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AMK amikacin

BDQ bedaquiline

BPaL bedaquiline-, pretomanid- and linezolid-based regimen
CFz clofazimine

DLM delamanid

DCS D-cycloserine

DR-TB drug-resistant tuberculosis

DST drug-susceptibility testing

EMB ethambutol
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GDF Global Drug Facility

HIV human immunodeficiency virus
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MXF moxifloxacin

NDWG New Diagnostics Working Group

NGS next-generation sequencing

Pa pretomanid

PPV positive predictive value

pre-XDRTB  pre-extensively drug-resistant tuberculosis
PZA pyrazinamide

RIF rifampicin

RR-TB rifampicin-resistant tuberculosis

R&D research and development

TB tuberculosis

TPP target product profile

WHO World Health Organization

XDR-TB extensively drug-resistant tuberculosis
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Definitions

Drug-susceptibility testing (DST)’ refers to in vitro testing using either phenotypic methods
to determine susceptibility, or molecular techniques to detect resistance-conferring mutations
to a particular medicine.

Rifampicin-susceptible, isoniazid-resistant tuberculosis (Hr-TB)> refers to
Mycobacterium tuberculosis strains with resistance to isoniazid (INH) and susceptibility to
rifampicin (RIF) confirmed in vitro.

Rifampicin-resistant tuberculosis (RR-TB)? is caused by M. tuberculosis strains that are
resistant to RIF. These strains may be susceptible or resistant to INH (i.e. multidrug-resistant
TB [MDR-TB]), or resistant to other first-line or second-line TB medicines. In these guidelines
and elsewhere, MDR-TB and RR-TB cases are often grouped together as MDR/RR-TB and are
eligible for treatment with MDR-TB regimens.

Multidrug-resistant tuberculosis (MDR-TB)? is caused by M. tuberculosis strains that are
resistant to at least RIF and INH.

Pre-extensively drug-resistant tuberculosis (pre-XDR-TB)?is caused by M. tuberculosis
strains that fulfil the definition of MDR/RR-TB and that are also resistant to any fluoroquinolone

(FQ).

Extensively drug-resistant tuberculosis (XDR-TB)? is caused by M. tuberculosis strains that
fulfil the definition of MDR/RR-TB and are also resistant to any FQ and at least one additional
Group A drug.

' Implementing tuberculosis diagnostics: policy framework. (WHO/HTM/TB/2015.11). Geneva: World Health Organization.
2015 (https://apps.who.int/iris/bitstream/handle/10665/162712/9789241508612_eng.pdf?sequence=1&isAllowed=y).

WHO consolidated guidelines on drug-resistant tuberculosis: Module 4: treatment: drug-resistant tuberculosis treatment.
Geneva: World Health Organization. 2020 (https://www.who.int/publications/i/item/9789240007048).

Meeting report of the WHO expert consultation on the definition of extensively drug-resistant tuberculosis,
27-29 October 2020. Geneva: World Health Organization. 2021 (https://www.who.int/publications/i/item/
meeting-report-of-the-who-expert-consultation-on-the-definition-of-extensively-drug-resistant-tuberculosis).
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Executive summary

Drug-resistant tuberculosis (DR-TB) is a significant driver of antimicrobial resistance
worldwide. The lack of comprehensive, fast and accessible diagnostic tools threatens the
progress made in the global TB response over the past two decades. Although the TB
diagnostic pipeline has significantly improved in recent years, challenges remain for TB
testing and diagnosis; for example, some current tools have limited diagnostic utility for
some patient populations, and others present logistic and operational hurdles that hamper
their uptake.

In an effort to inform research and development (R&D) priorities for TB diagnostics, the World
Health Organization (WHO) released its first high-priority target product profiles (TPPs) for
new TB diagnostics in April 2014.* TPPs provide detailed technical specifications that are
important to end-users (e.g. a test’s required performance) and operational characteristics
to inform product developers. Four TPPs were developed in 2014, including targets on
next-generation drug-susceptibility testing (DST) at the peripheral level. These TPPs were
primarily identified through a priority-setting exercise and Delphi consultations,” and were
finalized through consensus after consultation with key stakeholders.

