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Promise versus Reality: Optimism Bias in Package Inserts for
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Laboratorians and clinicians often rely on package inserts of diagnostic tests to assess their accuracy. We compared test accuracy
for tuberculosis diagnostics reported in 19 package inserts against estimates in published meta-analyses and found that package
inserts generally report overoptimistic accuracy estimates. However, package inserts of most tests approved by the U.S. Food and
Drug Administration (FDA) or endorsed by the World Health Organization provide more realistic estimates that agree with
meta-analyses.
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Rose-colored Glasses

« Optimism bias is the unwarranted belief in the efficacy of
new tools or interventions

* Optimism bias is everywhere in medicine

JAMA, 2005 Jul 13,284(2):218-28.

Contradicted and initially stronger effects in highly cited clinical research.

loannidis JP.
; Epidemiclogy. - 1640-8.
Department of Hygiene and Epidemio 2008 Sep;19(5):840-8

Why most discovered true associations are inflated.
loannidis JP.
M Engl.J Med. 2008 Jan 17;358(3):252-60.

Selective publication of antidepressant trials and its influence on apparent efficacy.

Turner EH. Matthews AM. Linardatos E. Tell RA. Rosenthal R.
JAMA, 2011 Jun 1;305(21):2200-10.

Comparison of effect sizes associated with biomarkers reported in highly cited individual articles
and in subsequent meta-analyses.

loannidis JP, Panagiotou OA.

Prevention Research Center, Department of Medicine, Stanford University School of Medicine, Stanford, California 84305, USA, jicannidi@stanford.edu
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Whiting Ann Int Med 2004

What about
bias in
diagnhostics
research?

Table 1. Description of Sources of Bias and Variation

Beth Israel Deacor
_ Medical Center

Sournce

Populaticn

Demographic Variation Tests may perf .

Disease severity

Bias or Variation  Description HIV +, children }

=1

Disease prevalence

Variation

perfarmance)

If interpretation necessary, high

Distorted selection M Choosing healthy controls rather

Test protocol: materials and

=1 than patients suspected of having
TB is likely to overestimate

me‘thnds_
Test exeaution e ACCUTACY
Test technology Variation Ve e ol €XpeETTISE and SKill as test
Tretment prsdox and deesse i veee el developers which may result in
e e\ lower accuracy
knowledge of the results of the index test, and the reference standard i applied after treatment
has started.
Refemzdst.mda:d and verification
Ir\ap;:tmp::e reference standard Bias ImperfeCt gOId Standard (IOW
Differensial vesifcation bias Bies miormend  SENSItivity and/or specificity) will
Portialvericaton bes - e affect the results of the new test
Interpretation (reading process)
Review bias Interpretation o
the other test
e ] - Interpretation of the reference
I ) _ terpretaid standard needs to occur without
RO ias ias e result of i .
Observer variabilty Variation e esoduct - KNOWIedge of the index test or the
the same res inical histarv of the natien
intraobserver . .
Analysis vitityed  Excluding indeterminate results may
Handling of indeterminate results  Bias a==—""lead to inflation of test accuracy
aresim|:||'__.lgﬁrsj ——————
Arbitrary choice of threshold value Variation The selection nf.the threshold value for the index test that masimizes the sensitivity and specificity

of the test may lead to overoptimistic measures of test performance. The performance of this
cutoff in an independent set of patients may not be the same as in the original study.




