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Summary
Simplifying and shortening treatment for drug-sensitive tuberculosis and providing new
treatment options for drug-resistant tuberculosis constitute two principal goals in the
development of novel drugs for tuberculosis. Demonstration of clinical efficacy in drugsensitive tuberculosis is challenging, given high success rates for existing regimens,
concerns about substituting an investigational agent for the most effective agents in a
regimen and difficulties in determining the effect size of the components of a combination regimen. Large and prolonged studies would be needed either to show superiority
over existing regimens or statistically defensible non-inferiority compared to existing
regimens. In contrast, exploring efficacy of novel treatments in the setting of drugresistant disease may present certain opportunities. In drug-resistant disease, the
efficacy of existing regimens is comparatively poor, and companion drugs used to treat
drug-resistant disease are weak or ineffective, enabling demonstration of the effect of
the new drug. Other advantages of this approach, which has been used successfully in
the development of antiretroviral agents, include the possibility of demonstrating drug
efficacy using smaller studies, the possibility of accelerated approval based on a
surrogate endpoint and the opportunity to address an urgent public health need.
Experience with the activity and the safety of new agents in drug-resistant disease may
provide a platform from which their indication can be broadened to include drugsensitive disease.
© 2008 Elsevier Ltd. All rights reserved

Introduction
The history of tuberculosis (TB) drug development began
in the 1940s with great optimism as streptomycin introduced the promise of a cure for this disease.1 But within
the space of a few years, it became clear that “cures”
were short lived as the final outcome for those treated
converged with that for untreated patients. A decade
later, the discovery of isoniazid (INH) brought renewed
hope. This potent agent resulted in rapid sterilization of
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sputum and, when used in conjunction with streptomycin, reduced the rates of drug-induced resistance. In
the 1970s, pyrazinamide and rifampin revolutionized TB
treatment, resulting in durable cures with shortened
durations of therapy. By the late 1970s, cure rates for TB
had exceeded 95%. As TB began to disappear in developing countries, the impetus for TB drug development
faltered. For the next 30 years, no novel anti-tuberculous
agents would be developed and poor countries, unable
to provide the arduous infrastructure and expensive drugs
essential for TB control, would continue to suffer its
ravages.
Currently available treatment regimens are prolonged, placing unmanageable demands on indigent
populations from the perspectives of both supervision
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and adherence. The result is the burgeoning tide of drug
resistance. Repeated inadequate courses of therapy in
patients with relapsing TB generate incremental increases
in the degree of drug-resistance. Highly resistant
organisms are virtually untreatable in immunocompetent
patients, and when these organisms enter highly immunocompromised HIV-infected populations, mortality rates
within weeks of infection approach 100%.2 Lessons from
malaria, HIV, MRSA and innumerable other drug-resistant pathogens have taught us that drug resistance,
once established, is almost certain to escalate.3–5 Unmasked by multi-drug resistance and HIV, TB has reemerged as a major global health crisis. With soaring
incidence and mortality rates world wide and frequent
outbreaks of drug-resistant disease, there is a pressing
need for new therapies.

