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Abstract

thereby facilitating a more efficient review process.

Methodology, Template

The Cochrane Handbook for Systematic Reviews of Diagnostic Test Accuracy (DTA) provides guidance on important
aspects of conducting a test accuracy systematic review. In this paper we present TOMAS-R (Template of Multiplicity
and Analysis in Systematic Reviews), a structured template to use in conjunction with current Cochrane DTA guid-
ance, to help identify complexities in the review question and to assist planning of data extraction and analysis when
clinically important variation and multiplicity is present. Examples of clinically important variation and multiplicity
could include differences in participants, index tests and test methods, target conditions and reference standards
used to define them, study design and methodological quality. Our TOMAS-R template goes beyond the broad topic
headings in current guidance that are sources of potential variation and multiplicity, by providing prompts for com-
mon sources of heterogeneity encountered from our experience of authoring over 100 reviews. We provide examples
from two reviews to assist users. The TOMAS-R template adds value by supplementing available guidance for DTA
reviews by providing a tool to facilitate discussions between methodologists, clinicians, statisticians and patient/
public team members to identify the full breadth of review question complexities early in the process. The use of a
structured set of prompting questions at the important stage of writing the protocol ensures clinical relevance as a
main focus of the review, while allowing identification of key clinical components for data extraction and later analysis

Keywords: Diagnostic test accuracy, Systematic review, Multiplicity, Heterogeneity, Meta-analysis, forest, SROC,

Background

Systematic reviews are widely recognised as the best way
of summarising current evidence on a particular research
question [1]. To be clinically relevant, systematic reviews
need to have a clear research question and pre-specified
review methods based on a detailed understanding of
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both clinical pathway and clinically important issues
within the review question [2, 3]. Diagnostic test accu-
racy (DTA) systematic reviews can have additional com-
plexities compared to intervention systematic reviews.
These arise from all parts of the review but frequently
occur due to the inclusion of multiple index tests, refer-
ence standards and sometimes multiple test thresholds
[4]. In addition the variation in participants and their
disease state may be greater than is found in intervention
reviews, as DTA reviews can include a range of disease
severity and participant groups.

©The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.


http://orcid.org/0000-0002-0596-8200
http://orcid.org/0000-0003-1343-7335
http://orcid.org/0000-0002-5828-9746
http://orcid.org/0000-0002-2004-0638
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s41512-022-00131-z&domain=pdf

Mallett et al. Diagnostic and Prognostic Research (2022) 6:18

Most DTA systematic reviews have clinical and statisti-
cal complexities that require careful and robust planning
to allow pre-specification of analysis and to avoid addi-
tional data extraction at a late stage in the review because
data and analysis complexities were not identified dur-
ing protocol development. In particular, taking proper
account of complexity in the data structure is important
for appropriate statistical analysis [5]. The Cochrane
Screening and Diagnostic Tests Methods Group pro-
vides a range of resources to assist in the preparation of
a DTA systematic review [6]. The Cochrane Handbook
for Systematic Reviews of Diagnostic Test Accuracy [4],
supported by Cochrane DTA online learning modules
(https://methods.cochrane.org/sdt/dta-author-training-
online-learning), includes help on how to develop a sys-
tematic review question, in terms of population, target
condition, index test(s) and reference standard(s) within
the context of a clinical pathway. The Cochrane Review
Manager software is a review authoring tool that includes
a template for writing a DTA systematic review protocol,
with prompts for the key areas which need defining in a
review.

The TOMAS-R template (Template of Multiplicity and
Analysis in Systematic Reviews) is intended to ensure the
clinical relevance of a systematic review and to enable a
more efficient review process. TOMAS-R goes beyond
the broad topic headings provided in current guidance,
providing a structured format with prompting questions,
to help identify complexities in the review question and
to assist planning of data extraction and analysis when
clinically important variation and multiplicity is present.
A thorough understanding of any inherent complexi-
ties and a clear plan for dealing with them are impor-
tant to maintain the clinical relevance of the review and
to understand heterogeneity in the evidence base. The
template is intended to be used at the important stage of
writing the protocol, with the aim of increasing reliability
and efficiency at later stages of the review process. In our
experience, failure to identify the full breadth of review
question complexities early in the process causes consid-
erable additional work, compromising efficiency.

We provide this template and guidance with exam-
ples from two DTA systematic reviews with an aim to
enhance the quality and consistency of DTA protocols
and reviews. The TOMAS-R template is intended to be
used alongside existing guidance for DTA reviews pro-
vided in the Cochrane Handbook.

