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Annex 1.
Methods for evidence reviews and modelling
Questions for the 2011 update of the Guidelines for the programmatic
management of drug-resistant tuberculosis (for Outcomes please see
Table 2 in the main text of the Guidelines)
1. At what prevalence of MDR-TB in any group of TB patients is rapid drugsusceptibility testing warranted to detect resistance to rifampicin and isoniazid
or rifampicin alone on all patients in the group at the time of TB diagnosis, in
order to prescribe appropriate treatment at the outset?*
2. Among MDR-TB patients receiving appropriate treatment in settings with
reliable direct microscopy, is monitoring using sputum smear microscopy
alone rather than smear and culture, more or less likely to lead to the outcomes
listed in Table 2 of the guidelines?**
3. When designing regimens for patients with MDR-TB, is the inclusion of
specific drugs (with or without documented susceptibility) more or less likely
to lead to the outcomes listed below?***

5. In patients with MDR-TB, is shorter treatment, compared with the duration
currently recommended by WHO, more or less likely to lead to the outcomes
listed in Table 2 of the guidelines?***
6. In patients with HIV infection and drug-resistant TB receiving antiretroviral
therapy, is the use of drugs with overlapping and potentially additive toxicities,
compared with their avoidance, more or less likely to lead to the outcomes
listed in Table 2 of the guidelines?****
7. Among patients with MDR-TB, is ambulatory therapy compared with inpatient
treatment, more or less likely to lead to the outcomes listed in Table 2 of the
guidelines?*****
Reviewers of evidence
* Menzies D and Oxlade O, McGill University, Montreal, Quebec, Canada
** Mitnick C. D. et al, Harvard University, Boston, Massachusetts, United States
*** Menzies D and Bauer M, McGill University, Montreal, Quebec, Canada
**** Arentz M et al, University of Washington and University of California (San Francisco), United States
***** Fitzpatrick C et al, Stop TB Dept, Geneva, Switzerland
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4. When designing regimens for patients with MDR-TB, is the inclusion of fewer
drugs in the regimen (depending on the drug used, the patient’s history of its
use and isolate susceptibility) more or less likely to lead to the outcomes listed
in Table 2 of the guidelines?***
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1. At what prevalence of MDR-TB in any group of TB patients
is rapid drug-susceptibility testing warranted to detect
resistance to rifampicin and isoniazid or rifampicin alone on
all patients in the group at the time of TB diagnosis, in order
to prescribe appropriate treatment at the outset?

Descriptions of models and data

Overview
Hypothetical cohorts of newly diagnosed cases of sputum smear-positive active TB
were followed through initial treatment and retreatment (if necessary). Failures and
relapses of retreatment were given no further treatment. Two settings were examined:
no HIV and high HIV (HIV in active TB cases = 50%). In each setting, the cohort was
stratified by HIV status (if appropriate) and underlying initial drug resistance. Three
different initial drug resistance profiles were considered: (i) low MDR-TB and high
mono-isoniazid; (ii) high MDR-TB and high mono-isoniazid; and (iii) high MDR-TB
and low mono-isoniazid. Specific point estimates of initial prevalence of drug resistance
were taken from specific countries that most closely match these scenarios, namely
(i) Cambodia, (ii) the Russian Federation and (iii) South Africa. These scenarios are
summarized in Table 1.
Table 1. Initial drug resistance scenarios considered in primary analysis
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Drug resistance scenario
(country used for point
estimates)
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Initial drug resistance (%) (data from 4th annual WHO report (1))
Susceptible

Mono-H

Mono-R

Mono-E

Mono-S

PDR

MDR

low MDR-TB and high
mono-H (Cambodia)

89.7%

4.7%

0.5%

0.0%

3.3%

1.8%

0%

high MDR-TB and
high mono- H (Russian
Federation)

64.7%

2.3%

0.2%

0.0%

7.2%

10.6%

15%

high MDR-TB and low
mono-H (South Africa)

92.1%

2.6%

0.3%

0.0%

1.7%

1.5%

1.8%

H = isoniazid; R = rifampicin; E = ethambutol; MDR = multidrug-resistance; PDR = polydrug-resistance, defined
as a case with resistance to two or more drugs, but not to rifampicin (i.e. any resistance to rifampicin was grouped
with MDR); S = streptomycin
Note: In all models, all single drug resistance and poly drug resistance was grouped together and considered as
mono-H resistance, except mono-R which was grouped with MDR

We considered two broad groups of drug sensitivity tests (DST) that are WHO
endorsed–based on how quickly results are obtained. These are traditional cultures and
DST on solid media (such as LJ)–which provide results after 3 months, and rapid tests–
considered all tests which can provide results within 2 weeks or less. These include
culture based tests such as MODS or TLA or automated liquid culture systems using
direct cultures. Rapid tests also include amplification tests such as the Line Probe
Assay or the GeneXpert, which provide results within 1-2 days. We did not consider
these rapid tests individually, as we considered that the difference in providing results
between one and 14 days to be clinically non-significant. Among the rapid tests we
considered separately tests that provide results for R only and tests that can detect both
H and R resistance. As well, we compared outcomes if the rapid DST was applied pretreatment to all patients, or only for those who were still smear-positive after 2, 3 or
5 months of treatment. We also considered rapid DST for all patients who failed or
relapsed–prior to retreatment.
For each type and timing of DST scenario, and each drug resistance setting, 1000 newly
diagnosed active cases were followed through multiple courses of treatment. In each
scenario we assumed that once DST was done, treatment was guided by, and appropriate
for, each result. It was only when DST was not done (or the acquisition of drug resistance
occurred after the DST has been done) that patients could be inappropriately treated.
Depending on the scenario, and type of drug resistance detected, two complete courses
of treatment were administered. The treatment regimens used in each DST scenario are
described below in more detail.

Models were developed using decision analysis models and TreeAge Professional
software. No discounting of outcomes and costs was applied, as the time frame of the
analysis was limited to a single round of initial treatment and retreatment (if necessary).

Treatment regimens
Initial treatment regimens and outcomes without drug susceptibility
testing
When DST was not performed, patients received the WHO recommended standard
initial regimen (2HRZE/4HR). During initial treatment new cases can cure, die or fail.
Cases that cure can subsequently relapse. Default is not explicitly included as separate
treatment category; however, treatment outcomes have been adjusted to take default
rates into account. For HIV negative cases, except for those with underlying MDR,
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Outcomes predicted by the model include cure, failure, relapse, death, and acquired
drug resistance. Disability adjusted life years (DALYs) were also predicted. Cost
outcomes estimated include total costs for each DST strategy, cost per MDR-TB case
prevented, cost per TB related death averted and cost per DALY averted. Transmission
and subsequent secondary cases were not estimated.
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the proportion of the hypothetical cohort that die during initial treatment is based
on the most recent WHO global data (2). HIV uninfected MDR cases have the same
spontaneous cure rate as untreated cases–25% (3), and annual mortality of 33% (4),
since they are effectively untreated. Failure and relapse rates vary based on underlying
drug resistance, according to a recent systematic review and meta-analysis of published
randomized trials (5, 6). Cases with underlying mono-H resistance or MDR have an
increased likelihood of failure, relapse, death and acquired drug resistance as shown in
table 2a.
Table 2a. Treatment outcomes after standardized initial treatment by underlying
drug resistance
Cure
DS
96.2%

Fail

Mono-H MDR
93.4%

25%

DS
0.3%

Mono- H MDR
3.1%

Death during initial
treatment (6 months)

Relapse after cure
DS

58.5% 3.1%

Mon-o H

MDR

DS

6.6%

2.5%/yr

3.5%

Mono- H MDR
3.5%

16.5%

DS = drug sensitive; H = isoniazid; MDR = multidrug-resistance

Sources of data for drug-sensitive and mono-H treatment outcomes:
t Failure and Relapse (5) (6)
t Death: adapted from: WHO Global Report 2009 (1): Figure 1.26: Treatment outcomes
for HIV-positive and HIV-negative patients
t Cure – complementary value (meaning 100% – [Failure + Death])
Sources of data for MDR treatment outcomes:
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t
t
t

4

Fail – complementary value
Relapse (3, 7)
Death – as if untreated (data from pre-antibiotic era) (4)
Cure – equivalent to spontaneous resolution)(3)

Retreatment regimens and outcomes with no DST
If DST was not performed for cases who are smear-positive at 5 months or relapses,
all failures or relapses after treatment completion (regardless of underlying drug
resistance) received WHO standardized retreatment (“Category 2” which is
2SHRZE/1HRZE/5HRE). Retreatment outcomes varied according to underlying drug
resistance as shown in table 2b. Cases with mono-H resistance or MDR had worse
retreatment outcomes. Failures and relapses of standard retreatment were assumed to
receive no further treatment.

Table 2b. Treatment outcomes after retreatment by underlying drug resistancea
Cure
DS
93.7%

Fail

Mono-H MDR
90.9%

0

DS
0.3%

Relapse after cure

Mono-H MDR
3.1%

DS

78% 3.1%

Mono-H
6.6%

MDR

Death during retreatment (8 months)
DS Mono- H MDR

2.5%/yr 6%

6%

22%

a

Sources of data: as per initial treatment
DS = drug sensitive; H = isoniazid; MDR = multidrug-resistance

Initial and retreatment regimens and outcomes following drug
susceptibility testing
If DST was performed, patients received an appropriate regimen once the DST results
are available. Patients with drug sensitive (DS) TB continued the WHO recommended
standard initial regimen. Patients with mono-H resistant TB start (or restart-depending
on the timing of DST) a 6-month regimen in which isoniazid (H) was replaced by
levofloxacin throughout (2LfxRZE/4LfxR). Patients with MDR received a standardized
24 month regimen (6 Amikacin-Cs-Eth-Lfx-PZA-EMB/ 18 Cs-Eth-Lfx-PZA-EMB). If
DST was performed prior to or during initial treatment and mono-H is detected, then
for those who relapse or fail after the Levofloxacin regimen then they receive a standard
retreatment regimen. Failures and relapses of standard retreatment were assumed to
receive no further treatment. If MDR was previously detected and standardized MDR
treatment given,patients will not have further treatment, even if they fail or relapse. The
regimens given to different types of cases are summarized in Table 3.

Initial drug resistance

Initial regimen

Retreatment regimen

Drug sensitive

Standard WHO 6-month
initial regimen: 2HRZE/4HR

WHO Cat II
retreatment regimen:
2SHRZE/1HRZE/5HRE

Detected mono-isoniazid resistance As above, with Lfx replacing H. WHO Cat II
2LfxRLZE/4LfxR
retreatment regimen:
2SHRZE/1HRZE/5HRE
Detected multidrug-resistance

Standardized WHO MDR 24
month regimen. 6 AmikacinCs-Eth-Lfx-PZA-EMB/ 18
Cs-Eth-Lfx-PZA-EMB

No retreatment

Treatment outcomes for mono-H cases treated with levofloxacin are assumed to be
the same as those shown for drug sensitive cases given the WHO initial regimen
(as per Table 2a). Retreatment outcomes are the same as those shown for mono-H
cases in Table 2b. Treatment outcomes for MDR cases under appropriate therapy are
summarized below in Table 4.
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Table 3. Summary of initial and retreatment regimens following drug
susceptibility testing
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Table 4. Treatment outcomes for detected cases of multidrug-resistance (MDR) on
standardized MDR treatment
Cure

Fail

Relapse after cure

Death during treatment

67%

20%

3%

13%

HIV infection
The setting of South Africa was used to demonstrate the impact of HIV on predicted
outcomes. Models were modified and results rerun with 50% of TB cases being infected
with HIV. We assumed that the ability of each test to detect drug resistance will be
the same in HIV positive or negative cases. We also assumed that during initial and
retreatment treatment outcomes, other than death (see below), and including acquired
drug resistance are the same for HIV positive and negative cases. These and other major
assumptions in the model are summarized in Section titled Model Assumptions.
Death rates are assumed to differ between HIV positive and negative TB cases,
particularly HIV cases with undetected MDR who will have higher mortality than HIV
negative cases treated with inadequate regimens. Death rates for HIV positive cases
with underlying DS and mono-H disease were obtained from WHO Global report
2009 (Figure 1.26. Treatment outcomes for HIV-positive and HIV-negative patients)
(2). Undetected coinfected MDR cases are assumed to have 100% mortality and thus
have no chance to spontaneously cure. Failure and relapse rates for HIV positive cases
are assumed to the same as HIV negative cases, however they are adjusted for the higher
mortality in HIV positive cases.
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When MDR is detected in HIV positive cases, and co-infected cases are started on the
standardized MDR regimen, the cure rate is assumed to be 29% (based on data from
Galvani et al. ). The remainder of coinfected cases are assumed to die.
ART is not explicitly modelled, but taken into account by using treatment outcomes
taken from settings where ART is provided. Costs associated with ART are not
considered
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Underlying initial drug resistance
In each setting, patients are stratified according to 3 different drug resistance profiles. The
3 initial drug resistance profiles were selected to represent 3 different country specific
scenarios. Countries selected and their corresponding initial drug resistance profile (as
reported by WHO (1)) are as follows: (i) Cambodia – high mono-H resistance (9.8%)
and low MDR (0.5%); (ii) South Africa – low mono-H resistance (5.8%) and mid-range
MDR (2.1%); and (iii) and the Russian Federation – high mono-H resistance (20.1%)

and high MDR (15.2%) (see Table 1). In all models, drug resistance was categorized
as follows: susceptible to all; mono-isoniazid (H) resistance; or multidrug-resistance
(MDR), defined as resistance to at least isoniazid (H) and rifampicin (R). All other
mono-drug resistance and poly-drug resistance (PDR) was grouped with mono-H
resistance, except mono-rifampicin (R) resistance, which was grouped with MDR. This
simplification is for two reasons. First, it makes model construction and interpretation
easier. More importantly, we are only modelling the detection of H and/or R resistance.
Hence treatment can not be adjusted in the presence of other resistance, so in all models
these forms of resistance will receive the same management. Mono-R was considered
the same as MDR because the key determinant of outcomes in MDR is the R resistance.

