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A B S T R A C T

This is a protocol for a Cochrane Review (Intervention). The objectives are as follows:

To evaluate the efficacy and safety of shortened treatment regimens, versus the standard six-month treatment regimen, in individuals

with drug-sensitive pulmonary tuberculosis.

B A C K G R O U N D

Description of the condition

Tuberculosis, a chronic infectious disease caused by air-borne

transmission of aerosolized droplets of Mycobacterium tuberculosis,

is a major global public health problem (WHO 2017b). There

were an estimated 10.4 million new cases of tuberculosis and 1.7

million tuberculosis-related deaths in 2016, making tuberculo-

sis one of the top 10 leading causes of death worldwide (WHO

2017a). Among the new cases identified, 90% were adults, 65%

were men, 10% were children, and 10% had HIV co-infection

(WHO 2017a). Among communicable diseases, tuberculosis is a

major cause of mortality in the economically productive age group

(15 to 49 years) (WHO 2017c). The top seven countries in the

world identified as having a high tuberculosis burden are India,

Indonesia, China, the Philippines, Nigeria, Pakistan, and South

Africa (WHO 2017a). Although tuberculosis-related mortality fell

by 37% between 2000 and 2016 worldwide, gaps in diagnosis and

treatment persist (WHO 2017a). To add to the existing burden,

490,000 new cases of multidrug resistant (MDR)-tuberculosis and

110,000 cases of rifampicin-resistant tuberculosis were diagnosed

in 2016, with India, China, and the Russian Federation contribut-

ing to 47% of the global estimates (WHO 2017a).

The World Health Organization (WHO)’s ’End TB [tuberculo-

sis] Strategy’ was approved by the World Health Assembly in May

2014 with the aim of accelerating the fight against the disease. The

aim of the ’End TB Strategy’ is to achieve a 95% reduction in the
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mortality due to tuberculosis and a 90% reduction in the occur-

rence of new cases by the year 2035 compared with 2015 estimates

(WHO 2015). This can be accomplished through a substantial

decline in the numbers of tuberculosis cases and deaths in the years

to come. However, the rate of decline in the incidence of tubercu-

losis was 1.9% from 2015 to 2016; to reach the targets of the ’End

TB Strategy’, this rate of decline has to increase to 4% to 5% yearly

by 2020. Using the current standard WHO-approved treatment

regimen, the treatment success rate for individuals with new and

relapsed cases of drug-susceptible tuberculosis, as reported for the

2015 cohort, was 83% (WHO 2017a). Though this success rate

is high when compared with that for individuals with multidrug-

resistant tuberculosis (success rate of 54%), poor outcomes, such

as failure to respond, death, and losses to follow-up, are of great

concern given that one of the targets of the WHO’s sustainable

development goals for 2030 is to end the global tuberculosis epi-

demic (WHO 2015; WHO 2017a).

The current standard WHO-approved regimen is isoniazid, ri-

fampicin, pyrazinamide, and ethambutol (HRZE) for two months

(intensive phase) followed by isoniazid and rifampicin (with

(HRE) or without (HR) ethambutol in areas of high resistance) for

four months (continuation phase) (WHO 2010). This six-month

treatment duration can adversely impact patient adherence to ther-

apy (Zumla 2014). Poor adherence leads to the development of

drug resistance and enhances the chances of relapse in such indi-

viduals (Ginsberg 2010; Ma 2010). Hence, new drug combina-

tions are needed in order to shorten the course of treatment while

maintaining high success rates and low relapse rates. Shortening

the duration of treatment for individuals with either drug-sensi-

tive or drug-resistant tuberculosis is a global research priority and

will certainly be of great benefit to both patients and healthcare

professionals. New tuberculosis drugs have begun to emerge from

the clinical development pipeline, and shorter-duration regimens

containing new compounds could improve adherence to therapy,

and hence also promote infection control and better disease man-

agement (Ma 2010).

Description of the intervention

The need for combination therapy for tuberculosis is a result of

the distinctive cellular structure of M. tuberculosis (a complex ar-

ray of lipids, proteins, and glycolipids) and the tendency of the

bacilli to develop resistance to monotherapy (Kerantzas 2017).