Antimycobacterial drug development
The cornerstone of antimycobacterial drug development
is the microbiological proof of efficacy. The potency of
candidate agents is investigated by determining the
minimal inhibitory concentrations of the drug against
cultures of M. tuberculosis. Potent agents that promise
achievable therapeutic drug levels in humans are
pursued. Studies using animal models are undertaken as
a bridge between in vitro and human studies, providing
important preliminary evidence of tolerability and
efficacy. Animal studies have been central in exploring
toxicology, pharmacokinetics, combination therapies,
dose ranges, and other factors in the design of a
therapeutic regimen. With satisfactory animal safety
data and preliminary indications of efficacy, initial
studies in humans probe the tolerability and
pharmacokinetics. Early bactericidal activity (EBA) is
often investigated as a preliminary demonstration of
antimycobacterial efficacy. EBA studies involve giving
patients with TB short courses of monotherapy with the
new agent to determine the effect on sputum colony
counts, before administering definitive combination
therapy. Despite all this important background
information, preliminary studies cannot capture the full
complexity of projected use. Sterilizing activity in
humans (the elimination of active and dormant organisms) constitutes one of the biggest challenges in developing useful regimens for TB and is poorly addressed by
these studies. The effect on dormant organisms, the
impact on relapses, the penetration into diseased lung
tissue, the comparative safety during long-term use and
the role of a new agent within the landscape of existing
treatments are just some of the issues that need to be
tested in clinical trials using a projected treatment
regimen.
With public health needs in mind, clinical programs
to develop novel drugs for TB have several goals
including simplifying and shortening treatment of drugsensitive TB, identifying new treatments for drugresistant TB and improving on the safety of existing
treatment.1–3 Both because the need for new therapies
is so urgent and because demonstrating efficacy in drugsensitive disease is challenging, as discussed below,
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there are reasons to explore the efficacy of candidate
drugs in the setting of drug-resistant disease.

Trials in drug-resistant TB
From a public health perspective, the urgency of
developing new therapies for drug-resistant TB has
already been described. From a scientific perspective,
development of new drugs in the setting of drug
resistance may circumvent several practical hurdles
that complicate the demonstration of clinical efficacy in
drug-sensitive TB. Since TB is a life-threatening infection for which current therapy is generally highly efficacious, ethical trials of new therapies for TB are limited
to those likely to show superiority or non-inferiority to
current standards of care. In the case of drug-sensitive
TB, this is a demanding objective since durable cure
rates exceed 95% based on 2 years of follow-up.6 Added
to this, the need to use combinations of at least 3 active
drugs in the treatment of TB poses a challenge to
demonstrating the contribution of a single new drug
within a complex regimen. One possible approach is to
compare a shortened regimen containing the new drug
to the standard six-month regimen. Demonstrating the
efficacy of a shorter regimen would serve a major public
health need, improving adherence, reducing costs and
eliminating other logistic obstacles with a major
potential impact on cure rates.
Clearly, large trials are needed to address these
statistical constructs and to accommodate attrition
during prolonged periods of study.
Traditionally, patients with drug-resistant TB have
been excluded from TB trials. Including patients with
drug-resistant infections may provide an opportunity to
overcome some of the hurdles in clinical efficacy trials
for a number of reasons.
First, success rates using the current standard of care
for drug-resistant disease are low compared to drugsensitive disease. In a study of 167 Latvian patients with
multi-drug resistant TB (MDR-TB) resistant to a median
of 5 drugs, 23% failed to convert to culture negativity,
and the median time to culture conversion was 83 days.7
In a similar study prior to the use of fluoroquinolones,
35% of 171 US patients with MDR-TB resistant to a
median of 6 drugs failed to convert to culture negativity,
and the median time to culture conversion was 2
months.8 Similar observational studies have been
performed in a number of countries around the
world.9–14 Despite differences in rates of HIV positivity
and use of fluoroquinolones and surgery, all studies
demonstrate the comparatively poor outcome in MDRTB. Failure to convert to culture negativity ranges from
15% to 35%, the median interval to culture conversion
often exceeds 2 months, and, though variable, all-cause
mortality exceeds 25% in several reports (Table 1). In
contrast, trials in patients with drug-sensitive TB
treated with 6 month courses of therapy (isoniazid,
rifampin, pyrazinamide and streptomycin) demonstrate
that approximately 98% of patients are culture negative
at 2 months.15,16 Primary failures of therapy are rare,
and mortality rates are low.
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Table 1 Summary of published outcomes in patients with MDR-TB

Citation

Number
of drugs to
HIV
which TB
positive isolates were
subjects
resistant†

Time
to culture
conversion
(range)†

% failing to
convert culture

(8)*

–

6

2 months (1–8)