Objectives

Our objective is to provide a template to help review
authors identify the critical sources of clinically impor-
tant variation and multiplicity in a DTA review question,
and to consider the implications for data extraction and
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analysis. This template aims to facilitate communica-
tion between methodological, clinical and patient/public
review team members, to ensure important clinical com-
plexities are identified at the start of a review, ideally dur-
ing protocol development.

Methods

We developed this template based on our experi-
ence as authors and reviewers of more than 100 DTA
reviews. The tool was piloted by colleagues with exper-
tise in methodology, statistics and systematic reviews,
both individually and in seminars (e.g. Test Evaluation
Research Group seminar at University of Birmingham
2016) and workshops (Systematic reviews and meta-anal-
yses of diagnostic test accuracy in 2017, 2018, 2019), and
using examples of reviews in different clinical areas. The
template was piloted and adapted using two reviews (SM)
and was also employed as a peer review tool for a series
of Cochrane DTA reviews (SM 2017 to 2019). We elicited
feedback as edits on the template, verbally and in email
feedback on our proposed uses for the template, and
ways to improve its usefulness. The author group refined
the template and elaboration during article preparation
and additional suggestions raised by article reviewers
during the peer review were incorporated.

Feedback on the first draft related to (a) content: addi-
tion of variation by risk of bias (QUADAS2); addition of
prior symptoms and prior treatment as part of partici-
pant characteristics; adaption to allow multiple diseases
(b) presentation: headings; ordering of sections (c) expla-
nation to new users: presentation of example templates;
explanations; modification of examples; improvements
to wording (d) intended use: consideration of patient
involvement; consideration of how the template might be
used for different types of review (intervention, prognos-
tic, exploratory, scoping); how the template could be used
in peer review; to record differences between the proto-
col and the final review.

TOMAS-R template

The TOMAS-R template is based on the recognition
that although every review is different, there are com-
mon issues that often underlie important clinical differ-
ences and variations affecting the clinical applicability of
a systematic review. We recommend TOMAS-R should
be used for protocol development during and after initial
discussions with clinical colleagues to identify the com-
plexities of the review question, objectives and study eli-
gibility criteria, and after some scoping searches of the
literature have been performed. We recommend that one
or two example primary studies likely to be included in
the review are used alongside TOMAS-R to generate and
guide discussion.
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The tool sets out five steps to be followed across four
key domains for any DTA review: participants, index
test(s), target condition and study design. We illustrate
each domain using worked examples from two DTA
systematic reviews, one on rapid tests for diagnosis of
typhoid [7], and one on biomarker tests in ovarian can-
cer [8], supplemented with reference to other reviews
to illustrate specific points. The five steps are set out in
Table 1, and Table 2 presents a full template example
for the review of rapid diagnostic tests for detection of
typhoid. A blank template table is provided in supple-
mentary materials (Table S1).

Step 1: Summary and review objectives

In step 1 of TOMAS-R, a summary section lists the main
review question headings, which allows the title, primary
and secondary objectives of a review to be recorded,
including a broad outline of participants, index test(s),
target condition and study design.

Step 2: Scoping potential complexities

At step 2 each of the four domains is considered in
turn, in order to identify and record sources of com-
plexity. A number of subsections representing key
sources of possible variation and multiplicity are sug-
gested for each domain, each featuring a prompt
to discuss whether it applies to the current review
question.

This template could also be used to identify and record
how the scoping of the review is affected by the purpose
of a review and the funder. For example, reviews com-
missioned by the National Institute for Health and Care
Excellence, the World Health Organisation, the National

Table 1 Summary of TOMAS-R steps
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Institute for Health Research (NIHR) or published by
Cochrane, may have a different focus.

Domain 1: Participants

For participants in a study, the template in Table 2 high-
lights three important components for review scoping
(1) the clinical pathway and setting, including prior tests,
comorbidities and geographical region (2) the severity of
disease and (3) participant demographics.

The point on the clinical pathway at which a test is
used in patient management affects the composition of
the participant group receiving the test, largely because
the quantity and type of tests a person receives before
the index test modifies the likelihood of having the tar-
get condition. For example, tests to detect typhoid can be
used both in people with an a priori clinical suspicion of
enteric fever and in those with fever but without any clear
suspicion of typhoid. Similarly, geographical location and
the level of disease endemicity of participants were iden-
tified as potentially important to understand the applica-
bility of study results. Geographical region and the level
of endemicity influences the background level of typhoid
amongst competing infectious agents potentially causing
fever and can also distinguish the type of bacterial infec-
tion underlying typhoid.

