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Policy & practice

Principles for designing future regimens for multidrug-
resistant tuberculosis

Grania Brigden,® Bern-Thomas Nyang'wa,” Philipp du Cros,® Francis Varaine ¢ Jennifer Hughes,* Michael Rich,¢
C Robert Horsburgh Jr," Carole D Mitnick 2 Eric Nuermberger," Helen Mcllleron,' Patrick PJ Phillips' &
Manica Balasegaram?

Abstract Fewer than 20% of patients with multidrug-resistant (MDR) tuberculosis are receiving treatment and there is an urgent need to
scale up treatment programmes. One of the biggest barriers to scale-up is the treatment regimen, which is lengthy, complex, ineffective,
poorly tolerated and expensive. For the first time in over 50 years, new drugs have been developed specifically to treat tuberculosis, with
bedaquiline and potentially delamanid expected to be available soon for treatment of MDR cases. However, if the new drugs are merely
added to the current treatment regimen, the new regimen will be at least as lengthy, cumbersome and toxic as the existing one. There is an
urgent need for strategy and evidence on how to maximize the potential of the new drugs to improve outcomes and shorten treatment.
We devised eight key principles for designing future treatment regimens to ensure that, once they are proven safe in clinical trials, they will
be clinically effective and programmatically practicable. Regimens should contain at least one new class of drug; be broadly applicable for
use against MDR and extensively drug-resistant Mycobacterium tuberculosis complex strains; contain three to five effective drugs, each from
adifferent drug class; be delivered orally; have a simple dosing schedule; have a good side-effect profile that allows limited monitoring; last
a maximum of 6 months; and have minimal interaction with antiretrovirals. Following these principles will maximize the potential of new
compounds and help to overcome the clinical and programmatic disadvantages and scale-up constraints that plague the current regimen.

Abstracts in ] H13Z, Francais, Pycckuii and Espafiol at the end of each article.

Background

Multidrug-resistant (MDR) tuberculosis, defined as tuberculo-
sis resistant to at least rifampicin and isoniazid, is an increasing
worldwide threat. According to the Global tuberculosis report
2012 of the World Health Organization (WHO), approximately
4% of new tuberculosis cases and 20% of retreated cases fall
under this definition, with some countries reporting substan-
tially higher figures.'

Less than 20% of patients with MDR tuberculosis are
currently receiving treatment and there is an urgent need to
scale up treatment programmes.' Scale-up is being severely
hampered by financial, political, logistical and technical ob-
stacles. The high costs and difficulty of implementing regimens
prevent many national tuberculosis programmes from offering
treatment for MDR tuberculosis or from investing sufficiently
in scaling up MDR tuberculosis treatment programmes to
meet the growing need. This in turn is allowing the spread of
MDR tuberculosis.

One of the biggest barriers to scaling up MDR tuberculosis
programmes is the treatment regimen, which is lengthy, com-
plex, ineffective, poorly tolerated and expensive. The current
WHO-recommended regimen for treating MDR tuberculosis®
requires daily injections for a minimum of 8 months and has

a total duration of at least 20 months. The drugs are less effec-
tive than those used to treat drug-susceptible tuberculosis and
have more adverse effects. Each course of therapy costs around
4000 United States dollars (US$) per patient.’

The poor efficacy of treatment and the challenges involved
in the programmatic implementation of the current recom-
mended MDR tuberculosis regimen result in poor outcomes.
A recent meta-analysis of outcomes for over 9000 patients
receiving treatment for MDR pulmonary tuberculosis reported
only a 54% success rate; treatment default, mortality and
treatment failure rates were 23%, 15% and 8%, respectively.*
Analysis of outcomes from tuberculosis programmes operated
by the medical humanitarian agency Médecins Sans Frontiéres
showed results similar to those of the meta-analysis, with an
overall treatment success rate of 55% for MDR tuberculosis
and only 13% for extensively drug-resistant (XDR) tubercu-
losis (defined as tuberculosis resistant to at least isoniazid,
rifampicin, a fluoroquinolone and an injectable second-line
drug; unpublished data, TB Working Group, Médecins Sans
Frontiéres, 2012).

For the first time in over 50 years, new drugs have been
developed specifically to treat tuberculosis. The drugs cur-
rently in phase II or later clinical trials are derived from four
classes of compounds: nitroimidazoles, diarylquinolines, oxa-
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zolidinones and diamines. Bedaquiline
was registered by the Food and Drug
Administration of the United States
of America in December 2012 and has
been recommended for use in adults
with MDR pulmonary tuberculosis
by WHO.® Although delamanid has
recently received a negative opinion for
registration with the European Medi-
cines Agency,*” licensure and registra-
tion applications are pending at the
Food and Drug Administration and at
the Pharmaceutical and Medical Devices
Agency of Japan, respectively. There is
therefore real potential that two new
drugs will be available for the treatment
of MDR tuberculosis in the near future
(Table 1). In addition, existing drugs
not yet licensed for the treatment of
MDR tuberculosis, such as linezolid,
clofazimine, moxifloxacin and those at
an earlier stage in the drug development
pipeline (e.g. PA-824 and sutezolid),
have shown promise (Table 1).5*

While the development of new
drugs is good news, there is limited
knowledge on how to use bedaquiline
and delamanid to treat patients with
MDR tuberculosis and no evidence for
the safety or efficacy of the regimens
in which these drugs are combined.
Although organizations and collabora-
tions such as the TB Alliance, Critical
Path to TB Drug Regimens and Research
Excellence to Stop TB Resistance are
working on new tuberculosis treatment
regimens, no new MDR tuberculosis
regimen containing new compounds is
imminent.