35%

(11)
(7)
(9)
(12)

–
–
1/65
0

6
5
6
Mean 3.3

(10)

0

6

(13)
(14)

1.7%
0

–
5

–
83 days
1 month
Mean 2.1 months
(1–5)
Mean 2 months
(1–10)
–
Mean 42 days

Relapse rate

All-cause
mortality
37% (63/171)

15% (25/162)
23%
–
19% (12/63)

10% in 2 years,
14% in 62 months
–
2% in 2 years
–
2.1% (1/51)

17.5% (11/67)

0/52

0

6.7% (70/723)
21% (6/29)

2.1% in 2 years
1/44 in 53 months

13%
14%

25% (51/205)
8% (13/167)
26% (17/66)
4% (2/53)

†

Median (or mean where indicated).
– not reported.
* fluoroquinolones not used in this study.

Thus, demonstration of superiority of a new drug
regimen compared to the standard of care is more
feasible in the setting of MDR-TB. In situations of extensive drug-resistance or XDR-TB infections, where the
standard second line drugs may have little or no efficacy
at all, the efficacy of a new drug may be very clear even
when small numbers of patients are studied.
Second, drug-resistant infections may help differentiate the effects of the new drug from those of the
rest of the drugs in the regimen. In drug-sensitive
disease, the effect of experimental drugs, when tested
in combination with existing anti-tuberculous drugs, may
be completely overshadowed by the effect of potent
companion drugs. Thus, when comparing efficacy of
drug combinations in non-inferiority studies, it may not
be possible to distinguish the contribution of the investigational component of a regimen from the contribution
of the companion drugs in the regimen. For example,
the effect size of rifampin within combination regimens
is large and dominates the treatment response. Indeed,
in patients treated with “first line therapy”, INH resistance may not have a detectable influence on outcome
provided the infecting strain is susceptible to rifampin.17
When rifampin is rendered ineffective as a result of
drug-resistance, success rates plummet. Mitchison and
Nunn reported primary failure of therapy or relapse in 8
of 11 patients with initial rifampin resistance who were
treated with traditional first line drugs.17 This is consistent with experience from early trials confirming the
large effect size for rifampin. In these trials, patients
who were treated with rifampin-containing regimens
showed approximately a 30% more rapid conversion rate
for sputum culture compared to those treated with
isoniazid, streptomycin and ethambutol alone.18 Thus, in
the presence of rifampin resistance, it may be comparatively easy to demonstrate the effect of new agents.
Another strategic pitfall in the initial development of
new drugs for drug-sensitive TB relates to new drugs
that are weaker than our current first line therapies.

While new drugs with activity levels comparable to
those of ethambutol may still offer considerable benefit
in MDR-TB, they may well be rejected from initial
consideration based on apparent disappointing performance in combination regimens for drug-sensitive
disease. This was illustrated in a trial of ciprofloxacin used
with isoniazid and rifampin compared to standard therapy
for drug-sensitive TB. Culture conversion was slower in
the ciprofloxacin arm than the comparator arm (mean
2.3 months and 1.8 months, respectively), with higher
relapse rates in an HIV-infected subgroup.19 These results,
however, should not lead one to abandon development of
ciprofloxacin, which might be potentially useful in MDRTB. Drug-resistant disease provides an appropriate setting in which to evaluate what might usually be
considered “second-line” therapy because the efficacy
of potent companion drugs is ablated by resistant
mutations in the target organism.
In drug-resistant infection, we may be forced to
accept more modest goals for treatment than for drugsensitive disease where anything less than a durable
cure is unsatisfactory. For example, early sterilization of
infectious sputum would be a laudable step to reducing
transmission and, therefore, from a public health point
of view, would be a medically meaningful endpoint. In
dire situations, even a temporary effect of the drug may
translate into a significant prolongation of life.
Conceivably, short of a true cure, suppression of infection would be acceptable when no treatment options
exist, as is true in many chronic diseases.