What about bias in
diagnostics research?

e Spectrum bias appears
to be the most important
bias

* Quality assessment
tools for diagnostic
accuracy studies have
been developed -
QUADAS

Rutjes CMAJ 2006

Bossuyt JAMA 1999

Fontela PLOSone 2009

Whiting BMC Med Res Meth 2003

Lower estimate | Higher estimate
of diagnostic accuracy | of diagnostic accuracy

Study characteristics* '

RDOR (95% Cl)

Severe cases and healthy controls

a H
:
Selection: referral for index test j—I—{i
Selection: other test results oy
i
Limited challenge |—.-i—|
Increased challenge |—:.—|

Monconsecutive sample

random sample I

Sampling not reported
i
Differential verification LI
Partial verification ——d
i
Composite reference standard ———]
i
Incorporation ——0 i
!
Time interval inadequate I—"-—gl
Time interval not reported |-§-I—|
Treatment given |—l'—|
Treatment not reported ——
Single- or nonblinded reading |—‘E-.—|'
Blinding procedure not reported I—Ii—{

Retrospective data collection

(s
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Medical Center ¢ .

1.5 (1.0-2.1)
=

4.9 (0.6-37.3)

0.5 (0.3-0.9)
0.9 (0.6-1.3)

0.9 (0.6-1.3)
1.0 (0.6-1.7)

0:9 [[ll:ﬁ-1:3}
1.6 (0.9-2.9)
1.1 (0.7-1.7)
0.9 (0.5-1.8)
1.4 (0.7-2.8)

1.1 (0.7-1.6)
1.2 (0.9-1.6)

0.9 (0.6-1.4)
1.0 (0.7-1.4)

1.1 (0.8-1.6)
0.9 (0.6-1.3)

1.6 (1.1-2.2)

1.3 (0.5-1.9)
0.9 (0.7-1.3)



Industry Involvement — a problem?

* Well documented in drug trials

» Conclusions of studies favor industry
JAMA, 2003 Jan 22-29,289(4):454-85.

Scope and impact of financial conflicts of interest in biomedical research: a systematic review.
Bekelman JE, Li Y, Gross CP.
Department of Medicine, Yale University School of Medicine, New Haven, Conn 06520, USA.

BMJ. 2002 Aug 3;325(7358):249.

Association between competing interests and authors' conclusions: epidemiological study of
randomised clinical trials published in the BMJ.

Kiaergard LL, Als-Mielsen B.

Cochrane Hepatobiliary Group, Copenhagen Trial Unit, Centre for Clinical Intervention Research, Coperhagen University Hospital, Department 7102, H.S Rigshospitalet,
DkK-2100 Copenhagen, Denmark. Kjaergard{@ctu.rh.dk

e Likely a problem in diagnostic research as well

« Publication bias and issues with analysis of data (e.g. discrepant
analysis) are also an issue

~ EETS A teaching hospital of
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Many of these biases, variations, interests may
contribute to an over optimistic assessment of a
novel test
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Approval of Diagnostics

* In the USA, diagnostic companies seek approval from the Food and
Drug Administration (FDA)

* |In Europe, diagnostics need to obtain CE marking
e On a global level, the World Health Organization (WHO)

* Aims to assure quality for diagnostics in resource limited
settings through the pre-qualifications program for HIV,
malaria, HBV, HCV

« Can endorse diagnostic tests in TB (e.g. Xpert MTB/RIF)

 However, aside from these regulatory bodies, the market regulation
for diagnostic devices is limited and many diagnostic products are
brought to the market without undergoing any independent
evaluation

) 2 T8 ~C . Q EETS A teaching hospital of
l\ ‘ E/izégilczrlqglegtiiLOHESS Harvard Medical School
®



Is there bias in TB diagnostics?

* Many new diagnostics for TB have been put on the market =

« Laboratory professionals and clinicians often rely on package inserts of =
diagnostic tests to assess their accuracy %’

|t is often anticipated that test performance when applied to patient care
may be less impressive than what is reported in package inserts,
however this has not been examined in a systematic way
 How biased are package inserts in TB diagnostics?
* Investigated by comparing package insert performance data with
data reported in meta-analyses
* What are the sources of bias in the package insert performance
data?

