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Abbreviatbns: CCTAgoronarycomputed
tomograjy angiograpy; CINeMAConfidencén
NetworkMeta-Analysi<CMR cardiovascalr
magneticesonane; ECGelectrocardigram;
echo,echocardiogiphy;GRADEGradingof
RecommenationsAssessmenDevelopmerand
EvaluatiorSIDE Separatingndirectfrom Direct
EvidenceSPECT-MPjnglephotonemission
computedomograhy+myocatialperfusion
imaging.

conclusiondl]. TheGradingof Recommendationdssessmenbevelopmentnd Evaluation
(GRADE)approachprovidesanassessmeimif the confidencen theresultsfrom systematic
reviewsand meta-analysesndmanyorganisationsincluding the World HealthOrganiza-
tion, haveadoptedthe GRADEapproacH?2,3]. Basedn GRADE,2 system$iavebeenpro-
posedo evaluatehe credibility of resultsfrom networkmeta-analysegl,5], but the
complexityof the methodsandlackof suitablesoftwarehavelimited their uptake.

Hereweintroducethe Confidencen Network Meta-AnalysigCINeMA) approachCIN-
eMA s broadlybasedn the GRADEframework,with severatonceptuabnd semantidiffer-
encegb]. It coverss domains:(i) within-study bias(referringto theimpactof risk of biasin
theincludedstudies)(ii) reportingbias(referringto publicationandotherreportingbias),

(iii) indirectness(iv) imprecision,(v) heterogeneityand (vi) incoherenceThereviewer's
input is requiredat the studylevelfor within-study biasandindirectnessThen,applyinguser-
definedrules,CINeMA assigngudgmentsat 3 levelgno concernssomeconcernspr major
concerns}o eachdomain.Judgmentsacrosglomainscanbesummarisedo obtain4 levelsof
confidenceor eachrelativetreatmenteffect,correspondingo the usualGRADEassessments
of verylow, low, moderatepr high.

We will focuson randomisedcontrolledtrials,andon relativetreatmenteffectsWe assume
that evaluatiorof the credibility of resultstakesplaceonceall primary analyseand sensitivity
analysetavebeenundertakenWe further assumehat reviewershaveimplementedopre-spec-
ified inclusioncriteriafor studiesandhaveobtainedthe bestpossibleestimate®f relative
treatmenteffectausingappropriatestatisticainethodg6+9].

Weillustratethe methodsusing3 exampleshat highlight differentaspect®f the process
andrepresennetworksof differentcomplexitiesTwo examplesreintroducedin Box1:a
networkof trials that compareoutcomesof diagnosticstrategiedn patientspresentingwith
symptomssuggestivef acutecoronarysyndrome[10] andanetworkcomparingadverse
eventf stating[11]. A third network,comparingthe effectivenessf 18 antidepressantior
major depressioljl2], is evaluatedor all domainsandis presentedn S1Text.All analyses
weredonein R softwareusingthe packagendthe CINeMA webapplication(Box2)
[13,14].

Box 1. Description of 2 network meta-analyses used to illustrate the
CINeMA approach to assess confidence in network meta-analysis.

Diagnostic strategies for patients presenting with symptoms
suggestive of acute coronary syndrome

Siontisetal. performedanetworkmeta-analysisf randomisedrialsto evaluatehe dif-
ferencedbetweerthe non-invasivediagnostiomodalitiesusedto detectcoronaryartery
diseasén patientspresentingvith symptomssuggestivef acutecoronarysyndrome
[10]. Differenceshetweerthe diagnostionodalitieswereevaluatedvith respecto the
numberof downstreanreferralsfor invasivecoronaryangiographyandotherclinical
outcomesFor the outcomereferrals 18 studieswereincluded.The networkis presented
in Fig 1A, andthedatain S1Data.Theresultsfrom the networkmeta-analysiarepre-
sentedn Tablel.

Comparative tolerability and harms of statins

Theaim of the systematiceviewby Nacietal.[11] wasto determinethe comparative
tolerability and harmsof 8 statins.The outcomeconsiderecherewasthe numberof
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patientswho discontinuedtherapydueto adverseffectsmeasuredsan oddsratio.
This outcomewasevaluatedn 101studiesThe networkis presentedn Fig 1B,andthe
outcomedataaregivenin S2Data.Theresultsof the networkmeta-analysiarepre-
sentedn S1Tableandtheresultsfrom Separatindndirect from Direct Evidence
(SIDE)in S2Table.

Methodology

Theframeworkwasinitially developedy a CochraneMethodsGroup (ComparingMultiple
InterventionsMethodsGroup; https://methods.cochrane.gfcmi/about-us) basedn previous
work [4,16,17]A preliminaryversionof the frameworkwaspublished5], andrecentadvances
weresubsequentlimplementedn afreelyavailablevebapplication[13]. Herewepresenthe
latest refinedversionof the framework,which wasdevelopedn regularmeetingsetweerthe
authors basedn feedbaclby usersof the CINeMA webapplicationand participantsat several
workshopsincluding Cochranewebinarsandworkshopsat CochraneColloquia(CapeTown,
2017Edinburgh,2018)andworkshopsatthe World HealthOrganization(November2017)
andthe Nationallnstitute for Healthand CareExcellencéNICE) (February2018).