Randomized controlled trials can
be useful for determining the efficacy
of treatment regimens. However, for
MDR tuberculosis, trials are not easy
to implement in many high-burden set-
tings because of considerable diagnostic
difficulties, which limit the accuracy
of disease confirmation. These high-
burden settings also have a lack of sites
with the capacity to conduct random-
ized controlled trials.

In addition to the efficacy of a new
regimen, it is important to consider fac-
tors associated with successful program-
matic implementation - if new drugs
are merely added to the current MDR
tuberculosis regimen, the resulting regi-
men will remain lengthy, cuambersome
and toxic. There is an urgent need for
a regimen-development strategy that
will make it possible to maximize the
potential of the new drugs to improve
outcomes among patients with MDR
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Table 1. New and repurposed drugs available for the treatment of multidrug-resistant

tuberculosis

Drug New or Class Stage of development
repurposed and comments

Delamanid New Nitroimidazole Phase Il trial under way; submitted

(OPC 67683) for FDA and PMDA approval

Bedaquiline New Diarylquinoline Phase Il trial to commence in 2014;

(TMC-207) FDA approval in December 2012

PA-824 New Nitroimidazole Developed by TB Alliance;? as part
of a regimen in a phase lIb trial that
has completed recruitment

Sutezolid New Oxazolidinone Phase Il

(PNU-100480)

AZD-5847 New Oxazolidinone Phase Il

SQ-109 New Ethylenediamine  Phase Il

Linezolid Repurposed  Oxazolidinone Phase ll

Clofazimine Repurposed  Riminophenazine Phase |l

Moxifloxacin Repurposed  Fluoroquinolone  Phase lll

FDA, US Food and Drug Administration; PMDA, Pharmaceuticals and Medical Devices Agency;

TB, tuberculosis.
2 Global Alliance for TB Drug Development.

tuberculosis and minimize or eliminate
the adverse attributes of the current
regimen.

With no improvement seen in
success rates despite considerable
investment in scaling up treatment
programmes, it is time for a fresh ap-
proach to designing MDR tuberculosis
treatment regimens. Speed and pragma-
tism are essential in this process. With
this in mind, we have devised eight key
principles that should be used in design-
ing future MDR tuberculosis regimens
to ensure that the regimens are effective
and programmatically feasible and that
they can be scaled up. We propose that
these principles be debated, refined and
adopted by all tuberculosis research
groups, agencies and policy-makers cur-
rently working on or making decisions
about future regimens. To our knowl-
edge, this is the first attempt to consider
an approach that uses guiding principles
to ensure that the opportunity offered
by the development of new tuberculosis
drugs is not squandered.

Principles for designing
future regimens

Any future regimen should satisfy the
following principles: (i) it should con-
tain at least one new class of drug; (i) it
should be broadly applicable for use
against MDR and XDR Mycobacterium
tuberculosis complex strains; (iii) it
should contain three to five effective
drugs, each from a different drug class;

Bull World Health Organ 2014;92:68-74 | doi: http://dx.doi.org/10.2471/BLT.13.122028

(iv) it should have an exclusively oral
delivery; (v) it should have a simple dos-
ing schedule; (vi) it should have a good
side-effect profile that allows limited
monitoring; (vii) it should have a maxi-
mum duration of 6 months; and (viii) it
should have minimal interaction with
antiretroviral drugs. Here, we discuss
and present the evidence underlying
each principle.

Inclusion of one or more new
drug classes

For any future MDR tuberculosis regi-
men, the use of at least one new drug
class (whether it is added to a novel com-
bination of antituberculosis drugs or to
a standard antituberculosis regimen)
has the potential to greatly improve
outcomes.'>'* The addition of drugs
from one new class to which patients
have not previously been exposed would
guarantee that most strains of M. tuber-
culosis complex are susceptible to the
regimen. The few wild-type strains with
resistance would be likely to succumb
to the combined effects of the other
efficacious drugs in the regimen. The
addition of two new drug classes could
increase the efficacy of the new regimen,
if the agents can be safely combined.
Care should be taken when choosing
the drug combinations because studies
of bactericidal activity in whole blood
specimens have shown less than fully
additive activity between bedaquiline
and PA-824." Bedaquiline and either
delamanid or PA-824 have shown some
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antagonism in murine models, although
when combined with pyrazinamide they
were still significantly more efficacious
than the combination of rifampicin,
isoniazid and pyrazinamide.’

Activity against MDR and XDR
strains

In areas where MDR tuberculosis is com-
mon, susceptibility testing of first-line
drugs is uncommon and that of second-
line drugs is more uncommon still. Even
when testing is available, substantial delays
in obtaining results can seriously impair
the ability to construct optimal regimens.
To avoid reliance on complex and lengthy
drug susceptibility testing, any new regi-
men for MDR tuberculosis should contain
only drugs to which resistance is highly un-
likely to have developed. This is where new
classes of drugs offer a distinct advantage.

WHO estimates that 9% of patients
with MDR tuberculosis have XDR tu-
berculosis. Since susceptibility testing
for second-line drugs is not commonly
available in many settings, these esti-
mates are probably conservative.'*"
With the advent of new compounds
not previously used in antituberculosis
treatment, reliance on conventional
susceptibility tests involving second-
line agents could be reduced, and the
emphasis on cheap, rapid molecular tests
for alimited number of key agents could
be increased.