IS
3 .L‘.

b

- e - EETS A teaching hospital of
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Methods

» Systematic search for systematic reviews on the accuracy of
diagnostics for TB published through March 2012 in

 Pubmed
« Cochrane Library
* Evidence-based TB Diagnosis website (www.tbevidence.org)

* Excluded meta-analyses that reported performance characteristics
other than sensitivity and specificity (e.g. LR), > not comparable to
information provided in package inserts

» Searched company websites and contacted test manufacturers for
package inserts

» Assessed only commercially available diagnostics tests

» Diagnostic tests for LTBI were not considered because no good
reference-standard is available to determine accuracy

Beth Israel Deaconess g A caching hospital of
\/[edjcal Center 3)) Harvard Medical School
A



Diagnostics assessed

Not FDA/WHO approved == T
Interferon-gamma release assays (IGRAs) for active TB E ;

.-
-
-
-I-*

FDA approved

WHO endorsed

Lipoarabinomannan urine antigen test
Serological antibody-detection assays
Bacteriophage-based tests

Amplified MTD Gen-Probe assay
BD Probe Tec ET

Xpert MTB/RIF
GenoType MTBDRplus
Inno LIPA RIF/TB
MODS

Beth Israel Deaconess
Medical Center

T A teaching hospital of
¥ Harvard Medical School




IGRAS In active TB

* Not an FDA-approved indication

 Number of samples used to derive Pl estimates for active TB:
» [For TB-Spot: 189 for sensitivity, 311 for specificity
 For QFT: 54 for sensitivity, 581 for specificity

* Type of analysis: case-control, controls were healthy subjects

e Unpublished

» Not stratified by clinically relevant subgroups for active TB (i.e.
HIVpositive) or by TB prevalence

~ EETS A teaching hospital of
Ef?;g . I Sarlaéle];])teear(- oness Harvard Medical School
1C



Comparison Pl vs MA

- | sensitivity | Specificity |
vantiFERON - Y £ !

Pl 89 99
MA 69-81 52-99

| sensitivity | Specificity

. PI 96 il

MA 83-92 59-88

* Discrepancy
 In specificity: due to population used: Patients suspected of
having TB vs healthy controls > spectrum bias
* In sensitivity:
» Due to study set-up: case-control
» Lack of inclusion of clinically relevant groups (i.e. HIV+)
» Better performance in skilled hands

Sester ERJ 2011

Beth Israel Deaconess g 4 coching hospitalof Metcalfe JID 2011
M d- l Center \* arvard Medical >choo
edica Chang Thorax 2010

Diel Chest 2010



Serological tests

* Many tests, evaluated in the published studies, are no longer on the
market

* Most Pls only state numbers for sensitivity or specificity but do not
provide data on how these numbers were obtained

o |f further details are provided, Pls almost always report a retro-
spective evaluation on in-house samples with healthy controls

e Sample sizes often do not exceed 100 patients and the reference
standard is rarely mentioned

ﬁBL Instructions for Use
Mycobact(?rlum Clinical Specificity — 99 % ] 99 % 100 %
tuberculosis IgG | Ciinical Sensitivity 100 % 100 % 100 %
ELISA

PERFORMANCE CHARACTERISTICS
In an in-house evaluation, thirty known positive and one hundred and ten known negative specimens were

Le;tggg:TgssRDCHECK-MTB and compared with alicensed commercially available test. The results obtained S E RO C H E C K_ M TB

Specimen Data Number Licensed Test SEROCHECK-MTB Rapid test for detection of antibodies to Mycobacterium tuberculosis
Negative forAb. to M. tuberculosis 110 110 110
Positive forAb. to M. tuberculosis 30 30 30

Based onthe above study, the specificity and sensitivity of SEROCHECK-MTE is 100%.



