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Context

There is some evidence that:

¢ Initially stronger effects and subsequent contradictions are not infrequent
in highly cited research of clinical interventions and their outcomes.

e Claims from highly cited observational studies persist and continue to be
supported in the medical literature despite strong contradictory evidence
from randomized trials.

* Newly discovered true (non-null) associations often have inflated effects
compared with the true effect sizes.

e Publication bias is a major concern and may be more widespread than we
think; some have also challenged the conventional publishing model

e Even within published studies, selective reporting of positive outcomes in
randomized trials as well as observational studies appears to be frequent

e Lack of replication of research findings and over-interpretation of findings
are other concerns, especially in some fields
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Context

o All of these likely result in "optimism bias" —unwarranted belief in the
efficacy of new therapies, and overinterpretation of the applicability of

findings

e Optimism bias is more likely in industry-supported research

e Optimism bias and conflicting study findings appear to be eroding the

public’s faith in research

e Even among some researchers, there is concern that most published

research findings may be false!
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Publication bias and selective publication

The NEW ENGLAND JOUKNAL of MEDECINE

“ SPECIAL ARTICLE ||

Selective Publication of Antidepressant
Trials and Its Influence on Apparent Efficacy

Erick H. Turner, M.0, Annette M. Matthews, M.D., Eftihia Linardatos, 8.5,
Robert A Tell, L.C.SW,, and Robert Rosenthal, Ph.D.

ABSTRACT

BACKGROUND

1 Evidence-based medicine is valuable to the extent that the evidence bases is complete
' and unbiased. Selectwe publication of clinical trials — and the cutcomes within

those trials — can lead to unrealistic astimates of drug effectivaness and alter the
apparent risk-benefit ratia,

METHODS
We cbtained reviews from the Food and Drug Administeation (FDA) for studies of
12 antideprassant agents invalving 12,564 patients. Wa conducted a systematic it-
eranire search to identify marching publications. Far trials that were reportad in the
licarature, wa compared the published outcomes with the FD& outcomes. Wa also
comparad tha sffect size decived from the publishad raports with the sffect siza de-
rived from the antivs FOA dara sat.

BEsuLTS
Among 74 FDA-registered studies, 1%, accounting for 3440 study participants, were
not published. Whether and how the snudies were published were associatad with
the study cutcome. A total of 37 studies viawed by the FA as having positive reaults
were published; 1 study viewed as positivewas not published. Studies viewed by the
FDA as having negative or questionable results were, with 2 exceptions, sither not
published {22 studies) or published in away that, in cur opinion, ccnveyed 1 posi-
tive outcome (11 studiss). According to the publishad literature, it appearsd that
94% of the trials conducted were positive. By contrast, the FDA analysis showed that
51 were positive. Separae meta-analyses of the FUA and journal data sets showed
that the increase in sffect size ranged from 11 to 6% for individual drugs and was
0% overal!.

rn B LS s

Initial Severity and Antidepressant
Benefits: A Meta-Analysis of Data Submitted
to the Food and Drug Administration

While almost all trials with “positive” results
on antidepressants had been published, trials
with “negative” results submitted to the US
Food and Drug Administration, with few
exceptions, remained either unpublished or
were published with the results presented so
that they would appear “positive”

Non-replicated studies and publication bias —
especially in genetic and biomarker studies

Human

bl blased 2007:64:300-313

Heredity oo, s

Non-Replication and Inconsistency in the
Genome-Wide Association Setting

John P.A, loannidis

svailatie ol www seiancedinpet com

ScienceDirect

eurnal homapage: www.sjconling.com

Almost all articles on cancer prognostic markers report

statistically significant results

Panayiotis A. Kyzas®, Despina Denaxa-Kyza®, John P.A. loannidis™™*
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Even within published studies, selective
reporting of outcomes

Selection in Reported Epidemiological Risks:

\ Empirical Evidence for Selective Reporti
\ 7w i porting An Empirical Assessment
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In RCTs

In observational studies

Why Most Published Research Findings

Are False

John P.A. loannidis

Summary

There isincreasing concem thatmost
current published research findings are
false. The probability that a research claim
is true may depend on study power and
bias, the number of other studies on the
same question, and, importantly, the ratio
of true to no relationships among the
relationships probed in each scientific
field. In this framework, a research finding
is less likely to be true when the studies
conducted in a field are smaller; when
effect sizes are smaller;when there is a
greater number and lesser preselection
of tested relationships; where there is
greater flexibility in designs, definitions,
outcomes, and analytical modes; when
there is greater finandal and other
interestand prejudice; and when more
teams are involved in a scientific field
inchase of statistical significance.
Simulations show that for most study
designs and settings, it is more likely for
a research daim to be false than true.
Moreover, for many current scientific
fields, claimed research findings may
often be simply accurate measures of the
prevailing bias. I this essay,| discuss the
implications of these problems for the
conduct and interpretation of research.

facrors that influence this problem and
some corollaries thereof.

