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Abstract

Background

People who have a stroke or TIA are at increased risk@indryvascular everg
Antiplatelet medicatiors, most commonly clopidogreare prescribedo reduce this risk
Some people are unable toetabolise clopidogredue to genetic variants in theYP2C19
gene-1y 26y | a aoOf 2 LIARRIBvAMBrHantd\cBnduetacied ysiogS ¢
laboratory-based testor point of care tests (POCJzenomadix Cube and Genedritais
couldallow targeting oimore suitable treatment.

Objective
To assess thelinical and costeffectiveness of genetic testing to identify clopidogrel
resistance in people with ischaemic stroke or TIA.

Design
Systematic review and economic model.

Results

Two studies assessed tsecondary vascular evernits patients tested for LOF alleles and
treated accordingly They found a reduced rislaut confidence intervals were widelR
0.50, 95% CI 09, 2.74 anHR 0.53, 95% CI23, 1.18.

Seven RCTmmpared clopidogrel with alternative treatment in people with genetic
variants Ticagrelor was associated with a lower risk of secondary vascular events than
clopidogrel (summary HR 0.76, 95% CI 0.65, 0.90; Zsiud herewasno evidence of
differences betweermther antiplatelet treatment strategies.

Twentyfive studiescomparedoutcomes inpeople with and withougenetic variants
treated with clopidogrel People withgenetic variants treateevith clopidogrelwere at
increased rislof secondary vascular everidR 1.72, 95% CI 1.43, 2.08sfudies) There
was no difference in the risk of bleeding (HR 0.98, 95% CI 0.68, 1.40; 5 studies).

Eleven studiesvaluatedGenomadix Cubaccuracyno studies evaluate@Genedrive

Summary sensitivity was 100% (95% CI 94, 100%) and summary specificity was 100% (95% CI
99, 100%).Seventeerstudies evaluated technical performanceROCT Test failure rate

ranged from 0.4% to 19%r Genomadix Cubdime to resultsvas 1 houfor Genomadix

Cube and 40 mins f@enedrive.

Eight of 10 genomic laboratory hubs completesurveyon technical performance
Preferred technologies faCYP2C1@sting included: nexgeneration sequencing,
MassARRAYAMRE andPCRbased SR genotyping assays. Costs per taggedfrom £15
to £250. Most labs expectddst failure rateto be <1%.Additional testing capacity and
faster turnaround time would be possible with additional resources.
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We found that laboratory and point of calCYP2C1sting strategiesvere costsaving and
increase quality adjusted lifgears(QALYsgompared withno testing AllCYP2C1&sting
strategies gave similaosts,QALYsndexpectednet monetary benefitFindings were
robustto all sensitivityand scenaricanalyse exploredResults for Genedrive may change
whendiagnostic and performancdgata becomes available.

Conclusios
Our results suggest th&YP2C1@sting followed by tailored treatment igely to be

effective andcosteffective in both populations modelled (neminor ischaemic stroke and
TIA/minor ischaemic stroke)

Word count: 443 words
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Scientific Summary

Background

Sroke is aneurologi@l conditionthat cancauselasting brain damage, disabiljtgnd death.

Symptoms of stroke happen suddemlydinclude problems with movement, speech, vision

FYR GKS FFOS RNR2LIAY3I 2y 2yS AARSO I ¢L! oa
condition. Each year,here ae around 100 000 strokes and 60 000 TIAs in the UK.

People who have a stroke or TIA areretreasedisk of anothewascular occlusive event.
To reduce tIs risk doctors often prescribantiplateletmedication most commonly
clopidogrel. Clopidogreis a pralrug, which means it needs to be metabolidggdan
enzyme called P450 C¥Pachieve its pharmacological effeet substantial proportion of
the populationhave a reduced ability tperform this conversionThis is known as

G Of 2 LIA R 2 3 NBuid canBeicausdaylgeh@ib ariants, mainly in th@YP2C1§ene,
in addition toother clinicalfactors

Relevant genetic variants can tetected usindaboratory-based test®r point of care tests
(POCT)Opportunedetection ofpatients withgenetic variantassociated witth Of 2 LJA R2 I NS f
NB a A adouldyh@Bdbctors to initiate more suitable treatment, potentialigreventing

new occlusive vascular events in this population

Objectives
The overall ainwasto summarise the afical and costeffectiveness of genetic testing to
identify clopidogrel resistance in people with roardioembolic ischaemic stroke or TIA.

Objective 1Do people who have genetic testing for clopidogrel resistance, and who are
treated based on theseesults, have a reduced risk of secondary vascular occlusive events
compared to those who are not tested and are treated with clopidogrel following standard
guidelines?

Objective 2Do people who have loss of functinOFglleles associated with clopidie]
resistance have a reduced risk of secondary vascular occlusive events if treated with
alternative interventions compared to treatment with clopidogrel?

Objective 3Do people who haveOFRalleles associated with clopidogrel resistance have an
increasd risk of secondary vascular occlusive events when treated with clopidogrel

compared to patients withouLOFalleles who are treated with clopidogrel?

Objective 4What is the accuracy of point of care genotype tests for detecting variants
associated wittclopidogrel resistance?

Objective 5What is the technical performance (other than accuracy) and cost of the
different CYP2C1§enetic tests?
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Objective 6What is the coseffectiveness of different POCT and laboratory based genetic
tests for clopidogreresistance compared with not testing for clopidogrel resistance?

Methods

Clinical effectiveness review
A systematic review was conductéekhiswas supplemented by a survey of genomic
laboratory hubs on the technical performance@YPC1§enetic tests

Eight databases and two trial registries were searché&. screenedrial registries,
reference lists of reviews and study reports, relevaebsites and information submitted
by test manufacturers.

Title and abstract screeningere conducted by two reviewers independently. Inclusion
assessment, dataxtraction and risk of bias assessment were perforntigdone reviewer
and checked by a secorlisk of bias was assessed using the RGBCZs)ROBINE
(observational studiesand modified QUADAS (diagnostic accuracy studiespls.

Foreach objective, wprovided anarrative summaly of study details, risk of bias, and
results.Randomand fixed effects metaanalysis \@sperformed to generate summary effect
estimates heterogeneity was investigated using stratified analyses and sregeession.
Forest plots were producetb showindividual and summargffect estimates with 95%
confidence interval$Cls)

Costeffectiveness
We developed a decision analytic model to evaluate the-effsictiveness oPOCTaNd

laboratory testdor CYP2C1BOFRalleles compared with no testing in two populatiorirs
Englandand Wales (i) TIA / minor ischaemic stroke, and (ii) romor ischaemic stroke;
andalso present resultbor a mixed ischaemic stroke and TIA population. We modelled
patients moving between 5 health states: no recurrent stroke, minor stroke, major loleed
intra-cranial haemorrhagemoderate stroke, and severe stroke, with mortality rate
depending on health state. A decision tree was used to capture $éort (90 day)

outcomes, and a Markov modefith 1-year cyclesapturedlongerterm outcomesovera
life-time horizon Costs andjuality adjusted life years (QALYS) were estimated using a 3.5%
discount rate for both.

Model inputs were derived from the clinical effectiveness revimvjews of previous cost
effectiveness modelsf CYP2C1@stingand costeffectiveness models of argilatelets for
stroke prevention, resultt'om the survey of laboratories, information provided by
Genedrive and Genomadix, and additional targeted seardbegertainty was explored

using probabilistic sensitivity analysis, andange of scenario analyses to test robustness of
results to model assumptions.
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Results

Objective 1

Two norrandomised studies evaluatebe clinical impact of genetic testingus

personalised treatmentBoth were at high risk of bias due to potential confoundidgth
studies treated patients in the control group, who were either not tested or were not
treated based on thei€CYP2C1&atus, with clopidogrel 75 mg/day. The intervention group
were then treated based on the presence of LOF alleles. Both studi¢sdriésse with no
LOF alleles in the same way as the control group €¢i@idogrel 75mg/day), one study
gave high dose clopidogrel to those with one LOF allele and écago those with two LOF
alleles. In the other studyhose with at least one LPallele were given aspirin 100mg/day.

There was a suggestion that the risk of secondary vascular events was reayents
tested for LOF alleles and treated accordingly, but confidence intervals were wide and
overlagpedthe null(composite outcore of secondary vascular evenk$R0.50, 95% CI
0.09, 2.74 and HR 0.53, 95% @#01.18)

Objective 2

Seven RCT®mpared treatment with clopidogratith alternativeantiplatelet therapies
comparedin people with LOF allele&our were at low risk ofils, three had concerns
regarding missing data and lack of information on allocation concealment. There was
evidence that ticagrelor was associated with a lower risk of secondary vascular thaants
clopidogrel(summary HR 0.76, 95% CI 0.65, 0.96udies) including ischaemic strokeiR
0.77, 95% CI 0.65, 0.98studied. One study suggested that ticagrelor was associated with
an increased risk dfleeding(HR 2.18, 95% CI 1.66, 2,86 other found no difference in

the risk of bleeding with tiagrelor compared to clopidogréiR 1.01, 95% Gl60, 1.69)

There was no statistical evidence for differences between antiplatelet treatment strategies
for other comparisons or bleeding outcomes.