 Attractive option for a point of care test

Serological Testing

Grenier ERJ 2011

A= B B Data from 22 high-tuberculosis (TE) burden countries on use of serological tests for the diagnosis of TB
Coountry Availability Local policy Use in Use in  Use in the Local, Types Use of Rating of Do regulaticns Do serological Crude astimate of
and use of advising use HNTP the public private irripart ed of tests serological regulatory permit import tests ecead sarological test
sarological of serclogical sactor® Sector tasts or (T2, o tests to initiate agency by or use of microbiological ol Lirre
tests tests both™ active TB respondent inaccurate methods on per year
therapy diagnostics? the market?
Atghanistan Yas Mo Mo Mo Yas Imponad Raapid Somatimeas Wiaak Yas Yeasg, in tha privata =< 1000
sacior
Bangladesh Yas MNo MNo MNo Yas Impontad Rapid Bomatimeas Waak Unsuna Mo 100010000
Brazil Yas MNo MNo MNo Yas Both Both Unsura Strong Yas Mo 100010000
Cambodia Yas MNo MNo MNo Yas Importad Both Raraby Wiz ak Yas Mo = 1000
China Yas Mo Mo Yeas Mo Both Bath Somatimeas Strong Mo Mo = 10000-50000
DRC Mo
ia MNo
India Yas Mo Mo Yas Yas Both Both Oftan (in ha Wiaak Yas Yeas, in tha privata
T SaCA SECIOT
Indo nesia Yas Mo Mo Yeas Yas Imponad Bath Oftan (in tha Wiaak Yas Yeasg, in tha privata
private sactor) Sackor
Kenya Yas Mo Mo Yeas Yas Imponad Bath Raraly Wiaak Yas Mo 1000—10000
Mozambique MNo
My anmar Yas MNo MNo MNo Yas Both Both Rarahy Wiz ak Yas My 1000—10000
Migeria Yas Mo Mo Mo Yas Imponad Bath Somatimeas Wiaak Yas Mo 1000—10000
Pakistan Yas MNo MNo Yas Yas Impontad Both Bomatimeas Waak Yas Mo = 1000050000
Philippines Yas MNo MNo MNo Yas Impontad Both Bomatimeas Strong Unsuna Mo <1000
Russia Yas MNo MNo Yeas My Both Both Somatimas Strong MNo My 1000—10000
South Africa Yas Mo Mo Mo Yas Imponad Bath Oftan (in tha Wiaak Yas Mo 1000—10000
privala sactor)
Tanzania Mo
Thailand Yas MNo MNo Yas Yas Both Rapid Unsura Strong Yas Unsurna = 10000-50000
Uganda as Mo Mo Mo Yas Imnipoatad Raapicd Raraby Wiaak Yas Mo = 10000-50000
WVietnam as Mo Mo s Yas Imnipoatad Baoth Sormalimas Wiaak Yas Mo = 50000100000
Zimbabwe Mo

NTP: National Tubarculosis Control Program; DRC: Damaocratic Republic of Congo. *: includas public sacior establishmants (e.g. public or govammeant hospitals) othar than tha NTP. 7: “local' implias tasts that have baan

e e e b e Gen Bt e e s i e ey prerrt el b o pamam ol Fomy ol by e A Fasadae Hen b B s s Bramss g rwrnes 0o 1o B i me el o sl ol B serna el as 0 B S A ekl et Lt o Bty



Serological Testing —a Useless Tool

OPEN @ ACCESS Freely available online PLOS mepicine
Commercial Serological Antibody Detection

Tests for the Diagnosis of Pulmonary
Tuberculosis: A Systematic Review

Karen R. Steingart1'2. Megan Herlrya. Suman Laal®>5, Philip C. Hopewell1’2. Andrew Ramsay_'r, Dick Menzies®®,
Jane Cunningham7, Karin Well:lingh1°. Madhukar Pai®®"

 For all tests, sensitivity was estimated at 0% to 100%,
specificity at 59% to 100% o -
» Considering added value of serology to smear
* Additional 57% of the smear-negative cases detected i
with serology /-
« However specificity decreased to 58% S

PLOS Medicine
2007 and 2011

2 ~ o Q EETS A teaching hospital of
E/?:‘,gilcbarlage][:‘])t%arc(_)HESS Harvard Medical School TDR 2008