Modelling the acquisition of drug resistance
Cases with undetected underlying drug resistance that are not treated appropriately can
acquire additional drug resistance during each course of treatment (8). Data on rates of
acquisition of drug resistance for cases undergoing initial or retreatment with different
categories of underlying initial drug resistance are taken from recent systematic reviews
(5, 6, 9). Tables 5 and 6 provide a summary of acquisition of drug resistance rates.
Cases with undetected mono-H resistance can acquire MDR during standardized
initial and retreatment. If there is a delay in performing DST, or obtaining DST results,
then cases can also acquire resistance during that interval while being treated with the
standardized initial regimen, particularly if they have H-mono-resistance. Other forms
of drug resistance are not considered, nor whether the resistance pattern of MDR-TB
could be further worsened (amplified) by standardized initial and retreatment, since
we are considering tests that detect H and R only. These assumptions hold for all cases,
regardless of HIV status.

Initial drug resistance category

Probability of drug resistance among failures after treatment
Sensitive (%)

Mono-H (%)

MDR (%)

Sensitive to all

38.5

44.2

17.3

Mono-H

–

0

100.0

a
Derived from published reviews (5, 9); these estimates are from additional secondary analysis that
were not published.
H = isoniazid; MDR = multidrug-resistance
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Table 5a. Probability of failures acquiring drug resistance after a standardized
6-month regimen, by initial drug sensitivitya
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Table 5b. Probability of relapses having different types of drug resistance after a
standardized 6-month regimen, by initial drug sensitivity a
Initial drug resistance category

Probability of drug resistance among relapses after treatment
Sensitive (%)

Mono-H (%)

MDR (%)

Sensitive to all

94.1

3.7

2.3

Mono-H

–

100

0

a

Derived from published reviews (5, 9); these estimates are from additional secondary analysis that
were not published.
H = isoniazid; MDR = multidrug-resistance

Table 6a. Probability of failures with mono-isoniazid (H) resistance, treated with
levofloxacin, or standard retreatment acquiring multidrug-resistance a
Initial drug resistance category

Probability of drug resistance among failures after treatment

Mono-H (receiving levofloxacin
regimen and standardized
retreatment)
a

Mono-H (%)

MDR (%)

82.7

17.3

Rates as per drug sensitive in Table 5a.

Table 6b. Probability of relapses with mono-isoniazid (H) resistance, treated with
levofloxacin, or standard retreatment acquiring multidrug-resistance (MDR)a
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Initial drug resistance category
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Probability of drug resistance among relapses after treatment

Mono-H (receiving levofloxacin
regimen and standardized
retreatment)
a

Mono-H (%)

MDR (%)

97.7

2.3

Rates as per drug sensitive in Table 5a.

Interventions for drug susceptibility testing

Use and type of drug susceptibility testing
Three types of DST, all performed pre-treatment, were compared to status quo scenario:
1. Status quo scenario: no DST and all patients receive the same standardized treatment
2. Solid DST: DST detecting R and H and performed in all patients at the time of
diagnosis. Results obtained in 3 months. Appropriate treatment delayed for 3
months.

3. Rapid DST: DST detecting R only and performed in all patients at the time of
diagnosis. Results and appropriate treatment immediate (as above all tests providing
results within 2 weeks were considered as rapid tests).
4. Rapid DST: DST detecting R and H and performed in all patients at the time of
diagnosis. Results and appropriate treatment immediate.
For all 3 types of DST the tests were assumed to have 100% sensitivity and specificity
for H and/or R resistance (100% accuracy), regardless of HIV status. No other drug
resistance is detected.

Timing of drug susceptibility testing
In order to weigh the benefits and costs of performing DST in more patients, against
the risks from delaying appropriate therapy, four time points of test administration
were evaluated only for the use of a rapid DST test detecting R and H.
1. Baseline – Rapid DST (detecting H and R) is performed prior to starting initial
treatment: In this scenario, all 1000 cases will incur the cost of the DST test.
Treatment to all patients will be given appropriately based on DST.

3. Rapid DST (detecting H and R) performed only if smear-positive after 3 months
of treatment. Only 8% of patients will be smear-positive after 3 months and
need DST, however outcomes will be even worse for those with underlying drug
resistance.
4. Rapid DST (detecting H and R) performed only if smear-positive after 5 months
of treatment. Only failures will be smear-positive, so DST will be needed for
only 4–8%; however, outcomes will be much worse.
5. Rapid DST (detecting H and R) performed only if smear-positive after 5 months
treatment (failures), or with relapse after treatment (i.e. all retreatment cases
have DST). Defaulters are taken into account through treatment outcomes, but
are not explicitly modelled. DST will be needed for 10–20% (10) of all patients
who are treated. Treatment outcomes during initial treatment will be worse for
those with H-R or MDR. Those with underlying mono-H resistance may have
acquired further resistance, and those with MDR may have died.
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2. Rapid DST (detecting H and R) performed only if smear-positive after 2 months
of treatment. In this scenario, only 18% of patients will be smear-positive after 2
months, and thus fewer will require DST. However appropriate treatment will be
delayed and treatment outcomes will be less favorable for those with underlying
H-R or MDR. Those with underlying mono-H resistance may have acquired
further resistance, and those with MDR may have died.
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Costs to the health system
The direct costs considered in this analysis include the test cost for DST, drug costs,
as well as DOT and medical follow up health-system costs associated with initial,
retreatment, H-R and MDR regimens. DST costs used in the analysis were derived
from county specific data provided by Hojoon Soon from FIND/McGill University.
DST costs are summarized in Table 7.
Table 7. Cost of drug susceptibility testing (DST) test
DST strategy

Cost of test (US$)

No DST

–

Solid DST

20

Rapid HR

40

Rapid R

40

HR = isoniazid plus rifampicin; R = rifampicin

In sensitivity analysis the cost of the DST tests was varied in order to estimate the
impact of different costs for the rapid tests as these costs are still not well established.
The details of this and other sensitivity analyses are described in the Section titled
Sensitivity analyses.
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Drug costs for each treatment regimen were calculated using individual drug costs
provided by the drug procurement agency the Global Drug Faculty (11). Unit cost for
DOT and medical follow up were obtained from a recent survey of health-system costs
in Brazil (12). These unit costs were extrapolated for the 6-month initial treatment
regimen, 8 month retreatment regimen and standard MDR treatment regimens. All of
these direct health-system costs are summarized in Table 8 below.
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Costs were originally obtained from direct surveys conducted in Brazil, but are assumed
to be appropriate for South Africa in this analysis, as the GDP per capita (PPP) for the
two countries were almost identical in 2007 (13).

b

a

6mth

8mth

6mth

24mths

Initial
standardized

Retreatment
standardized

H-R regimensubstitute
Quinolone for H

Standardized
MDR

$22.70

$22.70

$22.70

$22.70

2RHZES/1RHZE/5RHE
blisters, water for inj, 2
syringes = $29.43

Initial regimen, with
Levoquin (Lfx)
2RLfxZE/4RLfx = $43.33

6Cm/18CsLfxEthPAS no
syringe, no water for inj
= $2,118.79

Single visit to
doctor (2007 USD)

2RHZE/4RH blisters =
$16.62

Regimen costa

24

6

8

6

# of visits to doctor per
regimen (1 per month)

$7.52

$7.52

$7.52

$7.52

Single DOT costb
(2007 USD)

=5 visit /wk for 26 wks
(injectable)
=130 injectable visits
=5 visit /wk for 70 wks
=350 non injectable visits
Total=480 visits

=5 visit /wk for 8.7 wks
=3 visit /wk for 17.3 wks
Total=95 visits

=5 vst/wk for 8.7 wks (injectable)
=44 injectable visits
=5 visit /wk for 4.3 wks
=3 visit /wk for 21.7 wks
=87 non injectable visits
Total=131 visits

=5 visit/wk for 8.7 wks
=3 visit /wk for 17.3 wks
Total=95 visits

# of DOT visits per regimen
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GDF costs–estimated by Thomas Moore, staff member of GDF
Data obtained from survey of health-system costs conducted in Rio de Janeiro, Brazil, 2007 (12). Costs were originally obtained from direct surveys conducted in Brazil,
but are assumed to be appropriate for South Africa, as the GDP per capita (PPP) for the two countries was almost identical in 2007 (13).

Duration
of regimen

Regimen

Table 8. Details of regimens and associated costs (USD$ 2007) of treatment and costs to the health system
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$7250

$894

$1527

$867

TOTAL healthsystem cost

Incorporating disability-adjusted life-years
The health impact of disability associated with any disease or injury is summarized by
the disability-adjusted life-year (DALY), a metric that combines the burden of mortality
and morbidity (non-fatal health problems) into a single number (14). Regardless of
the characteristics (e.g. sex, race) of the population under consideration, a “disability
weight” is generated for everyone living in a year in a specified health state.
A disability weight is a weight factor that reflects the severity of the disease on a scale
from 0 (perfect health) to 1 (equivalent to death). In most situations, disabilities with a
larger impact have a larger disability weight. The disability weights used for the Global
Burden of Disease estimates for 2004 for active Tuberculosis was 0.271 (with a range of
0.264 to 0.294 with different ages) (14).
Evidently, DALY is usually used as a negative concept, where a larger DALY equates
to a larger burden of disease. However, in cost-effectiveness studies, the effectiveness
measure is a positive concept where a larger value is better. As such, WHO recommends
that the complement of the disability weights are used in cost-effectiveness studies, such
that “perfect health” is valued at 1 and “death” is valued at 0. In this way, the positive
health impact of an intervention compared with another is expressed as DALYs averted
(15).
An example is provided below to illustrate how DALYs are calculated:

Annex 1

For an individual who lived for 40 years with perfect health (complement of disability
weight = 1) and 10 years with TB (complement of disability weight = 1- 0.271 = 0.729),
the estimated number of DALYs would be (40 x 1) + (10 x 0.729) = 47.29. Now, suppose
TB treatment was given to the individual, they cured after 2 years, and the individual
died at the age of 80 from a non-TB related cause. In this scenario, the person would
live for 78 years with perfect health and only 2 years with active TB, which is equivalent
to 79.458 DALYs. Consequently, 79.458 – 47.29 = 32.168 DALYs were averted by
providing the TB treatment.
DALYs are provided as an additional outcome for all base case scenarios and some
sensitivity analyses.
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Description of scenarios

Primary analysis
A brief description of each scenario considered is provided below. A summary of the
treatment regimens given pre- and or post- DST, but underlying drug resistance are
provided in Table 9 at the end of this section.

a. Scenario 1 – Status quo
No DST conducted. All cases given standard initial and standard retreatment regardless
of underlying drug resistance.
b. Scenario 2 – Testing for isoniazid and rifampicin susceptibility on solid media
(solid DST)
All cases are given DST, which detects R and H resistance, at the time of diagnosis.
However there is a 3-month delay before DST results are obtained, so treatment with
standard initial treatment is given, while awaiting results. Once DST results are obtained
cases that were initially mono-H are restarted on a 6-month regimen containing
levofloxacin (2LfxRZE4LfxR) and those that initially had MDR are switched to the
standard 24-month MDR treatment. Any acquired drug resistance during the 3-month
standardized initial regimen will not be detected; hence these patients are treated based
on their drug resistance at the time of the DST (i.e. initial drug resistance). Those with
DS or Mono-H who fail, or relapse will receive standardized retreatment. Those who
had initial MDR were given the MDR regimen. If MDR cases fail or relapse after MDR
treatment, no further treatment is given.
c. Scenario 3 – Rapid test that detects R resistance only
All cases given DST at the time of diagnosis, which detects R resistance only. All cases,
except those with R resistance, would be given a standardized initial and retreatment
regimen. For those cases with R resistance, the standard MDR regimen would be given.

All cases given DST at time of diagnosis, which detects R and H resistance. Drug sensitive
cases are given standard initial therapy, mono-H cases are given the levofloxacin
regimen and MDR cases are given the standard MDR regimen. Drug sensitive and
mono H cases that fail or relapse are given standardized retreatment. If MDR cases fail
or relapse after MDR treatment, no further treatment is given.

Timing scenarios – secondary analysis
e. Scenario 5a – Perform rapid HR DST- if smear-positive after 2 months of
treatment
All cases are first given a standardized regimen for 2 months. A rapid DST is performed
only for those who are still smear-positive after 2 months treatment. Mono-H cases
are then switched to the levofloxacin regimen, and MDR cases to the standard MDR
regimen. Those who have acquired drug resistance during the first two months will
be detected and put on appropriate therapy. Standardized retreatment is given to any
who fail or relapse, except MDR patients that receive standard MDR therapy–and no
further therapy if they fail or relapse. ADR that develops after the two months DST, or
during subsequent retreatment is not detected.

