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Tuberculosis Drug Development
Ensuring People Living with HIV Are Not Left Behind
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Anunprecedented number of new tuberculosis (TB) medications are
currently in development, and there will be great pressure to deploy
these new drugs among all populations after their efficacy is
demonstrated. People living with HIV experience a large burden of
TB and have a particularly pressing need for TB treatments that are
shorter and less toxic. In addition, all people living with HIV now
require antiretroviral therapy during TB treatment. A roadmap of
the research, programmatic, and regulatory considerations includes
the following: (7) inclusion of people living with HIV early in clinical
trials for treatment and prevention using new TB medications, (2)
prioritization of key studies of HIV-TB drug interactions and inter-
actions between new TB agents, and (3) optimization of clinical trial
infrastructure, laboratory capacity, and drug susceptibility testing.
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After a 40-year hiatus in the development of novel antimycobac-
terial agents, numerous new tuberculosis (TB) compounds are in
the pipeline, generating renewed optimism for the control and
eventual elimination of TB. Several of these agents are already
in phase II clinical trials (Table 1), and many additional agents
are in earlier animal and phase I human studies (1). However,
despite the enormous burden of TB among people living with
HIV, this population is poised for delayed access to these
agents. Patients with TB with advanced HIV and those taking
antiretroviral therapy (ART) are often excluded from clinical
evaluations of new TB medications or treatment strategies, in
part to avoid the issues of overlapping drug toxicities and drug—
drug interactions (Table 2).

People living with HIV are at the highest risk of TB disease
and mortality and have a dire need for less toxic, shorter TB regi-
mens that can be taken with ART (2). ART should be given
during TB treatment regardless of CD4 " cell count for all HIV-
TB coinfected patients to reduce mortality (3), and three recent
studies support immediate initiation of ART for those with very
low CD4™" counts (<50 cell/ul in two studies) to reduce death
and AIDS progression (4-6). Therefore, ART has become

(Received in original form June 8, 2011, accepted in final form August 18, 201T)

Supported by the National Institutes of Health AIDS Clinical Trials group grant
U01 Al69502 (A.F.L., D.V.H.), and by National Institutes of Health grant K24
Al51982 (D.V.H.).

Author contributions: Concept and initial manuscript draft: A.F.L., H.G., C.L., D.V.H.
Editing and revisions of manuscript: A.F.L., H.G., G.C,, C.L,, D.V.H.

Correspondence and requests for reprints should be addressed to Anne F.
Luetkemeyer, M.D., HIV/AIDS Division, San Francisco General Hospital, 995
Potrero Avenue, Box 0874, San Francisco, CA 94110. E-mail: aluetkemeyer@
php.ucsf.edu

Copyright ©2011 by the American Thoracic Society

Am ] Respir Crit Care Med Vol 184. pp 1107-1113, 2011

Originally Published in Press as DOI: 10.1164/rccm.201106-0995PP on August 25, 2011
Internet address: www.atsjournals.org

a necessity during TB treatment, including during the intensive
phase of TB treatment in advanced HIV. ART-TB drug inter-
action studies and HIV-infected persons on ART must be in-
cluded early in the TB drug development process to ensure new
TB medications can be safely used in the HIV-infected popula-
tion. Restricting studies of new TB strategies to HIV-uninfected
populations will either put many with HIV infection at risk for
unanticipated side effects or suboptimal efficacy when new TB
drugs become available or result in unnecessary delays in use of
novel TB therapies if a sequential approach in evaluation is
required. In this viewpoint, we argue that unnecessary delays
in HIV-coinfected patients accessing new TB agents can be
averted if research, regulatory, and public health bodies proac-
tively plan for necessary HIV-TB drug—drug interaction studies,
inclusion of HIV-infected individuals in clinical trials, and ex-
pedited access to effective agents.

RATIONALE TO INCLUDE PEOPLE LIVING WITH HIV
IN EARLY STAGES OF TB DRUG DEVELOPMENT

The tremendous burden of TB in HIV-infected patients alone
merits evaluation of new TB agents in this group. TB is the lead-
ing cause of death in HIV infection worldwide, accounting for
almost one quarter of estimated HIV deaths in 2009 (7). Death
rates in people living with HIV with drug-resistant TB remain
shockingly high, with 1-year mortality rates of 71% for
multidrug-resistant TB (MDRTB) and 83% for extensively
drug-resistant TB (XDRTB) in a recent South African series
(8). Some 15 to 35% of patients with MDRTB fail to achieve
sputum sterilization despite appropriate therapy (9-11), under-
scoring the need for more potent MDRTB regimens. Acknowl-
edging that many factors contribute to the high mortality rate in
HIV-TB coinfection, such as other AIDS-related illnesses,
delays in TB diagnosis, and failure to use ART, inadequate
TB drug potency and the complexity of delivering HIV-TB care
to millions of patients are also major contributors to the high
mortality rate (12). Shorter, more potent regimens will be key to
reducing HIV-TB mortality in drug-resistant TB and to ease
the burden on already overwhelmed healthcare systems, im-
prove efficacy, and lessen TB—ART drug interactions in drug-
sensitive TB.

Another reason to include people living with HIV early in TB
drug development is that HIV infection, independent of ART
coadministration, causes physiologic alterations that impact
the safety and efficacy of TB drugs. For example, intermittent
rifapentine and rifabutin are associated with treatment failure
due to acquired rifampin resistance in HIV-infected patients
with TB but not HIV-uninfected patients (13, 14), attributable
in part to lower rifamycin levels attained in HIV infection (15—
17). Conversely, the combination of pyrazinamide and rifampin
for treatment of latent tuberculosis infection (LTBI) was well
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TABLE 1. TUBERCULOSIS DRUGS IN CLINICAL DEVELOPMENT

Classes of TB Agents

Drug Target

Examples

Diarylquinolines
Ethambutol derivatives
Fluoroquinolones
High-dose rifamycins
Nitroimidazoles
Oxazolidinones

ATP synthase

DNA gyrase
RNA polymerase

Protein synthesis

Mycobacterial cell wall

Lipid and protein synthesis

TMC207

SQ109

Moxifloxacin, gatifloxacin
Rifampin, rifapentine
OPC67683, PA824

PNU100480, linezolid, AZD5847

Data from References 33 and 57.

tolerated in HIV-infected patients but associated with two to
three times higher rates of severe hepatoxicity in the HIV-
uninfected persons (18).

Promising TB regimens should be evaluated early in people
living with HIV on ART to ensure compatibility with commonly
used HIV medications. ART interactions with current TB drugs
are a major limitation to effective HIV-TB treatment. Coadmin-
istration of rifampin with nevirapine (NVP), the most commonly
used nonnucleoside reverse transcriptase inhibitor worldwide,
reduces NVP levels (19) and leads to inferior HIV suppression
in TB coinfected compared with TB-uninfected people living with
HIV (20). Although the nonnucleoside reverse transcriptase in-
hibitor efavirenz can be given with rifampin effectively (20), many
HIV-infected persons cannot take either efavirenz or NVP due to
drug resistance or intolerance and require protease inhibitors
(PIs). Unfortunately, rifampin drastically reduces PI concentra-
tions, and increasing the dosage of the PI and/or accompanying
ritonavir to overcome the effect of rifampin is poorly tolerated
and can cause hepatotoxicity (21, 22). Thus TB agents that can
safely be given with PIs and other frequently used ART are
urgently needed.