Within-study bias

Backgroundand definitions. Within-study biasrefersto shortcomingsn the designor
conductof astudythat canleadto an estimatedelativetreatmenteffectthat systematicallglif-
fersfrom thetruth. In our frameworkwe assumehat studieshavebeenassesseir risk of
bias.The majority of publishedsystematiceviewsof randomisedcontrolledtrials currently
useatool developedy Cochraneo evaluateisk of bias[18]. Thistool classifiestudiesas
havinglow, unclear,or high risk of biasfor variousdomains(suchasallocationconcealment,
attrition, andblinding), with judgmentssummarisedicrosglomains.A recentrevisionof the
tool takesa similarapproach19].

The CINeMA approach. While it is straightforwardio gaugehe impactof within-study
biasesn pairwisemeta-analysif20], this is more complexin network meta-analysisThe
treatmentcomparisonof interestmight not havebeentesteddirectlyin anytrial, or testedn
only afewsmalltrials at high risk of bias.Thus,evenwhendirect evidencds presentjudg-
mentsaboutthe relativetreatmenteffectcannotignoretherisk of biasin the studiesproviding
indirect evidenceln complexnetworks,indirect evidences often obtainedvia severatoutes,
including 1-steploopsandloopsinvolving severaktepslt maythenbeinsufficientto consider
only therisk of biasin studiesin asingleprominent 1-steploop, ashaspreviouslybeenadvo-
cated[4,21].Thisis becausenoststudiesn anetworkcontributemorewhentheir resultsare
precisge.g.Jargestudies)whentheyprovidedirectevidencepr whentheindirect evidence
doesnot involvemanystepsFor examplestudiesn a 1-stepindirect comparisoncontribute
morethan studiesof the sameprecisionin a 2-stepindirect comparisonWe canquantifythe
contribution madeby eachstudyto eachrelativetreatmenteffectand presentcontributionsin
apercentageontribution matrix [22].

CINeMA combineghe studies‘contributionswith therisk of biasjudgmentsto evaluate
within-study biasfor eachestimatefrom anetworkmeta-analysidt useshe percentageon-
tribution matrix to approximatethe contribution of eachstudyandthencomputeghe per-
centagecontribution from studiegudgedto beatlow, moderate andhigh risk of bias.Using
differentcolours,studylimitationsin directcomparisonganbeshowngraphicallyin the
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Fig 1. Network plots of 2 network meta-analygs.(A) Network of randomise controlledtrials comparingnon-
invasivediagnosticstrategiesor the detectionof coronaryarterydiseasén patientspresentingvith symptans
suggestivef acutecoronarysyndrome Thewidth of the edgess proportionalto the numberof patientsrandomisel
in eachcomparisonThe coloursof edgegandnodesreferto therisk of bias:low (green) moderategyellow),andhigh
(red). (B) Network of randamisedcontrolledtrials comparirg statinswith respecto adverseffectsCCTA, coronary
computedtomographyangiogaphy;CMR, cardiovascudr magnetiacesonanceECG,electrocarddigram;echo,
echocardbgraphy;SPECT-MPIsinglephotonemissioncomputedtomograghy+myocardal perfusionimaging.

https://cbi.org/10.137 1djurnal.pred.1003082001

networkplot, while studylimitationsin the estimatedrom anetworkmeta-analysiarepre-
sentedor eachcomparisonin barcharts.
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Tablel. Resultsfrom pairwise (upper triangle) and network (lower triangle) meta-analysisfrom the network of non-invasivediagnosticstrategiesfor the detection
of coronaryartery diseasen Fig 1A.

CCTA b 2.25 1.04 1.23 b
(1.04+4.90) (0.70+1.55) (1.00£1.9)

3.07 CMR b b 0.38 b

(1.46+6.4p (0.18+0.78)

2.24 0.73 ExerciseECG b 0.42 1.93

(1.22+4.1)1 (0.28+1.88) (0.14+1.30) (1.39+2.67)

1.27 0.42 0.57 SPECT-MPI 0.87 b

(1.01+1.6D (0.20+0.87) (0.30+1.0y (0.71+1.06)

1.17 0.38 0.52 0.92 Standardcare 2.95

(0.97+£1.4p (0.18+0.78) (0.28+0.9p (0.76x110) (0.97+8.98)

4.31 1.40 1.93 3.38 3.69 Stressecho

(2.23+8.3p (0.53+3.74) (1.39+2.6p (1.71+668) (1.90+7.17)

Oddsratiosandtheir 95%confidencantervalsarepresentedor referralsfor invasivecoronaryangiograply. Oddsratiosin the lowertrianglelessthan 1 favourthe
strategyin the column;oddsratiosin the uppertrianglelessthan 1 favourthe strategyin therow. Cellswith adashindicatethatno direct studiesexaminedhat
particularcompari®n.

CCTA, coronarycomputedtomogragy angiograply; CMR, cardiovasualar magnete resonancei=CG,electrocarébgram;echo,echocardiogrphy; SPECT-MPI, single
photonemissioncomputedtomogragy+myocardal perfusionimaging.

https://da.org/10.1371¢urnal.pred.1003082.101

Box 2. The CINeMA web application.