Annex 1

d. Scenario 4 – Rapid test with DST that detects H and R resistance

13

f. Scenario 5b – Perform rapid HR DST- if smear-positive after 3 months of
treatment
All cases are first given a standardized regimen for 3 months. A rapid DST is then
performed only for those who are still smear-positive after 3 months of treatment.
Mono-H cases are switched to a levofloxacin regimen, and MDR cases to a standard
MDR regimen. Those who have acquired drug resistance during the first 3-month
treatment will be detected and put on appropriate therapy. Those that fail or relapse
subsequently receive standardized retreatment, except MDR patients who fail or relapse
after standard MDR therapy do not get any further treatment. ADR that develops after
the first 3 months, or during subsequent retreatment is not detected.
g. Scenario 5c – Delay rapid HR DST until 5 months post diagnosis – failures only
All cases are started on standardized initial therapy. A rapid test is then performed on
those who are still smear-positive at 5 months time (i.e. failures). Once DST is done,
mono H cases are switched to a levofloxacin regimen, and MDR cases changed to a
standard MDR regimen. Those who have acquired drug resistance during the partial
regimen will be detected and put on appropriate therapy. DS cases (there will be
very very few) receive standardized retreatment. ADR that develops during Levo or
retreatment is not detected.
h. Scenario 5d – Delay test until 5 months post diagnosis – failures and relapses
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All cases started on standardized initial therapy. A rapid test performed on those who are
smear-positive at 5 months time (i.e. failures) and all relapses. Once DST is done those
with DR switched to appropriate regimen. Mono-H cases are switched to a levofloxacin
regimen, and MDR cases to a standard MDR regimen. Those who have acquired drug
resistance during the initial treatment will be detected and put on appropriate therapy.
DS cases (there will be very few) receive standardized retreatment. ADR that develops
during levofloxacin or retreatment is not detected.
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2.Remainder of
standard initial tx
3.Standard retx
2.Remainder of
standard initial tx
3.Standard retx
2.Standard retx

2.Standard retx

1. Standard initial tx

1. Standard initial tx

1. Standard initial tx

1. Standard initial tx

5a. Rapid HR- 2 mths

5b. Rapid HR- 3 mths

5c. Rapid HR- 5 mths- Failures only

5d. Rapid HR- 5 mths- Failures and
relapses

1. Standard initial tx

2.Levofloxacinb

1. Standard initial tx

2.Levofloxacina
3.Standard retx

1. Standard initial tx

1. Standard initial tx

2.Levofloxacina
3.Standard retx

For Failures:
2.Levofloxacinb
For Relapses:
2. Standard retx

N/A

Annex 1

N/A

1. Standard initial tx

1. Standard initial tx
2. Standard retx

Pre-DST

1.Levofloxacin
2.Standard retx

DS = drug sensitive; DST = drug susceptibility testing; HR = isoniazid plus rifampicin; MDR = multidrug-resistance
a
Mortality with levofloxacin regimen is 0% because we assumed that all deaths would occur during the first round of initial treatment
b
Mortality with levofloxacin as second regimen is 6%, so it is comparable with retreatment

1. Standard initial tx

1. Standard initial tx

1. Standard initial tx

1. Standard initial tx

N/A

1.Standard initial tx
2.Standard retx

N/A

4. Rapid HR

1.Levofloxacin
2.Standard retx

N/A

1.Standard initial tx
2.Standard retx

N/A

3. Rapid R

1.Levofloxacin
2.Standard retx

1. Standard initial tx

Post-DST

2.Remainder of
Standard initial tx
3.Standard retx

1. Standard initial tx

2. Solid DST

Pre-DST
N/A

Post-DST

Mono-H

1. Standard initial tx
2. Standard retx

N/A

1. Standard initial tx
2. Standard retx

Pre-DST

DS

1. Status Quo- No DST

Scenario

Table 9. Summary of regimens by drug resistance and scenario for drug susceptibility testing
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Post-DST

2. Standardized MDR

For Failures:
2.Standardized MDR
For Relapses:
2.Std Retx

2.Standardized MDR

2.Standardized MDR

1.Standardized MDR

1.Standardized MDR

2. Standardized MDR

N/A

MDR

Model costs (US$) by strategy
a. Strategy 1 – Status quo
Costs for DS, mono H, MDR:
t for those who die during initial treatment- get 2 months of costs of standard
initial regimen= $289.07
t all cases that survive get full cost of standard initial regimen- $867.22
t all cases that fail or relapse after initial treatment get full cost of retreatment
regimen- $1527.03
b. Scenario 2 – Testing for isoniazid and rifampicin susceptibility on solid media
(solid DST)

Annex 1

DS:
t all cases get DST cost at time of diagnosis =20$
t those who die during first 3 months of treatment get 2months of costs for
drug sensitive regimen (assume death happens at end of first 2 months of
treatment)= $289.07
t those who survive get full cost of drug sensitive regimen =$867.22
t all drug sensitive failures and relapses of initial therapy get cost of full second
regimen= $1527.03
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mono-H:
t all cases get DST cost at time of diagnosis = 20$
t those who die during partial therapy get 2 months of costs for drug sensitive
regimen (assume death happens at end of first 2 months of treatment)= $289.07
t those who survive and H resistance is detected get partial cost of drug sensitive
regimen (ie 3 months)= $433.61 and then switch to Levofloxacin regimen =
$893.93
t if H resistance is not detected get remainder of drug sensitive regimen
cost=$433.61
t all mono H failures and relapses of initial therapy get std retreatment cost
=$1527.03
MDR:
t all cases get DST cost at time of diagnosis = 20$
t those who die during partial therapy get 2 months of costs for drug sensitive
regimen= $289.07
t those who survive get partial cost of drug sensitive regimen (ie 3 months)=
$433.61, and then switch to standard MDR regimen =$ 7250.79
c. Scenario 3 – Rapid test that detects R resistance only
DS:
t all cases get cost of DST test=40$
t for those who die during initial treatment- get 2 months of costs of standard
initial regimen= $289.07

t all drug sensitive cases that survive get standard initial regimen= $867.22
t all drug sensitive cases that fail or relapse after initial treatment get standard
Retreatment regimen= $1527.03
mono-H:
t all cases get DST cost = 40$
t for those who die during initial treatment- get 2 months of costs of standard
initial regimen= $289.07
t all mono-H cases that survive get std initial regimen: $867.22
t all mono-H cases that fail or relapse after initial treatment get full cost of
retreatment regimen: $1527.03
Initial MDR:
t all cases get DST cost at time 0 = 40$
t for those who die during treatment- get 2 months of costs of standard MDR
regimen= 625$
t all MDR cases that survive get full cost of standard MDR regimen =$ 7250.79
d. Scenario 4 – Rapid test with DST results for isoniazid and rifampicin

mono-H:
t all cases get DST cost = 40$
t for those who die during initial treatment- get 2 months of costs of Levofloxacin
regimen=298$
t all mono H resistant cases that survive full get cost of Levofloxacin regimen=
$893.93
t all mono H failures and relapses of initial therapy get std retreatment cost
=$1527.03
MDR cases:
t all cases get DST cost = 40$
t for those who die during treatment- get 2 months of costs of standard MDR
regimen= 625$
t all MDR cases that survive get full cost of standard MDR regimen =$ 7250.79
e. Scenario 5 –: Delay test until 2 months post diagnosis
DS:
t cases that survive until 2 months of therapy and still smear-positive get cost of
DST test =40$
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DS:
t all cases get cost of DST test=40$
t for those who die during initial treatment- get 2 months of costs of standard
initial regimen= $289.07
t all drug sensitive cases that survive get standard initial regimen= $867.22
t all drug sensitive cases that fail or relapse after initial treatment get standard
Retreatment regimen= $1527.03
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t for those who die during partial- get 2 months of costs for DS regimen=
$289.07
t those who survive get full cost of drug sensitive regimen =$867.22
t all living DS failures and relapses of initial therapy get cost of full second
regimen= $1527.0
mono-H:
t cases that survive until 2 months of therapy and still smear-positive (more
Mono-H will be smear pos than DS cases) get cost of DST test=40$
t those who die during partial therapy get 2 months of costs for DS regimen=
$289.07
t those who survive get partial cost of DS regimen (ie 2 months)= $289.07 and
then switch to Levofloxacin regimen = $893.93
t mono H failures and relapses of initial therapy get std retreatment cost
=$1527.03
MDR:
t cases that survive until 2 months of therapy get cost of DST test (all MDR will
be smear-positive)=40$
t those who die during partial therapy get 2 months of costs for DS regimen=
$289.07
t those who survive get partial cost of DS regimen (ie 3 months)= $289.07, and
then switch to standard MDR regimen =$ 7250.79

Annex 1

f. Scenario 5b – Delay test until 3 months post diagnosis
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DS:
t cases that survive until 3 months of therapy and still smear-positive get cost of
DST test =40$
t for those who die during partial- get 2 months of costs for DS regimen=
$289.07
t those who survive get full cost of drug sensitive regimen =$867.22
t all living DS failures and relapses of initial therapy get cost of full second
regimen= $1527.0
mono-H:
t mono H cases that survive until 3 months of therapy and still smear-positive
get cost of DST test=40$
t those who die during partial therapy get 2 months of costs for DS regimen=
$289.07
t those who survive get partial cost of DS regimen (ie 3 months)= $433.61 and
then switch to Levofloxacin regimen = $893.93
t mono H failures and relapses of initial therapy get std retreatment cost
=$1527.03
MDR:
t MDR cases that survive until 3 months of therapy get cost of DST test (all
MDR will be smear-positive)=40$

t those who die during partial therapy get 2 months of costs for DS regimen=
$289.07
t those who survive get partial cost of DS regimen (ie 3 months)= $433.61 and
then switch to standard MDR regimen =$ 7250.79
g. Scenario 5c – Delay test until 5 months post diagnosis – failures only
DS:
t cases that survive until 5 months of therapy and still smear-positive get cost of
DST test =40$
t for those who die during partial- get 2 months of costs for DS regimen=
$289.07
t those who survive get full cost of drug sensitive regimen =$867.22
t all living DS failures and relapses of initial therapy get cost of full second
regimen= $1527.0
H:
t mono H cases that survive until 5 months of therapy and still smear-positive
get cost of DST test=40$
t those who die during partial therapy get 2 months of costs for DS regimen=
$289.07
t those who survive get partial cost of DS regimen (ie 5 months)= $722.68 and
then switch to levofloxacin regimen = $893.93
t mono H failures and relapses of initial therapy get std retreatment cost
=$1527.03

h. Scenario 5d – Delay test until 5 months post diagnosis – failures and relapses
DS:
t drug sensitive cases that survive until 5 months of therapy complete and still
smear-positive get cost of DST test =40$
t for those who die during partial- get 2 months of costs for DS regimen=
$289.07
t those who survive get full cost of drug sensitive regimen =$867.22
t all living DS failures and relapses of initial therapy get cost of full second
regimen= $1527.03
mono-H:
t mono-H cases that survive until 5 months of therapy and still smear-positive
get cost of DST test=40$
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MDR:
t MDR cases that survive until 5 months of therapy get cost of DST test =40$
t those who die during partial therapy get 2 months of costs for DS regimen=
$289.07
t those who survive get partial cost of DS regimen (ie 5 months)= $722.68 and
then switch to standard MDR regimen =$ 7250.79
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t those who die during partial therapy get 2 months of costs for DS regimen=
$289.07
t those who survive get partial cost of DS regimen (ie 5 months)= $722.68 and
then switch to Levofloxacin regimen = $893.93
t mono H failures and relapses of initial therapy get std retreatment cost
=$1527.03
MDR:
t MDR cases that survive until 5 months of therapy get cost of DST test =40$
t those who die during partial therapy get 2 months of costs for DS regimen=
$289.07
t those who survive get partial cost of DS regimen (ie 5 months)= $722.68 and
then switch to standard MDR regimen =$ 7250.79

Model assumptions
General
t
t
t
t
t

cohort considered will have newly diagnosed active TB cases
all cases are smear-positive
all cases are M. Tuberculosis
all cases have pulmonary disease
No DST will be the base case scenario in order to maximize expected differences
between base case and alternative DST scenarios
t models do not take into account secondary cases arising from transmission
from active cases
t costs and outcomes are not discounted as time frame is assumed to be short

Annex 1

HIV-related
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t the ability of each test to detect drug resistance will be the same in HIV positive
and negative cases.
t during initial and retreatment the acquisition of drug resistance will be the
same for HIV positive and negative cases.
t The proportion of cases that remain smear-positive following 2, 3 or 5 months
of initial therapy is assumed to be the same in HIV positive and negative cases
t Undiagnosed and hence inappropriately treated MDR- TB cases with HIV will
have 100% case fatality.
t Co-infected cases with drug sensitive or mono-H resistance treated with
standardized initial therapy have higher mortality than HIV negative cases
(approximately 5X as per WHO data)
t ART is not explicitly modelled, but taken into account by using treatment
outcomes from settings where ART is available
t Costs associated with ART are not considered

Classification of drug resistance
t in all models drug resistance was categorized as follows: susceptible to all,
mono isoniazid (H) resistance or multidrug-resistance (MDR).
t MDR is defined as resistance to at least isoniazid (H) and rifampicin (R), or
mono-rifampicin resistance.
t all other types of mono drug resistance or poly-drug resistance (except
mono-R) will be considered as mono H.

Drug sensitivity tests
t tests have 100% sensitivity and specificity for the type of resistance they are
designed to detect.
t in primary analysis (not secondary analysis that consider different timing of
DST), DST is performed only once at the time of initial diagnosis.
t DST is for H and R first-line drugs only. DST for EMB or PZA and secondline drugs are not considered. Hence MDR treatment must be standardized.
(Acquisition of other forms of resistant e.g. ETH, PZA or SLD not considered.)
t rapid DST gives results within 2 weeks–this has no impact on clinical outcomes

t following DST 100% of cases will start appropriate treatment immediately.
t in each scenario treatment will be guided by, and appropriate for, each result.
It is only when DST is not done that patients may be inappropriately treated.
t when standardized initial treatment is given it is assumed to be the Category I
WHO regimen (2HRZE/4HR)
t when standardized retreatment is given it is assumed to be the Category II
WHO regimen (2HRZES/1HRZE/5HRE)
t Mono-H resistant cases (if detected) will receive 2LfxRZE/4LfxR–which will
have equivalent efficacy as Cat1 in DS cases.
t when an MDR standardized treatment is given it is assumed to be the following6CmCsLfxEthPAS / 18CsLfxEthPAS
t default is not included as a treatment outcome, however cure and fail rates are
adjusted to account for defaulters
t optimal programme assumed–all cases are assumed to remain on treatment
(i.e. no default)
t optimal programme assumed–all relapses and failures are detected and will
enter retreatment
t Adverse events taken into account through costs only

Acquisition of drug resistance:
t during inappropriate treatment only two forms of drug resistance can be
acquired; pan-sensitive strains can become mono-H resistant or MDR, and
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Treatment

21

mono-H resistance can become MDR. (as this is all that can be detected with
tests being evaluated).