Objective 3

Twentyfive studies (20 cohort studies and 5 trials) compared people with and without LOF
alleles, all of whom were treated with clopidogrel (alone or combined with aspirin or other
antiplatelet drugs) to see whether the risk of secondary vascular occlusivesedifiered
between groups.Six studies were judged at high risk of kassve considered thdoss to
follow-up could potentially be related to incidence of vascular eventsere was strong
evidence that people with LOF alleles treated with clopido@@etlopidogrel plushort

term aspirin) have a greater incidence of secondary vascular eyeRsl.72, 95% CI 1.43,
2.08 18 studiey, stroke(HR 1.46, 95% CI 1.09, 1,.9%tudie$ and ischaemic strokéHR

1.99, 95% CI 1.49, 2.6%2 studie¥than thosewithout LOF allelesMeta-regression

analyses showed statistical evidence of a reduced effect of LOF alleles in patients given a
loading dose of clopidogrel relative to those who were (retative hazard ratioRHR: 0.64
95%CI10.42, 0.97)andin patientstaking clopidogrel plus lonagerm aspirinrelative to those
takingonly clopidogrel oclopidogrel plus shosterm aspirin(RHR0.45 95% C0.22, 0.93.
Meta-regression did noshow evidence for a differenda LOF alleke effecton vascular
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occlusive outcomeacrosdifferent ethnicities(Asianor mixedrelative to white) study

location (China, lgrope, Asia norChina, Turkeyand International)or follow-up time

(follow-up of 6 months,1 year,1to 3 years an@® to 5 yearselative toup to 3 months.
Therewas no difference in the risk of bleeding between those with and without LOF alleles
(HR 0.98, 95% CI 0.68, 1,.80Cstudie$.

Objective 4

Eleven studies reported data on the accuracy of the POCT in scope. All ev&8paittzh
versions of the Genomadix Cube test: Spartan Cube, Spartan RX or Spartan FRX, against a
laboratory reference standarqthere were no studies on the accuracy of Genedrive. All
studies were judged at low risk of bias. None of the studies wereusted in a stroke
population. The Genomadix (Spart&\yP2C1®@sts were found to have very high accuracy
for the detection of *2 and/or *3 LOF alleles. Summary sensitivity was 100% (95% CI 94,
100%) and summary specificity was also 100% (9%%, C00% There were very few
disagreements between the Genomad8partan)CYP2C1@stsand laboratorybased
reference standardg 8 of the 11 studies reported perfect agreement between the tests.
There was no suggestion of a difference across the threerdiftesrersions of the test
evaluated.

Objective 5

Seventeen studies evaluated the technical performance of the POCT. One evaluated
Genedrive others evaluated Genomadix (Spart@yP2C1@sts. Only onstudywas
conducted in a stroke populatiorilest failure rate for Genomadix (SpartaDyY P2C1&@sts
ranged from 04% to 19%.Most studies reported that time from buccal swhdy to results
for Genomadix (Spartal@YP2C1&@stswas around 1 hour, although twawslies reported
higher estimates of 90 mins and-920 mins. One study of Genedrive reported that it gives
results in around 40 mins. Studies suggested that Genomadix (Sp@N&2Cl@stswere
simple, useffriendly, and carrequire minimal training. Limitations includd storage
conditions(analytesneed to befrozen) only one sample can be genotyped at a tjrard it
only tests for *2, *3 and *17 allelesThe study that evaluate@enedrive noted the test is
simple, portable, rapiddoes not requireanalytes to be frozerand tests for *2, *3, *4, *8,
and *17 alleles Genedrive and Genomadix provided information on the platform cost,
assay cost, and cost of external control kits, which were used in our economic model.

Eight ofthe 10genomic lalratory hubs completd the survey All but one had sequencing
technologes and all had targete€€YP2C1§ene variant detectiorfe.g, TagMar).

Preferred technologies for performin@YP2C1@sting included: nexgeneration
sequencing (2 labs), MassARRAY (3 labs), LAMP (3 labbgde@FSNP genotyping assays
(e.g, TagMan) (1 lab). Resource requirements varied. Costs per&sedfrom around
£15 (MassARRAY, although another lab estahahis as £100) to £250 for Negéneration
gene sequencing. Most labs reported that sesbuld be performed by existing staff
members with standard training or that the test was fully automat&though one lab
stated that their preferred testvould be new to their lab and would requiraining. Most
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labs expectedest failure rateto be <1%.Testing capacity ranged from 0 to 200 tests per
week, and turnaround time from 242 hoursto 1-2 weeks. Most labreported that
additional testing capacityral faster turnaround time would be possible with additional
resourcegstaff, labspace, automation, and equipmeéntMajor barriers to implementing
testing were the scale of activignd current capacity (4 labspne highlighed that they do
not currently perform any tests of this scale in the NHS.

Objective 6

In our basecase for all populationsve found that laboratory and point of cakeYP2C19
testing strategies generated more QALYs and lower costs compared with no {@stimgp
testingwas dominated by th€YP2C1®@sting strategies)All CYP2C1@sting strategies
gave similar QALY's, so we comparaihesingexpectednet monetary benefit at
willingnessto-pay of £20,000 per QALWherehighe expectednet benefitis preferred In
the non-minor ischaemic stroke population tlexpectednet benefits were£6,230, £6,214,
and £6,138or Genedrivethe laboratory test, and th&enomadix Cub€YP2C19%est
respectively. In the TIA / minor stroke population egpectednet benefits wereE2,932,
£2,802, and £2,82fbr Genedrivethe laboratory test, and th&enomadix Cub€YP2C19
Testrespectively. In both populations net monetary benefit is similar, sugygsttle
difference between the tests.

The model inputs that have the biggest impact on the @f&tctiveness results were the
costs of the different stroke states, and the treatment effects for stroke in patients with
CYP2C1BOF, and the hazardtra for major bleed / ICH on aspirin relative to clopidogrel.
However, varying these parameters did not change the overall findingdi&2C1@sting

is costsaving and generates more QALYs compared wittesiing. Coseffectiveness
acceptability curve show that there is a high probability that one of the testing strategies is
the most costeffective,with Genedrive having the highest probability of being eost
effective.

It should be noted that due to limited information on Genedrive, assumption®wased

on data for the Genomad&ubeCYP2C1%est with the exception of the costs. The results

for Genedrive should therefore be considered exploratory only and the findings may change
as further evidence for Genedrive becomes available.

The overall fiding thatCYP2C1f@sting is cossaving and generates more QALYs compared
with no-testing was robust in all the scenarios that we explored. The scenarios where
CYP2C1f@esting was most costffective were when prevalence &fYP2C1BOF was high

and for younger cohorts of patients. The scenarios wh€nP2C1@sting was least cost
effective were when we assumed that only 69.9% of LOF patients actually receive
alternative treatment, and when the alternative treatment was ticagrelorthese scenarios
CYPEZ19%testing was still cossaving but with a smaller increase in QALYSs.

PagelOof 437



Conclusions

Our results suggest th&YP2C1@sting followed by tailored treatment igely to be
effective andcosteffective in both populations modelled (neminorischaemic stroke and
TIA/minor ischaemic strokellabtestsand POCT testgeneratesimilar costsavingsand
QALY benefitdmplementation ofCYP2C1@stingwould require suffident capacity for lab
tests andfreezers / storage for POGTEsdtraining andprocesses in plad® encourage
uptake ofalternative treatmentfor patients with LOF variants

There ardour areas where further research is required:
1 Accuracy and technical performang@eg.test failure rate, cost, time to perform the
test) of Genedrive
1 Test failure rate of Genomadix Cube in an NHS setting
Value of testing additional LOF alleles beyond *2 and *3

1 Appropriateness ofreatment dichotomy based on LOF alleles used in our appraisa
compared to a more complex approach to tailored treatment

=

Study registration
The review was registered at PROSPERRID4202235786.

Funding
This report was commissioned by the NIHR Evidence Synthesis Programme as project

numberNIHR135620

Word count 2364 words
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Plain English Summary

What is the problem?

A stroke occurs when the supply of blood to the brain is cut off. Symptoms of stroke

happen suddenly and vary depending on which part of the brain is affected. They usually
includeproblems with movement, speech, visiand the face drooping on one side. A TIA

GAGNY YyAASY(l A&aOKFSYAO FddGFrO1é0 Aa I YAfRSNIN
strokes and 60 000 TIAs every year in the UK.

People who have a stroke or TIA are at greater risk of having another stroke. To reduce the
chances of this happening, doctors will often prescribe medication. The most common
YSRAOI A2y dzaSR Aa OFffSR aOf 2 LIAReEMB ¢ O | 2
One reason for this is having specific variations of a gene called¥RPC1l§ene. Around

one in three people in the UK have this variation.

What did we do?