Combinations of drugs are required to treat M. tuberculosis: com-

bining drugs with both bactericidal activity and sterilising activ-

ity can help target the various bacterial subpopulations (actively

dividing, slow growing, and dormant bacilli) present (Mitchison

1985). The bactericidal activity of a drug refers to its ability to kill

metabolically active bacilli. An effective bactericidal drug prevents

the transmission of the bacilli and the development of resistance

to other drugs given as part of the regimen. The sterilising activ-

ity of a drug refers to its ability to kill all viable bacilli, including

the micro-organisms tolerant to treatment with drugs. Drugs with

good sterilising capacity have the potential to shorten the dura-

tion of tuberculosis treatment (Ma 2010). There are currently 10

compounds in clinical development for the treatment of tubercu-

losis, six have been specifically developed and four existing drugs

have been repurposed. In recent years, various drugs have been

tried in differing combinations to shorten the standard six-month

treatment regimen and have shown promising preliminary results

(Conde 2009; Rustomjee 2008).

Some of the desired characteristics of new antituberculosis drug

compounds are as follows (Ma 2010).

• Effectiveness against both replicating and dormant

tuberculosis bacilli.

• Novel mechanism of action.

• Improved safety profile (versus the standard treatment

regimen).

• Good oral bioavailability.

• Low resistance development barrier.

• Minimal interaction with cytochrome p450 enzymes.

• Low cost.

The drugs at the forefront of this quest are the fluoroquinolones

(moxifloxacin, levofloxacin, and gatifloxacin), rifamycins (ri-

fabutin and rifapentine), nitroimidazoles, diarylquinolines, oxa-

zolidinediones, and ethylenediamines. These drugs have been in-

vestigated in clinical trials in combination with, or as substitutes

for, one of the standard first-line antituberculosis drugs with the

aim of shortening the duration of treatment (Lienhardt 2010).

Other second-line antituberculosis drugs, including amoxicillin

clavulanate, linezolid, carbapenems, and clofazamine, are also po-

tential candidates for a shorter duration antituberculosis regimen,

along with other first-line drugs (D’Ambrosio 2015).

How the intervention might work

Fluoroquinolones

Fluoroquinolones possess good in vivo and in vitro bacterici-

dal activity against M. tuberculosis (Moadebi 2007). This class of

drugs acts on the enzyme DNA gyrase, thereby preventing bacte-

rial DNA synthesis (Lienhardt 2010). This mechanism of action

is distinct from that of other antituberculosis drugs, raising the

possibility of synergistic activity. Overall the quinolones are well

tolerated with minimal side effects on long-term administration

(Schluger 2013). Fluoroquinolones, when added to an antituber-

culosis treatment regimen, can enhance the sterilizing and bacteri-

cidal effect of combination therapy and increase drug penetration

into chronic tuberculosis lesions. Fluoroquinolones are also better

tolerated than the standard first-line drugs and can shorten treat-

ment duration, hence improving patient adherence to treatment

(Ginsburg 2003). Although a trial of moxifloxacin-based regimens
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given for four months in individuals with drug-sensitive tubercu-

losis did not demonstrate non-inferiority compared with the stan-

dard treatment regimen, it did find moxifloxacin-based regimens

to be associated with a more rapid decrease in the mycobacterial

load (Gillespie 2014). Gatifloxacin-based drug combinations have

also been tested in which gatifloxacin replaced or was given in ad-

dition to ethambutol in the intensive and continuation phases of

therapy (Jawahar 2013; Merle 2014).

The main concern with the quinolones is that they can prolong

the QT interval, which may cause ventricular arrhythmias and

sudden cardiac arrest (Schluger 2013). The frequency of torsades

de pointes, the type of arrhythmia induced by fluoroquinolones,

has been reported to be 1 per million with ciprofloxacin or lev-

ofloxacin, 3.8 per million with grepafloxacin, and 14.5 per million

with sparfloxacin. The chance of arrhythmia is greater in individu-

als who have associated metabolic disorders, such as hypokalaemia

or cardiac disease, or who are taking other drugs that can prolong

the QT interval (Rubinstein 2002). However, a pooled analysis

of data from phase II, III, and IV clinical trials comparing mox-

ifloxacin with other antibiotics reported that there were no clini-

cally relevant differences in cardiac adverse effects between moxi-

floxacin and comparators (Haverkamp 2012).

