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Land acknowledgement

The Knowledge Translation Program is located on land now known as Tkaronto (Toronto). Tkaronto is the traditional territory
of many groups, including the Mississaugas of the Credit and the Chippewa/ Ojibwe of the Anishnaabe Nations; the
Haudenosaunee, and the Wendat. It is now home to many diverse First Nations, Inuit and Métis peoples. We also acknowledge
that Tkaronto is covered by Treaty 13 with the Mississaugas of the Credit and The Dish with One Spoon treaty between the
Anishinaabe, Mississaugas and Haudenosaunee that connected them to share the territory and protect the land. All Indigenous
Nations and peoples, Europeans and newcomers, have been invited into this treaty in the spirit of peace, friendship and
respect.

We would like to honour the Elders and Knowledge Keepers, both past and present, and are committed to continuing to learn and
respect the history and culture of the communities that have come before and presently reside here.

We acknowledge the harms of the past and present, and we dedicate ourselves to work with and listen to First Nations, Inuit and Métis
communities in the spirit of reconciliation and partnership.

We recognize and are grateful to have this opportunity to work on this land, and commit to caring for this land and continuously and
actively working towards reconciliation. We recognize that Indigenous practices of health and well-being have been in place in this
territory for over 10,000 years and are maintained to this day.



Learning objectives

* Introduce Diagnostic Test Accuracy (DTA) Studies

« Discuss about process of conducting a systematic review with DTA meta-analysis

« Present how to build the network geometry of DTA studies

« Extend DTA meta-analysis methods to DTA network meta-analysis methods (DTA-NMA)
« ldentify potential implications in DTA-NMA

) Reference test
§ Test result Positive Negative TOTAL
% Positive TP FP TP+FP
S | Negative FN TN FN+TN
G o TOTAL TP+FN TN+FP TP+FN+ TN+FP

100 150 mmHg



Systematic reviews

* Transparent overview of available evidence
* Summarize information of multiple sources

* Explore variation in study results

Health Intervention studies

on a certain topic/research question

— explore the effectiveness/safety of healthcare interventions

— treatments (e.g., medicine), procedures, strategies or other actions taken to treat a disease or improve

health

Diagnostic Tests Accuracy studies

— evaluate how accurate diagnostic tests (index tests) are at identifying a certain condition and provide

early and proper treatment/advice
— approaches used in clinical practice

Meta-analysis

* Synthesis of information from individual studies, addressing the same research question

e Statistically combine study-results to obtain summary estimates ,



Diagnostic Test accuracy studies

Diagnostic Tests are used to ascertain whether an individual has or not a disease

Most tests are imperfect, errors will occur - not always accurate

‘Reference standard’ is a test that can be used to estimate the accuracy of the
imperfect tests

: " : ¢ Z
« Binary outcome: positive / negative test result 4 < ¢ ()<
N 4
| Statistical methods usually focus on two quantities characterizing the b
accuracy of a test: sensitivity and specificity ® anaes o
» What proportion of those with the disease does the test detect? @ [ £p
(sensitivity) 15
I._
©| FN N

« What proportion of those without the disease
does the test get right? (specificity)

Sensitivity | Specificity
=TP/(TP + FN) | =TN/(TN + FP)




Example

Index test: Rapid Antigen test for COVID-19

Reference Standard: RT-PCR

Reference standard Result

Positive (D+)

Negative (D-)

Total

Positive Test Results=

Positive (T+) TP=27 Fp= 2 o
Index Test . .
Negative (T-) FN= 3 TN= 98 Negative Igslt Results
Result
1 c I i =
Total Diseased= 30 Non-Diseased= 100 Sampi3eOS|ze

 Sensitivity/Specificity (90%, 98%)
 Test identified 90% of COVID-19 diseased and 98% of non-diseased individuals

Kim D, Lee J, Bal J, Seo SK, Chong CK, Lee JH, Park H. Development and Clinical Evaluation of an Immunochromatography-Based Rapid Antigen Test (GenBody™ COVAGO025) for COVID-19 Diagnosis. Viruses. 6

2021 Apr 29;13(5):796.




Measures Used To Assess Test Performance

Table lll. Measures of diagnostic test accuracy

Measure
Sensitivity

Specificity

LR

Diagnostic odds ratio

Predictive values

Prevalence

ROC curve

Definition
Probability of test to detect the diseased patients

Probability of test to detect the healthy patients

Positive: how many times more likely positive test results are in participants
with the target condition vs participants without the target condition

Negative: how many times more likely negative test results are in participants

without the target condition vs participants without the target condition
How many times more likely is a positive test result in participants with vs

participants without the target condition
Positive: probability to have the condition given a positive test result

Negative: probability not to have the condition given a negative test result

The proportion of participants with the target condition

A plot of sensitivity against 1 — specificity, constructed to illustrate the
diagnostic performance of a test. The closer the curve to the upper left
corner of the ROC space, the better the test

Tsokani et al. Am J Orthod Dentofacial Orthop 2022;161:748-51

Formula
W
TP+FN
TN
TN+FP
Sensitivity
1 — Specificity
1 — Sensitivity
Specificity
SensitivityX Specificity

(1 — Sensitivity ) X (1 — Specificity)
TP

TP+FP
™

TN+FN
TP+FN
TP+FN+TN+FP

Reference
Standard

Lung Cancer Q

= :
4
[EEE]