ROADMAP TO ENSURE TIMELY ACCESS TO NEW
TB DRUGS

Early TB-ART Interaction Studies Essential

All patients with TB living with HIV require ART initiation be-
fore completion of TB treatment, and those with CD4" cell
counts of less than 50 cells/mm? should be started as early as
2 weeks after TB treatment initiation (4-6, 23). Thus, it is crit-
ical to conduct pharmacokinetic studies of new TB agents and
several key HIV medications early in the drug development
process. Patients with M/XDRTB living with HIV have better
outcomes when on ART (24), reinforcing the need for concom-
itant HIV and TB treatment in this vulnerable population.

The development of new oral agents for hepatitis C virus (HCV)
treatment provides an important cautionary tale. Two oral HCV
protease inhibitors, boceprevir and telaprevir, received U.S.
Food and Drug Administration (FDA) approval (25, 26) in
May 2011 with little to no drug—drug interaction or efficacy data
available at the time of market availability (27, 28). These data
are needed to guide safe usage in the HIV population, which
bears a large burden of HCV coinfection and has a pressing
need for better HCV treatment given the more rapid progres-
sion of HCV in patients with HIV (29).

Strategic evaluation of frequently used ART agents that typ-
ically incur drug—drug interactions should be prioritized. For
example, efavirenz- and ritonavir-boosted PIs such as lopinavir
are commonly used in HIV-TB treatment worldwide and can
be anticipated to respectively induce or inhibit TB drugs me-
tabolized by cytochrome P450, such as rifamycins. Impact of TB
drugs on ART levels must also be evaluated, acknowledging
that with agents like efavirenz there can be genetically deter-
mined heterogeneity in plasma levels (30, 31). Evaluation of key

TB-ART drug interactions will need to anticipate the continued
evolution of the ART arsenal with early studies of well-tolerated,
potent ART agents such as integrase inhibitors.

Early conduct of drug interaction studies for compounds in
phase I and II development has drawbacks that must be acknowl-
edged. Many medications in development will never make it to
market due to lack of efficacy or toxicity, and phase II studies
may alter the ideal dose, necessitating additional drug interaction
studies. Given this, pharmaceutical companies may be reluctant to
invest resources in early drug interaction studies. However, part-
nering with publically funded clinical trial networks and initia-
tives, such as Global Alliance for TB Drug Development (TB
Alliance) and the Critical Path to TB Drug Regimens, would re-
duce expenditures born solely by the company and provide oppor-
tunities to conduct these essential early drug-drug interaction
studies, as has been done with ART interaction studies with
TMC-207 (32).

How and When to Include People Living with HIV in Clinical
Trials of Novel TB Regimens

The TB regimen development pathway proposed by the TB Al-
liance and others starts with short early bactericidal activity stud-
ies, first in single drugs and then in drug combinations (33). These
are followed by phase II studies of up to 8 weeks that evaluate
promising combinations with surrogate markers of sterilizing
activity, such as serial sputum colony count and time to culture
conversion (34). These studies establish the combinations that
will merit evaluation in much larger phase III studies powered
for TB cure and relapse (35, 36). At what point in this drug
development pathway is it most appropriate to include people
living with HIV, once preliminary drug interaction data are
available to advise appropriate dosing of both HIV and TB
agents?

HIV infected persons should be included systematically in
phase II studies to ensure TB regimens are not performing dif-
ferently in the HIV-infected population (Figure 1). One ap-
proach to facilitate early inclusion of people living with HIV
is to conduct early combination drug early bactericidal activity
studies of several TB drugs in HIV-TB coinfected patients with
CD4™" greater than 200 who can safely defer initiation of ART
during the intensive phase of TB therapy (4, 6). Subsequent 8-
week phase II studies of promising combinations would then
include patients on compatible ART to ensure that commonly
used HIV medications can be safely coadministered and that
these regimens perform well in both HIV-infected and -unin-
fected participants. This approach will ensure that data are
available to guide use in HIV-TB coinfection when new TB
drugs become available. Deferring participation of people living
with HIV until phase III studies is not advisable as this will
delay identification of regimens that do not perform well in
HIV infection or, conversely, even result in dismissing TB treat-
ments that are particularly promising in HIV infection on the
basis of poor performance in HIV-uninfected population.
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TABLE 2. PHASE Il AND Il TRIALS OF NOVEL TUBERCULOSIS MEDICATIONS

Study Phase TB Medications HIV-Related Exclusion Criteria ART Permitted % HIV Coenrolled
TMC207-TiDP13-C202 (34) lla 7 d multiple doses of TMC207 + HZ No No 21/67 (31%)
TMC207-TiDP13-C208 (57) Il TMC207 vs. placebo, with MDRTB OBR CD4™ < 300 No 6/47 (13%) (Stage 1)
stage Il ongoing
TMC207-TiDP13-C209 (58) Il TMC207 with MDRTB regimen No No Study ongoing
TB Alliance EBA Study ] 14 d of multiple doses of TMC207 vs. RHZE CD4" < 300 Cells or No Not available
TMC207 (59) HIV-related Ol/malignancy
TB Alliance EBA Study Il 14 d of TMC207 vs. TMC207/Z vs. PA824/Z vs. CD4™ < 300 No Study ongoing
TMC207 & PA824 (60) PA824/Z/M vs. TMC207/PA824 vs. RHZE
TB Alliance PA-824 EBA (61) 1l 14 d of multiple doses of PA824 vs. RHZE CD4" < 300 No 10/65 (14.5%)
PNU100480 and linezolid lla 14 d of 600mg PNU vs. 1,200 mg PNU vs. CD4*" < 350 Not known  Study ongoing
EBA study (62) linezolid 300 mg. vs. RHZE
OPC 67683 EBA study Il 14 d of multiple doses of OPC 67683 vs. CD4™ < 350 No Not available
(Trial 242-06-101) (63) RHZE (control)
OPC 67683 in MDR TB (64) Il OPC 100 mg vs 200 mg vs. placebo + MDRTB OBR CD4" < 350 No Study ongoing
OPC 67683 in MDR TB (65) Il Dose escalation of OPC in MDRTB CD4™ < 350 No Study ongoing
SQ109 EBA study (66) lla 14 d of multiple doses of SQ109 vs. RHZE (control) CD4™" < 250 No Study ongoing
OFLOTUB/Gatifloxacin for 1l 2MHRZ/4HR vs. 2GRHZ/4HR, vs. 20RHZ/4HR vs. WHO stage 4 HIV No 126/217 (58%)
TB (67, 68) 2RHZE/4HR
1] 2GHRZ/2GHR vs. 2RHZE/4HR WHO stage 3/4 HIV No Study ongoing
Moxifloxacin vs. ethambutol 1l 2MHRZ/4HR vs. 2RHZE/4HR CD4"* < 200 No 5/146 (3%)
(Conde et al.) (69)
Moxifloxacin vs. ethambutol 1l 2MHRZ/4RH vs. 2RHZE/4HR No Not for first  60/277 (22%)
(TBTC 27) (70) 2 mo
REMOX TB (71) 11 2MHRZ/2MHR vs. 2MHR/4HR vs. 2RHZE/4HR (control) CD4" < 250 No Study ongoing
Moxifloxacin substitution 1l 2MRZE/4HR vs. 2RHZE/4HR No Not for first  35/328 (11%)
for INH (TBTC 28) (72) 2 mo
Levofloxacin vs. moxifloxacin Il Levofloxacin vs. moxifloxacin X 3 mo No HIV+ n/a n/a

in MDRTB (73)
Rifapentine + moxifloxacin Il
for pulmonary TB (74)
RIFAQUIN (75)

2MHPZ/4HR vs. 2RHZE/4HR

2RHZE/4HR (control)
Rifapentine vs. rifampin Il 2PHZE vs. 2RHZE (control)

(TBTC 29) (76)

2MRZE/4AMP(1 X wk) vs MRZE/4MP(2 X wk) vs.

