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a b s t r a c t

Scope: The current tools for tuberculosis (TB) treatment monitoring, smear microscopy and culture,
cannot accurately predict poor treatment outcomes. Research into new TB treatment monitoring tools
(TMTs) is growing, but data are unreliable. In this article, we aim to provide guidance for studies
investigating and evaluating TB TMT for use during routine clinical care. Here, a TB TMT would guide
treatment during the course of therapy, rather than testing for a cure at the regimen's end. This article
does not cover the use of TB TMTs as surrogate endpoints in the clinical trial context.
Methods: Guidelines were initially informed by experiences during a systematic review of TB TMTs.
Subsequently, a small content expert group was consulted for feedback on initial recommendations. After
revision, feedback from substantive experts across sectors was sought.
Questions addressed by the guideline and Recommendations: The proposed considerations and recom-
mendations for studies evaluating TB TMTs for use during the treatment in routine clinical care fall into
eight domains. We provide specific recommendations regarding study design and recruitment, outcome
definitions, reference standards, participant follow-up, clinical setting, study population, treatment
regimen reporting, and index tests and data presentation. Overall, TB TMTs should be evaluated in a
manner similar to diagnostic tests, but TB TMT accuracy must be assessed at multiple timepoints
throughout the treatment course, and TB TMTs should be evaluated in study populations who have
already received a diagnosis of TB. Study design and outcome definitions must be aligned with the
developmental phase of the TB TMT under evaluation. There is no reference standard for TB treatment
response, so different reference standards and comparator tests have been proposed, the selection of
which will vary depending on the developmental phase of the TMT under assessment. The use of
comparator tests can assist in generating evidence. Clarity is required when reporting of timepoints, TMT
read-outs, and analysis results.
Implementing these recommendations will lead to higher quality TB TMT studies that will allow data to
be meaningfully compared, thereby facilitating the development of novel tools to guide individual TB
therapy and improve treatment outcomes. Emily Lai-Ho MacLean, Clin Microbiol Infect 2024;30:481
© 2024 World Health Organization; licensee Elsevier Ltd. This is an open access article under the CC BY-
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Scope

Effective tuberculosis (TB) regimens have been available for over
50 years, but treatment outcomes are still suboptimal. Treating TB,
especially drug-resistant TB (DR-TB), is challenged by complex and
toxic regimens [1]. Treatment failure occurs because of a variety of
factors that, aside from causing individual-level morbidity and
mortality, heighten the risk of disease relapse, transmission, and
development of DR-TB [2,3]. The WHO reports that treatment
success varies from 74% to 91% among people starting treatment for
drug-susceptible TB (DS-TB), and 56% to 69% among those starting
treatment for DR-TB [4]. There is, therefore, a need to improve
treatment outcomes, and people undergoing routine TB treatment
may benefit from the use of TB treatment monitoring tools (TMTs)
that could guide the treatment they receive.

However, there is no accurate TB TMT available for patients in
routine clinical care, although research in this area is growing [5,6].
In this document, we aim to provide recommendations regarding
the design and reporting of studies investigating TB TMTs in the
clinical setting, where patient treatment would be guided by the
results of the TB TMT. This is in contrast to the clinical trial setting,
where a TB TMT may be used to assess a surrogate endpoint, or for
other uses. These guidelines are applicable to studies evaluating the
use case of a TB TMT to direct treatment during the course of
therapy, rather than the use case of assessing disease severity at
treatment initiation or testing for cure at the regimen's completion.

Context

A test or tool capable of assessing an individual's response to
anti-TB therapy (Table 1) during routine care would inform
healthcare workers whether a patient is responding favourably or
unfavourably to TB treatment, allowing for a change in treatment
with the aim to improve treatment outcomes, shorten treatment,
and/or reduce treatment-relatedmorbidity and the development of
drug resistance. Ideally, a read-out of this tool measured once early
in treatment would accurately predict the final treatment outcome,
but with current technology, multiple readings throughout treat-
ment may be needed [7]. Indeed, such repeatedly measured
markers are referred to by the United States Food and Drug
Administration as ‘monitoring biomarkers’ and can be used to
‘assess response of a disease […] to a treatment’ [8]. Biomarkers,
Table 1
Terminology and definitions used in this manuscript

