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Complex Review Support Unit

“The CRSU will focus on providing timely and appropriate support for the
delivery of complex reviews that are funded and/or supported by NIHR.”
(Included Cochrane reviews)

* Collaboration between Universities of Leicester and Glasgow
* Funded 2015 — November 2023

* Quickly discovered lack of software for the non-statistic expert
systematic reviewer was a limiting factor for data analysis

* Apps developed in response to this need



Complex Review Synthesis Unit @ ESG

CRSU Funding was not renewed

 April 2023 : U o Leicester and Glasgow funded
Evidence Synthesis Group (ESG) (5 years)

 App collaboration planned to continue as part of ESG
(but work funded from other sources)

* We hope we can use our apps for ESG work!




App Principles

* Developed using R and {shiny} ¢ Emphasis on visualization
(with JAGS and STAN for Bayesian , gynort plots of publication quality

analysis) _ | _
» Where possible utilise existing R Code is freely available on GitHub

packages * Can be run locally in R if speed /

internet connection / memory /
o . . .
Free to use and open source confidentiality concerns are a

* Point and click interface problem
* Built-in example datasets * Gives a platform to provide
» Do not replace statisticians methodological developments we

Provide methods f tvity | oevelop
* Provide methods for sensitivity | .
analysis Come with no guarantees



Treatment Effects

4 * MetaPairwise
—

Y/

e Pairwise meta-analysis

* Metalnsight

* Network meta-analysis
(NMA)

* MetaCNMA

e Component network meta-
analysis (CNMA)

* Metalmpact
* Designing studies to

4 Diagnostic Test Accuracy

o

* MetaDTA

* Frequentist meta-analysis
* MetaBayesDTA

o

S
&

contribute to meta-analyses

e Bayesian meta-analysis

w®

~

é Other

-
L

* DTAPrimer
* Introduction to DTA

* MetalnsightCOVID
* Feasibility study for living NMA

* MetaSIimMA

* Tool for simulating MA/NMA
datasets

e
-

~
~

/




™

MetaPairwise

MetaPairwise
A tool for painwise meta-analysis that

leverages estahlished analysis routines
(specifically the {metafor} and {metastan}

packages in k)

DTA-Primer

DTA-Primer

This interactive explorable explanation is
designed to teach the basics of diagnostic
test aoouracy evaluation and is
recommended for anyone new to the area
(including those planning to move into
diagnostic test synthesis) or those who never
quite got their head around an ROC curve or
needs a bit of revision on the topic.

A smoother implementation of the core idea
in the abowe Is avallable here. The initial app
is =till recommended for explanations and

extra content.

Metalmpact

Metalmpact

A tool for designing future studies to hawe

an impact on a orment evidence base,
including an educational walk-through

M,

Metalnsight

Metalnsight

A tool for network meta-analysis (MMA) that
leverages established analysis routines
[spedfically the netmeta and gemitc package

ink)

MetaDTA

MetaDTA

An app providing a user friendby (“point and
click™) web interface for conducting meta-
analysis of diagnostic test acouracy ([DTA)
studies. Analysis options indude the
bivariate meta-analysis model -
recommended for use in Cochrane DTA
reviews (but not avallable in Cochrane
software).

™M

MetaCNMA

MetaCNMA

Mow in beta: MetaCNMA allows you to

conduct a Component Network Meta
Analysis within a web application

™

MetalnsightCOVID

Metalnsight Covid-19

A tool for the network meta-analysis of

Pharmaoiogical treatments fior COVID 19

™M

MetaBayesDTA

MetaBayesDTA

MetaBayesDTA is an extended, Bayesian
version of MetaDTA, which allows users to
conduct meta-analysis of test acouracy, with
or without assuming a gold standard.

M

MetaSimMA

MetaSimMA

A tool for simulating pairwise or nebwork
meta-analysis or meta-regression data. The
simulated datasets satisfy the standard
miodel assumptions, and are in Metalnsight
format.