The CINeMA frameworkhasbeenimplementedn afreelyavailableuser-friendlyweb
applicationaimingto facilitatethe evaluationof confidencen the resultsfrom network
meta-analysifl 3]. Thewebapplicationis programmedn JavaScriptisesDocker,and
islinked with R;in particular,packages  and areusedandanR packagéo
calculatehe contribution of studiesn networkmeta-analysigeatmenteffectd14,15].
Knowledgeof thesdanguageandtechnologiess not requiredto useCINeMA. The
sourcecodeis availableat https://github.com/esrispm-unibe-ch/cinema.

Loading the data

In the "My Projectstab, CINeMA usersareableto uploadacomma-separatedalues
(csv)file with the by-treatmentoutcomestudydataand study-levetisk of biasandindi-
rectnesgudgments The CINeMA webapplicationcanhandleall the formatsusedin
networkmeta-analysiflong or wide format, binary or continuous,arm-levelor study-
leveldata)and providesflexibility in labellingvariablesasdesiredby the user.A demo
datasets availablainderthe *"My Projectstab.

Evaluating the confidence in the results from network meta-analysis

A previewof the evidencgnetwork plot and outcomedata)andoptionsconcerningthe
analysigfixed or randomeffectseffectmeasureetc.)areavailablainderthe “Configura-
tion' tab. Thenext6 tabsguideusergo makeinformed assessmentd the quality of evi-
dencebasedn within-study bias,reportingbias,indirectnessimprecision,
heterogeneityandincoherenceFeaturesncludethe percentageontribution matrix,
relativetreatmenteffectdor eachcomparisongstimationof the heterogeneityariance,
predictionintervals,andtestsfor the evaluationof the assumptiorof coherence.
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Summarising judgments

The Reporttabincludesasummaryof the evaluationsnadein the 6 domainsandgives
usersthe possibilityto eithernot downgradepr downgradeby 1 or 2 levelseachrelative
treatmenteffect.Userscandownloadareport with the summaryof their evaluations
alongwith their final judgments CINeMA is accompaniedy documentationdescribing
eachstepin detail " Documentationtab).

It canbeusefulto assigrjudgmentsof "noconcerns',someconcerns'pr "majorconcerns'
aboutwithin-study biasaccordingto the relativecontributionsfrom studiesat high or moder-
aterisk of bias.The contributionsdefining differentlevelsof concernshouldbeinformed by
sensitivityanalysislf the summaryestimatedrom studiesat high/moderaterisk of biasare
similar to thoseobtainedfrom studiesatlow risk of bias thenevenalargecontribution from
studiesat high risk of biaswill raisefewconcernsThe sensitivityanalyseshouldbe pre-speci-
fiedin the studyprotocolto avoiddata-drivenconclusions.

Example:Comparing diagnosticstrategiesto detectcoronary artery disease. Consider
the comparisonof exercis&e CGversusstandardcarein the networkmeta-analysidescribed
in Box1,Fig1A,andS1Data.Thedirectevidencdrom asinglestudyis atlow risk of bias
(study12),sothereis no within-study biaswheninterpretingthe direct oddsratio of 0.42.
However indirectinformation from 7 studieshat comparestandardcareand CCTA, from 1
studycomparingexerciseeCGand CCTA, andfrom 3 studiesof stresechocontributeaddi-
tional information to the oddsratio of 0.52from the network meta-analysisTherisk of biasin
the 11studiesproviding indirect evidencevaries(Fig 1A). Everystudyin the 2 1-steploops
contributesinformation proportionalto its precision(the inverseof the squaredstandard
error, largelydriven by samplesize) Consequentlythe within-study biasof the indirect evi-
dencecanbejudgedby consideringthatthereis muchinformation both from studiesat high
risk of bias(2,162participantsrandomised)andfrom studiesatlow risk of bias(2,355partici-
pants)andrelativelylittle information from studiesat moderaterisk of bias(60 participants).
Direct evidencdrom studynumber12 (basedn 130participants) atlow risk of bias,is con-
sideredseparatelyasit hasgreaterinfluencethantheindirect evidence.

Studiedn theindirect comparisongontributeinformation not only proportionalto their
studyprecisionbut alsoaccordingto their locationin the network.Indirect evidenceabout
exerciseeCGversusSPECT-MPkomedrom 2 1-steploops(via CCTA or viastandardcare)
and3 2-steploops(via CCTAxstandaratare stresechozstandardare standardcaret CCTA)
(Fig 1A). In eachloop of evidencea differentsubgroupof studiescontributesindirect infor-
mation,andthe studies'sizeandrisk of biasvary.For the oddsratio from the network meta-
analysicomparingexerciseeCGand SPECT-MPIstudy?2 (with samplesize400)is more
influential than study8 (with samplesizel,392)becausstudy? contributesl-stepindirect
evidencdviastandardcare)whereastudy8 contributesvia 2 steps.