Modeling the Framework for False
Positive Findings

Several methodologists have

pointed out [9-11] that the high

Tate of nonreplication (lack of
confirmation) of research discoveries
isa consequence of the convenient,
yet lll-founded strategy of claiming
conclusive research findings solely on
the basis of a single study assessed by
formal seatistical significance, typically
for a pvalue less than 0.05. Research
is not most appropriately represented
and summarized by pvalues, but,
unforwnately, there is a widespread
notion that medical research articles

It can be proven that
most claimed research
findings are false.

should be interpreted based only on
pvalues. Research findings are defined
‘here as any relaionship reaching
formal statistical significance, e.g..
effective interventions, informative
‘predictors, risk factors, or associations.
“Namrariva® ragaarch is alin vars neafinl

is characteristic of the field and can
vary a lot depending on whether the
field targers highly likely relationships
ar searches for anly one or a few

true relationships among thousands
and millions of hypotheses that may

e postulated. Let us also consider,

for compueational simplicity,
circumscribed fields where either there
is only one rue reladonship (among.
many that can be hypothesized) or

the power is similar to find any of the
several existing wue relationships. The
prestudy probability of a relationship
‘heing te is ®/(7 + 1). The probability
of a study finding a wrue relationship
reflects the power 1 - [ (one minus
the Type II error rate). The probability
of claiming a refationship when none
truly exdists reflects the Type I error
Tate, ot Assuming that ¢ relationships
are being probed in the field, the
expected values of the 2 x 2 rable are
given in Table 1. After a research
finding has been claimed based on
achieving formal statistical significance,
the post-study probability that it is true
is the positive predictive value, PPV.
The PPV is also the complementary
probability of what Wacholder et al.
Thave called the false positive repore
‘probability [10]. According to the 2

PL0S Med 2005 °




MUCH OF WHAT MEDICAL RESEARCHERS conclu L in their

DAMNED LIES,
AND MEDICAL

DAVID H. FREEDMAN

By DAVID H. FREEDMAN

As researchers in tuberculosis we
asked the question:

“is there evidence for ‘optimism bias’ in TB
diagnostic research?”

We present several case studies to answer
this question

Several new diagnostics are in the pipeline
But do they work? Will optimism bias prove to be a
big issue?
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Case study |I:

How much evidence is sufficient for
commercialization?

Promising new Point of Care test:
LAM antigen detection

Journal
*'Microbiological
wus _Methods .

FLSEVIER

Rapid diagnosis of tuberculosis by detection of mycobacterial
lipoarabinomannan in urine

Beston Hamasur ®, Judith Bruchfeld ", Melles Haile *. Andrzej Pawlowski®

Bjame Bjorvatn ©, Gunilla Kiillenius **, Stefan B. Svenson *"* 6

e
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Sensitivity 93% L
L % ‘o.. %2%
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Specificity 95% oo o s
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Early data lead to rapid commercialization and
marketing of a urine LAM assay

Transaztions of the Royal Sacisty of Trapical Madicins and Hygiena (1005) 99, £90-900

wrww lsivigrhealth. com/ founals/trst

Detection of mycobacterial lipoarabinomannan
with an antigen-capture ELISA in unprocessed
urine of Tanzanian patients with suspected
tuberculosis

C. Boehme®*, E. Molokova®, F. Minja<, 5. Geis?, T. Lascher?,
L. Maboko®, V. Koulchin®, M. Hoelscher®

231 patients with suspected pulmonary TB and 103 healthy volunteers were screened with standard TB tests
and with the new LAM-ELISA.

Of 132 patients with positive sputum culture, |06 were positive using the LAM-ELISA| (sensitivity 80.3%

To define the specificity of the assay, urine samples from 103 healthy volunteers were also screened using
LAM-ELISA.All but one had an optical density below the cut-off (specificity 99%)

Marketed in 2007/08 by Inverness
Medical Innovations

L)
Clearview 1B eusa '

LAM Specific Direct Urinary Antigen Test
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Subsequent evidence from field studies in

India, S Africa, Zimbabwe, Tanzania

Specificity

Minion et al. Under review
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Sensitivity (95% CI)
Hamasur (2001) 0.93 (0.68-1.00)
Tessema (2001) 0.81 (0.74-087)
Boehme (2005) 0.80 (0.72-087)
Reither (2009) 051 (0.38-063)
Mutetwa (2009) 044 (0.36-052)
Shah (2009) 059 (0.52-066)
Dheda (2010) 0.13 (0.08-0.20)

Chi-square = 202 55; df = 6 (p = 0.0000)
Inconsistency (I-square) = 97.0 %

Specificity (95% CI)

Hamasur (2001) 095 (0.83-0.99)
Tessema (2001) 0.87 (0.84-0.89)
Boehme (2005) 0.90 (0.82-0.96)
Reither (2009) 0.88 (0.79-0.94)
Mutetwa (2009) 0.89 (0.82-0.94)
Shah (2009) 096 (0.91-0.99)
Dheda (2010) 099 (0.96-1.00)

Chi-square = 38.63; df = 6 (p = 0.0000)
Inconsistency (I-square) = 84.5 %

Lessons

» Rapid commercialization on the basis of early data may be

problematic (especially case-control studies that can exaggerate

accuracy estimates)

e Thorough field evaluation in diverse settings (e.g. varying HIV

prevalence) should have been done

e This case study raises an interesting question: at what point in time

after a test is introduced should meta-analyses be done?

27/12/2010



Case study 2:

How should we design and analyze
diagnostic studies!?

Serologic (antibody) tests for TB

e Attractive ... especially if point of care (POC) option

e >80 antigenic targets evaluated and several commercial assays developed

e All existing serologic tests have failed to demonstrate adequate accuracy

A systematic review of commercial serological antibody

detection tests for the diagnosis of ex!ra:glmoncry
tuberculosis

Kare R Stein
Jane Cunninghoe, Ko Weldngh, Madhukar

, Megon Heney, Soman Loal, Phiip € Hopowll, Andseve Ramsay, Dick Menzies,

Thorax 2007

PLoS Medicine 2007

Commercial Serological Antibody Detection
Tests for the Diagnosis of Pulmonary
Tuberculosis: A Systematic Review

Maren B, Siringarn’, Meges Hasry’, Sumen Last' 1, Fhilip €. banpereli' S, Ascbre Ramviy”, Dich Mesios™”,
Jors Curmingham’, Karin Wekdingh ™, Madhulisr Palt™

