6 24
BMRC (29, 30) East Africa Pan-sensitive 4 742 0 677 4 2, 6 0, 2, or 6 0, 2, or 6 24
BMRC (31, 32) Hong Kong Pan-sensitive, single drug resistance, multidrug resistance 21 877 3 778 10 2, 4, or 6 0, 6, or 8 6 or 8 18
BMRC (33, 34) East Africa Pan-sensitive, single drug resistance, multidrug resistance 18 826 2 652 6 1 or 2 0, 1, 2, 6, or 8 1, 2, 6, or 8 42
BMRC (35–37) Singapore Pan-sensitive, single drug resistance, multidrug resistance 3 192 6 166 7 6 2 2 24
Zierski et al. (38, 39) Poland Pan-sensitive, single drug resistance 4 318 9 278 4 6 0 0 18
BMRC (40–42) Hong Kong Pan-sensitive, single drug resistance, multidrug resistance 15 1055 5 848 16 6 0, 2, or 6 0 or 6 60
BMRC (43, 44) Africa Pan-sensitive, single drug resistance, multidrug resistance 5 430 1 359 16 2 or 6 2 2 24
Tripathy (72) India Pan-sensitive 1 521 7 474 1 3 5 5 16
Santha et al. (45); TBRC (46) India Pan-sensitive 2 550 2 503 5 2 5 or 7 5 or 7 24
BMRC (49, 50) Singapore Pan-sensitive, single drug resistance, multidrug resistance 9 357 1 328 7 6 1 or 2 1 or 2 54
Balasubramanian et al. (51); TBRC (52) India Pan-sensitive, single drug resistance 2 561 8 443 18 3 5 5 19
BMRC (53) Hong Kong; Madras Pan-sensitive, single drug resistance, multidrug resistance 3 213 5 190 9 6 6 6 54
BMRC (54) Kenya; Zambia Pan-sensitive, single drug resistance, multidrug resistance 3 602 9 492 9 2 2 2 24
BMRC (55) Hong Kong; Madras Pan-sensitive, single drug resistance, multidrug resistance 6 153 19 98 19 6 or 8 6 or 8 6 or 8 36
BMRC (56) Hong Kong Pan-sensitive, single drug resistance, multidrug resistance 10 1065 7 955 2 6 4 or 6 0 or 4 30
BMRC (57) Hong Kong; Singapore Pan-sensitive, single drug resistance, multidrug resistance 9 290 1 281 1 6 1 or 2 0, 1, or 2 18
Zhang et al. (58) China Pan-sensitive 2 197 2 186 2 6 2 0 24
Vernon et al. (59) United States; Canada Pan-sensitive 1 35 11 31 0 6 2 0 20
Santha et al. (60) India Pan-sensitive, single drug resistance 2 1058 2 989 0 6 2 0 54
Snider et al. (47) Poland Pan-sensitive 2 187 11 148 10 6 2 0 or 2 21
BMRC (48) Tanzania Pan-sensitive, single drug resistance, multidrug resistance 3 137 3 115 8 2 2 2 18

BMRC 5 British Medical Research Council; TBRC 5 Tuberculosis Research Centre.
p For some randomized, controlled trials, results from only 1 treatment group are shown. These studies had other groups, but these groups used rifapentine, therapy was of inadequate duration (,5 mo), or therapy contained insufficient drugs (such as only 1 in the continuation phase).
† Groups were analyzed separately if results (pan-sensitive, single drug resistance, or multidrug resistance) were reported separately, even if patients were treated with the same experimental regimen.
‡ Patients treated include those who completed treatment successfully or those whose treatment failed, those who died during treatment, or those who defaulted. Patients who were ineligible or discontinued therapy because of side effects were excluded.
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