Inclusion of three to five drugs

One drug is unlikely to be active against
all populations of M. tuberculosis com-
plex bacilli (i.e. actively multiplying ba-
cilli, slowly or sporadically multiplying
bacilli and dormant bacilli). Two-drug
regimens might, in theory, be active
against all populations and three-drug
combinations might show even more
activity.'® A review of MDR tuberculosis
treatment from the era before rifampi-
cin was available revealed that use of
three antituberculosis drugs ensured
favourable outcomes in patients with
tuberculosis resistant to streptomycin,
isoniazid and para-aminosalicylic acid.”
The review concluded that a second-
line regimen should contain at least
four drugs likely to be active against
the infecting strain and that such drugs
chosen should, in combination, have
rapid bactericidal activity (e.g. show
evidence of bactericidal activity early
after treatment initiation), prevent the
easy formation of resistance to any single
drug and have sterilizing activity.

70

A report of a seven-drug regimen
with improved efficacy does not sug-
gest that more drugs are better, but
rather that, when resistance patterns
are unknown, additional drugs may be
necessary to account for the possibility
that several may not be contributing.”
However, such regimens will unavoid-
ably lead to increased toxicity without
clinical benefit. Thus, to ensure that
a regimen is effective and unlikely to
generate further resistance, it should
contain a minimum of three efficacious
drugs; the value of including more than
five drugs is unclear.’

Each drug in the new regimen
should ideally have a different mecha-
nism of action - use of two drugs from
the same class is not likely to have an
additional benefit and could lead to
more side-effects and lower tolerability.
If new drugs are developed within the
same class, the drug with the better
efficacy and toxicity profile should be
used in the regimen.

Exclusively oral delivery

Injectable agents (kanamycin, amikacin
and capreomycin) play a key role in the
current recommended MDR tubercu-
losis regimen. WHO?’s recently updated
guidelines on treating drug-resistant
tuberculosis extend the recommended
minimum duration for administration
of injectable drugs.” However, resistance
to the injectable drugs in the MDR tu-
berculosis treatment regimen is increas-
ing. Overall, strains in approximately
20% of patients with MDR tuberculosis
are resistant to the injectable agents
and in some settings the prevalence of
resistance is as high as 47%.*' Thus, the
role of these injectable agents in the
current MDR tuberculosis regimen is
declining. An exclusively oral regimen
would be better tolerated and accepted
by patients and would be easier for treat-
ment programmes to administer.

For the patient, the daily intramus-
cular and/or intravenous injection of
drugs for the treatment of MDR tuber-
culosis is a painful procedure that can
be exacerbated by the low body mass
index common among many patients
with MDR tuberculosis. In addition,
the injectable agents can cause severe
side-effects, including deafness, with
some programmes reporting rates of
attributable hearing loss as high as 20
to 30%.>>* They are also associated with
electrolyte imbalances and an increased
risk of renal impairment. These side-
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effects necessitate regular monitoring,
which is an additional strain for patients
and programmes.

For treatment programmes, the
requirement to provide daily injections
is burdensome. Because of this, in some
settings patients living far from health
facilities have to be hospitalized to
ensure the availability of appropriately
trained staff. If treatment is community
based, the need for injections has ad-
ditional implications in terms of human
resources and personnel training.

Simple dosing schedule

With the current adherence strategy
for MDR tuberculosis treatment rely-
ing on direct observation by staff while
the patient takes their medicine, drugs
whose administration is complex, such
asinjectable or nebulized agents, present
considerable barriers to programmes.
Oral agents are easier to administer, but
drugs requiring administration more
than once daily or at specific times need
to be carefully considered to ensure that
their benefits outweigh the program-
matic complexity of ensuring that they
are properly administered.

Good side-effect profile

The current regimen is plagued with
side-effects.” Adverse gastrointestinal
reactions are most common but deaf-
ness, renal and liver failure and psycho-
sis are among the severe side-effects that
can occur. Side-effects have been noted
in 69% of patients, requiring treatment
modification in 55%. The two drugs
furthest along the development pipeline
(bedaquiline and delamanid) and two
of the repurposed drugs (moxifloxacin
and clofazimine) can prolong the QT
interval,”>”” which may pose an obstacle
to use in tuberculosis programmes. It
is essential to consider the influence of
side-effects on treatment adherence and
loss to follow-up when planning future
regimens.

Maximum duration of six months

The feasibility of large-scale regimen im-
plementation would be greatly enhanced
by reducing the duration of treatment.
The two-year duration of MDR tuber-
culosis treatment is a major barrier to
treatment adherence and programme
scale-up. There is evidence that a six-
month course of tuberculosis treatment
can lead to good clinical outcomes if the
right combination of drugs to which the
infecting M. tuberculosis complex bacilli
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are susceptible is used."** Future MDR
tuberculosis regimens containing new
classes of drugs to which there is no
recorded resistance, such as bedaquiline
and delamanid, could produce similar
outcomes.

A recently published study from
Bangladesh was one of the first to look
at using existing drugs in new ways
to shorten and improve the outcomes
obtained with MDR tuberculosis
treatment."” This observational study
described the outcomes seen after
a nine-month regimen in patients
never exposed to second-line drugs.
Good outcomes were reported; the
treatment success rate was 87.9% and
the default rate was 6%, much lower
than seen with longer regimens.”
Since this research was conducted in
a specific setting with a low prevalence
of human immunodeficiency virus
(HIV) infection, the results must be
interpreted with caution until testing
of the regimen in a multicentre ran-
domized controlled trial (STREAM) is
completed. These results, coupled with
those already published from Bangla-
desh and other countries in which
modified versions of this regimen were
implemented, show the potential to
dramatically reduce the duration of
treatment in some patients with MDR
tuberculosis.