Table2 showsthe percentageontribution matrix for the network,with columnsrepresent-
ing studieggroupedby comparisonTherowsrepresensll relativetreatmenteffectdrom net-
work meta-analysisThe matrix entriesshowhow much eachstudycontributesto the
estimationof eactrelativetreatmenteffect.Combinedwith therisk of biasjudgmentsthis
information canbepresentedsabarchart,asshownin Fig 2. Thelargerthe contribution
from studiesat high or moderaterisk of biasthe greaterthe concernaboutstudylimitations.
For examplestudiesatlow risk biascontribute449%to the estimationof theindirect evidence
for the comparisorof exercis&aCGwith SPECT-MPIlwith the contributionsfrom studies
with moderateand highrisk of biasbeing32%and 24% respectively.
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Fig 2. Risk of biasbar chart for the comparison of non-invasive diagnosticstrategiesfor the detectionof coronary artery diseaseEachbarrepresents
relativetreatmenteffectestimaedfrom the networkshownin Fig 1A. White verticallinesseparatéhe percentageontribution of differentstudiesEachbar
showsthe percentag contribution from studiegudgedto beatlow (green) moderatg(yellow), and high (red) risk of bias.

https://da.org/10.1371durnal.pned.1003082 @02

CCTA, coronarycomputedtomographyangiographyCMR, cardiovasculamagneticreso-
nance ECG,electrocardiogramecho,echocardiographysPECT-MPIsinglephotonemission
computedtomographytmyocardiglerfusionimaging.

The CINeMA softwarefacilitategudgmentspasedn the datapresentedn thebargraphs
combinedwith specificrules.For exampleaweightedaveragef the risk of biascanbecom-
putedby assigningscoresf 1, 0,and1to low, moderateandhighrisk of bias,respectively.
For the comparisorexerciseeCGversusSPECT-MPIthis would produceaweightedscoreof
044 1 +0.32 0+0.24 1= 0.20, whichcorrespondso ‘'someconcerns'.

Reporting bias

Backgroundand definitions. Reportingbiasoccurswhentheresultsincludedin thesys-
tematicreviewarenot arepresentativeampleof the resultsgeneratedy studiesundertaken.
This phenomenorcanbetheresultof the suppressiomnf statisticallynon-significant(or “nega-
tive") findings (publicationbias) their delayedoublication(time-lagbias),or omissionof unfa-
vourablestudyresultsfrom studyreports(outcomereportingbias).The presencandthe
impactof suchbiasehasbeenwell documented23+30].Reportingbiasis amissingdata
problem,andhenceit is difficult to concludewith certaintyfor or againsits presencén a
givendatasetConsequentlyandin agreementvith the GRADEsystemCINeMA assumeg
possibladescriptiondor reportingbias:suspecte@nd undetected.
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The CINeMA approach. Conditionsassociatewith suspectedeportingbiasincludethe
following:

- Thereis afailureto includeunpublisheddataanddatafrom greyliterature.

- Themeta-analysigs basedn asmallnumberof positiveearlyfindings,for examplefor a
drug newlyintroducedon the market(asearlyevidencas likely to overestimatéts efficacy
andsafety)31].

- Thetreatmentcomparisons studiedexclusivelhor primarily in industry-fundedtrials
[32,33].

- Thereis previousevidencedocumentingthe presencef reporting bias;for examplethe
studyby Turner etal. documentecpublicationbiasin placebo-controlleéntidepressartri-
als[34].

Reportingbiasis consideredindetectedunderthe following conditions:

- Datafrom unpublishedstudieshavebeenidentified,andtheir findingsagreewith thosein
publishedstudies.

- Thereis atradition of prospectivdrial registrationin thefield, and protocolsor clinicaltrial
registriedo not indicateimportant discrepanciewith publishedreports.

- Empiricalexaminationof patternsof resultsbetweersmallandlargestudiesusingcompari-
son-adjusted35,36],regressionf37], or selectior{38] modelsdo not indicatethat results
from smallstudieddiffer from thosein publishedstudies.

SeeS1Textfor aworkedexamplebasedn theantidepressantsetwork.

Indirectness

Backgroundand definitions. Systematiceviewsarebasemn afocusedesearclgues-
tion, with aclearlydefinedpopulation,intervention,andsettingof interest.In the GRADE
frameworkfor pairwisemeta-analysisndirectnesgefersto therelevancef theincludedstud-
iesto theresearctguestion[39]. Studypopulationsjnterventions ,outcomesand studyset-
tingsmight not berepresentativef the settingspopulationsor outcomesaboutwhich
revieweravantto makeinferenceskor exampleasystematiceviewabouttreatingthe general
adultpopulationmight identify studiesonly in elderlymen;thesestudieswill haveanindirect
relevancg40].

The CINeMA approach. Eachstudyincludedin the networkis evaluatecccordingto its
relevanceo theresearchyuestion classifiednto low, moderatepr highindirectnessNote
thatonly participant,intervention,and outcomecharacteristicthat arelikely associategith
therelativeeffectof anintervention(i.e.,effect-modifyingvariablesshouldbe considered.
Then,the study-levejudgmentscanbe combinedwith the percentageontribution matrix to
produceabarchartsimilar to theonepresentedn Fig 2, andthe contribution from studiesof
high or moderateindirectnessassessed.

Indirectnessaaddressetheissueof transitivity in network meta-analysisTransitivity means
thatwecanlearnabouttherelativetreatmenteffectof treatmentA versugreatmentB from an
indirect comparisorviatreatmentC. This holdswhenthe distributionsof all effectmodifiers
arecomparablén studiesof A versusC andstudiesof B versusC. Different distributionsof
effectmodifiersacrossomparisonsndicateintransitivity. Evaluationof the distribution of
effectmodifiersis only possiblavhenenoughstudiesareavailableper comparisonAlso,
assessmemff transitivity will bechallengingor impossiblefor interventionsthatarepoorly
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connectedo the network.A further potentialobstaclés that detailsof important effectmodi-
fiersmight not bereported.Forthesereasonsywerecommendhat the network structureand
theamountof availabledataareconsideredandthat judgmentsareon the sideof caution,as
highlightedin theworkedexampldor the antidepressantsetworkprovidedin S1Text.