As the term initially set for the 2014 TPPs reached the 5-year mark, the pressing need to
guide the development of new technologies further led the World Health Organization
(WHO) Global TB Programme to embark on an update process. That process started with
the revision of the TPP on DST at the peripheral level, with support from the New Diagnostics
Working Group's (NDWG) Task Force on next-generation DST. This update responds to the
global community’s need to accelerate progress towards universal health coverage and
focus on tools that could be accessible at lower levels of care, especially DST. Improved access
to DST is an essential component to tackle inequities in TB services coverage, particularly in
settings where DST is mainly available at the tertiary or referral level. Treatment of rifampicin-
resistant TB (RR-TB) has changed dramatically over recent years, with shorter regimens using
fluoroquinolones with new and repurposed anti-TB agents (e.g. bedaquiline, linezolid
and clofazamine). These are now the core drugs in the new regimens to treat DR-TB, and
they have led to improved patient outcomes and reduced treatment duration. However,
the emergence of drug resistance threatens these successes, necessitating accurate and
early detection of resistance beyond rifampicin resistance. Additionally, the landscape has
changed owing to advances in the treatment of drug-susceptible TB with shorter regimens,
and increasing recognition of the need to identify isoniazid-resistant TB (which remains
largely under-detected). Both regimens use fluoroquinolones, which are currently second-
line drugs; thus, there is an urgent need to prioritize R&D for the TPP for DST, to address
new and existing gaps.

4 High-priority target product profiles for new TB diagnostics: report of a consensus meeting, 28-29 April 2014,
Geneva, Switzerland (WHO/HTM/TB/2014.18). Geneva: World Health Organization. 2014 (https://apps.who.int/iris/
handle/10665/135617).

> The Delphi process involves surveying a panel of experts, to reach a group opinion or decision. After each of several
rounds of surveys, responses are aggregated and shared with the panel.
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New technologies such as next-generation sequencing (NGS) have moved from the research
domain to clinical evaluations. NGS can provide rapid and comprehensive DST with nucleotide-
level specificity, and therefore needs to be considered in future planning. Thus, the update
of this TPP sought to:

provide revised TPPs, adjusted to the current context and patient and population needs, and
aligned with WHO's overall strategic priorities in its thirteenth General Programme of Work
(2019-2023), including the triple billion targets, and the End TB Strategy (2016-2035); and
inform TB diagnostic developers and product development partnerships of which target
products have been revised and prioritized, the required performance of new diagnostic
tools to help reach the milestones of the End TB Strategy, and the operational characteristics

of such tools.

Although technical or performance improvements to DST platforms are important, a crucial
element of this TPP is the expectation that next-generation DST technologies will be closer
to the patient and suitable for implementation at the peripheral level, and will thus improve
and expedite access to care.

Efforts in updating the TPP on next-generation DST brought together multidisciplinary
experts and stakeholders who contributed to this work through participation in Delphi
processes, surveys, publicengagement and, in March 2021, a stakeholder consultation with
almost 70 experts from 25 countries.

Multiple levels of engagement with stakeholders to revise and finalize this TPP resulted in
the following changes:

* the priority for testing of anti-TB agents now includes resistance testing of fluoroquinolones
and other group A agents such as bedaquiline;
* the target population is more inclusive, covering individuals of all ages who require drug
resistance assessment;
* sample types have been revised to include other clinically relevant specimens for TB; and
 there are new considerations for time-to-result linked to treatment decisions.

In relation to the price of individual tests, there were multiple views and perceptions about to
how much these tests could cost. The common ground was to support a pricing scheme that
is evidence-based and allows wide access in low- and middle-income settings; the balance
of potential trade-offs (with no compromise of test performance) was also considered.

There were revisions to and clarifications in the description and targets of the level of the
health care system, performance characteristics (e.g. limit of detection, analytical specificity
for TB detection, indeterminate results during DST and interfering substances) and specific
operational characteristics.

WHO expects that these revisions will help to inform and guide stakeholders involved
in developing and implementing DST, including TB diagnostics developers, product
development partnerships, academics and other stakeholders.

viii Target Product Profile for Next-Generation
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1 Introduction

About 10 million individuals develop tuberculosis (TB) each year. Although the number
of bacteriologically confirmed TB cases has increased, the diagnostic gap remains, with
many cases being missed. For example, in 2019 alone, only 57% of pulmonary TB cases had
bacteriological confirmation, and 61% of these underwent further testing to determine
rifampicin (RIF) resistance (7). Although progress is being made, there is still a long way to
go to ensure that access to rapid molecular testing methods and drug susceptibility testing
(DST) is a reality for all presumed TB cases.