CD4™ < 200 or HIV-related Not for first ~ Study ongoing

Ol/malignancy 2 mo
CD4* < 200 No Study ongoing
No Not for first ~ Study ongoing
2 mo

Definition of abbreviations: ART = antiretroviral therapy; E = ethambutol; EBA = early bactericidal activity; G = gatifloxacin; H = isoniazid; MDRTB = multidrug-
resistant tuberculosis; O = ofloxacin; OBR = optimized background therapy; Ol = opportunistic infection; P = rifapentine; R = rifampin; TB = tuberculosis; TBTC =
Tuberculosis Clinical Trials Consortium; WHO = World Health Organization; Z = pyrazinamide.

Addressing Challenges of HIV-TB Coinfected
Study Populations

Facilitating evaluation of new TB agents in people living with
HIV will require attention to several inherent challenges of en-
rolling and caring for this population.

First, diagnosis of TB is more difficult in people living with
HIV than in HIV-uninfected persons due to a higher frequency
of acid-fast bacillus (AFB) smear-negative and extrapulmonary
forms of disease. Fortunately, the expanding availability of rapid
molecular TB diagnostics, such as World Health Organization
(WHO)-endorsed Xpert MTB/RIF real-time polymerase chain
reaction (37), will allow quicker and more accurate identifica-
tion of TB in HIV-infected persons compared with currently
available diagnostics (38). Recent studies demonstrate Xpert
MTB/RIF can improve the ability to promptly identify smear-
negative TB and provide a rapid screen for rifampin resistance,
which is critical for patients at risk for M/ XDRTB (39, 40).

Second, people living with HIV may be ill not only from TB
but also from other serious HIV-related opportunistic infections
and cancers. However, large randomized studies of HIV-TB
coinfected patients with low CD4 " cell counts demonstrate that
this population can be recruited and retained in rigorously con-
ducted clinical studies in which site staff are experienced in
management of HIV disease (4, 6). Third, TB immune recon-
stitution syndrome (IRIS) adds another layer of complexity
when studying new TB agents in people living with HIV. A high
frequency of TB paradoxical reactions or IRIS has been re-
ported in patients with TB/HIV when compared with HIV-

uninfected patients (41). TB IRIS is more common among
patients with low CD4™ cell counts who require ART within
2 weeks of starting TB therapy (4-6). TB IRIS is challenging to
appropriately identify and manage and can be confused with
drug toxicity. Sufficient laboratory and diagnostic capacity must
be available to exclude alternate diagnoses. Staff experienced
with the complex care of HIV-TB coinfection is needed at
clinical trial sites to permit safe and efficient study conduct.
Planning ahead for the expected challenges presented by care
of HIV-TB coinfected study participants is key to ensuring
success of clinical trials of new TB regimens.

Ensuring Adequate Clinical Trial Capacity

The development of novel TB regimens will require extensive
clinical trial capacity to conduct the necessary studies in popu-
lations with high TB prevalence (42). Current TB drug regimens
were developed as the result of years of enormous coordinated
efforts by the British Medical Research Council and others (43),
and a similar series of sequential clinical trials will be required
now to revolutionize TB care in light of newly developed TB
drugs. Experienced clinical trial sites with expertise in HIV and
TB already exist through clinical trials networks like the Tuber-
culosis Trials Consortium, AIDS Clinical Trials Group, and
Agence Nationale de Recherche sur le Sida, as well as through
an extensive industry clinical trials infrastructure. Efforts by the
Critical Path to TB Regimens Initiative and others to leverage
and coordinate the resources of existing trial networks and
streamline communication among the many stakeholders in TB
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drug development (44) will be key to ensure the timely conduct
of numerous necessary clinical trials. Expansion of TB laboratory
capacity is required to support future clinical trials. Study partic-
ipants will need rapid screening with molecular methods to detect
TB and potential TB drug resistance and frequent evaluation
while on study with solid and liquid cultures, including labor-
intensive methods such as serial sputum colony counting. Use
of shared resources, such as specimen banks and databases,
may help facilitate needed research. Increased funding will
be essential to coordinate and support this necessary labora-
tory and clinical trial infrastructure.

Clinical Trials of Novel TB Regimens in Special Populations

Special HIV-infected populations, such as those with M/ XDRTB,
children, pregnant women, and injection drug users (IDU), will
present additional complexity to the conduct of clinical trials of
new TB drugs. Drug-resistant TB has been particularly lethal
in people living with HIV, and transmission is known to occur both
nosocomially and in the community (45). Therefore, sites with
elevated rates of resistant TB will need to be able to quickly
identify drug-resistant TB with rapid diagnostic methods, and
studies of M/XDRTB regimens will require special attention to
infection control. Laboratory capacity must be available to fully
characterize drug resistance patterns of TB isolates to properly
evaluate efficacy of new regimens. Drug—drug interaction studies
evaluating combinations of new MDRTB agents should be pri-
oritized; deferring these pharmacokinetic studies until licensure
of new TB agents will lead to unnecessary delay in development
of better regimens for drug-resistant TB and put patients with
MDRTB at risk for drug toxicity if unstudied combinations are
used after new drug approval. To allow timely conduct of these
drug—drug interaction studies and development of drug resistance
assays for new drugs, pharmaceutical companies should be en-
couraged to provide research collaborators with access to MDR
agents before completion of phase III studies and licensure.

Children and pregnant and lactating women bear a consider-
able burden of TB in the HIV-infected population (46), and
studies should include these groups as soon as is feasible. Diag-
nosing TB in young children is difficult (47), and inclusion cri-
teria for pediatric clinical trials must often permit entry of those
with suspected TB until TB diagnostics are sufficiently improved
to allow confirmation of TB. Pharmacokinetic and drug—drug in-
teraction studies are needed evaluating ART most frequently
administered to HIV-infected young children as well as pregnant
and breastfeeding women, such as nevirapine and lopinavir/
ritonavir, with attention to appropriate dosing throughout child-
hood, pregnancy, and lactation.

IDU bear a disproportionate proportion of the TB burden.
New TB agents should be evaluated for drug interaction with

EBA = early bactericidal activity study; SSCC = serial spu-
tum colony counting study; TB = tuberculosis. Adapted
from Ginsberg and colleagues (33).

ART and commonly used opiate replacement treatments, such
as methadone and buprenorphine, to inform the safe use in IDU
(48). Attention to identifying IDU with HIV-TB coinfection
early is important, as mortality in this population is high in
the presence of advanced HIV (49).

