


[bookmark: _Toc218850788]Worked Example 2: Serological tests for coeliac disease 
Note: Purple text indicates completed answer

QUADAS-3 aims to help in the evaluation of  the risk of bias and concerns regarding applicability for each set of estimates of test accuracy included in your review.  The tool includes six phases. Phases 1 and 2 are completed at the review level, phases 3 and 4 at the study level, and phase 5 and 6 are completed for each selected set of estimates. We recommend including the review level phases as part of your review protocol. 
summarises the phases included in the QUADAS-3 tool with details of when each phase should be completed and which section of the tool should be completed for each phase.  

Please read the QUADAS-3 Explanation & Elaboration report before using QUADAS-3. This provides a detailed overview of how to complete each phase. Consider whether any review-specific guidance for individual signaling questions is needed.

Table 1: Overview of the phases included in the QUADAS-3 tool with details of when each phase should be completed and which section of the tool should be completed for each phase
	Phase
	When to complete
	Section to complete

	Phase 1: State the systematic review synthesis question(s) 
	Once per review
	Table 2


	Phase 2: Define the ideal test accuracy trial for each synthesis question 
	Once per review
	Table 4


	Phase 3: Draw a flow diagram 
	Once per study
	Box 1 


	Phase 4: Identify the accuracy estimates to assess for risk of bias and applicability 
	Once per study
	Table 5


	Phase 5: Assess risk of bias and concerns regarding applicability
	For each selected estimate
	Individual domain 


	Phase 6: Overall judgment
	For each selected estimate
	Summary tables





[bookmark: _Toc218850789]Phase 1: State the systematic review synthesis question(s) [once per review]
A single review may address more than one synthesis question. The first phase of the QUADAS-3 assessment is to clearly specify the question(s) that will be addressed by the systematic review synthesis. This should also be pre-specified in your review protocol.  Consider including the following components: population, index test(s), and target condition.  For reviews involving comparative accuracy, we recommend using the QUADAS-C tool in addition to QUADAS-3.

Table 2: Definition of systematic review synthesis questions

	Question 1
	What is the accuracy of the TTG test for detecting coeliac disease in adults with symptoms suggestive of coeliac disease presenting to primary care?

	Question 2 
	What is the accuracy of the EMA test for detecting coeliac disease in adults with symptoms suggestive of coeliac disease presenting to primary care?



[bookmark: _Toc218850790]Phase 2: Define the ideal test accuracy trial for each synthesis question [once per review]
For each synthesis question defined in Phase 1, define the ideal test accuracy trial that could be conducted in a clinical setting. An ideal test accuracy trial should produce unbiased estimates of test accuracy. An ideal trial is a theoretical construct as such a trial design may not be achievable in practice because of ethical and resource constraints.  

Defining the ideal test accuracy trial serves as a benchmark for identifying how real-world deviations observed in a particular study may introduce risk of bias or raise concerns about applicability. 

The ideal trial to evaluate a test strategy should be based on the following design template, adapted to your review question, and should ensure that the design both minimises the risk of bias and maximises the applicability of the trial to each synthesis question. A test strategy encompasses one or more tests used together but accuracy is estimated for the strategy rather than for the individual test components.  Table 3 provides a framework to help you define the ideal test accuracy trial for each synthesis question, recognising that some components may be replicated across individual synthesis questions in a review (for example a review of more than one index test in the same population). 


Table 3: Framework to define the ideal test accuracy trial.  Use this information to help you complete Table 4.

	Component 
	General features 

	Overall 
	· Pre-specified protocol. 
· Sufficient total sample size to expect adequate numbers of participants with and without the target condition to generate sufficiently precise estimates of test accuracy (e.g. sensitivity and specificity).

	Objective 
	· Assess the accuracy of the index test(s) in its proposed role and position in the clinical pathway, including the clinical decision that the test is informing.

	Participants 
	· Prospective enrolment of a single group of consecutive or random group of eligible participants suspected of having the target condition. 
· Participants are a representative sample of the intended-use population, as defined in the synthesis question. 
· Details of symptoms and prior test results of included patients reported.