Almost half a million people developed rifampicin-resistant TB (RR-TB) in 2019, and 78% of
those cases were estimated to have developed multidrug-resistant TB (MDR-TB). To compound
the problem, there are considerable gaps between the number of individuals tested for DR-TB,
and those who are enrolled in treatment. In 2019, for example, only 38% of those estimated
to have MDR-TB or RR-TB (MDR/RR-TB) were enrolled for treatment. Closing these gaps in
the cascade of care requires a multifaceted approach that includes improving TB care and
testing for drug resistance with increased accuracy and a faster turnaround time. Meeting the
2030 targets set in the United Nations Sustainable Development Goals and End TB strategy
requires intensified research and innovation in the field of diagnostics and care, to rapidly
identify those affected, detect drug resistance and provide appropriate treatment. DST is,
therefore, crucial to ensure that TB patients receive appropriate anti-TB therapy. Doing so
will help to decrease TB-related morbidity and mortality, and help to slow the spread and
development of further drug resistance. There is an urgent need for new technologies and
strategies to close diagnostic gaps, including for DR-TB.

1.1 Background

The incidence of TB globally is steadily declining year on year, but is still below the targets
set in the End TB Strategy (7). DR-TB continues to be an additional threat owing to delays
in diagnosis and treatment that fuel onward transmission. The latest global TB report
from the World Health Organization (WHO) indicates that samples from 61% of the 3.6
million bacteriologically confirmed pulmonary TB cases notified globally were tested for RIF
resistance, up from 7% in 2012 (7). This improvement illustrates remarkable progress, but also
highlights substantial challenges and gaps in resistance detection, particularly for isoniazid
(INH) resistance, which is largely undetected. An estimated 13% of all new TB cases are INH
resistant whereas only 3% have RIF resistance. Innovations to produce novel diagnostic tools
are needed to address current and emerging gaps.

WHO's TPPs are strategic reference documents that are intended to facilitate and expedite the
development of products addressing the greatest and most urgent public health need. In the
context of public health, a TPP emphasizes access, equity and affordability as integral parts of
the innovation process. In an effort to inform research and development (R&D) priorities for TB
diagnostics, WHO released its first high-priority TPPs for new TB diagnostics in April 2014 (2).
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The time frame of development for tests envisioned in the initial TPP was 5 years (2). Hence, this
updated TPP supersedes the earlier key assumptions and targets for DST for Mycobacterium
tuberculosis (2) and is aimed at guiding the next 5 years and moving the field forward. As
described below, the present update takes into account:

the most recent developments on new drugs and regimens (3);

e recommendations on the use of novel regimens;

new technologies entering the TB diagnostic landscape (4); and

updated definitions for pre-extensively drug-resistant TB (pre-XDR) and XDR-TB (5).

For drug-susceptible TB treatment, WHO has evaluated an alternative to the 6-month regimen
using RIF, INH, pyrazinamide (PZA) and ethambutol (EMB); the alternative is a 4-month
combination regimen that includes a fluoroquinolone (FQ) (6).

RIF-susceptible, INH-resistant TB (Hr-TB), which is more common than MDR/RR-TB, is associated
with poorer treatment outcomes (7); however, Hr-TB goes largely undetected because of the
lack of upfront detection of INH resistance. In addition, Hr-TB requires treatment with a FQ
and there is thus an increasing need for upfront testing of resistance to RIF, INH and FQ (8).

Treatment regimens for DR-TB have undergone substantial changes over the past 5 years,
with the emergence of new medicines such as bedaquiline (BDQ) and pretonamid (Pa) and
repurposed medicines such as linezolid (LZD) and clofazimine (CFZ) (8). New regimens for
DR-TB regimens use a standardized shorter approach or an individualized longer one. The
common factor is a need for a test that detects both TB and resistance to relevant anti-TB
agents, and that is used at the peripheral level of the health care system so that it can guide
treatment decisions at that level based on DST profiles.

Two shorter standardized regimens for DR-TB are recommended by WHO:

e aregimen for MDR/RR-TB where the injectable agent has been replaced by BDQ (used for
6 months), in combination with levofloxacin (LFX)/moxifloxacin (MXF), ethionamide (ETO),
EMB, high-dose INH, PZA and CFZ for 4 months in the intensive phase; and

* a 6-month regimen for pre-XDR-TB that includes the new anti-TB agent, Pa, which was
also recommended by WHO in 2020 for use under operational research conditions, in
combination with BDQ and LZD (BPaL regimen) (8, 9).

Next-generation DST at the peripheral level will need to aid regimen selection; hence, this TPP
was updated to guide R&D and address relevant emerging needs. Novel diagnostic tests to
be used at peripheral sites should ideally test for resistance to RIF, INH, FQ (MFX & LFX) and
BDQ, to enable selection of the most appropriate treatment regimen. The prioritization of
testing for these drugs is based on an assessment of the importance of each anti-TB agent
in currently recommended regimens.