Improved Regimens for TB Prevention in
HIV-Infected Population

Prevention of TB reactivation and reinfection is also a high pri-
ority in people living with HIV (50). Shorter, more effective
regimens for LTBI may improve uptake of preventative ther-
apy, decrease overlapping toxicity, and reduce the burden on
the healthcare system. New drugs must be evaluated as options
for LTBI due to both drug-sensitive and drug-resistant TB, rec-
ognizing that needs of TB prevention in HIV-infected persons
are different from those without HIV infection. Also, with the
recent shift toward extended or even lifelong isoniazid treat-
ment in high-prevalence TB settings (50), different clinical trial
designs will be needed to evaluate TB prevention strategies with
new agents in people living with HIV.

REGULATORY AND
PROGRAMMATIC CONSIDERATIONS

Once potent new TB drugs are identified, it will be crucial to en-
sure that the regulatory approval process does not impede access
to these agents. Accelerated approval by regulatory bodies, such
as the FDA and the European Medicines Agency, based on sur-
rogate markers of new drug efficacy should be strongly consid-
ered to ensure that access to life-saving TB medications is not
delayed, particularly in the HIV-infected population. In addi-
tion, TB control programs will need to begin capacity building
now to prepare for an expanded and evolving arsenal of new
TB agents as well as new treatment regimens for both drug-
sensitive and MDRTB and for potentially radical changes in
the way TB treatment and prevention are delivered. This prep-
aration should include ensuring that programs have the financial
and personnel resources necessary to provide timely national ap-
proval and to rapidly scale up delivery of new drugs for sensitive
and resistant TB.

The WHO must play a crucial role facilitating dialogue with
drug developers to agree on the evidence required to recom-
mend introduction of new drugs/regimens for treatment of TB
and MDRTB, including for people living with HIV. The WHO
will need to build evidence-based strategies for post-approval in-
troduction of drugs to ensure affordability and access while pre-
serving drug efficacy. Programmatic implementation should be
aligned with ongoing efforts, such as the Treatment 2.0 initiative,
coordinated by the Joint United Nations Program on AIDS and



Pulmonary Perspective

WHO, that aims to maximize the efficiency and effectiveness
of HIV treatment by optimizing drug regimens, advancing
point-of-care and other simplified platforms for diagnosis and mon-
itoring, reducing costs, adapting delivery systems, and mobilizing
communities (51).

Lessons from HIV Drug Development

FDA acceptance of the surrogate marker of HIV RNA in lieu of
clinical AIDS endpoints in 1997 allowed the transformation of
a traditionally decade-long drug approval process to accelerated
approval based on 24-week HIV RNA data under Subpart H of
21CFR314 (52). This change led to unprecedented early access
to HIV medications and was lifesaving for thousands with AIDS
who could not afford delayed access to highly effective drug
combinations. Despite accelerated approval and pharmaceutical
company-sponsored expanded access programs that provided
access to drugs before approval, key ART trials were still able
to be completed, providing the necessary definitive long-term
data and confirmation of drug efficacy with validated endpoints.

As with HIV drug development, the case for accelerated ap-
proval of TB drugs in people living with HIV is founded on sav-
ing lives in a vulnerable population that cannot afford to wait
years for new TB medications. Currently, TB endpoints required
for drug approval are based on the presence of a relapse-free
cure for a duration of at least 24 months after treatment, which
requires large clinical trials and many years to complete. The
FDA and the European Medicines Agency have indicated that
culture conversion may be considered as an acceptable surrogate
endpoint in conjunction with clinical response to therapy as a ba-
sis for accelerated approval for M/ XDRTB medications (53, 54).

Research must be prioritized to identify additional appropri-
ate surrogate markers of drug-sensitive TB treatment efficacy in
addition to 2-month culture conversion, a valuable marker that
nonetheless has limitations in predicting efficacy of drug-
sensitive regimens (55, 56). Regulatory agencies should strongly
consider expedited approval of new agents for drug-sensitive
TB on the basis of appropriate surrogate markers as these emerge.
Last, it is important to note that particularly in resource-limited
settings, reliance on pharmaceutical company—administered ex-
panded access programs will not be feasible on the scale required
to provide timely pre-approval access to new TB drugs.

CONCLUSIONS AND NEXT STEPS

A promising new era in TB drug development has begun. It is
critical to act now to ensure that people living with HIV, a group
in need of more effective, shorter, and less-toxic TB treatment,
do not become the least likely to have access to these potentially
life-saving medications.

To ensure that patients with TB living with HIV have timely
and safe access to new TB regimens, the following steps are
recommended:

e Prioritize drug-drug interaction studies of novel TB agents
and combinations of TB agents with commonly used first-
and second-line ART early in the TB drug development
process. Novel HIV medications with potential for less
ART-TB drug-drug interactions should also be evaluated.

e Promote systematic and standard inclusion of people liv-
ing with HIV in early phase II clinical trials to identify
potential differential performance of regimens in HIV-
infected and -uninfected participants.

e Promote validation of better surrogate markers of efficacy
in drug-sensitive TB as well as development of novel clin-
ical trial design to shorten time to drug approval.
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e Optimize clinical trial infrastructure by improved commu-
nication between research programs developing novel TB
regimens, creation of shared resources such as specimen
banks and databases, and efficient use of existing clinical
trial networks.

e Expand TB laboratory capacity to allow rapid identifica-
tion of TB disease and drug resistance and to permit in-
tensive monitoring of patients on new regimens with
methods including quantitative and liquid cultures.

e Develop accelerated approval processes for drug-resistant
and drug-sensitive TB medication, based on appropriate
surrogate markers of regimen efficacy.

e Strengthen capacity-building of national regulatory bodies
in countries with high prevalence of HIV-TB coinfection
for expedited evaluation and distribution of numerous
promising drugs in development.

We believe that taking these proactive steps now will help to
ensure timely and responsible access to the long-awaited new TB
regimens that are on the horizon for people living with HIV.

Author Disclosure: A.F.L.’s institution has received research grants pending from
Pfizer, Merck, and Gliead. None of the other authors has a financial relationship
with a commercial entity that has an interest in the subject of this manuscript.

References

1. Lienhardt C, Vernon A, Raviglione MC. New drugs and new regimens
for the treatment of tuberculosis: review of the drug development
pipeline and implications for national programmes. Curr Opin Pulm
Med 2010;16:186-193.

2. Ma Z, Lienhardt C, Mcllleron H, Nunn AJ, Wang X. Global tuberculosis
drug development pipeline: the need and the reality. Lancet 2010;375:
2100-2109.

3. Abdool Karim SS, Naidoo K, Grobler A, Padayatchi N, Baxter C, Gray
A, Gengiah T, Nair G, Bamber S, Singh A, et al. Timing of initiation
of antiretroviral drugs during tuberculosis therapy. N Engl J Med
2010;362:697-706.

4. Havlir D, Ive P, Kendall M, Luetkemeyer A, Swindells S, Kumwenda J,
Qasba S, Hogg E, Anderson J, Sanne I. International randomized trail
of immediate vs. early ART in HIV + patients treated for TB: ACTG
5221 STRIDE study. Presented at the 18th Conference on Retro-
viruses and Opportunistic Infections. February 27-March 2, 2011,
Boston, MA. Abstract 38.

