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Abstract

Beginning in 2011, a cartridge-based PCR assay with a two-hour turn around time known as Xpert MTB/RIF
(hereafter ‘Xpert’) was rolled out as a replacement for smear microscopy for tuberculosis diagnosis in South
Africa. The staged roll-out made it possible to conduct a pragmatic cluster-randomised trial (Xpert for TB —
evaluating a new diagnostic, or XTEND’) to determine the impact of Xpert on patient and programme
outcomes. XTEND results indicated that Xpert identified one and a half times more tuberculosis cases.
However, there was no difference in loss to follow up, the proportion of participants started on tuberculosis
treatment or mortality rates across intervention (Xpert) and control (smear microscopy) arms. This PhD aimed
to investigate reasons for the absence of a reduction in mortality by exploring contextual factors that may have

impacted Xpert performance during the XTEND trial.

A literature review of impact evaluations of Xpert conducted between 2012-2019 and done as a part of this
PhD suggests that the more systematically and rigorously tuberculosis diagnostic tests are conducted at
patient enrolment and follow-up as part of study procedures, the less likely a study will find a mortality
difference between intervention (Xpert) and control (smear) arms.  Findings from the literature review
suggested that a careful evaluation should be done of the extent of adherence to routine tuberculosis
diagnostic algorithms in the XTEND study.

In a secondary data analysis of XTEND data, we showed poor levels of adherence to tuberculosis diagnostic
algorithms. We identified greater levels of adherence to algorithms for tuberculosis diagnosis in the smear
microscopy arm and amongst persons who were more ill, male or visited clinic repeatedly. In addition, we
observed large between-clinic variation in adherence rates. In mapping the pathways to care for XTEND
participants who were initiated empirically on tuberculosis treatment, we showed that empiric tuberculosis
treatment was infrequently prescribed in the real-world setting of XTEND, where participating clinics were left
to implement tuberculosis diagnostic algorithms without study intervention. Furthermore, we observed that a
majority of empiric tuberculosis treatment initiations took place in the smear microscopy arm. In a qualitative
evaluation at eight representative XTEND clinics, we identified large clinic-to-clinic variation with regard to the
extent of Xpert implementation and embedding, and district health system strengths and weaknesses. We
showed the impact of co-ordination of resources, creation and sustaining of referral networks and ownership
of the tuberculosis programme by managers in supporting full implementation of and adherence to the
algorithm for TB diagnosis using Xpert. Within clinics, we identified that motivated and well-trained facility
managers, and a willing primary health clinic staff complement have the resources and motivation required to
co-ordinate tuberculosis diagnosis, maintain referral networks, interpret Xpert results and translate

tuberculosis testing into improved outcomes.

Drawing these findings together, we recognised that the XTEND trial did not measure certain factors that
impacted on Xpert performance, including the degree of adherence to the algorithms for tuberculosis
diagnosis, nor the rates of empiric tuberculosis treatment. The XTEND trial did not assess how tuberculosis
diagnosis was implemented by health care workers. We showed that the provision of additional investigations
to XTEND participants who were more ill decreased the mortality rates in both study arms. This may have

led to a reduction in statistical power to detect a mortality difference between study arms. Further, we
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demonstrated higher rates of empiric treatment amongst persons in the smear microscopy arm, which may
have decreased the mortality difference between study arms. Our qualitative work revealed high clinic-to-
clinic variation in the degree of integration of Xpert, which is unlikely to have introduced a systematic bias in

mortality rates across study arm.

In conclusion, we found that the Xpert roll-out did not impact patient outcomes in the XTEND trial because
increased sensitivity of Xpert and increased yield was offset by additional efforts to diagnose tuberculosis in
participants who were at risk of death, and the more frequent provision of empiric TB treatment in the XTEND
smear microscopy study arm.  While Xpert may not have affected patient outcomes, a plethora of new
diagnostic tests are under evaluation. The findings from this PhD highlight important methodological

considerations in the design and conduct of impact evaluations of new tuberculosis diagnostic tests.
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I Chapter 1: Introduction

1. 1 Introduction and background

The search for new improved tuberculosis diagnostic tests to accompany and make accessible the possibility
of patient cure through antimycobacterial treatment, has been at the forefront of laboratory technology since
the latter part of the 20" century®. Robert Koch and colleagues, in the late 19" century discovered that
Mycobacterium tuberculosis (M. tb) was responsible for the disease known as ‘consumption’. He and
colleagues developed mycobacterial culture and microscopy techniques that, with a few modifications have
remained relatively unchanged for over a hundred years?.

In current programmatic use, both sputum smear microscopy and culture have limitations: smear microscopy
results can be available within 12-24 hours, but the test has a threshold of detection of 10,000 bacteria/ml of
sputums. Culture, with a threshold of detection of 10-100 M. tb organisms, has a minimum turn-around time
of 14 days using latest available technology*. It was only with the advent of molecular detection technologies
using the polymerase chain reaction (PCR) that it became possible to detect small amounts of M. tb easily,
early and economically. In 2010, an evaluation of a particular PCR-based technology — the cartridge-based
Xpert MTB/RIF (hereafter ‘Xpert’) used on the GeneXpert platform (Cepheid Inc, Sunnyvale, California, United
States of America ) revealed promising results. The Xpert assay comprises a plastic cartridge with sample
processing reagents and the GeneXpert instrument, which controls movements of reagents between cartridge
compartments and which performs real-time PCR analysis. The PCR reaction in the Xpert cartridge amplifies
a sequence of the rpoB gene specific to the M. tuberculosis complex, and probes for mutations within the
‘rifampicin-resistance determining region’ (RRDR) of the rpoB gene®. The test has a threshold of detection
100-1000 M. tb organisms and a turn-around-time of 2 hours®. Early laboratory-based multinational trials
with this test in South Africa and elsewhere, demonstrated vastly improved sensitivity for the detection of M.
tb over smear microscopy with the additional benefit of improved turn-around-times®. In 2011, the World
Health Organization Strategic and Technical Advisory Group for Tuberculosis (WHO STAG-TB) published a
strong recommendation supporting the use of Xpert as a first-line diagnostic test for persons with presumptive
tuberculosis’.  Many policy makers, programmatic experts and researchers held hopes that Xpert would
provide tuberculosis control programmes with more accurate and rapid diagnosis, which would ultimately

impact on patient outcomes, reduce tuberculosis transmission and control the epidemic89.

In 2011, in response to these developments, the South African Minister of Health, Dr Aaron Motsoaledi made
a decision to roll out Xpert as the first line diagnostic test for tuberculosis across the country in an attempt to
control South Africa’s rampant tuberculosis epidemic®. The implementation of the Xpert across the National
Health Laboratory Service (NHLS) could not be done instantaneously. The phased roll-out afforded the
opportunity to conduct a comparison of Xpert vs smear microscopy using a pragmatic (field) cluster-
randomised study design to quantify the impact on patient and programme level outcomes. The study was
undertaken from 2012-2014 through funding by the Bill and Melinda Gates foundation and was named
‘XTEND’ -Xpert for TB, Evaluating a New Diagnostic'l. When the results of XTEND were analysed, Xpert

identified one and a half times more tuberculosis cases. However, the improved sensitivity for tuberculosis



diagnosis did not translate into a reduction of all-cause mortality amongst persons investigated for tuberculosis,
nor were more persons initiated on tuberculosis treatment!l.  Further, initial loss to follow-up rates were
identical in intervention and control arms*?.

This PhD submission describes findings from two secondary data analyses and a qualitative investigation to
better understand the reasons for the XTEND trial finding of ‘no difference in mortality’ between persons

undergoing investigation for tuberculosis who were tested with Xpert compared with smear microscopy.

1. 2 An overview of this PhD

The PhD is divided into two parts. Part 1 comprises the chapters below

e Chapter 1 provides a brief background and overview of the PhD and a summary of the XTEND trial
findings.

o Chapter 2 summarises the research question and lay out the aims and objectives of this PhD.

e Chapter 3 develops a contextual framework on which the objectives of this PhD are based. The
contextual framework draws on theoretical approaches to the evaluation of new diagnostic tests, and
specifically, new diagnostic tests for tuberculosis.

e Chapter 4 presents a narrative literature review of Xpert impact evaluations conducted between 2011-
2019. focuses on contextual factors in study designs of the papers under review which may have
impact on the reported mortality difference across Xpert and smear microscopy study arms. | use
findings from this literature review to identify areas in the XTEND study that require close attention in
terms of the broader aim of the PhD.

e Chapter 5 summarises findings from the paper entitled ‘What Happens After a Negative Test for
Tuberculosis? Evaluating Adherence to Tuberculosis Diagnostic Algorithms in South African Primary
Health Clinics’. This paper describes findings of a secondary data analysis of XTEND trial participants
and describes the extent of additional investigations for tuberculosis amongst persons with
presumptive tuberculosis whose sputum tested negative for tuberculosis at enrolment.

e Chapter 6 summarises findings from the paper entitled ‘Empiric tuberculosis treatment in South African
primary health care facilities - for whom, where, when and why: Implications for the development of
tuberculosis diagnostic tests’.  This paper describes findings from a secondary data analysis of
XTEND trial participants who were initiated on tuberculosis treatment without microbiological evidence
during the six month follow-up period.

e Chapter 7 summarises findings from the paper ‘A forgotten angle in impact evaluations of tuberculosis
diagnostic tests: the assessment of integration and embedding of the Xpert diagnostic technology into
routine care using normalisation process theory’. This paper describes a qualitative evaluation of how
health care workers and tuberculosis control programme administrators implemented Xpert into
tuberculosis diagnostic processes at eight representative primary care facilities which had participated
in the XTEND trial.



e Chapter 8, draws the insights offered from the literature review and Papers 1, 2 and 3 together to
describe contextual factors that may have impacted on Xpert performance during the XTEND trial, and
| propose reasons for the absence of an impact on mortality.

e Chapter 9presents adiscussion of the limitations of the approach to this subject matter, and the
limitations of the XTEND trial design that became evident through this study.

e Chapter 10concludes the study with a summary of the contribution of this PhD to knowledge pertaining
to Xpert impact evaluations.

Part Il contains the three papers submitted towards this PhD, and the XTEND study ‘main paper’ which is
provided for context and the Appendices.

Papers submitted towards this PhD:

1. McCarthy KM, Grant AD, Chihota V, et al. Implementation and Operational Research: What Happens
After a Negative Test for Tuberculosis? Evaluating Adherence to TB Diagnostic Algorithms in
South African Primary Health Clinics. J. Acquir. Immune Defic. Syndr. 2016;71(5):e119-126%2.

2. McCarthy K, Fielding K, Churchyard GJ, Grant AD. Empiric tuberculosis treatment in South African
primary health care facilities - for whom, where, when and why: Implications for the development of
tuberculosis diagnostic tests. PLoS One. 2018;13(1):e01916083.

3. McCarthy K, Grant AD, Fielding K, Churchyard GJ, Kielmann K. A forgotten angle in impact
evaluations of tuberculosis diagnostic tests: the assessment of integration and embedding of the
Xpert MTB/RIF diagnostic technology into routine care using normalisation process theory PLOS
ONE. Submitted

Papers arising from primary XTEND data and which provide important context for this PhD

4. Churchyard GJ, Stevens WS, Mametja LD, McCarthy KM, Chihota V, Nicol MP, Erasmus LK, Ndjeka
NO, Mvusi L, Vassall A, Sinanovic E, Cox HS, Dye C, Grant AD, Fielding KL. Xpert versus sputum
microscopy as the initial diagnostic test for tuberculosis: a cluster-randomised trial embedded in South
African roll-out of Xpert. Lancet Glob Health. 2015;3(8):e450-45711,

1. 3 Role of the PhD candidate in XTEND

I commenced work at the Aurum Institute in August 2011 in the role of XTEND Research Scientist and Project
Manager. The grant application for the XTEND study had already been submitted and funding awarded by
the Bill and Melinda Gates Foundation (OPP1034523). My role as XTEND Project Manager included
recruitment, training and management of over 100 staff (primarily research nurses and study assistants, but
also quality and data management staff) across 4 provinces and 40 study sites, co-ordination with the NHLS
regarding the Xpert roll-out, communication and reporting to stakeholders, amendments to the protocol and
submissions to national and international review boards, data cleaning, data review and interpretation, and
protocol writing for sub-studies arising from XTEND. From 2011-2015, | worked with colleagues at Aurum on
the XTEND trial, which was published in 2015 in Lancet Global Health'?,



In 2013 it became apparent that empiric diagnosis of tuberculosis in routine care could be explored using
XTEND data. | developed a protocol to address the question of what happens to XTEND participants with
negative initial sputum tests for tuberculosis. This was submitted and approved as a PhD proposal to the
School of Public Health in the Faculty of Health Sciences, University of the Witwatersrand entitled ‘A negative
test for tuberculosis by Xpert MTB/RIF or smear microscopy — What does it mean for Health Care Workers
and persons suspected of tuberculosis? A sub-study of the national evaluation of the use of Xpert vs smear
microscopy for the diagnosis of tuberculosis by primary health clinics in South Africa’ (Ethics certification
M140486, Part Il, Appendix 1). In 2013, | commenced work on the PhD proposal, which evolved into the
papers submitted as part of this PhD namely the secondary data analyses investigating adherence to the
algorithms for tuberculosis diagnosis (paper 1) and the identification of XTEND participants who were initiated
on empiric tuberculosis treatment (paper 2). With regard to the qualitative evaluation of Xpert implementation
at a subset of XTEND clinics (paper 3), | identified the eight clinics for where the study was to take place. |
developed and piloted the semi-structured interview format and worked on a conceptual framework. From
2014 until mid 2015, | travelled to the eight clinics where | conducted interviews with participants. | transcribed

these and submitted field summaries of my findings to my supervisors by mid-2015.

In May 2015 when the XTEND study was officially completed, | left the Aurum Institute and took a position as
Head of the Outbreak Response Unit at the National Institute for Communicable Diseases. Since then, | have
continued to work on papers and this submission in my personal time. | conducted the primary and secondary
data analyses for papers 1,2 and 3 from 2014-2016 with the support and assistance of my supervisors. |
wrote and submitted papers 1, 2 and 3 from 2015 until 2019. | wrote the narrative of this PhD in December
2018-August 2019.

1. 4 The XTEND study - a summary of findings

In this section | provide a summary of the XTEND trial methodology and results, as these set the context for
this PhD submission. The paper and supplementary appendices describing the main outcome of the XTEND

trial are provided in Section 1l below.