Pregnancy —_—

Lung Cancer




Thresholds

a) Specificity=0.90 Sensitivity=0.90 b) Specificity=0.99 Sensitivity=0.70
> >
Without With Without With
the target condition the target condition the target condition the target condition
* Binary markers (X-rays)
 Continuous markers (blood tests) .
- Req U | re Sett| n g C Ut-Off Va I U ES 9 5 Test Me;dsouremem 160 - 0 ® Test Me;osourement e =
(t hresholds ) c) Specificity=0.70 Sensitivity=0.99 d) P g fp fp
sgs o ™
— Trade-off between sensitivity
and specificity
Without With R S gy Epsppy " LRI -T2
the target condition the target condition i m
il e e LR S ———==|T1
m RN TN TN
= FP
0 50 100 150 200 With Without
Test Measurement the target condition the target condition



Dependence of Sensitivity and Specificity Across Studies “d
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X
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« Meta-analysis aims to provide a meaningful summary of SENS and SPEC across
studies

« Within each study, SENS and SPEC are independent — they are estimated

from different patients (those with a disease or those who are healthy)

« Across studies, SENS and SPEC are generally negatively correlated — as one

TABLE 2 Diagnostic accuracy of TICS and modified TICS

Pooled sensitivity at cutoff

Cutoff (95% CI)
DEMENTIA

Pooled specificity at cutoff

(95% CI)

TICS (maximum score of 41): 10 studies (1673 participants)>1°-%7

25
26*
27
28
29
30

Watt et al ] Am Geriatr Soc.2021,69:1429-1440

0.76 (0.56 to 0.90)
0.80 (0.61 to 0.92)
0.84 (0.67 to 0.94)
0.87 (0.72 to 0.96)
0.90 (0.76 to 0.97)
0.92 (0.80 to 0.98)

0.93 (0.79 to 0.99)
0.90 (0.72 to 0.98)
0.85 (0.64 to 0.96)
0.80 (0.55 to 0.94)
0.72 (0.46 to 0.90)
0.64 (0.37 to 0.86)

Increases the other is expected to decrease

Summarizing the two correlated quantities
IS a multivariate problem

Multivariate methods should be used to address it



Steps of a Systematic Review of DTA studies

1. Define the question Review Question
2. Define objectives and eligibility criteria | What is the diagnostic accuracy of rapid antigen and rapid
molecular tests for the diagnosis of the SARS-CoV-2 infection
3. Develop protocol in adults and children accordivg to the reference standard PCR
_ test?
4. Search for studies
5. Study selection and Data collecti Population [l Index Test(s) Targes
. Study selection and Data collection Condition
6. Assess bias and applicability Adults and/ or COVID-19 rapid SARS-CoV-2
children lateral flow antigen infection
/. Analyze and present results screened/ tests and rapid
_ suspected for molecular tests
8. Interpret results and draw conclusions COVID-19 (with result in <1h)
Ref Std: PCR test

Veroniki et al BMC Med 2023; PROSPERO: CRD42021289712 10



Steps of a Systematic Review of DTA studies

Define the question

Define objectives and eligibility criteria

© N O O Kk WINM=

Develop protocol

Search for studies

Study selection and Data collection
Assess bias and applicability
Analyze and present results

Interpret results and draw conclusions

Objectives

What will i+ be estimated?
What will it be compared?

To make comparisons between tests

regarding their global accuracy

To estimate the accuracy of a test
operating at a particular threshold

To understand why results of studies vary

11




Steps of a Systematic Review of DTA studies

Define the question

Define objectives and eligibility criteria

Develop protocol

© N O O K jwIhd =

Search for studies

Study selection and Data collection
Assess bias and applicability
Analyze and present results

Interpret results and draw conclusions

What should a protocol do?

« Key methodological detail
* Prospective

« Peerreviewed

* Registered

12




Steps of a Systematic Review of DTA studies

© N O Okl DN =

Define the question

Define objectives and eligibility criteria
Develop protocol

Search for studies

Study selection and Data collection
Assess bias and applicability

Analyze and present results

Interpret results and draw conclusions

Identification of studies
Create electronic search strategy based on the
eligibility criteria
Search multiple databases
Manual searches
Conference proceedings
Contact experts, industry and authors

Seek guidance from a librarian (or information
specialist), where possible with experience in:

o conducting searches for systematic
reviews

o conducting searches for diagnostic
questions




Steps of a Systematic Review of DTA studies

Define the question

Define objectives and eligibility criteria
Develop protocol

Search for studies

Study selection and Data collection
Assess bias and applicability

Analyze and present results

© N ok O DN =

Interpret results and draw conclusions

Mcinnes MDF et al PRISMA-DTA JAMA 2018

Documenting and reporting searches
and results

 What was searched (which databases,
conference proceedings; journals etc.)

 When they were searched (date when you
searched each database)

 How they were searched (search strategy used
for each database in an appendix)

* Results of the search (proposal to use flow
diagram: how many retrieved, how many
excluded (with reasons), how many included)

14




Define the question

Define objectives and eligibility criteria
Develop protocol

Search for studies

Study selection and Data collection

Assess bias and applicability

0 N Ol A W DN -

Analyze and present results

Interpret results and draw conclusions

Steps of a Systematic Review of DTA studies

Annals of Internal Medicine ‘ RESEARCH AND REPORTING METHODS

QUADAS-2: A Revised Tool for the Quality Assessment of Diagnostic

Accuracy Studies

Penny F. Whiting, PhD; Anne W.S. Rutjes, PhD; Marie E. Westwood, PhD; Susan Mallett, PhD; Jonathan J. Deeks, PhD;
Johannes B. Reitsma, MD, PhD; Mariska M.G. Leeflang, PhD; Jonathan A.C. Sterne, PhD; Patrick M.M. Bossuyt, PhD;

and the QUADAS-2 Group*

In 2003, the QUADAS tool for systematic reviews of diagnostic
accuracy studies was developed. Experience, anecdotal re-
ports, and feedback suggested areas for improvement; there-
fore, QUADAS-2 was developed. This tool comprises 4 do-
mains: patient selection, index test, reference standard, and
flow and timing. Each domain is assessed in terms of risk of
bias, and the first 3 domains are also assessed in terms of

The QUADAS-2 tool is applied in 4 phases: summarize the
review question, tailor the tool and produce review-specific guid-
ance, construct a flow diagram for the primary study, and judge
bias and applicability. This tool will allow for more transparent
rating of bias and applicability of primary diagnostic accuracy studies.

