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VERY FEW DIAGNOSTIC RCTS IN TB

® Whatever little we have, is all new!!
A few on active case detection
A trial on same-day smear diagnosis (TDR)
A trial on Xpert MTB/RIF in South Africa
Ongoing trials on Xpert MTB/RIF

Cluster-randomized stepped wedge designs for phased
implementation
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Comparison of two active case-finding strategies for
community-based diagnosis of symptomatic
smear-positive tuberculosis and control of infectious
tuberculosis in Harare, Zimbabwe (DETECTB):

a cluster-randomised trial

Hizabeth L Corbett, Tsitsi Bandason, Trinh Duong, Ethel Dauya, Beauty M akamure, Gavin | Churchyard, Brian GWilliams, Shungu 5 Munyati,
Anthony E Butterworth, Peter RMason, Stanley Mungofa, Richard | Hayes

Summary

Background Control of tuberculosis in settings with high HIV prevalence is a pressing public health priority. We
tested two active case-finding strategies to target long periods of infectiousness before diagnosis, which is typical of
HIV-negative tuberculosis and is a key driver of transmission.

Methods Clusters of neighbourhoods in the high-density residential suburbs of Harare, Zimbabwe, were randomised
to receive six rounds of active case finding at 6-monthly intervals by either mobile van or doorto-door visits.
Randomisation was done by selection of discs of two colours from an opaque bag, with one disc to represent every
cluster, and one colour allocated to each intervention group before selection began. In both groups, adult (=16 years)
residents volunteering chronic cough (=2 weeks) had two sputum specimens collected for fluorescence microscopy.
Community health workers and cluster residents were not masked to intervention allocation, but investigators and
laboratory staff were masked to allocation until final analysis. The primary outcome was the cumulative yield of
smear-positive tuberculosis per 1000 adult residents, compared between intervention groups; analvsiswas by intention
to treat. The secondary outcome was change in prevalence of culture-positive tuberculosis from before intervention to
before round six of intervention in 12% of randomly selected households from the two intervention groups combined,;
analysis was based on participants who provided sputum in the two prevalence surveys. This trial is registered,
number ISRCTN84352452.

Findings 46 study clusters were identified and randomly allocated equally between intervention groups, with
55741 adults in the mobile van group and 54 691 in the door-to-door group at baseline. HIV prevalence was 21%
{1916/9060) and in the 6 months before intervention the smear-positive case notification rate was 2.8 per
1000 adults per year. The trial was completed as planned with no adverse events. The mobile van detected
255 smear-positive patients from 5466 participants submitting sputum compared with 137 of 4711 participants
identified through door-to-door visits (adjusted risk ratio 1-48, 95% CI 1.11-1.96, p=0.0087). The overall prevalence
of culture-positive tuberculosis declined from 6.5 per 1000 adults (95% CI 5-1-8.3) to 3.7 per 1000 adults
(2-6-5-0; adjusted risk ratio 0.59, 95% CI 0.40-0.89, p=0-0112).

Interpretation Wide implementation of active case finding, particularly with a mobile van approach, could have rapid
effects on tuberculosis transmission and disease.

Lancet 2010
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Twelve-monthly versus six-monthly radiological
screening for active case-finding of tuberculosis:
a randomised controlled trial

Gavin J Churchyard,'-* Katherine Fielding,” Surita Roux,' Elizabeth L Corbett,”
Richard E Chaisson,® Kevin M De Cock,” Richard J Hayes,” Alison D Grant’

ABSTRACT

Background The incidence of tuberculosis has increased
among South African gold miners despite comprehensive
control programmes, including a radiological screening
programme. No data are available as to the optimal
frequency of screening. The aim of this study was to
compare B-monthly and 12-monthly radiological
screening for active tuberculosis case-finding.
Methods Employees of a gold mining company were
randomly assigned to the control arm {screening at
baseline, 12 and 24 months) or the intervention arm
|additional ‘intervention’ radiographs at 6 and 18 months
after baseling). Study outcomes included proportion of
tuberculosis cases detected by screening, proportion
smear-positive, extent of disease and mortality.
Results 22634 miners were randomised. Compared
with 12-monthly screening, 6-monthly screening
detected more tuberculosis suspects but not more
cases, partly due to greater attrition between screening
and further investigation after ‘intervention’ compared
with routine radiographs. Tuberculosis cases detected in
the B-monthly versus the 12-monthly screening arm had
less extensive disease |p=0.05) and a lower
tuberculosis-specific mortality {death on tuberculosis
treatment) (2.1 and 2.8 per 1000 person-years
respectively, HR 0.73, 85% Cl 0.50 to 1.08, p=0.1),
which was most marked in the first 2 months of
treatment {HA 0.48, 85% C10.23 to 0.98, p=0.04) when
death from tuberculosis is most likely.