1. 4. 1 XTEND research question and aims

The rationale of the XTEND study was to ascertain if Xpert, a test with better sensitivity and specificity than
smear microscopy, would improve patient outcomes and tuberculosis control programme (TCP) indicators
when used under routine conditions. The primary aim of XTEND was to measure the effectiveness of Xpert
in reducing early mortality in persons with presumptive tuberculosis, defined as mortality six months after
enrolment. The secondary objectives were to compare across study arms: 1) the proportion of participants
with a positive result who did not start tuberculosis treatment within 28 days of enrolment, 2) the time from
enrolment to start of treatment for drug susceptible and drug-resistant tuberculosis, and 3) the yield of

confirmed tuberculosis cases across study arms.



1. 4. 2 XTEND methodology

XTEND was conducted as a pragmatic two arm parallel cluster randomised trial. A cluster was defined as a
laboratory and two high burden primary health clinics. In collaboration with the National Department of Health
(NDoH) and the NHLS, 20 laboratories in four provinces (Eastern Cape [8 laboratories], Free State [2],
Gauteng [8] and Mpumalanga [2] were identified from medium-burden tuberculosis districts and randomised
to the intervention or control arms.  The two busiest clinics in each district were identified from which
participants were to be recruited. As part of the roll-out, districts where Xpert was implemented were trained
by the NDoH and the NHLS in the new Xpert algorithm for tuberculosis diagnosis* (Figure 1. 1A), while clinics

in the control arm continued to use the smear microscopy algorithm (Figure 1. 1B)?5.

At participating clinics, sequential persons with presumptive tuberculosis (all or every second/third persons,
depending on number requiring tuberculosis investigations per day) were invited to participate. Participants
were investigated according to clinic practice using the NDoH algorithms (Figure 1. 1), and then offered
enrolment by independent XTEND staff. Participants were then followed up by independent XTEND staff until
six months after enrolment, when a follow up interview was conducted. At the post enrolment interview, NHLS
laboratory results were obtained from their laboratory information system, case-records were obtained from
patients’ PHC file and reviewed, and if deceased, next-of-kin were asked about the circumstances leading to
the participant’s death.

Data analysis was conducted using a cluster-level analysis taking into account the stratified randomisation. A
log-transformed cluster-level risk or rate was used to estimate geometric means for the two study groups. An
approximate standard error for the log (risk or rate ratio) based on geometric means of cluster risks or rates
was calculated by two-way ANOVA on stratum, group, and the interaction between stratum and group.
Investigators also noticed a baseline imbalance between study groups in some factors associated with
mortality, and adjusted for these individual level baseline factors. An individual-level risk factor analysis for

mortality was also conducted using multivariable regression analysis.

The XTEND protocol was approved by the ethics committees of the University of the Witwatersrand; the
University of Cape Town; the London School of Hygiene & Tropical Medicine; and the World Health
Organization (WHO).
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Figure 1. 1 Algorithms for the diagnosis of tuberculosis used in the XTEND intervention and control arms.

A: The algorithm for the diagnosis of tuberculosis used in the intervention arm of the XTEND trial, with Xpert as a first line
sputum test for persons with suspected tuberculosis (South African National Guidelines for tuberculosis diagnosis and
management, 2014). B: The algorithm for the diagnosis of tuberculosis used in the control arm of the XTEND trial, with
smear microscopy as a first line sputum test for persons with suspected tuberculosis (South African National Guidelines

for tuberculosis diagnosis and management, 2009)




1. 4. 3 XTEND results

Results of the primary and secondary outcomes are shown in Table 1 below and described in Paper 4.
Analyses to identify individual-level risk factors for death identified the following risk factors: self-reported HIV-
positive status amongst persons not on antiretroviral therapy (ART) (adjusted odds ratio (OR) 3:32, 95%
confidence interval (Cl) 2:03-5-41) or not knowing their HIV status (2-41, 1-47-3-98), versus being HIV
negative; having a lower body mass index (BMI) (<18-5 kg/m2 vs 18-5-24-9 kg/m2: aOR 1-40, 95% CI 0-94—
2-07]), older age (<30 versus =50 years: aOR 2-53, 95% CI 1-59-4.04) and more tuberculosis symptoms
(amongst current cough, night sweats, fever, or weight loss) (Table 2 in reference!!). Tuberculosis treatment
was initiated within a median of 7 days in the Xpert group and 10 days in the microscopy group. Initial loss to
follow-up was documented for 16-0% (60/374) of participants with a positive index test result, which was similar

by study group (Table 2 below).

Table 1. 1 Effect of Xpert on XTEND primary and secondary outcomes (Table 2 in Churchyard et al'!)

Intervention Control Risk ratio (95% CIl), p-value

Deaths/N %* Deaths/N %* Unadjusted Adjusted?
Mortality risk over 6 0 0 0. 86 (0. 56-1. 1.10 (0. 75-1.
months (n=4656) 91/2324 3. 9% 116/2332 5. 0% 28), p=0. 43 62), p=0. 61
Proportion with a
positive result 200/2176  9.2% 174/2235  7.8% (1)'0)27 (—06 8217'2' ;'3;‘29 (f'oo%sz'
(n=4411) P P
Initial loss to follow- 0. 97 (0. 48-1. 0. 96 (0. 48-1.

0, 0,

up (n=374) 34/200 17. 0% 26/174 14. 9% 96), p=0. 93 93)%, p=0. 91
Proportion treated 0 0 0. 88 (0. 60-1. 1. 04 (0. 76-1.
for TB (n=4656) 250/2324 10. 8% 291/2332 12. 5% 20). p=0. 48 43), p=0.79

Cl=confidence interval; pyrs=person years; TB=tuberculosis *summary ignores cluster;
adjusted for age group, sex, body mass index (BMI) group, number of symptoms & HIV; 2adjusted for age group, sex, BMI group and
number of symptoms; adjusted for BMI group and number of symptoms; adding 0. 5 due to zero events in two clusters

1. 4. 4 XTEND conclusions

XTEND investigators noted the increased yield of microbiologically-confirmed tuberculosis, yet non-significant
differences in mortality, initial loss to follow-up and treatment for tuberculosis. Regarding individual risk factors
for mortality, they highlighted the association between untreated HIV, or unknown HIV status and death. They
concluded that Xpert was unlikely to improve all-cause mortality in South Africa without strengthening HIV care
and systems to retain in care persons undergoing investigation for TB and those initiated on TB treatment.



I Chapter 2: The research question, aims and objectives

2. 1 Research question

Following the consistent demonstration of improved sensitivity of Xpert over smear microscopy in early
laboratory-based evaluations®®, researchers began speculating on the longer term impact of improved
diagnostics on the tuberculosis epidemicl”18, Improved case-finding including earlier detection of drug-
resistant tuberculosis (DR-TB) was anticipated®. Reduction in time-to-treatment initiation with point-of-care
application of Xpert was envisaged?. Mathematical modelling informed the research community that a
reduction in morbidity and mortality due to tuberculosis was potentially possible following Xpert implementation

when compared with smear microscopy?..

However, as results from well-designed impact evaluations became available, including the XTEND trial
findings11:22-25, it was increasingly evident that the impact of Xpert testing on patient outcomes was less than
hoped for. A number of reasons were offered, including the widespread practice of empiric tuberculosis
treatment?5, failure to initiate patients on tuberculosis treatment following diagnosis and to retain them in care?”.
A careful narrative review of clinical trials of Xpert vs smear microscopy?? identified weaknesses in trial design,
trial conduct and the health system which the authors understood to contribute collectively to findings of no

difference in patient mortality following Xpert implementation.

In the case of the XTEND trial, the sub-studies initiated in 2014 by the candidate and supervisors to investigate
what happened to participants with negative sputum results presented an opportunity to better understand the
reasons for no difference in mortality between cohorts of persons with presumptive tuberculosis who were
tested using Xpert vs smear miscroscopy. We formulated a research question as follows:

What are the possible reasons for the XTEND trial finding of ‘no difference in mortality between

persons undergoing investigation for tuberculosis who were tested with Xpert compared with
Smear microscopy’?

2. 2 Aim and objectives of this PhD submission

An aim statement
Diagnostic tests have potential to improve patient care through more accurate and timely identification of
conditions requiring treatment?. However, diagnostic and treatment processes should support diagnostic

testing so as to realise this potential®®. Therefore we aimed

To better understand contextual factors that may have impacted on Xpert performance during the
XTEND trial with regard to the management and investigation of persons with presumptive
tuberculosis.



Objectives
We identified three contextual areas of the XTEND trial for further investigation and set these out as objectives.
We believed that these contextual areas were most likely to yield clues as to why a more sensitive test for

tuberculosis did not translate into improved patient outcomes.
Our objectives were:

1. To establish the extent to which diagnostic algorithms for tuberculosis were adhered to in the XTEND
trial;
To investigate how empiric tuberculosis treatment was prescribed in the XTEND trial;

3. To explore the extent to which Xpert and the algorithm for the diagnosis of tuberculosis was integrated

and embedded into routine care during and after the XTEND trial.



Chapter 3: The conceptual framework for tuberculosis diagnosis and

associated outcomes used in this evaluation

3. 1 Introduction and overview

In this chapter, | develop a contextual framework to support the objectives used in this evaluation. Firstly, |
draw on literature describing theoretical approaches to the evaluation of the impact of diagnostic tests on
patient outcomes. Secondly, | present the approach currently used by WHO in evaluating TB diagnostic tests.
Thirdly, I utilize these theoretical approaches in a step-wise fashion to create a contextual framework. | identify
key areas for evaluation and measurement in an impact evaluation of Xpert and specifically in the XTEND trial.

Lastly, | explain how the contextual framework supports the objectives of this PhD.

3. 2 Evaluation of diagnostic tests

Diagnostic tests have potential to improve patient care through more accurate and timely identification of
conditions requiring treatment?®. However, diagnostic tests are rarely used in isolation, but rather as part of a
test-treatment strategy within a health system?°. Only in a system where diagnosis leads to changes in patient
management, will improvements in patient outcomes be seen3!. Therefore, a diagnostic test with better

performance characteristics may not necessarily lead to better outcomes.

To ascertain the impact on patient outcomes, the ‘downstream consequences’! of testing should be
compared. Diagnostic testing with one group allocated to receive the newer/intervention test, and with long-
term follow up of immediate and downstream consequences of testing is an evaluation strategy that is
frequently used to compare diagnostic tests?®. This study design is a randomised controlled trial (RCT) which

has the potential to evaluate not only the diagnostic test, but the ‘test-plus-treatment pathway’2°.

When setting up a RCT comparing impact of diagnostic tests on patient outcomes, the study designers should
consider four design areas, namely; 1) they should be cognisant of the place of the new test in the diagnostic
pathway — in other words, whether it will replace existing tests, be used as an ‘add on’ or ‘triage test’??; 2) they
should identify what the anticipated benefits of testing are and the pathways by which these occur; 3) they
should incorporate quality criteria for conducting and analysing RCTs®%? and lastly 4) they should include
strategies for qualitative assessment of the effectiveness of the intervention33. These four areas support the
development of a conceptual framework to address reasons for the XTEND trial finding of ‘no difference in

mortality’ between study arms.

3. 2. 1 The place of the test in the diagnostic pathway
The design of the RCT needs to accommodate the place of the new diagnostic test in the test-treatment
pathway. Tests may replace older tests, be used as ‘add-on’ tests or as ‘triage’ tests to identify patients

eligible for further testing. A test evaluation flow diagram can be used to display the existing test strategy
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against the new test strategy?®. This diagram can assist in identification of critical comparisons that may be
measured and the pathways by which outcomes can be compared.

3. 2. 2 Elucidation of the pathways from diagnostic testing to improved patient outcomes

Tests may impact in patient health through a number of mechanisms3!, namely; 1) direct effects of the test
(where a diagnostic procedure has therapeutic value, for example, where obtaining fluid for diagnostic
purposes also alleviates swelling); 2) altering clinical decisions and actions; 3) changing timeframes of
decisions and actions; and through 4) influencing patient and clinician perceptions. Each diagnostic test will
have a unique pathway through which impact is achieved. A clear outline of these pathways will assist with
identifying ways to measure impact along the test-treatment path.

3. 2. 3 Quality criteria for conducting and analysing trials of diagnostic accuracy.

Factors in the design and implementation of studies to evaluate diagnostic assays may impact or bias findings
or their interpretation. Two tools were developed to support design and assessment of such studies. The
QUADAS (Quality Assessment of Studies of Diagnostic Accuracy) tool assists designers and evaluators of
trials to identify potential sources of bias in trial elements®*. These include: composition of patient cohorts
(spectrum composition); description of patient selection criteria; use of diagnostic reference standards; timing
of follow-up in relation to disease progression and how diagnostic tests are applied to the intervention and
control arms. These areas of a RCT, if not thoughtfully designed, could lead to partial or differential disease
verification, test review bias, reference standard review bias and/or clinical review bias. Lastly, the tool
requires designers to include a management strategy for patients with uninterpretable test results. The
STARD (Standards for the Reporting of Diagnostic accuracy studies) tool was developed to improve conduct
and the quality of reporting of diagnostic accuracy studies in general®2.

3. 2. 4 Qualitative assessment of intervention effectiveness

The health systems and programmes in which diagnostic assays are placed are socially constructed.
Therefore many aspects of implementation and impact cannot be fully understood using quantitative
methodologies®®. The evaluation of diagnostic assays using the social sciences and other multidisciplinary
knowledge paradigms vyields richer, broader, deeper and more generalizable findings®. Qualitative
evaluations examine how interventions are delivered or received, and guide researchers into a deeper
understanding of who is implementing (or not) and under what conditions, and why it is (or is not) successfully
implemented33.  Useful components of qualitative evaluations include representative sampling and case
selection, case studies, negative case analyses, triangulation of data from multiple sources, prolonged
engagement with the subject of enquiry and the use of sociological or other theories in the development of

conceptual frameworks3s,
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3. 3 Evaluation of diagnostic tests for tuberculosis

3. 3. 1 The impact assessment framework for the evaluation of tuberculosis diagnostic tests

While tuberculosis researchers may apply the STARD tool and QUADAS criteria when designing and reporting
on impact evaluations of tuberculosis diagnostic tests, guidance specific to tuberculosis diagnostic assays are
more commonly used!® . The evaluation of diagnostic tests for tuberculosis is guided by their stage in the test
development continuum?. Early on in the continuum, immediately following test development and
optimisation, laboratory-based assessments of test performance including test sensitivity and specificity are
required3®. The WHO STAG-TB committee evaluates results of these assessments using the GRADE
(Grading of Recommendations Assessment, Development, and Evaluation) methodology to inform their
technical recommendations'8. Later, evidence of impact on patient and programmatic outcomes including
cost-effectiveness is required to support scaled implementation and national level adoption3¢. Presently the
WHO advises the use of an impact assessment framework (Table 3.1) to support development of an evidence
base to guide adoption of newer tuberculosis diagnostic tests®’. The framework comprises five analytical
layers, namely effectiveness, equity, health systems, scale-up and policy, each addressing the nature of

evidence required by policy makers.