Performance of Purified Antigens for Serodiagnosis of Pulmonary

Tuberculosis: a Meta-Analysis™t ClinVaccine Immunol 2009

Karen R Steingart.'* Nandini Dendukori,® Megan Henry, ™

gart, Lan Schiller.” Payam Nahid,*
Philip C. Hopewell,'* Andrew Ramsay,” Madhukar Pai.® and Suman Laal™™*

27/12/2010
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Sensitivity varies from 0 — 100%

A Sensitivity (95% CI)
- 138 kDa.1 [35] 0.68 (0.46- 0.85)
L] 3 kDa.1 [37] 0.35 (0.21-0.52)
L n38 kDa.1 [68] 0.40 (0.27 - 0.54)
. n38 kDa.2 [69] 0.05 (0.01-0.15)
—— n38 kDa.3 [63] 040 (0.27-0.54)
- n38 kDa.4 (5] 060 (0.46-0.73)
— n38 kDa 5 [B9] 062 (048-0.75)
——e—| MS.1[35] 082 (0.74-0.89)
- MS.1[37] 0.78 (0.65- 0.88)
. ™S.4 [108] 0.73 (0.52- 0.88)
L nAg B5B.1 [23] 0.28 (0.20- 0.36)
— nAg 858.1 [103] 067 (0.53-0.79)
- nAg 858.2 [103] 0.04 (0.00-0.13)
——— nAg 858 3 [103] 067 (D.53-0.79)
—— nAg B58 4 [103] 084 (0.71-0.92)
L 2 nAlpha-crystallin. 1 [103] 015 (0.06-0.27)
. nAdpha-crystallin.2 [103] 0.04 (0.00-0.13)
- nAlpha-crystailin3 [103] 0.55 (0.41-0.68)
—— nAlpha-crystalind [103] 0.58 (0.44-0.71)
e nAlpha-crystalin5 [103] 0.80 (0.46-0.73)
- MPT51.1 B3] 055 (0.41-0.68)
- MPT51.2 58] 0.05 (0.01-0.18)
— rMPTS1.3 [68] 040 (0.27-0.54)
. MPTS1.4 [58] 0.69 (0.55-0.81)
—_——— rMPTS1.4 [108] 0.69 (0.48-0.B8)
. MPT51.5 5] 0.71 (0.57-0.82)
- rTbFGDPEP.1 [37] 0.49 (0.36 - 0.63)
—. (THFB/DPERMS. 1 [37] 083 (0.71-092)
- MSMPTS1.4 [108] 0.77 (0.56-0.91)
———= 35 kDaMS.1 [35) 0.96 (0.80-1.00)
0.2 04 0.6 [1£:] 1

Sensitivity Steingart, CVI 2009

19

WHO evaluation of 19 commercial
serological tests for TB

Figure 4. ROC curve of commercial rapid tests for the diagnosis of pulmonary
tuberculosis {all patients, n=355)
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Why do these tests fail in field
studies?

TABLE 3. Characteristics of study quality

No. (%) of

Characteristic .
studies

Study design

: 2 39(15)
Case-contr 208 (82) A |arge % were
Nested within observational study ] .
case-control studies
Recruitment of participants
Consecutive or random 20(8)
C ¢ or nat reported 42 Confirmed TB cases
Selection criteria clearly described ..o 141 (56) VS.

Complete verification by use of the reference standard ...... 107 (42) Healthy controls (often

Exccution of test described in sufficient detail..innnnn, 253 (1007 from low-incidence countrles)

Index test results blinded to reference standard?

Yes 65 (26)
No 1(0y
Not reported 188 (74)

#The description of the test execution was deemed insufficient in one study.

Spectrum bias (a form of selection bias)

e Population used for evaluating the test:
° Extreme contrast
Case-control design

> Normal contrast (Indicated population)
Consecutively recruited patients in whom the disease is suspected

e Extreme contrast (spectrum bias) can result in overestimation of
test accuracy

Clinical Chemistry 51:8
1335-11  (2005) Minireview

Case—Control and Two-Gate Designs in
Diagnostic Accuracy Studies

Anne WS, Ruties,” Jonannes B, Rerrsma,! Jan P Vanpensroucke® Afna S Gras,” and
Parrick MM, Bossuyr!

27/12/2010
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Lower estimate 1 Higher estimate
of diagnostic accuracy : of diagnostic accuracy
Study charactertitics® RDOR {95% C1}
Severe cases and healthy controls * 4.9 (0.6.37.3)
Dther case control designg —— 1.1 10.4-3.4)
Salection: referral fof wdex Lest —— 0.5(0.30.9
Selection: other Lest results —— LET-ERE i
Lsmited challenge o 090813
Increased challenge —_—— 1.0 06171
Nonconsecutive sample —— 151,021
Random sample H—— 1.7 (0.9-3.2)
Sampling not reported el 0.9(0.61.3)
Differentisl verification —_ 1.6 (0.52.9)
Case-control
Partial verification = 1T . .
design results in
Compowte reference standard —— 0.9 {0,5-1.8)
optimistic accuracy
i 1407281
Time interval inadegiate —_—— 1187141
Time interval not reported by 1.2{0.9-1.8)
Troatment given ——— 0.9 (0.8-1.4)
Treatment not reported et 1.0{0.7-1.4)
Single- or nonblinded reading e — 1.1 40.8-1.6)
Blinding procedure not reported —— 090613
Retrospective dats collection et 1.601.1.2.2)
Data colleCtion ot reported ] 1.048,7-1.5)
Post hoc definition of cutoff H—— 1.3{0.81.9)
Cutoff definftion not reported —k 0.9 (0.7:1.3)
o 1 i E 4 5 &

“Seq Appendix 2 for descriptioes of the i udy Charactentitics.

Fig. a1 Effects of study design characteristics on estimates of diagnostic accuracy.
RDORs a mult 4T i

RDOR = relfative diagnostic odds ratio (adjusted

gic regression moded).