Discussion In settings with a high prevalence of HIV
and tuberculosis despite standard tuberculosis control
measures, more frequent case-finding may reduce the
extent of disease, tuberculosis mortality and tuberculosis
transmission through earlier detection of active
tuberculosis cases. To be effective, however, all
tuberculosis suspects identfied through screening must
be investigated for tuberculosis.

|Jrl.:grrz:tmmf::sﬁ_‘;l that include active case-finding
using radiological screening as well as passive case-
finding and treatment with fixed-dose combmnation
tables taken under direct observation for the entire
treatment period, tuberculosis rates among miners
rose during the 19%0s to over 3000 per 100000 per
wear by 1999 % Silica dust exposure and silicosis are
both risk factors for tuberculosis ™' Silicosis
occurs commonly among gold miners, so that
miners now have a high prevalence of two of the
most powerful risk factors for developing tubercu-
losis disease following infection (silicosis and HIV),
and their combined effect is multiplicative. 16

Radiological screening has been used in the
gold mining industry for decades'®. both 6- and
12-monthly radiclogical screening were used in
different companies, with no data concerning the
most effective screening frequency, particularly in
the contextof high HIV prevalence. Eadier detection
of tuberculosis could reduce tuberculosis-specific
morbidity, particularly chronic lung  sequelae,
mortality and the duration of infectiousness. In
support of this, observational studies have demon-
strated significantly less extensive radiological
disease’ and lower case fatality rates among tuber-
culosis cases detected by the radiological screening
programme compared with those who self-
presented with L;),Jn':ptr.:mti.'T However, no trial has
previously investigated the optimal frequency of
active tuberculosis case-finding using radiclogical
screening.

The aim of this trial was to compare the indi-
vidual level effect of 6-monthly versus 12-monthly
radiclogical screening on the proportion of tuber-
culosis cases detected by screening, the proportion
who were smear-positive, the extent of the disease
and mortality.

Thorax 2010




Same-day ZN

= Non-inferiority trial
= Adults with cough > 2 weeks
= Schemes randomised by week

Spot Morning Spot
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Morning Not-inferior

Cuevas L et al. PLoS Med (in press)



FIND-SUPPORTED DEMONSTRATION STUDY

Phase I

TBsuspect [ MDR suspect
Weekly randomization blocks

v

Control arm

b hJ
Sputum 1 Sputum 2

X per Smear
(local 1ab) (local 1ab)
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2 and 6 months follow up
In all TB treated and TB test positive patients

Nicol M et al. Union Conference, Berlin 2010



A RANDOMISED CONTROLLED TRIAL OF POINT-OF-
TREATMENT GENEXPERT MTB/RIF ASSAY FOR THEE DIAGNOSIS

OF TB AT PRIMARY CARE CLINICS IN HIGH HIV PREVALENCE
RESOURCE LIMITED SETTINGS

Inclusion criteria
Local TB = TB Symptoms (WHO algorithm)
clinic = VCT and HIV testing
= >18 years old
» Mobile numbers collected [GPS)
» Infformed consent

Randomization * 1 sputum sample for Xpert
(Individual pt. basks and MGIT culture

via central randam = 2 sputum samples for smear
generatar)
microscopy and MGIT culture
(1% 50 patients only)
* CXR

= 2 sputum samples for smear

m microscopy and MGIT culture
= CXR

- Ongolng T8 symptoms + TB Ex (DOTS
- Smear/Kpert negative programme)*®

Further
Management and 2-
Doctor's review™ month follow-up
and Rxas per
Empiric TB Rx marbe initiated by attending physician culture results

TB NEAT consortium. Cape Town, Zimbabwe and Lusaka [Dheda K et al].