Table 3. 1 The impact assessment framework proposed by the World Health Organization for the evaluation of

tuberculosis diagnostic tests3’

Layer of assessment Evidence required

Layer 1. e How well does the new tool work in terms of accuracy
Effectiveness ¢ How many additional cases will be identified who would otherwise not have been
analysis identified?

¢ How many additional cases will actually start (and complete) treatment as a result of
using the new tool

Layer 2. e  Who benefits from the new tool (ambulant vs. hospitalised, poor/less poor,
Equity analysis men/women, adults/children)?
e Why do these benefits accrue (level health system in which new diagnostic is
deployed, change in time to issue of results, change in patient costs)

Layer 3. e What are the human resource implications of introducing the new tool (training,
Health system number and care of staff)?
analysis e What are the infrastructure implications (equipment, laboratory layout, safety

installations)?
e What are the procurement implications (reagents, consumables, documentation)?
e What are the implications for quality assurance (internal and external)?

Layer 4. e What are the projected impacts of going to scale with the new tool?
Scale-up analysis o Cost savings to patients in relation to income
o Cost savings to health providers/the health system
o Effects on transmission of improved infection control as a result of the new

tool
Layer 5. e What other similar technologies are available or likely to become available
Policy analysis ¢ How do similar existing or emerging technologies compare in their projected

performance within each of the layers above
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3. 3. 2 Recent developments in impact assessment of tuberculosis diagnostic tests

Schumacher et al developed a helpful contextual framework for the evaluation of tuberculosis diagnostic tests®®
(Figure 3. 3). They identified four categories of appropriate outcome measures38. These are 1) technical
performance (including diagnostic accuracy); 2) diagnostic impact (including time to diagnosis, humber of
confirmed diagnoses); 3) therapeutic impact (time to treatment initiation, number of patients placed on
appropriate therapy); and 4) patient outcome impact (tuberculosis treatment outcome, mortality). When
setting up an evaluation of a diagnostic test, tuberculosis researchers have advised that diagnostic and
treatment pathways be mapped out, to better understand facilitators and barriers, and to identify meaningful

end points. Researchers have cautioned against using surrogate end markers unless these have been

validated®°.
Study object Test Diagnostic processes Trea(:cr’ﬂzx_tudir::tsi:ons Patient Health
(follow-up) {no follow-up) (follow-up until diagnosis P — i:itiation/ (follow-up until patient
communicated to patient) e outcome chserved)
Technical Impact on patient
Diagnostic impact Therapeutic impact E :
performance outcome
Decreased turn-  ———— Decreased time to Decreased time to

around time & POCT diagnosis given to appropriate) treatment
B! Bl pprop!

amenability patient
Reduced pre-diagnostic Reduced pre-treatment
loss to followup ~ ———loss to follow-up \
More TB patients —— More (confirmed) TB-, Improved culture conversion

Speed and
retention

. . —
Diagnostic test provided with confirmed patients treated Improved treatment
for 7B = diagnosis outcomes
% More confirmed TB- Improved infection control
&«  More TB patients ———— patients treated with —— Improved contact tracing
provided with resistance effective regimens Reduced morbidity
profile Reduced mortality
Increased accuracy & Improved quality of life

resistance detection
Increased number of
other (non-TB)
\ Increased number of / conditions treated

cases where TB is

correctly ruled-out \ Reduction in over-

diagnoses and over-
treatment of TB

Rule out

Figure 3. 3 A conceptual framework of outcome measures, outlining pathways through which improved
tuberculosis diagnostics may lead to improved patient outcomes
POCT=point of care test. Figure adapted from Schumacher et al3®

3. 4 A conceptual framework for evaluation of the impact of Xpert in the XTEND trial

We drew from literature presented above pertaining to the evaluation of diagnostic tests in general and

tuberculosis diagnostic tests to draw up a conceptual framework to support the objectives of this PhD.

Firstly we mapped out the diagnostic pathways appreciating that Xpert was used as a replacement for smear

microscopy?°.

Secondly we defined a ‘good outcome’ as ‘survival after six months with tuberculosis treatment completion’,

and ‘poor outcome’ as ‘death, or loss to follow-up, or non-completion of tuberculosis treatment’. We then
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outlined patient pathways to good outcomes, as presented in Figure 3. 4. We drew from Schumacher et al's
conceptual framework38 to appreciate that the primary assumption underlying pathways to good outcomes in
the XTEND trial was that the increased accuracy of Xpert would lead to more tuberculosis patients being
provided with confirmed results (statements B and C in Figure 3. 4), compared with the control arm, and that
these patients would be initiated on and complete tuberculosis treatment. We recognised that the XTEND
protocol assumed that failure to initiate tuberculosis treatment (empiric or following a laboratory-confirmed
diagnosis) would result in poor outcomes (dotted lines E in Figure 3. 4), and that this applied across study
arms. We recognized that XTEND measured the diagnostic yield of tuberculosis (statement B), the number
of participants started on treatment (statement C) and the number lost to follow up (B-C) in the Xpert and
control arms.

Thirdly, we recognised that good patient outcomes in XTEND were dependent on assumptions that were
untested in the XTEND study!!, namely that additional investigations to rule-out false negative diagnoses were
conducted (following statement A in Figure 3. 4), that persons with false negative tests were initiated on empiric
tuberculosis treatment (statement D in Figure 3. 4), and that health care workers implemented Xpert and the
new testing algorithm according to national guidelines (Box C in Figure 3. 4). We recognised that differential
application of the testing algorithm in Xpert and control arms, or across clusters (Box C and specifically
statement D) had potential to alter and therefore bias the survival difference in each study arm.

Fourthly, because XTEND and other trials of new TB diagnostic tests have focused primarily on the impact of
improved sensitivity on outcomes, and because TB diagnostic tests generally have high specificity, we elected

not to focus on the impact of false positive tests, nor on outcomes associated with these.

Lastly we recognised that qualitative rather than quantitative methods were better suited to evaluate how HCW
implemented and integrated Xpert into routine diagnostic processes3® (Box C).

3. 5 How this PhD’s objectives are supported by the conceptual framework

The conceptual framework (Figure 3. 4) illustrates how tuberculosis investigative processes are key steps en
route to good outcomes. The conceptual framework allows us to identify which of these key steps were

measured in the XTEND study and which steps are unmeasured.

Tuberculosis diagnostic processes as required by South African national tuberculosis diagnostic algorithms
(Figure 1. 1) include ascertainment of HIV status, chest radiography, sputum culture, provision of empiric
antibiotics and revision of clinical response by a clinician. Referral to hospital may also be indicated if persons
are seriously ill or if alternative diagnoses are suspected. The application of these processes may be

collectively considered as ‘contextual factors’ supporting tuberculosis diagnosis using Xpert or smear

microscopy.

In the XTEND study, allocation of clusters to the intervention (Xpert) vs control (smear microscopy) arm was
determined by randomisation. Key XTEND processes in Box A and Box C, Figure 3. 4 were controlled and

measured by the study staff. The XTEND trial'! in each arm reported on
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o the burden of tuberculosis diagnosed following enrolment sputum tests (I. e. statement B in Figure 3.
4),

e the rates of initial loss to follow up (a component of ‘poor outcomes’, landmark ix in Figure 3. 4),

e the proportions treated for tuberculosis (Statement C in Figure 3. 4) and

o mortality risk over six months by study arm (a component of ‘poor outcomes’, landmark ix in Figure 3.
4).

The conceptual framework also allows us to identify which key steps en route to good treatment outcomes
were not measured in the XTEND trial. Whilst laboratories and clinics were trained in the use of Xpert and
the new algorithm for tuberculosis diagnosis, the application of the intervention and control (Box A and Box C)
was left entirely up to participating clinics. Sputum collection and submission to the laboratory was done by
clinic staff using routine collection practices. Specimens were transported to NHLS laboratories using routine
specimen transport. Results were returned to clinics and HCW using routine communication channels.
XTEND neither monitored nor reported on tuberculosis investigative processes after submission of sputum for

Xpert or smear testing nor compared these between clusters or study arms.

The conceptual framework (Figure 3. 4) identifies the following as key areas for evaluation and measurement

in an impact evaluation of Xpert or any tuberculosis diagnostic test in addition to those measured in XTEND:

¢ Additional diagnostic testing in persons with false negative tests (pathway from landmarks iv-vii),

e Provision of empiric tuberculosis treatment (landmark vii),

e The degree to which additional diagnostic testing (Box C) is conducted and empiric tuberculosis
treatment is prescribed in the intervention vs control arm, as a differential implementation may lead to
differential case finding and bias study findings.

e Correct application of the tuberculosis diagnostic algorithm in each study arm (Box C as a whole)

Box B: outcomes following true negative or false positive tests are neither measured nor explored in the
XTEND trial. False positive smear microscopy, culture and Xpert tests for tuberculosis are unlikely as the
specificity of these tests is high. Further, clinician’s underlying concern in high TB-HIV prevalent areas is to
avert poor outcomes associated with undiagnosed untreated TB particularly following missed diagnoses from
poorly sensitive tests.

This contextual framework supports my objectives by highlighting specific areas along the patient pathways to
good outcomes for closer examination, namely: 1) the extent of adherence to diagnostic algorithms in XTEND
(Objective 1) corresponds with the pathway from landmarks iv-vii in Box C, Figure 3. 4; 2) empiric tuberculosis
treatment rates and pathways to empiric tuberculosis treatment initiation (Objective 2) corresponds with
landmark vii, Figure 3. 4; and a qualitative evaluation of how the algorithm for tuberculosis diagnosis using

Xpert was implemented during the XTEND trial (Objective 3) corresponds with box C, Figure 3. 4.
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Patient presents with
symptoms compatible with TB
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Patient truly has TB (ii) Patient does not have TB (iii)
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Mot started on Started on Empmc Started on TB G
TB treatment (vi) TB treatment {vu} treatment (viii) '
- M J/

Poor outcome Good outcome (x) The specificity of Xpert and smear
or death (ix) . ¥a e

Figure 3. 4 Conceptual framework for evaluation of contextual factors influencing the ability of Xpert to impact
positively on patient outcomes.

The figure represents landmarks (indicated by Roman numerals) on patient pathways to good outcomes (appropriate
initiation of tuberculosis treatment AND treatment completion) or poor outcomes (failure to initiate tuberculosis treatment
when it is required and/or death and/or loss to follow up).

3. 6 Conclusion

In this chapter, | developed a conceptual framework by drawing on theoretical approaches to the evaluation of
diagnostic tests. | identified that the evaluation of diagnostic tests is aided by understanding the place of the
diagnostic test in the test-treatment continuum, by mapping patient pathways, by utilising standardised
checklists (QUADAS or STARD) and by including qualitative evaluations. | also drew on a conceptual
framework of outcome measures that outlined pathways through which improved TB diagnostics may lead to
improved patient outcomes. | identified that specific components of the test-treatment pathways in the XTEND
trial were not measured in XTEND, and | showed how my objectives will describe and evaluate these
components. Finally, | showed how findings from these objectives will support the aim of this submission - to
better understand contextual factors that may have impacted on Xpert performance during the XTEND trial
with regard to the management and investigation of persons with presumptive tuberculosis. Having satisfied
this aim, | shall be able to answer the research question by proposing reasons why Xpert failed to reduce

mortality amongst persons with presumptive tuberculosis.
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I Chapter 4: Literature review

4. 1 Introduction and rationale for literature review

In this chapter, | present a narrative review of impact evaluations of Xpert vs smear microscopy conducted
from 2011-2019 for the diagnosis of tuberculosis. | use a recognised approach to conducting a narrative review
40, namely | objectively set out criteria for inclusion in the review and systematically identify appropriate studies.
| summarise each study in narrative and tabular form, and focus specifically on factors relevant to this PhD,
namely contextual factors (as defined above in Section 3. 5) that may impact on the outcomes of participants
in Xpert and smear study arms. In the discussion, | draw these observations together to identify common
themes across impact evaluations, and comment on how these align with the aim and objectives of this PhD.

The purpose of this narrative literature review is to systematically identify how contextual factors may have
moderated the impact of Xpert on patient outcomes in other Xpert impact evaluations. We conducted the
literature review with a specific focus on areas identified in our conceptual framework, hamely the application
of tuberculosis diagnostic processes after collection of sputum for Xpert or smear microscopy.

4. 2 Literature review methods

To identify impact evaluations of Xpert vs smear microscopy conducted from 01 January 2016 to 31 July 2019,
| used search criteria reported in Auld et al?®. | used the terms Xpert MTB/RIF’, ‘Xpert’ or ‘GeneXpert’ and
‘impact’ or ‘trial’ or ‘clinical trial’. | used Google Scholar and Pubmed search engines. | further refined the
search using criteria reported by Auld et al?®, namely 1) that the evaluation was a controlled trial according to
the International Committee of Medical Journals (ICMJ) with ‘the prospective assignment of participants or
groups to one or more health-related interventions to evaluate the effects of health outcomes’; 2) that the
study utilised Xpert in an intervention arm; and 3) that a stated aim of the study was the assessment of how
Xpert impacts on a patient-related outcome. In addition to the eight studies identified by Auld et al'122-2541-43
we identified two further evaluations, namely the Chepetsa study*4, and a pragmatic evaluation of Xpert

implementation in Botswana*® which is available only as a conference abstract at the time of submission.

| extracted specific data on study methodology including the patient population, study design, randomisation
level (cluster or individual), duration of participant follow-up, tuberculosis investigations at and after enrolment,
the proportions of participants undergoing sputum culture and chest radiography, the group responsible for
tuberculosis diagnosis (study or clinic staff), the follow-up methodology and a description of the study
participants who had an opportunity to receive empiric tuberculosis treatment (Table 4. 1). | reported or
calculated by study arm the yield of tuberculosis, the risk of tuberculosis over the duration of the study, the
proportion receiving empiric tuberculosis treatment, and the outcome across intervention vs control arm (Table
4. 1). | classified these (excluding tuberculosis risk) arbitrarily as ‘high’, ‘medium’ or ‘low’ based on the
distribution of values across the 10 studies in each category. | mapped each study’s participant pathway

through their investigative processes to their respective outcome classifications (high-medium-low) using a
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different colour to represent each study (Figure 4. 1). | then drew inferences regarding the relationships
between diagnostic processes and the impact of Xpert vs smear microscopy on patient outcomes reported by
the study.