Changes in the treatment domain have been paralleled by rapid new developments on the
diagnostics technology front. The first molecular tests that WHO has recommended for
the rapid detection of drug resistance were based on reverse hybridization technologies;
they provided accurate DST but required specialized infrastructure and skills. Since then,
real-time molecular tests have been developed that can detect resistance to RIF and now
to other drugs (e.g. INH and FQs). These tests can produce results in a matter of hours, and

2 Target Product Profile for Next-Generation
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because they are largely automated they can provide testing capacity outside of centralized
laboratory structures.

Molecular drug resistance determination ultimately depends on a knowledge base of the
mutations associated with drug resistance and their relative frequency in populations.
To address this, WHO has developed a catalogue of mutations and their association with
resistance, by collating a large collection of isolate data with phenotypic DST and whole-
genome sequencing results. The catalogue is aimed at developers and researchers, to allow
new tests to be developed and ensure consistent and robust interpretation of mutations for
sequencing technologies (70).

Next-generation sequencing (NGS) methods are emerging that could provide comprehensive
DST profiles covering multiple gene targets with nucleotide-level resistance information and
be rapid enough to affect clinical decision-making. Several targeted NGS products are coming
to market that can detect resistance to the new and repurposed drugs, filling a major gap.
NGS technologies are of varying complexity and size, with some small enough to be handheld.

As these treatment and diagnostic changes have evolved, WHO has revised the definition
for XDR-TB and introduced a new definition for pre-XDR-TB (5). The revision was also driven
by a change in the positioning of the second-line injectable agents, which are no longer
considered core drugs for the treatment of DR-TB. Amikacin was relegated to a Group C
drug, whereas kanamycin and capreomycin are no longer recommended for use following
an evidence review. The new definition was also updated to prioritize the Group A drugs
that are now recommended as core drugs. The revised definitions are:

e Pre-extensively drug-resistant TB (pre-XDR-TB) is caused by M. tuberculosis strains that fulfil
the definition of MDR/RR-TB and are also resistant to any FQ.

e Extensively drug-resistant (XDR-TB) is caused by M. tuberculosis strains that fulfil the
definition of MDR/RR-TB and are also resistant to any FQ and at least one additional
Group A drug.

These changes further support the need for an update of the TPP, because of the strong
requirement for rapid and accurate testing for Group A medicines and the relegation in
priority of the injectable agents.

The prevalence of drug resistance in a population can vary owing to factors such as prior
exposure, treatment practices in different regions and the frequency of primary or acquired
drug resistance. A study in five countries showed that the population-based point prevalence
of FQ resistance was 4.4% or lower in four countries but 11.1% in the fifth country (77). In
contrast, among people with RR-TB, the point prevalence of FQ resistance was even higher,
at 12.3-30.7%. Prior treatment history is also an important factor; it is well recognized that
the prevalence of resistance to RIF and INH is higher among previously treated individuals
than among those without a prior treatment history. In addition, heteroresistance, which
is uncommon for most drugs, is well described for FQs, and is therefore an important
consideration for drug and diagnostic developers. Cross-resistance has also been observed;
such resistance allows a single gene target to inform treatment modifying decisions to more
than one drug. Thus, for instance, mutations in the inhA promoter region are associated with
resistance to ETO and INH, whereas mutations in the Rv0678 gene can lead to resistance to
both BDQ and CFZ (12, 13).
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Another important consideration is the pre-existence of drug resistance to one or more drugs,
because this can alter the likelihood of resistance to other drugs and affect test performance,
depending on the population selected for testing. RIF, for example, is an indicator drug — if
resistance to RIF is present, resistance against other anti-TB agents is more likely to be present.
In @ multicountry surveillance study, the point prevalence among cases with RR-TB was above
40% for PZA and above 65% for INH, but below 30% for FQs (74).

Several factors make it essential to adopt appropriate and specificimplementation strategies
for any given new assay developed. These factors are the diversity of resources and needs
in different countries; the geographical variation in the epidemiology of TB and related
comorbidities, and in DR-TB; and the specialized nature of the different technical procedures.
Providing guidance for implementation strategies is beyond the scope of this document;
however, the characteristics defined in the TPP should be regarded from the perspective of
an implementation framework (75).

This document outlines current needs and provides direction for the development of a rapid
DST that can be used at the peripheral level of the health care system (the rapid DST test).
As with other TPPs, the updated targets for next-generation DST consider characteristics
pertinent to the performance of a diagnostic tool and to the sustainability of envisioned
technologies (e.g. feasibility, cost and cost—effectiveness).