	Index test 
	· Index test should be the appropriate technical version of the index test, conducted using recommended instructions and in the intended role in the clinical pathway.
· Performed after recruitment of trial participants. 
· Interpretation of the index test result should not be affected by external information that would not usually be available to the person interpreting the test in its proposed role in practice e.g. information on the reference standard, disease state, or additional test results. 
· Test conducted by operators who would usually conduct and interpret the test in practice, in a setting representative of the review question 
· Definition of threshold(s) to classify test results as positive or negative pre-specified. 

	Definition of the target condition 
	· Reference standard and reference standard threshold should correctly classify all participants as having or not having the target condition. 
· Protocol for undergoing the reference standard is the same for all study participants, and the reference standard is performed in all participants. 
· Reference standard performed after recruitment of trial participants. 
· Reference standard interpretation is independent of the index test; those interpreting the reference standard should not be aware of the index test results, and the index test should not be part of the reference standard where a composite reference standard is used. 
· The time between the index test and reference standard is sufficiently short to be confident that the disease status has not changed.

	Analysis 
	· All participants included in the analysis.
· Unit of analysis appropriate for the synthesis question. 
· Appropriate methods used to calculate estimates of accuracy (e.g. sensitivity and specificity).







For each synthesis question in Table 2, define the ideal trial in Table 4.  Use the information in Table 3 as a guide.

Table 4: Definition of the ideal test accuracy trial for each systematic review synthesis question in Table 2
	Component
	Synthesis Question 1
	Synthesis Question 2

	Objective


	To assess the accuracy of TTG test as an initial triage test for detecting coeliac disease in symptomatic adults presenting to primary care to inform the decision of whether referral for confirmation of the diagnosis with biopsy is needed.
	To assess the accuracy of EMA test as an initial triage test for detecting coeliac disease in symptomatic adults presenting to primary care to inform the decision of whether referral for confirmation of the diagnosis with biopsy is needed.

	Participants

	Consecutive prospective enrolment of adults with symptoms suggestive of possible coeliac disease presenting to primary care

	Index Test(s)



	· TTG:  Anti-tissue transglutaminase antibodies determined by ELISA
· Conducted in standard laboratory setting interpreted by general practitioner/community physician
· Performed after participants have been enrolled into the study.
· Index test result interpreted without knowledge of any other serologic test results or the biopsy results.
· Participants should not be on a gluten free diet at time of testing
· Results evaluated at threshold of 1 x  upper limit of normal (ULN)
	·  EMA:  Antiendomysial antibodies detected by indirect immunofluorescence using monkey oesophagus tissue 
· Conducted in standard laboratory setting interpreted by general practitioner/community physician
· Performed after participants have been enrolled into the study.
· Index test result interpreted without knowledge of any other serologic test results or the biopsy results.
· Participants should not be on a gluten free diet at time of testing

	Definition of the target condition
	· Coeliac disease
· Upper GI biopsy taken via endoscopy with multiple biopsies (4-6 in total) taken from both the duodenal bulb and distal duodenum.
· Biopsies should be well oriented on filter paper 
· Interpreted by an experienced operator
· Coeliac disease defined as Marsh score 3a or above (severe partial villous atrophy, sub-total or total villous atrophy).
· Reference standard should be performed after recruitment of trial participants.  
· Reference standard interpretation should be independent of the index test result.
· The samples for the index test and reference standard should be taken at the same time
· Participants should not be on a gluten free diet at time of testing

	Analysis
	· All participants included in the analysis.
· Appropriate methods used to calculate estimates of accuracy (e.g. sensitivity and specificity).
· Analysis at the patient level 




[bookmark: _Toc218850791]Phase 3: Draw a flow diagram [once per study]:
Draw a flow diagram for the primary study to provide a visual summary of how participants and test results underlying accuracy estimates progress through a primary study. This would usually be done at the study level and would portray the flow of participants and test results for all estimates specified in Phase 4.  You may need to draw separate diagrams for the different synthesis questions.