4. 3 Literature review results

4. 3. 1 Summary of methodologies used in studies assessing the impact of Xpert vs smear
microscopy

Ten studies, including XTEND were identified meeting the inclusion criteria. Study methodologies (excluding
XTEND) are summarized in Table 3 and below (excluding XTEND).

The TB-NEAT study?? was a pragmatic, cluster randomised study conducted in five PHC facilities in southern
or east Africa. Ambulatory presumptive tuberculosis patients were individually enrolled and randomised to
receive point of care Xpert or smear microscopy. Two specimens were collected of which one was subject to
Xpert or smear, and the other to culture. While awaiting results all participants underwent chest radiography.
On the same day, participants were reviewed by a physician, and if smear or Xpert positive, they were
commenced on tuberculosis treatment. If culture positive, tuberculosis treatment was commenced as soon
as possible after the result was received. Outcome was assessed at day 56 following enrolment. Data were

collected prospectively on an individual patient basis by study staff.

The Brazil study 2341 was a stepped-wedge evaluation of the rollout of Xpert at laboratories servicing clinics in
the cities of Rio de Janiero and Manaus, with a comparison of outcomes of persons in the cohorts before and
after Xpert implementation. Data for the study was extracted from the laboratory information system and the
tuberculosis control programme (TCP) electronic patient registers and linked using computer-generated
algorithms. The Brazilian TCP recommends empirical treatment for tuberculosis if clinically indicated following
negative sputum smear or microscopy and whilst awaiting culture results. The paper does not mention the
role of chest radiography. These additional investigations for tuberculosis were conducted at the discretion
of the attending clinicians, and details of these additional investigations were not collected nor reported on.

Follow-up time was not specified.

The Zimbabwe RCT?® was an individually randomised trial of Xpert vs smear microscopy conducted at a large
ART referral centre in Harare. Symptomatic and asymptomatic persons with newly diagnosed HIV infection
who were initiating ART were offered enrolment and followed up for three months. Following enrolment and
submission of sputum, chest radiography was done at the discretion of the attending clinician. Participants
had a standardized assessment conducted by a doctor at one and three months post enrolment, which
included symptom screening, chest radiography and clinical examination. Sputum culture was not done.
Outcomes were incident tuberculosis and mortality rates. Data were collected prospectively on an individual

patient basis by study staff.

The RSA single clinic RCT?* was a clustered cross-over design conducted in a single high TB/HIV burden area

in Cape Town. Sputum smear microscopy or Xpert was offered on randomised weeks. Consecutive persons

with presumptive tuberculosis were offered participation. Each gave two sputum specimens, the second of
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which was submitted for culture if the participant was deemed at risk of DR-TB. Participants were followed
up at 2-3 months to confirm tuberculosis treatment initiation (in those with positive Xpert, smear or culture
results) and at 6 months.  The role of chest radiography was not mentioned. @ Data was collected
retrospectively through clinic records and the provincial tuberculosis database by study staff. Limited home

follow-up was done by clinic staff for participants with missed appointments.

The Uganda pre-post trial*® was conducted at a central hospital in Kampala comparing the outcomes of

patients admitted with cough = two weeks, but <six months duration before and after the implementation of
Xpert. All persons were evaluated by physicians at enrolment with a history, physical examination and chest
radiography. Two sputum specimens were collected for Xpert or smear microscopy and culture. Data were

collected prospectively on an individual patient basis with telephonic follow up for 60 days post enrolment.

The RSA ICU“ trial was a prospective, individually randomised comparison of Xpert vs smear microscopy
conducted at three intensive care units across Cape Town, South Africa. Mechanically ventilated patients
were eligible if they were HIV-positive, had pulmonary infiltrates on chest radiography or had constitutional
symptoms compatible with tuberculosis prior to admission. Participants had tracheal aspirates submitted for
Xpert or smear and culture. Patients were followed up until the end of hospitalisation or 90 days. Data

collection methodology was not reported.

The Indonesia trial*® compared treatment outcomes amongst cohorts of ambulant persons suspected of drug-
resistant tuberculosis who presented to three primary health clinics in Java before and after the introduction of
Xpert. All participants had sputum submitted for Xpert or smear microscopy and culture. Chest radiography
was not mentioned. After three months, patients were followed up to record treatment start and culture results.
Participant data was extracted from clinic and laboratory records and matched using algorithms. Mortality

rates were not reported.

The Botswana trial*® was a stepped wedge evaluation with three intervention arms — a retrospective cohort
with data obtained from a period prior to interventions when smear microscopy was used, a prospective cohort
with implementation of intensive case finding and retention in care interventions whilst using smear
microscopy, and a second prospective cohort with Xpert replacing smear microscopy, whilst continuing with
intensive case finding and retention in care interventions. The study was implemented at 22 ART clinics
across the country where newly diagnosed HIV positive persons initiating ART were offered enrolment.
Participants were followed up for one year. Study details are available only in oral abstract form, and details
regarding additional tuberculosis diagnostic tests and data collection are not available at the time of
submission. Outcomes in both prospective study arms (i. e. those with health system strengthening initiatives)
were compared with the retrospective controls. Not reported in the table below is that mortality difference
between the two prospective study arms was similar, whilst mortality difference between Xpert arm and the

retrospective control in which smear microscopy was used was highly significant.

The Chepetsa study** was a cluster randomised trial of Xpert vs smear microscopy at 12 rural clinics in Malawi,
prospectively conducted amongst newly diagnosed HIV positive persons. Following symptom assessment,
persons were offered point of care Xpert or light-emitting-diode fluorescent smear microscopy (LED-FM), and

staged for HIV infection. Persons with stage 3/4 HIV infection and positive sputa were initiated on ART and

19



TB treatment at prescribed time intervals. Persons with a negative symptom screen were initiated on isoniazid
preventive therapy (IPT). Neither culture nor chest radiography were used and access to additional
investigations was limited by the rural location of facilities. Participants were followed up for 12 months. Data

were collected prospectively on an individual patient basis by study staff.

Additional tuberculosis diagnostic methodologies at and after enrolment

Four?2424346 of nine published studies conducted sputum culture on all participants as part of study
procedures. Sputum culture was left to the discretion of the attending health care worker in the XTEND?! trial
(amongst participants who were HIV positive or had unknown HIV status, 18% had sputum culture'?) and the
Brazilian stepped wedge study*! (rate not reported). Sputum culture was restricted to HIV-positive persons
and persons suspected of DR-TB in the RSA ICU study*? (47% of participants). Sputum culture played no
part in tuberculosis diagnosis in the Chepetsa study** where it was restricted to persons with positive Xpert or
smear results, and the Zimbabwe RCT?® where it was not used at all.

Chest radiography was conducted on all participants in three studies222542, while in the Ugandan study*¢, 81%
of participants had chest radiography. In the XTEND study, the decision to conduct chest radiography was left
to the attending nurse clinician, and by the study end, 3. 6% of participants living with HIV or HIV status
unknown had undergone chest radiography. The role of chest radiography was not reported in three of nine

studies?3.2443,

The impact of Xpert on the tuberculosis diagnostic cascade and outcomes

All nine published studies reported an increased diagnostic yield of tuberculosis in the Xpert arm, and in only
two studies?>46 was the increase not statistically significant. The reported tuberculosis treatment initiation risk
during follow-up was higher in the Xpert arm in seven of nine published studies, but only significantly greater
in two studies?443, In two studies!??5 the proportion of participants starting tuberculosis treatment during follow
up was higher in the microscopy arm. Empiric tuberculosis treatment was initiated more frequently in the
microscopy arm in all eight published studies that reported on this outcome. This was statistically significant
in the three studies?22446 that provided p-values. The proportion deceased at the end of study follow-up was
greater in the microscopy arm in six of eight studies that reported this outcome, but not statistically significant
in any. However the Chepetsa study** reported a statistically significant and higher mortality difference
amongst pre-defined sub-groups — namely males, persons >35 years of age and persons with WHO stage 3
or 4 HIV disease. In two studies mortality rates were identical across study arms22:46,

4. 3. 2 The impact of the tuberculosis diagnostic cascade on yield, empiric treatment rates and patient
outcomes

A visual analysis of the relationship between the extent of tuberculosis investigations and patient outcomes

reveals a distinct trend (Figure 4. 1).

e Studies with more comprehensive investigations for tuberculosis at enrolment and follow up (TB-
NEAT?2, the Uganda trial*6, the RSA-ICU trial*?) tended to report higher yields of tuberculosis, high

20



empiric tuberculosis treatment rates, and no difference (or a lower trend to fewer deaths) in mortality
rates between intervention and control arm.

e Conversely, studies with no or minimal additional investigations at or after enrolment (the Chepetsa
study*4, and XTEND?!) tended to report lower tuberculosis yield, lower rates of empiric tuberculosis
treatment and significantly fewer deaths in sub-groups, or a trend to fewer deaths in the Xpert arm.

The Brazilian study?® (which did not report on mortality) appears to be an exception, as TB diagnostic tests
were left to the discretion of attending clinicians, but empiric TB treatment rates are high. However, data
collection methodology in this study was through review of the electronic tuberculosis registers and the
laboratory information system. Patient record reviews were not done. Therefore, it was not possible to
ascertain the extent of additional investigations. Further, the authors acknowledge that persons with so-called
‘empiric’ tuberculosis treatment may equally have been patients for whom linking of sputum and culture results
across the laboratory and TB databases failed.

Both studies of hospitalised patients*246 tended to have high tuberculosis diagnostic yields and higher rates of
empiric tuberculosis treatment with non-significant differences in the Xpert vs smear microscopy arms. In
both these studies, tuberculosis investigations were more rigorous compared with those in ambulant patients.
Further, patient reviews were conducted by physicians in admitted patients, whereas in ambulant patients,
reviews were most likely conducted by lower cadres of staff.

Amongst ambulant patients, the TB-NEAT?? study had the most rigorous tuberculosis diagnostic investigations
at enrolment, effectively ensuring that all cases of tuberculosis in both study arms were identified and treated
early. By contrast, the Chepetsa trial** was conducted in a rural area of Malawi where access to tuberculosis
investigations other than Xpert or smear microscopy was not possible. Empiric tuberculosis treatment was
initiated in a minority of participants and only those who had sought care outside study clinics during the follow-
up period. Drawing inferences from this, it appears that when Xpert or smear microscopy are not supported
with additional tuberculosis investigations nor with empiric tuberculosis treatment, the use of Xpert as a first-
line diagnostic test may improve patient outcomes amongst persons at higher risk of death.

The Chepetsa study** was conducted in an extremely poorly resourced environment, where both LED-FM and
Xpert were newly implemented point-of-care assays, chest radiography was not available and culture was not
used for diagnostic testing. The only additional intervention in this context was ART initiation amongst eligible
participants. This was the only study where a significant impact on mortality was detected, and then only
amongst males, persons over 35 years of age and persons with stage 3/4 HIV infection.

The Botswana“® study reported of no difference in mortality between patients enrolled in the cohort that used
smear microscopy alongside health system strengthening interventions vs patients enrolled in the cohort with
the Xpert and the same health system strengthening interventions.  The health system strengthening
interventions included intensified case finding, and retention in care. This finding suggests that the addition
of health system strengthening is sufficient to translate the benefits of TB testing by any methodology into

improved outcomes amongst persons at high risk of tuberculosis-associated mortality.
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4. 4 Literature review discussion

In this literature review of selected impact evaluations of Xpert from 2011-2019, | compare study
methodologies, particularly contextual factors that may moderate the impact of Xpert on patient outcomes. |
identify that health system support including additional diagnostic testing in patients at high risk of disease but
with negative initial tests, patient review by physicians, patient follow-up, retention in care and initiation of
empiric tuberculosis treatment, is essential to translate the benefits of improved diagnostics into improved

patient outcomes?°.

Auld et al?® identified factors related to trial design, trial conduct and health system weaknesses in the reviewed
trials (except for Chepetsa** and the Botswana trial*®) that may explain why these trials did not demonstrate
morbidity and mortality reductions. With regard to trial design, higher empiric treatment rates in the microscopy
arms of Xpert impact trials were likely a consequence of the lack of blinding and clinician awareness of lower
negative predictive value of smear microscopy?6-2847,  The selection of patient population in which to conduct
the trial may also bias study outcomes: outpatients have lower mortality rates and hypothetically are less likely
to benefit from improved tuberculosis testing, whilst inpatients are more likely to be treated empirically by
attending clinicians28.  This former factor may also apply to the Chepetsa study** which was conducted
amongst outpatients. Further, an overestimate of mortality impact may lead to inadequate sample size and
consequential under-powering?®. A trial design limitation not mentioned by Auld et al?® is the use of
retrospective controls as in the Botswana trial*5, with poor data recording and reporting leading to inadequate
linkage of cases across laboratory and treatment databases. With regard to trial conduct, inadequate
ascertainment of the study endpoint of mortality is affected when loss to follow-up (LTFU) occurs?®. Lastly,
health system weaknesses may blunt the ability of impact studies to detect mortality differences, specifically
sub-optimal HIV management and high LTFU before tuberculosis treatment initiation?8.

My observations go beyond Auld et al?® to propose that the more systematically and rigorously tuberculosis
diagnostic tests are conducted at patient enrolment and follow-up in each study arm, the less likely the study
will find a mortality difference between intervention (Xpert) and control (smear microscopy) arms. Conversely,
without additional diagnostic tests, more cases of tuberculosis may be missed in the smear microscopy arm
relative to the Xpert arm, and this may lead to poorer outcomes in the control arm and a greater mortality
difference. The findings from the Chepetsa** and Botswana?*® trials which were not available at the time of
Auld’s review, contribute meaningful observations towards this hypothesis. The Chepetsa study* was an
impact assessment of Xpert where no additional diagnostic tests were conducted at enrolment nor at follow-
up, nor was empiric treatment prescribed. This study design allowed an assessment of outcomes without the
additional diagnostic or health system support in either arm. The Botswana study* showed a mortality
difference between Xpert and the retrospective smear microscopy arm, but equivalent mortality rates between
the arms with and Xpert or health system strengthening interventions and smear microscopy. This study
design illustrates the importance of health system strengthening to translate diagnostic testing of any kind into

measurable improvements in patient outcomes.