In the review of tests for ovarian cancer, scoping sug-
gested that the CA125 test was likely to perform dif-
ferently in pre- and post-menopausal women. As
menopausal status can be established in a simple patient
history or approximated by age, it was important to
provide separate estimates of accuracy by menopausal
status. This required separate data extraction of results
by menopausal status, and in this review, exclusion of

Step 1 Summary of review objectives and proposed eligibility criteria
Set out key review objectives with broad definition of study participants, target condition and reference standard, index test(s) and study
design

Step 2 Scoping potential complexities resulting from clinically important variation and multiplicity.
Identify and record potential complexities that could ultimately affect how data are extracted, presented and combined. Examples of variation
could include differences in participants, index tests and their methods, target conditions and reference standards used to define them, study
design and methodological quality.

Step 3 Simplify the review whilst maintaining clinical relevance
For each potential source of variation (complexity) consider whether differences in test accuracy might be observed. Consider whether sepa-
rate analysis or heterogeneity investigation is appropriate

Step4 Planning data extraction
Develop and pilot a standardised data extraction sheet. Define any data or categories of data to be preferentially extracted, e.g. by participant
group, by definition of target condition, by index test method or threshold

Step 5 Planning presentation and analysis of data

Record plan for meta-analysis. Record how data complexity will be presented using graphs, tables, and additional analyses such as investiga-
tion of heterogeneity or sensitivity analysis where appropriate and feasible with available data. Recommended graphical presentation includes
summary ROC (SROC) plots with individual study data and summary estimates of sensitivity and specificity (summary point) with 95% confi-

dence and prediction regions.
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studies where separate results were not available. Analys-
ing results separately according to disease severity corre-
sponding to cancer stage was also determined likely to be
clinically relevant; however, few studies identified during
scoping provided separate results by stage, so separate
data extraction and analysis was not attempted.

Domain 2: Index test(s)

The potential for variation in the index test is common.
While a review question is usually focussed on the accu-
racy of a generic diagnostic test type (for example ‘rapid
diagnostic tests’ for detecting enteric fever), in reality
many different tests may exist within a generic class of
tests for a specific purpose. How we define what consti-
tutes a similar enough test to allow clinically meaning-
ful grouping, and which variations in the test should be
analysed separately, are integral to producing aggregate
estimates of test accuracy that answer the systematic
review objective and are clinically useful, generalisable
and methodologically valid.

TOMAS-R highlights and provides prompts (Table 2)
for three common potential causes of variation and com-
plexity in the review index test(s): (1) different types of
index tests; (2) different methods (including differences
in test versions, manufacturers, sampling methods, staff
training, treatment of inconclusive test results or meth-
ods used to assist test interpretation); and (3) different
thresholds to define a positive index test result.

In the typhoid review, scoping identified several dif-
ferent rapid tests in use including three main commer-
cial tests. Test methods were different between studies
including variations in: manufacturer test versions; sam-
ples used; and index test thresholds for one test. For
the purpose of the review, it was considered important
to summarise each commercial test separately because
the assay formats were different (ELISA, lateral flow,
magnetic bead), and differences in the type of antibody
detected meant that tests would have different time spans
of detection post infection (IgM or both IgM and IgG);
however, variations within the same commercial brand
of test were grouped together. For the KIT test, the most
clinically relevant threshold was identified as greater
than 1. In the protocol, it was recognised that rapid tests
could use either blood or urine samples; data extraction
planned to record the type of test sample to allow sepa-
rate presentation, if sufficient results were available.

In the ovarian cancer review, tests were grouped by the
biomarker type, for example HE4 biomarker, with differ-
ent commercial tests analysed together in the same group
as the review focussed on identifying which biomark-
ers were potentially useful, rather than which specific
test brand was the most accurate. Tests used different
biomarker thresholds to define a positive test result, so
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the review focussed on a small number of pre-specified
commonly used test thresholds for each biomarker. Data
extraction was limited to results using thresholds within
a small range of values around the pre-specified test
thresholds. At these pre-specified test thresholds, aver-
age sensitivity and specificity were estimated using meta-
analysis methods based on a single result per study. In
future reviews, if newer meta-analysis methods that allow
multiple thresholds from each study to be combined in
a single analysis are planned [9, 10], then all thresholds
would need to be extracted.