Rifamycins

Rifapentine is a new-generation rifamycin that acts by inhibit-

ing the DNA-dependent RNA polymerase of M. tuberculosis. Like

other rifamycins, rifapentine can cause (rarely) drug-induced hep-

atitis and thrombocytopenia (Munsiff 2006). What makes rifapen-

tine a good candidate for tuberculosis therapy shortening and

dosage simplification is its long half-life (10 to 15 hours for rifapen-

tine versus two to three hours for rifampicin) and potency against

M. tuberculosis (Temple 1999). The RIFAQUIN trial (high dose

RIFApentine and a QUINolone in the treatment of pulmonary

tuberculosis) team have assessed whether shorter tuberculosis regi-

mens containing high-dose rifapentine and moxifloxacin are non-

inferior to the standard treatment regimen (Jindani 2014).

Nitroimidazoles

Nitroimidazoles act against both multiplying and dormant bacilli,

and thereby may be suitable for potentially shortening the dura-

tion of tuberculosis therapy (Ma 2010). Two imidazoles are cur-

rently being investigated in clinical trials for the treatment of in-

dividuals with tuberculosis: pretomanid and delamanid. Both are

equally active against drug-sensitive and drug-resistant tuberculo-

sis. They act on the bacilli through bioreduction of the nitroimi-

dazole pharmacophore, the generation of reactive oxygen species,

and the inhibition of mycolic acid synthesis (Matsumoto 2006). In

phase II trials, QT prolongation was frequently seen in MDR-TB

patients who received delamanid (Gler 2012). The bactericidal ac-

tivity of a novel drug combination of pyrazinamide, moxifloxacin,

clofazimine, and pretomanid has been compared with that of the

standard treatment regimen in individuals with drug-sensitive and

drug-resistant tuberculosis. This new regimen was well-tolerated

and showed greater bactericidal activity than the standard regimen

(Dawson 2015).

Diarylquinolines

One member of this class of drugs, bedaquiline, is approved as an

antituberculosis drug by the European Medicines Agency (EMA)

and the US Food and Drug Administration (FDA) (Lessem 2015).

Bedaquiline disrupts bacterial metabolism by affecting the synthe-

sis of adenosine triphosphate (ATP) (Andries 2005). The drug is

currently used for the treatment of MDR-tuberculosis, following

the findings of a phase II trial that demonstrated the rapid cul-

ture conversion of sputum and low rates of acquired resistance to

co-administered drugs (Diacon 2014). Like the quinolones, be-

daquiline also can cause QT prolongation (Diacon 2012). The

bactericidal activity of bedaquiline in animal studies was found

to be superior to that of the top first-line drugs, rifampicin and

isoniazid (Andries 2005); hence, the drug is being explored as a

potential option for shortening the duration of treatment in indi-

viduals with drug-sensitive tuberculosis.

Oxazolidinediones

Linezolid and sutezolid inhibit the initiation of bacterial protein

synthesis by acting on the 50S ribosomal subunit. Linezolid, a

repurposed drug, is effective in the management of drug-resistant

tuberculosis, but adverse effects, such as myelosuppression and

peripheral neuropathy, restrict its long-term use (Sotgiu 2012).

A newer addition to this class, sutezolid, is gaining attention as

it has demonstrated greater potency as an antituberculosis drug

than linezolid in murine models (Williams 2009). Phase I studies

in humans found sutezolid to be safe and well-tolerated (Wallis

2010).

Ethylenediamines

The ethylenediamine, SQ109, inhibits protein synthesis by tar-

geting the membrane transporter, MmpL3, in M. tuberculosis, and

is effective against drug-susceptible and drug-resistant tuberculo-

sis. In vitro studies showed favourable interactions and a synergis-

tic action between sutezolid and bedaquiline (D’Ambrosio 2015;

Sacksteder 2012).