In the United States, a six-month
course of bedaquiline has been approved
for concomitant use with the current
regimen” and studies of delamanid have
focused on a similar treatment length.”
Incorporating new classes of drugs into
an MDR tuberculosis regimen so that
it contains drugs to which there is no
background resistance should enable
a substantial reduction in treatment
duration. A pragmatic starting goal is
to design a six-month regimen with
the aim of further reducing treatment
duration.

Minimal interaction with
antiretrovirals

Tuberculosis is the major killer of HIV-
infected patients. With 430000 deaths
reported in patients coinfected with HIV
and M. tuberculosis complex in 2011,
it is important for any new regimen to
be suitable for this vulnerable group
of patients. Use of this regimen with
first-line antiretroviral agents for HIV
infection should yield minimal, if any,
clinically relevant drug-drug interac-
tions or overlapping toxicity.

Policy & practice
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Conclusion

The current MDR tuberculosis regi-
men requires radical changes. It should
be shorter, more tolerable and capable
of being implemented rapidly within
tuberculosis programmes in countries
with a large burden of tuberculosis.
Research into new regimens has not
provided an answer to the immediate
question of how to use the new tubercu-
losis drugs that are approved or pending
approval. This is a critical research gap
that must be addressed quickly. There
is opportunity now to develop the
strategies needed for evaluating new
regimens that are suited to the current
global tuberculosis situation. To ensure
that the process is sped up to match
the urgent need, there has to be a fun-
damental change in how regimens are
developed and tested. Such change will
require bold ideas and a willingness to
challenge some of the current thinking
with respect to tuberculosis treatment,
clinical trials and drug development.

An important first step is to deter-
mine the compatibility of the first two
new drugs likely to become available
- bedaquiline and delamanid - with
each other and with commonly used
antiretroviral agents. In the absence of
incompatibility, they could be the build-
ing blocks for new regimens that would
meet many of the criteria that we have
outlined. However, compatibility is not
ensured. Existing tuberculosis clinical
trial networks need to make compat-
ibility studies their highest priority.
Nontraditional participants in drug
development research, such as Médecins
Sans Frontiéres and Partners in Health,
should engage the clinical trials commu-
nity to collaborate, speed up and ensure
rapid and pragmatic development and
implementation of new regimens.

The potentially increased cost of
new drugs could deter many centres
from considering the inclusion of these
drugs in new regimens. The current regi-
men costs about US$ 4000 per patient,’
exclusive of laboratory, human resource
and patient opportunity costs. Although
the price of bedaquiline has yet to be
confirmed, a tiered pricing strategy is
being proposed, with costs being low-
est for countries supplied by the Global
Drug Facility.”” Because repurposed
drugs are cheaper, we hypothesize that
drug costs for a regimen containing few-
er drugs and of shorter duration would
be equal to those of the current regi-

Bull World Health Organ 2014;92:68-74 | doi: http://dx.doi.org/10.2471/BLT.13.122028

men. However, given the much shorter
target duration and, consequently, the
fewer laboratory and human resource
requirements, the new regimens must
have the potential to be cheaper for
countries with a high burden of MDR
tuberculosis. These considerations merit
further investigation. The key principles
that we have described should inform
the development of future regimens
so that the potential benefits of new
compounds can be maximized while
simultaneously addressing the clinical
and programmatic disadvantages and
constraints to scale-up that plague the
current regimen. Il
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Résumé

Principes de conception de futurs schémas thérapeutiques pour traiter la tuberculose multirésistante

Moins de 20% des patients atteints de tuberculose multirésistante
(MDR) recoivent actuellement un traitement et il est urgent de renforcer
les programmes de traitement. Un des plus grands obstacles a ce
renforcement est le schéma thérapeutique qui est long, complexe,
inefficace, mal toléré et colteux. Pour la premiére fois en plus de 50
ans, de nouveaux médicaments ont été développés spécifiquement
pour traiter la tuberculose, dont la bedaquiline et potentiellement la
delamanid qui devraient étre bientot disponibles pour traiter les cas
de MDR. Cependant, si les nouveaux médicaments sont juste ajoutés
au schéma thérapeutique actuel, le nouveau schéma thérapeutique
sera au moins aussi long, lourd et toxique que celui qui existe déja. Il
esturgent délaborer une stratégie et dobtenir des preuves concernant
la fagon de maximiser le potentiel des nouveaux médicaments pour
améliorer les résultats et raccourcir la durée du traitement. Nous avons
mis au point huit principes clés pour la conception des futurs schémas

thérapeutiques afin de sassurer que, une fois quils aient été éprouvés
comme stirs dans des essais cliniques, ils soient cliniquement efficaces et
utilisables dans le cadre d'un programme. Les schémas thérapeutiques
doivent comprendre au moins une nouvelle classe de médicament; étre
généralement applicables pour une utilisation contre les MDR et plus
largement contre les souches complexes de Mycobacterium tuberculosis
multirésistantes; comprendre trois des cing médicaments efficaces,
chacun provenant d'une classe de médicament différent; étre administré
par voie orale; avoir un schéma posologique simple; avoir un bon profil
deffets secondaires permettant un suivilimité; durer au moins 6 mois et
avoir le moins d'interaction possible avec les antirétroviraux. Suivre ces
principes maximisera le potentiel des nouveaux composés et permettra
de surmonterles inconvénients cliniques et programmatiques, ainsi que
les contraintes qui plombent le schéma thérapeutique actuel.