We wanted to know whether introducing genetic testing to identify variations @ th
CYP2C1§ene for people who have had a stroke or TIA can help doctors prescribe a
treatment that will work for them, reducing the risk of having another stroke. We also
wanted to know if doing this test would be a good use of NHS money.

What did we fid?

Doing a genetic test to identify variations in tG&¥P2C1§ene and prescribing an
alternative medication for people with these variations, reduces the chances of having a
new stroke.lt is likely thata genetic test for variations of theYP2C1§enewould represent
value for moneyor the NHS
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1 Background and Definition Dlecision problem

1.1 Population

The population of interest for this appraisal is people who have hadcaodioembolic
ischaemic stroke, minor stroker transient ischaemic attack (T|Anhd for whom

clopidogrel treatment is being considered. Approximately 100,000 strokes every year

in the UK and between 46,000 and 65,000 people experience 8AFbAINd 85% of strokes
are ischaemic, occurring when the supply of blood to a pathe brain is interrupted,

usually by a blocked arteyt has been suggested that a TIA is not a separate pathological
entity, but exists on an ischaemiasite spectrum, constituting the mildest form.

Symptoms of stroke often occur suddenly and vary depending on the part of the brain being
compromised Symptomgend to include issues with movemnt, speech, facial drooping

and vision.

The median age for stroke in the UK is 77 years and a quarter of strokes in the UK happen in
people of working agéLifestyle factors associated with stroke and TIA include smoking,
alcohol and drug abuse, physical inactivégd poor diet. The presence of cardiovascular
diseasesand medical conditions including diabetes mellitus, afitaillation, chronic

kidney disease and migrainare also risk factors for strokeDther risk factors include

previous stroke/TIA, family histoof stroke,lower educationand genetic or hereditary

factors. Strokes are more common in people with AfriGaribbean or South Asian

background (Stroke Association; Kings Fudrid).

People who have experienced a stroke or TIA are at an increased risk of further occlusive
vascular events (e.gschaemic stroke, transient ischaemic atta@kd myocardial

infarction)® TIA precedes stroke in 15% of cases, providing a crucial opportunity to prevent
more severe stroké Risk of stroke after TIA has been found to be approximately 8% at
seven days, 11.5% at one monémd 17.3% at three months. Risk of recurtestroke after
minor stroke has been suggested to be 11.5%, 15% and 18.5%, respéctille€li. TA210
recommends the use of antiplatelet medications as a preventative treatment for people
who have had an ischaemic stroke or YI&hisincludes clopidogrel treatment arid

discussed further in section 2.4.

1.2 Target condition: Clopidogrel resistance

Clopidogrel is an irreversible adenosine diphosph@DPYeceptor antagonist with
antiplatelet properties. It is available as branded and generic preparations and has
marketing authorisation for patients who have recently had an ischaemic stroke &t TIA.

Clopidogrel is a prodrug, which needs to be @ed (metabolised) into an active form by
P450CYRenzymes-! A substantial proportion of the population are less ablertetabolise
clopidogrel to its active form and so clopidogrel does not achieve its pharmacological effect,
usually the result of genetic variants, mainly in @¥P2C1§ene. This is known as

G Of 2 LJAR2ANBE NI & £¥PACG1§eRSother fatord thad 18y Cause & G K S
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exacerbate clopidogrel resistance include taking drugs such as omepnahath compete

for metabolism by the CYP450 syst&mand factors such as obesity, diabetes, and
hypertension®® There is also a potential role of other rare genetic changkeas, both

genetic and clinical factors need to be considered when determining whether an individual
will respond to clopidogrel treatment.

1.2.1 Genetic basis of clopidogrel resistance

Cytochrome P450 2C19 is one of the main enzymes that metabolisesogogitb its active
form. This enzyme is encoded by tG&¥P2C1§ene.CYP2C18 one of many genes
associated with clopidogrel response but it is widely recognised as being the most validated
genetic determinant* TheCYP2C1§ene has multiple variant forms (alleles) which produce
CYP2C18nzymes. These alleles are given a star (*) number for identification. The
Pharmacogene Variation Consortium (PharmVar) has outlined more3thatar (*) allele
haplotypes!® The Clinical Pharmacogenetics Implementation Consortium (CPIC) guideline
for CYP2C1§enotype and clopidogrel therapy notes tha¥P2C18llele *1 pertains to

normal function, and that *2 and *3 are the most commadrekes associated with loss of
function (LOF) A systematic review found that people who carried one or two of these
alleles had an increased risk of stroke and composite vascular events in contrast to
noncarriers among patients with ischaemic stroke I# freated with clopidogrel® Some
alleles, in particular allele *17, are associated with increased funétion.

I LISNER2YyQa 3ISy20@LIS Aa GKSANI dzyAljdzS &Sl dzSy OS
observable expression df KA & ISy 20 LISd | LIS NEewiRawillIK Sy 2 ( & |
respond to (metabolise) clopidogrel) can be predicted based on their allele function

combinations. Generally, people with the genotype of two normal function alleles (e.qg.
CYP2CZ*3/*1) have the phenotype of normal metabolisertntermediate metabolisers

have one normal function allele and oh®Fallele (e.g.CYP2C¥a/*2). Poor metabolisers

have twoLOFRalleles (e.g.CYP2C®2/*3). Rapid metabolisers have one normal and one
increasedunction allele (e.g.CYP2C*a/*17) and those with two increased function

alleles (e.g.CYP2C18L7/*17) are ultrarapid metabolisers?

There are significant ethnic variations in the incidence of the diffe@r#®2C18lleles.
TablelError! Reference source not foungrovides an overview of some of the main
CYP2C1alleles, their impact on clopidogrel metabolisamd their prevalence in different
populations.

Tablel Overview ofthe mainCYP2C1A8lleles, their impact on clopidogrel
metabolism and prevalence in different populations

Allele Impact on Prevalence
clopidogrel | Global [Europear African | Asian | South | East | Latin UK
metabolism Asian | Asian |Americar
*2 LOF 16.02 [14.72 [17.50 [29.19 [36.70 [28.01 [16.16 |15.08
*3 LOF 026 [0.58 0.05 0.80 [0.33 [0.78 [0.07 0.05
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*4 LOF 0.32 [0.33 0.07 0.10 0.04 [0.06 [0.35 0.16
*17 |ncreased [19.60 [23.13 [22.64 [1.80 ([7.00 [1.00 [16.4 20.89

function
Data from National Institute for Health arharmVar’ 18

1.3 Diagnostic Test

This review focuses on two categories®fP2C1§enetic testing: poinbf-care tests (POCT)
and laboratorybased tests. POCT include any analytical test carried out by a healthcare
professional outside of the laboratory, although it is also possible to install near patient
testing equipment in local loratories which may overcome challenges associated with
storage of reagent$? These tests have theotential to deliver results more quickly than
standard laboratonbased tests.The two POCT in scope are the Genomadix Q¥je2C19
System and th&enedriveCYP2C1M Kit. TheGenomadix Cube test was previously known
Fa (KS /6dgolL3éNe | gviccesSdt to théSpdrtan@X CYP2C 19 SysgeriThetwo
Spartantestsare very similar but there areomedifferences: the 3 reaction tubes have
been integrated into a single tesartridge, the swabs and test cartridges are packaged
separately, and the DN&nalyser device is small& There are also differences the
mechanisms used theat and cool the sampleghe storage, use, and stability of the
specimens on the swakhe optical systemand the test workflow?!

Laboratorybased tests are conducted by technicians in the laboratory. In the National
Health Service (NHS), genomic testing is generally delivered by a network of 7 Genomic
Laboratory Hubs. Testing f&YP2C18 not currenty included in the National Genomic Test
Directory of tests commissioned by the NHS in Engldadble2 provides an overview of

some of the availabl€YP2C1§enetic ests. The POGSlonly target specific LOF alleles.
Laboratory based testsave the potential to target all LOF alleles, howes@mmercial kits

are likely to only test for the most common variants or those with established clinical.utility
However lab-basedtesting would have greater flexibility to alter variants screened for as
new evidence emerges.

Table2 Characteristics oCYP2C1point of care and laboratory tests

Name of Type of test General information CYP2C19 | Time to run
test alleles test

targeted
Genomadix | Point of care Intended to be used in *2.*3,*17 | The test takes
Cube conjunction with clinical 1 hour to run
CYP2C19 judgement and routine for each
system monitoring to determine cartridge.

therapeutic strategy for drugs
metabolized by th&€YP2C19
enzyme.