Imprecision

Backgroundand definitions. A keyadvantag®f networkmeta-analysisomparedwith
pairwisemeta-analysis the gainin precision[41] by addingindirect evidenceo directevi-
denceTo evaluatémprecisionthe relativetreatmenteffectthat representsa clinicallyimpor-
tant differenceneeddo bedefined.At its simplestthis treatmenteffectcorrespondgo any
beneficiakffectIn this caseevena smalldifferences consideredmportant, leadingto one
treatmentbeingpreferredoveranother.Alternatively rangesnaybedefinedthat dividerela-
tive treatmenteffectanto 3 categoriesifavoursX', “noimportant differencebetweenxX andY’,
and “favoursy'. Themiddle rangeis the ‘rangeof equivalence\which correspondso clinically
unimportant differencedetweerinterventions.Therangeof equivalencshouldbedefined
with referencdo absoluteisk differenceghat matterto patients.Therangeof equivalencean
besymmetricalwhenaclinicallyimportant benefitis the reciprocalof aclinicallyimportant
harm,on arelativescaleor asymmetrica{whenclinicallyimportant differencesaryby direc-
tion of effect) For simplicity, wewill assumeymmetricarangesf equivalence.

The CINeMA approach. CINeMA compareghetreatmenteffectancludedin the 95%
confidencentervalwith the rangeof equivalencegsillustratedin the upperpartof Fig3. A
rating of ‘majorconcernsis assignedo atreatmenteffectif the 95%confidencanterval
extendseyondthe areaof equivalencen the oppositesideof the no effectline asthe point
estimatesothatthe estimatedreatmenteffectis compatiblewith clinicallyimportant effects
in both directions(imprecisionscenaridl in Fig 3). A rating of ‘'someconcernsis assignedf
the confidencdntervalextendsnto but not beyondthe areaof equivalencen the opposite
sideof the no effectline (imprecisionscenarid in Fig 3). Thereare noconcernsif the confi-
denceintervalis entirelyon onesideof the no effectline (imprecisionscenariddin Fig 3), or if
it is entirelywithin the areaof equivalencéimprecisionscenaric4).

Example:Adverseeventsof statins. Considerthe networkcomparingadverseventsof
differentstatinsjntroducedin Box1 andshownin Fig 1B[11]. Letusassumearangeof equiv-
alencethattranslatesnto anoddsratio greaterthan 1.050r below0.95(" 1)) representinga
clinicallyimportant effect.For oddsratiosgreaterthan 1, wecomparethe 95%confidence
intervalwith the oppositehalf of the rangeof equivalenc€0.95,1). The 95%confidencenter-
valof rosuvastatirversuspravastatiris quite wide (1.09to 1.82;Fig 4), but anytreatmenteffect
in this rangewould leadto the conclusionthat pravastatiris saferthanrosuvastatinThus,
imprecisiondoesnot reducethe confidencehat canbeplacedn the comparisonof prava-
statinwith rosuvastatir('noconcerns') The 95%confidencenterval of simvastatirversus
pravastatiris wider (0.84to 1.42)and coversall 3 areasextendingbelow0.95 thusfavouring
pravastatinandabovel, thusfavouringsimvastatinandincluding no important difference.
“Majorconcernsbn imprecisionthereforeappliesThecomparisorof placeboversussimva-
statinis morecertain,but it is unclearwhich drug hasfeweradverseffectsmostestimates
within the 95%confidencentervalfavoursimvastatinput theintervalcrosseito the (0.95,
1) range A rating of 'someconcernsis appropriate.

Heterogeneity

Backgroundand definitions. Variability in the resultsof studiesnfluencesour confidence
in the point estimateof arelativetreatmenteffect.If this variability reflectsgenuinedifferences
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Fig 3. CINeMA rulesto assessnprecision, heterogenely, andincohererceof network treatment effects.Blacklinesshow
confiderceintervals,andredlinespredictionintervals The shadedyreyarearepresentyvalueghatfavourneithe of the competing
intervertions:therangeof equivalene,from 0.8to 1.25.Thehatchedareashowsheintervalbetweerthe no effectline anda

clinically important effectin the oppositedirectionto the observecffect.Forincoherence,dashedinesrepresentlirecteffectsand
dottedlinesindirect effects.

https:/Hoi.org/10.137/journal.pmd.1003082.g0B
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Fig 4. Oddsratios for treatment discontinuation dueto adverseeffectsfrom the network of statinswith their 95%ClIs and their 95%Prls. Blacklines
represen®5%Cls,andredlinesrepresen®5%Prls. Therangeof equivalencés from 0.95to 1.05.Cl, confiderceinterval;Prl, predictioninterval;vs,versus.

https://da.org/10.1371durnal.pned.1003082 @04

betweerstudiesratherthanrandomvariation,it is calledheterogeneityGRADEusegheterm
inconsistency4?2] ratherthan heterogeneityin networkmeta-analysigheremaybevariation
in treatmenteffectdbetweerstudiesj.e.,heterogeneitybut alsovariationbetweerdirectand
indirect sourcef evidenceThelatteris calledincoherencd43+46]andis discussedhelow.
The2 conceptarerelatedjncoherenceanbeseemasaspeciaform of heterogeneity.