My findings identify a potential pitfall in study design of impact evaluations of Xpert vs smear microscopy,

namely that in well supported environments with strong health systems, outcomes of persons tested with Xpert
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VS smear microscopy may not be vastly different. The study design of humber of Xpert impact evaluations
(TB-NEAT?2, Uganda trial*®, the Botswana?® trial) created a ‘well supported environment’, albeit that they were
conducted under ‘field’ conditions. Conversely, in poorly supported environments, such as those where
additional tests for tuberculosis are not available (such as the Chepetsa** study), or tuberculosis diagnostic
algorithms are not widely adhered to (XTEND??), significantly improved diagnostic tests may offer health

systems a way to improve tuberculosis outcomes.

4.5 Conclusion to literature review

In this narrative review of selected impact evaluations of Xpert, findings suggest that the extent to which
tuberculosis diagnostic testing is supported by contextual factors (additional investigations, health system
strengthening interventions) will influence the magnitude of the difference in observed mortality between
intervention and control arms. This suggests that to explain the absence of a significant reduction in mortality
amongst XTEND participants across study arms, a careful evaluation of the extent to which tuberculosis
diagnostic algorithms were adhered to, and the degree to which empiric tuberculosis treatment was prescribed
in the XTEND trial should be conducted.

Findings from this literature review overlap with the areas for close evaluation that | highlighted in the
conceptual framework, namely the provision of additional diagnostic testing in persons with false negative
tests, provision of empiric tuberculosis treatment, the degree to which additional diagnostic testing is conducted
and empiric tuberculosis treatment is prescribed in the intervention vs control arm, and a qualitative evaluation

of the application of the tuberculosis diagnostic algorithm in each study arm.

I will now focus on each objective of the PhD in turn.
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Table 4. 1. A comparison of methodology and outcome measures of clinical trials comparing Xpert with smear microscopy

SaT“P'e Procedure Procedure % of - Who had Comparisons
size, iy % of Group Participant :
Stud inclusion Standard of Xpert LIFLE elP LI [PEIEENE articipants  responsible follow u PEIFIMIS
y Setting Design L . (el diagnosis diagnosis with particip P P for empiric Micro  Xpert
name criteria and care intervention B during sputum with chest for TB and data B Measure % % p
TDIIDW'UP enrolment follow-up culture ANl EEgEss SHEEeR treatment?
time (days)
All No study- <0.
) Pragmatic articipants related Diagnostic yield 15 24 0001
5 primary 9 . : 1502 Same-day, Nurse- particip g Y
L randomised, R had CXR follow-up, All TB risk 42 43 NS
care clinics twomarm ambulant onsite sputum performed and sputum but Non-study participants
i . % i % i a -
TB- n RSA, parallel group agult _ smear POC. Xpert Sputum participants 100% in 100% in nurses and Not with Empiric Rx 26 17 0. 0001
Zimbabwe, ) patients microscopy by at clinic on ) each arm at each arm at .
NEAT?2 . multicenter ) S negative may have doctors; reported negative
Zambia ) . with lab technician; one spot f enrolment enrolment )
trial with ) patients sought not blinded Xpert/
and o presumptive one spot sputum per .
. individual : . were care on smear 3m mortality 8 8 NS
Tanzania S TB (56) sputum/patient. patient . X
randomisation reviewed by their own
clinic staff initiative
National TB Amongst .
) . i Participants
diagnosis HIV positive Amongst e " 8 9.2 0.0
Hali R i . Diagnostic yie 7. . . 05
gzlr(tjice;:m::ts No study- pa[)tlrcll_ﬂ?/nts H;Yti?:?s;tr:\:: Study staff where CXR
) 20 labs, 2 L particip related P P extracted was done TB risk 12.5 10.8 NS
Pragmatic - Technician- with unknown or HIV
clinics per . follow-up, data from and doctor
20 labs and two-arm, ETo 206 Sputum smear performed negative but status unknown atient files Vel G
A0 [aE parallel CRT, 4656 microscopy by Xpert at smear/Xpert I — (n=2695), status Non-study gnd direct! o Empiric TB Rx 2.6 1.8 NA
XTEND Cars Clinic’; a cluster=a s lab technician;  laboratory; had HIV pma Eave 18% had (n1=2695), 3. clinic staff, % Ve dy reviw_ e _
) TB lab with 2 pati two sputa one spot testing, y sputum 6% had CXR  not blinded : o 6m mortality 5.0 3.9 NS
in RSA . with . sought patients. during follow
associated ) /patient sputum sputum culture performed . .
- presumptive . care on ) Patients up, if
clinics /patient culture CXR, X performed (62, 2. 3% in .
TB (182) - their own ) were traced participant
+/- empiric o (358, 13% in Xpert arm)
initiative to home presented at
TB treatment Xpert arm) by end of o
any district
where by end of follow-up .
. hospital
appropriate. follow-up
Clinic staff No
implemented individual . o
14 labs, all national TB No study: patient Not Diagnostic yield 9.7 14.2  <0.001
24 227 - related
14 primar resumptive Technician guidelines follow-u follow-up. reported;
Eare y Stepped F'JI'B atiznts Sputum smear orformed for TB but P. Data was likely if TB risk 17.5 20.8 NA
Brazil . wedge CRT, P microscopy by P diagnosis - - Non-study extracted participant
laboratories who e Xpert at lab; . ) participants L
stepped in Rio and a cluster=a rovided lab technician; one snot patients with may have Not reported Not reported clinic staff, from presented at B
wedge*! primary care P one or two P negative y not blinded routine any district Empiric Rx 10.4 9.8 NA
Manaus, sputum ) sputum sought )
. lab A sputa/patient . smear/Xpert laboratory hospital for
Brazil during the Ipatient care on L
study period had culture their own and TB clinician
VP +/- initiation o notification review 3m mortality NA NA NA
(NA) - initiative
of empiric databases
TB treatment and linked

*TB=tuberculosis; lab=laboratory; POC=point of care; Rx=treatment; m=month; Xpert=Xpert MTB/RIF (Cepheid, Sunnyvale, USA); CXR=chest X-ray; RSA=Republic of South Africa; CRT=cluster
randomised trial; HIV=human immunodeficiency virus; ART=antiretroviral therapy; PHC=primary health care; DR-TB=drug-resistant tuberculosis; ICUs=Intensive care units; DST=drug susceptibility
testing; ICF=intensive case finding; IPT=isoniazid preventive therapy; LED-FM=light-emitting diode fluorescent microscopy;
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Table 4. 1 (cont). A comparison of methodology and outcome measures of clinical trials comparing Xpert with smear microscopy

Sample

% of

% of

. . s Who had i
size, Procedure for  particip  participan Group . . Comparisons
Study . . inclusion Standard of . i . Procgdure f_or TB diagnosis ants ts with responsib PRI PP
Setting Design Ryoref interventio TB diagnosis ; ; follow up and y for
name criteria and care | £t crrelent during follow- with chest le for TB i v empiric TB Micro  Xpert
follow-up up sputum radiograp diagnosis P Measure % %
h treatment? 0 0
time (days) culture hy
424 HIV- Followin ’:I?r:cséltj:% Participants Diagnostic
Pragmatic positive, s utumg Standardised at returned to clinic Al yield 7 9 NS
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g two-arm symptomatic ~ Sputum smear ! study doctor at 1 and 3 months; p P TB risk 21 20 NS
ART ; performed was performed Sputum All who were ) at
’ parallel- and microscopy by . . ’ month 1 and 3 e home tracing by
Zimbabwe referral roup trial asymptomati lab technician: Xpert at lab; at discretion of included CXR culture participant not study team enrolment Emoiri
RCT? clinic in group ymp! ' two spot attending o ’ not s at month blinded. y ; and at mpiric 15 11 NA
with c patients two spot clinical Study staff ) TB Rx
Harare, Lo . - sputa doctor. Sputum used land3 Study staff review at 1
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Zimbabwe randomisatio for ART /patient results were and symotom at follow from clinic and 3 6m 10 6 NS
JOT AT only available ymp up who months mortality
n initiation evaluation records
24 hours later. were not -
(182) blinded reviewed
. - . Study staff -
Single cI|r_1|c, HIV_posmve 033/198 ) dEE Pamc_|pants T
[EREE; 1985 adults FEUES € No study- 5 (47%) from clinic iy ield 26 0. 00
two-phase, h Same-day, Study staff- patients with Y negative Ve 17 <0.001
presenting - P d ) B related follow- had records, .
) A single crossover, for TB onsite sputum performe previous TB or up, but culture » provincial sputum; T = o 5 G0
RSA single ) CRT, a . B smear POC Xpert suspected DR- Pr, Role of Clinic ) Participants IS :
ol PHC in - investigation . C ) participants done at . databases with
clinic A cluster=one microscopy by at clinic on TB or patients CXR not staff; not - who self
48 Khayelitsh Ao s who were Py g f may have enrolme A ; home visits for .
CRT PHC clinic L lab technician; one spot with negative . mentioned blinded o presented E
25 (R with alternate 1Ot receiving two spot sputum per smear/Xpert SELTEREN G AT FETIEEENIES 6l to clinic or s 9.8 5.2 0.0025
e TB treatment P putum p p their own (24%) in initiated on TB : TB rx
randomisatio sputa/patient. patient had culture and N hospital
(182) . initiative Xpert treatment. RSA :
n to each review by L during 6m 3.8 3.4 NS
L arm death registries Ji
arm clinician follow-up. mortality
were consulted.
cons4<-:-707utive ﬂoulgrsétsec:;anbt Diagnostic
o - - ield 37 43 NS
hospitalized smear Study-staff- Physician-led No study. Study staff Y
. . - N . X . - related follow- .
A single Single clinic, presumptive microscopy; performed investigation of up. but 388/477 contacted All TB risk 81 85 NS
Uganda referral prospective TB patients; two spot and POC Xpert all admitted p. 100% at Hospital participants by participants
o ” - o . participants (81%) had y f ) -
pre-post hospital in pre-post (Excluded: one morning at hospital; patients. All enrolme staff; not telephone or did following Empiric
146 L h may have CXR at : ; L L 15 7 0. 047
trial Kampala study, non- death within sputa/patient, one spot had sputum sought care on nt enrolment blinded an in-person visit physician TB Rx
Uganda randomised 3 days, with sputum/pati culture at tﬁeir own ’ at 60 days after review 2m 17 17 NS
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341 patients Same-da . .
admitted and Y - Diagnostic
Prospective  mechanicall ilrsEEaE V2 NAEE- Physician-led yield 6 18 0.012
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South " ICUs with patients with py p ’ all admitted 100% at Role of Hospital P participants
4 in Cape X 1.5-7. 5ml 5-7. 5ml 5 ; end of N
Africa ICU nested presumptive patients. All Not stated enrolme CXR not staff, not e following Empiric
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level RCT whom aspirate culture review treatment
RSA performed at at staff
substudy tracheal e ——. T at enrolment
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*TB=tuberculosis; lab=laboratory; POC=point of care; Rx=treatment; m=month; Xpert=Xpert MTB/RIF (Cepheid, Sunnyvale, USA); CXR=chest X-ray; RSA=Republic of South Africa;
CRT=cluster randomised trial; HIV=human immunodeficiency virus; ART=antiretroviral therapy; PHC=primary health care; DR-TB=drug-resistant tuberculosis; ICUs=Intensive care units;
DST=drug susceptibility testing; ICF=intensive case finding; IPT=isoniazid preventive therapy; LED-FM=light-emitting diode fluorescent microscopy;



Table 4. 1 (cont). A comparison of methodology and outcome measures of clinical trials comparing Xpert with smear microscopy

Sample Comparisons
size, Procedure  Procedure % of 0 - Who had
sl Standard of Xpert iy T2 i 11z e parti/coig;nts res(s(r)%us,i)ble F;iﬁlocvlvpsgt L
Studname Setting Design criteria . e diagnosis dlagq05|s with it @t for TB aml GELE for empiric Measure Micro % Xpert
ane ffollou- & Sl SO radiograph diagnosis extraction e % P
up time enrolment follow-up culture graphy 9 treatment?
(days)
erz'sijr-'n?s at Sputum Not No study- Study staff . o
ripsk of drua- smear Technician- reported related extracted Diagnostic yield 65.2 80.2  <0.001
3PHC Pre-post trial resistantg microscopy by performed Al patient.s follow-up, data from TB risk 39.3 58.5  <0.001
Indonesia clinics in at 3 provincial B lab technician; Xpert at phad but 100% at Role of CXR Clinic staff clinical, lab fis ’ ’ )
pre-post hospitals ! two spot laboratory; participants ° not : ' and TB Not stated
trial*3 Java : without according sputa/patient - one spot sputum may have enrolment mentioned not blinded. treatment L
Indonesia S to culture and - Empiric TB Rx NA NA NA
randomisation Indonesian second sputum DST sought care registers
guidelines specimen for Ipatient conducted on t_h_e|r_own with I|nl_<|ng 3m mortality NA NA NA
(NA) culture initiative of entries
Pragmatic Additional
stepped 14.963 Sputum staff to
22 ART wedge CRT N smear support ICF, .
- ith consecutive f ; P Not Not Not 6m mortality
Auld primary wit _ persons microscopy by trat_:ln_g 0 reported in reported in Not_ reported Not_ reported Clinic staff reported in Not _ (compared with <0
5 care retrospective i lab technician; missing in oral in oral . i reported in ; 5.1% 2.8% y
Botswana' RS >=12 years : ) oral oral not blinded. oral retrospective 0001
clinics in control initiatin retrospectively  appointments e e abstract abstract e oral abstract cohort)
Botswana component, ART (3695) extracted from and Xpert
cluster =an registers replacing
ART clinic smear
Participants
were asked
All to return Diagnostic yield 1.2 2.4 0. 06
participants every 3
underwent months to TB risk 2.4 3.3 NS
1842 adults B Assessment study
CXR not >
newly Same-day, symptom by study . . clinics for .
. : - - included in L Participants .
12 rural diagnosed onsite sputum Technician screening staff every 3 Only B clinical who were Empiric TB Rx 0.8 0.1 0.04
rimar Pragmatic HIV fluorescent performed and months for patients with diagnostic evaluation started on
Chepetsa pcare y CRT, a positive smear Xpert on site; sputum for B positive al grithm' Study staff; by study B 12m mortality 8.6 6.7 NS
Malawi** RS cluster=a patients not  microscopy by one spot Xpert/ symptoms, smear or 9 ! not blinded staff;
clinics in PHC facilit B lab technician: N d Xpert Xpert had access to treatment
Malawi acility on ab technician; sputum smear, an pert or pert ha CXR was persons outside of
treatment, two spot sputa /patient HIV LED-FM culture T lost to -
- ; - limited in study clinics
IPT or ART /patient. staging testing of rural clinics follow-up
(350) and ART sputum. were traced
initiation to home,
when and
appropriate through
clinic
records

*TB=tuberculosis; lab=laboratory; POC=point of care; Rx=treatment; m=month; Xpert=Xpert MTB/RIF (Cepheid, Sunnyvale, USA); CXR=chest X-ray; RSA=Republic of South Africa; CRT=cluster
randomised trial; HIV=human immunodeficiency virus; ART=antiretroviral therapy; PHC=primary health care; DR-TB=drug-resistant tuberculosis; ICUs=Intensive care units; DST=drug susceptibility
testing; ICF=intensive case finding; IPT=isoniazid preventive therapy; LED-FM=light-emitting diode fluorescent microscopy;
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Figure 4. 1 A comparative flow chart illustrating the relationship between interventions, tuberculosis
diagnostic methodology and outcomes (proportion tuberculosis yield, proportions on empiric tuberculosis
treatment and mortality difference in favour of Xpert) in selected impact evaluations of Xpert.

