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Marketing new medicines before pre-registration clinical trials are complete may sound rash and risky. But
when treatment options are scarce in the face of a lethal, transmissible disease the balance tilts in favour of
“use” rather than “wait”. Such were the conditions under which bedaquiline and delamanid (two new
tuberculosis (TB) agents) were introduced a few years ago. This article relates how uncertainties about the
safety of these new drugs were handled to enable their use.
Effective medications for TB strains resistant to isoniazid and rifampicin (multidrug-resistant (MDR)-TB
strains) are scarce. The World Health Organization (WHO) estimates that ∼580 000 new TB cases emerge
each year requiring treatment for MDR-TB [1]. MDR-TB regimens in widespread use remain hugely
unsatisfactory and only about one-half of patients globally complete treatment successfully, a statistic
which has stagnated for several years. The long duration of the regimens and their toxicity are major
determinants of unfavourable outcomes. Many patients who are not cured die or slip into chronicity and
continue transmitting drug-resistant Mycobacterium tuberculosis strains to others [2, 3].
The arrival of bedaquiline in late 2012, the first of two new medicines targeted for MDR-TB, presented an
opportunity to break this deadlock. After decades without new TB medicines, in recent years bedaquiline
and delamanid received conditional approval for use in the treatment of MDR-TB by stringent drug
regulatory authorities, including the European Medicines Agency and, in the case of bedaquiline, the US
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Food and Drug Administration [4–6]. WHO also issued interim policies on use of these two medicines as
part of new MDR-TB and extensively drug-resistant (XDR)-TB regimens [7–9]. The incomplete safety
profile of the two agents from phase IIB trial data was mitigated by advice to use them under conditions
in which intensive monitoring for adverse events (AEs) could be done. The main safety concerns for
bedaquiline included QT-interval prolongation and cardiac events, increase in hepatic transaminases and
deaths; and for delamanid included QT-interval prolongation. However, these signals emerged from a
limited number of patient observations and in most of the clinical studies, the safety data from cardiac
monitoring provided only limited details, and therefore additional safety data are needed [7–15].
Unlike other monitoring activities inherent to TB programmes, such as sputum bacteriology, drug
resistance and treatment outcomes, drug safety has not been consistently monitored by TB programmes in
the past, raising concerns about the feasibility of implementing this requirement. This prompted WHO
and other key stakeholders to define the parameters and essential steps needed for national TB
programmes to establish an appropriate framework for what became known as “active TB drug safety
monitoring and management” (aDSM) [16, 17] (table 1). aDSM has since then also been recommended
for other novel TB treatment approaches for which safety data are sparse, such as the shorter MDR-TB
regimen recommended by WHO since 2016 [3].

aDSM: rationale and vision
aDSM consists of the active and systematic clinical and laboratory assessment of patients on treatment
with new TB medicines, or novel MDR-TB or XDR-TB regimens, to detect, manage and report suspected
or confirmed drug toxicities. While all AEs detected need to be managed, the core package of aDSM
requires that as a minimum, national programmes document and report all serious adverse events (SAEs)
that occur in patients monitored. Data reported should include information on the SAE and drug
exposures for all drugs taken by the patient experiencing the SAE. Treatment sites may also decide to
include other AEs of special interest or clinical significance [16]. Whatever the level of monitoring,
countries need to maintain databases containing the safety data obtained from aDSM. For this purpose
they may create an electronic register, or accommodate the capture of additional variables in an existing
electronic medical record system, following good practices in electronic recording [19, 20]. National aDSM
databases do not intend to duplicate existing national collection of information on adverse drug reactions
by the national pharmacovigilance centres, but rather seek to collect more detailed information or data on
events that would have otherwise not been systematically collected.
Aside from a few high-burden settings, it is not expected that the volumes of patients recruited by any
single country on aDSM would be large enough to permit meaningful analysis. Pooling data from different
sites would thus be indispensable to better characterise the frequency of drug-related harms and increase

TABLE 1 Definitions of basic terms as applied in active tuberculosis (TB) drug safety
monitoring and management (aDSM)
Term

Definition

Adverse event

Any untoward medical occurrence that may present in a TB patient during
treatment with a pharmaceutical product, but which does not necessarily
have a causal relationship with this treatment.
An adverse event which either leads to death or a life-threatening
experience; to hospitalisation or prolongation of hospitalisation; to
persistent or significant disability; or to a congenital anomaly. Serious
adverse events that do not immediately result in one of these outcomes
but that require an intervention to prevent it from happening are included
[18]. Serious adverse events may require a drastic intervention, such as
termination of the drug suspected of having caused the event.
A relationship between an exposure (A) and an event (B) in which A
precedes and causes B. This may refer to the causal association between
an exposure to a TB medicine and the occurrence of an adverse reaction.
An adverse event documented to have occurred during clinical trials and for
which the monitoring programme is specifically sensitised to report
regardless of its seriousness, severity or causal relationship to the TB
treatment [16].
An adverse event that either 1) is serious, 2) is of special interest, 3) leads
to a discontinuation or change in the treatment, or 4) is judged as
otherwise clinically significant by the clinician [16].