Testkit cartridges must be
d02NBR 0SG6SSy
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Name of Type of test General information CYP2C19 | Time to run
test alleles test
targeted
and used within 15 minutes of
removal from the freezer.
Results are stored locally on a
laptop connected to the device
and can be exported as a PDF.
Gendlrive Point of care Used for qualitative in vitro *2,*3,*4, | Lessthan 1
CYP2C1®D molecular diagnostic tests. Test *8, *17, hour to run
Kit for CYP2C18nder development| *35 for each
and likely to be available to NH! cartridge.
in early 2023.
Results will be able to be
transferred electronically to
patient records by internet or
through thirdparty middleware,
or printed with an optional label
printer.
Sanger Laboratory Routine genomic testing All alleles | Depends on
CYP2C19 approach used in all NHS sample
sequencing genomic laboratory hubs. This numbers and
test sequences a single DNA number of
fragment at a time. alleles being
tested forg
more will
mean longer
turnaround
times
Next Laboratory Sequences millions of short DN| All alleles | Quicker
generation sequences in parallel. turnaround
CYP2C19 for large
gene sample
sequencing numbers
compared to
Sanger
sequencing.
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Name of Type of test General information CYP2C19 | Time to run
test alleles test
targeted
Targeted Laboratory Targeted genotyping assay Potential to | The methods
CYP2C19 amplifies and detects specific | target all of detection,
gene variant variants in target genomic DNA| alleles but | equipment
Examples include: usually requirements
fPolymerase chain reaction | target and
(PCRbased SNP genotyping| specific throughput
assays using fluorescent alleles. capability vary
reporter systems, such as between
TagMan (ThermoFisher) sysems.

1 Other PChased genotyping
panels that use proprietary
detection methods, such as
the XTAGCYP2C1HKit v3
(Luminex)

fVariant detection using mass
spectrometry, such as
MassARRAY (Agena
Bioscience)

fLoopmediated isothemal
amplification (LAMP), such a
the LAMP humagYP2C19
mutation KIT (LaCAR MDx
Technologies)

1.4 Place of the technology in the treatment pathway

Guidelines on appropriate antiplatelet therapy for the secondary prevention of stroke vary.
The two main guidance documents of relevance are NICE guidance NG128 on stroke and
TIA and guidance from the Royal College of Physicians (RCP) on therapy for secondary
prevention for people with stroké? The treatment pathways shown in

Figurel for (i) adultswith non-minor ischaemic stroke an@) adultswith minor stroke or
TIA. Pathways are different in children and foatients with atrial fibrillation.In children,
aspirin rather than clopidogrel is currédptrecommended to prevent recurrencéther
antiplatelets, including clopidogrel, should otk considered when there are othask
factors for cerebrovascular diseasePeoplewho havedisabling ischaemic strokand who
are in atrial fibrillation should betreated with aspirin for 2 weeksafter which
anticoagulation treatmenshould beconsidered®

Everyone with a suspected stroke should be admitted to a specialist acute stroke unit

following assessment by first responders. NICE guidance NG128 states that witloar24
of ischaemic stroke onset, daily aspirin 300mg should be offered unless the individual is
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intolerant to aspirin® Aspirin $iould be continued until 2 weeks after stroke symptoms
begin or until discharged.

For peoplewithhighhlh &1 ¢L! 02F0Sy RSTAYSR | &orlJ- 6ASY(a
minor stroke, dual antplatelet therapy of aspirin and clopidog is often used in line with

guidance from the European Stroke Organisation, beginning with 2 weeks acute dual

therapy.?®> After 2 weeks of acute treatment, NICE guidance recommendstény

antiplatelet treatment with clopidogrel monotherapyHowever, in practice patients are

often given dual treatment with aspirin and clopidogrel before moving to longer term

clopidogrel monotherapyThe recommended duration of dual therapyries according to

guidance from up to 21 day<21 to 90 day$°or up to 90 days! This is consistent with the

NICE clinical knowledge summary on secondary prevention following stroke and TIA,
updatedinzaHH X gKAOK &aidldSa dGKFG aRdzZhf GKSNI LR gA
days) or aspirin plus ticagrelor (for 30 days) may be initiated in secondary care for some

people (for example people at high risk of TIA, or those with intracranial stefolsisyed

o0& Iy dALX LGS f2’Snithose ko KiSIdiant.dBadpérin, the RCP guidelines

suggest clopidogrel could be considered as initial treatniént.

For patients with TIA that is not higisk (ABCD2 score of < 4), NICE guidance (JA210
recommends urgent treatment with modifiecelease dipyridamole in combination with
aspirin in the first instanc&However,the NICE clinical knowledge summary advises
clopidogrel monotherapy following acutev2eek treatment with aspiri’ andthe Royal
College of Physician&uidelines recommend clopidogrel regardless of stroke risk score for
TIA patients??

Currently, genetic testing for clopidogrel resistance is not routinely performed in the NHS
before using clopidogrel itchaemic stroke or TIA patients. If genetic testing to inform
preventative treatment is introduced in the NHS in people with strakeould take place in
hospital before longerm anti-platelet treatment is started 2 weeks poestchaemic stroke,
or soorer in the case of TIA. People with an allele suggesting poor or intermediate
metabolism of clopidogrel could be treated with an alternative to clopidogrel, while those
without these alleles would receive standard clopidogrel treatment. Alternative treatm
could include the following:

1 Aspirin

1 Aspirin combined with dipyridamole

91 Clopidogrel dose escalatiglnlicensed)

9 Ticagrelo(Unlicensed)

We heard from our clinical advisors thattbbEsethe most likely to be used in NHS practise
would be aspirin combined with dipyridamolith a potential treatment pathwaghown in
Figure2 for people with(i) non-minorischaemic strokand (ii) minor strokeor TIA.

Ticagrelor does not have marketing authorisation in the UK for secondary prevention after
ischaemic stroke or TIAdowever, we have heard from clinicians that it is sometimes used
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in hightrisk patients, although it is not considered in those at higkof bleeding due to an
elevated bleeding risk. There is a suspended NICE technology appraisal on ticagrelor for
preventing stroke after previous ischaemic stroke or highk TIA® This was suspended by

the company on 11 May 2021, who also withdrew their application for marketing
authorisation for stroke to th&uropean Medicines AgendyNIA in December 202%8
Ticagrelor in combination with aspirin for up to 30 days is however indladea potential
treatment for secondary prevention for some people (for example people at high risk of TIA,
or those with intracranial stenosis) in the 2022 NICE clinical knowledge summary on
secondary prevention following stroke and FlA.
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Figurel Treatment pathway for current NHS practice;) (Non minor ischaemic stroke,
(if) Minor ischaemicstroke (with NIHSS <3) or TIA

(i) Non-minor ischaemic stroke

Can thepatient take aspirirf?

No Yes
Offer clopidogréimonotherapy (ASAP, Offer aspirid (ASAP, within 24 hours of stroke) fq
within 24h of stroke) and continue this 2 weeks or until discharge, then switch to leng
longterm term clopidogrel monotherapy

(i) Minor stroke (with NIHSS < 3) aitA

Can thepatienttake aspirir?

|

No Yes

i l

Offer clopidogréimonotherapy (ASAP, Minor stroke orhigh risk TIA(ABCD scor&4)):
within 24h of stroke/TIA) and continue Offer dual aspirin and clopidog?¢ASAP within
this longterm 24 hours of stroke/TIA) farp to 90days
followed by longterm clopdogrel
monotherapy

Low risk TIAABCD score 4): Offerlong-term
clopidogret monotherapy(ASAP, within 24
hours of stroke)

Doses

1. clopidogrel 75mg daily (after loading dose @08ng)
2. aspirin 300mg daily

3. aspirin 75mg daily pludapidogrel 75mg daily (after loading dose of 300mg)
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Figure2 Potential treatment pathway for people with CYP2C18oss ofFunction (LOR
alleles (i) Non minor ischaemic stroke, (ii) Minor stroke (with NIHSS <3tk

(i) Non-minor ischaemic stroke

Can thepatienttake aspirir?

No Yes

J |

Offer dipyridamolémonotherapy long Offer aspirid (ASAP, within 24h of stroke) for 2
term (ASAP, within 24h of stroke) and weeks or until discharge, then switch to letegm
dual therapy with dipyridamole and aspitin

continue longterm

(i) Minor stroke (with NIHSS < 3) or TIA

Can thepatienttake aspirirf?

|

Yes

| 1

Offer longterm dual therapy dipyridamole and

Offer dipyridamolé monotherapy long . o
aspirir? (ASAP within 24h of stroke/TIA)

term (ASAP, within 24h of stroke/TIA)
and continue longerm

Doses

1. modifiedreleasedipyridamole 200mg twice daily

2. aspirin 300mg daily

3. aspirin 75mg daily plumodifiedreleasedipyridamole 200mg twice daily
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2 Objectives

The overall aim of this project is to summarise the evidence on the cliadlcost
effectiveness of genetic testing to identify clopidogrel resistance in peopleneith
cardioemboliaschaemic stroker TIA We defined the following objectives to adkds the
overall aim:

Objective 1Do people who have genetic testing for clopidogrel resistance, and who are
treated based on these results, have a reduced risk of secondary vascular occlusive events
compared to those who are not tested and are treatedhwalopidogrel following standard
guidelines?

Objective 2Do people who have loss of function alleles associated with clopidogrel
resistance have a reduced risk of secondary vascular occlusive events if treated with
alternative interventions compared tiveatment with clopidogrel?