Lessons from HIV trials
Many of the problems in designing clinical trials for new
TB drugs are similar to those in designing trails for new
HIV drugs. Consequently, experience in HIV drug
development should inform our approaches to TB. In
common with TB, HIV disease is treated with a combina-
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Table 2 Summary of primary efficacy outcomes for antiretroviral agents approved for treatment of drug-resistant
HIV

Treatment arms
darunavir/ritonavir +OBR versus comparator
protease inhibitor+OBR20
tipranavir/ritonavir +OBR versus comparator
protease inhibitor+OBR21
Maraviroc + OBR versus OBR + placebo23
Raltegravir+OBR versus OBR + placebo24

Enfuvirtide +OBR versus OBR22

% of patients with
<50 copies/mL
at 24 weeks

% of patients with >1 log
reduction in viral load
at 24 weeks

45% versus 12.1%

69.5% versus 21%

23% versus 9%

40% versus 18%

45.3% versus 23%
62.6% versus 33.3%

69.2% versus 35.9%

% of patients with
<50 copies/mL
at 48 weeks

% of patients with >1 log
reduction in viral load
at 48 weeks

23% versus 8%

46% versus 18%

OBR=optimized background regimen.

tion of effective drugs. In drug-sensitive disease, potent
antiretroviral agents used in combination with
investigational drugs would potentially obscure the
contribution of the new drug. Moreover, the effect size
of each component in a complex regimen may be
difficult to discern. Therefore, trials that replace one
component of the combination with an experimental
drug may be difficult to interpret. Targeting initial
development at resistant disease is an approach that
has been quite successful in the HIV setting. Typically,
patients with resistant virus who are failing current
therapy are selected for study, both because the need is
greatest and because there exists a potential for
demonstrating efficacy. In these patients the experimental drug added to “optimized background therapy”
is compared to optimized background therapy plus
placebo. In some trials, the best available drug has been
used as an active comparator drug instead of placebo,
though many of the patients will have already developed resistance to this drug.
Such study designs have enabled a statistically significant demonstration of superior efficacy using new
agents. Tipranavir, darunavir, enfuvirtide, maraviroc and
raltegravir have been approved for resistant HIV infection
based on superior suppression of viral load after 24 or 48
weeks compared to background therapy with or without
a placebo or protease inhibitor (Table 2).20–24
Of course, HIV therapy differs from TB therapy in
several respects. The endpoint in these HIV trials is not
cure but suppression of the circulating plasma viremia.
This biomarker is recognized as a robust and specific
indicator of antiretroviral activity and has been demonstrated to correlate with clinical prognosis. A corresponding biomarker for TB does not exist. Sputum culture
conversion rate 2 months after initiation of therapy has
been proposed as a biomarker, correlating with late
relapses, but lacks sensitivity since relapses in patients
with negative 2 month cultures are well recognized.25,26
Other potential biomarkers, all of which have yet to be
validated, include time to sputum culture conversion,

presence of mycobacterial DNA , and differential gene
expression in the blood of patients with active, latent or
cured TB.27,28
Development of such biomarkers, urgently needed to
better the public health, is a major focus of the FDA’s
Critical Path Initiative.

Lessons from fluoroquinolones
Although fluoroquinolones have not yet been approved
for the treatment of TB, there exists a body of clinical
evidence that suggests that these drugs may be
effective in the setting of MDR-TB. In a retrospective
analysis, 30% (9/30) of patients with MDR-TB who did
not receive a fluoroquinolone experienced microbiological
failure compared with 12% (16/132) who did receive a
fluoroquinolone (odds ratio for success 3.11 (95% CI
1.21–7.95). A significant effect on all-cause mortality
was also seen (40% (17/42) versus 21% (34/163), respectively).11 In a study of 63 patients with MDR-TB treated
with fluoroquinolones, those failing therapy were significantly more likely to have had quinolone resistance in
vitro compared to those treated successfully (odds ratio
13.5, 95% CI 2.2–83.1), effectively pointing to the activity
of fluoroquinolones in MDR-TB.12 This retrospective
experience suggests that MDR-TB is a useful platform for
demonstrating the efficacy of new anti-TB agents.
Despite a paucity of rigorous trials, the microbiological
and clinical data were sufficient to motivate widespread
use of these agents in MDR-TB. They have been adopted
as the standard of care, and it is unlikely that
prospective, placebo-controlled randomized trials of
fluoroquinolones will ever be performed in this setting.29