STEPPED WEDGE DESIGN

@ Unidirectional cross-over cluster  study period

® All transfer from control to
intervention, but at different

1 2

times 1

® Randomization of order of ,
transfer

More than one cluster may 3

transfer at once

Restrained in case of small
number of clusters

@ Need even more time than in
regular cross-over design

Van den Hof, S



EXAMPLE STEPPED WEDGE DESIGN

@ Roll-out of GeneXpert in Brazil
Rio de Janeiro and Manaus

® 14 clusters = defined areas in which all health care units send in
samples to same laboratory for diagnosis of TB

® GeneXpert used instead of smear microscopy (and culture)
@ Transfer from smear to GeneXpert in 7 steps

® Main effects studied:

Diagnosis and treatment registration of bacteriologically confirmed
pulmonary TB, overall and for HIV+ individuals

Proportion of TB patients diagnosed with MDR
Time to appropriate treatment after diagnosis for (MDR) TB patients
Cost-effectiveness

(Treatment outcomes)

Van den Hof, S



METHODOLOGICAL ISSUES IN DX
RCTS




GRADE: FOR HIGH QUALITY EVIDENCE, IMPACT ON PATIENT-
IMPORTANT OUTCOMES NEEDS TO BE DEMONSTRATED

Single step inference

Randomised trial

Target population

!

New test or strategy:

Triage
Replacement
Add-on
Test Test
positive negative
True and True and
false false
positives  negatives
Management

f

Outcomes important
to patients

'

Old test or strategy

Test Test
positive negative
True and True and

false false
positives  negatives

Management

|

Qutcomes important
to patients

Example

Randomised control trials (RCTs) explored a diagnostic
strategy guided by the use of B type natriuretic peptide
(BNP)—designed to aid diagnosis of heart failure—
compared with no use of BNP in patients presenting to
the emergency department with acute dyspnoea? As
it turned out, the group randomised to receive BNP
spent a shorter time in the hospital at lower cost, with
no increased mortality or morbidity

Accuracy study

Target population
|

! }

New test or strategy: Reference test
Triage
Replacement
Add-on
1
New test positive New test negative

True and false positives  True and false negatives

Judgments about
outcomes
with new test

Judgments about
outcomes with
reference test

Example

Consistent evidence from well designed studies shows
fewer false negative results with non-contrast helical
computed tomography (CT) than with intravenous
pyelography (IVP) in the diagnosis of suspected acute
urolithiasis.1® However, the stones in the ureter that CT
detects but IVP “misses™ are smaller, and hence are
likely to pass more easily. As RCTs evaluating the
outcomes in patients treated for smaller stones are not
available, the extent to which reduction in cases that
are missed (false negatives) and follow-up of incidental
findings unrelated to renal calculi with CT have
important health benefits remains uncertain!

Two step inference

Two generic ways in which a test or
diagnostic strategy can be evaluated.
On the left, patients are randomised
to anew test or strategy orto an

old test or strategy. Those with a
positive test result (cases detected)
are randomised (or were previously
randomised) to receive the best
available management (second step
of randomisation for management
not shown). Investigators evaluate
and compare patient-important
outcomes in all patients in both
groups.® On the right, patients
receive both anewtest and a
reference test (old or comparator
test or strategy). Investigators can
then calculate the accuracy of the
test compared with the reference
test (first step). To make judgments
about importance to patients of
this information, patients with a
positive test (or strategy) in either
group are (or have been in previous
studies) submitted to treatment or
no treatment; investigators then
evaluate and compare patient-
important outcomes in all patients in
both groups (second step)

Schunemann H et al.




Randomised comparisons of medical tests: sometimes invalid,
not always efficient

A PTCA

I Abnormal
4 Scintigraphy | ®

Nomal no PTCA )
Patients
with IHD {R) on
»|Outcome
|Intracoronary|  Abnormal

flow velocity | Normal no PTCA
>

4
Patrick M M Bossuyt, Jeroen G Lijmer, Ben W J Mol OUtﬂDme

Qutcome

QOutcome

» Not just the test, but test-treatment combination that is evaluated
 There must be a clear, pre-specified link between test results and
subsequent interventions

Running trials without a protocol for translating the
test results to clinical management decisions 1s like
putting pharmaceuticals to trial without prespecifying
the preferred dosage, optimum route of administration,
the need for monitoring, or the way to deal with side-
effects. Designing such a drug trial would be hardly
acceptable these days. Why then should we not apply the
same stringent criteria to trials of test-treatment
combinations?