Term Working definition

Treatment monitoring
tool, treatment
monitoring testa

Tests or tools of TB treatment optimization during TB treatmen
response to their current TB treatment, and whose outcome w
monitoring tool may utilize a single or multiple measurand(s

Discovery phase study Studies that aim to determine the presence of a signal to be u
Early-phase study Studies that aim to determine whether a novel treatment mo

course of therapy. Results from a TMT at this stage of evaluat
Late-phase study Studies that aim to determine whether a novel treatment mo

outcomes, as the tool's result will guide treatment administer
Bacteriologic

conversionc
This describes a situation in a patient with bacteriologically c
smears (for DS-TB only), taken on different occasions at least

Treatment failurec A patient whose treatment regimen needed to be terminated o
response, adverse drug reactions, or evidence of additional dru

Relapsed Relapsed patients with TB have previously been treated for TB,
of treatment, and are now diagnosed with a recurrent episod

Early relapse As above for ‘relapse’, but restricted to cases arising up to 6 m

DR, drug-resistant; DS, drug susceptible; TB, tuberculosis; TMT, treatment monitoring to
a Use cases and target characteristics for these tests/tools are described in further detail

and Optimisation [7].
b TB treatment includes adjunctive therapy or change in general management, e.g. mo
c WHO definitions available in [10].
d WHO definition available in [11].
multi-marker biosignatures, clinical features, and imaging outputs
are some possible measurands (alone or in combination comprising
a score) that could be included in a TMT, although measurands are
not limited to these possibilities. Previous reviews have summa-
rized the pipeline of TB TMTs and strategies [5,9e11]. Optimally,
these measurands could also be used in culture-negative patients,
children, or when a suitable sample for culture cannot be obtained.

In 2021, WHO updated the TB treatment outcome definitions
[12]. Outcomes are assessed using culture with or without smear
microscopy for DR-TB and DS-TB during therapy and at treatment
end. However, obtaining results from culture takes weeks, at which
time the treated patient may be difficult to re-contact [13], and
smear microscopy cannot differentiate viable from non-viable bac-
teria [14]. In addition, both techniques rely on sputum as a sample,
which is difficult to collect from individuals who have responded
well to treatment, people livingwith HIV [15], and children [16], and
is uninformative for patients with extra-pulmonary TB without
concomitant PTB [17]. Because of these tools' significant limitations,
both techniques are under-implemented as TB TMTs [18e20].

There has been growing research into biomarkers that correlate
with response toTB treatment, as documented in a recent systematic
review [6]. The review may be consulted for biomarkers and assays
that have already been evaluated. However, there were substantial
differences in reporting, and the risk of bias was high in most publi-
cations, impeding the direct comparison of findings between studies.
In part, this can be attributed to a lack of available guidance for the
development and evaluation of TB TMTs. Target product profiles
(TPPs)havepreviouslybeenpublishedtoguide thedevelopmentofTB
tests for certain use cases (e.g. a non-sputum-based biomarker diag-
nostic test [21]oraperipheraldrugsusceptibility test [22]), butonly in
2023wereTPPs for routine treatmentmonitoring testsdevelopedand
published [7]. Available guidance for evaluating TMTs has focused on
the clinical trial use case: (a) a policy document for tests measuring
bacteriological response in the clinical trial context from a 2011
United States Centers for Disease Control and National Institutes of
Health meeting [23] and (b) a TPP for a treatment monitoring test to
be used in clinical trials from Unite4TB (article in press).

Question addressed by the guideline

Here, we aim to provide guidance for studies investigating and
evaluating TB TMTs that could be used during routine clinical care in
t that aim to identify patients at high risk of poor outcomes because of inadequate
ould be improved with differentiated or optimized TB treatmentb. A treatment

), and may or may not require biological specimens.
sed as a novel treatment monitoring tool.
nitoring tool can predict patient treatment outcome by measurement early in the
ion would not be used to inform an individual's treatment.
nitoring tool can improve patient management and lead to improved treatment
ed to individuals in the study.
onfirmed TB where at least two consecutive cultures (for DR-TB and DS-TB) or
7 days apart, are negative.
r permanently changed (because of no clinical response and/or no bacteriological
g resistance to medicines in the regimen) to a new regimen or treatment strategy.
were declared cured or treatment completed at the end of their most recent course
e of TB (either a true relapse or a new episode of TB caused by reinfection).
o after therapy completion to aid in distinguishing true relapses from reinfections.