Peslome

anIHLWIHbI COCTaBJIEHUA NepPCNeKTUBHDbIX CXeM JieYeHnA Ty6epKyne3a C MHOXKECTBEHHOM ﬂeKapCTBEHHOVI

YCTOMYNBOCTbIO
JleyeHne npoxoaAaT nuwb meHee 20% NaLMeHTOB, CTPaAAOLLMX
TyOEPKYNe30M C MHOXECTBEHHOW NIeKapCTBEHHOW YCTONUYMBOCTbIO
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(MJ1Y), noaTomMy HeobXOAMMO CPOYHO PACLIMPUTL OXBAT HAaCENEHNA
nporpammamy no nedveHuo JaHHoro 3abonesanua. OgHUM 13
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OCHOBHbIX MPENATCTBMI MO PACAPOCTPAHEHWIO TaKMX NPOrpamMm
ABNAETCA NMPUMEHAEMAA CXema NevyeHnsa, KoTopaa CAUWKOM
NPOACIKMTENbHA, CNOXHA, HeahdeKTMBHA, NNOXO NepeHOCUTCA
1 ABNAETCA [oporocTosliein. Bnepsble 3a nocneaHne 50 neT Obin
pa3paboTaH HOBbI IEKaPCTBEHHBIN NMpenapaTt, NpeaHasHaueHHbIN
UCKIIOYUTENBHO [NA NeveHws Tybepkynesa. [penapatsl 6efaksunmnH
1, C BbICOKOW JONel BEPOATHOCTH, AeflaMaHWA AOMKHbBI CKOPO
CTaTb AOCTYMHbI AN NPOBEAEHWA NeYeHrs B Clydae 3aboneBaHns
Ty6epkynesom ¢ MJTY. Tem He MeHee, eC/IM HOBbIE NEKaPCTBEHHbIE
npenapartsl OyayT Kb A0O6aBNEHbI K TeKyLLel Cxeme nedeHns, HoBas
cxema OyfeT Kak MUHVIMYM TaKoW e NMPOAOSKUTENbHOWM, FPOMO3KOWM
N TOKCMUHOW, KaK U NpriMeHAeMasn B HacToALLee Bpems. Heobxoarmo
CPOYHO pa3paboTaTb CTpaTernto v NpakTUyeckne MeTonbl,
no3BonALMe B MaKCMMaNbHOW Mepe peann3oBaTb NoTeHuman
HOBbIX MPEMaPaTOB C LEMblo YyUllUTb Pe3ynbTaThl U COKPATUThL
Bpemd nedeHra. Mbl CGopMyIMPOBasii BOCEMb OCHOBHBIX MPUHLMMOB
N5 pa3paboTKy NePCneKTUBHBIX CXEM MpYieMa JTeKapCTBEHHbIX
npenapaTtoB, KOTopble, MOC/e NOATBePKAEHNSA VX 6e30MacHOCTU
C MOMOLLbIO KIMHUYECKUX UCMbITaHW, OyayT 3GGEKTUBHbI Kak C
KIIVHUYECKOW TOUKM 3PEHNA, Tak M C TOUKM 3peHurs pa3paboTkm
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NPOrpamMM fledeHw s Ha vx ocHoBe. Cxema nprema AoSKHa BKIoUaTb
B cebA Kak MUHUMYM OfIMH MpenapaT HOBOro Kfacca; [O/MKHa
ObITb NPUrofHa ANA WNPOKOMACWTAaOHOro NPUMEeHeHNa NpoTHB
CNOXHbIX WTaMMoB Mycobacterium tuberculosis ¢ MHOXeCTBEHHOW
N WAPOKOW NEKaPCTBEHHOW YCTOMYMBOCTBIO; JO/KHA BKIOYaTh B
cebs npurem oT Tpex A0 NATV SODEKTUBHbIX MPENAPATOB PA3UUHOTO
Knacca; npvem npenapaTtoB AOMKEH OCYLLECTBAATLCA NePOPabHO;
PEXINM [03MPOBaHNSA AOMKEH ObiTb OCTATOUHO MPOCTBIM; CXEMA
[O/KHa VMEeTb npuemnembii Nnpoduas NnoboUHOro AencTeus,
JOMNYCKaloWNA OrpaHUYeHHOe HAabNAeHME 3a NaluneHTOM;
NPOAOIXKATENBHOCTD [JO/KHa COCTaBNATb He bonee 6 MecALEs;
HexenaTeNbHOEe B3aVMO/ENCTBYE C aHTUPETPOBUPYCHBIMU
npenapatamui JOMKHO ObiTb CBEAEHO K MuHUMyMy. CobriofeHme
3TVX NPVHLMMOB NO3BOAMT B MaKCMManbHOM Mepe peanv3oBaTb
NOTEHLMAN HOBbIX NIEKaPCTBEHHbIX MPENapaToB 1 NPeoaoneTb
KAMHUYECKMe 1 MPOrpamMMHble HEAOCTaTKM U OrpaHuyeHus,
CHWKatolme 3GGEKTVBHOCTL CYLIECTBYIOLLMX NPOrpaMmv No 6opbbe
C Ty6epKyne3om, OCHOBaHHbIX Ha MPUMEHAEMO B HACTOALLIEE BPEMS
CXeme NeyYyeHus.