Rutjes et al. CMAJ 2006

We find this in TB

as well:

Example: PCR tests for TB meningitis

Diagnostic accuracy of nucleic acid amplification
tests for ingitis: a

Table 4. Stratified analyses for the evaluation of
heterogeneity among studies with in-house tests

review and meta-analysis

Mt P, Lomars L P, S P, A S, Lo W Ty, s b 48 Cothnt

Case-control studies had a
two-fold higher diagnostic
odds ratios than
cross-sectional studies

Subgroup Number Summary Test for
of studies  diagnostic heterogeneityt
odds ratio*  p value

(95% CI)
Study design
Case-control 19 865 (303, 190-2) 003
Cross-sectional 16 433 (22°5, 83-3) 0-94
Blinded interpretation of test and/or reference standard results
Yes 21 46-9 (24.9, 88-6) 016
No 14 823308, 170-2) 0-70
Consecutive or random sampling of participants
Yes 18 63-3 (32-8, 1224) 0-20
No 7 468 (23-6,92+8) 0-42
Prospective data collection
Yes 18 500 (281, 127-6) 012
No 17 56-2(29-9, 101-6) 0-59

Pai et al. Lancet Infect Dis 2003

*Random affects modal. x” test for haterogeneity. Cl=confidence intarval

27/12/2010
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LED microscopy for sputum
examination

e Cross Sectional Studies e Case Control Studies

Sensitivity 72.6% Sensitivity 88.7%
(69.2,75.8) (81.4,93.4)

Specificity 96.9 Specificity: 98.6%
(92.1,98.8) (97.3,99.3)

= Cross Sectional

Case Control

Specificity

Minion et al. Unpublished

Analysis of diagnostic studies

e It is not uncommon to see researchers:

> Excluding patients or controls with no definitive diagnoses
(“diagnostic myopia bias”)

° Excluding indeterminate or inconclusive results

o Perform post-hoc “discrepant” analysis to move numbers within 2

x 2 tables

* Such analyses often result in spuriously inflated

accuracy estimates

27/12/2010
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Example: exclusion of indeterminates can
inflate accuracy estimates

OPEN 3 ACCESS Freely avadable anline * pLos one

The Impact of HIV Infection and CD4 Cell Count on the o |f indeterminates
PerformanFe of an Interferon Gamm_a Release Assay in are included:
Patients with Pulmonary Tuberculosis

o Sens = 74%

Martine G. Aabye'*, Pernille Ravn®, George PrayGod”, Kidola Jeremiah®, Apolinary Mugomela®, Maria
Jepsen®, Daniel Faurholt®, Myagosya Range®, Henrik Friis®, John Changalucha®, Aase B. Andersen’
T Y S T T SN S —— [— p—
ik, vk, Ganmark, 3 Nional intinste for s R, Mawarcs Mecicl Rasesrch Conire, Mases, Targania, 4 Zonal Tubercsionis Relsres Laboratony,
Bugings Masica! Contra, bwanza, Tanssala, 3 Departmant of tumas Nusitios, Fsculty of Uify Scieedn, Univarity of Copanina gin, Frecspiaterg, Dvarman, 8 Rateni are excluded:
st o Mecica Ao, Wil Macicsl e Care Dar £ Salasm, Taruinia
- O,
o Sens = 86%

e If indeterminates

Abstract

The of the specific Interferon Gamma Release Assays (IGRAS) has not been

i ardd settings. This study evahuted the sensitivity of the QuantiFEACN

TB-G\ﬁ Io—lee (OFT-IT) in patients with culture confirmed pulmonary tuberculosis (PTB] in a TB- and HIV-endemic
population and the effect of HIV-infection and CD4 cell count on test performance.

Methodology Principal : 161 patients with sputum cubure confirmed PTB were subjected 10 HIV- and QFT-T
testing and massurement of CD4 call count. The QFT-IT was pasitv in 74% (119/161; 95% Cl: 67-81%). Sarmitivity was
higheer in HIV-negashe (75/93) than in HIV-positive [44/68) pathents (81% vs. 65%. p =002 and increased with €04 cell
count in HV-positive n:lem 1m: for trend po= 0.03L 23 patients (14%) had an indeterminste result ard this praportion

far trend p = 0.03). Low CD4 cell count (< 300 cels/jl)
did nos account for un?m indeterminate ot all regative resufts, Sensithity when exchidieg indererminane reslts was
86% 195% Ck 81-50%) and did rot differ between HIV-regative and HIV-posithe: patients (B2 vs. 8%, p=0.39),

CWMM %ml\my of the QFTIT for disgrasing active PTB infection was reasonable when Iuqu
However, since the test missed more than 10% of pasients, its potential
a3 a rule-out 1wt for mucndkm s limited. Rﬂlhﬂm vest perfarmance b impained by low (D4 cell cownt in HIV-
positive patients and possibly by other factors as well in both HIV-positive and HIV-negative patients, This. might bmit the
potential of the test in populstions where HiV-infection s prevalent.
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ELSEVIER

Discrepant Analysis: A Biased and an Unscientific
Merthod for Estimating Test Sensitivity and Specificiry

Alula Hadgu*

Crrrrems pon [hspase Conrmorn ann Prevesmon, Division op STD PrevesTion, Ateasra, Groroia

ABSTRACT. Discrepaunt analysis s 0 widely wed techniue for estimating test pedormance indices
(sensativity, specificity, ete.) of DNA-amplification tests for detecting infections dieses. It has recently been
claimed that the discrepant analysis-based estimares of specificity are rypically less biased than those based on
culrure and thar the discrepant analysis—based specificiry shows little appreciable bias. In this article, [ show thar
those conclusions are incorrect. Using a typical example from the published lirerarure, I show thar th discrepant
analysis—based estimates of sensitivity and specificity can penerare a si and clini

values. Moreover, | demonstrate that the concepr of

overestimation of the true sensitivity and specific
discrepant analysis is profoundly flawed and unscientific. It violates a fundamental principle of diagnostic
resting—the principle thar the new test should not be used ro determine the true disease starus. Thus, the major
problem with discrepant analysis is not only that it is binsed but that it is unscientific. Therefore, disc

analysis should not be adopted for the evaluation of any d
1237, 1999, Published by Elsevier Science Inc.