(&) word vy TUBERCULOSIS

V - -
/¢ Organization

_ Serodiagnostic Tests
www.who.inltb | pgljcy Statement 2011

COMMERCIAL -
SERODIAGNOSTIC TESTS b
FOR DIAGNOSIS OF
ACTIVE TUBERCULOSIS

is strongly recommended that these commercial tests not be u
e diagnosis of pulmonary and extra-pulmonary TB.

serological tests) provide inconsistent and imprecise findings.
= There is no evidence that existing commercial serological assays improve
patient outcomes, and high proportions of false-positive and false-negative
results mav have an adverse impact on the health of patients.

Steingart PLOS one 2011

Beth Israel Deaconess A teaching hospital of
Medical Center 3&3 Harvard Medical School WHO Statement 2011
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Antigen-based tests Clearview T8 eusa

» Lipoarabinomannan is a cell wall lipopolysaccharide antigen of MTB
that can be detected in urine

» Early evaluation suggested 93% sensitivity and 95% specificity for
diagnosis of TB in HIV+

* Pl (469 samples in total)
o 73-81% sensitivity for HIV+ only
* 93-98% specificity in healthy controls (70-88% in TB suspects)

* Two meta-analyses with data from > 3,000 patients subsequently
estimated a sensitivity of about 47-51% in HIV+ and a specificity of
94-96% in healthy controls

* Only in patients with very advanced HIV do sensitivity estimates in
meta-analyses approach those of Pl > disease severity bias

Beth Israel Deaconess 5 A rcqchilns, 1:;;?1-{-.:;1_1]; | quasur J Micro Meth 2001
Medical Center 3}) Harvard Medical Schoo M|n|0n ERJ 2011

Flores Clin Vacc Immu 2011



Phage-based assays

» Bacteriophage-based assays were also initially hailed for their high
performance

* Pls report sensitivity of 73-82% (S- 49-67, S+ 87) and specificity of
99% based on prospective data from over 2000 patients

* Subsequent meta-analysis based on almost 6000 patients suggested
sensitivity of 21-94% (S-13-78, S+ 75-87) and specificity of 83-100%
« Data in meta-analysis was not pooled due to heterogeneity

* Up to about 20% of results were uninterpretable > exclusion results in
an inflation of test result

>> For both bacteriophage-based assays and LAM, a strong bias due to
industry sponsorship for early studies was invoked

Beth Israel Deaconess man ;:tc;!.;11ilns1]:3::‘pi]n;]I:l]f | Kalantrl BMC Infect Dis 2005
Medical Center gy Harvard Medical Schoo Minion Int J Tuberc Lung Dis 2010
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Sensitivity (95% CI)

l Albert (2001) 1.00

B Albert (2002) 1.00

0O Albaert (2004) 1.00

B Albert (2007a)" 0.94
- Albert (2007a) 0.94
0 Albert (2007h) 0.95
—O Mole (2008)* 0.98
Maole (2008) 0.93

) Aktepe (2001) 1.00
Krishnamurthy (2002} 0,96

Oguz (2002) 0.81

Kisa (2003) 1.00

| JButt (2004) 0.86

¥ = 27.02; df = 12 (P = 0.0077)

0.2

04 0.6

Sensitivity

0.8

1 Inconsistency (%) = 55.6%

(0.95 - 1.00)
(0.92 - 1.00)
(0.69 - 1.00)
(0.88 - 0.98)
(0.87 - 0.98)
{0.89 - 0.99)
(0.90 - 1.00)
(0.81 - 0.99)
(0.66 - 1.00)
(0.88 - 0.99)
(0.58 - 0.95)
(0.84 - 1.00)
(0.67 - 0.96)

Specificity (95% CI)

0.88
0.98
0.99
0.95
0.94
0.97
0.96
0.96
0.74
1.00

Albert (2007a)"
Albert (2007a)

Albert (2001)
Albert (2002)
Albert (2004)
[ |
—
L Albert (2007b)
Cl
[ |

0.82
0.93

0.73

x* = 3968, df= 12 (P=10.0001)

Medical Cei?