Thereareseveralaysof measuringheterogeneityn asetof trials. Thevarianceof the dis-
tribution of the underlyingtreatmenteffecty ?) is ameasureof the magnitudeof heterogene-
ity. This variancecanbeestimatedor eachpairwisemeta-analysignd,undertheassumption
of asinglevarianceacrosssomparisonsacommonheterogeneityariancecanbe obtainedfor
thewholenetwork. Themagnitudeof ?is usefullyexpressedsa predictioninterval,which
showswherethetrue effectof anewstudysimilarto the existingstudiess expectedo lie [47].

The CINeMA approach. Asfor imprecision,the CINeMA approacho heterogeneity
involvescomparison®f resultswith the pre-specifiedangeof clinical equivalenceSpecifi-
cally,weexamineboth the confidencentervals(which do not captureheterogeneityandpre-
diction intervals(which do captureheterogeneityin relationto the rangeof equivalence.
Heterogeneitysimportantif a predictionintervalincludesvalueghatleadto adifferentcon-
clusionthananassessmeltasedn the confidencanterval. The middle part of Fig 3illus-
tratesthe CINeMA rulesfor arangeof equivalencef 0.8to 1.25.Whenconfidenceand
predictionintervalsleadto the sameconclusiongheterogeneitgcenariod, 2,5,and7in the
middle part of Fig 3), thenthereare noconcernsaboutheterogeneityWwhenthe confidence
intervalsandthe predictionintervalsleadto conclusionghat aresomewhatifferentbut of
lesseimpactfor decision-makingCINeMA concludeghatthereare’someconcernsabout
heterogeneityheterogeneitgcenario8 and6in Fig 3).

If thereareveryfewtrials,the amountof heterogeneitys poorly estimatedand prediction
intervalsareunreliable.Turner etal.andRhodestal. analysednanymeta-analysesf binary
andcontinuousoutcomesgcategorisedthemaccordingto the outcomeandtypeof interven-
tion andcomparisonandderivedempiricaldistributionsof heterogeneityalueq48,49].
Theseempiricaldistributionscanhelpto interpretthe magnitudeof heterogeneitygomple-
mentingconsiderationdasecdn predictionintervals.

Example:Adverseeventsof statins. In the statinsexampleweassumed rangeof equiv-
alenceof 0.95to 1.05.Thepredictionintervalfor simvastatinversugpravastatiris wide (Fig 4).
However the confidencantervalfor this comparisonalreadyextendedo both sidesof the
(0.95,1) rangethus,the heterogeneityloesnot changehe conclusion The confidencenter-
valfor rosuvastatirversuspravastatiiesentirelyabovethe (0.95,1) range andthereare 'no
concernstegardingimprecision.However the predictioninterval crossedoth boundaries
(0.95and 1), andwethereforehave majorconcernsabouttheimpactof heterogeneity.
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Similarconsiderationgesultin “someconcernstregardingheterogeneityor the comparison
of placeboversussimvastatin.

Incoherence

Backgroundand definitions. Transitivity stipulateghatwe cancompare treatments
indirectly viaanintermediatetreatmentnode.lncoherencas the statisticamanifestatiorof
intransitivity; if transitivity holds,the directandindirect evidenceshouldbein agreemenand
coherent50,51].Converselyif estimatedrom directandindirect evidencalisagreewecon-
cludethattransitivity doesnot hold andthat thereis incoherence.

To quantifyincoherencdghe agreemenbetweerdirectandindirect evidencecanbeexam-
inedfor specificcomparisonsn the network,oftenreferredto asalocalapproachFor exam-
ple,SIDEor “nodesplitting' [43] compareghedirectandindirect evidencdor each
comparisorto estimateaninconsistencyactorwith aconfidencenterval. Theinconsistency
factoris calculatedasthe differenceor ratio of the 2 estimatesThis methodcanonly be
appliedto comparisonghat areinformed by both directandindirect evidenceConsiderthe
incoherencescenaridl in the lowerpart of Fig 3: The studiesdirectly comparingthe 2 treat-
mentsresultin adirectoddsratio of 0.48(0.42to 0.54) while the studieghat provideindirect
evidenceproducean oddsratio of 0.61(0.52to 0.70).Theinconsistencyactorin this example
(theratio of indirect to directoddsratio) is 1.28 with aconfidencentervalof 1.05to 1.55and
a -value of 0.07 A simplerversionof SIDEconsidersasingleloopin the network (loop-spe-
cific approach52)).

Theglobalapproachs analternativeapproacho quantifyingincoherencelt modelsall
treatmenteffectsandall possiblenconsistencyactorssimultaneouslyresultingin an omni-
bustest'of incoherencen thewholenetwork. Thedesign-by-treatmeninteractiontestis such
aglobaltest[45,46].An overviewof othermethodsfor testingincoherenceanbefound else-
where[44,53].