Lancet 2000




Distraction From Randomization in Diagnostic Research

CORNELIS J. BIESHEUVEL, puD, DIEDERICK E. GROBBEE, MD, PuD,
AND KAREL G.M. MOONS,;, PuD

The ultimate goal of medical care, including diagnostic testing, is to improve patient outcome. Accordingly,
it has been advocated widely that when establishing a test’s diagnostic accuracy, the impact of the test on
patient outcome subsequently must be quantified. When studying patient outcome in medical research, the
use of randomized comparisons comes into perspective. In our view, randomized studies often are not
necessary to validly estimate the effect of the diagnostic test on patient outcome. Results of cross-sectional
diagnostic studies, combined with results from therapeutic studies, often will suffice.

Ann Epidemiol 2006;16:540-544. © 2006 Elsevier Inc.  All rights reserved.

Diagnostic questions are not etiologic questions, but randomization
transforms a diagnostic study into an etiologic or intervention study, which
may not be necessary in many instances.




DIAGNOSTIC RCT: IS IT REALLY
DIAGINOSTIC?

When performing a randomized trial to determine the impact of a di-
agnostic test or strategy on patient outcome, an initially diagnostic research
question is transformed into therapeutic research question (with the goal
of establishing causality) with corresponding consequences for the design
of the study. A disadvantage of a randomized approach to directly quantify
the contribution of a diagnostic test and treatment on patient outcome is
that it often addresses diagnosis and treatment as a single combined strat-
egy, a “package deal.” This makes it impossible to determine afterwards
whether a positive effect on patient outcome was attributed solely to the im-
proved diagnosis by using the test under study or to the chosen (new) treat-
ment strategies.

Moons KGM. In: Grobbee & Hoes. Clinical Epidemiology. 2009




(New) diagnostic test for
detection of a particular
disease

Evaluation of technical and
diagnostic performance

Diagnostic accuracy study to
evaluate the value of a (new) test
to correctly classify the diseased

Randomized therapeutic studies
providing quantitative evidence on
the effects of the possible therapies

compared to current reference + for the disease on patient outcome
standard
Longitudinal, randomized design
Cross-sectional design l

Statistical or decision models to assess the effect
of the (new) diagnostic test on patient outcome

Quantitative evidence about the
effect or contribution of the
(new) diagnostic test on patient

outcome

FIGURE 1. In the first phases of evaluating a new test, technical feasibility and diagnostic performance (is the test able to discriminate
diseased from nondiseased?) are assessed (1-4). Subsequently, the value of the test to detect a particular disease is obtained by a cross-
sectional study in which the diagnostic accuracy of the new test is compared with the current reference test. The information obtained
by this study can be combined with information obtained from randomized controlled trials that evaluated the effect of a therapeutic strat-
egy for that disease on patient outcome. By combining results of both studies, one can easily quantify the value of the diagnostic test to
improve patient outcome.

Ann Epidemiol 2006;16:540-544.




Annals of Internal Medicine

AcADEMIA AND CLINIC

When Is Measuring Sensitivity and Specificity Sufficient To Evaluate a
Diagnostic Test, and When Do We Need Randomized Trials?

Sarah J. Lord, MBBS, MS; Les Irwig, MBBCh, PhD; and R. John Simes, MBBS, MS, MD

The dinical value of using a new diagnostic test depends on
whether it improves patient outcomes beyond the outcomes
achieved using an old diagnostic test. When can studies of diag-
nostic test accuracy provide sufficient information to infer clinical
value, and when do clinicians need to wait for results from ran-
domized trials? The authors argue that accuracy studies suffice if a
new diagnostic test is safer or more specific than, but of similar
sensitivity to, an old test. However, if a new test is more sensitive
than an old test, it leads to the detection of extra cases of disease.
Results from treatment trials that enrolled only patients detected by

the old test may not apply to these extra cases. Clinicians need to
wait for results from randomized trials assessing treatment efficacy
in cases detected by the new diagnostic test, unless they can be
satisfied that the new test detects the same spectrum and subtype
of disease as the old test or that treatment response is similar across
the spectrum of disease.