Why it is important to do this review

Novel drug regimens are needed to address the challenges asso-

ciated with patient adherence to the current standard six-month

treatment regimen for tuberculosis (Ma 2010). Recent clinical tri-

als have investigated the efficacy of newer regimens administered
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for less than six months for the treatment of individuals with drug-

sensitive tuberculosis. A systematic review of these trials will help

guide the understanding of the efficacy and safety of these shorter

regimens among individuals with drug-sensitive pulmonary tuber-

culosis. A previous Cochrane Review by Gelband 1999 concluded

that longer periods of treatment (at least six months) resulted in

higher success rates in individuals with active tuberculosis, but

the improvement compared with regimens administered for less

than six months was small. Another Cochrane Review on the use

of fluoroquinolones in the treatment of tuberculosis, published

in 2013, concluded that there was insufficient evidence to draw

conclusions, but that larger trials investigating short-course fluo-

roquinolone-based regimens were in progress (Ziganshina 2013).

First-line treatment with novel drug combinations administered

for a shorter duration than the current standard six-month treat-

ment regimen will improve treatment outcomes and thereby re-

duce the chances of disease transmission and burden in the pop-

ulation.

O B J E C T I V E S

To evaluate the efficacy and safety of shortened treatment regi-

mens, versus the standard six-month treatment regimen, in indi-

viduals with drug-sensitive pulmonary tuberculosis.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We will include randomized controlled trials (RCTs) and quasi-

RCTs.

Types of participants

Newly diagnosed individuals with pulmonary tuberculosis, as de-

fined by sputum culture positivity, with presumed or proven drug-

sensitive tuberculosis, of all ages. We will also include studies that

included participants diagnosed with tuberculosis using the Xpert

MTB/Rif, a rapid diagnostic test approved by WHO, rather than

by culture. We will include participants irrespective of their HIV

status. We will include studies reporting outcomes in extrapul-

monary cases if the proportion of such cases is less than 10% of

the entire cohort, or if disaggregated data are available.

Types of interventions

Intervention

Treatment regimens of less than six months’ duration including

any antituberculosis drug(s) or combinations thereof (new drugs

or standard antituberculosis drugs at higher than recommended

doses).

Control

The standard first-line therapy for pulmonary tuberculosis, de-

fined as a regimen comprising two months of HRZE and four

months of HR or HRE.

Types of outcome measures

Primary outcomes

• Relapse of tuberculosis, defined as clinical or bacteriological

recurrence within two years of completion of antituberculosis

therapy.

Secondary outcomes

• Death from any cause during antituberculosis therapy or

within one year of treatment completion.

• Rates of discontinuation of therapy at any time point

during treatment.

• Sputum culture/smear positivity at eight weeks, defined as

the proportion of participants who remain smear or culture

positive at the end of eight weeks of therapy.

• Development of secondary drug resistance to

antituberculosis drugs, identified by drug susceptibility testing.

• Treatment failure, defined as persistent or recurrent positive

sputum cultures at the time of treatment completion.

Adverse events

• Serious adverse events, defined as fatal or life-threatening,

or requiring hospitalization or a change in treatment regimen.

• Other adverse events reported by the trial authors, such as

hepatitis, prolongation of the QT interval, hypersensitivity

reactions, thrombocytopenia, peripheral neuropathy, ocular

toxicity, and arthralgia.

Search methods for identification of studies

We will attempt to identify all relevant trials regardless of language

or publication status (published, unpublished, in press, and in

progress).
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Electronic searches

We will search the following databases using the search terms

and strategy described in Appendix 1: Cochrane Infectious Dis-

eases Group Specialized Register; Central Register of Controlled

Trials (CENTRAL), published in The Cochrane Library; MED-

LINE (PubMed); Embase OVID; LILACS (Latin American

and Caribbean Health Science Information database); and Sci-

ence Citation Index-Expanded (Web of Science). We will also

search the website of the Indian Medlars Center (indmed.nic.in)

and the South Asian Database of Controlled Clinical Trials (

cochrane-sadcct.org). We will search the WHO International

Clinical Trials Registry Platform (who.int/ictrp/en/), ClinicalTri-

als.gov (clinicaltrials.gov/ct2/home), the Clinical Trials Unit of

the International Union against Tuberculosis and Lung Disease (

theunion.org/what-we-do/research/clinical-trials), the UK Med-

ical Research Council Clinical Trials Unit (ctu.mrc.ac.uk/), and

the Clinical Trials Registry India (ctri.nic.in/) for trials in progress,

using ’tuberculosis’, ’regimen’, ’shortened’, and ’short’ as search

terms.