Study design
Because existing therapies are unsatisfactory, trials of
new agents in the setting of drug-resistant disease are
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designed to show superiority of a new agent compared
to available regimens. Borrowing from the design of HIV
trials, one option would be to compare best available
background therapy plus either the new investigational
drug or matching placebo. As is the case in any trial
involving a serious disease, FDA encourages the use of a
Data Monitoring Committee to evaluate the progress of
the trials and the provision of a crossover option in the
event that the control regimen fails. An alternative
strategy might employ the immediate use of the new
agent in one arm and delayed use in a second arm. The
drug effect would be demonstrated by more rapid
sputum culture conversion among the patients treated
immediately with the new agent compared to those on
delayed treatment.
The duration of experimental therapy would be
dictated largely by toxicological constraints and microbiological strategy, but could be envisaged to continue
as long as MDR-TB therapy is administered. In the design
of such studies, the 95% confidence interval around the
difference in success rates (experimental regimen minus
comparator) must exceed zero. Some additional important considerations in trial design include the selection
of appropriate study populations, laboratory diagnostics
to detect drug resistance, the choice of study endpoints
and safety considerations.
In general, the nature of the study population would
be dictated by practical and scientific considerations
driven by the acute public health need. The baseline
covariates with a potential impact on outcome that
must be balanced between the study arms or treated by
stratification include: the number of drugs to which the
isolate is resistant, the presence of cavitation on chest
radiograph, prior treatment for MDR-TB and initial sputum
colony count.7 Others include HIV status and other
underlying diseases.
The profile of MDR-TB varies depending on the
resistance pattern of the organism and the nature of the
host. These considerations are important in developing
enrollment criteria.

MDR-TB in immunocompromised HIV-infected
patients
Outbreaks of MDR-TB have been frequently reported
among highly immunocompromised HIV-infected populations.2,30–32 In these populations, the disease spreads
rapidly, the progression of disease is often fulminant
and death rates are very high. In this critical setting, a
potent new agent might demonstrate a striking clinical
benefit. However, from a practical standpoint, highly
immunocompromised patients may be less suitable for
study in a controlled trial given the rapid evolution of
the disease and the sporadic and unpredictable nature
of these outbreaks.

MDR-TB in non-immunocompromised patients
On the other hand, patients who acquire MDR infection
after repeated treatment for TB often languish in insti-
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tutions for months with persistently positive sputum.
Such cases are not rare. Global surveys indicate among
patients with active TB who have been treated
previously, an average of 18.5% will have MDR-TB (range
6.3–39.9%).33 These patients are usually well known to
local health care providers and TB control programs.
Hence, they may be easily identified and rapidly
recruited. The indolent nature of these infections may
also permit a strategy for rescue therapy if cultures fail
to convert. However, many such infections are accompanied by extensive structural lung disease. Poorly
vascularized cavitary lesions pose a challenge to the
best of antimicrobials, demanding not only potent antimycobacterial activity, but excellent drug penetration.
When physiologically feasible, surgery is frequently a
component in the treatment of these patients. New
agents with excellent tissue penetration may be expected to perform well in this setting. However, agents with
limited biodistribution may fail despite good antimicrobial activity. In addition, these patients typically
exhibit varying degrees of drug resistance and adequate
numbers of trial subjects would be needed to ensure a
balanced prognosis in all study arms.