5. Blanc FX, Sok T, Laureillard D, Borand L, Rekacewicz C, Nerrienet E,
Madec Y, Marcy O, Chan S, Prak N, et al. Significant enhancement in
survival with early (2 weeks) vs. late (8 weeks) initiation of highly
active antiretroviral treatment (HAART) in severely immunosup-
pressed HIV-infected adults with newly diagnosed tuberculosis (Ab-
stract THLBB106). Presented at the International AIDS Conference.
August 18-23, 2010, Vienna, Austria.

6. Abdool Karim S, Naidoo NPK, Grobler A, Baxter C, Gengiah S, El-Sadr
W, Friedland G, Abdool Karim Q. Optimal timing of ART during TB
therapy: findings of the SAPIT Trial (#39LB). Presented at the 18th
Conference on Retroviruses and Opportunistic Infections. February
27-March 2, 2011, Boston, MA.

7. World Health Organization. Global tuberculosis control: a short update
to the 2009 report. Geneva, Switzerland: World Health Organization;
2009.

8. Gandhi NR, Shah NS, Andrews JR, Vella V, Moll AP, Scott M,
Weissman D, Marra C, Lalloo UG, Friedland GH. HIV coinfection in
multidrug- and extensively drug-resistant tuberculosis results in high
early mortality. Am J Respir Crit Care Med 2010;181:80-86.

9. Nathanson E, Lambregts-van Weezenbeek C, Rich ML, Gupta R, Bayona
J, Blondal K, Caminero JA, Cegielski JP, Danilovits M, Espinal MA,
et al. Multidrug-resistant tuberculosis management in resource-limited
settings. Emerg Infect Dis 2006;12:1389-1397.

10. Yew WW, Chan CK, Chau CH, Tam CM, Leung CC, Wong PC, Lee J.
Outcomes of patients with multidrug-resistant pulmonary tuberculosis



1112

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

treated with ofloxacin/levofloxacin-containing regimens. Chest 2000;117:
744-751.

Geerligs WA, Van Altena R, De Lange WCM, Van Soolingen D, Van
Der Werf TS. Multidrug-resistant tuberculosis: long-term treatment
outcome in the Netherlands. Int J Tuberc Lung Dis 2000;4:758-764.

Loveday M, Zweigenthal V. TB and HIV integration: obstacles and
possible solutions to implementation in South Africa. Trop Med Int
Health 2011;16:431-438.

Vernon A, Burman W, Benator D, Khan A, Bozeman L. Acquired
rifamycin monoresistance in patients with HIV-related tuberculosis
treated with once-weekly rifapentine and isoniazid. Tuberculosis Trials
Consortium. Lancet 1999;353:1843-1847.

Burman W, Benator D, Vernon A, Khan A, Jones B, Silva C, Lahart C,
Weis S, King B, Mangura B, et al. Acquired rifamycin resistance with
twice-weekly treatment of HIV-related tuberculosis. Am J Respir Crit
Care Med 2006;173:350-356.

Perlman DC, Segal Y, Rosenkranz S, Rainey PM, Remmel RP, Salomon
N, Hafner R, Peloquin CA. The clinical pharmacokinetics of rifampin
and ethambutol in HIV-infected persons with tuberculosis. Clin Infect
Dis 2005;41:1638-1647.

Gurumurthy P, Ramachandran G, Hemanth Kumar AK, Rajasekaran S,
Padmapriyadarsini C, Swaminathan S, Venkatesan P, Sekar L, Kumar
S, Krishnarajasekhar OR, et al. Malabsorption of rifampin and iso-
niazid in HIV-infected patients with and without tuberculosis. Clin
Infect Dis 2004;38:280-283.

Weiner M, Benator D, Burman W, Peloquin CA, Khan A, Vernon A,
Jones B, Silva-Trigo C, Zhao Z, Hodge T. Association between ac-
quired rifamycin resistance and the pharmacokinetics of rifabutin and
isoniazid among patients with HIV and tuberculosis. Clin Infect Dis
2005;40:1481-1491.

van Hest R, Baars H, Kik S, van Gerven P, Trompenaars MC, Kalisvaart
N, Keizer S, Borgdorff M, Mensen M, Cobelens F. Hepatotoxicity of
rifampin-pyrazinamide and isoniazid preventive therapy and tuber-
culosis treatment. Clin Infect Dis 2004;39:488-496.

Cohen K, van Cutsem G, Boulle A, Mcllleron H, Goemaere E, Smith
PJ, Maartens G. Effect of rifampicin-based antitubercular therapy on
nevirapine plasma concentrations in South African adults with HIV-
associated tuberculosis. J Antimicrob Chemother 2008;61:389-393.

Boulle A, Van Cutsem G, Cohen K, Hilderbrand K, Mathee S, Abrahams
M, Goemaere E, Coetzee D, Maartens G. Outcomes of nevirapine-
and efavirenz-based antiretroviral therapy when coadministered with
rifampicin-based antitubercular therapy. JAMA 2008;300:530-539.

L’homme RF, Nijland HM, Gras L, Aarnoutse RE, van Crevel R,
Boeree M, Brinkman K, Prins JM, Juttmann JR, Burger DM. Clinical
experience with the combined use of lopinavir/ritonavir and rifam-
picin. AIDS 2009;23:863-865.

Zanoni BC, Phungula T, Zanoni HM, France H, Feeney ME. Impact of
tuberculosis cotreatment on viral suppression rates among HIV-
positive children initiating HAART. AIDS 2010;25:49-55.

World Health Organization. Antiretroviral therapy for HIV infection in
adults and adolescents: recommendations for a public health approach,
2010 revision. Geneva, Switzerland: World Health Organization. 2010.

Dheda K, Shean K, Zumla A, Badri M, Streicher EM, Page-Shipp L,
Willcox P, John MA, Reubenson G, Govindasamy D, et al. Early
treatment outcomes and HIV status of patients with extensively drug-
resistant tuberculosis in South Africa: a retrospective cohort study.
Lancet 2010;375:1798-1807.

FDA. FDA approves Incivek for hepatitis C. 2011 [accessed May 24,
2011]. Available from: http://www.fda.gov/NewsEvents/Newsroom/
PressAnnouncements/ucm256299.htm.

FDA. FDA approves Victrelis for Hepatitis C. 2011 [accessed May 24,
2011]. Available from: http://www.fda.gov/NewsEvents/Newsroom/
PressAnnouncements/ucm255390.htm.

Van Heewsijk R, Vandevoorde A, Boogaerts G, Vangeneugden T, de
Paepe E, Polo R, Van Solingen-Ristea R, de Backer K, Garg V,
Beumont M. Pharmacokinetic interactions between ARV agents and
the investigational HCV protease inhibitor TVR in healthy volunteers.
Presented at the 18th Conference on Retroviruses and Opportunistic
Infections (CROI). February 27-March 2, 2011. Boston, MA.

Kasserra C, Hughes SGE, Treitel M, O’Mara E. Clinical pharmacology of
BOC: metabolism, excretion, and drug-drug interactions. Presented at

29.

30.

31.

32.

33.

34.

3s.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

AMERICAN JOURNAL OF RESPIRATORY AND CRITICAL CARE MEDICINE VOL 184 2011

the 18th Conference on Retroviruses and Opportunistic Infections
(CROI). February 27-March 2, 2011. Boston, MA.