Ann Intern Med. 2011;155:529-536. www.annals.org
For author affiliations, see end of text.

RESEARCH AND REPORTING METHODS Annals of Internal Medicine
QUADAS-C: A Tool for Assessing Risk of Bias in Comparative

Diagnostic Accuracy Studies

Bada Yang, MD; Sue Mallett, DPhil*; Yemisi Takwoingi, DVM, PhD*; Clare F. D port, PhD*; Christopher J. Hyde, MD*;
Penny F. Whiting, PhD*; Jonathan J. Deeks, PhD*; Mariska M.G. Leeflang, DVM, PhD; and the QUADAS-C Groupt

Comparative diagnostic test accuracy studies assess and com-
pare the accuracy of 2 or more tests in the same study. Although
these studies have the potential to yield reliable evidence regard-
ing comparative accuracy, shortcomings in the design, conduct,
and analysis may bias their results, The currently recommended
quality assessment tool for diagnostic test accuracy studies,
QUADAS-2 (Quality Assessment of Diagnostic Accuracy Studies-

M in b daclmand fav dha accnnccnnct of bact cmcamadenns Tha

comparative accuracy requires a risk-of-bias judgment for the
accuracy of each test (resulting from QUADAS-2) and additional
criteria specific to test comparisons. Examples of such additional
criteria include whether participants either received all index tests
or were randomly assigned to index tests, and whether index
tests were interpreted with blinding to the results of other index
tests. The QUADAS-C tool will be useful for systematic reviews of

15



Steps of a Systematic Review of DTA studies

Define the question .

JAMA | Special Communication

Define o bj ectives and el |g ibil |ty criteria Preferred Reporting Items for a Systematic Review
and Meta-analysis of Diagnostic Test Accuracy Studies

The PRISMA-DTA Statement

Matthew D. F. Mcinnes, MD; David Moher, PhD; Brett D. Thombs, PhD; Trevor A. McGrath, BSc;
Patrick M. Bossuyt, PhD; and the PRISMA-DTA Group

Search for studies

IMPORTANCE Systematic reviews of diagnostic test accuracy synthesize data from primary CME Quizat
diagnostic studies that have evaluated the accuracy of 1or more index tests against jamanetwork.com/learning
areference standard, provide estimates of test performance, allow comparisons of the

S t u d y S e I e Cti O n a n d D a t a CO I I e Cti O n accuracy of different tests, and facilitate the identification of sources of variability

in test accuracy.

Develop protocol

. . _— OBJECTIVE To develop the Preferred Reporting Items for Systematic Reviews and
A S S e S S b I a S a n d a p p I I C a b I I Ity Meta-Analyses (PRISMA) diagnostic test accuracy guideline as a stand-alone extension of the
PRISMA statement. Modifications to the PRISMA statement reflect the specific requirements
for reporting of systematic reviews and meta-analyses of diagnostic test accuracy studies
and the abstracts for these reviews.

A n a I yZ e a n d p re S e n t re S u I tS DESIGN Established standards from the Enhancing the Quality and Transparency of Health

Research (EQUATOR) Network were followed for the development of the guideline.
The original PRISMA statement was used as a framework on which to modify and add items.
A group of 24 multidisciplinary experts used a systematic review of articles on existing

Interpret results and draw conclusions epring s and methos 3-ound el rocess,a corsenis et piot

© Nl o A W N =
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The generic meta-analysis process

1. Calculation of an overall summary (average) of high precision, coherent with all
observed data

2. Typically a “weighted average” is used where more informative (larger) studies
have more say

3. Assess the degree to which the study results deviate from the overall summary
4. Investigate possible explanations for the deviations

What is SO critical that we have to consider in meta-analyses?
Test threshold!!!

« Accuracy varies with index test threshold
« Can we average over test thresholds?
 How would we interpret the result?

« Does it depend on our included studies?




The generic meta-analysis process

Challenges for DTA reviews:
« There are two summary statistics for each study: SENS and SPEC

 Threshold effects induce correlations between SENS and SPEC and often
thresholds vary between studies

« Heterogeneity is the norm substantial variation in SENS and SPEC

o The same threshold can imply different SENS and SPEC in different oy
groups

Pooling SENS and SPEC?
« Ignores threshold as source of heterogeneity
» |s biased towards studies with high sensitivity or specificity

o Pooled estimates of SENS and SPEC may be biased towards 1 or 0, depending on
study results

18



Multiple studies — Single index test:
Meta-analysis

« Systematic review evaluating a single index test:
o Aims to evaluate a diagnostic test vs. a reference standard
« How does test accuracy vary with clinical & methodological characteristics?