Ann Intern Med. 2006;144:850-855.
For author affiliations, see end of text.

www.annals.org




Figure 1. Trial evidence versus linked evidence of test accuracy and treatment efficacy.

Randomized Trial Test Accuracy Study plus Randomized Trial of Treatment Efficacy
Target Target plus Cases
population population detected*

New test Old test New test Old test Treatment No
accuracy accuracy treatment
¥ ¥ ¥ ¥ Y L
Cases Cases Cases Cases Patient Patient
detected detected detected detected outcomes outcomes
¥ ¥
Treatment Treatment
¥ ¥
Patient Patient
outcomes outcomes

*Cases detected by the new and old test may not show similar response to treatment.

Lord, Annals Int Med, 200
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| New test vs. old test* |

¥

Is the new test more No
sensitive than the old test? g e
¥
i Similar sensitivity and Less sensitive or less specific
E‘-‘EI other positive attributes, e.g., safer, but other positive attributes
more specific, or less costly

Do the extra cases 4 k.
detected respond to Use new test Assess tradeoff

treatment?

|

k.

!

Yes; treatment
trials show

response

Mo; treatment
trials show
no response

Not assessed;
treatment trials only include
cases detected by old test

|

L

Do not use

Do the extra cases detected represent the same
spectrum of disease (size, grade, and severity)
and the same subtype or definition of disease?

Does the new test have negative
attributes, e.g., less safe, less specific,
or more costly?

|
[ve]

Assess
tradeoff

Use new test

Is treatment response known to be
similar across the range of disease
spectrum/subtype?

| Heterogeneous/unknown |

|

| Await RCTs |

Lord, Annals Int Med, 200




Table. New Diagnostic Test Assessment Framework and Examples*

Test and Indication

Example 1: Doppler
ultrasonography vs.
venography for detection
of deep venous thrombosis

Example 2: new vs. standard
FOBT for early detection
of colorectal cancer

Example 3: supine and prone
positioning for CT
colonography vs. supine
positioning alone for
detection of adenomatous
colorectal polyps

Example 4: NMR
spectroscopy vs. plasma
lipoprotein levels for the
detection of hyperlipidemia

Example 5: MRI vs.
mammography for earlier
detection of invasive
breast cancer in women at
high risk for the disease

Example 6: PET, MRI, and
EEG vs. MRI and EEG to
detect an epileptogenic
focus in patients with
medically refractory
epilepsy who are being
considered for surgery

Proposed
Benefits of New
Diagnostic Test

Safer, less costly

More specific

More sensitive

More sensitive

More sensitive

More sensitive

Does the Evidence of Effective
Treatment Apply to the Cases
Detected by the New Test?

Yes; no change to the definition or
spectrum of disease.

Yes; no change to the definition or
spectrum of disease.

Yes; no change to the definition or
spectrum of disease because cases
detected by both tests are
subsequently confirmed by
colonoscopy.

Unknown; it is unknown whether
NMR detects patients who would
benefit more or less from
lipid-lowering agents than those
whose disorder was detected using
the existing test.

No; it is uncertain if any benefits
of treatment at the earlier stage of
disease outweigh the harm of
overdetection of cancer that would
never have presented clinically.
Uncertain; it is uncertain whether
patients with functional lesions
detected by PET for whom existing
standard imaging yields negative
or inconclusive results will show
the same treatment response to
surgery as patients with structural
lesions that can be detected with
standard imaging alone.

Can Studies of Test Accuracy Suffice?

Yes; the value of the new test may be
inferred from an assessment of its
relative safety and cost.

Yes; the value of the new test may be
inferred from an assessment of its
relative safety and cost and the
benefits of avoiding a false-positive
result.

Yes; the value of the new test may be
inferred from an assessment of its
relative sensitivity, given no
substantial loss in specificity and
existing trial evidence that treatment
improves patient outcomes.

No; trial evidence is required to
determine the value of the new test.