Serious adverse event

Causal relationship

Adverse event of special
interest

Adverse event of clinical
significance
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the likelihood that uncommon ones are not missed. Involving the private sector would also be important
in many countries. Starting in 2015, WHO’s Global TB Programme (GTB) and Special Programme for
Research and Training in Tropical Diseases (TDR) coordinated a dialogue with different stakeholders,
which led to the creation of a global aDSM database to host national reports [17].

The WHO global aDSM database
The WHO global aDSM database collects a standard set of variables and comprises anonymised
individual-level patient data on AEs (serious or not serious) from persons treated with new TB medicines
or novel MDR-/XDR-TB regimens. Countries where aDSM has been implemented are invited to
contribute by sharing their national data to the WHO global aDSM database. The data collected in the
WHO global aDSM database cover demographic characteristics of the patient subject to the AE,
comorbidities, AE details (description of the event, start and stop date, intensity, seriousness, causal
relationship, outcome and management), and information on all drug exposures at the time of the AE
onset [21]. The causal link of an exposure with an AE is assessed at country level whenever possible
(figure 1).
Country participation in the global aDSM database is governed by an agreement describing the
responsibilities and the conditions of data use. Contributors retain ownership of their data and do not
forfeit their ulterior use (e.g. research or publication). Participants are responsible for ensuring that
national regulations are respected, especially regarding patient consent and data sharing, and including
obtaining clearance from national ethical committees when applicable. Support for transfer, mapping and
curation of the electronic dataset is provided [21]. Access to the aDSM global database is restricted to
authorised staff designated by WHO for the purpose of data review and analysis. Reports of analyses are
envisaged when sufficient data accrue, and should in the future generate additional evidence for treatment
guidelines. Some high MDR-TB burden countries that are among the first to implement aDSM have
shared their data and the expectation is that more countries will contribute to the aDSM global database
in future. Data acquisition is slow, probably reflecting the relatively low pace of introduction of bedaquiline
in most countries and the time it may take in some instances to formalise the data-sharing agreement, but
usually contributing countries transfer data on a regular basis as they progress in enrolling patients under
the new drugs and new regimens. Data obtained so far include repurposed drugs or bedaquiline, but no
data have yet been collected in the aDSM global database on delamanid.
A number of challenges are anticipated. The success of the global aDSM database will depend upon the
appreciation by treatment programmes of the importance of collecting and sharing data to improve
knowledge on TB treatment. For this they need to invest time and resources to develop appropriate
systems and implement aDSM. Until standardisation of methods improves, heterogeneity is expected
between reporting sites, such as differing judgement on the drug-exposure relationship, quality and
completeness of data, and the coding of AEs and medications [22–24]. A number of measures are being
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FIGURE 1 Schematic representation of the flow of data from the point of care to the global active tuberculosis
(TB) drug safety monitoring and management (aDSM) database. Note that aDSM may collect more
information than the regular pre-existing form for report of adverse drug reaction at country level. When the
event (adverse event (AE) or serious adverse event (SAE)) qualifies for reporting to the national
pharmacovigilance (PV) centre, national systems should be in place to ensure that the report is shared with
the national PV centre. WHO: World Health Organization.
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taken to address these barriers. A dedicated website has been created to centralise information and training
material to support contributors [17]. A special software (PViMS) has been developed by Management
Sciences for Health (Arlington, VA, USA) to assist countries in capturing the necessary AE data with the
consistency checks required to improve quality, validity and comparability of records [25]. Data sharing
has not yet become standard practice and remains unfamiliar to many programmes [26]. However,
advocacy for data sharing is increasing and its value in informing TB treatment policy is becoming clearer
to many TB practitioners [27].
Once aDSM becomes a mainstream TB programme activity, it is expected that its value will extend beyond
the individual patient monitored, to benefit other patients from improved knowledge of the medicines
studied as well as endowing programmes with a robust mechanism to enable the introduction of future TB
treatments at a swifter pace.
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