Costs:
t
t
t
t
t

ambulatory health-system costs only
hospitalization costs excluded
out-of-pocket patients costs excluded
indirect costs associated with mortality excluded
indirect costs associated with disability/sickness excluded

DALYs
t DALYs are only included for TB related morbidity and mortality
t HIV-related DALYs are not considered in any analyses
t calculations assume that the mean age of developing active TB disease is 35
years (as per IPD data)
t life expectancy estimates are based on WHO estimates for those who live to
age 35

Sensitivity analyses
All sensitivity analyses were conducted using the drug resistance profile of South Africa
because it has a moderate initial prevalence of MDR (1.8%) and a mono H resistance
of 6%. Sensitivity analyses were restricted to the two highest ranking scenarios: (Rapid
DST for HR pre-treatment in all patients; and Rapid DST for HR for those who are
smear-positive after 2 months of initial treatment).
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The following key parameters were varied in sensitivity analysis:
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1. Varying prevalence of TB cases co-infected with HIV from 0% to 85%. This analysis
was conducted in order to understand how results may vary in different settings of
HIV.
2. Varying the prevalence of initial MDR from 0% to 30%. This analysis was conducted
in order to understand how results may vary in different settings of initial MDR
prevalence.
3. Varying the prevalence of initial mono-H from 0% to 40%. This analysis was conducted
in order to understand how results may vary in different settings of initial monoH
prevalence.
4. Varying the effectiveness of Levofloxacin from baseline to a worst case scenario for
mono-H cases (i.e. outcomes for mono H when on standard initial treatment). This
parameter was varied because it is a key assumption in the analysis, yet there is only
limited data available to support the assumption.
5. Varying the cost of rapid HR test from 1$ to 1000$. This parameter was varied to
assess the impact on each scenario of using different DST methods with different

costs. There is great uncertainty about the real costs to implement any of the new
rapid DST methods. The true costs, in LMIC, of the equipment, construction,
training, supplies, services, maintenance and repairs for liquid culture methods
(Bactec, or MGIT), Nitrate Reductase Assay (NRA), Microscopic Observation
Drug susceptibility (MODS), Thin layer agar (TLA), Line Probe Assay (LPA), or
GeneXpert are largely unknown. Hence the cost for the rapid test cost was varied
widely to understand how results could vary if additional implementation costs
were included.
6. Excluding DOT and medical follow up cost. This analysis was conducted in order
to get a clearer understanding to what extent patient medical visits and DOT costs
were driving results.
7. DST test sensitivity and specificity. Lower sensitivity would result in MDR and H
cases being treated with standardized treatment. Missed MDR cases would have
increased mortality and missed mono H cases will have increased acquired drug
resistance. Reduced specificity (false positive tests) is assumed to result in some
unnecessary treatment of DS and mono H resistant cases for MDR-TB; this will
result in increased cost and increased default rates given the lengthy treatment plus
known toxicities. Default rates will be increased to those reported in MDR trials
(23%, as per preliminary results of the Menzies IPD meta analysis). However the
failure and death rates will remain the same as drug sensitive and mono H cases
treated with standard initial treatment.
Published estimates of DST test sensitivity and specificity used to derive ranges using
in sensitivity analysis are summarized in Table 10.

Test family
Rapid
cultures

WHO endorsed tests in
the family

Sens for H

Spec for H

Sens for R

Spec for R

100 (if
done on
smear+)

100 (if
done on
smear+)

100 (if
done on
smear+)

100 (if
done on
smear+)

94–99
95–98

88–99
99–100

94–99
95–98

95–100
99–100

Line probe assays (Hain
GenoType MTBDRplus)

76–90

97–100

95–99

97–99

Automated NAAT (Xpert)

NA

NA

94–99

96–99

Liquid culture and DST

Non-commercial rapid
cultures
MODS
NRA
Molecular
assays

[after : Ling D et al. ERJ 2008; Minion J et al. Lancet Infect Dis 2010; Boehme CC et al.
NEJM 2010 ;WHO. Policy statement on non-commercial and DST methods, 2010]

Ranges of DST test sensitivity and specificity used in sensitivity analysis are shown in
Table 11. Ranges will be applied to the best test scenario of Rapid HR at diagnosis.
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Table 10. WHO-endorsed MDR diagnostic tools
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Table 11. Ranges of DST test sensitivity (for H and R) and Specificity (R only) used
in sensitivity analysis
H sensitivity

R sensitivity

R specificitya

75%

88%

94%

80%

92%

96%

90%

96%

98%

100 % (basecase)

100 % (basecase)

100 %(basecase)

H = isoniazid; R = rifampicin
Specificity is only considered for R , because the levofloxacin regimen intended for H resistant cases
already has outcomes equivalent to those for drug sensitive cases

a

8. Two way sensitivity analysis and threshold analyses will be performed in order to
understand how key parameters interact and under what conditions different tests
predominate. The following two way sensitivity analysis will be conducted:
a) Prevalence of initial MDR by initial H resistance: Initial MDR prevalence will
be varied from 0-15%. Initial H prevalence will be varied from 0% to 30%.
Impact on cost per DALY averted, cost per death averted and cost per MDR
case will all be examined. Three test scenarios will be considered: rapid HR
pretreatment in all new cases, rapid HR for those that are smear-positive at 2
months, and rapid HR for failures and relapses after initial treatment.
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b) Test cost by initial drug resistance: Test cost will be varied from 20$ to100$.
Initial MDR prevalence will be varied from 0% to 30%. Initial mono-H
prevalence will be varied from 0-40%. Impact on cost per death averted will be
examined. Rapid HR at diagnosis will be the only scenario considered.
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c) Test cost by HIV prevalence TB cases: Test cost will be varied from 20$ to 100$.
HIV prevalence in TB cases will be varied from 0% to 85%. Impact on cost
per death averted will be examined. Rapid HR at diagnosis will be the only
scenario considered.
d) Test cost by efficacy of levofloxacin regimen: Test cost will be varied from 20$
to 100$. The efficacy of the levofloxacin regimen for treatment of H resistant
TB will be varied from baseline to a worst case scenario for mono-H cases (as
described for sensitivity analysis 4 described above). Impact on cost per MDR
case averted will be examined. Rapid HR at diagnosis will be the only scenario
considered.
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2. Among patients with MDR-TB receiving appropriate
treatment in settings with reliable direct microscopy, is
monitoring using sputum smear microscopy alone, rather
than sputum smear and culture, more or less likely to lead
to the outcomes listed in Table 2 of the guidelines?

Methods
Search strategy
We used data pooled from published and unpublished cohort studies to begin to
respond to the question. Potential data sets were identified through two systematic
reviews of MDR-TB treatment, both published in 2009 (Orenstein et al, Johnston et al).
Duplicate citations were removed. Additional potential data sources were identified by
members of the Guidelines Committee. Available summary information about these
data sources and abstracts from published studies were used for initial screening for
eligibility. First and/or corresponding authors were contacted by email on at least 3
different occasions to request data sets. Close communication with WHO and the McGill
group working on the treatment questions afforded other means of accessing relevant
data. Exclusion criteria included: papers that were not clinical reports or not reports of
original research (including pre-existing meta-analyses); lack of response to requests
to participate; duplicate datasets. Of the remaining full articles and datasets received,
additional screening evaluated: use of second-line drugs; sample size >25 patients;
availability of monthly bacteriology data, including culture. Email correspondence was
used to request data dictionaries, definitions, clarification, and interpretation.
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Cost data on smear, culture, and combined smear/culture were solicited from the WHO
(according to the WHO COSTIT template) for the sites included in the bacteriology
analysis. See attached cost document for more detail.
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Communication and agreements on use of data
Data-use agreements were executed with all participating sites; these agreements
stipulate that those who provide data will seek approval or exemption from local IRBs as
appropriate and will have opportunities to comment on and participate in presentation
of results. An exemption request has been submitted to Harvard Medical School’s
Committee on Human Studies. A first draft of this report was circulated for comments
in August. This version is under concurrent review by individuals who contributed
data. The submission will likely require additional revision.
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Analysis methods
Both stratified and pooled analyses were performed using the statistical package R.

Comparator
Monthly culture monitoring represents the reference in all the analyses. Results observed
using all available culture data are the comparators in each effect estimate. For basic
frequency of outcomes across sites, consensus definitions were applied retrospectively
(knowing the month in which treatment ended and counting backwards 12 months).
All available culture data were used. If two positive bacteriological results were found,
then the date of failure was labelled as the month of the second positive result. If one
positive bacteriologic result was found in the last three non-missing results, then the
person was determined to be a failure in the month of this positive result.
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For comparisons with other monitoring strategies, consensus definitions were applied
prospectively using the last 13 months of available data (referred to as month 0 to month
12, where month 12 is the final data observation). This results in slight differences in
frequency of failure when compared to retrospective calculation of outcomes. When
there are missing observations among the last 3 expected observations, the retrospective
analysis retrieves additional observations until there are 3, increasing the probability of
detecting a positive observation. The prospective evaluation simply relies on the last 3
results, and the probability of a non-missing positive result is lower.
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Application of these outcome definitions favored failure detection. First, if multiple
results were available in a single month and any one was positive, the positive result was
used. Second, we interpreted any single organism as a positive result. Consequently,
failure percents may be higher than those reported in the literature. For Bang1, in
which a large proportion of patients received a regimen of only 9-month duration and
did not, therefore, have 12 months of on-treatment bacteriology, we applied only the
part of the consensus definition that considers a single positive culture, among the last
3 cultures, to be indicative of failure.
Intervention
Bi-monthly culture, quarterly culture, bi-monthly smear, and quarterly smear were
the interventions in this analysis. Since all included studies had nearly monthly smear
and culture results, outcomes of interest by different sampling frequency or different
methods could be estimated only by using select results.
Bimonthly culture
For bimonthly frequency, bimonthly observations were selected, starting at month 0
(i.e. Months 0, 2, 4, 6, 8, 10, 12). If one of the desired months has a missing observation,
then the algorithm uses the next non-missing data value and proceeds to take
bimonthly observations from its new position. Identical to monthly frequency, if two

positive bacteriological results were identified, then the date of failure was identified as
the month of the second positive result. For the second part of the failure definition, if
one positive bacteriological result was identified in months 8, 9, 10, 11, or 12, then the
month of this positive result was identified as the month of failure.
Quarterly culture
For quarterly frequency, observations were taken, starting at month 0 (i.e. months 0,
3, 6, 9, 12). If one of the desired months has a missing observation, then the algorithm
moves to the next non-missing data value and proceeds to take quarterly observations
from its new position. Identical to monthly and bimonthly frequency, two positive
bacteriological results constituted failure in the month of the second positive result.
For the second part of the failure definition, if one positive bacteriological result was
identified in months 6, 7, 8, 9, 10, 11, or 12, then the month of this positive result was
identified as the month of failure.
Smears
Analogous analyses were done using results of smears from monthly, bimonthly and
quarterly samples; the consensus definitions were applied to smear results as they were
used for culture.

Relative efficacy of the monitoring strategies is explored by comparing the frequency
and time to detection of “observed” failure across monitoring strategies. This simulates
a prospective assignment of failure when the treatment end date is predetermined
and the period that will be the final 12 months is known. All failure assignments are
based on the final 13 months of bacteriology. Percentages reported reflect the number
of detected failures using the specified strategy/the observed failures using monthly
culture . Strategies considered include: 1) the comparator of monthly culture in the
last 13 months, which is identical to “observed failure” in this exercise; 2) Bimonthly
culture used only culture results from samples collected in months 0, 2, 4, 6, 8, 10, 12
were used; 3) Quarterly culture used only culture results from samples collected in
months 0, 3, 6, 9, and 12.
Heterogeneity, pooling, and estimates
Kaplan-Meier estimates of median time to failure (and death) and corresponding 95%
confidence intervals were calculated.
I2 and τ2 were computed for odds ratios.
Data were pooled using fixed-effects Cox proportional hazards models to estimate
the relative hazard of failure, comparing alternative monitoring strategies relative
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End-points
Conversion was calculated only among patients with positive sputum cultures at
baseline (or at month 1).
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to monthly culture (reference hazard). A hazard ratio <1.0 (with 95% CIs that don’t
cross 1) suggests that the risk of failure (at each time-point, given survival up to that
time-point) is lower—or failure detection is delayed—compared to monthly culture.
Inversely, a hazard ratio >1.0 (with 95% CIs that don’t cross 1) suggests that the risk of
failure (at each time-point, given survival up to that time-point) is higher—or failure
detection is accelerated—compared to monthly culture.
Stratified results by site are also presented. Stratification on possible effect modifiers (HIV
status, baseline smear status, CXR findings, BMI) that may affect probability of positive
smear) was performed to assess heterogeneity of results by patient characteristics.
Multivariable Cox proportional hazards models were explored, but the high proportion
of missing data on variables other than age and gender resulted in very small numbers
in complete case analyses.
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1. Migliori GB et al. Resistance to second-line injectables and treatment outcomes
in multidrug-resistant and extensively drug-resistant tuberculosis cases. European
Respiratory Journal, 2008, 31(6):1155–1159.
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2. Cox H et al. Tuberculosis recurrence and mortality after successful treatment:
impact of drug resistance. PLoS Medicine, 2006, 3(10):e384.
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3. Holtz TH et al. Risk factors associated with default from multidrug-resistant
tuberculosis treatment, South Africa, 1999–2001. International Journal of
Tuberculosis and Lung Disease, 2006, 10(6):649–655.
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4. CDC, Partners In Health/NTP Peru, Partners In Health/Tomsk Prison & Civilian
TB Services, NTP Latvia, NTP Estonia, TDF/NTP Philippines, WHO. Case-based
data collection: first 5 DOTS-Plus projects, 2000–2004.
5. Van Deun A et al. Short, highly effective, and inexpensive standardized treatment of
multidrug-resistant tuberculosis. American Journal of Respiratory and Critical Care
Medicine, 2010, 182(5):684–692.
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data collection: first 5 DOTS-Plus projects, 2000–2004.
5. Van Deun A et al. Short, highly effective, and inexpensive standardized treatment of
multidrug-resistant tuberculosis. American Journal of Respiratory and Critical Care
Medicine, 2010, 182(5):684–692.
Cost
1. Suarez PG et al. Feasibility and cost-effectiveness of standardised second-line drug
treatment for chronic tuberculosis patients: a national cohort study in Peru. Lancet,
2002, 359(9322):1980–1989.
2. Tupasi TE et al. Feasibility and cost-effectiveness of treating multidrug-resistant
tuberculosis: a cohort study in the Philippines. PLoS Medicine, 2006, 3(9):e352.
3. The feasibility and efficiency of controlling MDR-TB using the DOTS-Plus strategy in
the Russian Federation. Geneva, World Health Organization, 2005 (WHO/HTM/
TB/2005.357C).
4. World Health Organization. Unpublished data on smear and culture costs from
Estonia, 2003.
5. World Health Organization. Unpublished estimates on smear and culture costs for
Bangladesh, 2011.