Reference of paper being assessed:
Johnston SD, McMillan SA, Collins JS, Tham TC, McDougall NI, Murphy P. A comparison of antibodies to tissue transglutaminase with conventional serological tests in the diagnosis of coeliac disease. Eur J Gastroenterol Hepatol. 2003 Sep;15(9):1001-4


Box 1: Flow diagram
[image: A diagram of a flowchart
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For each synthesis question, it is often possible to calculate multiple estimates of sensitivity and specificity (i.e. multiple two-by-two tables) from the data presented in a study.  Multiple estimates within a specific study may occur due to differences in study subgroups, index tests, definitions of the target condition, reference standards, units of analysis, and thresholds. The potential risk of bias and applicability issues may differ according to the estimate.  

Not all estimates reported in a primary study will be relevant for your review; you should only extract and assess those estimates that are relevant to one of your synthesis questions (defined in Phase 1) and that will contribute to the synthesis (whether narrative or statistical).  Deciding which estimates to extract should be considered at the review level and done as part of data extraction – here we ask you to specify which estimates will be included in your review.  Only perform QUADAS-3 assessment for numerical estimates that will be included in the review. Please complete Table 5 to identify the numerical accuracy result(s) being assessed.  

Table 5: Identification of numerical accuracy estimates(s) to be assessed 
	
	Estimate 1
	Estimate 2

	Synthesis Question (e.g. Q1, Q2 from table X)
	Question 1
	Question 2

	Numerical test accuracy result e.g. sensitivity=80% 
and specificity=76% 
	Sens: 86%
Spec: 84%
	Sens: 90%
Spec: 98%

	Participants
	All participants that underwent TTG testing, EMA testing, and biopsy during the study period

	Index Test
	TTG
	EMA

	Index test threshold (if applicable)
	>15U
	Positivity was taken as positive staining at a titre
of 1 : 5 or greater.

	Target condition
	Coeliac disease

	Reference standard
	Biopsy

	Unit of analysis (e.g. participant, tumour, lesion, sample)
	Participant

	Analysis (e.g. analysis method, participants included in analysis)
	All patients with data available on both serologic test result and duodenal biopsy result.

	Which QUADAS-3 domains will be assessed (Participants, Index Test, Target condition, Analysis)*
	All
	Index test




[bookmark: _Toc218850793]Phase 5: Assess risk of bias and concerns regarding applicability [for each selected estimate]
QUADAS-3 is structured as 4 key domains (Participants, Index Test, Target Condition, Analysis) each rated in terms of the risk of bias.   Each domain has a set of signaling questions to help judge risk of bias. Signaling questions are answered as:
· yes (Y)
· probably yes (PY)
· probably no (PN)
· no (N)
· no information (NI)  

A risk of bias judgment for each domain is based on signaling question answers and is answered as:
· low
· high
· insufficient information (II)

If all signaling questions for a domain are answered “yes” or “probably yes” then risk of bias can be judged “low”. If any signaling question is answered “no” or “probably no” this flags the potential for bias. Review authors then need to use their judgment and review specific assessment guidance to judge whether the potential issue identified is likely to have influenced the estimates of test accuracy – a study can still be at low risk of bias even if one or more signaling questions are answered no. The “insufficient information” category should be used only when insufficient data are reported to permit a judgment.

Three of the four domains (Participants, Index Test, Target Condition) are also assessed for applicability to the synthesis question.  Concern regarding applicability to the synthesis question is also judged as:
· low
· high
· insufficient information

If you have specified more than one estimate to be assessed in Table 5, you will need to identify which assessment relates to which estimate.



DOMAIN 1:  PARTICIPANTS
	A. Risk of Bias

	Describe how participants were enrolled e.g. single-gate (a group of participants in whom the diagnosis was not yet known.  This could include multiple groups from different locations e.g. different hospitals) or multi-gate (case-control design – participants with known diagnosis):
Single gate design: Consecutive adult patients, who had undergone serological tests for coeliac disease during the first 18 months of use of the tissue transglutaminase antibody assay, were retrospectively identified from the regional serology laboratory database. Patients were recruited from five local hospitals in Northern Ireland. These hospitals serve as secondary referral centres in a mainly urban and suburban population.