No; trial evidence is required to
determine the impact of testing on
patient outcomes or, at least, the
interval breast cancer rate.

Judgment is needed about whether
clinicians require randomized trials to
assess treatment response in the extra
cases detected by PET or whether
they can rely on existing trials
conducted in patients with disease
detected by MRI and EEG and
observational evidence about
treatment response in cases detected
by PET.

*CT = computed tomography: EEG = electroencephalography; FOBT =

resonance; PET = positron emission tomography.

fecal occult blood tes; MRI = magnetic resonance imaging: NMR = nuclear medicine




Using the Principles of Randomized Controlled
Trial Design to Guide Test Evaluation

Sarah J. Lord, MBBS, MS, Les Irwig, MBBCh, PhD, Patrick M. M. Bossuyt, PhD

The decision to use a new test should be based on evidence
that it will improve patient outcomes or produce other
benefits without adverselyv affecting patients. In principle,
long-term randomized controlled trials (RCTs) of test-plus-
treatment strategies offer ideal evidence of the benefits of
introducing a new test relative to current best practice.
However, long-term RCTs may not always be necessary.
The authors advocate using the hypothetical RCT as a con-
ceptual framework to identify what tvpes of comparative
evidence are needed for test evaluation. Evaluation begins
by stating the major claims for the new test and determin-
ing whether it will be used as a replacement, add-on, or
triage test to achieve these claims. A flow diagram of this
hyvpothetical RCT is constructed to show the essential
design elements, including population, prior tests, new test

and existing test strategies, and primary and secondary
outcomes. Critical steps in the pathwav between testing
and patient outcomes, such as differences in test accuracy,
changes in treatment, or avoidance of other tests, are dis-
plaved for each test strategv. All differences between the
tests at these critical steps are identified and prioritized to
determine the most important questions for evaluation.
Long-term RCTs will not be necessary if it is valid to use
other sources of evidence to address these questions. Valid-
ity will depend on issues such as the spectrum of patients
identified by the old and new test strategies. Key words:
diagnostic techniques and procedures/standards; sensitiv-
ity and specificity; randomized controlled trials as topic;
outcome assessment (health care). (Med Decis Making
2009;29:E1-E12)




a. The replacement test

Target population
Prior tests

Difference in test safety New test
& other attributes

Difference in Yol .
sensitivity & specificity est resu
Change in
management — Management =
Test pos Test neg
Pathway A Pathway B
TP | FP TN | FN
Difference in
treatment effects
¥ 4

I Patient Outcomes I




b. The add-on test

Difference in test-treatment pathway using
add-on test shown in black

Target population
Prior tests

.

Differance in test safsty Test neg
& other attributes Add-cin test
Incremental Test result
sensitivity & specificity i
r Managemeant
Difiarence in Test pos Test neg
treated population Pathway A Pathway B*
FP TP
Dhfferance in
treatmeant effacts

Patient outcomes

TP = true positive, FP = false positive
Pathway A” includes patients testing positive on the add-on test but negative on the existing
test who would not have been assigned to treatment A using the existing test strateqy.




c. The triage test

Difference in test-treatment pathway using triage test shown in black
Target population

Prior tesis
' ;
Ditfferonce in test safety Triage test
& other afiributes I
Differance in Test result

sonzitivity & specificity

I— Ma 1.'.!-;-'1*:.-'1t —I

Differencein Test pos Tastneg
tested population Add existing test Pathway B
TH FH
Test result
Differance in_ . _
troated population ~ Management
Test pos Test neg

Pathway A  Pathway B

Diffarance in
treatment effects

F L 3

I Patient outcomes I




SOME ISSUES..

@ Actions after each possible test results must follow a
clear unambiguous protocol

® Sample sizes may be large

@ Diversity and complexity of diagnostic process leads
to infinite number of possible trials

@ Ethical questions
OK to randomize to an experimental test?
E.g. Not FDA approved

Once a test is WHO-approved and is shown to be superior to
conventional test, OK to deny to half of trial participants?

Mariska Leefl
m.m.leeflang@amc.u




BIAS IN RCTS

Randomization

Valid randomization
Concealment of allocation

Blinding

Sufficiently long follow-up

Analyses
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