7. Dowdy et al. Impact and cost-effectiveness of culture for diagnosis of tuberculosis
in HIV-infected Brazilian adults. PLoS ONE, 2008, 3(12):e4057 [provided cost
estimates for South Africa].
8. Menzies D, Oxlade O, Lewis M. Costs for tuberculosis care in Canada. Ottawa, ON,
Public Health Agency of Canada, 2006.
9. The efficiency of TB laboratory services in the Russian Federation. Geneva, World
Health Organization: 2005 (Policy Brief Number 5).
10. Albert H.. Economic analysis of the diagnosis of smear-negative pulmonary
tuberculosis in South Africa: incorporation of a new rapid test, FASTPlaqueTB, into
the diagnostic algorithm. International Journal of Tuberculosis and Lung Disease,
2004, 8(2):240–247.
11. Hausler HP et al. Costs of measures to control tuberculosis/HIV in public primary
care facilities in Cape Town, South Africa. Bulletin of the World Health Organization,
2006, 84(7):528–536.
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6. Dowdy et al. Cost-effectiveness of novel diagnostic tools for the diagnosis of
tuberculosis. International Journal of Tuberculosis and Lung Disease, 2008,
12(9):1021–1029 [provided cost estimates for Brazil and South Africa].
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3. When designing regimens for patients with MDR-TB, is the
inclusion of speciﬁc drugs (with or without documented
susceptibility) more or less likely to lead to the outcomes
listed in Table 2 of the guidelines?
4. When designing regimens for patients with MDR-TB, is
the inclusion of fewer drugs in the regimen (depending on
the drug used, the patient’s history of its use and isolate
susceptibility) more or less likely to lead to the outcomes
listed in Table 2 of the guidelines?
5. In patients with MDR-TB, is shorter treatment, compared
with the duration currently recommended by WHO, more or
less likely to lead to the outcomes listed in Table 2 of the
guidelines?
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methods
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Selection of studies for inclusion in the IPD analysis
The studies included were identified from published studies included in three recent
systematic reviews of MDR-TB treatment outcomes (two published in 2009 by Orenstein
et al. and Johnston et al., and a third completed as an MSc thesis at McGill by Akcakir)
(1-3). Although study selection of the three studies varied slightly, all three reviews
had the following inclusion criteria: a report of original data (not a review), at least one
reported treatment outcome that conformed with established definitions for success,
failure, relapse, death or default, and all patients had bacteriologically confirmed TB
that was resistant to H and R (i.e. MDR-TB). Studies were not excluded based on any
population, disease or treatment characteristics, except that studies reporting only
XDR-TB were excluded. Because R was introduced into clinical use only in 1969, these
3 reviews were further restricted to studies published after 1970. All three reviews
searched EMBASE and MEDLINE databases as well as Cochrane Library and ISI Web
of Science.
The current analysis used as a starting point all articles which were included in one
of the above mentioned three meta-analyses. The criteria for inclusion in the current
individual patient data meta- analysis were the following: the study authors could be
contacted by email, phone or mail, the authors were willing to share their data and
participate in the project, the cohort included at least 25 subjects treated for MDR-TB,
and at least one of the four treatment outcomes, meeting the standard definitions listed
below, were measured. To avoid duplicate analyses of the same cohorts, if there were
multiple publications from the same authors, we ascertained whether each publication
represented unique study cohorts.

Data sharing and data transfer (see also below)
Letters describing the meta-analysis were communicated to all corresponding authors
of apparently eligible studies. Individual authors were contacted until they declined
to participate, could not locate the data in question, or did not respond following
multiple attempted communications. Written letters of agreement were signed by
the individual authors or institutions. Following approval and consent, all data were
transferred electronically to a central data analysis centre and stored at the Montreal
Chest Institute. Data were accepted in all available formats (e.g. SAS, Microsoft Excel,
or Access).
Data collection
Each author who provided data was asked to complete a questionnaire regarding
their study center. Items in this questionnaire included laboratory methods, and other
diagnostic methods, supervision of treatment and follow-up as well as how the MDRTB treatment cohort was selected. Additionally, the authors were asked to explain how
they defined the treatment outcomes included in their respective data set.
For the individual datasets, we requested specific variables on the following: patient
factors (treatment outcome, age at time of diagnosis, sex, HIV infection, ART use),
clinical factors (site of disease, AFB smear results, culture, chest x-ray), drug sensitivity
testing (initial and repeat to all first-line and second-line drugs tested), treatment factors
(initial phase treatment drugs and duration, continuation phase drugs and duration),
modifications to treatment in response to DST, or adverse events and surgical resection.

Each raw data set was examined and an initial extraction statistical program was created
in order to rename each variable using a standard notation (e.g. “Gender” becomes
“Sex” and categorical variables (M/F) become numeric (binary) variables). Variables
unique to one or few data sets were identified and documented, but not extracted.
Variables of interest that were not available in the data set were coded as missing values.
Data verification and consultation
From the initial invitation to the final meta-analysis dataset, several rounds of
consultation were undertaken with each individual author to better understand their
specific datasets. This included verifying the missing data, ensuring coding corresponded
accurately to their original data variables, and clarification of the meaning of variables.
If data was not included in the data transferred we checked to ensure these were not
actually available in their original databases. If missing data were actually available, then
authors were requested to submit these data. If missing data were still unattainable, then
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Data extraction and manipulation
All individual datasets were subsequently extracted into SAS (version 9.2) format. Data
extraction involved mapping and renaming variables from the original individual data
set into a common set of variables used in the pooled meta-analysis dataset. Authors
provided individual data dictionaries or completed a variable extraction form that
mapped the metaanalysis variables to those available in their data set.
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the average values for all patients in the individual dataset, and the standard practice at
the corresponding study site were considered (e.g. If duration of intensive phase at the
site was unavailable for individual patients, then the usual approach was considered).
As a final step in data verification, tables summarizing the clinical characteristics of the
study population in each study population were compared with the same tables in the
original published papers (LS), and by the authors who provided the data.
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A listserv of all participating authors was also maintained for ongoing communication
regarding the analysis. A face-to-face meeting was held during the 41st Union World
Conference on Lung Health in November, 2010 in Berlin. Many collaborators who
have shared their individual data will be attending this event and an interim meeting
and presentation of preliminary results is planned.
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Treatment and outcome definitions
Outcome definitions provided by each author were compared to the MDR-TB outcome
definitions proposed by Laserson et al. 4). Briefly, treatment cure was defined as
completion of treatment and consistent (at least 5 consecutive) culture negative results
for the final 12 months of treatment or if the last two cultures before the end of treatment
had negative results. Treatment completed was defined as completion of the assigned
treatment, without meeting the definitions of cure or failure. Treatment default was
defined as an interruption of MDR-TB treatment for 2 or more consecutive months for
any reason, more than 1 month before the planned end of treatment without meeting
the definition for failure. Default included patients who transferred out without known
outcomes or whose outcome was simply unknown. Treatment failure was defined as
at least 1 positive culture after 6 months or 2 or more of the 5 cultures in the final 12
months of treatment were positive or if there was a clinical decision to stop treatment
due to poor response or adverse events. Finally, Death was death during treatment
from any cause. The definitions for these outcomes used by each author were reviewed
and rated as equivalent to the Laserson definition, adequate (meaning not the same
as Laserson, but still corresponding to the “spirit” of Laserson) or inadequate. These
definitions, and our ratings of them are summarized in Table 4.
Treatment data were extracted into binary data for each individual drug (e.g. ethambutol
– used vs unused). Similarly drug sensitivity test results were also mapped to categorical
variables (e.g. ethambutol – sensitive, resistant, not tested).
Missing values
Missing values for treatment covariates were imputed as multivariate meta-analysis was
planned. This meant that missing values for age, sex, past TB, extent of disease, HIV
infection and drug sensitivity testing were imputed. Treatment and outcome values
were not imputed even if missing. To estimate the imputed missing values we took the
average from the other cohort members for the study cohort to which the individual
with the missing value belonged–if more than 50% of cohort numbers had a value for
that variable. We chose this threshold to avoid selection bias – of concern particularly
for drug sensitivity testing; in several studies only 10-20% of patients had results of

drug sensitivity testing (reference). We interpreted this as suggesting possible selection
of patients with greater risk of drug resistance. Hence, for cohorts in whom more than
of all members had missing values, we used the mean value from all 9280 individuals
analysed.
Pooling datasets
Once all variables were extracted and verified, cleaned data were concatenated into a
single dataset used for meta-analysis. All raw, extracted and pooled data were stored in
SAS (version 9.2).

DATA ANALYSIS
Outcomes
Our primary analysis was to assess the treatment covariates associated with treatment
success (cure/completion). For this analysis success was defined as cure and treatment
completed (as defined above). This was compared to failure and relapse – to assess
treatment efficacy. We also compared treatment success with failure/relapse and death,
as well as with failure/relapse/death/ and default. While treatment efficacy was of great
interest, the impact of MDR-TB treatment on death is clearly also very important, and
the impact of treatment on patient default is also important given the extremely lengthy
and toxic MDR-TB regimens. Hence, we analyzed treatment success (labelled cure in
all Tables) in three ways: (i) cure/complete vs fail/relapse; (ii) cure/complete vs fail/
relapse/die; and (iii)cure/complete vs fail/relapse/die/default.

Descriptive summary statistics were also generated for the overall pooled dataset. The
descriptive statistics included all demographic and available pre-treatment clinical
characteristics, MDR-TB treatment and outcomes.
To understand potential confounding and assess the relationship of clinical
characteristics with treatment outcomes we assessed the association of clinical
covariates with the outcomes of cure/complete, death, and default. This was performed
using simple descriptive and multivariate analytic techniques.
Univariate analyses
Several comparisons were conducted. First we compared clinical characteristics and
drug sensitive testing results between XDR and MDR patients (who were not XDR).
Second, we examined correlates of Mortality (survived cure/complete and fail/relapse,
compared with death). All comparisons were made using the t-test for continuous
variables (age) and chi-square tests for categorical variables (all other variables).
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Descriptive statistics
Frequency counts of all variables in each dataset were generated including demographic
characteristics, HIV status, site of disease, sputum and Chest X-ray results, and surgery.
Additionally we described all available drug susceptibility tests (for each available drug
tested) and for each drug received by patients.

35

IPD meta-analysis (univariate and adjusted predictors of cure)
In general there were two meta-analytic approaches. The first was univariate analysis
in which only a single treatment variable was included and in the second a multivariate
approach was used in which each treatment variable was assessed along with a standard
group of covariates. These included age, gender, HIV co-infection, extent of disease (a
combination of AFB smear positivity and cavitation on chest x-ray), past history of TB
(which was a three level variable – no previous TB treatment, previous TB treatment,
previous non MDR TB treatment, and previous MDR treatment).
In addition we analysed the odds of cure (defined as above in 3 ways) with each
treatment variable in all patients and in the sub group of patients in whom drug
sensitivity testing results were available for that drug and demonstrated that the MTB
isolate was susceptible to the drug of interest. This provided an unadjusted odds ratio
for each drug. This was repeated in the subset of patients with MTB which was sensitive
to that particular drug. Adjusted odds ratios were estimated for all patients and the
subset with sensitive organisms. These pooled estimates were calculated using the SAS
command Proc Glimmix, a random effects logistic regression model using penalized
quasi-likelihood.
Heterogeneity was explored visually using Forrest plots for selected variables of greatest
interest, and quantitatively using Chi-squared test.

Annex 1

Our approach was to first assess individual drugs one by one and then test the impact
of drug of what appeared to be the most important drug when adjusted for each other
in multivariate models.
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Ethics
The present meta-analysis has received approval from the Research Ethics Board of the
Montreal Chest Institute, McGill University Hospital Center. Additional local research
boards approved the inclusion of their originally approved studies when investigators,
or their institutions, felt this was necessary.

FUNCTIONING OF THE GROUP AND COMMUNICATION OF RESULTS
General
We have formed a collaborative group for this project, called the “Collaborative Group
for Meta-Analysis of Individual Patient Data in MDR-TB”. In this report we have
referred to this as the MDR-IPD Group. We consider this to be a fully collaborative
project. Each collaborator continues to “own” the data sent for inclusion in this analysis.

Data sharing agreements
The McGill investigators signed a formal data sharing agreement with all collaborating
investigators. This included a “sunset clause”, or date by which the analyses must be
completed, and any manuscripts prepared. If a manuscript is submitted, the data must
be held until peer review is completed, and then even up to 1 year after publication – to
allow time for responses to the findings (e.g. letters to the editor). After this time period
expires, the shared data will be returned or destroyed. This final date can be extended
or postponed, but only by agreement of each investigator.
Data analysis
The initial data analysis will address only the objectives specified above. (Admittedly
they are quite broad). Preliminary findings from these analyses will be circulated
among contributing investigators for their comments and suggestions about further
analysis. Any additional analysis will be proposed to the MDR-IPD Group, although
as long as related to the objectives above we will not seek unanimous approval of any
such additional analyses. However objections to the new analysis will be addressed and
resolved before proceeding. (In other words, if a collaborator does not respond, that is
taken as implicit approval).