Describe whether enrolment was prospective or retrospective:
Retrospective enrolment.

Describe how participants were selected for enrolment (consecutive or random): 
See above

Describe any restrictions to enrolment:
None reported 

	ESTIMATE
	1 & 2

	1.1 Was a single-gate design used? 
	Y

	[bookmark: _Hlk29394241]1.2 Were participants prospectively enrolled?
	N

	1.3 Was a consecutive or random sample of participants included?
	PY

	1.4 Is the study group a representative sample of the intended use population?
	II

	Risk that the selection of participants has introduced bias
	HIGH

	Rationale for judgment
The study was retrospective cohort (single gate) study that included consecutive patients who were tested for coeliac disease.  As participants were selected retrospectively from chart review based on availability of information on serological testing they are likely to be a selected subsample of the intended use population.

	B. Concerns regarding applicability to the systematic review synthesis question

	Concern that the included participants do not match those in the ideal test accuracy trial 
	HIGH

	Rationale for judgment 
The study was conducted in secondary care and it is not clear whether all included patients were symptomatic on the basis that indications for duodenal biopsy were described as ‘serological results or clinical symptoms’.  This is likely to have been a very different population to symptomatic patients presenting to primary care.



Y=yes; PY = probably yes; N=no; PN= probably no; NI = no information; II = insufficient information 


DOMAIN 2:  INDEX TEST
	A. Risk of Bias

	Describe the index test: TTG (anti-tissue transglutaminase antibodies determined by ELISA) and EMA (antiendomysial antibodies detected by indirect immunofluorescence using monkey oesophagus tissue) conducted in hospital outpatient population 

Describe whether the index test was conducted and interpreted according to recommended instructions (e.g. following manufacturer’s instructions, following protocol, standard clinical methods): Study suggests index tests were interpreted in line with recommended instructions but there is a lack of detail here. 
EMA:  “Antiendomysial antibodies in the IgA class were detected by indirect immunofluorescence using monkey oesophagus tissue (BioDiagnostics Ltd, Worcestershire, UK) as the antigen. 
TTG:  “Anti-tissue transglutaminase antibodies were determined by commercial ELISA (Immco
Diagnostics). 

Describe what information was available to those interpreting the index test:
No information on who interpreted the tests or information available to interpreter.

If a threshold was used, describe how this was selected (e.g. standard pre-specified threshold, defined a priori within the study, derived from the data): Threshold was pre-specified:
EMA: Positivity was taken as positive staining at a titre of 1 : 5 or greater.
TTG: Results were expressed in ELISA units with a normal reference range of 0–25 U (97.5th centile)

	ESTIMATE
	1
	2

	2.1 Was the index test conducted and interpreted according to the recommended instructions?
	PY
	PY

	2.2 Were the index test results interpreted without knowledge of the reference standard results?
	PY
	PY

	2.3 Were the index test results interpreted with the same information as would be available when the test is used in practice?
	NI
	NI

	2.4 If an index test threshold was used, was it either standard or pre-specified?
	Y
	Y

	
Risk that the conduct or interpretation of the index test has introduced bias
	LOW
	LOW

	Rationale for judgment
Thresholds for defining a positive test results were specified as “normal reference ranges” TTG and as “positivity” for EMA. It appears likely that the serology results were interpreted prior to the reference standard as serology is usually performed before biopsy, and so those interpreting the index test would be unlikely to have had knowledge of the results of the reference standard.  There was no information on the information available to the person interpreting the index tests.  TTG is fairly objective and produces a numerical result but EMA is more subjective.  Information that could have been made available (e.g. patient characteristics) is quite non-specific it seems unlikely that this would have influenced the classification of tests results.  Results of other serological tests (if these were available) may have affected classification for subjective tests (EMA) .

	B. Concerns regarding applicability to the systematic review synthesis question

	Concern that the index test, its conduct, or interpretation does not match the ideal test accuracy trial
	LOW
	II

	Rationale for judgment
Both index tests were conducted using the same methods as those specified in the review question.  There was no information on who interpreted the index tests.  TTG produce a numerical result, it is unlikely that accuracy would vary much between different interpreters with different skill or expertise.  