Searching other resources

We will search the following conference proceedings for abstracts

of relevant trials: World Congress on TB, World Lung Confer-

ences of the International Union Against Tuberculosis Lung Dis-

ease, American Thoracic Society Meeting Proceedings, and the

British Society for Antimicrobial Therapy. We will contact rele-

vant organizations, including the Global Partnership to Stop TB

and the WHO, for ongoing or completed but unpublished trials.

We will contact researchers and experts in the field of clinical trials

to identify any additional eligible studies. We will also check the

references of all included studies to identify additional relevant

trials.

Data collection and analysis

Selection of studies

Two review authors (AG and AM) will independently screen all

citations and abstracts identified by the search terms and strat-

egy to decide on potentially eligible studies. We will obtain full-

text articles of all the potentially eligible studies. We will scruti-

nize each report of each trial to ensure that multiple publications

from the same trial are included only once. Based on the inclusion

criteria, two review authors (AG and AM) will assess the articles

for inclusion in the review. If eligibility is not clear or if there

are discrepancies, we will resolve them through discussion or by

consulting other review authors (SJ and JT), or by contacting the

trial authors (if needed). We will list the studies we exclude with

the reasons for their exclusion. We will present the study selection

process in a PRISMA flow diagram.

Data extraction and management

Two review authors (AG and AM) will independently extract data

using a pretested data extraction form. We will resolve discrepan-

cies in the extracted data through discussion and by referring to

the original articles. If needed, we will contact the corresponding

author of the publication for further details when the data given

in the article are not clear.

We will extract the following data from the included studies.

• Trial details: publication year, country where the trial was

undertaken, authors, year in which the study was done, study

design, number of participants recruited, inclusion criteria,

exclusion criteria, recruitment sites.

• Baseline characteristics of participants: age, gender,

nutritional status, socioeconomic data, comorbid illnesses,

sputum smear grading, clinical presentation, disease severity,

chest X-ray.

• Intervention and control arms: description of the drugs used

in the trial, drug dosage, route and frequency of administration,

duration of treatment in the intensive and continuation phases.

• Outcomes: we will extract the data for the primary and

secondary outcomes as defined above.

For each outcome, we will extract information on the number

of participants randomized. For dichotomous outcomes, we will

extract the number of participants who experienced the event.

Assessment of risk of bias in included studies

Two review authors (AG and AM) will independently assess the

risk of bias in the trials included in the review using Cochrane’s

‘Risk of bias’ tool in Review Manager 5 (RevMan 5) (RevMan

2014). We will assess each of the included trials for risk of bias

in seven domains: random sequence generation, allocation con-

cealment, blinding of participants and personnel, blinding of out-

come assessment, incomplete outcome data, selective outcome re-

porting, and other potential biases. We will attempt to contact

the trial authors if data are unclear or if any relevant details are

missing. We will resolve disagreements through discussion with a

third review author (JT, SS or PT). For each domain in the ’Risk

of bias’ assessment, we will judge the risk of bias as low, high, or

unclear. We will record our judgements and the support for these

judgements in ’Risk of bias’ tables accompanying the characteris-

tics of each included study, and will summarize the findings in a

’Risk of bias’ summary and graph.

Measures of treatment effect

We will compare dichotomous outcomes using risk ratios as the

primary measure of effect. We will present the measures with 95%

confidence intervals.
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Unit of analysis issues

When a multiarm study contributes multiple comparisons to a

particular meta-analysis, for dichotomous data we will split the

‘shared’ group data appropriately to avoid double counting.