ol.
s in theWHO Target Product Profiles for Tests for Tuberculosis TreatmentMonitoring

re intensive follow-up.
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high TB burden settings. These tools are intended to help healthcare
workers assess the effectiveness of TB treatment and, consequen-
tially, improve treatment outcomes. Following the corresponding
TPP [7], this guidance is applicable at ‘minimum’ to studies evalu-
ating TB TMTs among a target population of peoplewith pulmonary
TB or any form of bacteriologically confirmed TB, but ‘optimally’ to
all people already receiving treatment for TB. Recommendations
will concern study design and reporting elements.

Methods

The current project was initiated by the Biomarkers Task Force
of the New Diagnostics Working Group (NDWG). NDWG is a multi-
sector group that aims to progress TB diagnostics; NDWG receives
funding from the Stop TB Partnership and United States Agency for
International Development (USAID). Initial drafting of recommen-
dations was conducted by a core group of multidisciplinary experts
from McGill University, University of Sydney, and Heidelberg Uni-
versity who had recently performed several rounds of critical re-
view of the TB treatment monitoring literature during the process
of conducting a systematic review of biomarkers for TB treatment
monitoring [6]. The experiences and observations made while
systematically reviewing the literature and extracting data from
eligible publications served as the basis of evidence for the initial
draft guidancemanuscript. All details regarding the search strategy,
methods, risk of bias assessment, and results are available in the
published systematic review [6]. Subsequently, the initial draft was
shared for several rounds of feedback with substantive experts
from FIND, a non-profit product development partnership focused
on diagnostics, University of California San Francisco, IRCCS San
Raffaele Scientific Institute, WHO, and University College London,
all of whom are included in the document's authors list. In a final
step, recommendations from the revised, late-stage draft were
presented at a meeting in September 2022 to attendees assembled
by WHO for the development of the TPPs for tests for TB treatment
monitoring and optimization [7]. Members represented govern-
ment, industry, non-governmental agencies, product development
partnerships, research institutes, and universities. A full list of
meeting participants is available in the published TPPs [7].

Recommendations for studies evaluating TB TMTs for routine
care

The selected TMT would be tightly correlated with an in-
dividual's response to treatment, so that a read-out of the tool's
measurand accurately predicts treatment outcome. Evaluation of a
TMTcan be approached in a similar, but not identical, manner to the
evaluation of a novel diagnostic test, that is, the accuracy of the tool
can be ascertained by comparing it with a reference standard; at
present, this is compromised by the poor predictive value of the
available tools. Although evaluating a diagnostic test requires a
measurement taken at a single timepoint, candidate TMTs should
be evaluated throughout the course of treatment to understand
how well they reflect an individual's response to therapy. In addi-
tion, although the population selected for studies evaluating diag-
nostic tests should comprise individuals undergoing evaluation for
TB, studies evaluating novel TMTs should target individuals who
are already undergoing treatment for TB.

Recommendations for study design and recruitment

Evaluating a new TMT comprises multiple phases. In ‘discovery’
studies and ‘early-phase’ studies (Table 1), a biomarker or other
measurand may be identified as having the potential to predict
treatment outcome. Once a candidate TMT is found to have
promising accuracy in predicting treatment outcome, later phase
studies will be necessary to determine the TMT's usefulness in
making treatment decisions. Across study phases, participant
recruitment timing and sampling strategy should always be clearly
described. Convenience sampling should be avoided to limit se-
lection bias [24].

In discovery phasework, where a novel signal is being identified,
retrospective studies of well-characterized bio-banked specimens
(e.g. from a TB treatment trial) would play an important role,
because using existing specimens and sampling based on known
treatment outcome (i.e. as is the practice of case-control studies) can
expedite assessment. In general, retrospective studies of well-
characterized bio-banked specimens will likely be a necessary
starting point for identifying novel signals for TMTs. However,
beyond the discovery stage, specimens should not be selected based
on treatmentoutcomebecause of thehigh risk of spectrumbias [25],
which may lead to over-estimates of sensitivity and specificity. To
minimize potential spectrum bias, ‘control’ samples from patients
with a range of disease severity (e.g. as demonstrated by chest
radiography, smear status, clinical severity, or other measures)
should be selected, to reflect differing extents of TB disease.