Resumen

Principios para el diseiio de programas futuros contra la tuberculosis multirresistente

Menos del 20 % de los pacientes con tuberculosis multirresistente (MDR)
recibe tratamiento, al tiempo que existe una necesidad apremiante de
ampliar los programas de tratamiento. Uno de los mayores obstéculos
para laampliacién es el propio programa de tratamiento, el cual resulta
largo, complejo, ineficaz, caro y no se tolera bien. Por primera vez en
mas de 50 afos se han desarrollado farmacos nuevos especificos para
tratar la tuberculosis y se espera que la bedaquilina y, potencialmente,
la delamanida estén disponibles pronto para tratar los casos de
tuberculosis multirresistente. Sin embargo, si se limitan a introducir los
farmacos nuevos al programa de tratamiento actual, el programa nuevo
sera, como minimo, tan largo, complicado y toxico como el presente. Es,
por tanto, muy urgente disefiar una estrategia y reunir pruebas sobre
como maximizar el potencial de los fArmacos nuevos para mejorar los
resultados y acortar el tratamiento. Hemos establecido ocho principios
esenciales para el disefio de los programas de tratamiento futuros

a fin de garantizar que, una vez que se hayan probado en ensayos
clinicos, sean eficaces desde el punto de vista clinico y viables mediante
programacion. Los programas deben contener, al menos, un tipo nuevo
de férmaco, poder aplicarse de forma amplia para su uso contra la
tuberculosis multirresistente y las cepas complejas de Mycobacterium
tuberculosis ultrarresistentes, contener de tres a cinco medicamentos
eficaces, cada uno de una clase de formaco diferente; suministrarse por
via oral, tener un horario de dosificacién simple y un perfil adecuado
de efectos secundarios que permita una supervision restringida,
durar un maximo de 6 meses y tener una interaccién minima con
antirretrovirales. Si se siguen estos principios, se maximizara el potencial
de los compuestos nuevos y serd mas facil superar los inconvenientes
clinicos y programéticos, asi como las barreras a la ampliacion que
abundan en el programa actual.

References

1. World Health Organization [Internet]. WHO global tuberculosis report
2012. Geneva: WHO; 2012. Available from: http://apps.who.int/iris/
bitstream/10665/75938/1/9789241564502_eng.pdf [accessed 29
September 2013].

2. Guidelines for the programmatic management of drug-resistant
tuberculosis 2011 update. Geneva: World Health Organization; 2011
(WHO/HTM/TB/2011.6). Available from: http://apps.who.int/iris/
bitstream/10665/44597/1/9789241501583_eng.pdf [accessed 29
September 2013].

3. DR-TBdrugs under the microscope: sources and prices for drug resistant TB
medications. 2nd ed. Geneva: Médecins Sans Frontieres & International
Union Against Tuberculosis and Lung Disease; 2012.

4. Ahuja SD, Ashkin D, Avendano M, Banerjee R, Bauer M, Bayona N et al;
Collaborative Group for Meta-Analysis of Individual Patient Data in
MDR-TB. Multidrug resistant pulmonary tuberculosis treatment regimens
and patient outcomes: an individual patient data meta-analysis of 9,153
patients. PLoS Med 2012;9:e1001300. doi: http://dx.doi.org/10.1371/journal.
pmed.1001300 PMID:22952439

5. World Health Organization [Internet]. The use of bedaquiline in the
treatment of multidrug-resistant tuberculosis. Interim policy guidance.
Geneva: WHO; 2013. Available from: http://www.who.int/iris/
bitstream/10665/84879/1/9789241505482_eng.pdf [accessed 23 August 2013].

Bull World Health Organ 2014;92:68-74 | doi: http://dx.doi.org/10.2471/BLT.13.122028

6. Otsuka receives opinion from CHMP on delamanid. Geneva: Otsuka
Pharmaceutical Co,, Ltd,; 2013. Available from: http://www.otsuka.co.jp/en/
company/release/2013/0726_01.html [accessed 23 August 2013].

7. European Medicines Agency [Internet]. Refusal of the marketing
authorisation for delamanid (delamanid). London: EMA; 2013. Available
from: http://www.ema.europa.eu/docs/en_GB/document_library/
Summary_of_opinion_-_lInitial_authorisation/human/002552/
WC500146651.pdf [accessed 14 October 2013].

8. Gopal M, Padayatchi N, Metcalfe JZ, O'Donnell MR. Systematic review of
clofazimine for the treatment of drug-resistant tuberculosis [review]. Int J
Tuberc Lung Dis 2013;17:1001-7. doi: http://dx.doi.org/10.5588/ijtld.12.0144
PMID:23541151

9. Lee M, Lee J, Carroll MW, Choi H, Min S, Song T et al. Linezolid for
treatment of chronic extensively drug-resistant tuberculosis. N Engl J
Med 2012;367:1508-18. doi: http://dx.doi.org/10.1056/NEJMoa1201964
PMID:23075177

10. DeyT, Brigden G, Cox H, Shubber Z, Cooke G, Ford N. Outcomes of
clofazimine for the treatment of drug-resistant tuberculosis: a systematic
review and meta-analysis. J Antimicrob Chemother 2013;68:284-93. doi:
http://dx.doi.org/10.1093/jac/dks389 PMID:23054996