With reference to ‘Yield of TB’, ‘Empiric TB treatment’ and ‘Mortality diference in favour of Xpert’, classifications as
‘high-medium-low’ or ‘none, a trend to fewer deaths, significantly fewer deaths’ were categorised heuristically after
listing results from Table 4. 1 in sequence and arbitrarily designating categories based on the distribution of results.
Colored lines are placed on categories in descending sequence from left to right. The Botswana trial*® is not
included as no detail pertaining to additional TB diagnostic investigations were available at the time of submission.
(References as follows: Uganda“®, RSA-ICU*?, Indonesia*?, TB-NEAT??, RSA-K?4, Zimbabwe?5, Brazil?3, XTEND!?,
Chepetsa*?)
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Chapter 5: Were diagnostic algorithms adhered to in the XTEND

trial?

5. 1 Introduction

In this chapter, | address the first objective of this PhD, which is to establish the extent to which
diagnostic algorithms for tuberculosis were adhered to in the XTEND trial. This objective is supported
by the contextual framework and literature review, where | have shown how an investigation of the way
tuberculosis diagnostic processes were applied will provide evidence to understand the reasons for the
absence of an impact on mortality in the XTEND trial. | summarise findings of the paper
‘Implementation and Operational Research: What Happens after a Negative Test for Tuberculosis?
Evaluating Adherence to tuberculosis Diagnostic Algorithms in South African Primary Health Clinics’
which was published in the Journal of the Acquired Immune Deficiency Syndrome 2016;71(5):e119-
126%2 (see Part Il of this PhD for the complete paper). | then explain how the findings of this paper
support the aim of the PhD.

5. 2 An overview of Paper 1 ‘Evaluating adherence to tuberculosis diagnostic

algorithms’

Paper 1 (Evaluating adherence to tuberculosis diagnostic algorithms) was a secondary data analysis
of XTEND data??. Briefly, XTEND study documentation including case investigation forms, six month
record reviews and laboratory records were assessed to ascertain levels of adherence to the
tuberculosis diagnostic algorithm in the intervention (Xpert) and control (smear microscopy) arms. We
defined adherence using key features of the RSA tuberculosis control programme diagnostic
algorithms!#+15, We recorded the presence of: i) collection of sputum for culture or ii) chest radiography
or iii) referral to a higher level of care in any of the above data sources. We confined the assessment
of adherence to participants with evidence of HIV infection (reported or documented) or evidence that
the participant’s HIV status was unknown or undocumented, because the diagnostic algorithms advise
additional investigations in these patient populations. We compared adherence rates using methods

appropriate for cluster randomised controlled trials with few clusters4°.

In this paper, we showed that 507/2155 (24%) HIV positive XTEND participants had sputum sent for
culture, or chest radiography or referral to a higher level of care, indicating some level of adherence to
the recommended tuberculosis guidelines. Participants in the Xpert arm were one third times less
likely to have had additional tuberculosis investigations or referral (risk ratio 0. 32 (95% CI 0. 17-0. 62).
Adherence rates between clinics (as indicated by the proportion of participants with any of chest
radiography, tuberculosis culture, or referral) varied extensively from 0% to 86%. Whilst all clinics were
able to request sputum culture from NHLS laboratories, seven clinics performed sputum culture in over

50% of persons with negative Xpert or smear microscopy results, and in contrast, 21 clinics requested
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sputum culture on less than 5% of the same category of participants. Fourteen XTEND clinics had no
record of chest radiography in patient files of HIV-positive XTEND participants with negative index
sputum tests enrolled at their clinic.

We further identified that male patients, patients who were ill and patients who visited repeatedly were
more likely to have additional investigations done. A higher odds of adherence to the algorithm was
observed amongst persons with known HIV status, male gender, two or more previous clinic visits at
the time of enrolment vs none, and more severe iliness at enrolment indicated by more tuberculosis
symptoms, a lower body mass index, lower Karnofsky score and CD4 count below 350 cells/mm?. In a
multivariable model, having three or more tuberculosis symptoms (adjusted odds ratio [aOR] 1. 59, 95%
Cl 1. 14-2. 23) and two or more prior visits to clinic (aOR 1. 42, 95% CI 0. 97-2. 10) remained associated
with increased odds of having had further investigations. Being female (aOR 0. 66, 95% CI 0. 51-0.
88) was associated with decreased odds of having had further investigations. Participants with
unknown HIV status were less likely to be investigated further ((59/540 (11%) vs 507/2155 (24%))

compared with participants with known HIV positive status.

5. 3 Implications of poor adherence to tuberculosis diagnostic algorithms in the
assessment of mortality difference between smear microscopy and Xpert arms in the
XTEND trial

In my conceptual framework, | identified that additional investigations following negative tests for
tuberculosis are an essential part of the diagnostic-treatment pathway leading to good outcomes (Figure
3.4). lalso recognised that differential adherence to algorithms for tuberculosis diagnosis across study
arms had potential to alter or bias the proportions of participants with good outcomes across study

arms.

In my literature review, | demonstrated the relationship between contextual factors supporting
tuberculosis diagnostic tests and good outcomes. | showed how health system support (and in the
tuberculosis programme — additional diagnostic tests or retention in care) translates diagnostic tests
into good outcomes in the test-treatment continuum. | hypothesised that in well supported
environments, with adherence to algorithms and good follow-on diagnostic tests, mortality difference
between Xpert and control arms may be minimal. | suggested that a careful evaluation of the extent
to which tuberculosis diagnostic algorithms were adhered to in the XTEND trial should be done.

Paper 1 demonstrates that additional tuberculosis diagnostic tests were conducted in less than a quarter
of XTEND participants. The XTEND study replicated field conditions exactly, as the implementation of
tuberculosis diagnostic algorithms was left entirely up to routine PHC services. Further, this aspect of
the XTEND trial is generalizable across sub-Saharan Africa where adherence to tuberculosis diagnostic
algorithms is challenging. Amongst patients diagnosed in hospital, Loveday (South Africa)*® and
Tafuma (Botswana)®! reported poor adherence to tuberculosis diagnostic algorithms, with a
dependence on chest radiography and little use of sputum microscopy or culture. In an urban and rural
setting in Uganda, Alamo et al®? reported poor adherence under operational conditions to the WHO

2007 algorithm for smear-negative tuberculosis.
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Paper 1 further demonstrated that additional diagnostic tests were differentially applied across study
arms. Additional tuberculosis investigations including culture and chest radiography were just under
three times more likely to have been conducted in the smear microscopy arm after adjustment for age,
gender, number of tuberculosis symptoms and BMI?2, The national tuberculosis control programme
algorithm for use with smear microscopy, and used in the XTEND trial control arm, closely adheres to
the WHO 2007 guidelines for smear negative tuberculosis amongst persons living with HIV®3. A
number of controlled trials and observational studies have demonstrated a significant improvement in
survival amongst hospitalised and ambulant patients who undergo investigations according to these
guidelines®25457, Therefore, the control arm (smear microscopy testing) was better supported than the
intervention arm, with better potential for test results to be translated into good patient outcomes.

Paper 1 also showed that XTEND participants in both study arms who were more ill, and therefore more
likely to have poorer outcomes, were more likely to undergo additional investigations. An individual-
level analysis of XTEND participants identified that risk factors for death included male gender, age >/=
50 years, increasing number of tuberculosis symptoms, lower BMI, unknown HIV status, and HIV
positive status but not on ART.. A number of these risk factors were identical to characteristics of
persons more likely to have additional investigations, namely male gender, having more tuberculosis
symptoms or a lower body mass index. Therefore, in both XTEND study arms, persons more likely to
die were also better supported along the pathway to improved outcomes. This may have decreased
the mortality across both study arms relative to other contexts where additional investigations are not

done, or not available and may explain why mortality rates in XTEND were lower than anticipated?8.

5. 4 Conclusions: Contributory observations from Paper 1

A careful evaluation of the extent of adherence to additional investigations amongst XTEND participants
showed poor levels of adherence to tuberculosis diagnostic algorithms, and identified greater levels of
adherence to algorithms for tuberculosis diagnosis in the smear microscopy arm and amongst persons
who were more ill, male or visited clinic repeatedly. In addition, we observed large between-clinic

variation in adherence rates.

Additional tuberculosis diagnostic tests are key supportive steps on the diagnosis-treatment continuum.
Therefore, XTEND patrticipants who were more ill, male or visited clinic repeatedly were more likely to
have additional investigations and potentially had better outcomes. The differential performance of
additional tuberculosis diagnostic tests across study arms may have increased the potential for better
outcomes amongst participants in the smear microscopy arm, and lead to smaller difference in mortality

across XTEND study arms.
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Chapter 6: How was empiric tuberculosis treatment prescribed in the
XTEND trial?

6. 1 Introduction

In this chapter, | address the second objective of this PhD, which is to investigate how empiric
tuberculosis treatment was prescribed in the XTEND trial. This objective is supported by the contextual
framework and literature review where | have shown that the differential prescription of empiric
tuberculosis treatment across XTEND study arms has potential to alter the mortality difference across
study arms. In this chapter, | summarise the paper ‘Empiric tuberculosis treatment in South African
primary health care facilities - for whom, where, when and why: implications for the development of
tuberculosis diagnostic tests’ which was published in PLoS One 2018;13(1):e01916082 (see Part Il of
this PhD for the complete paper). | then explain how the findings of this paper support the aim of the
PhD.

6. 2 An overview of Paper 2 ‘Empiric tuberculosis treatment in XTEND’

Paper 2 was a secondary data analysis of the XTEND cohort, focusing specifically on participants who
initiated tuberculosis treatment during six months of follow up and who tested negative by Xpert or
smear microscopy within four days of enrolment3. XTEND data sources, including case investigation
forms, six month record reviews and laboratory records were used to reconstruct pathways to
tuberculosis treatment initiation. Reasons for tuberculosis treatment start were inferred according to
criteria reported in Table 1, McCarthy et al'3. Briefly, reasons for tuberculosis treatment start were
classified as ‘positive laboratory test’; ‘compatible radiological signs’; ‘extra-pulmonary tuberculosis,
‘referral to a higher level of care’ and ‘clinical assessment’ (clinical signs and symptoms without
radiological or microbiological evidence).

We determined which additional investigations had been conducted, the timing of tuberculosis
treatment initiation relative to enrolment and sputum collection, the place and reason for tuberculosis
treatment start, HIV and ART status and outcome at six months. We described patient demographic,
clinical and treatment characteristics, tuberculosis investigations, health seeking behaviour, reason for
tuberculosis treatment start and outcome amongst three overlapping cohorts, namely all XTEND
participants with negative sputum tests at enrolment who were later started on tuberculosis treatment
(group A), group A XTEND participants who had microbiological confirmation of tuberculosis at some
point during follow up, and group A XTEND participants who met the definition of empiric tuberculosis

treatment as defined above.

Group A comprised 167 XTEND participants who had negative sputum tests at enrolment were initiated
on tuberculosis treatment during six months of follow up. This constituted 30% of all 541 XTEND
participants who were commenced on tuberculosis treatment and 3. 5% of all 4665 XTEND participants.

We assessed that 82/167 (49%) were initiated ‘empirically’ without microbiological confirmation at the
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time of tuberculosis treatment initiation. This equated to 15% (82/541) of all persons initiated on
tuberculosis treatment in the XTEND trial. The majority of participants (61/82, 74%) started on empiric
tuberculosis treatment were in the smear microscopy arm. Relative to all tuberculosis treatment
initiations, empiric treatment was started on 21/250 (8. 4%) and 61/291 (21%) participants in the Xpert
VS smear microscopy arms respectively. Microbiological confirmation of tuberculosis after treatment
initiation was obtained within six months in 60/167 (36%) participants. Findings compatible with
tuberculosis on chest radiography was the most common reason for empiric tuberculosis treatment
initiation with 63/82 (77%).

We described how the pathway to tuberculosis treatment initiation was prolonged and highly variable if
initial sputum tests were negative. Each person initiated on tuberculosis treatment after the enrolment
period had a median of 3 visits to their health care provider (Inter-quartile range (IQR) 2-4), and was
initiated a median of 5. 7 weeks (IQR 2. 1-12. 1) after enrolment. Only 87/152 (52%) had chest
radiography performed, and sputum was submitted for culture amongst 64/167 (38%). Tuberculosis
treatment was initiated amongst 70/167 (42%) at hospital, of whom 38/167 (23%) were admitted.
However, only 21/70 (30%) had a documented referral in their clinic file, indicating self-referral. We
also observed that 12/167 (7%) persons died within 6 months of enrolment, of whom 11 were in the

smear microscopy arm.

6. 3 Implications of infrequent empiric tuberculosis treatment in the assessment of

mortality difference between smear microscopy and Xpert arms in the XTEND trial

In my conceptual framework, | identified that the initiation of empiric tuberculosis treatment is essential
part of the diagnostic-treatment pathway leading to good outcomes (Figure 3. 4). | also recognised
that differential initiation of empiric tuberculosis treatment across study arms had potential to alter or
bias the proportions of participants with good outcomes across study arms.

In my literature review, | demonstrated the relationship between contextual factors supporting
tuberculosis diagnostic tests and good outcomes. | showed how health system support (including
additional diagnostic tests and empiric tuberculosis treatment) translates diagnostic test results into
good outcomes in the test-treatment continuum. | hypothesised that in well supported environments,
with adherence to algorithms and good follow-on diagnostic tests, mortality difference between Xpert
and control arms may be minimal. | suggested that a careful evaluation of how empiric tuberculosis
treatment was prescribed in the XTEND trial will allow conclusions to be drawn regarding the failure of

Xpert to reduce mortality amongst persons with presumptive tuberculosis.