Once a signal is characterized, the TMT's accuracy in predicting
treatment outcome should be verified in early verification phase
studies prospectively with fresh samples in a single-gated manner,
i.e. all participants/specimens enter the studybasedonone common
set of inclusion criteria (e.g. patients with culture-positive TB) [26].

Subsequently, promising TMTs should be verified in early vali-
dation clinical studies utilizing consecutive recruitment in patient
populations of intended use. For example, a study validating a pu-
tative TMT could recruit participants from a cohort where all par-
ticipants' treatment outcomes will eventually be observed (e.g. a
treatment trial of novel TB treatment regimens; a pragmatic study
with more intensive follow-up of people receiving treatment
through their country's national TB program). The TMT's results
could then be compared with the treatment outcomes, with sensi-
tivity and specificity for predicting treatment outcome computed at
various timepoints. In these prospective early-phase validation
studies, multiple candidate TMTs could be evaluated and compared
head-to-head. During this phase, physical elements, technical ele-
ments, and standard operating protocols of the TMT should be
locked. This phasewould be followed bya review from independent
experts and, if recommended, could undergo later phase validation.
Critically, at this early validation phase, the TMT's output would not
be used for patient management.

In later phase validation studies, the aim is to determine
whether deploying the TMT to inform treatment, as part of a clin-
ical decision-making algorithm, alone or in combinationwith other
interventions (e.g. enhanced clinical monitoring), will improve
patient outcomes (see section ‘Recommendations for a reference
standard to assess treatment response’ for details), compared with
administering treatment following standard-of-care procedures.
The most definitive way to assess if a TMT improves patient out-
comes is with prospective randomized studies. For example, pe-
ripheral clinics with similar patient profiles could be cluster-
randomized to use or not use a TMT to guide the management of
newly diagnosed patients with TB. Rates of treatment failure and/or
early relapse in each arm could then be compared. Alternative
study designs (e.g. adaptive) utilizing different randomization
strategies (e.g. individual randomization) are possible and should
be considered. Superiority and non-inferiority trial designs should
be considered and adopted as most appropriate, given the TMT and
specific research question at hand (see section ‘Recommendations
for a reference standard to assess treatment response’ for discus-
sion of endpoints). Other considerations, such as cost or treatment
burden to patient, may also be relevant.
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Recommendations for a reference standard to assess treatment
response

Studies must clearly define treatment response or outcome. For
TMTevaluation, we suggest using different definitions of treatment
response as the reference standard depending on the TMT's eval-
uation phase.

In discovery phase studies ascertaining whether a biomarker
can accurately predict a patient's eventual treatment outcome,
‘bacteriological conversion’ [10] (Table 1) is the best assessment of
response. Biomarkers displaying high agreement with bacterio-
logical conversion could advance for further evaluation as a TMT.

In both early and later validation phase studies, we recommend
using a composite measure of the treatment outcomes ‘treatment
failure’, ‘early relapse’ (Table 1), and death (with reporting stratified
by TB-related reason or not) as a reference standard. Participants
would thus be classified as experiencing this composite poor
outcome, or not. Note that WHO's definition of ‘treatment failure’ is
itself a composite outcome that encompasses multiple reasons why
a patient may not be cured. For research purposes, patient out-
comes must be reported with sufficient detail so that readers can
understand whether treatment failure resulted from lack of clinical
and/or bacteriological response, or other reasons, e.g. therapy
cessation or modification because of adverse drug reactions or drug
resistance. We recommend using the WHO definition of ‘relapse’
after 6 months post-treatment to distinguish likely relapse from
reinfection. Limiting follow-up time to 6 months is a pragmatic
decision as the likelihood of reinfection increases over time [27].
Optimally, however, genotyping or sequencing methods would
provide a superior distinction between reinfection and relapse, and
we recommend sequencing for all observed recurrent cases [28].

We advise against using ‘treatment success’ (a composite
outcome of ‘cured’ and ‘treatment completed’) or its components as
an outcome. ‘Cure’ requires ‘evidence of bacteriological response’,
which is often unobservable in many people with TB, whereas
‘treatment completed’ refers to adherence to national guidelines,
lacking direct clinical relevance to patient health.