agnostic of screening test. | CLIN FATEMICE

KEYWORDS, Discrepant analysis, sensitiviry, specificity, DNA-amplification vests, Chlamydia machomaris
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Lessons

 Early case-control studies are often used to promote and market tests

e But a large proportion of tests fail, once they are used in real world settings
(e.g. large number of failed commercial serological tests)

e Case-control studies exaggerate accuracy estimates, especially if the two-
gate approach is used

e Certain data analytic approaches can also inflate accuracy estimates

» Diagnostic studies can begin as case-control studies, but need to move
beyond that to prospective studies in clinically indicated populations

e Even accuracy data may be insufficient to decide on clinical impact

* Regulatory agencies should demand prospective data and not just rely on
case-control accuracy studies

Case study 3:

Where should TB tests be evaluated
and which populations are
appropriate!?

27/12/2010
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It is not uncommon to see TB test
evaluations where:

* Cases come from a high-incidence country and
controls from a low-incidence country

¢ Tests work well in a low-incidence country and fall
apart in a high-incidence country

¢ Tests that work well in immunocompetent persons fail
in populations with high HIV prevalence

Example: cases from Zambia and
controls from England

Table 1. Response rates in the ex-vivo enzyme-linked immunospot assay to ESAT-6- and CFP-10-derived peptides,
recombinant ESAT-6 antigen and purified protein derivative in Zambian pulmonary tuberculosis patients and healthy
Zambian and British adults, and tuberculin skin test results in healthy Zambian adults.

Tuberculosis patients Healthy Zambian adults Healthy
British
HIvV— HIvV+ HIV— HIV+ adults
n=11) (n=139) (n =54} n=21) (n=40)
Response rates (%)
ESAT-6 peptides 11.(100) 34 (87) 28 (52) 6(29) 010
CFP-10 peptides 8(73) 25% (66} 34(63) 7(33) 0 (D)
Combined ESAT-6/CFP-10 peptides 110100} 35(90) 37° (691" 9% 143)* 0
ESAT-6 antigen 9 (82) 18 (46) 23 (43) 4019 0(0)
PPD 110100} 281(72) 45 (83) 6(29) 33(83)
18T - - 28/35%* (80) 5/14%% (36) -
PPD, Purified protein derivative; TST, tuberculin skin test.
“n=38.
*Pvalue for difference 0.064.
== pyalue for difference 0.0057. Rapid detection of active and latent tuberculosis

infection in HIV-positive individuals by enumeration of
Mycobacterium tuberculosisspecific T cells

Amn LN, Chapnan’, Mwansa Munkal Katalin A. Wilkinson®,
Andar A, Pathar®, Katie Ewer®, Helen Ayles™, William H. Reece?,
Abwyn Mibnga®, Peber Godirey-Faussett™ and Ajit Labani*
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Lack of discrimination in TB endemic
settings: example

* *k
4 [YYPY
3 al Mycobacterium tuberculosis—specific
2 tida ESAT-6 and CFP-10 antibody
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1.0+ responses v
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Figure 3. Dot-plot showing the optical density (0D) values obtained
from 184 patients with active tuberculosis diseasa whe {innarthem T T T

Tanzania (TZ-TB) and 32 haalthy, bacille Calmette-Guérin—vaccinated, Dan-
ish resident voluntear donors with no known risk factors for tuberculosis é
|DK-BCG) The dotted line indicates the cutoft value, calculated as the

o f Q@
o épo &

mean 00 +3 505 for the 32 healthy Danish rasident volunteers,

Ethiopia

Hoff et al. Clinical Infectious Diseases 2007; 45:575-82

Variation in performance in high vs low endemic
countries: example

T-cell interferon-y release assays for the rapid immunodiagnosis
of tuberculosis: clinical utility in high-burden vs.

low-burden settings
Keertan Dheda™"¢, Richard van Zyl Smit®, Motasim Badri® and Madhukar Pai®

(b)

(e)
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Sensitivity
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02 04 05 0.8 1
Sensitivity

Sensitivity (95% CI)

Tsiouris ef al. 2008 065 (0.57-0.72) H H i 1
Tesyrieels, oo (e High incidence countries
Adetifa et al. 2007 0.64 (0.52-0.75)

Raby ef al. 2008 074 (0.65-0.82)

Pooled sensitivity = 0.69 (0.64-0.73)
Chi-square = 3.94; df = 3 (P = 0.2683)
Inconsistency (l-square ) =23.8%

Sensitivity (95% CI)

Dominguez etal 2003 079 (0.63-00) L. X
alazzo el al. 2008 082 (0.57-0.96)

e e Low incidence countries
Chee et a/. 2008 0.83 (0.78-0.87)

Bartu el af 2008 0.81 (0.68-0.91)

Harada ef ai. 2008 087 (0.70-0.93)

Ruhwald et al. 2008 081 (0.71-0.89)

Poaled sensitivity = 0.83 (0.80-0.86)
Chi-square = 4.37; df = 6 (P = 0.6270)
Inconsistency (l-square ) =0.0%
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HIV can prove to be the acid test for any test!
Example of MycoDot

@ AT R ARUAN, __=H%  MycoDot was hailed to
Mo Wl e et e Wit be a breakthrough

o because it was a simple
dipstick test

Commercialized and
marketed by Mossman
Associates (with support
of PATH)