EMA is more subjective and dependent on the experience of the evaluator.  As we have no information on the experience of the evaluator concerns regarding applicability for EMA would be insufficient information.


Y=yes; PY = probably yes; N=no; PN= probably no; NI = no information; II = insufficient information 
DOMAIN 3: TARGET CONDITION
	A. Risk of Bias

	Define the target condition:
Coeliac disease.

Describe how the target condition was assessed – what reference standard(s) was used and how was it conducted and interpreted:
“Histological results in those patients who underwent duodenal biopsy. Coeliac disease was defined as severe partial villous atrophy, sub-total or total villous atrophy”

Only 92 of the included patients underwent biopsy (the reference standard).  The others were excluded from the analysis.  

What was the time interval between index test and reference standard:
There was no information on the time between serology and biopsy.  This is particularly important as if there is a long time period, people who tested positive on serology may have opted to start a gluten free diet, this can result in changes that would be visible on histology being reversed and so no longer being visible.  Patients would then be classified as not having coeliac disease based on the biopsy when in fact they do have coeliac disease but this is now controlled by the gluten free diet.

	ESTIMATE
	1 & 2

	3.1 Does the reference standard adequately identify those with and without the target condition? 
	Y

	3.2 Was the target condition assessed in all participants?
	N

	3.3 Was the target condition assessed in the same way in all participants?
	Y

	3.4 Did the reference standard avoid incorporating the index test?
	Y

	3.5 Was the reference standard conducted and interpreted according to the recommended instructions?
	NI

	3.6 Were the reference standard results interpreted without knowledge of the index test results?
	NI

	3.7 If a reference standard threshold was used, was it standard or pre-specified?
	Y

	3.8 Was there an appropriate time interval between index test and reference standard?
	NI

	
Risk that the assessment of the target condition has introduced bias	
	HIGH

	Rationale for judgment
The main potential source of bias in this study is that the analysis was restricted to the subset of 92 patients who underwent biopsy.  

Biopsy is the best available reference standard for diagnosing coeliac disease, although it is not 100% sensitive or specific. There was no information on whether those interpreting the biopsy were blinded to the serology results.  As histology requires some degree of subjective judgment, it is possible that knowledge of the serology results could have influenced interpretation of the biopsy.  There was also very little detail on how the reference standard was conducted and from which part of the duodenum biopsy samples were taken.

The interval between the index test and reference standard was unclear.  If the time between index test and reference standard was too long, people who tested positive on serology may have opted to start a gluten free diet, this can result in changes that would be visible on histology being reversed and so no longer being visible.  Patients would then be classified as not having coeliac disease based on the biopsy when in fact they do have coeliac disease but this is now controlled by the gluten free diet.  This would have led to biased estimates of accuracy.

	B. Concerns regarding applicability to the systematic review synthesis question

	Concern that the target condition as defined by the reference standard does not match the ideal test accuracy trial
	LOW

	Rationale for judgment
The reference standard used is likely to have appropriately classified those with and without the target condition.  There were concerns about the lack of detail reported about how the reference standard was performed (expertise of operators and site of sample selection) and about the selected sub-sample that received a biopsy. However, the threshold definition of coeliac disease concurs with the review question. On balance, because duodenal biopsy for suspected coeliac disease is likely to be standard, we do not think this is likely to have changed the make-up of the target condition.


Y=yes; PY = probably yes; N=no; PN= probably no; NI = no information; II = insufficient information 


DOMAIN 4: ANALYSIS	
	A. Risk of Bias

	Describe any participants who were enrolled in the study but excluded from the 2x2 table (refer to flow diagram) and reasons why they were excluded (e.g. did not receive index test, did not receive reference standard, uninterpretable index result etc). 
Only 92 of the included patients underwent biopsy (the reference standard).  The others were excluded from the analysis.  It is unclear whether all patients who underwent biopsy also received both of the index tests (EMA and TTG)  – no information was reported on this.