« The outcome is to model the test results (binary outcome: positive / negative test
result) — assess the diagnostic accuracy of a single test

Bivariate model
« Single threshold 5 o
«  Summary point 9

0.8
\
0.8

0.6
0.6

Study estimate n Summary point

— — —— 95% confidence
HSROC curve region

Sensitivity
Sensitivity

04
0.4

95% prediction
region

HSROC model
* Multiple thresholds
¢ Summary curve

0.2
0.2

O 02 04 06 08 1 0 02 04 06 08 1
1 - Specificity 1 - Specificity 19



Multiple studies — Single index test:
Meta-analysis

=
Estimate summary 3
Bivariate point Common & S
model (summary sensitivity, threshold o
summary specificity)
1.0 0.8 1-(;(:’ecmd0t; 0.2 0.0
Approaches for
meta-analysis o
Estimate summary Range of z g
FSROC mods ROC curve thresholds g
Meta-regression: Covariates can be added to explore whether "% &« &« o o

sensitivity and specificity differ between the covariate-levels

Rutter CM, Gatsonis CA. A hierarchical regression approach to meta-analysis of diagnostic test accuracy evaluations. Stat Med 2001,20:2865-84. 20
Reitsma JB, Glas AS, Rutjes AWS, et al. Bivariate analysis of sensitivity and specificity produces informative summary measures in diagnostic reviews. J Clin Epidemiol 2005,;58:982-90.



Meta-analysis of DTA studies of single test

* Challenges
e Bivariate nature of data-two statistics to deal with

* Threshold effect and trade-off between sensitivity and specificity

« Heterogeneity is expected
« Separate meta-analysis of sensitivity and specificity estimates does not
consider the trade-off between sensitivity and specificity

* Hierarchical models
 Bivariate model: estimation of a summary point |_’ Equivalent in the
« HSROC model: estimation of a summary ROC curve absence of covariates

« Additional models incorporating different thresholds
« Steinhauser et al.

Rutter CM, Gatsonis CA. A hierarchical regression approach to meta-analysis of diagnostic test accuracy evaluations. Stat Med 2001,20:2865-84.

Reitsma JB, Glas AS, Rutjes AWS, et al. Bivariate analysis of sensitivity and specificity produces informative summary measures in diagnostic reviews. J Clin Epidemiol 2005;58:982-90.
Takwoingi Y, Riley RD, Deeks JJ. Meta-analysis of diagnostic accuracy studies in mental health. Evid Based Ment Health 2015;18:103-9.

Steinhauser S, Schumacher M, Riicker G. Modelling multiple thresholds in meta-analysis of diagnostic test accuracy studies. BMC Med Res Methodol 2016;16:97.

Zapf A Albert C. Fromke C. et al. Meta-analvsis of diaanostic accuracy studies with multiole thresholds: Comparison of different approaches. Biom J 2021:63:699-711.
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All bacteria with reference test 1 (16 studies/6183 patients)

Leber 2016
Hanson 2016
Arora 2017
Piccirilli 2018
Bames 2018
Leli2019
Lopez-Amor 2019
Radmard 2019
Bailu 2019
Eichinger 2019
Boudet 2019
Domingues 2019
Vincent 2020
Ena 2021

Pefiata 2020
Chong 2021

Figure 2. Forest Plot for “all bacteria” with reference test 1. Sensitivities (left) and specificities (right) of FA/ME per study for the
detection of any bacteria in Cerebrospinal (CSF) fluid when the reference standard was a positive CSF or a blood culture (reference

test 1).
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0.88(0.53,0.98]
0.91(0.62,0.98]
0.94 [0.63,0.99]
0.88 (0.40,0.99]
0.50 [0.05, 0.95]
0.93(0.56,0.99]
0.890.57,0.98]
0.93 (056, 0.99)
0.78(0.55,0.91]
0.88 (0.40, 0.99]
0.97[0.75,1.00]
0.95 [0.68, 1.00]
0.86 [0.60, 0.96]
0.86 [0.49, 0.97]
0.870.62,0.96]
0.92(0.52,0.99]

Leber 2016
Hanson 2016
Arora 2017
Piccirilii 2018
Bames 2018

Leli 2019
Lopez-Amor 2019
Radmard 2019
Bailu 2019
Eichinger 2019
Boudet 2019
Domingues 2019
Vincent 2020
Ena 2021

Pefiata 2020
Chong 2021

| B S —

047

073 087

Spedificity

0.99(0.98,0.99)
0.94(0.89,097)
0.97 (0.89,099)
0.96[0.70, 1.00]
0.97[0.94,0.99)
0.99(0.94,1.00)
0.75[0.47,0.91)
1.00 (0.9, 1.00]
0.80(0.67,089)
1.00 [0.97, 1.00]
0.99(0.98,1.00)
0.96 [0.94,0.98)
1.00 [0.99, 1.00)
087[0.73,0.94]
0.96 [0.94,0.97)
1.00 [0.97, 1.00]

Sensitivity: 89.5% (95%CI 81.1-94.4)
Specificity: 97.4% (95%CI| 94-98.9)

What is the diagnostic test accuracy of
Film Array Meningitis/ Encephalitis
(FA/ME) in patients with suspected

central nervous system (CNS)
infection?