73


http://apps.who.int/iris/bitstream/10665/75938/1/9789241564502_eng.pdf
http://apps.who.int/iris/bitstream/10665/75938/1/9789241564502_eng.pdf
http://apps.who.int/iris/bitstream/10665/44597/1/9789241501583_eng.pdf
http://apps.who.int/iris/bitstream/10665/44597/1/9789241501583_eng.pdf
http://dx.doi.org/10.1371/journal.pmed.1001300
http://dx.doi.org/10.1371/journal.pmed.1001300
http://www.ncbi.nlm.nih.gov/pubmed/22952439
http://www.who.int/iris/bitstream/10665/84879/1/9789241505482_eng.pdf
http://www.who.int/iris/bitstream/10665/84879/1/9789241505482_eng.pdf
http://www.otsuka.co.jp/en/company/release/2013/0726_01.html
http://www.otsuka.co.jp/en/company/release/2013/0726_01.html
http://www.ema.europa.eu/docs/en_GB/document_library/Summary_of_opinion_-_Initial_authorisation/human/002552/WC500146651.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Summary_of_opinion_-_Initial_authorisation/human/002552/WC500146651.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Summary_of_opinion_-_Initial_authorisation/human/002552/WC500146651.pdf
http://dx.doi.org/10.5588/ijtld.12.0144
http://www.ncbi.nlm.nih.gov/pubmed/23541151
http://dx.doi.org/10.1056/NEJMoa1201964
http://www.ncbi.nlm.nih.gov/pubmed/23075177
http://dx.doi.org/10.1093/jac/dks389
http://www.ncbi.nlm.nih.gov/pubmed/23054996

Policy & practice
Future regimens for multidrug-resistant tuberculosis

1.

20.

74

Diacon AH, Dawson R, von Groote-Bidlingmaier F, Symons G, Venter

A, Donald PR et al. 14-day bactericidal activity of PA-824, bedaquiline,
pyrazinamide, and moxifloxacin combinations: a randomised trial. Lancet
2012;380(Issue 9846):986-93. doi: http://dx.doi.org/10.1016/50140-
6736(12)61080-0 PMID:22828481

Williams K, Minkowski A, Amoabeng O, Peloquin CA, Taylor D, Andries

K et al. Sterilizing activities of novel combinations lacking first- and
second-line drugs in a murine model of tuberculosis. Antimicrob Agents
Chemother 2012;56:3114-20. doi: http://dx.doi.org/10.1128/AAC.00384-12
PMID:22470112

Diacon AH, Pym A, Grobusch M, Patientia R, Rustomjee R, Page-Shipp L

et al. The diarylquinoline TMC207 for multidrug-resistant tuberculosis.

N Engl I Med 2009;360:2397-405. doi: http://dx.doi.org/10.1056/
NEJM0a0808427 PMID:19494215

Gler MT, Skripconoka V, Sanchez-Garavito E, Xiao H, Cabrera-Rivero JL,
Vargas-Vasquez DE et al. Delamanid for multidrug-resistant pulmonary
tuberculosis. N Engl J Med 2012;366:2151-60. doi: http://dx.doi.
0rg/10.1056/NEJMoa1112433 PMID:22670901

Wallis RS, Jakubiec W, Mitton-Fry M, Ladutko L, Campbell S, Paige D et al.
Rapid evaluation in whole blood culture of regimens for XDR-TB containing
PNU-100480 (sutezolid), TMC207, PA-824, SQ109, and pyrazinamide. PLoS
One 2012;7:€30479. doi: http://dx.doi.org/10.1371/journal.pone.0030479
PMID:22279595

Dalton T, Cegielski P, Akksilp S, Asencios L, Campos Caoili J, Cho SN et al,;
Global PETTS Investigators. Prevalence of and risk factors for resistance to
second-line drugs in people with multidrug-resistant tuberculosis in eight
countries: a prospective cohort study. Lancet 2012;380:1406-17. doi: http:/
dx.doi.org/10.1016/50140-6736(12)60734-X PMID:22938757

Nyang'wa BT, Brigden G, du Cros P, Shanks L. Resistance to second-line
drugs in multidrug-resistant tuberculosis. Lancet 2013;381:625. doi: http://
dx.doi.org/10.1016/50140-6736(13)60341-4 PMID:23439097

De March Ayuela P, Turell Guma J. Resultados obtenidos mediante
regimentes de asociacion con dos o tres drogas secundarias en el
retratamiento del tuberculoso pulmonar crénico. Rev Clin Esp 1968;109:117—
26.Spanish PMID:4904020

Caminero JA; World Health Organization; American Thoracic Society; British
Thoracic Society. Treatment of multidrug-resistant tuberculosis: evidence
and controversies. Int J Tuberc Lung Dis 2006;10:829-37. PMID:16898365
Van Deun A, Maug AKJ, Salim MAH, Das PK, Sarker MR, Daru P et al. Short,
highly effective, and inexpensive standardized treatment of multidrug-
resistant tuberculosis. Am J Respir Crit Care Med 2010;182:684-92. doi: http://
dx.doi.org/10.1164/rccm.201001-00770C PMID:20442432

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Grania Brigden et al.

DaltonT, Cegielski P, Akksilp S, Asencios L, Campos Caoili J, Cho S-N et al,;
Global PETTS Investigators. Prevalence of and risk factors for resistance to
second-line drugs in people with multidrug-resistant tuberculosis in eight
countries: a prospective cohort study. Lancet 2012;380:1406—17. doi: http://
dx.doi.org/10.1016/50140-6736(12)60734-X PMID:22938757

Sturdy A, Goodman A, José RJ, Loyse A, O'Donoghue M, Kon OM et al.
Multidrug-resistant tuberculosis (MDR-TB) treatment in the UK: a

study of injectable use and toxicity in practice. J Antimicrob Chemother
2011,66:1815-20. doi: http://dx.doi.org/10.1093/jac/dkr221 PMID:21642291
Duggal P, Sarkar M. Audiologic monitoring of multi-drug resistant
tuberculosis patients on aminoglycoside treatment with long term
follow-up. BMC Ear Nose Throat Disord 2007;7:5. doi: http://dx.doi.
0rg/10.1186/1472-6815-7-5 PMID:17997841