Objective 3Do people who have loss of function alleles associated with clopidogrel
resistance havan increased risk of secondary vascular occlusive evemgs treated with
clopidogrel compared to patiestwvithout loss offunction alleles who are treated with
clopidogrel?

Objective 4What is the accuracy of point of care genotype tests for detecting variants
associated with clopidogrel resistance?

Objective 5What is the technical performance (other than accuracy) and aothe
different CYP2C1@enetic tests?

Objective 6What is the costffectiveness oflifferent POCT and laboratory based genetic
tests for clopidogrel resistance compared with not testing for clopidogrel resistance?

Objective 1 to 3 focus on assegpwhether people withLOFRalleles have better outcomes if

treated with alternative antplatelet drugs. Objectives 4 and 5 evaluate the accuracy and
technical performance o€ YP2C1@§enetic tests.
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3 Assessment dflinical effectiveness

A systematic reviewasconducted to summarise the evidence on the clinical effectiveness
of clopidogrel genotype testing after ischaemic stroke, including minor stroke and TIA. The
systematic reviewollowedthe principles outlind in the Centre for Reviews and
Dissemination (CRD) guidance for undertaking reviews in health?#ne, Cochrane
Handbook for Systematic Reviews of Diagnostic Test Acéfiraaygl the NICE éhlth
Technology Evaluations Manul Theprotocolwas registered on the PROSPERO database
(CRD420223576%and thesystematic review is reported according to PRISM20 and
PRISMADTA guideline® 2 The systematic reviewassupplemented by a survey of
manufacturers of POCT tests and genomic laboratory hubs to collect information on the
technical performance of the défent CYPC19 genetic tests (ObjecEy8ection3.5).

3.1 Inclusion and exclusion criteria

3.1.1 Objectivesl,2and 3
Inclusion criteria for objectives, 2 and 3are sunmarised inTable3. Studies that met

thesecriteriawere eligiblefor inclusion:

Table3 Inclusion Criteria for Objectives 1, 2 and 3

Objective 1 Obijective 2 Objective 3
Participants | Adults or children who | Adults or children who | Adults or children who
have experienced an have experienced an have had an ischaemic
Ischaemic Stroke or TIA| Ischaemic Stroke or TIA| stroke or TIA who are
and who have one or twq treated with dopidogrel

CYP2C1RORalleles alone or in combination
associated with under | with a second
metabolism of antiplatelet drug.
clopidogrel (e.g. *2 or *3
Intervention/ | AnyCYP2C1§enotype | Any alternative Presence of one or two
exposure test followed by any antiplatelet drug(s). CYP2C1ROFRalleles fa
alternative antiplatelet metabolism of
drug(s). clopidogrel (e.g. *2 or *3

Comparators | No testing; all patients | Clopidogrel alone orin | No LOFalleles
treated with clopidogrel | combination with a
alone or in combination | second antiplatelet drug
with a second
antiplatelet drug
Outcomes Incidence of secondary vascular occlusive events
Adverse events (e.g. bleeding or headache)
Mortality
Time to starting antiplatelet treatment, or to change of antiplatelet treatmer;
Impact of test result on decisions about care
Health careesource use (e.g. Length of hospital stay)
Quality of life
Healthcare costs
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Objective 1 Objective 2 Objective 3
Study design | Randomised controlled | RCTor cohort studies Cohort studies
trials (RCTpr cohort
studies

3.1.2 Objectives 4 and 5

Inclusion criteria fobbjectives4 and5 are summarised ifable4. Additional data for
objectiveb, in particular for standarthboratory-basedtests,were identified throughthe
survey of laboratories éxtion3.5). Studies thatulfilled the following criteriawere eligible
for inclusion:

Table4 Inclusion criteria for objetives 4 and 5

Participants Adultsor childrenwho have experienced an Ischaemic Stroke or TIA. If
insufficient studies are found in these populatichen we will include
studies in other populations; we do not anticipate thast accuracy is likely
to differ substantially based on population.

Index test Either of the following POCT:

Genomadior SpartancubeCYP2C18ystem(NBE F SNNBE R (2 | 3
| dz6 .SStudies of thevreviousversion of this testthe Spartan RXCYP2C19
Systemand Spartan FRXYP2C1@ere also eligible.

Genedrive syster@YP2C1@sto NB F SNNB R {itS & fioin herdD S
Target condition | Presence of at least or@YP2C1RORallele

Reference Any reported laboratorjpbased reference standard f@yYP2C19
standard
Outcomes Data on sensitivity and specificity or sufficient data to construct a 2x2 tab

test accuracy.

Test failure rate; number of people with variant forms@fP2C1&nd
incidence of particular alleles); time to results; ease of use of test; cost of
testing

Setting Any setting

Study design Any primary study

3.2 Study identification
Studies vereidentified using bibliographic and ndmbliographic search methods following
the guidancen the NICE handbook.We carried outtwo searches:

Search lundertaken on August 10 2022med toaddress objectives, 2 and 3 taking the
following form: (search terms for Clopidogrel) AND (search term<féP2C2P

Search 2undertaken on August112022, aimed to address objectivésnd5, taking the

following form:((terms for point of care test®RGenomadiORGenedrivg AND (terms for
CYP2C19R terms for Clopidogrel))
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The search strategies are reporteddppendix iLiterature search strategiegsing a search
narrative34 They were developed by one researcher (CC) and checked by another (ET) using
the Peer Review of Et&ronic Search Strategies (PREBSEKIistS,

3.2.1 Bibliographic sarching
We searclkdthe followingdatabasedrom inception

MEDLINE (MEDALL) via Ovid

Embase via Ovid

The Cochrane Central Register of Controlled Trials (CENTRAL) via Wiley
The Cumulative Index to Nursing and Allied Health Literature (CINAHEB S0
Host

ECONLriaEBSC®lost

Health Technology AssessmeH{TA Libraryvia the York CRD interface

NHS EEDdga the York CRD interface

Tufts CEA Registeia the Tufts Medical&htre website.

= =4 4 A

= =4 4 A

3.2.2 Non-bibliographic search methods
We alsosearcled the following trials registry resources:
1 ClinicalTrials.gov viatps://www.clinicaltrials.gov/
1 World Health Organisatiof(HQ International Clinical Trials Registry Platform
(ICTRP) viattps://www.who.int/clinical-trials-registry-platform

We screenedhe manufacturer submissiorend their respective websitdés identify
additional relevanstudies.

Forall objectives the reference list®f studies included at fulext screeningvere checked
through manual reviewReference lists of angeviews (systematic or negystematic)
identified by our searchesere alsoscreenedFor objectives 4 and 5 (the accuracy review),
studies fulfilling ebibility criteria at fultext were forward citation searched using the
Science Citations Index (Clarivate).

3.2.3 Managing the searches
Datawere exported to EndNote X9 for deduplication using the default deduplication

settings.

3.3 Review strategy

Two reviewersndependently screeed titles and abstracts identified by the searchdaull
copies of all reports considered potentially relevardre obtained and two reviewers
independentlyassessethese for inclusion Any disagreementsere resolved by consensus
or discussion with a third reviewer.
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Datawere extracted using standardised data extraction forms developed in Microsoft
Access. Data extraction formere piloted on a small sample of papers and adapted as
necessary Datawere extracted by one revieweand checked in detail by second
reviewer. Any disagreementsvereresolved by consensus or discussion with a third
reviewer.

3.3.1 Objectives 1, 2 and 3

Datawere extracted on the followingstudy namestudy desigi{RCT or cohort study)
objective that study addregs, funding sources (public, industrgnixed), study location,
participants(type of stroke, age, sex, ethnicity)clusion criteriapmeprazole usenumber
of eligible patients, number of patients recruitedYP2C1@st details(test used, alleles
tested for and definition of poometaboliser), interventions(e.g. clopidogrel, alternative
anti-platelet drug),andincidence of secondary vascular occlusive events (number in
intervention/exposed group and number in control groud)atawere alscextractedon the
following secondarputcomes where reported:adverse events (e.g. bleeding or headache)
mortality, time to starting antiplatelet treatment, or to change of antiplatelet treatment
impact of test result on decisions about cahealth care resource use (e.g. Length of
hospital stay) quality of lifeand realthcare costs

Dichotomous datavere extracted as number of patients with events and/or number of
events and total number of patients in each treatment arBata on followup time was

also extracted.Where availablesummary effect estimates together with 95% Clis and p
values for comparisons between groups together with details on the methods of analysis,
any variables controlled for in the analysis and the test statsgie also extracted None

of the studies reportd continuousor categorical outcome dataWhere studies reported
results stratified by ethnicity, these were extracted separately.

3.3.2 Objectives 4 and 5
Data were extracted on the following: funding (industry, Andustry, mixed), study

location, start dée, study design, inclusion criteria, exclusion criteria, participants
(condition, age, sex, ethnicity), POCT genetic(@snhomadix cube or Genedrive teat)d
reference standard test details (namajmbertested, alleles tested for, who administered
test, threshold for positive result), and accuracy data. Where reported, we also extracted
data on the following secondary outcomes: test failure rate; number of people with variant
forms of CYP2C1@nd incidence of particular alleles); time to results; eafsese of test;

cost of testing.