Study Patient Index Reference standard Flow and
selection  Test - - Timing
& Bacteria Bacteria Viruses Viruses
= ] test1’ test 2° test1 test 2°
v
Arora 2016 Low risk Low risk High risk High risk Not applicable® Not applicable Low risk
7 Bailu 2019 Low risk Low risk Low risk High risk Not applicable Not applicable Low risk
Bames 2018 Low risk Low risk High risk High risk Not applicable Not applicable Low risk
) l'. \/.l' Boudet 2019 Lowrisk  Highrisk  High risk High risk Not applicable Not applicable Unclear
e 7 7 Chong 2021 Low Risk Low Risk Low Risk High risk Not applicable Not applicable Low Risk
Domingues 2019 Low risk High risk High risk High risk Not applicable Not applicable Unclear
Eichinger 2019 Lowrisk  Lowrisk  Highrisk High risk Not applicable Not applicable Low risk
Ena 2021 Low Risk Unclear High Risk High risk Not applicable Not applicable Low Risk
Hanson 2016 Unclear Unclear Low risk High risk Not applicable Not applicable Low risk
o
a | Lindstrom 2021 Low Risk High Risk Not applicable Not applicable Lowv risk High risk Low Risk
-3 Leber 2016 Unclear Low risk Low risk High risk Low Risk High Risk Low risk
g Leli 2019 Unclear Low risk High risk High risk Not applicable Not applicable Low risk
E v Lopez-Amor 2019 Low risk Unclear High risk High risk Not applicable Not applicable Low risk
Penata 2020 Low Risk Low Risk High risk Not applicable Not applicable Not applicable Low Risk
; - Piccirilii 2018 Low risk Low risk Low risk High risk Low Risk High Risk Low risk
Radmard 2019 Unclear High risk High risk High risk Not applicable Not applicable Low risk
Tarai 2019 Low risk High rigk High risk High risk Not applicable Not applicable Low risk
Vincent 2020 Low risk Low risk Low risk High risk Low risk High risk Low risk
. Table 2: Risk of bias assessments .
=] ! Risk of bias assessment performed with the Quality Assessment of Diagnostic Accuracy Studies (QUADAS-2) tool. Reference tests 1 & 2 definitions for bac-
teria and viruses are detailed in Table 1.
! Reference standard item for reference test 1 for bacterial detection was considered as low risk only when it was clear that the cultures samples were taken
before the antimicrobial treatment.
§ Al reference test 2 for both bacteria and viruses were judged as high risk because none of these diagnosis adjudications were conducted blinded to the
index test results.
o | ¥ Items were not applicable when the reference test was not used for viruses.
=
T T T T T T
o0 02 o4 08 ] 1.0

Falsa Positve Raw

Figure 1. Summary receivin opesating charsosrit (SROC) curve for "all bactenia” with reference o4 L. Eath yiudy @ kdentifed with
@ emall newire trisngle. Bk dod denote B combined senulivity and spediicity, The Aguns alo ik #5% confidence conious
and #5% peadition oo, Aeleiance Beal 1 medrn the slaadand wai & porither cevebrogenal o & Bload Culture
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Multiple Diagnostic Tests VS Multiple Interventions

« Diagnostic tests are usually compared in the
same subjects within a study

o Correlated observations —the NMA methods
should account for this correlation structure

o Should estimate sensitivity & specificity: Interventions

Diagnostic tests

. . Aim Compare two treatments Discriminate two groups
b Iva rl ate m Od el Pairwise Groups 2 interventions With/without target condition
. . . meta-analysis Outcome Event yes/no Test positive/negative
o Studies of any design can be included Bropratioes o, Spec
Effect measures RD=ri—ng J = Sens + Spec — 1
_ ri(l=r) g SenssSpec
S r(|>111' r?i' = (1-Sens)(1-Spec)
Modeling Univariate model, contrast-based  Bivariate model, arm-based
1 Multivariate Groups 2 interventions With/without target condition
°
Inte rve ntlons a re Com pa red betwee n pairwise Outcome K > 2 outcomes K > 2 tests
: : H meta-analysis Measures Pairs of proportions Pairs of accuracy measures
independent groups (different groups of patients) R e e,
Effect measures RDg, k=145 K Jpile =150 K
ORy, k=1,..., K DORg; k=15 K
O Use eﬁ:eCt measures (OR’ RR’ RD) to Modeling Multi(K)variate model Multi(2K)variate model

com pa re effe Ctlve Ness amon g treatm e ntS RD = risk difference; OR = odds ratio; DOR = diagnostic odds ratio; J = Youden index.

Riicker G (2018) Springer, Cham

A. A. Veroniki, S. Tsokani et al., “Diagnostic test accuracy network meta-analysis methods: A scoping review and empirical assessment,” J Clin Epidemiol, vol. 146, pp. 86—96, Jun. 2022
A.A. Veroniki, S. Tsokani, G. Riicker, D. Mavridis, Y. Takwoingi, “Chapter 19 ‘Challenges in comparative meta-analysis of the accuracy of multiple diagnostic tests.,”” Meta-Research, Evangelou E and
Veroniki A.A, Eds. Springer, 2021
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Network of interventions

All interventions are depicted in the network-Control Intervention

Intervention A

Intervention

comparisons
1 2-arm BvsC
2 2 3-arm AvsBvsC
Intervention B ‘ Control 3 2-arm Avs C
2 4 2-arm B vs Control
1 5 2-arm Avs B
6 2-arm AvsB
7 2-arm B vs Control

Intervention C

24



Network of diaghostic tests

Reference standard (RS) is not considered in the network but as a bridge for comparing index tests.