Dealing with missing data

We will contact the trial authors to obtain missing or when data

are insufficient. We will aim to carry out a complete case analysis

where data are missing. We will explore the potential effects of

missing data through a series of sensitivity analyses. As a sensitivity

analysis, we will carry out a best-worst case analysis (the ‘best-

case’ scenario is that all participants with missing outcomes in the

experimental intervention group had good outcomes, and all those

with missing outcomes in the control intervention group had poor

outcomes; the ‘worst-case’ scenario is the converse).

Assessment of heterogeneity

We will assess heterogeneity among the trials by inspecting for-

est plots for inconsistency in the magnitude or direction of the

effect estimates, with non-overlapping confidence intervals. We

will apply the Chi2 test with a 10% level of statistical significance

to detect inconsistencies in study results that exceed chance, and

also use the I2 statistic with a value of 50% or greater denoting

significant heterogeneity in the results (intertrial variability that

exceeds random error). However, if an opposite direction of effect

estimates and gross non-overlapping of confidence intervals of in-

dividual trials are observed, we may lower the acceptable level of

heterogeneity to an I2 statistic of 30%.

Assessment of reporting biases

If 10 or more trials are included in a meta-analysis, we will evaluate

the possibility of publication bias by constructing funnel plots.

Data synthesis

We will analyse the data using RevMan 5 (RevMan 2014) and will

group the trials according to comparisons. We will perform meta-

analysis if there are more than two trials in any comparison. We

will use a fixed-effect model to combine the data unless significant

heterogeneity (I2 statistic ≥ 50%) is present, in which case, if ap-

propriate, we will use a random-effects model. If meta-analysis is

not appropriate, we will present the data in the text and in tables,

and provide narrative summaries. We will assess the quality of the

evidence for the outcomes that are important for clinical decision

making (treatment failure, relapse, death from any cause, adverse

events, and the development of drug resistance at any point after

the initiation of anti-tuberculosis therapy) using GRADE prin-

ciples. We will construct ’Summary of findings’ tables using the

GRADEpro Guideline Development Tool to guide our interpre-

tation of results and conclusions (GRADEpro GDT).

Subgroup analysis and investigation of heterogeneity

If we identify significant heterogeneity, we will explore potential

sources by carrying out the following subgroup analyses for the

primary outcome measures: age (children and adults), HIV status

(positive and negative), and category of shortened treatment reg-

imen (fluoroquinolone-based and non-fluoroquinolone-based).

Sensitivity analysis

We will perform sensitivity analyses if there are sufficient data

(that is, at least 10 trials are available). We will conduct sensitivity

analyses to examine the impact of ’Risk of bias’ components on

the results.
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A P P E N D I C E S

Appendix 1. MEDLINE (OVID) search strategy

Search set MEDLINE (OVID)1

1 tuberculosis or TB.mp

2 Tuberculosis [Mesh]

3 1 or 2

4 moxifloxacin or levofloxacin or gatifloxacin or rifamycins or rifabutin or rifapentineor bedaquiline or delamanid or

pretomanid. mp

5 “Antitubercular Agents”[Mesh] OR “Diarylquinolines”[Mesh] OR “Antibiotics, Antitubercular”[Mesh] or “Fluoro-

quinolones”[Mesh]

6 diarylquinolin* or TMC 207-BDQ or nitroimidazol* or PA 824- pretomanid or oxazolidinon* or LZD or ethylenedi-

amin* or SQ 109.mp

7 4 or 5 or 6

8 regimen* OR short OR shortened OR months OR dose OR dosing OR schedule* [Title/abstract]

9 “Drug Administration Schedule”[Mesh]

10 “Medication Therapy Management”[Mesh]

11 “Time Factors”[Mesh]

12 8 OR 9 OR 10 OR 11

13 3 AND 7 AND 12ˆ

1We will use search terms in combination with the search strategy for retrieving trials developed by the Cochrane Collaboration

(Lefebvre 2011).

This is the preliminary search strategy for MEDLINE (OVID). We will adapt it for use with other electronic databases. We will report

all search strategies in full in the final version of the review.
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