Domain 3: Target condition

Differences in how the presence of the target condition
(or disease) is defined can vary between studies, affecting
measurement of diagnostic accuracy. The potential for
variation and complexity in the review target condition
is influenced by four components: (1) different types of
target condition, (2) different reference standards, (3) dif-
ferent severities of the target condition (reference stand-
ard thresholds) and (4) differences in the time interval
between the index test and reference standard.

In the systematic review of typhoid tests, there are two
different organisms that can cause enteric fever, typhoid
caused by Salmonella typhi and paratyphoid caused by
Paratyphi A. Ideally test accuracy would be examined
separately for each type of typhoid, however this was not
expected to be possible due to small numbers of studies
examining these forms of typhoid separately. From scop-
ing, three main reference standards were identified and
preferentially ranked for analysis: bacterial culture using
samples from (1) bone marrow culture; (2) blood culture;
or (3) blood sample PCR assays which in some studies
were interpreted in combination with bacterial culture
from blood samples. If a study reported data for an index
test against more than one reference standard, all data
were extracted. This enabled comparisons between index
tests to be restricted to studies using the same reference
standard.

In the ovarian cancer review, two target conditions
are recognised as malignant and borderline disease. The
focus of the review question was to identify women as
having disease defined as either malignant or border-
line, compared to no disease defined as benign. Scoping
identified that primary studies considered borderline dis-
ease in different ways; some studies grouped borderline
with malignant disease, others grouped borderline with
benign and some studies excluded women with border-
line disease. Consequently, separate data extraction for
different definitions of target condition was planned,
allowing a focus on studies that were most applicable to
the review, and investigation of how study results were
affected by different reference standard choices.
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The ovarian cancer review included studies with differ-
ent time intervals between the index test and reference
standard, affecting results for women where clinical fol-
low-up was the reference standard. Clinical follow up is
the reference standard for women who do not attend sur-
gery for ovarian disease, and therefore do not have a his-
tology reference standard. Differences in clinical follow
up needs consideration as this can affect test accuracy.

Domain 4: Study design and methodological quality

Study design and quality can affect which study results
are considered appropriate to combine in a systematic
review. The QUADAS-2 tool is the internationally rec-
ognised tool to assess the methodological quality (both
risk of bias and applicability) of DTA studies [11]. QUA-
DAS-2 suggests study quality information can be inte-
grated directly into the review analysis, by including a
meta-analysis of studies providing the strongest evidence
(lowest risk of bias, highest applicability). QUADAS-C,
the risk of bias tool for comparative diagnostic accuracy
studies [12], can be used similarly.

For the study design domain, Table 2 identifies three
types of variation between studies: (1) unit of analysis (2);
risk of bias ratings from QUADAS-2/QUADAS-C ratings
or individual sources of bias; and (3) applicability ratings
from QUADAS-2.

Study results in a systematic review can refer to par-
ticipants, samples, lesions, organs, images or hospital
visits. The unit of analysis identifies who/what the results
refer to, for example whether the test accuracy results
are reported using the number of participants or, if a
participant can have more than one image, the number
of images. Sometimes a systematic review will include
studies with results using more than one unit. For exam-
ple, an imaging test to identify polyps in the colon could
report the accuracy to identify a person with polyps, or
the accuracy to identify a polyp [13].

Accuracy per participant is important if the aim of
the test is to identify the right patients for further tests
and interventions. Accuracy per polyp is important for
tests such as colonoscopy, which aim to identify and at
the same time treat polyps, to understand if all relevant
polyps within a patient would be treated. In a review
estimating the accuracy of CT colonoscopy, per polyp
analyses were based on polyp size (large, medium, all
size), pre-specified from clinical guidelines according to
treatment recommendations, so data were extracted and
reported by polyp size [13].

In the two example reviews of typhoid and ovarian can-
cer, it is only clinically relevant to consider test accuracy
based on participants as blood tests can only provide
results across all potential disease sites within a patient.
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In both the typhoid and ovarian cancer reviews, the
QUADAS-2 signalling question about study design was
used to understand how a key potential source of bias
might affect results with planned heterogeneity analysis
and presentation based on study design being case-con-
trol or not case-control.