All study participants should have their TMT results compared
with the same reference standard to avoid partial verification bias
[29]. If different participants received different reference standards,
this must be reported. When ascertaining an individual's treatment
outcome, those individuals independently reviewing outcomes, e.g.
expert clinical panels, should be blinded to the results of the TMT
under evaluation. Blinding should be described in the study
methods.

Recommendations for comparator tests

Evaluating the TMT's concordance with one or multiple
comparator tests is valuable evidence, particularly as there is no
perfect test for measuring TB treatment response, although it re-
mains less convincing than comparison with treatment outcome
(early studies) or impact on treatment outcome (late studies).
Comparator tests permit ‘benchmarking against a testwith the same
intended use for which a large evidence base exists’ [30], aiding in
the interpretation of a new tool's performance. Although culture
could be used as a reference standard for discovery phase work, in
later phase studies, on its own it should be considered as more of a
comparator and not a perfect reference standard. This is because
culture can only predict bacteriological response among sputum-
producing people, and even in this subgroup it cannot perfectly
predict treatment outcome [14,31]. Culture combined with other
comparator tests and clinical improvement (e.g. C-reactive protein)
would provide stronger evidence of treatment response than cul-
ture alone. Alongside culture, radiography or computer tomography
couldprovide insight into the clinical response [32],whereas culture
would assess the bacteriological response and sterilizing cure. Data
on position-emission tomography/computer tomography highlight
that clinical cure might not be associated with complete bacterial
clearance in certain cases [33,34]. PCR methods with a DNA target
are generally unable to differentiate between live and dead bacteria,
and intercalating dyes such as propidium monoazide have shown
limited benefit [35]. Although imperfect, Xpert (either MTB/RIF or
MTB/RIF Ultra) (Cepheid, Sunnyvale, California, USA) could be used
to supplement culture results, because limited data exist on the use
of semi-quantitative cycle threshold-values from Xpert (MTB/RIF or
Ultra) to measure change in bacterial burden from baseline, but its
performance is imperfect [36e38]. Although no published data
exist, it is conceivable that the use of cycle threshold-values could be
feasible using other WHO-recommended molecular platforms.
Recently, TB molecular bacterial load assay, a method that detects
Mycobacterium tuberculosis 16S ribosomal rRNA, has been shown to
correlate closely with the Mycobacterial growth indicator tube
(MGIT) liquid culture time to positivity [39] and early relapse [40].
The rRNA synthesis (RS) ratio, which measures ongoing rRNA syn-
thesis, has been shown to reflect the rate of M. tuberculosis repli-
cation [41] and it is now being explored for use in informing TB
treatment shortening [42]. Finally, as smear microscopy is
frequently performed in programmatic settings, its inclusion as a
comparator in late-stage studies may be useful.

Recommendations for patient follow-up frequency and timing

The lack of standardized timepoints at which samples are
collected during patient follow-up impedes the comparison of TB
treatmentmonitoring studies [6]. Thus, a more consistent approach
would be favourable.

Putative TMTs should be systematically evaluated at different
timepoints to identify how the tool's measurand changes
throughout treatment and when the TMT would have the highest
accuracy. This will necessitate collecting specimens at multiple
timepoints throughout treatment. Selecting timepoints will be
influenced by the TMT's measurand, because certain biomarkers
might provide a signal indicating that an individual is responding
appropriately to treatment within the first 2 weeks of treatment
[39,43,44], whereas other measurandsmay take longer. Some TMTs
may require a single reading, whereas othersmay require a baseline
measurement for comparison. The cost of repeat readings should be
balanced with the ease of implementation and patient impact, in
line with the TPPs for a TMT [7]. Table 2 shows suggested follow-up
timepoints for when a candidate TMT should be evaluated in
development. Ultimately, the ideal timing and frequency to use a
TMT will be tool specific and will be determined by data fromwell-
designed studies,whichmaynot alignwith the timepoints shown in
Table 2.