Test
comparisons

Edges/Circles in the

network

Test C

Single-test

Paired-
test

Triple-test

Paired-
test

Single-test

Paired-
test

Paired-
test

Test D vs RS

Test B vs RS
Test Cvs RS

Test A vs RS
Test B vs RS
Test Cvs RS

Test B vs RS
Test D vs RS

Test Cvs RS

Test A vs RS
Test D vs RS

Test Cvs RS
Test D vs RS

Test D

Test B vs. Test C

Test A vs. Test B
Test A vs. Test C
Test B vs. Test C

Test Bvs. Test D

Test C

Test A vs. Test D

Test Cvs. Test D

Circle for test D

Dashed line connecting
tests Band C

Closed triangle with solid
line connecting tests A,
B, and C

Dashed line connecting
tests Band D

Circle for test C

Dashed line connecting
tests Aand D
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Aims

a) ldentify DTA-NMAs for comparing at least 3 index tests

b) Review and summarize the characteristics of the DTA-NMAs

c) Compare their properties empirically

26




Scoping Review

Searched PubMed, Web of Science, Scopus

until March 2021

(n=41)

Additional records identified through
other sources

Records after duplicates removed
(n=7922)

}

Records screened
(n=7922)

Abstract articles excluded, with reasons
(n=7806)

DTA-MA
DTA Study
NMA of interventions

Full-text articles assessed for eligibility
(n=116)

Articles included in qualitative synthesis
(n=50)

Full-text articles excluded, with reasons
(n=66)

2 index tests included (n=9)
Review-Comment of method (n=1)
Not a DTA-NMA (n=40)

DTA-MA (n=1)

DTA-NMA using SMD (n=2)
Protocol-article not published (n=12)
Review of methods (n=1)

|

)
s Records identified through database
’g searching
§ (n =8290)
o
2
~
—
)
£
c
$
A
—
&
2
o
w
) S
—
3 |
% Methodological papers included in the
£ scoping review (n = 9 DTA-NMA
methodological papers + 1 companion
report)
—/

10 Methodological

publications

Empirical papers included in quantitative
synthesis (DTA/NMA application papers)
(n=40)

40 Application
papers

Percent (%) of articles

2010 2011 2012 2013 2014 2015

2016 2017 2018 2019 2020 2021

I Application article [DTA-NMA model]
I Methodological Article

/T Application article [Meta-regression]
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DTA-NMA in the literature

Table 1. Properties of 13 diagnostic test accuracy (DTA) comparative meta-analysis methods

Format of data Arm-based Can model Can model Type of Bayesian Accounts for Models more Software
tables required® model imperfect multiple studies that setting correlation than two index
reference thresholds can be between tests tests
standards modelled
Bivariate 28562 Yes No No Any No No Yes *1.Ime4 [25],
meta-regression [21]
ta [29])
HSROC 2x2 Yes No Yesd Any No No Yes
meta-regression [22]
Trikalinos 2014 [5] Joint Yes No No Single- / Yes Yes No®
lassification Paired-test

Menten-Lesaffre 2572 | No Yes® No Paired- / Yes No Yes OpenBUGS/ WinBUGS [31]
2015 (4] Multiple-test
Dimou 2016 (3] Joint Yes No No Single- / No Yes No® Stata (mvmeta [34])

classification Paired-test
Cheng 2016 [Model Joint Yes No No Any Yes No Yes R (R2jags [35])
A] [8] classification
Cheng 2016 [Model Joint Yes No Yesd Any Yes No Yes R (R2jags [35])
B] (8] classification
Cheng 2016 [Model Joint Yes No No Any Yes Yes Yes R (R2jags [35])
C11(8] classification
Nyaga (ANOVA) 202 Yes No No Any Yes Yes Yes Stan (rstan [36],[37] in R)
2018 (2]
Nyaga 2x2 Yes No No Any Yes Yes Yes Stan (rstan [36],[37] in R)
(beta-binomial) 2018
[38]
Ma 2018 [9]® Joint Yes Yes No Any Yes Yes Yes OpenBUGS/ WinBUGS [31], R

lassification (NMADiagT [45])
Owen 2018 [39] Yes No Yes Any Yes Yes Yes OpenBUGS/ WinBUGS [31]
—

Lian 2019 [40] oint Yes Yes Yesd Any Yes Yes Yes Stan (rstan [36],137] in R), R

classification (NMADiagT [45])

Properties of DTA
meta-analysis
of multiple tests
differ and may
influence
interpretation and
decision-making

DTA-NMAs:

« ‘Borrow strength’ across studies
by simultaneously analysing
multiple comparative DTA
studies

» Account for between-study
correlations between sensitivity
and specificity induced through
threshold effects

Abbreviations: DOR, diagnostic odds ratio; SE, standard error; DTA, diagnostic test accuracy; NMA, network meta-analysis; HSROC, hierarchical summary receiver operating characteristic.
a8 2 x 2 data includes the number of true positives, true negatives, false positives and false negatives.
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DTA-NMA

DTA network database :

« 83% of DTA-NMAs were published in general medical journals (33, 83%)
* 4in 5 DTA-NMAs were publicly funded

« Single-test studies were included

* in 97% of the DTA-NMAs that used a meta-regression model
* in 45% of the DTA-NMAs with a DTA-NMA model
» 28% of networks had disconnected test comparisons

* Median number of studies per network was 32 (IQR 17 to 58)

* Median number of tests was 5 (IQR 3 to 7)

 68% of DTA-NMAs were full-shaped (included at least one closed loop)
 65% of DTA-NMAs included multiple-test studies

* Median number of test comparisons in a network was 5 (IQR 3 to 14)

PMID: 31702649

FNAC-;-FNA-Tg
* Median number of participants in a network was 10,166 (IQR 1,810 to
18,172)
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Empirical assessment of the DTA-NMA methods