Koziel MJ, Peters MG. Viral hepatitis in HIV infection. N Engl J Med
2007;356:1445-1454.

King J, Aberg JA. Clinical impact of patient population differences and
genomic variation in efavirenz therapy. AIDS 2008;22:1709-1717.
Kwara A, Lartey M, Sagoe KW, Court MH. Paradoxically elevated
efavirenz concentrations in HIV/tuberculosis-coinfected patients with
CYP2B6 516TT genotype on rifampin-containing antituberculous

therapy. AIDS 2010;25:388-390.

NCT00992069 [accessed May 30, 2011]. Available from: http:/clinicaltrials.
gov/ct2/show/NCT00992069?term=TMC-207 &rank=8.

Ginsberg AM. Drugs in development for tuberculosis. Drugs 2010;70:
2201-2214.

Rustomjee R, Diacon AH, Allen J, Venter A, Reddy C, Patientia RF,
Mthiyane TC, De Marez T, van Heeswijk R, Kerstens R, et al. Early
bactericidal activity and pharmacokinetics of the diarylquinoline
TMC207 in treatment of pulmonary tuberculosis. Antimicrob Agents
Chemother 2008;52:2831-2835.

Nunn AJ, Phillips PP, Gillespie SH. Design issues in pivotal drug trials
for drug sensitive tuberculosis (TB). Tuberculosis (Edinb) 2008;88:
S85-892.

Lienhardt C, Davies G. Methodological issues in the design of clinical
trials for the treatment of multidrug-resistant tuberculosis: challenges
and opportunities. Int J Tuberc Lung Dis 2010;14:528-537.

World Health Organization. Roadmap for rolling out Xpert MTB/RIIF
for rapid diagnosis of TB and MDR-TB. 2010 [accessed March 17,
2011]. Available from: http://www.who.int/tb/laboratory/roadmap_
xpert_mtb-rif.pdf.

Boehme CC, Nabeta P, Hillemann D, Nicol MP, Shenai S, Krapp F,
Allen J, Tahirli R, Blakemore R, Rustomjee R, et al. Rapid molecular
detection of tuberculosis and rifampin resistance. N Engl J Med 2010;
363:1005-1015.

Boehme CC, Nicol MP, Nabeta P, Michael JS, Gotuzzo E, Tahirli R,
Gler MT, Blakemore R, Worodria W, Gray C, et al. Feasibility, di-
agnostic accuracy, and effectiveness of decentralised use of the Xpert
MTB/RIF test for diagnosis of tuberculosis and multidrug resistance:
a multicentre implementation study. Lancet 2011;377:1495-1505.

Theron G, Peter J, van Zyl-Smit R, Mishra H, Streicher E, Murray S,
Dawson R, Whitelaw A, Hoelscher M, Sharma S, et al. Evaluation of
the Xpert(R) MTB/RIF assay for the diagnosis of pulmonary tuber-
culosis in a high HIV prevalence setting. Am J Respir Crit Care Med
2011;184:132-140.

Lawn SD, Myer L, Bekker LG, Wood R. Tuberculosis-associated im-
mune reconstitution disease: incidence, risk factors and impact in an
antiretroviral treatment service in South Africa. AIDS 2007;21:335-
341.

Schluger N, Karunakara U, Lienhardt C, Nyirenda T, Chaisson R.
Building clinical trials capacity for tuberculosis drugs in high-burden
countries. PLoS Med 2007;4:302.

Fox W, Ellard GA, Mitchison DA. Studies on the treatment of tuber-
culosis undertaken by the British Medical Research Council tuber-
culosis units, 1946-1986, with relevant subsequent publications. Int J
Tuberc Lung Dis 1999;3:5231-S279.

The Critical Path to TB Regimens Initiative. 2011; [accessed February
22, 2011]. Available from: http://www.tballiance.org/cptr/.

Andrews JR, Gandhi NR, Moodley P, Shah NS, Bohlken L, Moll AP,
Pillay M, Friedland G, Sturm AW. Exogenous reinfection as a cause
of multidrug-resistant and extensively drug-resistant tuberculosis in
rural South Africa. J Infect Dis 2008;198:1582-1589.

Gupta A, Nayak U, Ram M, Bhosale R, Patil S, Basavraj A, Kakrani A,
Philip S, Desai D, Sastry J, et al. Postpartum tuberculosis incidence
and mortality among HIV-infected women and their infants in Pune,
India, 2002-2005. Clin Infect Dis 2007;45:241-249.

Marais BJ, Pai M. New approaches and emerging technologies in the di-
agnosis of childhood tuberculosis. Paediatr Respir Rev 2007;8:124-133.

Altice FL, Kamarulzaman A, Soriano VV, Schechter M, Friedland GH.
Treatment of medical, psychiatric, and substance-use comorbid-
ities in people infected with HIV who use drugs. Lancet 2010;376:
367-387.

Torok ME, Yen NT, Chau TT, Mai NT, Phu NH, Mai PP, Dung NT, Chau
NV, Bang ND, Tien NA, et al. Timing of initiation of antiretroviral


http://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm256299.htm
http://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm256299.htm
http://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm255390.htm
http://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm255390.htm
http://clinicaltrials.gov/ct2/show/NCT00992069?term&tnqh_x003D;TMC-207&tnqh_x0026;rank&tnqh_x003D;8.
http://clinicaltrials.gov/ct2/show/NCT00992069?term&tnqh_x003D;TMC-207&tnqh_x0026;rank&tnqh_x003D;8.
http://clinicaltrials.gov/ct2/show/NCT00992069?term&tnqh_x003D;TMC-207&tnqh_x0026;rank&tnqh_x003D;8.
http://clinicaltrials.gov/ct2/show/NCT00992069?term&tnqh_x003D;TMC-207&tnqh_x0026;rank&tnqh_x003D;8.
http://www.who.int/tb/laboratory/roadmap_xpert_mtb-rif.pdf
http://www.who.int/tb/laboratory/roadmap_xpert_mtb-rif.pdf
http://www.tballiance.org/cptr/

Pulmonary Perspective

50.

S1.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

therapy in human immunodeficiency virus (HIV)-associated tubercu-
lous meningitis. Clin Infect Dis 2011;52:1374-1383.

World Health Organization. Guidelines for intensified tuberculosis case-
finding and isoniazid preventive therapy for people living with HIV in
resource constrained settings. Geneva, Switzerland: World Health
Organization; 2011.

Hirnschall G, Schwartlander B. Treatment 2.0: catalysing the next phase
of scale-up. Lancet 2011;378:209-211.

Naeger LK, Struble KA, Murray JS, Birnkrant DB. Running a tightrope:
regulatory challenges in the development of antiretrovirals. Antiviral
Res 2009;85:232-240.

FDA. Summary minutes of the Anti-Infective Drugs Advisory Committee
2009 [accessed September 29, 2010]. Available from http://www.fda.gov/
downloads/AdvisoryCommittees/CommitteesMeetingMaterials/Drugs/
Anti-InfectiveDrugs AdvisoryCommittee/UCM183845.pdf

EMEA. Addendum to the note for guidance on evaluation of medicinal
products indicated for treatment of bacterial infections to specifically
address the clinical development of new agents to treat disease due to
mycobacterium tuberculosis. 2010; [accessed September 29, 2010].
Available from http://www.ema.europa.eu/docs/en_GB/document_
library/Scientific_guideline/2009/09/WC500003416.pdf

Wallis RS, Wang C, Doherty TM, Onyebujoh P, Vahedi M, Laang H,
Olesen O, Parida S, Zumla A. Biomarkers for tuberculosis disease
activity, cure, and relapse. Lancet Infect Dis 2010;10:68-69.