Recommendations for study location (clinical setting)

Different TMTs will be applicable to different clinical settings,
although DS-TB is typically monitored in more peripheral clinical
settings or in the community. With the increasing simplification of
DR-TB therapy [45e47], DR-TB TMTs may become deployable in
more peripheral settings. Studies evaluating novel TMTs should
describe the setting in which the treatment monitoring test was
performed. This includes a description of the geographic location,
as well as the clinical setting (e.g. secondary or tertiary hospital,
peripheral clinic) and training level of test operators. If the index
test was performed at a different site from where the TB samples
were collected, this must be mentioned. In later phase studies, a
multi-site design will help understand if the tool may be deployed



Table 2
Recommended follow-up timepoints for candidate treatment monitoring tool
evaluation

Timepoints at which candidate
TMT should be evaluated during
developmentdminimal

Timepoints at which candidate
TMT should be evaluated during
developmentdoptimal

Timing � At treatment initiation
� 4 wk
� 8 wk
� EOT
� 3 mo post EOT
� If applicable, at the time of TB

recurrence

� At treatment initiation
� 2 wk
� 4 wk
� 8 wk
� Halfway through treatment (if

different from 8 wk)
� EOT
� 3 mo post EOT
� 6 mo post EOT
� 12 mo post EOT
� If applicable, at the time of TB

recurrence

EOT, end of treatment; TB, tuberculosis; TMT, treatment monitoring tool.
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across different geographic settings, particularly because treatment
success ratesmay vary by region. High TB burden settings should be
prioritized to enable generalizability to other settings where the
TMT may provide the most benefit.
Recommendations for study population

Because TB TMTs are intended to direct an individual's patient's
treatment, studies evaluating TB TMTs should include people who
have received a diagnosis of TB and are already undergoing treat-
ment. Studies evaluating TB TMTs should avoid comparing a pu-
tative TMT's performance between people with TB and people
without TB, because this is not the relevant comparison for a test's
eventual deployment.

Some biomarkers may present differently across different pa-
tient populations, e.g. people living with HIV [48], children [49],
people with recurrent TB [50], or between strains [51]. Thus, it is
important to collect key demographic and clinical characteristics
that may be relevant to the biomarker(s) under investigation for all
phases of evaluation. HIV status, baseline drug resistance profile,
history of TB disease, and regimen should always be reported, given
their relevance to TB disease progression and severity. Other char-
acteristics, such as diabetes, nutrition status, and Bacillus Calm-
etteeGu�erin status, should be reported when present in the study
population.

Inappropriate exclusion of participants should be prevented, e.g.
based on smear status, to avoid selection bias. If the study excludes
Table 3
Summary of recommendations for studies evaluating tools for TB treatment monitoring

Domain Key recommendation(s)

1. Study design and recruitment The development phase of the TMT (i.e. di
participant selection. E.g., case-control stu
prospective studies using consecutive sam
for late-phase studies.

2. Reference standard to assess treatment
response

A study's reference standard will depend
but WHO treatment outcomes should be

3. Comparator tests Comparator tests such as smear microsco
4. Patient follow-up frequency and timing Suggested timepoints to assess new TB TM

at the time of TB recurrence (if applicable
5. Study location (clinical setting) Clearly describe the clinical setting and h
6. Study population People diagnosed with TB who are taking
7. Treatment regimen and treatment

adherence programmes
Clearly report study participant treatmen
provided to study population members.

8. Index test and data analysis Present TB TMTs performance at each foll

TB, tuberculosis; TMT, treatment monitoring tool.
particular populations, such as smear-negative individuals, this
must be clearly stated to understand the generalisability of findings.

Participant selection should reflect the phase of the TMT's
investigation. Discovery phase studies may select bio-banked
samples from people whose TB treatment outcomes were ‘cured’
and, as a control group, ‘failed’ [12]. Contrastingly, a late-phase
clinical utility study should consecutively enrol participants who
will comprise the eventual target population, e.g. all adults treated
for pulmonary or extra-pulmonary TB (Table 3).

Recommendations for treatment regimen and treatment adherence
programmes

Existing TB treatment regimens for DS-TB [52] and DR-TB [53]
vary in duration, dose, and combination of antibiotics. At a mini-
mum, studies should identify the different regimens used and the
number of patients on each treatment regimen. In addition, treat-
ment adherence as well as the use of tools that promote treatment
adherence (with description and reference) should be reported.
Sensitivity analyses, including individuals with low treatment
adherence rates, may produce estimates that reflect ‘real-world’
conditions. In late-stage studies, adequate description of actions
taken based on TMT results must be provided.