1.2 Objective and target audience

The overall objective of this TPP is to align developers’ performance and operational targets
for a next-generation DST assay for use at peripheral level with the needs of users. The
target audience comprises test developers and manufacturers interested in entering the TB
diagnostic market, requlatory agencies, academia, research institutions, product development
partnerships, nongovernmental organizations (NGOs), civil society organizations and donors.

1.3 Development of TPPs

Diagnostic manufacturers require TPPs at an early stage of the development process so that
they can be informed of the targets, technical specifications and diagnostic performance
of the products. These parameters are set by a series of processes among and consensus of
stakeholders, keeping in mind the objective of the TPP and its feasibility and utility for the
end-user. Each TPP has specific characteristics that refer to the measurable requirement or
specification (e.g. diagnostic specificity, biosafety aspects, data interpretability and storage).

|II

This document also provides both the “minimal” and the “optimal” outputs for each
characteristicin the TPP (Table 1). The minimal requirements are the lowest acceptable output
for that characteristic, and the optimal are the ideal, realistically achievable output for that
characteristic. Products should meet all of the minimal characteristics and as many of the
optimal characteristics as possible.
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Table 1. TPP terminology

Terms® Definitions

Characteristic A specific requirement or specification that is measurable.

Minimal For a specific characteristic, “minimal” refers to the lowest acceptable
output for that characteristic. To be acceptable, solutions must meet
the minimal characteristic. However, a test may still be acceptable if
shortcomings pertain to soft targets and if specific hard targets (marked
with an asterisk) are missed only marginally.

|II

Optimal For a specific characteristic, “optimal” provides the ideal output that is
believed to be realistically achievable. Meeting the optimal characteristics
will provide the greatest impact for the end-users, clinicians and patients.
Developers would ideally design and develop their solutions to meet the
optimal requirements for all characteristics.

TPP: target product profile.

2The optimal and minimal requirements and characteristics define a range.
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2 Methodology

This update process has built on earlier activities conducted during the development of
the first high-priority TPPs for new TB diagnostics (2) and further engagement with key
stakeholders. In addition, the methodology used in this update allowed engagement with
relevant audiences, including the product development audience, at different stages of the
process, in line with WHO requirements for TPP development.

2.1 Delphi process

A draft TPP document was prepared to promote discussion between the different groups
of stakeholders. The draft document and a Delphi-like survey (in April-May 2019) were
shared with a wide range of stakeholders: technical agencies and researchers, funding
organizations, reference TB laboratories, national TB programmes, implementers and
clinicians, representatives from industry, and advocates for patients. They were also shared
with a broader audience through general dissemination channels such as the website of the
New Diagnostics Working Group (NDWG) and the Global Tuberculosis Network. Additional
working groups invited to participate in the Delphi consultation included the Global
Laboratory Initiative and the European Laboratory Initiative. Participants were ask to reply
to 47 specific questions, expressing their level of agreement on the proposed characteristics
according to a predefined Likert scale ranging from 1 to 5 (1 — disagree, 2 — mostly disagree,
3 —don't agree or disagree, 4 — mostly agree and 5 — fully agree). Individuals were asked to
provide comments when they did not agree with a statement about a characteristic (i.e.
scored it at 1, 2 or 3). The Delphi process used is detailed in a report from the NDWG (76).

Overall, the outcomes of the stakeholder process showed a high level of agreement for
89% of the TPP components explored (76). No agreement on either the minimal or optimal
requirements was reached for the following characteristics: priority of anti-TB agents for
testing, price of the individual test, capital costs for the instrument, limit of detection of minor
variants and indeterminate results during detection.

2.2 Public comment

A proposed revised version of the 2014 TPP on next-generation DST (2), which followed
changes made after the Delphi consultation, was shared online for public comment on any
of the characteristics in the TPP document. The intended audience included TB programme
managers, laboratory specialists, clinical practitioners, implementers, researchers, civil society
organizations, industry and patient advocates. Comments were analysed quantitatively and
grouped into themes when possible. Results of this public comment process are provided in
Annex 2.
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2.3 Stakeholder consultation

Feedback from the public comment process was presented at a stakeholder consultation,
which was conducted remotely over four sessions during March 2021. Almost 70 stakeholders
from 25 countries attended the sessions, and they included participants from technical
agencies and funding agencies, as well as researchers, implementers and policy-makers (see
Annex 1). During the consultation, the stakeholders discussed each characteristic included
in the TPP, and incorporated the feedback from the public comment to promote information
sharing, exchange of views or clarification.