Accuracy datavere extracted as 2x2 tablesomparing the POCT with a laboratory reference
standard Where 2x2 datavere not available, datavere extracted on any reported
estimates of accuracy (e,gensitivity, specificity, area under the receiver operating
characteristic curve (AUC RO@\uthors of studies were also contacted to request data to
allow construction of 2x2 tables.
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Each indidual will have two alleles one or both of these may be associated Wil®F As
described in Sectioh.2.1, some alleles are associated with owaetabolism rathe than
poor metabolism (e.g*17). As no difference in treatment is recommended in people who
are overmetabolisers, these allelegere grouped with those that are associated with
normal function. Thigavethree potential categories for each individual

1 TwoLORalleles (e.g. *2/*2 or *3/*3 or *3/*2)

1 OnelLORallele (e.g. *2/*1, *3/*1, *3/17, or *2/*17)

1 Normal function (e.g. *1/*1 or *1/*17)

These categoriesere dichotomised into alleles that encode for normal function and those
thatarenon¥ dzy OG A2y | f @ | & Hithélidndl)ivad Sefinedia®@ 0 NS a dzf G «
presence of at least oneOFallele. A positive reference standamlasas reported in the

study- either detection of any loss of allele function, or detection of those alleles that are

detectable by the POCT evaluated. If dataxe reported for both possible reference

standards then datavere extracted for both of theseThe reference standard wassal
RAOK2(02YAAadSRmaaboliseKI al &8 REFRWBER | a KI@GAy3a |

Where multiple sets of 2x2 dataere reported in a single study, for example for different
tests, thresholds, or alleles, all dateere extracted.

3.4 Risk of Biagssessment

Therisk of bias inncluded RCTand controlled clinical trials (CCTsasassessed usirttye

ROB 2o00l.3¢ Observational studies of exposure were assessed using the REBHYS’
Diagnostic accuracy studiaere assessed using modified version ocQUADAR.3 We

omitted two signalling questionsdf a threshold was used, was it pieLJS OA FASRE Ay
IndexTS & I R 2 Y Was/flere hrnyaoropriate interval between index test and
NEFSNBYOS &ail yRIrdgédomaiiy GEankts teststd@ nbt haveg athrasiiold

in the standard test accuracy sensthey identify the presence or absence of certalteles

and so we considered that this question did not apply to this review. Similarly, the question
on timing is ot relevant for genetic tests as the allele would either be present or not and
this would not change over tim¢hereforethe time interval between tests does not matter.
We did not formally assess applicability as our research question was broad anodial s

were applicable; instegdve extracted data on potential sources of variation such as
populationand considered these in our synthedietails of the tols are provided in

Appendix 4Data extraction tablesQuality assessmentasundertaken by one reviewer

and checked by a second reviewdisagreementsvereresolved by consensus or

discussion with a thirdeviewer.

3.5 Surveyof laboratories

We conducteda webbased survey to gather data on the technical performance
characteristics o0€YP2C1§enetic tests (objective 5). The surwegs sent to7 genomic
laboratory hubs who are responsible for delivering genomic testing in the NHS in England
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and to genont laboratory hubs in Wales, Northern Ireland and Scotlahke survey
colleced information on
1 Platforms capable of performin@YP2C1@sting available in the lab
1 Preferred test platform for runnin@YP2C19
1 Reason for preference
1 For each platform or geetic test we ask for information on:
o Alleles that would be tested for
o Impact of having to test for additional alleles
o Time to results
o Resources for running tests:
A Staff time
A Staff grade
A Cost per test to run
A Maintenance of machines/quality assurance
A Additional administrative resources
Ease olise
Test failure rate
Current testing capacity
Whether faster turnaround would be possible with additional resources and
what these would be
0 Whether additional testing capacity would be possible vatiditional
resources and what these would be
o ouldtest be performed in local testing laboratories
1 Facilitators and barriers to implementing testing, and what platform would be most
likely to be implemented
1 How feasible would it be to install POCT test®aal laboratories and extra
resources required

o O O O

3.6 Synthesismethods
For each objective, a narrative summary of all the included stusi@esented. This
includesa summary of the study characteristics and study quality.

3.6.1 Objectives 12and 3
We extracted andusedhazard ratiofHR)presented by the studieswhere available. For

observational (cohort) studies, estimates thatthzeen adjusted for potential confounders

were usedif reported, otherwiseunadjusted estimatesvere used WhenHRswere nd

providedin the study publicationtheywere estimatedwith a hazard rate analysis of event

frequencies in relation to time at rigkvhen followup time was availablepr from 2x2

tables of evenhumbersusing complementary lefpg (cloglogjransformations assuming

proportional hazards'® Forstudies with azerocellg S | LILX A SR F aO2y (A Yy dzA i
adding0.5to every cell
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Objective 1

We did not identify sufficient datan similar intervention comparisore carry out a meta
analysis foany outcomedor objectivel. We provide a narrative summary of results from
these studies, presented together witif@rest plotshowing hazard rat®estimates
comparingsecondary occlusive vascular evebétween patientswho received a genetic
test and were treated accordinglpgainst patientsvith standard treatment with

clopidogrel

Objective 2

Where at least two studies evaluated the same omep metaanalysis was used to
generate summary effect estimates for each objectie had intended tg@erform random
effects metaanalysesbut insufficient data were available for thi$herefore ixed effect
meta-analysesvere performed Forest plotsvere producedor each outcome showing
individual and summary HR8th 95%confidence interval¢Cls) stratified byinterventions
evaluated. To inform decisions on whether to conduct network ratalyses, we drew
network plots of treatmat comparisons for each outcome, to assess whether networks
were connected and whether loops of evidence exist&d\etwork metaanalysis was not
subsequently performed for any outcome.

Objective 3

We used andom effets meta-analysis taestimatesummaryHRs 95%Cls and 95%
prediction intervalsfor each aitcomeevaluated by the included studieshen at least

three studieswvere available.Heterogeneity and inconsistency across studiesev
quantified using the tau and $tatistics A restricted maximum likelihood (REML) approach
was used to estimate tatf. Fixed effect metaanalyses were performed as sensitivity
analyses, or as the sole analysesniy two studiesvere available Fumel plots were
producedfor each outcometo assess the presence of small study effé&t®

We used subgroup analysis and metgression to investigatpotential heterogeneityin

the HR for risk of secondary vascular occlusive evamiavestigating heterogeneityye
includeddifferent vascular evenbutcomes (composite outcome, stroke, ischaemic stroke)
in the same analyse$his allowed us to include more studieshese aalysesincreasing
power to detect differencefn HRacross variabled his was a post hoc decision based on
observing thakestimates of HR were very similar for these outcomékin studies that
reported on two or moreFor these analyses,engelected me outcome per study related to
a secondary vascular event based on the following hierarchy: composite outcome, any
stroke, ischaemic stroke.

We conductedsubgroup analysiand univariablemeta-regressiorto explore whetheithe
HRfor risk ofsecondaryascular occlusive evenitsthose with LOF compared to those with
LOF allelesaried with any of the following covariates:

1 Bhnicity: Asian, White, mixed, Hispanic, blamlnot reported (pre-specified)

1 Primary event stroke, stroke or TIA, T{Are-specified)
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1 Risk of bias: high vs lofpre-specified)

1 dopidogrel regimenclopidogrel alondwhich includeslopidogrel plus initial
aspirin), clopidogrel plus longerm aspirin clopidogrel plus optional aspirifvhich
also includes otheantiplatelets or anticoagulanjgposthocexploratory

1 Protonpump inhibitor use<10%, 120%, 2630%, 46560%,>50% or not reported
(posthocexploratory

1 Duration of followup: 3 months, 6 months, 1 year;3 years, & years or not
reported (posthocexploratory)

1 Loading dosdwhether a higher initial dose of clopidogrhsadministered)yes, no
not reported

Wherea study reported multiple categories (e.gstimates stratified by ethnicity), these
separate estimates were used in the relevaobgroup analyses.

3.6.2 Objectived
Estimates of sensitivity and specificitfythe POCTwere calculated from each set of 2 x 2

data, under the assumption that the laboratory referenstandardshave correctly
categorised all study participantsAnalysesvere stratified according to POCT. Summary
estimates of sensitivity and specificity together with 95% confidence intervalsN€s)
calculatedusing bivariate random effects metmalysis of sensitivity and specificity, using
binomial likelihood$? 44 Coupled forest plots of sensitivity and specificityre used to
display results from individual studiasd summarestimates to allow visual assessment of
heterogeneity. Due tohomogeneity of estimates across studies, heterogeneity was not
formally investigated.