Primary MDR-TB in non-immunocompromised
hosts
Newly diagnosed, primary MDR-TB provides a relatively
unconfounded setting in which to study a new drug.
Recruitment can be restricted to patients infected with
organisms showing limited drug resistance (e.g. to
isoniazid and rifampin), a population with a relatively
homogeneous prognosis. The confounding effects of
prior treatment are eliminated, and extensive structural
lung disease is less likely in such primary infections,
facilitating the demonstration of drug efficacy. But
practical challenges include identification of adequate
numbers of patients. In a survey of incident MDR-TB in
184 countries, primary MDR was estimated to occur in
an average 2.7% of cases (range 1–9.9%).29
Taking the difficulties with each strategy into account,
it may be prudent to take a multi-pronged approach,
nesting different population groups within a study.

Laboratory testing in MDR-TB trials
Screening of study subjects for drug resistance is time
consuming. Traditional culture on Löwenstein-Jensen
medium takes approximately 3 weeks. Microscopic observation drug susceptibility testing (MODS) reportedly
reduces the turnaround time on samples obtained
before treatment to about 8 days.34 Nevertheless, the
delay between screening and diagnosis of drug resistance is sufficient to enable initial empiric therapy to
interfere with the evaluation of new drugs. Thus, newer
diagnostic tests for the immediate identification of drug
resistance are a research priority, expediting recruitment and limiting the confounding effects of suboptimal
therapy during the time it takes to identify drug
resistance.
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Endpoints
Ideally, durable clinical and microbiological cure, 18 or
more months after initiation of therapy, is the recommended endpoint in clinical TB trials.35 While many
relapses occur soon after cessation of therapy, relapse
rates for different regimens have been shown to continue
to diverge up to 120 weeks after the start of treatment,
emphasizing the importance of prolonged follow-up.26
Interestingly, in those published studies of MDR-TB
where fluoroquinolones were used and treatment
regimens were prolonged, relapse rates were low (2.1%
or less) (Table 1). This suggests that unlike the experience in drug-sensitive disease where initial clinical
response rates are excellent but relapses threaten the
control of the disease, the main challenge in MDR-TB is
achieving an initial clinical response, and early endpoints are likely to be predictive of ultimate clinical
benefit. However, where fluoroquinolones are not used
and treatment regimens are short (7 months or less),
relapse rates as high as 40% are reported. Extended
follow-up is integral to understanding the failings of these
treatment regimens.36
Elimination of dormant infection and prevention of
relapse remains one of the most challenging aspects of
TB therapy. It is easy to detect the ability of a drug to
eliminate viable organisms from the sputum, but
demonstration that relapse has been prevented requires
years of clinical follow-up. The identification of new
biomarkers for sterilizing activity would revolutionize
the development of new TB agents. For example, failure
of sterilization at 2 months has been shown to correlate
with failure to convert to smear negativity during longer
periods of observation.37 However, correlation with
relapse rates is less clear. More specific markers of
residual organisms, such as antigenic, DNA/RNA,
immunological, or imaging tools, are urgently needed to
predict long-term treatment outcome.

Drug safety
The requisite data supporting the safety of new drugs
for TB should not differ appreciably for drug-sensitive
and drug-resistant disease. However, given the possible
life-saving benefit in the face of untreatable drug
resistance, greater tolerance of potential risks may be
defensible and appropriate.
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HIV-RNA was initially considered a surrogate endpoint
and later was qualified as a basis for traditional
approval. In the case of MDR-TB trials, a convincing
demonstration of superior efficacy may be possible,
looking at time to culture conversion in a comparative
trial, in the context of a battery of supportive data,
such as in vitro minimal inhibitory concentrations,
animal models, early bactericidal activity and 2 month
culture conversion rates. Given that culture positivity in
patients with MDR-TB is prolonged and often exceeds
2 months, new drugs with potent bactericidal activity
may have a substantial impact on this interval,
providing a benefit not just to the patient but to the
public as well. Finally, when high mortality rates from
MDR-TB prevail, it may be possible to demonstrate a
mortality benefit using a new agent, and survival curves
may diverge relatively early during follow-up.