In paper 2, we described how empiric TB treatment accounted for a small proportion of TB treatment
initiations in the XTEND trial and that empiric TB treatment was more frequently prescribed in the smear

microscopy arm.

Empiric tuberculosis treatment is advised by WHO guidelines in resource-limited settings when
ambulant HIV-positive persons with two negative sputum smear microscopy tests and chest

radiography findings compatible with tuberculosis do not respond to broad-spectrum antimicrobial
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therapy®3. Adherence to this algorithm in routine practice leads to frequent use of empiric tuberculosis
treatment, with up to two thirds of tuberculosis cases initiated empirically®®. Empiric tuberculosis
treatment is frequently prescribed in hospital and outpatient settings. Loveday et al reported that only
108/642(17%) hospitalised patients initiated on treatment for pulmonary tuberculosis in a tertiary care
facility in KwaZulu-Natal Province, South Africa had sputum submitted for testing®. In a routine care
PHC setting, amongst 1195 symptomatic outpatients with negative smear microscopy tests for
tuberculosis, Dimario et al reported that 218 (18. 2%) were commenced on tuberculosis treatment of
which 127 (59%) were smear-and culture-negative®. These data show that in the XTEND trial, even

in the XTEND smear-microscopy arm, empiric tuberculosis treatment was infrequently prescribed.

Our review of Xpert impact evaluations confirmed that empiric tuberculosis treatment was initiated more
frequently in the microscopy arm in all eight published studies which reported on this outcome. In part,
this may be due to adherence to tuberculosis diagnostic algorithms. However, in all of the reviewed
studies, clinicians were not blinded and may have been more likely to prescribe empiric tuberculosis

treatment in smear-negative vs Xpert negative presumptive tuberculosis patients?®44,

Tuberculosis researchers have reflected that Xpert has failed to impact on programmatic and patient
outcomes because symptomatic patients who test sputum smear-microscopy negative, are prescribed
empiric tuberculosis treatment?%28.58,  This hypothesis concurs with our conceptual framework, which
suggests that the differential support for tuberculosis diagnostics across study arms, including additional
tuberculosis investigations (as shown in Chapter 5) and empiric tuberculosis treatment (as described in

this chapter), may bias outcomes.

An important conclusion of paper 2 was that in nurse-driven, PHC-based tuberculosis control
programmes where empiric tuberculosis treatment is infrequently prescribed, highly sensitive
tuberculosis diagnostic tests are an essential component of tuberculosis diagnosis and management.
This concurs with the contextual framework and literature review findings, which suggest that highly
sensitive tuberculosis diagnostic tests may improve clinical outcomes in unsupportive clinical
environments — especially those with weak health systems, poor access to additional tuberculosis

diagnostic tests and high loss-to-follow-up rates.

6. 4 Conclusions: Contributory observations from Paper 2

In paper 2, we showed that empiric tuberculosis treatment was infrequently prescribed in the real-world
setting of XTEND, where participating clinics were left to implement tuberculosis diagnostic algorithms
without study intervention. Therefore a key step in the diagnosis-treatment continuum was under-
utilized, and diagnostic tests in both the intervention and control arms were relatively unsupported.
Furthermore, a majority of empiric tuberculosis treatment initiations took place in the smear microscopy
arm. This potentially biased endpoint (outcome) evaluation, as the provision of empiric tuberculosis
treatment may have saved lives, and led to fewer deaths in the smear microscopy arm relative to the

Xpert arm.
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Chapter 7: How was Xpert and the algorithm for tuberculosis

diagnosis implemented during the XTEND trial?

7. 1 Introduction

In this chapter, | address the third objective of this PhD, which is to explore the extent to which Xpert
and the algorithm for the diagnosis of tuberculosis was integrated and embedded into routine care
during and after the XTEND trial. This objective is supported by the contextual framework and the
literature review. In the contextual framework | have shown that the differential adherence to the
algorithm for the diagnosis of tuberculosis across XTEND study arms has potential to alter the mortality
difference across study arms. In the literature review | have shown that health system context in which
diagnostic testing takes place supports translation of test results into good outcomes. In this chapter,
| summarise the paper ‘A forgotten angle in impact evaluations of tuberculosis diagnostic tests: the
assessment of integration and embedding of the Xpert MTB/RIF diagnostic technology into routine care
using normalisation process theory PLOS ONE’ which has been submitted to and accepted by PLoS
One (PONE-D-19-20783), and is awaiting publication (see Part Il of this PhD for the complete paper).

I then explain how the findings of this paper support the aim of the PhD.

7. 2 An overview of Paper 3 ‘Integration and embedding of Xpert into routine care’

Paper 3 (Integration of Xpert into routine care) was a qualitative evaluation to identify barriers and
facilitators of adherence to tuberculosis diagnostic algorithms at eight representative clinics®® in order
to better understand the health system structures that support or undermine tuberculosis diagnostic
processes. In a previous study, we had observed that there was marked variation in adherence to
tuberculosis diagnostic algorithms across participating XTEND clinics3. To identify eight facilities
spanning the spectrum of adherent and non-adherent clinics, urban vs rural and intervention vs control

arm, we used a heuristic evaluation of data from all 40 participating XTEND clinics

We drew up and piloted a semi-structured interview to guide interviews of tuberculosis control
programme staff, HCW and administrators at PHC facilities. The interview elicited HCW reflections on
the burden of tuberculosis in their community and how HCW used Xpert in routine care. We gauged
this by inviting respondents to narrate events from actual patients whose results were documented in
the tuberculosis case investigation register.  We invited respondents to tell the story of Xpert
introduction to the clinic and their role in establishing its use. We asked participants to propose an

‘ideal diagnostic test for tuberculosis’.

We used and adapted a ‘middle-range’ sociological theory (normalisation process theory) to interpret
our interview findings, and to build a coherent explanatory narrative regarding the degree of Xpert
integration into routine care. We conducted 41 interviews at eight clinics of all cadres of health care

workers including sub-district tuberculosis co-ordinators, facility managers, PHC nurses, tuberculosis
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nurses, community workers and data capturers. By the time the interviews were conducted, all facilities

had switched from smear microscopy to Xpert.

Almost all implementers reported favourable experiences using Xpert. Reasons cited were improved
tuberculosis case finding related to the increased sensitivity of Xpert, earlier and improved diagnosis of
drug-resistant tuberculosis (DR-TB) and easier procedural administration as only a single sputum
specimen was required in the new algorithm. Our study identified that each clinic had consistent ways
of conducting tuberculosis investigations that were variously adherent, partially adherent or non-
adherent to guidelines for tuberculosis diagnosis. We referred to these patterns of tuberculosis
investigation as ‘clinic lore’ to reflect the ‘ritualised’ and ‘static’ manner clinics diagnosed tuberculosis
using Xpert. A summary of clinic ‘lore’ regarding tuberculosis diagnosis at eight representative clinics
participating in the XTEND trial, 2012-4, as assessed from health care worker interviews and clinic

observations is tabulated in Table 4 of the paper®® (Part II).

Using qualitative methodology, we observed how district health services supported adherence to
tuberculosis diagnostic algorithms through provision of human and material resources. In districts with
stronger health systems, tuberculosis co-ordinators and facility managers felt supported by the system,
and confidently and authoritatively co-ordinated activities in the clinic and district to implement Xpert.
We showed how integration of Xpert into routine care was enhanced when HCW correctly understood
the Xpert algorithm and were able to interpret Xpert results. We showed how joint ownership of and
shared responsibility for tuberculosis diagnosis by facility managers, tuberculosis nurses and PHC staff

facilitated co-operation of tuberculosis diagnostic processes and integration of Xpert.

We observed that when a clinic was situated in a district with a weak or poorly functioning district health
system, staff were less able to fulfil the requirements of the tuberculosis diagnostic algorithm due to
human resource or material constraints. For example, referral for chest radiography was not possible
if transport was not available and retention in care was compromised when community health worker
contracts were not honoured at district level. Staff were often demoralised and felt disempowered. At
facilities that did not adhere to diagnostic algorithms, implementation of tuberculosis diagnosis was
often poorly co-ordinated between general PHC adult curative services and tuberculosis control
programme nurse. Responsibility for tuberculosis diagnosis was frequently devolved to lower cadres
of staff such as community health workers or ‘DOT supporters’. We observed that tuberculosis
diagnostic processes were driven forward by patient demand for additional tests when the initial Xpert
result was negative. Staff at these clinics interpreted negative Xpert results as excluding tuberculosis.
These staff would on occasion turn patients away who had ongoing tuberculosis symptoms and
negative tests. Collective problem solving to support facility-based tuberculosis diagnostic processes

and procedures was absent as were referral networks for patients requiring additional investigations.
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7. 3 Implications of weak Xpert integration into routine diagnostic services in the
assessment of mortality difference between smear microscopy and Xpert arms in the
XTEND trial

In my conceptual framework, | identified that the manner of implementation of Xpert and the tuberculosis
diagnostic algorithm is a critical element of the diagnostic-treatment pathway leading to good outcomes
(Figure 3. 4). My literature review, demonstrated the relationship between contextual factors supporting
tuberculosis diagnostic tests and good outcomes. | showed how health system support (including
additional diagnostic tests and empiric tuberculosis treatment) translates diagnostic test results into
good outcomes in the test-treatment continuum. | suggested that a careful evaluation of how the Xpert
test was implemented and integrated into routine tuberculosis diagnostic processes in the XTEND trial
would allow conclusions to be drawn regarding the failure of Xpert to reduce mortality amongst persons

with presumptive tuberculosis.

Through the use of qualitative methodology, and specifically through the theoretical conceptual
framework normalisation process theory, Paper 3 identifies areas in the health system that are essential
to support tuberculosis diagnosis using Xpert beyond the mere provision of hardware and human
resources. These are the co-ordination of district and clinic resources, creation and sustaining of
referral networks, co-ordination within PHC facilities between adult curative services and the
tuberculosis programme, and motivated, engaged facility managers, PHC nurses and tuberculosis

programme staff.

Three qualitative evaluations of the tuberculosis diagnostic and management continuum at PHC level
complement our findings®%-62. Loveday et al®? observed that district level ownership of the tuberculosis
programme allowed realignment of district services in support of TCP activities and integration with
other competing district health management team priorities. She reported that failure of district and
facility managers to take responsibility for DR-TB management lead to partial implementation and
delays in key logistical services such as patient transport. Cattamanchi et alé! in Uganda reported that
poor self-efficacy regarding tuberculosis diagnosis amongst HCW due to time and resource constraints
made adherence to guidelines difficult. The PROVE-IT study identified the role of patient agency in

ongoing efforts to secure a diagnosis in the context of weaker health systems®°,

7. 4 Conclusions: Contributory observations from Paper 3

Our findings in Paper 3 offer explanatory reasons for the poor adherence to tuberculosis diagnostic
algorithms across study arms, especially the wide variation in adherence from clinic to clinic. While the
tuberculosis diagnostic algorithm is static, the context into which it is implemented differs from district
to district with regard to health system strengths and weaknesses, and from clinic to clinic. At district
level, co-ordination of resources, creation and sustaining of referral networks, ownership of the TCP by
managers are required in order to support full implementation of and adherence to the algorithm. Within

clinics, motivated and well trained facility managers, and a willing PHC staff complement have the
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resources and motivation required to co-ordinate tuberculosis diagnosis, maintain referral networks,
interpret Xpert results and translate tuberculosis testing into improved outcomes. Varying combinations
of health system strengths at clinic and district level in the XTEND trial are likely to have lead to
variations in the ability to support the diagnosis of tuberculosis along the test-treatment continuum. In
turn, this may have impacted on patient outcomes at cluster level. However, the lack of systematic
factors influencing support for TB diagnosis at the level of study arm means that XTEND study findings

are unlikely to have been systematically biased.
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I Chapter 8: Explaining XTEND findings

8. 1 Drawing together of findings from Papers 1, 2 and 3

In Chapter 3, | used the contextual framework to identify key processes en route to good study outcomes
that were not measured in the XTEND study. The objectives delineated how these processes should
be investigated. In chapter 4, my literature review suggested that contextual support (in the form of
additional diagnostic tests or health system strengthening initiatives such as improved retention in care)
is necessary to translate the benefits of tuberculosis testing into improved outcomes. Together, the
objectives and literature review findings suggested that a review of adherence to diagnostic algorithms
for tuberculosis during the XTEND trial may provide explanatory evidence for the finding of no difference

in mortality across intervention (Xpert) and control (smear microscopy) study arms.

In the literature review, | identified that XTEND study design was closer to the Chepetsa** study design,
in that participant follow-up, including provision of additional diagnostic testing and retention in care,
was left entirely to PHC facilities. The XTEND study design was further from the TB-NEAT?? study
design, in which the entire range of diagnostic tests including sputum culture and smear microscopy
was implemented as part of study procedures. Following on from this observation, one would have
expected to observe a significant mortality difference between the Xpert and smear microscopy arms
in the XTEND trial, as the XTEND study design did not include additional diagnostic testing, nor
interventions to support retention in care. In this PhD, | have identified several factors that may have
worked against the translation of more sensitive Xpert testing into improved patient outcomes. These

factors are listed in Table 8. 1.