Changes and suggestions made during the stakeholder consultation were incorporated into
the final TPP presented in Section 3, below.
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4 Conclusion

In recent years, there have been advances in the TB diagnostic pipeline and DST for
M. tuberculosis. However, important gaps remain, requiring improvements to existing
technologies or development of new technologies that can be used closer to the level
of patient care, are priced affordably for LMICs and can provide an accurate, rapid and
comprehensive DST solution. Furthermore, as new anti-TB medicines and regimens are
developed, DST is playing a critical role in guiding the allocation of patients into specific
regimens, and is thus improving treatment outcomes and preventing the amplification of
drug-resistance patterns.

In an ideal scenario, tests for detecting drug resistance would meet all the defined needs;
however, achieving such a level of alignment across multiple stakeholders and end-users is
unrealistic. The update of this TPP is intended to guide test developers in identifying important
test features and characteristics, and aligning these with patient and programmatic needs
at the country level. Although it is expected that next-generation DST would meet all of the
required minimum criteria, and as many of the optimal requirements as possible, potential
trade-offs may be required; thus, the criteria are indicative rather than absolute.

24 Target Product Profile for Next-Generation
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Annex 1: List of participants to the stakeholder consultation

Stakeholder consultation on target product profile for next-
generation drug-susceptibility testing at peripheral centres

10-12 & 30 March 2021
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Emerging Bacterial Pathogens
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San Raffaele Scientific Institute
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Public Health Laboratories, CGLAB
Ministry of Health

Brasilia, Brazil

5. Anzaan Dippenaar
Prince Leopold Institute of Tropical Medicine
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6. Marjan Farzami
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Ministry of Health and Medical Education
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7. Patricia Hall

TB and Clinical Monitoring Team
International Laboratory Branch Division of
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Centers for Disease Control and Prevention
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Department of Pathology and Microbiology
Aga Khan University

Karachi, Pakistan
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Head of Department
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BBLK Surabaya — National TB Reference
Laboratory

Surabaya, Indonesia

21. Sabira Tahseen

Head of National TB Reference Laboratory
Ministry of National Health Services, Regulations
and Coordination

Government of Pakistan

Islamabad, Pakistan
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National TB programmes and
policy-makers
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Clinicians and researchers
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30. Dina Bisara

Researcher
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31. Claudia Denkinger
Director
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University of Heidelberg
Heidelberg, Germany

32. Keertan Dheda
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Medicine University of Cape Town

Cape Town, South Africa

33. Camilla Rodrigues
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34. Timothy C. Rodwell

Associate Professor
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University of California San Diego

San Diego, United States

35. Philip Supply

French National Center for Scientific Research
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Lille, France

36. Diana Vakhrusheva
National Research & Medical TB Centre
Moscow, Russian Federation

37. Timothy Walker

Centre for Tropical Medicine and Global Health

Oxford University
Oxford, United Kingdom
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38. David Branigan
Treatment Action Group
New York, United States

39. Ezio Tavora Dos Santos Filho
WHO Civil Society Task Force on TB
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and partners
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Director
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Global Laboratory Services Team
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47. Sreenivas Nair
Technical Officer
Stop TB Partnership
Geneva, Switzerland

48. Diana Vakhrusheva
National Research & Medical TB Centre
Moscow, Russian Federation

Regulatory agencies

49. Lynnete Berkeley

Senior Microbiologist

US Food & Drug Administration
Maryland, United States

50. Emma Cherneykina

Expert on quality, effectiveness and safety of
medical products

National Quality Institute

Federal Service for Surveillance in Healthcare
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Moscow, Russian Federation

51. Aihua Zhao
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Institute for Biological Product Control
National Institutes for Food and Drug Control
Beijing, China

Product development partnerships

52. Morten Ruhwald

TB Programme

FIND, the global alliance for diagnostics
Geneva, Switzerland

53. Karishma Saran

New Diagnostics Working Group Secretariat
FIND, the global alliance for diagnostics
Geneva, Switzerland

54. Samuel G Schumacher

Evidence & Policy

FIND, the global alliance for diagnostics
Geneva, Switzerland
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Global health initiatives and funding
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55. Draurio Barreira Cravo Neto
Technical Manager for TB
Strategy team
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Geneva, Switzerland

56. Fatim Cham-Jallow

Technical Advice, Diagnostics
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Geneva, Switzerland

57. Amy Piatek

Senior Tuberculosis Technical Advisor
United States Agency for International
Development

Seattle, United States

Technical resource persons

58. Mikashmi Kohli
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Occupational Health

McGill International TB Centre

McGill University

Montreal, Canada

59. Emily Maclean

Department of Epidemiology, Biostatistics, and
Occupational Health

McGill International TB Centre

McGill University

Montreal, Canada

WHO regional offices

60. Kenza Benani

Medical Officer

World Health Organization Regional Office for
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Cairo, Egypt