Phillips PP, Davies GR, Mitchison DA. Biomarkers for tuberculosis
disease activity, cure, and relapse. Lancet Infect Dis 2010;10:69-70,
author reply 70-71.

Diacon AH, Pym A, Grobusch M, Patientia R, Rustomjee R, Page-
Shipp L, Pistorius C, Krause R, Bogoshi M, Churchyard G, et al. The
diarylquinoline TMC207 for multidrug-resistant tuberculosis. N Engl
J Med 2009;360:2397-2405.

NCT00910871 [accessed August 1, 2011]. Available from http://www.
clinicaltrials.gov/ct2/show/NCT00910871?term=TMC207 &rank=3
NCTO01215110 [accessed August 1, 2011]. Available from http:/www.
clinicaltrials.gov/ct2/show/NCT01215110?term=TMC207&rank=12
NCT01215851 [accessed August 1, 2011]. Available from http://www.
clinicaltrials.gov/ct2/show/NCT01215851?term=TMC207&rank=11
Diacon AH, Dawson R, Hanekom M, Narunsky K, Maritz SJ, Venter A,
Donald PR, van Niekerk C, Whitney K, Rouse DJ, et al. Early bac-
tericidal activity and pharmacokinetics of PA-824 in smear-positive
tuberculosis patients. Antimicrob Agents Chemother 2010;54:3402—

3407.

NCTO01225640 [accessed August 1, 2011]. Available from http:/www.

clinicaltrials.gov/ct2/show/NCT01225640?term=PNU100480&rank=3

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

1113

NCT00401271 [accessed July 1, 2011]. Available from http:/www.
clinicaltrials.gov/ct2/show/NCT00401271 ?term=0PC+ 67683 &rank=2

NCT00685360 [accessed August 1, 2011]. Available from http://www.
clinicaltrials.gov/ct2/show/NCT00685360?term=0PC67683&rank=1

NCTO01131351 [accessed August 1, 2011]. Available from http://www.
clinicaltrials.gov/ct2/show/NCT01131351?term=0PC67683&rank=3

NCT01218217 [accessed August 1, 2011]. Available from http://www.
clinicaltrials.gov/ct2/show/NCT01218217?term=SQ109&rank=1

Rustomjee R, Lienhardt C, Kanyok T, Davies GR, Levin J, Mthiyane T,
Reddy C, Sturm AW, Sirgel FA, Allen J, et al. A phase II study of the
sterilising activities of ofloxacin, gatifloxacin and moxifloxacin in
pulmonary tuberculosis. Int J Tuberc Lung Dis 2008;12:128-138.

ICA4-CT-2002-10126. [accessed August 1, 2011]. Available from http:/ec.
europa.eu/research/health/infectious-diseases/poverty-diseases/projects/
34_en.htm

Conde MB, Efron A, Loredo C, De Souza GR, Graca NP, Cezar MC,
Ram M, Chaudhary MA, Bishai WR, Kritski AL, et al. Moxi-
floxacin versus ethambutol in the initial treatment of tuberculosis:
a double-blind, randomised, controlled phase II trial. Lancet 2009;373:
1183-1189.

Burman WIJ, Goldberg S, Johnson JL, Muzanye G, Engle M, Mosher
AW, Choudhri S, Daley CL, Munsiff SS, Zhao Z, et al. Moxifloxacin
versus ethambutol in the first 2 months of treatment for pulmonary
tuberculosis. Am J Respir Crit Care Med 2006;174:331-338.

NCT00864383 [accessed August 1, 2011]. Available from http://www.
clinicaltrials.gov/ct2/show/NCT00864383?term=moxifloxacin+ AND+
Tuberculosis&rank=1

Dorman SE, Johnson JL, Goldberg S, Muzanye G, Padayatchi N,
Bozeman L, Heilig CM, Bernardo J, Choudhri S, Grosset JH, et al.
Substitution of moxifloxacin for isoniazid during intensive phase
treatment of pulmonary tuberculosis. Am J Respir Crit Care Med
2009;180:273-280.

NCTO01055145 [accessed August 1, 2011]. Available from http://www.
clinicaltrials.gov/ct2/show/NCT01055145?term=moxifloxacin+ AND+
Tuberculosis&rank=14

NCT00728507 [accessed August 1, 2011]. Available from http:/www.
clinicaltrials.gov/ct2/show/NCT00728507?term=moxifloxacin+ AND+
Tuberculosis&rank=2

ISRCTN44153044 [accessed August 1, 2011]. Available from http://www.
controlled-trials.com/ISRCTN44153044

. NCT00694629 [accessed August 1, 2011]. Available from http://www.