Communication of results, presentations and publication(s)
Results of all analyses will be shared with all members of the MDR-IPD Group at four
stages: (i) Preliminary report to WHO of findings (15 September 2010); (ii) Final report
to WHO (24 October 2010); (iii) Subsequent analyses based on feedback from WHO,
and MDR treatment guidelines committee (October 24–26 2010); (iv) final analyses
prior to preparation of manuscript of findings (December 2010). These reports will be
considered confidential by all involved (WHO, MDR treatment committee members,
McGill investigators, and all members of the MDR-IPD Group). As such they will not
be presented in any public forum, nor disseminated through any media.
All proposed publications will be reviewed and approved by all members of the MDRIPD Group, before public presentation, or submission for publication. The authorship
will be “The Collaborative Group for Meta-Analysis of Individual Patient Data in MDRTB”, followed by a listing of all members – in alphabetical order. The corresponding
author will be Dr Menzies of McGill.
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If we think of analyses to address entirely different and novel objectives that are not
considered or foreseen here, we will seek approval from ALL members of the MDRIPD Group before embarking on any such analyses.
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Figure 1. Study selection
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6. In patients with HIV infection and drug-resistant TB
receiving antiretroviral therapy, is the use of drugs with
overlapping and potentially additive toxicities, compared
with their avoidance, more or less likely to lead to the
outcomes listed in Table 2 of the guidelines?
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Methods
Criteria for considering studies for this review
Types of studies
RCTs or quasi-RCTs. Given the lack of randomized trials at the time of the review, data
from observational studies were also considered, following the policy of the HIV/AIDS
Cochrane Review Group (HIV CRG). We pre-specified that should data from clinical trials
be insufficient, individual patient data from observational studies involving patient follow
up (i.e. cohort or case-control studies) would be considered for inclusion according to the
HIV CRG policy.
Studies performed in general or in specific populations and in both clinics and hospitals
were included. Studies performed in any country and published in any language were
considered. Non-English text was examined by fluent study collaborators using the screening
form. Studies that relied on historical controls and ecological studies were excluded.
Types of participants
All HIV-1 infected individuals with a documented record of use or non-use of ART
included in studies that evaluated outcomes of drug-resistant tuberculosis in HIV infected
individuals. Included studies documented TB infection by a positive sputum culture.
Drug resistance was defined as resistance to any first-line drug (rifampicin, isoniazid,
pyrazinamide, ethambutol) which required use of a anti-tuberculosis medication other
than rifampicin, isoniazid, pyrazinamide, ethambutol or streptomycin.

Types of outcome measures
The outcome measured evaluated included;
1. Cure – define
2. Treatment success – define
3. Treatment failure – define
4. Default – define
5. Death – Define
6. Adverse event – define
Search methods for identification of studies
See: HIV-1/AIDS Group methods used in reviews.
We searched Medline, The Cochrane Register of Controlled Trials, GATEWAY and
Embase for articles published from January 1980 to December 2009. We used the
following search terms for the search strategy:
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Types of interventions
TB therapy included treatment with WHO group 1, 2, 3, 4, and 5 drugs. A first-line drug
was defined as rifampicin, isoniazid, pyrazinamide, ethambutol or streptomycin, a secondline drug was defined as any other TB drug. ART included treatment with at least three
active antiretroviral drugs (including drugs from the NRTI, NNRTI, protease inhibitor and
integrase inhibitor classes).
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Table 1: Pubmed search strategy
Search Most Recent Queries

Time

Result

#5

Search (“1980/01/01”[Publication Date] :
“2009/12/11”[Publication Date]) AND (#1 AND #2)

02:02:01

1929

#3

Search #1 AND #2

02:01:32

1929

#2

Search “HIV Infections”[MeSH] OR “HIV”[MeSH] OR hiv
[tw] OR hiv-1*[tw] OR hiv-2*[tw] OR hiv1[tw] OR hiv2[tw]
OR hiv infect*[tw] OR human immunodeficiency virus[tw]
OR human immunedeficiency virus[tw] OR human immunodeficiency virus[tw] OR human immune-deficiency virus[tw]
OR ((human immun*) AND (deficiency virus[tw])) OR acquired
immunodeficiency syndrome[tw] OR acquired immunedeficiency
syndrome[tw] OR acquired immuno-deficiency syndrome[tw]
OR acquired immune-deficiency syndrome[tw] OR ((acquired
immun*) AND (deficiency syndrome[tw])) OR “Lymphoma,
AIDS-Related”[MeSH] OR “Sexually Transmitted Diseases,
Viral”[MeSH:NoExp]

01:45:36

252236

#1

Search (drug resistance OR resistance AND tuberculosis) OR
01:45:03
multidrug-resistant tuberculosis OR extensively drug-resistant
tuberculosis OR “mdr tb” OR “xdr tb” OR extremely drug-resistant
tuberculosis

12563

Table 2: Embase Search Strategy
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No. Query
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Results

Date

#4

#1 AND #2 AND [humans]/lim AND [embase]/lim AND
[1980-2009]/py

1072

11 Dec 2009

#3

#1 AND #2

1382

11 Dec 2009

#2

‘drug resistance’/de OR ‘drug resistance’ OR resistance AND
(‘tuberculosis’/de OR tuberculosis) OR ‘multidrug-resistant
tuberculosis’/de OR ‘multidrug-resistant tuberculosis’ OR
‘multidrug resistant tuberculosis’/de OR ‘multidrug resistant
tuberculosis’ OR ‘extensively drug-resistant tuberculosis’/de
OR ‘extensively drug-resistant tuberculosis’ OR ‘extensively
drug resistant tuberculosis’/de OR ‘extensively drug resistant
tuberculosis’ OR ‘mdr tb’/de OR ‘mdr tb’ OR ‘xdr tb’/de OR ‘xdr
tb’ OR ‘extremely drug-resistant tuberculosis’ OR extremely
AND (‘drug’/de OR drug) AND resistant AND (‘tuberculosis’/de
OR tuberculosis)

6026

11 Dec 2009

No. Query

Results

Date

#1

317991

11 Dec 2009

‘human immunodeficiency virus infection’/exp OR
‘human immunodeficiency virus infection’ OR ‘human
immunodeficiency virus’/exp OR ‘human immunodeficiency
virus’ OR ‘b cell lymphoma’/de OR ‘b cell lymphoma’ OR
hiv:ti OR hiv:ab OR ‘hiv-1’:ti OR ‘hiv-1’:ab OR ‘hiv-2’:ti OR
‘hiv-2’:ab OR ‘human immunodeficiency virus’:ti OR ‘human
immunodeficiency virus’:ab OR ‘human immunedeficiency
virus’:ti OR ‘human immunedeficiency virus’:ab OR ‘human
immune-deficiency virus’:ti OR ‘human immune-deficiency
virus’:ab OR ‘human immuno-deficiency virus’:ti OR ‘human
immuno-deficiency virus’:ab OR ‘acquired immunodeficiency
syndrome’:ti OR ‘acquired immunodeficiency syndrome’:ab
OR ‘acquired immuno-deficiency syndrome’:ti OR ‘acquired
immuno-deficiency syndrome’:ab OR ‘acquired immunedeficiency syndrome’:ti OR ‘acquired immune-deficiency
syndrome’:ab OR ‘acquired immunedeficiency syndrome’:ti OR
‘acquired immunedeficiency syndrome’:ab

ID

Search

Hits

#1

MeSH descriptor HIV Infections explode all trees

5850

#2

MeSH descriptor HIV explode all trees

1828

#3

hiv OR hiv-1* OR hiv-2* OR hiv1 OR hiv2 OR HIV INFECT* OR HUMAN
IMMUNODEFICIENCY VIRUS OR HUMAN IMMUNEDEFICIENCY VIRUS
OR HUMAN IMMUNE-DEFICIENCY VIRUS OR HUMAN IMMUNODEFICIENCY VIRUS OR HUMAN IMMUN* DEFICIENCY VIRUS OR
ACQUIRED IMMUNODEFICIENCY SYNDROME OR ACQUIRED
IMMUNEDEFICIENCY SYNDROME OR ACQUIRED IMMUNODEFICIENCY SYNDROME OR ACQUIRED IMMUNE-DEFICIENCY
SYNDROME OR ACQUIRED IMMUN* DEFICIENCY SYNDROME

8658

#4

MeSH descriptor Lymphoma, AIDS-Related, this term only

21

#5

MeSH descriptor Sexually Transmitted Diseases, Viral, this term only

17

#6

(#1 OR #2 OR #3 OR #4 OR #5)

#7

(drug resistance OR resistance) AND tuberculosis

#8

multidrug-resistant tuberculosis OR extensively drug-resistant tuberculosis OR
“mdr tb” OR “xdr tb” OR extremely drug-resistant tuberculosis

#9

(#7 OR #8)

#10

(#6 AND #9), from 1980 to 2009

8790
255
87
307
70

Reference lists of all the studies that were included in the pool of review studies were examined to
identify potential additional studies. We contacted the authors of studies initially selected for inclusion
in the pool of retrieved studies to identify further studies. If information necessary to determine
eligibility was not described in the paper or the full text was not available (in the case of conference
abstracts), authors were contacted.
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Table 3: CENTRAL Search Strategy
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Data synthesis and analysis
Selection of studies
We independently evaluated the titles, abstracts, and descriptor terms of all references
identified in the initial search to determine eligibility. When reviewers disagreed on
eligibility, studies were reviewed together and consensus was reached. If an abstract
was not available, the abstract was not in English, or the discrepant decision could not
be resolved based on the abstract alone, the full text was evaluated.
The full text of all references that passed the abstract-review stage were independently
evaluated by both authors using a pre-determined screening form. Data were extracted
from all full text articles to determine eligibility for inclusion. Studies were reviewed
for relevance based on study design, types of participants, exposures and outcome
measures.
Given the lack of RCT data available and the limited number of patients in each study
who fulfilled the review eligibility criteria, a decision was made to combine individual
patient data from all studies and to evaluate these data following the Cochrane Library
Guidelines on the use of individual patient data (IPD).
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Study authors of articles and abstracts were contacted to ascertain whether information
regarding use (or non-use) of ART was collected (if not already mentioned in full-text),
if TB treatment was modified based on TB drug susceptibility patterns, and if so, if
information on specific second-line TB drug regimens was collected. If they answered
yes to these questions and were willing to share data for the review, the study was
determined to be eligible for inclusion. Eligible authors were asked to provide data on
patient characteristics, details of TB and ART regimens, and outcomes for DRTB/ HIV
co-infected study participants who had an end of treatment outcome and whose ART
status was known.
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Data extraction
The following characteristics were extracted from each included study; identification
of study including author, publication status, year in which study was conducted,
study design, type, duration, completeness of follow up, country and location of
study, settings, method of recruitment and number of participants. Characteristics of
individual participants including age and gender were collected.
Details of the intervention including the use or non-use of ART, ART medications, TB
medications, use of cotrimoxazole, dose and duration of treatments were collected. The
incidence of each outcome (cure, death, default, adverse event, culture conversion and
smear conversion) was reported for each intervention group. The quality of evidence
was assessed using the GRADE approach. For purposes of systematic reviews, the
GRADE approach defines the quality of a body of evidence as the extent to which
one can be confident that an estimate of effect or association is close to the quantity

of specific interest . Quality of a body of evidence involves consideration of withinstudy risk of bias (methodological quality), directness of evidence, heterogeneity,
precision of effect estimates and risk of publication bias. The GRADE system entails
an assessment of the quality of a body of evidence for each individual outcome.
The quality rating across studies has four levels: high, moderate, low or very low.
Randomized trials are categorized as high quality but can be downgraded; similarly,
observational studies can be upgraded. Factors that decrease the quality of evidence
include limitations in design, indirectness of evidence, unexplained heterogeneity
or inconsistency of results, imprecision of results, or high probability of publication
bias. Factors that can increase the quality level of a body of evidence include a large
magnitude of effect, if all plausible confounding would reduce a demonstrated effect
and if there is a dose-response gradient.
The GRADE Profiler software was used for performing the GRADE analyses.

Data synthesis
Comparisons of risks of the outcomes between the comparison groups listed previously
were estimated by hazard ratios and 95% CI calculated by univariate and multivariable
Cox proportional modelling. Robust standard errors were used to relax the assumption
of normal standard errors in confidence interval calculations.

All statistical analyses were conducted in STATA 10.1 with statistical significance
criteria set at p=0.05
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Length of TB treatment for each individual patient was used as the length of follow-up
for all but two studies. One study that did not specify length of treatment but provided
an average length of treatment for the entire cohort which was assigned to all patients
in the study. The second study did not follow patients until the end of treatment but
recorded time to death and time to culture conversion. Therefore, in this study length
of time between start of TB therapy and censoring date was used as length of treatment.
In cases when a year was provided instead of a month and year, the midpoint of the
year (July 1st) was used.
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7. Among patients with MDR-TB, is ambulatory therapy,
compared with inpatient treatment, more or less likely to
lead to the outcomes listed in Table 2 of the guidelines?

DATA SOURCES
The search strategy was developed to include studies (or systematic reviews of studies)
from both health and economics databases, in both published and unpublished (grey)
literature and in four of the six official languages of the World Health Organization
(English, French, Spanish and Russian). Portuguese search terms were also included.
No search was conducted in Chinese or Arabic, due to lack of capacity. The search was
initiated on 15 January and concluded on 16 January 2010 for all languages other than
Russian. The Russian-language search was conducted on 21 January. There were no
restrictions on the years to be searched.