61. Vineet Bhatia

Medical Officer — MDR-TB

Department of Communicable Diseases
World Health Organization Regional Office for
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New Delhi, India



62. Jean de Dieu Iragena

Technical Officer Laboratory, HIV/TB and
Hepatitis Programme

World Health Organization Regional Office
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Brazzaville, Congo

63. Ernesto Montoro

Advisor, Laboratory Integration

HIV, Hepatitis, Tuberculosis and Sexually
Transmitted Infections

Pan American Health Organization/

World Health Organization Regional Office
for the Americas

Washington, United States

64. Kalpeshsinh Rahevar

Medical Officer

ETB and Leprosy Unit

Division of Communicable Diseases

World Health Organization Regional Office
for the Western Pacific

Manila, Philippines

WHO headquarters

65. Lice Gonzalez A, UCN/GTB/PCI

66. Alexei Korobitsyn, UCN/GTB/PCI

67. Nazir Ismail, UCN/GTB/PCI

68. Corinne Merle, TDR/IMP

69. Carl-Michael Nathanson, UCN/GTB/PC|
70. Matteo Zignol, UCN/GTB/PCI
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Annex 2: Overview of results of the WHO public comment process

To finalize the revised target product profile (TPP) document, in January 2021, the World
Health Organization (WHO) launched an online public comment process to obtain feedback
from a large array of stakeholders. The process aimed to ensure that proposed changes were
objective and balanced, in terms of the needs and values of patients and other end-users,
and of industry.

Through this process, stakeholders were invited to comment and share their views on the
scope, target users or use setting, pricing, test performance and operational characteristics.
Stakeholders were also invited to provide additional comments and questions on the
proposed, updated TPP. A total of 128 individuals accessed the call for public comment and 82
agreed to participate. Fig. A1 provides an overview of the sectors represented by participants.

Fig. A1 Distribution of responses by sector (1=82)
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NRL: national reference laboratory; SRL: supranational reference laboratory; TB: tuberculosis.

Summary of comments

Overall, the survey comments did not differ widely from the proposed TPP, and most were
relatively minor. For a few specific areas in the TPP, divergent views were expressed by multiple
respondents; these areas were as follows:

* giving higher priority to new drugs, particularly pyrazinamide (PZA), because the TPP is
meant to provide guidance for the coming 5 years;

* expanding the target population to include children, using paediatric-friendly samples
such as stool if needed; and

e |owering pricing criteria to levels that are more realistic for low-income countries (LICs).

Finally, there were some specific comments on diagnostic performance that also
require attention.
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Major comments

Priority of anti-TB agents for testing (Scope)

Five respondents stated that PZA must be assigned higher importance, given its role in
many regimens, including for people living with HIV (PLHIV). One respondent stated that
the “optimal requirements” (optimal) first level should also include bedaquiline (BDQ),
linezolid (LZD), clofazimine (CFZ) and PZA. Two respondents stated that pretomanid (Pa)
should replace CFZ on the optimal second level, whereas three respondents said it should be
added. One respondent suggested including delamanid (DLM) with BDQ, LZD and CFZ on
the optimal second level, given its role in shortened paediatric regimens; another suggested
adding D-cycloserine to the optimal third level. For the “minimal requirements” (minimal),
one respondent stated that first level should include fluoroquinolones (FQ), four respondents
stated that BDQ + LZD should replace amikacin (AMK) on the third level, and one stated that
BDQ, CFZ + LZD must be included.

Target population and sample type (scope)

Four respondents stated that the target population must be expanded to include children,
noting that stool works well as a sample. Five respondents suggested that stool and other WHO-
recommended extrapulmonary samples be included and mentioned in explanatory notes.

Pricing and costs for individual tests and instrument (pricing)

Individual test pricing was thought to be too high for low- and middle-income countries
(LMIC) by six respondents from India, Japan, Netherlands and the United States of America
(USA), representing academia, advocacy, implementing partners and industry. Pricing should
be based on cost of goods sold and volume, not on ability to pay or value (two respondents
from academia and advocacy). Suggested minimal prices for rifampicin (RIF) and isoniazid
(INH) were less than US$ 10-15 (one respondent, advocacy) and US$ 18-25 (one respondent,
industry). Suggested optimal prices for RIF/INH were less than US$ 5 (two respondents,
advocacy and industry) and less than US$ 5 (one respondent, industry). Optimal pricing
suggestions for RIF/INH/FQ/AMK were less than US$ 10 (two respondents, advocacy and
industry) and US$ 15-20 (one respondent, industry).