Recommendations for index test and data analysis

The TMT result should be reported at each follow-up point for all
study participants. When a commercial assay is being evaluated as
a TMT (e.g. a commercial CRP assay), the assay's product name,
manufacturer, and version/lot number should be provided. For
research-use-only assays or assays that are not design-locked,
sufficient procedural information should be provided. In later
phase studies, the tool under evaluation should be design-locked.
The cut-off (including measurand units) used to indicate treat-
ment response at each timepoint must be reported. Some com-
mercial assays have a pre-specified threshold for detecting TB
positivity (e.g. grade 1 for a lateral flow urine lipoarabinomannan
(LAM) assay [54]), which are used at initial presentation. It must be
specified if this threshold is also used for treatment monitoring
purposes. If a TMT's output is quantitative, it should be reported in
addition to the cut-off used (i.e. not just binary positive/negative).

If no cut-off is predefined (as can be expected in discovery and
early-phase studies), the change in measurand over time should be
reported usingmeasures of central tendency (mean or median) and
spread (standard deviation or interquartile range). These values
should be reported in a table with units. Graphs that display this
scovery, early, late) must guide the design of the evaluation study and strategy for
dies using bio-banked samples are important for discovery phase work;
pling would have utility for early-phase studies; randomized designs can be used

on the development phase (i.e. discovery, early, late) of the TMT under evaluation,
used as reference standards.
py, culture, and imaging can help benchmark the performance of new TB TMTs.
Ts: treatment initiation, 4 wk, 8 wk, end of treatment, 3 mo post end of treatment,
).
ealthcare level of the TMT study.
TB treatment should be included in studies of TB TMTs.
t regimens and rates of treatment adherence, as well as any adherence support

ow-up timepoint in 2-by-2 contingency tables and as accuracy estimates.
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change over timemay be used to visualize the change in addition to
a table.

Further stratification at each follow-up is encouraged for the
following variables: HIV status (with CD4 count), baseline presence
drug resistance, baseline smear status, history of TB disease, TB
regimen used, level of treatment adherence, and sex.

The accuracy of TMTs for a given treatment outcome (see section
‘Recommendations for a reference standard to assess treatment
response’) should be evaluated at all follow-up times using (a) a
previously identified analytical cut-off from the literature and/or
(b) the best-performing threshold (e.g. Youden's Index) while
aiming to achieve the targets in the WHO TPPs for tests for TB
treatment monitoring and optimization [7]:

� A threshold that provides �90% sensitivity optimally, or �75%
sensitivity minimally; and

� A threshold that provides �90% specificity optimally, or at �80%
specificity minimally.

For all phases of studies, two-by-two tables and/or receiver
operating characteristic curves with areas under the curve should
be presented at each follow-up timepoint to assess the accuracy
versus the chosen reference standard. Appropriate within-subject
analyses may be necessary to mitigate the increased risk of type I
errors, e.g. repeated measures analysis of variance [55]. Although a
‘global’ area under the curve avoids multiplicity issues, it obscures
the TMT's performance at each follow-up point. When reporting on
TMT accuracy, we recommend following Standards for Reporting
Diagnostic accuracy studies (STARD) guidelines to the extent
applicable [56].

Closing remarks

Future studies investigating novel biomarkers and tools for
routine TB treatment monitoring should incorporate the above
design and reporting recommendations. A summary of key recom-
mendations is provided in Table 3. This will enhance data utility by
reducing bias and improving data quality. TMTs should be evaluated
based on their ability to improve patient treatment outcomes. This
will enable assessments using the Grading of Recommendations,
Assessment, Development, and Evaluations (GRADE) framework as
commonly used in WHO guideline reviews [57].

Although new tools for treatment monitoring may increase
rates of successful treatment, we acknowledge that test results are
only one element within a larger constellation of considerations
clinicians must consider, which include factors beyond this work's
scope. We have attempted to propose these guidelines in a pur-
posefully general manner in an attempt to provide useful recom-
mendations that would be applicable to studies evaluating any
possible format of TB TMT, regardless of study population sub-
groups, healthcare level, or routine clinical algorithms.

Some uncertainty persists in the conduct of treatment moni-
toring studies. This is largely because of the large possible variety in
formats of potential TMTs and the limitations of the reference
standard. Our recommendations strive to provide optimal and
standardized guidance considering these realities. This will allow
for a more standardized approach to evaluating tools for treatment
monitoring, which in turn will help streamline the development of
new and accurate TMTs.
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