Apps Webpage:

https://www.gla.ac.uk/research/az/crsu/apps/
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Component Network Meta Analysis  wetacnma

3+B
R

SHECR

Example questions:
“Which components of these multi-
component interventions are most
effective?” b4

or :
“What would be the predicted ™/ |
effectiveness of a particular
combination?” O Dl

PageC

Llainl Care
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Freeman SC, Scott NW, Powell R, Johnston M, Sutton AJ, Cooper NJ. Component network meta-analysis identifies the most effective components of
psychological preparation for adults undergoing surgery under general anesthesia. Journal of Clinical Epidemiology 2018; 98: 105,
https://doi.org/10.1016/].jclinepi.2018.02.012
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CNMA Models
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Abstract

Meta-analyses of psychological interventions typically find a pooled effect of
“psychological intervention” compared with usual care. This answers the
research question, “Are psychological interventions in general effective?” In
fact, psychological interventions are usually complex with several different
components. The authors propose that mixed treatment comparison meta-
analysis methods may be a valuable tool when exploring the efficacy of
interventions with different components and combinations of components, as
this allows one to answer the research question, “Are interventions with a
particular component (or combination of components) effective?” The authors
illustrate the metheds using a meta-analysis of psychological interventions for
patients with coronary heart disease for a variety of outcomes. The authors
carried out systematic literature searches to update an earlier Cochrane review
and classified components of interventions into 6 types: usual care,
educational, behavioral, cognitive, relaxation, and support. Most interventions
wereac ination of these

p . There was some evidence that
psychological interventions were effective in reducing total cholesterol and
standardized mean anxiety scores, that interventions with behavioral
components were effective in reducing the odds of all-cause mortality and
nonfatal myocardial infarction, and that interventions with behavioral and/or
cognitive components were associated with reduced standardized mean

depression scores.

Keywords: Bayesian inference, coronary disease, Markov chain Monte Carlo,
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MetaCNMA

Nicky J. Welton, D. M. Caldwell, E.
Adamopoulos, K. Vedhara, Mixed
Treatment Comparison Meta-Analysis
of Complex Interventions:
Psychological Interventions in
Coronary Heart Disease, American
Journal of Epidemiology, Volume 169,
Issue 9, 1 May 2009, Pages 1158-

1165, https://doi.org/10.1093/aje/kwp0
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MetaCNMA MetﬂMA

* Implements models from the Welton et al paper.
* Fixed and Random Effects
e Using Stan for Bayesian computation

e Currently in open Beta
* R Package for Bayesian CNMA Analysis based on
code developed for the app planned




MetaDTA
and
MetaBayesDTA



Diagnostic tests:
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MetaBayesDTA

* Originally written by Enzo Cerullo

* Create an extended version of MetaDTA which fits more complex
models - regression models / imperfect gold standards

e Uses Bayesian methods as implemented in STAN software
exclusively — bespoke STAN code used throughout

* Encourage good practices
e Automatically report predictive intervals
* Prior distributions visualised before model fitting

* Model and sampler diagnostics automatically presented

e Updated user interface over MetaDTA



* Both DTA apps:
* have links to YouTube tutorials within them
* code is freely available on GitHub
e can be run locally in R if speed / internet connection /
memory / confidentiality concerns are a problem

* MetaDTA has a manual within app
* A document showing how all possible analyses from the

Cochrane Handbook can be replicated in MetaBayesDTA is
available within the app

() Cochrane

Cochrane Handbook for

Systematic Reviews of
Diagnostic Test
Accuracy

WILEY Blackwel




1 Introduction

2 Bivariate Model, 9.4 2 Example 1
continued: anti-CCP for the diagnosis
of rheumatoid arthritis

3 Rutter and Gatsonis HSROC model,
9.4.4 Example 2: Rheumatoid factor as
a marker for rheumatoid arthritis

4 Meta-regression in the bivariate
model, 9.4.6.3 Example 1 continued:
Investigation of heterogeneity in
diagnostic performance of anti-CCP