One industry respondent disagreed with the approach of setting minimum prices, because
this may stifle innovation. An advocacy respondent stated that basing non-culture drug
susceptibility testing (DST) pricing on culture is unreasonable; instead, pricing should be based
on existing molecular testing costs.

Considering LICs' limited ability to pay, four respondents (from academia, government,
industry and implementing partners) stated that instrument costs must decrease, and three
stressed that generic or universal instruments that will only require limited updating must be
prioritized. New service and delivery models could be considered; for example, reagent rental
models that include instrument and maintenance spread over a large volume of tests. One
industry respondent noted that costs are both unrealistically low and high when considering
equipment, maintenance and warranties.
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Cost with respect to daily throughput (pricing and operational characteristics)

Five respondents (from academia, implementing partners and professional medical societies)
raised concerns about the possibility of high costs if daily throughput is low, and suggested
that distinct options for low and high incidence settings should be specified. The definition
of optimal should decrease to fewer than 10 tests, and for minimal should be changed to
11-25. Three implementing partner respondents did not want batching considered, citing
concerns about waiting to test.

Limits of detection, diagnostic accuracy, indeterminate results (performance)

Three respondents suggested changing the optimal limit of detection to 10 colony forming
units (CFU)/mL to align with Xpert Ultra, while one noted that a limit of detection of 10 is
too high for many PLHIV.

Regarding TB detection sensitivity, stated criteria were generally seen as too low. Separately,
respondents stated that sensitivity must be equal to Xpert Ultra, higher than existing tests,
and much higher in smear-negative cases. However, one respondent suggested that the
criteria for minimal smear-positive should be at least 95%. DST sensitivity compared with a
sequencing reference standard will differ for each drug, so a uniform requirement may be
unrealistic. Compared with a phenotypic reference standard, DST sensitivity of more than
95% for all drugs is probably not feasible; instead, it would be acceptable to update targets
as genetic information is elucidated (two respondents). Exceptionally, RIF sensitivity should
be more than 98% and PZA minimal sensitivity should be more than 90%.

Regarding DST specificity, performance criteria is needed for the case of composite reference
standards (phenotypic and sequencing combined). For analytical specificity, respondents
were both appreciative and ambivalent that nontuberculous mycobacteria were mentioned.

The optimal limit of detection for minor variants should decrease to 1%, aligning with the
mycobacterial growth indicator tube (MGIT), and decrease to less than 5% for minimal,
because this is critical for understanding treatment success (three respondents).

Concerning indeterminant DST results, one respondent stated that the optimal value must
decrease to less than 1%, while another believed that these stringent values would stifle test
development. One respondent suggested including distinct values for smear-positive and
smear-negative cases. Three respondents stated that reproducibility criteria should decrease
to less than 5%.

Minor comments

The minimal target user was considered both underqualified and overqualified with respect
to interpretation of results and clinical decision-making. Two respondents stated that
treatment monitoring capability was unnecessary. Separately, respondents asked that distinct
performance specifications be made for asymptomatic and symptomatic patients, and that
the list of interfering substances be expanded to include other respiratory pathogens and
flora, transport media and stool. One respondent suggested adding guidelines regarding
product longevity. Another suggested that the instrument should run in non-air-conditioned
temperatures, while another stated that it must be able to withstand high levels of ambient
dust. One respondent stipulated that minimal battery power should be 24 hours.
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Turnaround time should be decreased, and a rapid test format that could be performed at
the point of care or bedside should be the goal. Five respondents considered the minimal
time to results as being too long, with 4—-6 hours (one respondent) and less than 2 hours
(three respondents) suggested; also, optimal timing should decrease to less than 30 minutes.

Respondents separately noted that maintenance should be inexpensive, achievable by local
staff and included in the cost of equipment; also, that manufacturers should have at least one
support person available per WHO region. Another thought these criteria were not feasible.
Regarding training, three respondents suggested reducing the minimal time to 2 days or less,
and one mentioned the need for training for maintenance and software updates.

Four respondents mentioned a desire for reusable, recyclable or non-plastic alternatives
to disposables. One respondent suggested changing biosafety and all waste disposal
requirements to those of rapid molecular tests instead of microscopy. Another suggested
referencing basic laboratory supplies (e.g. pipettes and a timer), which may be unavailable at
peripheral settings. One respondent suggested adding a data export criterion for reporting
results to client, while two respondents suggested adding requirements for virus or malware
protection and data security.
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For further information, please contact:

World Health Organization

20, Avenue Appia CH-1211 Geneva 27 Switzerland
Global TB Programme

Web site: www.who.int/tb
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