Package insert: sensitivity of 70% and specificity of 95%

35
But when the test was evaluated in countries with high
HIV prevalence, the performance was disastrous
of the MycoDot™ test in patients with Evaluation of a ¢ cial i Jiagnostic kit
suspected tuberculosis in a field setting in Tanzania incorporating lipoarabi in the serodiagnosis of

pulmonary tuberculosis in Ghana

G.R.Somi® B L O'Brien” G. 5. Mfinanga* Y. A. ipsge’

et ittt bor Wedical Resaarch, Do £ Saawm, Tararia, 'WOKD Gisbil Tbeerdons Progeamems, Ganevs L, . H. Frimpang’ and E. Myarks
Vevrreriand ‘Hational Teberrubous and Lagrony Programmas. Der s Selasm. Tardaris e st b

AuMMARY i e Mol rm . U o S sl by L, s

Sens in HIV+ = 26% Sens in HIV+ = 25%

Despite these results, the test is still available on the market!

27/12/2010
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Lessons

e TB evaluation studies must be done in high TB incidence
countries, especially in high HIV prevalent settings

¢ Performance outcomes from low incidence countries may be
deceptive and not reflect the performance in high incidence
settings where the challenges include:

o HIV

> SevereTB

> High background prevalence of TB infection

> Widespread BCG vaccination

> Malnutrition

o Other diseases that can affect performance (e.g. worm infestations)

¢ If tests perform well in TB/HIV endemic countries, then they
are likely to hold up well!

Case study 4:

Who should conduct TB diagnostic
studies!?

27/12/2010

19



Industry involvement in drug trials and its
impact on study outcomes and conclusions

Scope and Impact of Financial Conflicts
of Interest in Biomedical Research
A Systematic Review

JAMA 2003

ion between indusery funding
ically significant pro-industry findings
in medical and surgical randomized rrials

bt Bharsdar, o W. Womse, arome Jachirski, Victor M. Shomiri, Holgee Schisemann,
bl Spmagr, Devrk Mears, el H. dshemmituch, iarme Heels-Amalell, 1. Deveresn

CMA] 2004

Pharmaceutical industry sponsorship and research

outeone and quality: systemiati

BM) 2003

Association between competing interests and authors’
conclusions: epidemiological study of randomised clinical
trials published in the BMYf

Line L Kjserganl Bl Al sy

BM] 2002

Industry involvement in diagnostic

studies?

PN &) ACCELS Fraaly wvailabhe aniins

* PLoS one Table 2. Characteristics of the studies included (N=590).

Quality and Reporting of Diagnostic Accuracy Studies in

o Characteristic Frequency (%)

TB, HIV and Malaria: Evaluation Using QUADAS and e -
STARD Standards r— Py
Patricia Scolari Fortela', Nitika Pant Pai’, lan Schiller’, Nandini Dendukuri’, Andrew Ramsay”, Mualaria 18 (200

v 27 (3

Studies’ arigin®

Atrica 16

hsia 29

Anntralis and Coearia n

Eurge b

Morth America n

South America [

Mumber of patients per study

Mhedian [raerquanile range) 209 (110-555)

Number of studies with industey invalvement 39 (43

Number of studies with conflict of interest 38 (471

“Year of publication

004 4204

2003 2

006 27 am

Number of journals where induded studies were 48

pulsished

About 40% of TB, HIV, Malaria diagnostic studies had industry involvement or

known conflict of interest

Fontela P et al. PLoS One 2009
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Industry involvement in TB diagnostic
studies: example from IGRA literature

Annals of Internal Medicine | REVIEW

Systematic Review: T-Cell-hased Assays for the Diagnosis of Latent
Tuberculosis Infection: An Update

Maghukar Pal, MD, PRD; Alice Zwerling, MSc: and Dick Menzies, MD, MSC

Of the 38 studies in the meta-analysis, 21 (55%) had some sort of
industry involvement or support, such as sponsorship, donation of test
kits, participation in advisory boards, involvement of test developers, or
ownership of patents.

Industry involvement in TB, HIV, Malaria
studies and likely impact: McGill-TDR/WHO
study

Table 10  Multivariate logistic regression results using authors’ conclusion (dependent
variable) and industry involvement, disease of interest and quality assessment variables
(independent variables)

[n=153]

Variable OR 95% CI
Industry involvement
e+ No 10 Reference group
* Yes 4.28 1.83-10.02
+ NR 5.11 1.77-14.74

Pai, Fontela, Dendukuri, Ramsay, et al.
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Industry involvement in TB studies and likely
impact: commercial IGRAs

* We searched for cost-effectiveness studies on commercial IFN-gamma

release assays

* We found a total of 10 studies

e Of these 6 studies had industry involvement of some sort

> 2 of 6 had CEO of a test making company as author!

e Of the 6 studies with industry involvement: ALL concluded in favor of
the commercial test and claimed superior cost-effectiveness

e Of the 4 independent studies, two were in favor of the test, and two
were cautious and recommended a more selective use of the test

Industry involvement in TB studies and likely

impact: commercial IGRAs

Studies with industry involvement

Direct costs of three models for the
screening of latent tuberculosis infection

P. Wrighton-Smith* and J-P. Zolwager ™

Cost-optimisation of screening for latent
tuberculosis in close contacts

A Dinl*, A. Misnhaus”, C. Langs” and 7. Schaberg
Cost-effectiveness of interferon-y release
assay testing for the treatment of latent
tuberculosis

L Diei®, P. Wrighton-Saith” and 9. Zellweger’

Caost-effectiveness of Interferon-+ Release
Assay Screening for Latent Tuberculosis
Infection Treatment in Germany™*

s, ML ATV anef

PUF, Alleet Nca
. DL FECT
Enhanced cost-benefit analysis of strategies for LTBI
screening and INH chemoprevention in Germany