The CINeMA approach. Bothglobalandlocalincoherenceaestshavelow power[54,55],
andit isthereforeimportantto considerthe inconsistencyactorsaswell astheir uncertainty.
A largeinconsistencyactormayindicateabiaseddirect or indirect estimateAs for impreci-
sionandheterogeneitythe CINeMA approachto incoherenceonsidergheimpacton clinical
implications,basedn visualinspectionof the 95%confidencentervalsof directandindirect
oddsratiosandtherangeof equivalenceTherulesimplementedn CINeMA areillustratedin
thelower partof Fig 3. Theinconsistencyactorusingthe SIDEapproachs the samefor the
first 3incoherencescenariosn Fig 3 (ratio of oddsratios1.28with confidencenterval 1.05to
1.55) but their positionrelativeto the rangeof equivalencdiffersand affectgheinterpreta-
tion of incoherenceln incoherencescenarial, the 95%confidencantervalsfor both direct
andindirect oddsratioslie belowthe rangeof equivalencetreatmentX is clearlyfavoured,
andthereare 'noconcernstegardingincoherenceln incoherencescenarid@, the 95%confi-
denceintervalof theindirect oddsratio straddleghe rangeof equivalenceyhile for thedirect
oddsratio the 95%confidencantervalliesentirelybelow0.8.In this situation,ajudgmentof
“someconcernsis appropriateln incoherencescenarid3, the 95%confidencantervalsof the
oddsratiosfrom directandindirect comparisonshareonly the areabelow0.8,wherea®nly
the 95%confidencentervalof theindirect oddsratio lieswithin andabovethe rangeof equiv-
alenceThereforethedisagreementeadsto arating of ‘'majorconcerns’.

Notethatin the scenarioslescribedabovethe -value from SIDEis 0.07.Asageneratule,
thereare noconcernsif the -value is greaterthan0.10,independenbf the positionof the
95%confidencentervalswith respecto the rangeof equivalencehecaus¢he evidenceor
incoherencaésweak( > 0.10).Thisrule canbeoverwrittenon acaseby casebasis.
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Incoherencecanonly beevaluatedisinglocalapproachesvhenboth directandindirect
estimatesreavailabldor the comparisonaswasthe casdor theincoherencecenariosn Fig
3.1f thereis only director only indirect evidenceywecanneitherestimateaninconsistencyac-
tor nor judgepotentialimplicationswith respecto the rangeof equivalencen this situation,
CINeMA considerghatthereare majorconcernsif the -value of the globaldesign-by-treat-
mentinteractiontestis <0.05, 'someconcernsif it is betweer0.05and0.10,and ‘noconcerns
if it is>0.10. Therearealso  majorconcernsif the design-by-treatmeninteractionteststatis-
tic cannotbe computeddueto the absencef closedoopsin the network.

In S1Textweprovideaworkedexamplefor the antidepressantsetwork.

Summarisingjudgmentsacrossthe 6 domains

he final output of CINeMA is atablewith the levelof concernfor eachof the 6 domains.
Reviewersnaythenchoosdo summarisgudgmentsacrossilomainsusingthe 4 levelsof con-
fidenceof the GRADEapproachverylow, low, moderatepr high [4]. For this purposepne
maystartat high confidenceanddrop the levelof confidenceby 1 stepfor eachdomainwith
someconcernsandby 2 levelsor eachdomainwith major concernsHowever it isimportant
to notethat domainsareinterconnectedfactorsthat mayreducethe confidencen atreatment
effectmayaffectmorethan 1 domain.Indirectnessncludesconsideration®n intransitivity,
which manifeststselfin the dataasstatisticaincoherenceHeterogeneityill increaseémpre-
cisionin treatmenteffectsandmayberelatedto variabilityin within-study biasor the presence
of reportingbias.Furthermorein the presencef heterogeneitythe ability to detectimportant
incoherencavill decreasg4]. The6 CINeMA domainsshouldthereforebeconsideredointly
ratherthanin isolation,avoidingdowngradingthe overalllevelof confidencanorethanonce
for relatedconcernsFor examplefor the citalopramversussenlafaxinecomparisonin the
antidepressantsxampleywehave someconcernsfor imprecisionand heterogeneityand
“majorconcernsfor incoherencdseeS1Text). However downgradingby 2 levelss sufficient
in this situation,becausémprecision,heterogeneityandincoherenceareinterconnected.

Discussion

We haveoutlined andillustratedthe CINeMA approactor evaluatingconfidencein treat-
ment effectestimate$rom network meta-analysis;overingthe 6 domainsof within-study
bias,reportingbias,indirectnessimprecision,heterogeneityandincoherenceWe differenti-
atebetweerthe 3 source®f variabilityin anetwork,namely,imprecision,heterogeneityand
incoherenceandwe considertheimpactthat eachsourcemight haveon decisiondor treat-
ment.Our approachavoidsthe selectiveiseof indirect evidencewhile consideringthe charac-
teristicsof all studiesgncludedin the network.In otherwords,wearenot usingassessments
confidenceo decidewhetherto presentdirector indirect (or combined)evidenceashasbeen
suggestetly others[4,5]. Thewebapplicationgreatlyfacilitatesthe implementationof all
stepsnvolvedin theapplicationof CINeMA [13] and makeshe approacheasyto implement
evenfor verylargenetworks.Researchershouldnot, howevernaivelyrely on the software's
programmedules.The CINeMA applicationsafeguardagainstranscriptionerrorsandthus
will enhanceeproducibility, but judgmentsshouldberevisitedandreconsiderediakinginto
accountthe particularitiesof eachnetworkmeta-analysisThis paperandthe CINeMA tool
extendthe frameworkpreviouslydescribedy Salantiand colleaguefs]. Our original frame-
work alsoaddressethe credibility of atreatmenthierarchy whichwe planto develogfurther
andimplementin CINeMA in thefuture.