Nathanson E, Gupta R, Huamani P, Leimane V, Pasechnikov AD, Tupasi TE

et al. Adverse events in the treatment of multidrug-resistant tuberculosis:
results from the DOTS-Plus initiative. Int J Tuberc Lung Dis 2004;8:1382-4.
PMID:15581210

Tortn T, Gungor G, Ozmen |, Boltikbasi Y, Maden E, Bicakgi B et al. Side
effects associated with the treatment of multidrug-resistant tuberculosis. Int
J Tuberc Lung Dis 2005;9:1373—7. PMID:16468160

Zhang Q, Liu Y, Tang S, Sha W, Xiao H. Clinical benefit of delamanid
(OPC-67683) in the treatment of multidrug-resistant tuberculosis patients
in China. Cell Biochem Biophys 2013. Apr 2 [Epub ahead of print]. doi: http://
dx.doi.org/10.1007/512013-013-9589-5 PMID:23546935

Highlights of prescribing information. Silver Spring: United States Food

and Drug Agency; 2012. Available from: http://www.accessdata.fda.gov/
drugsatfda_docs/label/2012/204384s5000Ibl.pdf [accessed 23 August 2013].
Gelband H. Regimens of less than six months for treating tuberculosis.
Cochrane Database Syst Rev 2000. CD001362. doi: http:/dx.doi.
0rg/10.1002/14651858.CD001362 PMID:10796641

Skripconoka V, Danilovits M, Pehme L, Tomson T, Skenders G, Kummik T

et al. Delamanid improves outcomes and reduces mortality in multidrug-
resistant tuberculosis. Eur Respir J 2013;41:1393-400. doi: http://dx.doi.
0rg/10.1183/09031936.00125812 PMID:23018916

World Health Organization [Internet]. WHO model list of essential medicines
application—Bedaquiline 100 mg tablet. Geneva: WHO; 2013. Available
from: http://www.who.int/selection_medicines/committees/expert/19/

Bull World Health Organ 2014;92:68-74 | doi: http://dx.doi.org/10.2471/BLT.13.122028


http://dx.doi.org/10.1016/S0140-6736(12)61080-0
http://dx.doi.org/10.1016/S0140-6736(12)61080-0
http://www.ncbi.nlm.nih.gov/pubmed/22828481
http://dx.doi.org/10.1128/AAC.00384-12
http://www.ncbi.nlm.nih.gov/pubmed/22470112
http://dx.doi.org/10.1056/NEJMoa0808427
http://dx.doi.org/10.1056/NEJMoa0808427
http://www.ncbi.nlm.nih.gov/pubmed/19494215
http://dx.doi.org/10.1056/NEJMoa1112433
http://dx.doi.org/10.1056/NEJMoa1112433
http://www.ncbi.nlm.nih.gov/pubmed/22670901
http://dx.doi.org/10.1371/journal.pone.0030479
http://www.ncbi.nlm.nih.gov/pubmed/22279595
http://dx.doi.org/10.1016/S0140-6736(12)60734-X
http://dx.doi.org/10.1016/S0140-6736(12)60734-X
http://www.ncbi.nlm.nih.gov/pubmed/22938757
http://dx.doi.org/10.1016/S0140-6736(13)60341-4
http://dx.doi.org/10.1016/S0140-6736(13)60341-4
http://www.ncbi.nlm.nih.gov/pubmed/23439097
http://www.ncbi.nlm.nih.gov/pubmed/4904020
http://www.ncbi.nlm.nih.gov/pubmed/16898365
http://dx.doi.org/10.1164/rccm.201001-0077OC
http://dx.doi.org/10.1164/rccm.201001-0077OC
http://www.ncbi.nlm.nih.gov/pubmed/20442432
http://dx.doi.org/10.1016/S0140-6736(12)60734-X
http://dx.doi.org/10.1016/S0140-6736(12)60734-X
http://www.ncbi.nlm.nih.gov/pubmed/22938757
http://dx.doi.org/10.1093/jac/dkr221
http://www.ncbi.nlm.nih.gov/pubmed/21642291
http://dx.doi.org/10.1186/1472-6815-7-5
http://dx.doi.org/10.1186/1472-6815-7-5
http://www.ncbi.nlm.nih.gov/pubmed/17997841
http://www.ncbi.nlm.nih.gov/pubmed/15581210
http://www.ncbi.nlm.nih.gov/pubmed/16468160
http://dx.doi.org/10.1007/s12013-013-9589-5
http://dx.doi.org/10.1007/s12013-013-9589-5
http://www.ncbi.nlm.nih.gov/pubmed/23546935
http://www.accessdata.fda.gov/drugsatfda_docs/label/2012/204384s000lbl.pdf
http://www.accessdata.fda.gov/drugsatfda_docs/label/2012/204384s000lbl.pdf
http://dx.doi.org/10.1002/14651858.CD001362
http://dx.doi.org/10.1002/14651858.CD001362
http://www.ncbi.nlm.nih.gov/pubmed/10796641
http://dx.doi.org/10.1183/09031936.00125812
http://dx.doi.org/10.1183/09031936.00125812
http://www.ncbi.nlm.nih.gov/pubmed/23018916
http://www.who.int/selection_medicines/committees/expert/19/applications/Bedaquiline_6_2_4_A_Ad.pdf
http://www.who.int/selection_medicines/committees/expert/19/applications/Bedaquiline_6_2_4_A_Ad.pdf

	Table 1