R. Diel =*, T. Schaberg ", R. Loddenkemper ©, T. Weite*, A, Mienhaus *

Targeted screening and treatment for latent tuberculosis
infi using Qi ERON®-TB Gold is cost-effecti
in Mexico

AL urgen.® L6 Kaha! 5. A Suathades.” A Vabenis Mandars* §. Baiis Aredonde !
B, Laniao-fatamrin,) B, Cattafmda } . s, . 5. Guartuin®

Independent studies

Interferon-gamma release assays and TB screening in
high-income countries: a cost-effectiveness analysis

. Oalade, K. Schwartzman, D, Mengies

Respiastary - Mantresd, Cansds

Cost-elfectiveness of Interferon Gamma
Release Assays vs Tuberculin Skin Tests
in Health Care Workers

Marie A, de Perio, MDY Joel Tuevat, MDD, MPH; Gary A, Reselle, MDD,
0. Kralvic, MDD, MPH; Mark M. Eclman, MDD, M5

Cost-effectiveness of a new interferon-based blood assay,
QuantiFERON®-TB Gold, in screening tuberculosis contacts

F Marra,"" €. A Marra,*! M. Sadatsafavi,” 0. Mosan-Mendaza % V. Cook,* B, K. Elwood,""
M. Morshed,”" R C Brunham, " . M. FitzGerald™

Cost Effectiveness of Interferon-y Release Assay
for Tuberculosis Contact Screening in Japan

kil Kooda,! sy Tiakahashi { Talwre Shinsh,! Sackibs Ohdke Y
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FASTPlaque tests for drug-resistant TB

Sensitivity (35% €I}

W Albert (2001) 100 (0.85-1.00)
W Albert (2002) 100 (082 1.00)
0 Albert (2004) 1,00 (068 - 1.00)
ety M| Alber (2007a)" 094 (D85 -0.58)
e B | Albert (2007a) 084 (D.B7-0.88)
0] Albert (2007b) 095 (0.89 - 0.99)
] Male (2008)* 098 (080 - 100)
0| Mol [2008) 093 (D81 -099)
W Aktepe (2001) 1.00 (066 -1.00)
—8  HKrshnamurthy (2002) 096 (085-099)
Mo dedeyy = Oguz (2002) 081 (D58-085)
W Kisa (2003) 100 (084100}
O Bust (2004} 086 (067 -0.85)
= 2102, df = 12 (P = 0.0077)
] 0z 04 06 (X} 1 Inconsistency (%) = 55.6%
Sensitivity
Specificity (35% CI)
ll Albent (2001) 088 (093 -1.00)
Wl Albert (2002) 088 (0.82-1.00)
O Albart (2004) 099 (0.96-1.00)
ear B | Albert (2007a) 085 (0.89-038)
e B | Albert (2007a) 084 (0.83-0.98)
IS Albart (20075} 087 (0.93-099)
Mode (2008)° 086 (093-098)
| 0| Mote (2008) 096 (0.93-098)
f ] Aktape (2001) 074 (0.55-0.88)
[l HKrishnamurthy (2002} 100 (0.74-1.00)
T - Oguz (2002) 082 (048-028)
—- | Kma (2003) 083 (0.83-0.98)
) Butt (2004) 073 (0.39-084)
! ] ! 3 = 39,68, df = 12 (P = 0.0001)
o o0z 04 [T oa Inconsisiency () = 69.8%
Specificity

Minion J et al. ITJLD 2010

Lessons

*  When test developers do the studies, test performance is always good;
performance is less optimal when others try to replicate the results
° may be suppression of unfavourable data

° may just be a learning curve issue (test developers, by definition, understand the
test better and know how to make it work!)

*  While industry is critical for test development and commerecialization, test
evaluations should, ideally, be done independent of industry support

e At the very least, industry involvement should be clearly disclosed in all
publications and presentations

¢ Industry and test developers should definitely not be involved in guideline
and policy development
> At least |7 countries have guidelines and statements on IGRAs

> Vast majority of these guidelines had no disclosures on conflicts of interest

27/12/2010
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Case study 5:

Can we trust the package insert!?

Commercial package inserts always provide
data on test accuracy: can we trust them?

TABLE 8 QuantiFERON®-TB Gold I'T: Summary of results from clinical studies of
subjects with culture-confirmed M. inberculosis infection,

JuantiFERON'-TE

T (il ERON® T Gld

PACKAGE

INSERT
-
ceﬂest{s/

According to the company, this test has 89%

2009 package insert sensitivity in active TB

27/12/2010
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Updated meta-analyses on sensitivity of
QuantiFERON-TB Gold In Tube

0.2 0.4 0.6 0.8
Sensitivity

Sensitivity (25% CI)

Tsiouris et al. 2006 065 (057
Pai et al. 2007 073 (060
Adetifa et al. 2007 0.64 (0.52
Dominguez et al. 2008 0.79 (063
Palazzo et al. 2008 082 (047
Detjen et al. 2007 0.93 (0.76
Chee et al. 2008 0.83 (0.78
Bartu et al_ 2008 0.81 (068
Harada et al. 2008 087 (079
Ruhwald et al. 2008 0.81 (0.7
Raby et al. 2008 074 (065
Goletti et al. 2008 082 (074
Leung et al. 2009 0.88 (0.64
Park et al. 2009 0.84 (079
Chen et al. 2009 0.81 (0.67
Latorre et al. 2009 0.85 (0.70
Kampmann et al. 2009 0.80 (0.59
Bamford et al. 2009 078 (064
Haustein et al. 2009 0.75 (048
Latarre et al. 2009 075 (043
Bianchi et al. 2009 0.94 (070
Connell et al. 2008 083 (052

Pooled Sensitivity = 0.79 (0.77 to 0.81)
Chi-square = 49.11: df = 21 (p = 0.0005)
Inconsistency (l-square) = 57.2 %

Pooled estimate was about 79%

-072
-0.84
-0.75
-0.90
-0.96
-0.99
-0.87
-091
-093
-0.89
-0.82
-0.88
-0.99
-0.88
-091
-0.94
-0.93
-0.89
-0.93
-095
-1.00
-1.00

More examples...