clinicaltrials.gov/ct2/show/NCT00694629?term=TBTC+29&rank=3


http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/Drugs/Anti-InfectiveDrugsAdvisoryCommittee/UCM183845.pdf
http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/Drugs/Anti-InfectiveDrugsAdvisoryCommittee/UCM183845.pdf
http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/Drugs/Anti-InfectiveDrugsAdvisoryCommittee/UCM183845.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2009/09/WC500003416.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2009/09/WC500003416.pdf
http://www.clinicaltrials.gov/ct2/show/NCT00910871?term=TMC207&tnqh_x0026;rank=3
http://www.clinicaltrials.gov/ct2/show/NCT00910871?term=TMC207&tnqh_x0026;rank=3
http://www.clinicaltrials.gov/ct2/show/NCT00910871?term=TMC207&tnqh_x0026;rank=3
http://www.clinicaltrials.gov/ct2/show/NCT00910871?term=TMC207&tnqh_x0026;rank=3
http://www.clinicaltrials.gov/ct2/show/NCT01215110?term=TMC207&tnqh_x0026;rank=12
http://www.clinicaltrials.gov/ct2/show/NCT01215110?term=TMC207&tnqh_x0026;rank=12
http://www.clinicaltrials.gov/ct2/show/NCT01215110?term=TMC207&tnqh_x0026;rank=12
http://www.clinicaltrials.gov/ct2/show/NCT01215110?term=TMC207&tnqh_x0026;rank=12
http://www.clinicaltrials.gov/ct2/show/NCT01215851?term=TMC207&tnqh_x0026;rank=11
http://www.clinicaltrials.gov/ct2/show/NCT01215851?term=TMC207&tnqh_x0026;rank=11
http://www.clinicaltrials.gov/ct2/show/NCT01215851?term=TMC207&tnqh_x0026;rank=11
http://www.clinicaltrials.gov/ct2/show/NCT01215851?term=TMC207&tnqh_x0026;rank=11
http://www.clinicaltrials.gov/ct2/show/NCT01225640?term=PNU100480&tnqh_x0026;rank=3
http://www.clinicaltrials.gov/ct2/show/NCT01225640?term=PNU100480&tnqh_x0026;rank=3
http://www.clinicaltrials.gov/ct2/show/NCT01225640?term=PNU100480&tnqh_x0026;rank=3
http://www.clinicaltrials.gov/ct2/show/NCT01225640?term=PNU100480&tnqh_x0026;rank=3
http://www.clinicaltrials.gov/ct2/show/NCT00401271?term=OPC&tnqh_x002B;67683&tnqh_x0026;rank=2
http://www.clinicaltrials.gov/ct2/show/NCT00401271?term=OPC&tnqh_x002B;67683&tnqh_x0026;rank=2
http://www.clinicaltrials.gov/ct2/show/NCT00401271?term=OPC&tnqh_x002B;67683&tnqh_x0026;rank=2
http://www.clinicaltrials.gov/ct2/show/NCT00401271?term=OPC&tnqh_x002B;67683&tnqh_x0026;rank=2
http://www.clinicaltrials.gov/ct2/show/NCT00401271?term=OPC&tnqh_x002B;67683&tnqh_x0026;rank=2
http://www.clinicaltrials.gov/ct2/show/NCT00685360?term=OPC67683&tnqh_x0026;rank=1
http://www.clinicaltrials.gov/ct2/show/NCT00685360?term=OPC67683&tnqh_x0026;rank=1
http://www.clinicaltrials.gov/ct2/show/NCT00685360?term=OPC67683&tnqh_x0026;rank=1
http://www.clinicaltrials.gov/ct2/show/NCT00685360?term=OPC67683&tnqh_x0026;rank=1
http://www.clinicaltrials.gov/ct2/show/NCT01131351?term=OPC67683&tnqh_x0026;rank=3
http://www.clinicaltrials.gov/ct2/show/NCT01131351?term=OPC67683&tnqh_x0026;rank=3
http://www.clinicaltrials.gov/ct2/show/NCT01131351?term=OPC67683&tnqh_x0026;rank=3
http://www.clinicaltrials.gov/ct2/show/NCT01131351?term=OPC67683&tnqh_x0026;rank=3
http://www.clinicaltrials.gov/ct2/show/NCT01218217?term=SQ109&tnqh_x0026;rank=1
http://www.clinicaltrials.gov/ct2/show/NCT01218217?term=SQ109&tnqh_x0026;rank=1
http://www.clinicaltrials.gov/ct2/show/NCT01218217?term=SQ109&tnqh_x0026;rank=1
http://www.clinicaltrials.gov/ct2/show/NCT01218217?term=SQ109&tnqh_x0026;rank=1
http://ec.europa.eu/research/health/infectious-diseases/poverty-diseases/projects/34_en.htm
http://ec.europa.eu/research/health/infectious-diseases/poverty-diseases/projects/34_en.htm
http://ec.europa.eu/research/health/infectious-diseases/poverty-diseases/projects/34_en.htm
http://www.clinicaltrials.gov/ct2/show/NCT00864383?term=moxifloxacin&tnqh_x002B;AND&tnqh_x002B;Tuberculosis&tnqh_x0026;rank=1
http://www.clinicaltrials.gov/ct2/show/NCT00864383?term=moxifloxacin&tnqh_x002B;AND&tnqh_x002B;Tuberculosis&tnqh_x0026;rank=1
http://www.clinicaltrials.gov/ct2/show/NCT00864383?term=moxifloxacin&tnqh_x002B;AND&tnqh_x002B;Tuberculosis&tnqh_x0026;rank=1
http://www.clinicaltrials.gov/ct2/show/NCT00864383?term=moxifloxacin&tnqh_x002B;AND&tnqh_x002B;Tuberculosis&tnqh_x0026;rank=1
http://www.clinicaltrials.gov/ct2/show/NCT00864383?term=moxifloxacin&tnqh_x002B;AND&tnqh_x002B;Tuberculosis&tnqh_x0026;rank=1
http://www.clinicaltrials.gov/ct2/show/NCT00864383?term=moxifloxacin&tnqh_x002B;AND&tnqh_x002B;Tuberculosis&tnqh_x0026;rank=1
http://www.clinicaltrials.gov/ct2/show/NCT01055145?term=moxifloxacin&tnqh_x002B;AND&tnqh_x002B;Tuberculosis&tnqh_x0026;rank=14
http://www.clinicaltrials.gov/ct2/show/NCT01055145?term=moxifloxacin&tnqh_x002B;AND&tnqh_x002B;Tuberculosis&tnqh_x0026;rank=14
http://www.clinicaltrials.gov/ct2/show/NCT01055145?term=moxifloxacin&tnqh_x002B;AND&tnqh_x002B;Tuberculosis&tnqh_x0026;rank=14
http://www.clinicaltrials.gov/ct2/show/NCT01055145?term=moxifloxacin&tnqh_x002B;AND&tnqh_x002B;Tuberculosis&tnqh_x0026;rank=14
http://www.clinicaltrials.gov/ct2/show/NCT01055145?term=moxifloxacin&tnqh_x002B;AND&tnqh_x002B;Tuberculosis&tnqh_x0026;rank=14
http://www.clinicaltrials.gov/ct2/show/NCT01055145?term=moxifloxacin&tnqh_x002B;AND&tnqh_x002B;Tuberculosis&tnqh_x0026;rank=14
http://www.clinicaltrials.gov/ct2/show/NCT00728507?term=moxifloxacin&tnqh_x002B;AND&tnqh_x002B;Tuberculosis&tnqh_x0026;rank=2
http://www.clinicaltrials.gov/ct2/show/NCT00728507?term=moxifloxacin&tnqh_x002B;AND&tnqh_x002B;Tuberculosis&tnqh_x0026;rank=2
http://www.clinicaltrials.gov/ct2/show/NCT00728507?term=moxifloxacin&tnqh_x002B;AND&tnqh_x002B;Tuberculosis&tnqh_x0026;rank=2
http://www.clinicaltrials.gov/ct2/show/NCT00728507?term=moxifloxacin&tnqh_x002B;AND&tnqh_x002B;Tuberculosis&tnqh_x0026;rank=2
http://www.clinicaltrials.gov/ct2/show/NCT00728507?term=moxifloxacin&tnqh_x002B;AND&tnqh_x002B;Tuberculosis&tnqh_x0026;rank=2
http://www.clinicaltrials.gov/ct2/show/NCT00728507?term=moxifloxacin&tnqh_x002B;AND&tnqh_x002B;Tuberculosis&tnqh_x0026;rank=2
http://www.controlled-trials.com/ISRCTN44153044
http://www.controlled-trials.com/ISRCTN44153044
http://www.clinicaltrials.gov/ct2/show/NCT00694629?term=TBTC&tnqh_x002B;29&tnqh_x0026;rank=3
http://www.clinicaltrials.gov/ct2/show/NCT00694629?term=TBTC&tnqh_x002B;29&tnqh_x0026;rank=3
http://www.clinicaltrials.gov/ct2/show/NCT00694629?term=TBTC&tnqh_x002B;29&tnqh_x0026;rank=3
http://www.clinicaltrials.gov/ct2/show/NCT00694629?term=TBTC&tnqh_x002B;29&tnqh_x0026;rank=3
http://www.clinicaltrials.gov/ct2/show/NCT00694629?term=TBTC&tnqh_x002B;29&tnqh_x0026;rank=3

	link2external
	link2external
	link2external