5 Meta-regression in the HSROC
model. 9.4.6.5 Example 2 continued:
Investigating heterogeneity in
diagnostic accuracy of rheumatoid
factor (RF)

6 Comparing index tests in the
bivariate model, 9.4.7.3 Example 3: CT
versus MRI for the diagnosis of
coronary artery disease

7 Imperfect reference standard, 10.8
Latent class meta-analysis

8 Appendix

Reproducing analyses from the Cochrane DTA
handbook in MetaBayesDTA
v1.0

Tom Morris (tm428@leicester.ac.uk)

October 2023

NIHR Complex Reviews Support Unit

N I H R | National Institute for Universit
111V 5 UNIVERSITY OF
Health and Care Research ! chG asg()\}.:' T EICESTER

Far comments or question on MetaBayesDTA please e-mail apps@crsu.org.uk. For comments or question on this
document please e-mail tim428@leicester ac.uk.

1 Introduction

This guide contains step-by-step instructions on how to reproduce the example meta-analyses in the Cochrane
Handbook faor Systematic Reviews of Diagnostic Test Accuracy Version 2 (hitps://training.cochrane.org/handbook-
diagnostic-test-accuracy/current), using the MetaBayesDTA app (htips://crsu.shinyapps.io/MetaBayesDTA/). Six of
the examples contained in chapters 9 and 10 of the handbook can be carried out in MetaBayesDTA. Before starting,
the reader should familiarise themselves with the example(s) they wish to reproduce and download the
accompanying datasets.



App Usage

November 2023 — January 2024

ol ACCOUNT / USAGE

Hours 3 Months

Apr 08 Apr 16 Apr 23 May 01 May 08

» ~10,500 hours online usage over 3-month period

 Initial app papers for NMA & DTA cited 225+ times each



App Work in Progress (1)

General

 Add more information to the Website

 Add report generation with associated underlying code to
analysis apps

» Adds transparency/reproducibility

 Allow user to tweak/extend analysis beyond what is possible in the
apps in R

e This has already been done for MetaPairwise

Download script with library functions:

* Well underway for Metalnsight for NMA ®
/\ O Secript Only ®
@® Essential Only ®
shinyscholar O Full Package ®

" & Download forest plot script



App Work in Progress (2)

Metalnsight

 We have an grant (from Wellcome) to make
Metalnsight and CINeMA compatible

« Will allow integrated data analysis and Grade type

assessment @—- CINeMA

Confidence in Network Meta-Analysis

https://cinema.ispm.unibe.ch/

* Add generic outcome measure (to allow e.g. Hazard
Ratio data from survival outcomes etc)


https://cinema.ispm.unibe.ch/

App Work in Progress (3)

MetaPairwise
« Adding more functionality from the metafor R package

MetaCNMA
* Hope to add more data visualisations in the future

Freeman, S.C., Saeedi, E., Orddiez-Mena, J.M. et al. Data visualisation approaches for component network
meta-analysis: visualising the data structure. BMC Med Res Methodol 23, 208 (2023).
https://doi.org/10.1186/s12874-023-02026-z



Hopes for the Future: ICRSU

Further extend functionality of existing apps

Integrate with more existing systematic review
workflows
e j.e.Othertools/software

* Do you have any suggestions / requests for analysis
apps/features?




Final Points: ‘CE.RSU

Webpage for Apps: X
https://crsu.org.uk -> Apps & Materials

@ESG_CRSU

Contact the App Team: apps@crsu.org.uk
GitHub https://github.com/CRSU-Apps/Metalnsight

Interested in learning Shiny/App development?
 MetaPairwise — lots of scope for extension!
 All code open source, CRSU would help where possible

Links to App worksheets (from Cochrane Colloquium 2023):
https://www.gla.ac.uk/research/az/evidencesynthesis/crsu-
outputs/cochrane-colloquium-2023/

Thank You For Listening!
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