Any evaluationof the confidencen evidencesynthesigesultswill inevitablyinvolvesome
subjectivity Our approachis no exception While the useof bar chartsto gaugehe impactof
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within-study biasandindirectnesgrovidesa consistenfaissessmefatcrossll comparisonsn
the network,their summaryis difficult. Defining the rangeof equivalencavill oftenbesubjec-
tive,andmight beinfluencedby the data.Furtherlimitations of the frameworkareassociated
with thefactthat publishedarticlesareusedto makejudgments andthesereportsdo not nec-
essarilyreflectthe waystudiesvereundertakenFor instancejudgingindirectnessequires
studydatato becollectedon pre-specifiecffectmodifiers,andincompletereportingwill inev-
itably impacton thereliability of judgments.

A consequencef theinherentsubjectivityof the systemis that interrateragreementnay
bemodest Studiesof the reproducibility of assessmentsadeby researcherasingCINeMA
will berequiredin this context.Howeverwebelievethattransparencys key:althoughin CIN-
eMA judgmentsmaydiffer acrosgeviewerstheyaremadeusingexplicitcriteria. These
shouldbespecifiedn the reviewprotocolsothat data-drivendecisionsareavoided.

A GRADEworking groupdeveloped4] andsubsequentlyefined[21] anapproacHor rat-
ing the quality of treatmenteffectestimatesrom networkmeta-analysisT herearemanysimi-
laritiesbut alsosomenotabledifferencebetweerCINeMA andthe GRADEapproachFor
examplePuhanetal.[4] suggesa proces®f decidingwhetherindirect estimatesreof suffi-
cientcertaintyto combinethemwith the directestimatesin contrast,CINeMA evaluatesela-
tive treatmenteffectsvithout consideringseparatelyhe directandindirect sourcesEvaluation
of theimpactof within-study biasalsodifferssubstantiallypetweerthe 2 approachesrhe
GRADEapproachconsiderswithin-study biasof the mostinfluential 1-steploop for eachtreat-
menteffect[4,21],which discardsalargeamountof information and makeshe approachdiffi-
cultto applyto largenetworks We believethat the CINeMA approachwhichis basedn the
percentageontribution matrix and considerghe impactof everystudyincludedin the net-
work, is preferableln contrastto the GRADEapproachCINeMA doesnot rely on metricsfor
judgingheterogeneitandincoherencelnsteadit considershe likely impactof thesessuesn
clinical decisionsYetanotherapproacho assessinthe credibility of conclusionsrom network
meta-analysiexploreshow robusttreatmentrecommendationgreto potentialdegree®f bias
in theevidencd56]. Themethodis easyto applybut exclusivelfocuse®n theimpactof bias
anddoesnot explicitly addresseterogeneityindirectnessandincoherence.

Evidencesynthesiss increasinglyusedby nationalandinternationalmedicalsocietiegnd
agencie$s7,58]to inform decisionsaboutthe clinical effectivenesand cost-effectiveness
medicalinterventions by clinical guidelinepanelso recommendonedrug overanother,and
by cliniciansto prescribeatreatmentor recommendadiagnostigprocedurefor individual
patients However publishednetwork meta-analyseseldomevaluateonfidencen relative
treatmenteffectd1]. Throughthefree,open-sourceCINeMA software(seeBox2), our
approachcanberoutinely appliedto anynetworkmeta-analysifl 3,59]. The suggesteftame-
work operationalisesimplifies,andacceleratethe proces®f evaluationof resultsfrom large
andcomplexnetworkswithout compromisingstatisticabnd methodologicatigor. In conclu-
sion,webelievehe CINeMA frameworkis atransparentrigorous,and comprehensiveystem
for evaluatinghe confidenceof treatmenteffectestimate$rom networkmeta-analysis.

Supporting information

Si1Data. Datafrom anetwork of randomisedcontrolled trials comparing non-invasive
diagnosticstrategiesfor the detectionof coronary artery diseasén patients presenting
with symptomssuggestiveof acutecoronary syndrome.Thedatawereoriginally published
by Siontisetal.[10].
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S2Data. Data from anetwork of randomisedcontrolled trials comparing adverseeffects
of statins. Thedatawereoriginally publishedby Nacietal.[11].id, ID of the study;n, sample
sizey, numberof adverseeffectst, treatmentname.
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Si1Table.Network meta-analysigesultsfrom the network of randomisedcontrolled trials
comparing adverseeffectsof statins. Oddsratiosandtheir 95%confidencentervalsarepre-
sentedTheoddsratiospresentedn the uppertrianglearethe reciprocalf the oddsratiospre-
sentedn thelowertriangle.Oddsratioslesshan 1 favourthe treatmentspecifiedn therow.
(DOCX)

S2Table.Resultsfrom SIDEfor 3 network comparisonsof the network of statins. OR,
oddsratio; SIDE,Separatindgndirect from Direct Evidence.
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S1Text. Worked example:Antidepressantsfor moderateand major depression.
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