English, French, Spanish and Portuguese studies were assessed directly by at least one
of the authors. In the case of Russian studies, abstracts were first translated using online
translation software (Google Translate) to assess relevance. If relevant and not available
in other languages, the full study was fully translated before being assessed as per the
non-Russian studies.
If searches conducted in any of the five included languages returned an article in
another language, the study was translated and included if applicable. In practice, two
such studies were identified, one in Turkish and the other in Macedonian.
We also checked whether articles from ISI Web of Knowledge had been cited in more
recent studies. On 1 February, a search was done for systematic reviews of treatment
outcomes for MDR-TB. See Annex 2 for databases and search terms used. References
of the two systematic reviews (3, 4) thus identified were verified for any additional
studies. The search strategy and preliminary list of articles were peer-reviewed by
the group responsible for the revision of the WHO Guidelines for the programmatic
management of drug-resistant TB. We did not receive any requests to include additional
studies. Finally, Katherine Floyd provided one unpublished manuscript with results
from two studies.
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The search was limited to online databases, including PubMed, EMBASE, ISI Web
of Knowledge, CABI Global Health, Health Economic Evaluations Database, NHS
Economic Evaluation Database (NHSHEED), the Cost-Effectiveness Analysis Registry,
and the European Network of Health Economic Evaluation Databases. In order to
minimize publication bias in our sources of data, special efforts were made to identify
grey literature from WHO regional databases and Google Scholar. Each online database
required slight adaptation of the search terms, and these are presented in detail in
Annex 1.
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Time constraints prevented hand searching or the contacting of authors for papers that
were not available electronically.
Citations were collected and managed electronically using EndNoteWeb 2.7 (online)
and EndNote X (offline). 497 citations were imported. A total of 82 duplicates were
identified by EndNote, leaving a total of 419 studies to be assessed for selection.

STUDY SELECTION
In order to be considered for the review, studies had to involve MDR-TB cases with
resistance to at least isoniazid and rifampicin. Furthermore, interventions had to
describe in detail at least one of the options for MDR-TB care described above. We had
no restrictions on patient characteristics (e.g. drug resistance profile, or HIV-status).
We set out to provide a critical review of full economic evaluations: “the comparative
analysis of alternative courses of action in terms of both costs (resource use) and
consequences (outcomes, effects)” (ref. Cochrane Handbook)” including costeffectiveness analysis, cost-utility analysis and cost-benefit analysis.
We considered full economic evaluations conducted alongside effectiveness studies, as
well as those based upon data sourced from effectiveness studies. However, we excluded
studies if both costs and effects were based entirely on secondary sources.

Annex 1

The main outcome of interest was the cost per disability-adjusted life year (DALY)
averted. Costs considered for inclusion could be from any of the following perspectives:
cost from the health service provider perspective, cost from the patient perspective
(including direct medical costs as well as indirect costs related to transportation), and
total societal cost.
In addition to cost per DALY averted, we documented, whenever possible, the following
outcomes: compliance rate and long-term number of deaths (including secondary,
default and relapse cases). We do not report these intermediate outcomes in this paper
because they are implicit in the cost per DALY (averted) measures. They are, however,
reported in supplementary digital content.

48

A diagram of the flow of included studies is provided in Figure 1.

Annex 1

Figure 1. Flow of included studies

49

In reviewing abstracts (Stage 1) and full texts (Stage 2), any one of the following criteria
provided sufficient justification for exclusion:
t Population: Abstract/full text does not refer to MDR-TB cases resistant to at least
isoniazid and rifampicin. Excluded were studies that referred only to: single drugresistance, resistance of the individual to the disease, or drug-resistance in a general
way (e.g. DS-TB cases have implications for MDR-TB).
t Intervention: Abstract/full text does not refer to treatment and/or care options for
MDR-TB. Excluded were studies that referred only to diagnosis, infection control,
chemoprevention, treatment of latent infection, or treatment in a general way (e.g.
diagnostic intervention has implications for treatment).
t Outcome: Abstract/full text does not refer to either cost nor cost-effectiveness or
economic evaluation. Excluded were studies that referred only to: “fitness cost”; the
cost of not treating MDR-TB, or to cost in a general way (e.g. MDR-TB treatment is
likely to have higher costs).
Duplicates not initially captured by EndNote were also removed at this point.
In reviewing the data (Stage 3), the assessment sought to answer the following
question: Assuming that the results are valid, is it possible to assess on the basis of the
data reported the extent to which they may apply to other settings? Applicability to
other settings is an issue of critical concern to any systematic review of cost or costeffectiveness analysis.
There were 8 studies in which resource use was not described, and/or costs were not
reported with the necessary disaggregation or sensitivity analyses to say anything about
applicability to other settings. In one study, only drug costs were considered, with no
mention of the costs of care. Finally, there were three studies in which MDR-TB and
non-MDR-TB data were not disaggregated.
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Also at this stage, we excluded 16 studies that were based entirely on secondary sources
of data. Excluded studies are listed, with reasons, in Annex 3.
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INCLUDED STUDIES
The Summary of Findings table is restricted to studies which have data on our primary
outcome of interest: cost per DALY averted. This final list of studies included is listed
in Table 1, with a summary of their major characteristics.

Strategy: empirical and individualized
treatment determined by individual
physicians. Diagnosis: Incomplete drug
susceptibility.
Regimen: limited availability of secondline drugs; surgery sometimes formed
part of treatment. Duration: discharged
when cavity closure was documented.
Setting Patients almost always hospitalized
throughout treatment. Average 132 days
inpatient treatment and 12 clinic visits.
DOT: throughout treatment.
Same as above, except: Setting Patients
almost always hospitalized throughout
treatment. Average 120 days inpatient
treatment, 109 hospital visits and 69 clinic
visits.

Strategy: individualized second-line drug treatment by expert committee of 4–5 physicians;
Diagnosis/DST: drug susceptibility results for both first and second-line drugs; Duration: 12–18
month long continuation phase started 6 months after culture conversion; Regimen: daily, 6–7
drugs in the intensive phase of treatment, including a second-line injectable and any first-line
drugs to which the patient was susceptible, in continuation, the injectable drug was removed from
the regimen. Setting: committee determined whether patients should be treated in hospital or
as an outpatient; average hospitalization was 192 days, with 171 clinic visits. DOT: throughout
treatment. Adherence: Transport vouchers and food packages. Training: Clinical and laboratory
staff were trained through international and national courses. Other: Patient progress was
monitored using periodic X-rays and monthly sputum and culture examinations. Management
and supervision: A small management team was established to provide overall supervision of
clinical and laboratory work and to maintain a TB register.

Same as above, except: Setting: average hospitalization was 321 days, with 250 hospital daystays and 85 clinic visits. Adherence: Food parcels or free provision of meals were provided at
outpatient facilities.

Floyd et al. (personal
observation)d;
Observational study;
High income country;
EUR C
Estonia; 1995-1997 (comparison),
2001-2002 (intervention)

Floyd et al. (personal
observation)d;
Observational study;
Upper-middle income country,
EUR C;
Tomsk Oblast (Russian
Federation); 1998-1999
(comparison), 2001-2002
(intervention)

Annex 1

Comparison: Usual (pre-intervention)
treatment and carec

Intervention: Model of MDR-TB treatment and careb

Lead author and year of
publication; study design,
economic, epidemiologicala,
geographic and/or organizational
setting; year(s) of cost and effect
data

Table 1. Summary characteristics of included studies
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g

f

e

d

c

b

a

Strategy: Individualized; Diagnosis/DST: drug susceptibility testing results for all first-line drugs,
three second-line drugs (kanamycin, ciprofloxacin, and ofloxacin), and previous use of other
drugs as reported by patients.; Setting: 7 days hospitalization followed by 253 clinic visits during
outpatient treatment; Regimen: In the intensive phase of treatment, a daily five-drug regimen
was used. This typically consisted of an injectable drug, a fluoroquinolone, other oral secondline drugs, and first-line drugs to which the patient was not resistant. In the continuation phase,
started after six consecutive months of negative culture results, the injectable was dropped from
the regimen. Duration: until cultures were negative for 18 consecutive months. DOT: throughout
— during the intensive phase, direct observation of treatment (DOT) was provided by MMC staff.
In the continuation phase, alternating clinic and home-based DOT was used. Adherence: Patients
who defaulted were followed up by telephone, telegram, and/or home visits.

Tupasi 2006g;
Observational study;
Lower-middle income country,
WPR B
the Philippines
Makati Medical Center in Manila,;
1999-2002

Strategy: empirical/standardized;
Regimen: for chronic cases, no or limited
treatment determined by on what patients
could afford to pay for in the private sector;
for new and retreatment cases, standard
first-line retreatment regimen. Setting:
unknown.

Strategy: standardized; Regimen:
Treatment with (negligeable cost) isoniazid
monotherapy; Setting: unknown, but
infrequent use of health services.

This study has been evaluated by a health economist for CRD and is listed in NHSEED; for reasons not stated, it is considered to be a cost study, not an economic evaluation.

The study calculates cost-effectiveness of another two interventions: 1) Standardized second-line drug treatment plus individualized drug treatment strategy for patients not responding to treatment with standardized secondline drug regimen; 2) Same as 1) but standardized second-line drug regimen for patients who do not respond to the treatment regimen with first-line drugs and who are diagnosed with MDR, instead of the first-line re-treatment
regimen. However, these were hypothetical interventions, not actually implemented, and we therefore do not include these interventions in our systematic review and data synthesis.

This study has not been evaluated by the Centre for Review and Dissemination (CRD); no structured abstract is available in the National Health Service Economic Evaluation Database (NHSEED).

An unpublished manuscript by Floyd et al. contains a comparison of results from two separate studies conducted in two countries of the former Soviet Union.

All studies provide intervention-mix constrained cost-effectiveness results — that is, comparisons of the MDR-TB intervention to usual (pre-intervention) treatment and care, which may or may not have been a cost-effective
allocation. These results are later generalized for comparisons to a null set of no intervention.

We documented, whenever explicitly described in the study, the following aspects of a “model of care”, from the WHO MDR-TB Guidelines : Chapter 7: diagnosis / DST, treatment strategy (standardized, empirical, individualized
or other), drug regimen (inclusion or not of fluoroquinolones, injectables), number of drugs, number of months of treatment (past culture conversion), adjunct therapies (surgery, nutritional, corticosteroids); Chapter 12:
treatment delivery setting (community-based care, clinic-based/outpatient treatment, hospitalization/inpatient treatment), disease education, DOT, socioeconomic support, psychosocial and emotional support, management of
adverse effects, monitoring systems to improve adherence. “Other” includes details, if available, on monitoring of treatment and management of adverse side effects (Chapter 11), management of contacts of MDR-TB patients
(Chapter 14), infection control (Chapter 15) or recording and reporting (Chapter 18), if reported.

The WHO regions are: AMR — The Americas, EUR — Europe, WPR — Western Pacific. WHO subregions are classified according to mortality strata: B. Low child, low adult; C. Low child, high adult; D. High child, high adult.

Strategy: standardized; expert committee of 12 lung specialists, public health specialists, and
laboratory specialists approves or reject requests from the general health facilities to enroll
patients; Diagnosis/DST: Drug susceptibility testing of first-line drugs at reference laboratory;
Duration: 18 months; Regimen: daily regimen, consisting of kanamycin (1 g injectable),
ciprofloxacin (1 g orally), ethionamide (750 mg orally), pyrazinamide (1500 mg orally), and
ethambutol (1200 mg orally). Kanamycin was administered only for the first 3 months. Setting:
outpatient, local health clinic, with 18 hospital visits and 450 clinic visits; DOT: throughout,
daily by nurses for administration of drugs and monitoring of any adverse effects associated with
treatment, and monthly by doctors for a medical check-up; Adherence: patients were provided,
for example, with an appointment card and a weekly food parcel. Other: Baseline and monthly
follow-up sputum smears at periphery level. Baseline and monthly follow-up cultures of sputum
samples at district level.
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Suarez 2002e,f;
Observational study;
Upper-middle income country
AMR D
Peru; 1997-1999
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The major differences between the interventions relate to treatment strategy, drug
regimen, number of drugs and treatment delivery setting. A standardized treatment
strategy was used in Peru, whereas an individualized strategy was used in the
Philippines, Tomsk and Estonia. The drug regimen and number of drugs used in the
Peru study would, by today’s standards, be considered substandard. In Peru and the
Philippines, treatment was delivered under a clinic-based, outpatient-focussed model;
in Tomsk and Estonia, treatment was delivered under a hospital-based, inpatientfocussed model. There is no example among the included studies of community-based
treatment and care.
There is comparatively little difference between the studies in terms of diagnosis, drugsusceptibility testing (DST), number of months of treatment (past culture conversion),
and directly observed therapy (DOT). Differences in terms of adjunct therapies, disease
education, socioeconomic support, psychosocial and emotional support, management
of adverse effects, and monitoring systems to improve adherence could not be quantified
on the basis of reported information on resource use.

In theory, there is a possibility of publication bias arising from the fact that economic
evaluations are more likely to be based on published (usually larger effect-size) results
than on unpublished (usually small effect-size) results. We had attempted to mitigate
these potential biases by extending our search to non-English language and regional
databases, as well as to the so-called “grey literature”. We compared included studies
to those assessed elsewhere in a systematic review of effectiveness (3). Confidence
intervals from Tupasi et al seem to reflect confidence interval on individualized
treatment success as a whole; the Peru result from Suarez, appears to be on the low
end of treatment success among standardized treatment regimens. In practice, there
is therefore little to suggest the presence of effect-size bias in the included studies. The
Tomsk and Estonia results were not included in the Orenstein et al. (2009) systematic
review of effectiveness, because they were not published at the time.
There is also a theoretical possibility of publication bias arising from a preference for
low-cost settings. We compared unit costs from the four included studies plus eleven
other studies with usable cost data (see Annex 3) with cost data to planned (preliminary)
2011 budgets divided by expected numbers of MDR-TB patients in high TB burden
and high MDR-TB burden countries, as reported to WHO for the Global TB Report
(5). We found that the per patient costs from these studies are at the very low end of the
per patient budgets currently being planned for MDR-TB scale-up, even after adjusting
for inflation. Part of the reason may be buffer stocks of drugs and other non-recurring
costs such as buildings, which are not annualized in country-reported budgets. But
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This paper is not a systematic review of effectiveness, but of cost-effectiveness. To the
extent that economic evaluations are conducted in some settings more than others—
such as in developed countries, where effectiveness may be higher—the studies
included in this review will not provide the best available estimate of effect-size across
all settings.
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even so, study costs are very low compared to country-reported budgets. We attempt to
mitigate this bias by generalizing the results, as described in the Data Synthesis section,
to reflect a wider distribution of unit costs.