In this chapter, | review each of the factors that worked against translation Xpert results into improved

patient outcomes, and draw these together in a single explanatory framework.
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Table 8. 1 Key processes en route to good outcomes in the tuberculosis diagnostic test-treatment

continuum, observations pertaining to these in the XTEND study, and their impact on mortality

Key process en

Observation in XTEND study

Impact on test-

route to good Impact on Impact on mortality difference
patient micsrn(;:?(r) Xpert t(r:zastg;z:t mortality between XTEND study arms
outcomes Py
Additional N;?;%rl:kilty Ma%%rl:ktsely |ik2/||0rt?) Fk;irtsrzr;?e d Fewer deaths May have decreased statistical
investigations Y 9 vt in both study power to detect a difference
. persons who persons who empirically across
for tuberculosis . . arms between study arms
were ill were ill both arms
More persons Fewer deaths
More likely to be treated . May have decreased the difference,
Less commonly - : in smear ]
commonly empirically in . and rendered mortality across study
done . microscopy ]
done smear microscopy arm arms equivalent
arm
Empiric More g VRIS May have decreased the difference,
" Less commonly  treated empirically ~ Fewer deaths 5
tuberculosis commonly ; " s and render mortality across study
. prescribed in smear in smear arm .
treatment prescribed arms equivalent

Implementation
of Xpert
diagnostic
algorithm

Implementation is highly context

dependent, and more adherent in
districts where district managers
co-ordinate resources and referral

networks, in facilities where
managers co-ordinate TB

diagnostic processes and staff are

motivated, trained and engaged

microscopy arm

Highly variable
from clinic to clinic

Highly variable
from clinic to
clinic

Unlikely to have created a
systematic bias across study arms

8. 2 The impact of infrequent additional investigations for tuberculosis on XTEND

participant outcomes

Our findings from Paper 1 indicated that additional clinic-initiated investigations in line with tuberculosis
diagnostic guidelines were conducted by clinic staff in relatively few XTEND participants. Less than a
quarter of persons known to be HIV positive or have unknown HIV status had any additional
investigations conducted? and less than 5% of participants underwent chest radiography?3. Howeuver,
we observed in Paper 1 that participants across study arms who were at greatest risk of death in XTEND
were also more likely to have additional investigations for tuberculosis. This observation may have
minimised the difference in mortality between study arms in two ways. Firstly, it may have been
responsible for the reduced number of deaths across both study arms compared with other Xpert impact
trials. This may have lead to a reduction in statistical power and a type 2 error (failure to detect a
difference when there is one) as suggested by Auld et al?8, and DiTanna et al®3. Secondly, the provision
of additional investigations for those at greatest risk of death supported those who needed it most to
progress along the test-treatment continuum. Therefore although the XTEND study design did not
support diagnostic testing, clinician intervention at participating PHC facilities in a limited subset of

patients may have improved outcomes in those at greatest risk of death.

8. 3 The impact of empiric tuberculosis treatment on XTEND participant outcomes

In paper 2, we reported that XTEND participants in the smear microscopy arm were prescribed empiric
TB treatment more frequently than participants in the Xpert arm. It is highly likely that this contributed

to a reduction in mortality amongst XTEND participants in the smear microscopy arm. The provision
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of empiric tuberculosis treatment is directly on the path to good patient outcomes in the tuberculosis
test-treatment continuum. The negative predictive value of smear microscopy?® is low compared with
Xpert, and may have lead clinicians to prescribe empiric treatment in the XTEND control (smear

microscopy) arm.

8. 4 The impact of context-dependent adherence to tuberculosis diagnostic algorithms

on XTEND participant outcomes

Our qualitative evaluation of the integration and embedding of Xpert in a sub-set of XTEND clinics
presented in Paper 3, revealed that adherence to the algorithm for tuberculosis diagnosis is highly
context dependent. Factors supporting adherence are more complex than the mere availability of
human or material resources. They include district-level co-ordination of resources, co-ordination of
services within clinics, and levels of HCW maotivation, training and engagement. It is also evident from
the wide range of adherence to algorithms from clinic to clinic reported in paper 112, and the differences
in participant mortality by XTEND cluster!! that the health system support varied by cluster and facility.
While it is likely that the mortality in better supported clinics was lower, the XTEND study did not
measure this, nor did our evaluation in paper 3 extend to all XTEND facilities. Therefore it is not

possible to ascertain the degree to which our observations impacted on final outcome across study arm.

8. 5 Explaining XTEND findings

The XTEND trial was a pragmatic cluster-randomised evaluation of Xpert vs smear microscopy for the
diagnosis of tuberculosis in ambulant persons with presumptive tuberculosis. In the XTEND trial, after
enrolment and collection of sputum for smear microscopy or Xpert, implementation of algorithms for the
diagnosis of tuberculosis across study arms were left in the hands of clinic and health system staff.
After six months of follow-up, XTEND determined the burden of tuberculosis, the initial loss to follow up
rates, the proportion of persons initiated on tuberculosis treatment and participant outcomes. In the
final analysis, while one and a half times more tuberculosis cases were identified in the Xpert vs the
smear microscopy arms, there was no difference by study arm in the numbers of participants lost to
follow up, the proportion started on tuberculosis treatment and mortality rates. The XTEND trial did not
ascertain the degree of adherence to the algorithms for tuberculosis diagnosis, nor the rates of empiric
tuberculosis treatment nor assess how tuberculosis diagnosis was implemented by health care workers.
We showed that the provision of additional investigations to XTEND participants who were more ill
across study arms, lead to a reduction in statistical power to detect a difference in mortality. We also
demonstrated higher rates of empiric treatment amongst persons in the smear microscopy arm. These
factors collectively contributed to decreasing the mortality difference between XTEND study arms. We
also observed that adherence to the diagnostic algorithm for Xpert, which most likely also applied to
diagnostic algorithms for smear microscopy, was highly context dependent and varied from clinic to
clinic amongst the eight clinics in which in-depth evaluations were conducted. These observations are
likely generalizable across all 40 XTEND clinics, and are unlikely to have introduced a systematic bias

across XTEND study arms.
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Chapter 9: Reflecting critically on methodology - strengths and

l[imitations of studies towards this PhD submission and XTEND,

9. 1 Limitations of evaluations contributing to PhD findings

My investigation into reasons that the XTEND trial did not find a difference in mortality between persons
suspected of tuberculosis who were tested with Xpert vs smear microscopy was structured around a
conceptual framework which elucidated stages on the test-treatment continuum, focusing specifically
on the impact of false negative results. | centred the investigations around three aspects of this
continuum, namely adherence to algorithms for tuberculosis diagnosis, prescription of empiric
tuberculosis treatment, and a qualitative evaluation of how Xpert was implemented. However, there

were several limitations in my approach.

Firstly, | did not test or measure all the pathways in my conceptual framework. One of the assumptions
in XTEND was that untreated tuberculosis progresses to death in persons with presumptive
tuberculosis, and conversely, treatment of tuberculosis leads to good patient outcomes. My evaluation
would be well complemented by an investigation of deaths amongst XTEND participants. It would be
helpful to establish the distribution of deaths by tuberculosis and HIV treatment status, and where
possible, to ascertain the contributions of the health system and patient to poor outcomes. This
investigation may still be conducted, as verbal autopsies of family members of deceased participants
were conducted as part of another study®*. The XTEND analysis may have been biased if more deaths
occurred in tuberculosis-treated patients in the Xpert arm. Theoretically, this is unlikely, as a recent
meta-analysis identified that tuberculosis treatment outcomes in patients diagnosed by Xpert vs smear
microscopy were no different®®, Furthermore, deaths in patients on tuberculosis treatment are usually
related to late presentation and concomitant advanced HIV infection, and if randomisation was

successful in XTEND, these patients should have been equally distributed across study arms.

Secondly my conceptual framework was highly simplified in order to highlight what | thought were
essential components of the tuberculosis test-treatment continuum. | omitted to include HIV testing and
treatment which are important parts of integrated tuberculosis-HIV care and important determinants of
outcome on tuberculosis treatment®. In addition, the XTEND trial identified that untreated HIV infection
was a risk factor for death!!. My evaluation would be complemented by an assessment by study arm
of the implementation of HIV testing and treatment, and the degree to which this affected participant
outcomes. However, if randomisation was successful, these services should have been offered to

equivalent participant numbers across study arms, with equal impact on participant outcomes.

Thirdly, in Paper 3, | evaluated Xpert implementation using qualitative methodology in eight
representative clinics. However, by the time interviews were conducted, all clinics were implementing
Xpert. It was therefore not possible to draw conclusions about how health care workers conducted
tuberculosis investigations in the control (smear microscopy) arm. However, what emerged from Paper

3 was that Xpert implementation was highly context dependent.  Given that the algorithms for
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tuberculosis diagnosis using Xpert and smear microscopy are similarly complex, it is likely that the
findings hold true for both arms.

In addition to the limitations listed above, Papers 1, 2 and 3 which are presented as part of this PhD,

each reported on their own study limitations.

9. 2 Limitations of the XTEND study

9. 2. 1 Limitations acknowledged by XTEND investigators

The XTEND study design was influenced to a large degree on logistic considerations, in that the national
roll-out of Xpert could not be accomplished instantaneously. It was essential that Xpert implementation
be done rapidly, efficiently and with minimal disruption to clinical services. Furthermore, in order to
assess the impact of Xpert under routine conditions, the study design was chosen so as to limit study-
staff intervention in tuberculosis diagnosis and management. Acknowledged limitations in XTEND
study design include: 1) the absence of a gold standard (culture) in all participants and the consequently
inability to measure the true prevalence of tuberculosis; 2) the inability to determine the impact of Xpert
amongst DR-TB cases because of the low prevalence of DR-tuberculosis amongst participants and 3)
the potential that study staff follow-up activities influence patient outcomes (although this impact would
have been operational across study arms). In the final analysis, the investigators reported a baseline
imbalance in disease severity amongst participants, with those in the Xpert arm tending to be slightly
healthier. Statistical adjustments were made for this observation. However, this may have impacted
on study outcomes in unknown ways.

This PhD submission, through the conceptual framework, literature review and findings, has highlighted
additional limitations in the XTEND study design.

9. 2. 2 Limitations highlighted by this PhD

Patient diagnostic and treatment pathways

The XTEND trial study design and protocol did not draw out the test-treatment pathways to good
outcomes following Xpert or smear microscopy testing. Consequently the study design did not
incorporate nor report on measurements of important processes en route to good outcomes including
the relationship between HIV treatment and care, and the tuberculosis diagnostic processes.
Unmeasured variables, which fortunately could be extracted from XTEND data and which are presented
in Papers 1,2 and 3 of this submission include the proportions of participants undergoing additional
investigations and proportions treated empirically for tuberculosis. Further, the study design did not
include an assessment of how tuberculosis diagnostic procedures were implemented by HCW. This
is best done using qualitative methodology. Paper 3 in this PhD provides such an assessment. Lastly,
the study design of XTEND did not allow investigation of false positive results, nor the impact of these

on patient outcomes.
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Quiality criteria for diagnostic testing (QUADAS and STARD)

The XTEND trial protocol and final paper did not refer to the QUADAS?3* and STARD? tools, and it is
not clear how these tools influenced XTEND study design. The QUADAS tool is helpful to
systematically identify potential sources of bias including partial or differential verification, test review
bias, reference standard review bias and clinical review bias. These use of these tools may have
prompted a more thoughtful review of study design regarding measurement of variables on the test-
treatment continuum.
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I Chapter 10: Conclusion

10. 1 The contribution of this PhD to Xpert impact evaluations

Many researchers have pondered over the failure of Xpert to impact on patient outcomes. Proposed
reasons include the use of empiric tuberculosis treatment, inadequate power to ascertain a difference
between study arms, the evaluation of Xpert in non-target populations, inadequate end-point
ascertainment through loss to follow-up and health system weaknesses. This PhD provides an in depth
evaluation of a particular impact trial -the XTEND trial -to establish the specific reasons for the absence
of impact on mortality. In addition, the papers submitted towards this PhD have each made a

contribution to the broader knowledge base pertaining to tuberculosis diagnaosis in routine contexts.

Paper 1 illustrated how tuberculosis diagnostic algorithms are not adhered to in routine PHC settings in
South Africa, a finding which has not been widely reported on to date. This finding opens the way for
targeted training and health system strengthening in the South African tuberculosis control programme,
and globally, alerts tuberculosis policy makers and managers to be more attentive to these
programmatic aspects of tuberculosis control. Paper 1 drew attention to the differential rates of
additional investigations across study arm in XTEND, and highlighted that these were more likely to be
done in persons who were more ill. Both observations may have stunted the ability of XTEND to detect
an impact on mortality.  Finally, Paper 1 illustrated how additional tuberculosis investigations are
important components of the test-treatment continuum, which should be considered when designing

and conducting impact evaluations

Paper 2 reported that the frequency of empiric tuberculosis prescription under routine conditions in
South African PHC settings is low. The study concluded that there is extensive reliance on diagnostic
testing in the South African tuberculosis control programme, which is largely nurse-driven.  This
observation underscores the importance of highly sensitive diagnostic testing for tuberculosis especially
those tests with point-of-care application. The more frequent prescription of empiric tuberculosis
treatment in the smear microscopy arm in XTEND contributed to a reduced mortality difference across
study arms. Paper 2 confirmed that empiric tuberculosis treatment is an important confounder in impact

evaluations of tuberculosis diagnostic tests, and this should be considered in future impact evaluations.

Finally, Paper 3 provided a theory-based sociological assessment of integration and embedding of a
diagnostic test into routine care. The paper is the first description of the use of normalisation process
theory (NPT) to investigate a new tuberculosis diagnostic test. The findings from Paper 3 illustrate the
significant contribution of health systems to tuberculosis diagnostic processes, and identified specific
areas for strengthening. The paper further illustrated how qualitative assessments can be integrated
into impact assessments to complement and explain quantitative findings by providing supporting
explanatory evidence.

This PhD draws all these findings together into a coherent explanatory narrative to ascertains reasons

for lack of impact on mortality in the XTEND trial.
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10. 2 The contribution of this PhD to my personal and professional growth

On a professional level, this PhD allowed me to acquire new skills in the area of data management,
Stata® coding and the statistical analysis of cluster randomised trials. With regard to qualitative
research, | learned how to develop conceptual frameworks, develop interview guides, conduct, record
and transcribe interviews, use NVivo to support coding of interviews and analysis of qualitative data.
In the process of writing papers and the narrative, | learned to summarise and track important papers
by maintaining an excel spreadsheet. | gained experience in the rigour of scientific writing, honed by
over 35 numbered versions of all three papers.

On a personal level, participation with the team of XTEND investigators and study staff gave me the
opportunity to work with a highly committed and able group of people, whilst at the same time receiving
mentorship from colleagues vastly more experienced in all aspects of trial development,
implementation, analysis and reporting. This PhD is the fruit of their enthusiasm and passion for
research, their scientific integrity and their support and encouragement, particularly following my move
from Aurum to the NICD.

10. 3 Thoughts on the way forward

Multiple impact evaluations122.24.4244-46 - gystematic reviews?® and meta-analyses®5¢7 have failed to
demonstrate an improvement in patient outcomes amongst persons with presumptive tuberculosis who
were tested with Xpert as opposed to smear. The findings from this PhD pinpoint reasons for this
failure in a single impact evaluation, and illustrate important methodological considerations in the design
and conduct of impact evaluations of new tuberculosis diagnostic tests. While Xpert may not have
impacted on patient outcomes, a plethora of new diagnostic tests are becoming available. Each may
have a place in the test-treatment continuum. The many lessons learnt from XTEND and other impact
evaluations will most certainly contribute to the study design and impact assessments of these.
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