What do the numbers in the 2x2 table correspond to? i.e. what is the unit of analysis (e.g. participants, samples, specimens)
Participants

Describe any non-standard statistical analyses used to generate the estimates of sensitivity and specificity being assessed (either conducted by the study authors or by you):
No complex analyses

How was any missing 2x2 data, including missing reference standard data, accounted for?
Missing data were not accounted for; they were excluded from the 2x2 data for estimation of accuracy.

	ESTIMATE
	All

	4.1 Were all participants included in the analysis?
	N

	4.2 Were missing data handled appropriately?	
	N

	4.3 Does the unit of analysis match the ideal test accuracy trial?
	Y

	4.4 Were the estimates of sensitivity and specificity calculated appropriately?
	Y

	
Risk that the analysis has introduced bias
	HIGH

	Rationale for judgment
A large proportion of participants were excluded from the analysis as they did not receive the reference standard.  No attempts were taken to account for missing data in the analysis.


Y=yes; PY = probably yes; N=no; PN= probably no; NI = no information; II = insufficient information 
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Phase 6: Overall Judgment [for each selected estimate]
An overall judgment across domains should be completed for each estimate specified in Table 5,  based on the domain specific assessments.  This should be done separately for risk of bias and concerns regarding applicability 

The overall risk of bias judgments are based on the domain-level judgments:
· If any domain is judged at high risk of bias, the overall paired estimates are also high risk.
· If all domains are judged low risk, the overall paired estimates are low risk.
· If any domain is judged insufficient information and none are high risk, the overall paired estimates are insufficient information.
Reviewers should also provide an overall rationale, highlighting the major limitations that informed the overall judgment. A similar approach applies to overall applicability judgments.
A. Risk of Bias 
	Domain
	Judgment
	Rationale for judgment

	Estimate
	1
	2
	

	1:  PARTICIPANTS  
	High
	The study was a retrospective cohort (single gate) study that included consecutive patients who were tested for coeliac disease with serological tests.  As participants were selected retrospectively from chart review based on availability of information on serological testing they are likely to be a selected subsample of the intended use population.

	2:  INDEX TEST(S)
	Low
	Low
	No concerns identified -  although there was no information on the information available to the person interpreting the test, because TTG produces a numerical result it seems unlikely that external information would have influenced the classification of test results. EMA is more subjective and therefore open to changes in classification of test results but it is unclear whether additional information was in fact available to test interpreters.

	3: TARGET CONDITION
	High
	Restriction of the analysis to the subset of 92 patients who underwent biopsy is likely to have introduced bias.  

	4: ANALYSIS 
	High
	A large proportion of participants were excluded from the analysis as they did not receive the reference standard.  No attempts were taken to account for missing data in the analysis.

	OVERALL
	HIGH
	HIGH
	The major limitation with this study is restricting the analysis to those that underwent biopsy.





B. Concerns regarding applicability
	Domain
	Judgment
	Rationale for judgment

	Estimate
	1
	2
	

	1:  PARTICIPANTS  
	High
	The study was conducted in secondary care and it is not clear whether all included participants were symptomatic.  This is likely to have been a very different population to symptomatic patients presenting to primary care.

	2:  INDEX TEST(S)
	Low
	II
	Both index tests were conducted using the same methods as those specified in the review question.  There was no information on who interpreted the index tests.  TTG produces a numerical result, it is unlikely that accuracy would vary much between different interpreters.  There are therefore low concerns regarding applicability for this test.

EMA is more subjective and dependent on the experience of the evaluator.  As we have no information on the experience of the evaluator concerns regarding applicability for EMA would be insufficient information.

	3: TARGET CONDITION
	Low
	The reference standard used is likely to have appropriately classified those with and without the target condition.  Although there were concerns about the lack of detail on how the reference standard that was performed and the selected sub-sample that received a biopsy, we do not think this is likely to have changed the make-up of the target condition.

	OVERALL
	HIGH
	HIGH
	The major concern regarding applicability for this study is the participants – the study was conducted in secondary care was not clearly restricted to symptomatic patients.  This is likely to have been a very different population to symptomatic patients presenting to primary care.
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