Step 3: Simplifying a review

The aims of step 3 are to simplify a review, by combining
complexities within an analysis where possible without
compromising clinical relevance, and to enable more effi-
cient planning of the review. Decisions and the reasons
underlying them are recorded in the column ‘step 3’ of
Table 2. Identifying groups of participants, index tests
or target conditions where it is essential to have separate
analysis requires good communication between mem-
bers of the review team with clinical and methodological
expertise.

At the same time, it is important to minimise the num-
ber of separate main analyses, or the review can quickly
become a descriptive analysis of individual studies. Inves-
tigations of heterogeneity, sensitivity analyses and graphi-
cal presentation of data are other useful ways of exploring
and understanding the effects of different aspects of the
complexity of a review. Some elements of complexity
may not be considered clinically relevant to a particular
review so that it is not necessary to present data sepa-
rately in graphs or analyses, while other sources of clini-
cal variability may be important to retain.

We recommend a flowchart of studies is used to iden-
tify how different review questions are answered depend-
ing on how complexity is combined or separated in
subgroups. As studies are subdivided into separate sub-
groups for meta-analysis, the question answered by the
meta-analysis is different. We present flowcharts for our
two example reviews (Figs. 1 and 2).

For the typhoid review, the clinical members of the
review team deemed it important to investigate diagnos-
tic test accuracy separately for each of the main commer-
cial tests, simplifying the review by combining different
versions of the same test. For the Test-It typhoid test
where there were two thresholds, separate analysis was
required at each test threshold so that no simplification
of thresholds was possible. Other sources of variation can
be presented graphically, or where there were sufficient
studies as heterogeneity or sensitivity analyses.

Step 4: Planning data extraction

The aim of step 4 is to identify if any complexity in the
data affects data extraction. Using a separate column
ensures that discussion between methodologists and
clinical experts consider and record all these decisions
during the review planning.
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What is the diagnostic test accuracy?
Rapid tests for typhoid * Averaged over all tests and test thresholds

Typhidot test

Typhidot test
versions

Typhidot test
(no potential bias
from inconclusive

results)

Typhidot test
(potential bias from
inconclusive results)

Test-It test
(threshold
>1Units)

Fig. 1 Flowchart of planned analyses: Typhoid review. Different components of variation leading to complexity in review of typhoid rapid tests.
Coloured boxes indicate the TOMAS-R domain where complexity identified: pink boxes review topic; light blue boxes participant domain; dark blue
boxes index test domain; light green boxes target condition domain; dark green boxes study design and quality domain. Dotted lines separate
complexity and allow alignment to the diagnostic accuracy that the analysis would address. Each bullet point follows the question “What is the
diagnostic accuracy..” so for example if all rapid test results are combined the first bullet point is used so the analysis will answer the question “What
is the diagnostic accuracy averaged over all tests and test thresholds?" Yellow stars indicate key complexities identified as requiring separate analyses

for the review to have clinical relevance

Test-It typhoid test

Test-It test versions

* Averaged separately for each index test type

* Averaged separately for each variation of a
test [not identified as key in this review]

« Sensitivity analysis: Averaged only across
best strategy where there are inconclusive
test results

Test-It test * Averaged separately for test thresholds used
(threshold KEY in clinical practice
>2Units)

* Heterogeneity analysis: comparison of
averages by reference test

* Heterogeneity analysis: comparison of
averages by case control vs cohort designs

* Heterogeneity analysis: comparison of
averages by geographical region

* Heterogeneity analysis: comparison
averages by different participant age groups

* Heterogeneity analysis: comparison
averages by different types of disease
organism causing typhoid

We recommend researchers design and pilot a stand-
ardised data extraction sheet with explanations of what
should be extracted and how missing information and
inconclusive test results will be handled.

Data extraction can be speeded up and made more
consistent if all team members understand and use the
same methods so only clinically important categories
are extracted separately. Common data extraction issues
arise when studies report test results at multiple time
points or at multiple test thresholds. If a study reports 20
different results, it is possible that not all thresholds or
time points are relevant to the review question.

In the ovarian cancer review, studies used different
reference standard thresholds. Data extraction was com-
pleted using a priority order to reflect the most impor-
tant results for achieving the review aims. We also
speeded up our data extraction by deciding to extract
results only for commonly used and clinically relevant

index test thresholds. Data were not extracted where the
index test threshold was not reported as these results
cannot inform clinical practice. In the typhoid review,
data extraction was simplified based on pre-specification
of the reference standard according to standard defini-
tions in the typhoid literature, as grade 1 or grade 2 and
included pre-specified rules on how multiple tests within
the reference standard would be considered.