Test

FASTPlaque-
Response

Anda-TB IgG
MycoDot

Clearview TB
ELISA

GenoType
MDTBDrplus

Gen-Probe
MTD

Package Package Meta-

insert sens insert spec analysis sens
96 — 100% 99 — 100% 95%

85 - 90% 85- 100 % 60 - 75%

70% 95% 26% - 76%
81% (HIV+) 93 -98% 56% (HIV+)
99% 99% 98%

97% (S+) 100% (S+) 97% (S+)

72 (S-) 99% (S-) 76% (S-)

Meta-
analysis spec

95%

~90%
84% - 97%
95%

99%

96% (S+)
95% (S-)
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Lessons

e Company package inserts often present optimistic estimates based on
small in-house evaluations that are usually sponsored by the companies

* Lab professionals and clinicians must be critical of advertised estimates
of accuracy and performance

e Even when contradictory data are published, companies may not revise
their package inserts or advertisements

e There is very little post-marketing surveillance of diagnostics and
devices

¢ Regulatory agencies may not require companies to revise their package
inserts

e Poorly performing tests may, in fact, never get pulled off the market

Case study 6:

Should we expect tests to be
transferable and replicable!?

Transferability: technologies that work well in the
hands of developers will not necessarily work well
everywhere

Eg. MODS, phage assays

27/12/2010
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S — MODS: developed in
| Peru — performs

Microscopic-Observation Drug-Susceptibility exce"ent
Assay for the Diagnosis of TB

Sensitivity better than LJ
(98 vs.84%)

Fast turnaround time
(I week vs. 6 weeks+)

Implemented in India
— performs poorly

INT J TUBERC LUNG DIS 1444):451-408

Sensitivity 80%
. o Diagnostic accuracy of the microscopic observation drug
Issues with contamination susceptibility assay: a pilot study from India

L 5. Michaol,* P. Daley,' 5. Kal, * A Latha! ), ' D, Mathai,' K. R. John,' M. Pait

Issues with reliability

Simple, phage-based (FASTPlague) technology to determine

;iif;T;;(;lrr:s:;ﬁ:l:;uf Mycobacterium tuberculosis FASTPIaq u e Phage
SIS assay — performed well

SUMMARY

when done by industry

100% sens
100% spec

Evaluation of FASTPlaqueTB™ to diagnose smear-negative
tuberculosis in a peripheral clinic in Kenya

Implemented in Kenya —
performs poorly Smo

"
Simmial Frong aviars S Rasesrih arel Toaimioeg ot Tropmia Dt [TDRL Goereus, Smitisiane. ACanire for Resgaretory
Oieares Revarch, Kerrya Mol Rrssarch imyissts, Rasrobs, S

* A Ramaay. ' W, Githui B L Guerin®

, Parin, Frise: Livsraietl Bilwisal of Tropiisl M, Livarptd, UK

uMBARY

Despite upgrading the lab:

Low accuracy (31% sens; 95%
spec)

Issues with contamination (nearly
have were not interpretable)

27/12/2010
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Replication

e There are many examples of novel tests for TB that
show great promise, but do not get replicated

* Or subsequent results are disappointing and
commercialization is abandoned

* Or test may be quite good, but impossible to develop
and manufacture in a cost-effective way

* Results in a graveyard of inexplicably abandoned
diagnostics

Example: MPB64 skin patch test (Sequella Inc.)

INT § FUBERC LUMG DIS 371541045
& e mane

MPB64 mycobacterial antigen: a new skin-test reagent through
patch method for rapid diagnosis of active tuberculosis

R M. Nakamura,* M. A&, Velmonte,! K. Kavajiri,* €. F Ang." . & Frias," M. T. Mendoza," 1. €. Montaya,'
L Handa,* 5. Haga L Toida®

*Lapan BC Luboratary, Kiyoas-shi, Tokys, lapan, Tinections Dissns Secton, Pilippins el Hospal, Masila,
Phalippires. *hational ngtitute of infecieus Deaases, Toyama, Shnfu-u, Tekye, lapan

SUMMARY

Early data in 1998:

Sensitivity: 98%
Specificity: 100%

In 2010, still not commercially available — plans have been abandoned

Pai M et al. Exp Rev Mol Diagn 2006:6(3):423-432; Image courtesy Sequella Inc.

28



Lessons

¢ Many novel tests and tools are bound to fail
*  We need to appreciate the “failure rate” of new tests and interventions

¢ Replication, in diverse settings, is required, before proceeding with
commercialization and clinical use

¢ Transferability of technologies must receive attention; tests need to be
robust if they have to work well in all settings

¢ Tests that work well in the hands of developers may not work well in field
settings, especially in resource-limited countries

¢ Single studies are never sufficient for policy and guideline development; we
need more extensive evidence

e Even accuracy data are not sufficient for evidence-based policies

Roadmap for rolling out Xpert MTB/RIF
for rapid diagnosis of TB and MDR-TB

6 December 2010

@& Fop 18

WHO PART

725 World Health
&% organization

-
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Will Xpert MTB/RIF survive “optimism
bias™?

* Validation data and early demonstration data look
very good

* Not much “real world” experience in resource-
limited and routine programmatic settings

* Impact of “point-of-treatment” use is not
demonstrated

The NEW ENGLAND
JOURNAL o MEDICINE

SEPTEMBER 9, 2010

Rapid Molecular Detection of Tuberculosis
and Rifampin Resistance
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