DATA EXTRACTION
The methods employed in this paper are broadly consistent with the structure and
methods proposed in the Cochrane Handbook (6), especially with regards to Chapter
15, on integrating critical reviews of health economic studies into systematic reviews.
Assessment of the quality of the economic evaluations was guided by checklists as
developed by Drummond et al. (2005) and the Consensus Health Economic Criteria
(CHEC) list. Unfortunately, no Centre for Review and Dissemination (CRD) / National
Health Service Economic Evaluation Database (EED) structured abstracts were
available for comparison.
The quality of the overall evidence was graded was performed using the GRADE
approach and GRADEprofiler (GRADEpro) software v.3.2.2. A GRADE profile and
Summary of Findings (SoF) table was produced.
This paper was then itself assessed against PRISMA and MOOSE checklists, for
systematic reviews and meta-analysis of observational studies, respectively.

Annex 1

DATA SYNTHESIS
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All studies provide intervention-mix constrained (IMC) cost-effectiveness results—
that is, comparisons of the MDR-TB intervention to usual (pre-intervention) treatment
and care, which may or may not have been a cost-effective allocation. In order for
results to be comparable, we standardized results by comparing each intervention not
to usual treatment and care, but to a common null of no intervention at all. The latter
assumption allows for a re-allocation of existing resources, from a potentially costineffective allocation in the pre-intervention period.
Furthermore, we enhanced the applicability of the results by generalizing the input
variables. We performed multivariate uncertainty analysis based on Monte Carlo
methods, using effect results and resource use results from the included studies, but
replacing setting-specific unit costs with distributions from other sources, in a simulation
of 10,000 iterations. In order words, we expand simple parameter uncertainty (as
contained in the individual studies), to both parameter and generalizability uncertainty.
We thereby mitigated some of the factors that would otherwise have reduced the
comparability of results from the different studies :
t Relative prices or costs: Drug costs were adjusted for inflation; with an uncertainty
interval determined by high and low buyer prices cited in the International Drug Price
Indicator Guide 2009. Unit costs for hospital beddays, hospital visits and clinic visits

t

t

t

In order to distinguish the country from the model of treatment and care, we refer in
this table and throughout the rest of the paper to the models of treatment and care as
Es, To, Pe and Ph for Estonia, Tomsk, Peru and Philippines, respectively.
Even with adjustments made to increase the generalizability of the study results, caution
is warranted. Cost-effectiveness results remain specific to the countries in which the
studies were undertaken primarily because of differences in basic demography and
epidemiology of disease. Patient characteristics differ between the studies; it is therefore
not known to what extent the health outcomes would be similar in different settings,
even using the exact same model of treatment and care.
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t

(these were resources for which quantities had been reported in the studies) were
generalized using a distribution of unit costs in 2005 international dollars (I$) from
WHO-CHOICE. Correlations between these variables and GDP per capita (2005
I$) were also derived from WHO-CHOICE data. Unit costs for smears, cultures and
DST were standardized across the four studies using the distribution implied by unit
costs from these very studies; these unit costs were assumed to be highly correlated
(rho=0.75). We assumed, in the absence of information to the contrary, no specific
correlation between unit costs and effect sizes. Other non-drug costs were assumed
to be non-traded commodities and were therefore converted to 2005 international
dollars (2005 I$) using GDP implicit price deflators and purchasing power parity
(PPP) exchange rates.
Availability of health care resources and variations in clinical practice. As per
WHO-CHOICE, a standard utilization rate of 80% is implicit in the unit cost for
hospital beddays; we allow for hospitalization to take place in either first, secondary
or tertiary level hospitals, hospital day-stays in either primary, secondary or tertiary
level hospitals, and clinic visits at population coverage levels of 50-95%. We do not
assume any correlation between facility type and effect size.
Population values: The rate at which the population discounts future health
outcomes was already standard in the four studies, at 3% per annum, and all studies
used disability-adjusted life years (DALY) as the measure of morbidity. No further
adjustments were required.
Incentives to health care workers and institutions: All other non-drug costs (for
quantities had not been reported in the studies) were adjusted by GDP per capita
(2005 I$), as a proxy for the complexity and quantity of inputs required.
Basic demography and epidemiology of disease: The numbers of deaths under the
null is entirely modelled, with the same level of uncertainty across all models; in fact,
we assume that health outcomes in the absence of any intervention would be similar
across demographic and epidemiological settings. Furthermore, we standardized the
number of DALYs per death averted under both the null and the intervention. We
did no additional modelling of the numbers of deaths under the intervention.
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Search terms
((“Tuberculosis, Multidrug-Resistant”[Mesh] OR “Extensively Drug-Resistant
Tuberculosis”[Mesh])) AND (cost* or (economic and (evaluation or analysis)))
“Tuberculosis, Multidrug-Resistant”[Mesh] AND “Tuberculosis, Multidrug-Resistant/
economics”[Mesh]
‘multidrug resistant tuberculosis’/mj AND (cost* OR (economic AND (‘evaluation’/mj
OR ‘analysis’/mj))) AND [humans]/lim AND [embase]/lim
Topic=((cost* or (economic and (evaluation or analysis))) and ((resist*) or (drug-resist*) or
(multidrug-resist*)) and (treatment or therapy or care)) AND Title=((tuberculosis or tb))
abstract:(((cost* OR (economic AND (evaluation OR analysis))) AND ((resist*) OR
(drug-resist*) OR (multidrug-resist*)) AND (treatment OR therapy OR care))) AND
title:((tuberculosis OR tb))
((resist*) or (drug-resist*) or (multidrug-resist*)) and (tuberculosis or tb) in Keywords and
(cost* or (economic and (evaluation or analysis))) in Full Text/Abstracts
MeSH Tuberculosis, Multidrug-Resistant
Abstract: tuberculosis
Keyword: tuberculosis

(cost* or (economic and (evaluation or analysis))) and ((drug resist*) or (drug-resist*) or
(multidrug-resist*)) and (tuberculosis or tb)

Global databases

Cochrane Library
http://www3.interscience.wiley.com/cgi-bin/mrwhome/106568753/HOME

Pubmed
http://www.ncbi.nlm.nih.gov/pubmed

EMBASE
http://www.embase.com/

ISI Web of Knowledge:
http://apps.isiknowledge.com/

CABI Global Health
http://www.cabdirect2.org/advancedsearch.html

Health Economic Evaluations Database (HEED)
http://www3.interscience.wiley.com

NHS Economic Evaluation Database (NHSEED)
http://www.crd.york.ac.uk/crdweb/

Cost-Effectiveness Analysis Registry (CEA)
http://www.tufts-nemc.org/cearegistry/

European Network of Health Economic Evaluation Databases
(EURONHEED)
http://infodoc.inserm.fr/euronheed

REPEC
http://econpapers.repec.org

Annex 1. Databases and search terms of the search strategy

SUPPLEMENTARY DIGITAL CONTENT
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(cost$ or (economic and (evaluation or analysis))) and ((resist$) or (drug-resist$) or (multidrugresist$)) and (tuberculosis or tb)
[MH] “Tuberculosis, Multidrug-Resistant”
(cost$ or (economic and (evaluation or analysis))) and ((resist$) or (drug-resist$) or (multidrugresist$)) and (tuberculosis or tb)

SciELO–Scientific Electronic Library Online
http://www.scielo.org/php/index.php?lang=en

WPR Index Medicus
http://www.wpro.who.int/information_sources/library_services/wprim.htm

SEAR Index Medicus
http://library.searo.who.int/index.php?option=com_content&view=article
&id=48&Itemid=58
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[MH]”Tuberculosis, Multidrug-Resistant” [Words] and cost or coût or coste or costo or custo
[Abstract words]

Latin American and Caribbean Center on Health Sciences Information
(LILACS)
http://regional.bvsalud.org/php/decsws.php

allintitle: resistant tuberculosis cost OR coût OR coste OR costo OR custo
allintitle: tuberculosis “resistance” cost OR coût OR coste OR costo OR custo
allintitle: tuberculosis resistente cost OR coût OR coste OR costo OR custo
allintitle: “resistencia” tuberculosis cost OR coût OR coste OR costo OR custo
allintitle: tuberculose cost OR coût OR coste OR costo OR custo
allintitle: туберкулез стоимость (tuberculosis cost)
allintitle: туберкулез стоимости (tuberculosis costs)
allintitle: туберкулез устойчивый OR устойчивость

tuberculosis [Key Word] and cost [Key Word]
Tuberculosis, Multidrug-Resistant [SU]
tuberculose [KeyWords] and coût [KeyWords]

EMR Index Medicus
http://www.emro.who.int/his/VHSL/Imemr.htm

Google scholar
scholar.google.com

tuberculosis or tuberculose [Key Word] and cost or coût or coste or costo or custo [Key Word]

Search terms

African Index Medicus
http://indexmedicus.afro.who.int/

Regional databases / internet search
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((“Tuberculosis, Multidrug-Resistant”[Mesh] OR “Extensively Drug-Resistant
Tuberculosis”[Mesh]))
“Tuberculosis, Multidrug-Resistant”[Mesh] and “systematic review”
Point and click search
‘multidrug resistant tuberculosis’/exp OR ‘multidrug resistant tuberculosis’ AND (‘systematic
review’/exp OR ‘systematic review’)
Title: ((resist*) or (drug-resist*) or (multidrug-resist*)) and ((tuberculosis or tb)) and
“systematic review”
((resist*) or (drug-resist*) or (multidrug-resist*)) and ((tuberculosis or tb)) and “systematic
review”

Cochrane Library
http://www.cochrane.org/reviews/

Pubmed
http://www.ncbi.nlm.nih.gov/pubmed

BMJ
http://clinicalevidence.bmj.com/ceweb/conditions/ind/0904/0904_I18.jsp

EMBASE
http://www.embase.com/

ISI Web of Knowledge:
http://apps.isiknowledge.com/

CABI Global Health
http://www.cabdirect2.org/advancedsearch.html

Vidoevska A, Talevski S, Vragoterova C. Multiresistant tuberculosis–is it a problem in Macedonia? Makedonski Medicinski Pregled 2006.

Pathan AJ, Khan AA. Treatment of short course chemotherapy [SHRZE] failure cases with kanamycin, ethionamide and cycloserine. Specialist Q1996. p. 101-6.

Kizkin O, Hacievliyagil SS, Turker G, Gunen H. [The cost of treatment in new case and multidrug resistant case in pulmonary tuberculosis]. Tuberk Toraks. 2004/05/15
ed2003. p. 410-5.

Jana PK, Das I, Sanyal D, Mandal K. The treatment outcome of multi drug resistant tuberculosis in a teaching hospital. International Medical Journal. 2009;16(2):131-6.

Field SK. The assessment and treatment of drug-resistant tuberculosis. Drug Benefit Trends. 2009;21(8):246-60.

Studies for which full texts could not be retrieved

Annex 3. Studies excluded from the Summary of Findings table

Search terms

Database

Annex 2. Search strategy for systematic reviews of effectiveness
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Cost and/or effect data not disaggregated from non-MDR-TB cases

No primary data

Cost of treatment and care not disaggregated and/or resource use not documented

Cost of treatment and care not disaggregated and/or resource use not documented

Cost and/or effect data not disaggregated from non-MDR-TB cases

Drug unit costs are reported without associated quantities

No primary data

Cost of treatment and care not disaggregated and/or resource use not documented

Cost of treatment and care not disaggregated and/or resource use not documented

Cost of treatment and care not disaggregated and/or resource use not documented

Cost of treatment and care not disaggregated and/or resource use not documented

Cost and/or effect data not disaggregated from non-MDR-TB cases

No primary data

Bocchino 2006(10)

Brewer 1998(11)

Burgos 2005(12)

Costa 2005(13)

Hasker 2009(14)

Laing 2000(15)

Maher 2007(16)

Mahmoudi 2003(17)

Mitnick 2003(18)

Moore-Gillon 2001(19)

Rajbhandary 2004(20)

Van Deun 1999(21)

Wilton 2001(22)

Care costs only; no effect data, or none provided according to standard definitions.

Treatment and care costs; no effect data, or none provided according to standard definitions.

Treatment and care costs; no effect data, or none provided according to standard definitions.

Treatment and care costs; no effect data, or none provided according to standard definitions.

Brown 1995(24)

Burman 1997(25)

Gomes 2003(26)

Kamolratanakul 2002(27)

Annex 1

Drug costs orly; no effect data, or none provided according to standard definitions.

Bastian 2000(23)

Studies with cost data used to inform the uncertainty analysis but excluded from review of cost-effectiveness

No primary data

Baltussen 2005(9)

Studies excluded on the basis of cost and/or effect data
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Drug costs only

Drug costs only; non-drug costs are based on an included study(7); health effects are modelled from other studies

Drug costs only; care not costed (in fact, no fixed costs considered in this marginal cost analysis); results not usable in a generalized costeffectiveness analysis

Drug costs only; no effect data

Treatment and care costs; no effect data, or none provided according to standard definitions.

Mohammadi 2008(29)

Resch 2006(30)

Sterling 2003(31)

Tobón 2001(32)

White 2000(33)

WHO/HTM/TB/2011.6a

Treatment and care costs; no effect data, or none provided according to standard definitions.
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Kang 2006(28)
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