Median [IQR] Median [IQR]
0.71[0.56-0.83] 0.71[0.56-0.83]  0.71[0.54-0.81] 0.73[0.56-0.88] @ 150- 0.01[0.00-0.02]  0.36[0.26-0.53] 0.03[0.01-0.05]  0.35[0.26-0.53]
1.00- 0.87[0.74-0.92] 0.87[0.74-0.94 0.88[0.75-0.94] 0.92[0.80-0.95] 2 ’ 0.01[0.00-0.02] 0.37[0.25-0.51] 0.03[0.01-0.06] 0.36[0.24-0.56]
. = .
7]
S 125 :
g . . ’
s B3 Sensitivity . (
0.75- [m) B Specificity C .
[T 1 0' - ' i H
(7)) o . ® .
g 2
7 g
S 050 : 5o
. N e -
= . ¢ S
N . : (@)
E ‘ ' . T 050-
o
= .
0.25- L :
. T 025-
. ° (3]
. O ; ©
. S ’
5 . 6 0.00- *L
0.00- :
Nyaga AINOVA Nyaga Bet:al-Binomial Menteﬁ-Lesaffre* Meta-ll'«’egression Nyaga ANOVA Nyaga Beta-Binomial Menten-Lesaffre* Meta-Regression

» Nyaga beta-binomial model estimated lower between study heterogeneity for both sensitivity and specificity
« Owen et al. model showed that different test thresholds included, may cause differences in results
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In summary...

» Bivariate/HSROC meta-regression model:

o It has been widely used over the years

o Conservative approach and accessible to many review authors

o But, it ignores the within-study correlation between tests - assumes observations are
independent

 More advanced methods and models have been developed
o Most account for correlations between tests within a study

« NMA methodology of intervention studies is not applicable to DTA studies
o Correlated observations — tests are given to the same participants

o Two effect sizes should be modelled (sensitivity & specificity) — pairs of accuracy measures
should be modelled in multivariate models (2K-variate, with K tests).

o Network geometry differs — single-test studies are presented (reference standard is not a node

in the network)
31
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In summary...

* There is not a single valid method for DTA-NMA analysis
o multiple factors influence the choice of model (data availability, test thresholds, study
designs, software familiarity)
o meta-regression models ignore the within-study correlation between tests
o Selection between the methods may impact on the NMA results, especially for
specificity

« Some models require joint classification tables
o individual participant data would make this information available

o rarely reported in DTA studies
o difficulties in their availability-data sharing
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In summary...

e Most of the detected models use Bayesian setting
=  Programming challenge-code availability problems (including convergence issues)

= Time-consuming models (e.g., dataset with antigen COVID-19 tests required >48 hours to
run the Nyaga ANOVA model)
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DTA-NMA Example

» Health Canada and the Public Health Agency of Canada

contacted us to lead a review
to determine the most sensitive and/or specific rapid

test for the diagnosis of COVID-19

* They needed the report as soon as possible

We set up our team considering to include the policy-makers who requested the evidence, at least
one clinician/content expert, two patient partners, content experts, research methodologists, and
statisticians.
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Research Question

* We developed a research question and determined &o
eligibility criteria as follows: @ ‘ﬁ
« Population: Adults and/or children screened/suspected for COVID-19 %Qew
» Target condition: COVID-19 infection o

* Index tests: We included studies evaluating one or more commercially
available COVID-19 rapid lateral flow antigen test or rapid molecular test
(providing a result in <1 hour) used for screening of asymptomatic individuals or
the diagnosis of COVID-19 infection in symptomatic individuals

« Reference Standard: polymerase chain reaction (PCR) test

« Study design: We included RCTs and observational studies providing the 2x2
table data

« Outcome: Sensitivity and specificity of rapid antigen and molecular tests suitable

for screening and diagnosing COVID-19
Registered our protocol with PROSPERO: CRD42021289712
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Literature Search Strategy

Veroniki, A.A., Tricco, A.C., Watt, J. et al. Rapid antigen-based and rapid molecular tests for the detection of SARS-CoV-2: a rapid review with network meta-analysis of diagnostic test accuracy studies. BMC

We worked with an experienced librarian

The search was peer-reviewed by another librarian using the Peer Review of
Electronic Search Strategies (PRESS) Checklist

Searched 3 databases:

 Embase, MEDLINE, and EBM Reviews - Cochrane Central Register of
Controlled Trials

 Completed on September 12, 2021
We included only primary studies from December 2019 up to September 2021
Grey literature was not searched
Limited to English publications with available data for analysis
Did not contact authors for clarifications
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Study Selection

- We used a standardized screening form for both levels of screening
- Level 1: Titles and abstracts
* Level 2: Full-text articles

* A pilot exercise was completed to calibrate and test the form at each level of
screening with all reviewers (i.e., 50 citations at level 1 and 15 articles at level 2)

 We made decisions based on 1 reviewer

Data Extraction

« We used a standardized data extraction form

* Performed a pilot exercise to calibrate and test the form with all
reviewers using 5 full-text articles

* We made decisions based on 1 reviewer and 1 verifier @
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Data analysis

 Limited to basic descriptive summary of studies

« Country of conduct and type of rapid test
»  Kept the analysis high-level:

« Random-effects DTA meta-analysis (bivariate model)
«  Random-effects DTA-NMA (Nyaga ANOVA model)
« Estimated sensitivity and specificity for each test along with their 95% credible intervals

 Investigated potential sources of heterogeneity that may influence diagnostic accuracy
using:
- Subgroup analysis: symptom status (asymptomatic vs symptomatic), sample type (e.qg.,
saliva, nasal swab), participant type (e.g., general public, healthcare worker), and rapid
molecular test category (i.e., rRT-PCR, PT-Isothermal, RT-Lamp)

- Meta-regression: age

Assessed transitivity based on the distribution of the above potential effect modifiers
across test comparisons
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Summary and Display of Data

« Sent preliminary results and asked for a deep-dive
on any key issues from our knowledge users:

- Health Canada, Public Health Agency of
Canada, Ministry of Public Health in Thailand,
and Irish Department of Health

« Discussed implications of results with caution

* Provided our knowledge users with a 1-page
summary

COVID-19

TEST RESULTS

D POSITIVE
O NEGATIVE

|Appendix 2: Preliminary results of the rapid review

How was the rapid review conducted?