3.6.3 Obijective 5
We did not identify sufficient data to carry out a metanalysis for the secondary outcomes

that address objective. We provide a narrative summary of results from these stydies
presented together witta summary othe results of the welbased survey (sectioh6.2).
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4 Resultof dinical effectiveness review

4.1 Results of the searches

The process of study identification and selection is summarisedyure3 (Objectives 13)
andFigure4 (Objectives 4). Studies includedstratified by objectiveand studiesexcluded
at full-text are reported inAppendix 2 Tables of included, egoing, or excluded studies

4.1.1 Search lobjectives 13

The searchesf bibliographic databases and trials registi@sntified 4338references.
After initial screening of titles and abstracis31 referencesvere considered to be
potentially relevant and ordered for full paper screening; of th&gestudiesreported in B
reportswere included in the reviewwo studies forobjectivel; seven studies for objective
2; and 5 studies forobjective 3.Fivestudies werdancludedfor objectives and 3We
identified three ongoing studiesone for objective land two for objective AppendixX2:
Tables of included, egoing, or excluded studigs

4.1.2 Search 2: objectives3d

The searchesf bibliographicdatabases and trialegistriesidentified 555references. After
initial screening of titles and abstrac®5 referenceswere considered to be potentially
relevant and ordered for full paper screening; of the2g studies rported in 5
publicationswere included in the reviewNine studies for objective 4three of these
reported a pretrial and a mairtrial) and 17 studies for objective SSome studies were
eligible br both objectives. All 21referencesgncludedin the manufacturef submissions
were identified by our searchefourwereincluded in the review and7 referenceslid not
meet inclusion criterigStudies included imanufacturdNJsuDmissions
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Figure3 Prisma flow chart: objectives -B

Identification

Screening

Included

Identification of studies

via databases and registers

Identification of studies

Records identified from*:
Databases (n = 4,134)
Registers (n = 204)

Records removed before
screening:
Duplicate records removed
(n =1414)

Records identified from:
Websites (n = 1)
Organisations (n = 0)
Reference checking (n =17
reviews)

A4

Records screened
(n=2,914)

Records excluded
(n=2,781)

\4

Reports sought for retrieval
(n=131)

Reports not retrieved
(n=4)

Reports sought for retrieval
(n=1)

via other methods

Reports not retrieved

Reports assessed for eligibility
(n=127)

Studies included in review
(n=29)

Objective 1 n=2

Objective 2 n=7

Objective 3 n=25
Reports of included studies
(n =50)

We identified 3 additional on-going
studies: 1 for objective 1 and 2 for
objective 3

Reports excluded:

Population (n=7)
Intervention (n=5)
Outcomes (n=17)

Study design (n=11)
Review (17)

Duplicate (n=8)
Commentary/Editorial/letter
(n=9)

Reports assessed for eligibility
(n=1)

A

(n=0)

Reports excluded: 0
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Figure4 PRISMA flow chart: objectives-8

Identification

Screening

Identification of studies

Records identified from:
Databases (n = 449)
Registers (n = 106)

A4

Records screened
(n =448)

\4

Reports sought for retrieval
(n=35)

via databases and registers

Reports assessed for eligibility
(n=35)

Included

v

Studies included in review
(n=21%)

Reports of included studies
(n=25)

v

Identification of studies

via other methods

Records removed before
screening:
Duplicate records removed
(n=107)

Records identified from:
Websites (n = 0)
Organisations (n = 0)
Citation searching (n =476)
Company submissions (n = 21)
Reference: checking: (n=3 reviews)

Records excluded
(n=414)

Reports not retrieved
(n=0)

Reports sought for retrieval

Reports excluded:17
Duplicate (n = 10)
Not concerning a POCT
within scope (n = 4)
Not an evaluation of test (n =
1)
Not giving additional data
(n=1)
Company confirmed focuses
on old platform no longer
available (n =1)

(n = 339)
'

Reports assessed for eligibility

v

Duplicates from main search
(n=170)

(n=32)

A\ 4

Studies included in review from citation
searching
(n = 3) [4 reports]

Studies included in review from
company submissions
(n=0)

*Three included studies include a pre-trial and a main-trial, we are therefore treating these as separate studies

Reports excluded: 28
Duplicate (n = 2)
Not primary study (n = 7)
Not about a POCT within
scope (n = 10)
Lab test (n = 1)
No outcome data (n = 5)
Protocol for excluded study
(n=2)
Editorial with no useful data
(n=1)
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4.2 Objective 1

Two ontrolled trials from Chinawere included for objective.1> 46Full details on thse
studiesare reported inAppendix 4 Data extraction tableBoth studiesvere small (80 and
190 patientsyand did not providesample size@r power calculationsDuration of followup
was 90 days in one study and 1 year in the otere of these stdies was reported in
Chinese and was extracted with help from a native Chinese spaakieusing Google
Translate*® Both studies used laboratory based testiogletermine the presence of LOF
alleles.

Xia et al*® allocated80 patients to two groups
1 Group A: All received clopidogrel 75 mg/day
1 Group Bgenotyped for the *1, *2, *3 and *17 alleles
o0 No LOF alleleslapidogrel 75 mfgay (same asontrol)
0 One LOF allelelapidogrel 150 mg
0 Two LOF allelesicagrelordo i KA a ¢ & NB OetheESRh Fa adA3IN
abstract but translation of the Chinese term suggested that this was
ticagrelor)

Lan et al?® genotyped all participants for the *1, *2, *&and *17alleles Participants were
then divided into 2 groups (group A andvigh 90 patientsin eacl) so that equal numbers
with each potential genotype were included in each groé{li. patients were initially
treated with clopidogrel (300 mg loading dose followed dy mg/day) and aspirin 100 mg
day for 21 dayslreatment after this varied by intervention group and presence of LOF
alleles:
1 Group A clopidogrel 75 mg/day
1 Group B:
o normal metaboliser (no LOF alleles)d extensivanetaboliser(1 or 2 *17
alleleg: clopdogrel 75 mg/day
0 poor metaboliser (1 or RORalleles): aspirin 100 mg/day

This study did not technically meet inclusion criteria foreghive 1, as all patients were
tested, however, as half of the tested patients were treated as if they had not eted
(i.e, standard treatment)we considered it appropriate to include this study for this
objective.

Both studies enrolled patientsith a stroke as a primary eventMean agevas69 years
andpercentage of female participantgas38% in bothstudies One study was funded by
non-industry*® and the other did not report funding sourcs

4.2.1 Risk of Bias
Both studie$> “6werejudged athigh risk of biagor all outcomes extracte¢Table5). There

was no clear information on the allocation process, and they were not randongitieelLan
study*® allocated patients so that equal numbers of each genotype were included in each
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group, but it was unclear hothis was doneTherewas no evidence of a preegistered
protocol foreither study. Full details on risk of bias assessment are presentégpendix 4
Data extraction tables

Table5 Risk of bias assessment for CTs evaluating Objective 1

Study Details Domain Rationale

1 2 3 4 |5 Overall
Lan et al L L L J K L Not randomised. Patients and carers were likely
(2019y6 aware of the allocation, and there is no informatio

on potential deviations, which could have affecte
the outcome. High proportion of loss to folleup.
No evidence of are-registered protocol.
Xia et al L L J J K L Not randomised. Patients and carers were likely
(20215 aware of the allocation, and there is no informatio
on potential deviations from the intervention, whic
could haveaffected the outcome. No evidence of &
pre-registered protocol.

1: Randomisation process; 2wation from intended intervention; 3: missing outcome data; 4: measurement of selective
outcome reporting outcome

4.2.2 Results

Incidence oecondaryvascular events
Both studies™ “®presented data on incidence of secondary ischaemic stroke and

myocardial infarction Xia et al*> reportedthe incidence of TIA, vascular death and
composite outcome (including stroke, TIA, myocardial infarction and Jlebsim et al*®
reported data on laemorrhagic strokeWe additionally calculated a composite outcome for
Lan etal, addingevents for all outcomes reportedrigure5 provides an overview of results
for incidence of secondary vascular events in these stutesdidnot meta-analyse results
from these two studies due to the differences in interventioimsgeneral, hazard ratios
suggested reduction in composite outcomes, secondary ischaemic stroke, haemorrhagic
stroke, and TlAn patients tested foLOFalleles and treted accordingly, but confidence
intervalswere wide andncludedthe null(HR = 1jn all casesTherewas no evidence of
benefitin either group for vascular deatir myocardial infarctiopalthoughincidence of
these outcomes was low5%) Full detais on results are presented Appendix 4Data
extraction tables
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Figure5 Forest plot showingHazard RatiogHR)(95%CI) for secondary vascular
eventsin patients treated withclopidogrel compared with patients tested for loss of
function alleles and offered personalizetteatment.