0.2

0.4 086
Specificity

0.8

1 Inconsistency (/%) = 69.8%

{0.93 - 1.00)
(0,92 - 1.00)
{0.96 - 1.00)
{0.89 - 0.98)
{0.88 - 0.98)
{0.93 - 0.99)
{0.93 - 0.98)
(0.93 - 0.98)
{0.55 - 0.88)
{0.74 - 1.00)
{0.48 - 0.98)
{0.83 - 0.98)
{0.20 - 0.94)




Nucleic-acid based tests

World Health Organization

* For Gen-Probe amplified MTD, BD ProbeTec ET MTB and Xpert
MTB/RIF the discrepancy between the Pl-reported data and the
estimates in the meta-analysis is small (<5%)

* These tests are either FDA-approved or WHO-endorsed

* For Line-Probe-Assays, a comparison of Pl and meta-analysis data
IS not possible because

* No information on performance characteristics is reported in Pl
of GenoType MTBDRplus

 The data in PI for InnoLIPA reports only indirect testing while
the meta-analysis includes studies that tested directly on
sputum

« Discrepant analysis is used in some of the analyses for NAAT which
might contribute to an overestimate of accuracy

Chang J Infect 2012

Beth Israel Deaconess A teaching hospital of Dinnes Health Technol Assess 2007
Medical Center S Greco Thorax 2006

Ling PLoS One 2008



Culture-based tests 1.

* For the WHO-endorsed MODS (Microscopic-observation drug \l“‘J 4,}‘/’
susceptibility) the Pls claims a sensitivity of 98% and specificity Of e e organization
100% but only refers to one major published study without further

elaborating on the results

* The meta-analysis on over 10,000 patients concludes with a
sensitivity of 92% and a specificity of 96%

* Unable to assess liquid culture as Pls do not report sensitivity or
specificity but relative false negative rates and contamination rates

Bwanga BMC Infect Dis 2009

Beth Israel Deaconess A seaching hospital of Minion Lancet Infect Dis 2010
Medical Center Q) Horvard Medial Leung Int J Tuberc Lung Dis 2011



Limitations of Study

« Unable to compute numeric differences in the estimates of meta-
analyses versus Pls because

* pooling of data were often not possible due to heterogeneity
between studies

* presence of several overlapping meta-analyses
* The performance gap might be even wider, because:

» A proportion of studies included in the meta-analyses also is
industry-supported and might be biased

* There might be publication bias for studies included in meta-
analyses

* Real-world performance of tests, especially when tests are scaled-
up in public health programs, may be worse than those reported in
research studies including meta-analyses

Beth Israel Deaconess g A caching hospital of
\/[edjcal Center 3)) Harvard Medical School
A



Industry evaluations
(package insert)

Independent studies:
case-control

Attrition in
Independent studies: tes:c
cross-sectional perrormance

Clinical impact
studies

Performance in
routine public
health
programs in
resource-limited
countries

CETS A teaching hospital of

Beth Israel Deaconess :‘f,ﬂ;\‘_ Harvard Medical School

Medical Center




Conclusion

* Pls often present biased data and conclude with over-optimistic estimates of
test accuracy

« Particularly pronounced in tests that are not FDA- or WHO-endorsed
 What could be done?
» Creation of in-country validation of all TB tests, guided by their NTPs

« Expansion of the WHO prequalification program to TB diagnostics
could be considered

» Crucial aspects for evaluation of diagnostics:
« Evaluation of new tests under clinical and programmatic conditions
* Independent of industry sponsorship or test developers

» Post-marketing surveillance should be done

« Companies should consider revising the package insert data based on post-
marketing data and independent studies

Beth Israel Deaconess g A caching hospital of Cobelens JID 2012
Medjcal Center 3)) Harvard Medical School



Thank you
Merci

Danke!
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