The protocol for the review was developed and revised with input from researchers, clinicians,
methodologi tatistici and knowledge users (KUs) from: Health Canada, Public Health
Agency of Canada (PHAC), Alberta Health Services, the Irish Department of Health, and the
Ministry of Public Health in Thailand. PROSPERO registration: CRD42021289712

We searched Embase, MEDLINE, and EBM Reviews - Cochrane Central Register of Controlled
Trials up to September 2021 for randomized controlled trials (RCTs) and observational studies
(e.g., cohort studies) assessing any rapid antigen and any rapid molecular test to detect COVID-19.
The outcomes of interest were the sensitivity and specificity of rapid antigen and molecular tests
suitable for the detecting COVID-19.

Screening of literature search results was conducted by one reviewer, data abstraction was
completed by one reviewer and independently verified by a second reviewer.

We conducted random-effects meta-analysis and DTA-NMA.

‘What did the rapid review find?

We identified 312 citations evaluating rapid antigen and rapid molecular tests to detect COVID-19.
Of these, we prioritized RCTs and cohort studies, and studies with available 2x2 data for analysis.
Our analysis included 93 studies (reported in 88 articles): 68 studies assessed rapid antigen tests
(composed of 55 single-test studies, 8 paired-test studies, and 5 multi-test studies), and 27 studies
assessed rapid molecular tests (composed of 23 single-test studies, 3 paired-test studies, and 1
multi-test study). Two studies assessed both types of rapid tests.

We included 35 rapid antigen tests and 23 rapid molecular tests, and 115410 participants (104,961
participants in antigen tests; 10,449 participants in molecular tests). The included studies were
conducted in 28 countries (16 [17%] North America; 56 [60%] Europe: 18 [19%] Asia).

Rapid molecular tests were more accurate and more precise than rapid antigen tests in identifying
TP and TN participants (general public, antigen: sensitivity 0.79 with 95% confidence interval (CI)
[0.73, 0.84], specificity 0.99 [0.98, 0.99], molecular: sensitivity 0.92 [0.83, 0.97], specificity 0.98
[0.97,0.99]).

The Xpert Xpress rapid molecular test by Cepheid was associated with the highest sensitivity
(0.94,[0.77,0.99]) and specificity (0.93 [0.83,0.97]). followed by Cobas Liat SARS-CoV-2 and
influenza A/B nucleic acid test by Roche (sensitivity: 0.87 [0.67, 0.96]; specificity 0.82 [0.50,
0.99]). RR-LAMP tests (0.84 [0.67, 0.93]) were less sensitive than rRT-PCR tests (0.97 [0.95,
0.99])

Among the rapid antigen tests. the following four tests ranked highest with regards to both
sensitivity and specificity: COVID-VIRO test (AAZ-LMB; sensitivity: 0.90 [0.72, 0.97];
specificity 0.90 [0.78, 0.99]), Sofia SARS Antigen FIA test (Quidel; sensitivity: 0.89 [0.79,0.95];
specificity 0.83 [0.62, 0.94]), Driiger Antigen Test SARS-CoV-2 test (Driger: sensitivity: 0.81
[0.53,0.95]: specificity 0.83 [0.50, 0.96]), and GenBody COVID-19 Ag test (Meridian Bioscience:
sensitivity: 0.81 [0.70, 0.94]; specificity 0.92 [0.80,0.99]).

Our subgroup analyses of rapid antigen tests showed that sensitivity may decrease when: saliva is
used as a sample type (saliva 0.71 [0.66, 0.76]: nasopharyngeal 0.82 [0.71, 0.90]), and when
asymptomatic individuals are tested (symptomatic 0.77 [0.58, 0.88]; asymptomatic 0.55 [0.32,
0.76]). Data on symptomatic vs asymptomatic individuals were not available for rapid molecular
tests, but sensitivity for nasopharyngeal was 0.91 (0.84, 0.96). Our meta-regression suggested that
the relative change in sensitivity increased by 0.50 (0.49, 0.50) with a unit increase in age.
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Report Findings

@ @) ST. MICHAEL'S
UNITY HEALTH TORONTO

» Used reporting guidelines to ensure transparent and
complete reporting of our research approach and findings
(e.g., PRISMA-DTA and PRISMA-NMA Checklist) Roic K i e

analysis
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Summarized results

DTA-NMA results

Rapid antigen tests
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NEXT
There is still a lot to explore! O P STERS..

e Explore which factors impact on the performance of the DTA-NMA methods
e Extend the ranking metrics for multiple outcomes to DTA-NMA methods

e DTA-NMA assumptions: Appropriate methods are needed to explore the
consistency assumption in DTA-NMA accounting for both sensitivity and specificity

e New methods are necessary to deal with and account for different study designs in
a DTA-NMA
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