Step 5: Planning presentation and analysis of data
Once decisions have been made on simplifying a review
(step 3, Fig. 1 and Table 2) and which data to extract (step
4, Table 2), planning the analysis follows from these deci-
sions, and the practical realities of the number of studies
in analysis groups and subgroups.

The TOMAS-R template includes a column to record
the planned presentation and analyses for each issue
raised in the review using the column ‘step 5 of the
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What is the diagnostic accuracy...

. . * Averaged over all tests and test thresholds
Biomarkers for ovarian cancer

/ \

Pre-menopausal women Post-menopausal women

* Averaged separately for each menopausal
group

 Averaged separately for each test type

CA125 test

* Averaged separately for each variation of a
test [not identified as key in this review
within a biomarker]

CA125 CA125 HE4 HE4 HE4
35U/ml 65U/ml 70U/ml 140U/ml 150U/ml

* Averaged separately for each test threshold
commonly used in clinical practice

* Heterogeneity analysis: comparison of

Reference threshold - .
averages with different reference test

unclear

Malignant (borderline

Malignant plus borderline .

thresholds
* Heterogeneity analysis: comparison of
Stage 1 Stage 2 Stage 3 Stage 4 . .
averages by disease severity
All ovarian types EOC * Heterogeneity analysis: comparison of

averages by disease subtype

Presentation to
secondary care

* Heterogeneity analysis: comparison of

Presentation to GP . .
averages by clinical setting

Prior to surgery
Fig. 2 Flowchart of planned analyses: Ovarian cancer serum biomarker review. Different components of variation leading to complexity in review
of serum biomarkers in ovarian cancer. Coloured boxes indicate the TOMAS-R domain where complexity identified: pink boxes review topic; light
blue boxes participant domain; dark blue boxes index test domain; light green boxes target condition domain. Dotted lines separate complexity

and allow alignment to the diagnostic accuracy that the analysis would address. Each bullet point follows the question “What is the diagnostic
accuracy.. so for example if test results are separated by the menopausal status of the women, the second bullet point is used so the analysis
will answer the question “What is the diagnostic accuracy averaged separately for each menopausal group?”Yellow stars indicate key complexities
identified as requiring separate analyses for the review to have clinical relevance

TOMAS-R template (Table 2). As in other statistical
analyses, primary and secondary outcomes need to be
identified. Some of these will include analysis if there
are sufficient data, but some outcomes may focus on
graphical display of data. The Cochrane DTA Handbook
includes details of methods for meta-analysis and how to
present the results (e.g. displaying summary points (with
confidence and prediction regions on SROC plots) and
investigation of heterogeneity. Example software code
is provided for different statistical software packages [5,
14].

Choosing presentation and analysis

There are three main types of analysis in DTA reviews:
(1) meta-analysis of a single index test; (2) meta-analysis
to compare the accuracy of two or more index tests; and
(3) investigation of heterogeneity. The first two types of
analysis are usually the primary analyses. Presentation of
data alongside the analysis facilitates clarity and trans-
parency and this may be done graphically or in a tabular

format as appropriate. Network meta-analysis methods
are available but currently not widely used [15, 16].

Where index tests are compared, the strongest evi-
dence is based on a direct comparison within the same
study, either where both tests are completed on the same
participants (paired study data), or where participants
with the two tests are as similar as possible, i.e. partici-
pant is randomised to each test [17, 18]. It is important
that an analysis plan states whether comparisons of tests
will be based on direct comparisons using comparative
accuracy studies or on all available data, including data
from studies that assessed only one of the index tests
(indirect comparisons).

Presentation of data in a review typically includes
graphical display of results using SROC and forest plots.
Both graphs allow both sensitivity and specificity results
to be displayed, with forest plots providing a clearer dis-
play of 95% confidence intervals (CIs) when there are a
large number of studies. Although 95% ClIs can be dis-
played on SROC plots, once there are several overlapping
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studies, the plot becomes overcrowded and unclear.
Paired study results can be displayed in an SROC plot
with a line linking results from the same study.

Guidance on investigation of heterogeneity and sensitivity
analysis

Investigation of heterogeneity is used to determine how
test accuracy varies with clinical and methodologi-
cal characteristics, whereas sensitivity analysis is used
to understand how robust the main study results are to
decisions made during the review process.