Moving beyond
In general, drugs that are effective against drugresistant organisms should be effective against drugsensitive organisms if the target of the drug is present
in both. Thus, data on the performance of a drug in
drug-resistant infection may support its use in drugsensitive infections. Use of a drug in a drug-resistant
setting would bolster confidence in efficacy, paving the
way for more probing use in drug-sensitive disease —
e.g. replacement of rifampin or significant shortening of
therapy — paradigms that would enable approval for
drug-sensitive disease. Safety information might support
replacement of the more toxic drugs used in current
regimens for drug-sensitive disease.
Given this approach, trials in MDR-TB should not be
viewed as competing with trials in drug-sensitive
disease. The MDR-TB platform should be viewed as one
component in a strategy to develop drugs for all forms
of TB, potentially addressing some of the obstacles to
trials in drug-sensitive disease. The appropriate drug
development plan should take into account the logistics
required by a variety of approaches. Small programs
may find themselves well served by smaller trials limited
to MDR-TB; large programs might consider embracing the
full spectrum of TB. Since neither the populations
suffering from TB nor the institutions diagnosing and
treating TB separate themselves on the basis of drug
sensitivity tests, it seems prudent to consider maximizing existing infrastructures to study MDR-TB and drugsensitive TB concurrently whenever possible.

Accelerated approval
In the case of a serious disease such as MDR-TB in which
there are no satisfactory alternative therapies, drugs
may qualify for “accelerated approval”. Under the
provisions of these regulations, approval may be based
on a surrogate endpoint (a biomarker that is reasonably
likely to predict clinical benefit), with confirmatory
studies of clinical benefit being completed after the
drug is approved. Surrogate endpoints for MDR-TB drug
development may eventually be validated, as was the
case with antiretroviral drugs where measurement of

How might MDR-TB trials fail?
There are several issues to take into account when considering how a trial might fail to show an effect despite
drug activity. As in any clinical study, the statistical
power of the study to demonstrate a difference between
the arms will depend on the number of subjects and the
inherent activity of the drug. The amount of structural
lung disease, fibrosis and cavitation in patients who
suffer MDR disease over many years may present a
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challenge to even the best of drugs. The effect of
concurrent medications may obscure the efficacy of the
experimental drug. The selection of impractical
endpoints may complicate drug evaluation. MDR-TB
studies may also face practical difficulties, e.g. the
ability to recruit adequate numbers of patients.

Summary and conclusions
Despite a resurgence of TB, development of new drugs
to treat the disease has stagnated in the face of
numerous scientific and economic obstacles. The
demonstration of clinical efficacy in drug-sensitive TB is
challenging since replacement of the most effective
agents may not be ethical, and determining the effect
size of the components of a combination regimen may
not be possible. Demonstration of the superiority of new
agents constitutes the most convincing clinical evidence
of drug efficacy, but in the case of drug-sensitive
disease this may be infeasible given the high efficacy
rates of existing regimens, the need for extended
follow-up, and the large number of participants
required to support statistical conclusions.
Development of new TB drugs to treat drug-resistant
infections may provide opportunities for addressing
some of these challenges. Experience in developing
treatments for drug-resistant HIV infection, where
several new agents show superiority, support such an
approach. In the setting of drug-resistant disease,
smaller studies may suffice if large differences in efficacy
between experimental and comparator regimens are
likely. Use of preliminary endpoints may be possible,
resulting in accelerated drug approval. In a situation of
dire medical need, large potential benefits may
outweigh minor risks. But most important, given the
pressing need for new drugs to treat resistant TB, this
approach will bring the promise of new drugs to an area
of major public health concern.
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