To understand whether study characteristics affect
study results, investigations of heterogeneity can be per-
formed. Graphical displays of subgroups in SROC or
forest plots allows visual inspection for potential het-
erogeneity. This is particularly important when it is not
possible to statistically investigate heterogeneity due to
the inclusion of a small number of studies in the primary
meta-analyses. In a heterogeneity analysis involving a
categorical variable, the dataset will consist of non-over-
lapping subgroups which may be statistically compared
in a meta-analysis (meta-regression) or an analysis is per-
formed for each subgroup separately (subgroup analyses).
This contrasts to sensitivity analyses where meta-analysis
is repeated using a subset of studies, in order to assess
the robustness of the findings to assumptions made dur-
ing the review process. Both heterogeneity and sensitivity
analyses should be pre-planned in the review protocol.

In the typhoid review, investigation of heterogeneity
analysis was planned to examine the role of nine study
characteristics including disease endemicity of typhoid,
geographical region and index test format. However,
there were insufficient studies to examine any of these in
a statistical analysis, although an SROC graph was used
to display studies according to type of reference standard
and study design.

By contrast, the typhoid review included a sensitivity
analysis restricted to studies of the rapid test typhidot
where there was a low bias expected from inconclusive
test results, caused by conflicting results from IgG and
IgM antibodies. The ovarian cancer review was only able
to complete planned heterogeneity analyses comparing
studies including borderline results as part of the refer-
ence standard, as opposed to studies either unclear or
specifically excluding borderline test results.

Guidance on index test thresholds in meta-analysis

A common mistake in DTA reviews that compromises
the clinical relevance is to combine test results across
very different thresholds for defining a positive test result
by using methods that allow only one threshold per study
for the estimation of an average sensitivity and specificity.
Results combined across very different thresholds in this
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way do not give a result that can be interpreted at any
clinically relevant threshold, but correspond to an aver-
age result reflecting how often different thresholds are
reported. For example, in the typhoid review, it is impor-
tant not to combine results from the two thresholds of
the Test-1It test.

Therefore, the choice of a meta-analysis method
depends on the type of data available and the focus of
interest. If studies report a common threshold, esti-
mating an average sensitivity and specificity (summary
point) at that threshold is appropriate. However, if stud-
ies report different thresholds, estimating a SROC curve
across different thresholds by including one threshold
per study is more appropriate. If some or all of the stud-
ies report more than one threshold, more complex meth-
ods that produce SROC curves across the thresholds as
well as estimates of average sensitivity and specificity at
specific thresholds can be used to make the most of the
available data as well as to identify a relevant threshold
that meets a desired level of test performance [9, 10].
The DTA Cochrane handbook provides guidance on
data extraction [19] and meta-analysis with multiple test
thresholds [14].

Including TOMAS-R in systematic review protocols
TOMAS-R is suitable as a tool to guide planning in a
review and to maintain communication within a team,
but also to provide a clear summary table of review
planning for inclusion in a systematic review protocol.
Clearly, it is not possible to plan for all eventualities in
a review protocol, and TOMAS-R could also be used to
report changes between the protocol and final review.

Concluding remarks

DTA systematic reviews require careful planning to
enable them to address clinical objectives in an informa-
tive way. Careful planning is facilitated by a structured
approach, particularly in DTA reviews where there is
often considerable complexity due to variations between
studies.

TOMAS-R is a template to allow structured planning
with prompts to identify sources of complexity identi-
fied as common in DTA systematic reviews. In this article
we have described how this template can be used during
protocol development for planning DTA reviews. We
anticipate this template will enhance the quality and con-
sistency of protocols by providing a structured approach,
similar to tools and checklists already in use, such as
reporting guidelines and risk of bias tools. An earlier
version of this template has been adapted for prognostic
reviews [20], using terminology used in prognostic SRs.
A blank template table is provided in supplementary
materials (Table S1).



Mallett et al. Diagnostic and Prognostic Research (2022) 6:18

The template can also be used for reporting what was
done in a review and changes between the protocol and
the review. In addition, we have also found the template
is useful for peer review of DTA and prognostic reviews,
either at the protocol or full review stage.

As with other checklists and tools in medical research,
TOMAS-R and its guidance will require updating as
methods for diagnostic accuracy studies develop and
further validation is undertaken. We recommend down-
loading the latest version of TOMAS-R and accompany-
ing guidance, including detailed examples, from the OSF
open repository site (https://osf.io/).
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