Outcome and Study HR (95% ClI)

Ischaemic stroke
Lan (2019) 0.33(0.03, 3.20)
Xia (2021) —_— 0.41(0.15, 1.18)

-»

Haemorrhagic stroke
Lan (2019)

-»

0.33 (0.01, 8.17)

Myocardial infarction

Lan (2019) + 3.00(012,73.74)
Xia (2021) — 1.00 (0.20, 4.95)
Composite outcome

Lan (2019) + 0.50(0.09, 2.74)
Xia (2021) — 0.53(0.24 1.18)
TIA

Xia (2021) + 0.50(0.05, 5.53)
Vascular death

Xia (2021) S SE— 1.00(0.20, 4.95)

01503 06 12525 5 1 2 4 & 16 32 64128
Favours testing + personalised treatment  Favours clopidogrel

Hazard Ratio

4.3 Objective 2

Severtrials, reported in 23 full report publicationsvere included for objective 2-53 All
studies were published in Englisiiwotrials were restricted to patients with LOF alleles
who were then randomised to different &iplatelet therapies. The other five studiesre
not restricted based on LOF allelepatients were randomised to differemtntiplatelet
strategies a subgroup analysis was then performed restricted to those with LOF alleles.
Table6 shows an overview of the studi@scluded for objective 2Full details on the studies
are reported inAppendix 4Data extraction tables

Three studies included patients who presented with stroke as their primary eaedtfour
included patients with either stroke or TIA. Five studies took place in China and recruited
patients predominantly of Chinese origin, one was done in South Korea including mostly
patients of South Korean heritage, and one took place in an international setting, with a
majority white (67%) ethnicityMean age rangettom 60.8 gtandard deviation§D 8.7)to
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64.8 (SD not reported)The percentage of females ranged frdi%to 45%.Sample size
ranged betweerl54to 6412.

Threestudies comparedlopidogrelplusaspirinwith aspirinalone. In the clopidogrel arm
one of thesestudiesgavea one-off 300mgloading doseof clopidogrelandaspirinonly for
aninitial 21-dayperiod, the secondlid not offer a loading dose of clopidogrel and stopped
aspirin after 30 daysandthe third gave a600 mgloading doseof clopidogreland continued
the agirin in combination withclopidogrellonger term Two studiescomparedclopidogrel
with ticagrelorg both studies include@ 300 mglopidogrel loading dose arah initial21-
dayperiod when aspirin was given in additionttee clopidogrel or ticagrelor One study
comparedclopidogrel withtriflusal, without a loading dosén eitherarm. The final study
compared a standard dose dbpidogrel (75 mg) with a higher doseadpidogrel (150

mgq). In this study all patients received300 mg loading dose of clopidogasld 150 mg
aspirinfor the first 21 days; after this clopidogrel was stopped and patients continued
treatment with 150 mgaspirin alone.One studywas funded byndudry organisationgdrug
manufacturer) one was funded by neimdustry but drugs and genetic tests were supplied
by industry, and five were funded by namdustry organisations.

Four studies used laboratory based genotyping tests (Se€pi@&2C18CE genotyping

system and Red) CYP2C1§enotyping kit, Drug Metabolism Enzyme TagMan Allelic
Discrimination Assagnd Sequenom MassARRAY iPLEX platform (Sequenom)), one used a
point of care test (GMEX potaff-care genotyping system), and two did neport the type

of test that was used. Six studies investigated the two n@#ralleles (*2 and *3) and one
study only genotyped oneOF allel¢*2).

Duration of followup ranged acrssstudies:five studies had a follovup time of90 days, 1
followed pdients up between 2 and 3 years, and 1 between 4 and 5 years.

Table6 Characteristics of studies that evaluated Objective 2

Feature Category Number of
studies
Population Stroke 3
Stroke and TIA 4
Comparisons | (Clopidogrelr’5 mg/day+ aspirin50-325 mg/day vs aspirirb0-325 | 1
mg/day

(Clopidogrelr’5 mg/day+ aspirin75-200 mg/dayfor first 21/30 2
days) vs Aspirin
Clopidogrelr5 mg/dayvs triflusal300 mg twice daily 1
Clopidogrelr5 mg/day(+aspirin75-300 mg/dayfor 21 days) vs 2
ticagrelor90 mg+aspirin75-300 mg/dayfor 21 days)
Clopidogrelr5 mg/day(+aspirinjvshigh dose(HD)clopidogrell50 | 1
mg/day (+ aspirinfor 21 days followed by aspirin alone
Clopidogrel 600 mg 1
Loading dose | 300 mg 4
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Feature

Category

Number of
studies

No loading dose

Design

RCT

Country

South Korea

USA

China

Funding

Norindustry

Drugs & tests provided by industry

Industry- other

CYP2C1&st

SeeplexCYP2C1ACE genotyping system and R@aLYP2C19
genotyping kit

RRlRraar|kr NN

Drug Metabolism Enzyme TagMan Allelic Discrimination Assay

GMEX poinbf-care genotyping system

Sequenom MassARRAY iPLEX platform

NR

LORalleles

CYP2C1® and *3

CYP2C1®2 only

Follow-up
time

90 days

2 to 3 years (731 to 1095 days)

4 to 5 years (1461 to 1825 days)

RRORoONN R R

Abbreviations: RCTandomized controdid trial.

4.3.1 Risk of bias
All outcomes assessédr every study were judged at the same lewértisk of biasFour of

the seven studies were judged at low risk of biag® 5. 520ne studywas judged at some
concerns due tdack ofinformation on allocation concealmentTwo studies were judgeat
high concernsonedue to lack of informatiomn loss to followup, andthe other due to lack
of informationon the randomisation process amwtential deviations from the intended

intervention. Table7 provides a summary of the risk of bias assessment for each study; full

details are provided idppendix 4 Data extraction tables
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Table7 Risk of bias assessment for RCTs evaluating Objective 2

Study Details Domain Rationale
1 2 3 4 |5 Overall

Chen et al J J J J J J No concerns

(2019¥?

Han et al J J J J J J No concerns

(2017y7

Meschiaetal | J J L J J L No clear data on loss to follow up, and it could

(2020y8 potentially be related to theutcomes

Wanget al J|[J |J |J|J J No concerns

(2016)>*

Wang et al J J J J J J No concerns

(2021y°

Wu et al. K |J J J J K No information on allocation concealment,

(20205° oFaStAyS RATFSNBYy OS]

with the randomisation process.

Yiet al K L J J J L No information on allocation concealment, no

(2018¥3 data on blinding and potential deviations from
the intended interventions. No information on

statistical analysis

1: Randomisation process; 2\dation from intended intervention; 3: missirmgitcome data; 4: measurement of selective
outcome reporting outcome

4.3.2 Results

Included studiepresented data on incidence of secondary vascular occlusive events,
adverse events, and mortality, in people who had LOF alleles associated with clopidogrel
resistance, and here treated with alternative interventions compared to standard
treatment with dopidogrel. There were no studies reporting data on other outcomes of
interest for objective 2.

Secondaryasculamocclusive events
Sixstudies reported data othe incidence ofa compositeoutcomeof secondary vascular

occlusive events (including st@KTIA, myocardial infarctipand vascular deathjive

studies onincidence of secondary stroke, six studies on incidence of secondary ischaemic
stroke, one on incidence of secondary TIA, two on secondary myocardial infarction, two on
secondary vasculateath, and two studies presented data on mortality of any cawsgure

6 shows the network of intervention comparisons for each outcome. These are all seen to
be disconnected, with no loops of evidence, so network raetalyss wasperformed. As

there werea maximum of 2 studiesaking any one comparisdretween treatmentsonly

fixed effect metaanalyses were performed
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Figure6 Network plots showing drug comparisons for main outcomes in Objective 2

A

lopidogrel + Aspirin*

B

Clopidogrel + Aspirin

Clopidogrel

Clopidogrel HD* + Aspiri

xﬁ\spin’n

Clopidogrel* + Aspirin Triflusal

Ticagrelor + Aspirin*®

Clopidogrel HD* + Aspirin

Clopidogrel* + Aspirin

Ticagrelor + Aspirin®

Clopidogrel
Clopidogrel HD* + Aspirin Clopidogrel + Aspirin-
Aspirin ® Aspirin
Ticagrelor + Aspirin® Triflusal
Clopidogrel* + Aspirin
C D | i
Clopidogrel + Aspirin Clopidogrel + Aspirin®
Clopidogrel + Aspirin® Clopidogrel

™\

Aspirin

Triflusal

A.Composite outcome, B. Any stroke, C. Ischaemic stroke, D. Any bleeding

* Druggiven on aemporary basisZ1 ¢ 31 days)

Composite outcome oésondary vascularcclusiveevents

There was some evidence that treatment with alternatives to clopidagilicedthe risk of
secondary vascular events in those with laD&les(Figure7). Ticagrelowas associated
with a reduced incidence @econdary vascular events compatectclopidogrel(summary
Hazard RatioHR 0.76, 95% CI 0.65, 0.9 studie$. There was a suggestion tHagh dose

clopidogrelplus aspirirwas associated with a reduced inciderafesecondary vascular

occlusive eventsompared to standard dose clopidogpus aspirinbut Cls were widéHR

0.18 95%CI0.02 1.52 1 study. There was ndlifference in the incidence of vascular
events amongsthose taking clopidogredlonecomparedto aspirin althoughone other

studysuggested thathe risk of secondary vascular events was higher for those taking

aspirin alone compared toopidogrel plus aspirinHowever this was a small studyith

very few eventgall correspondingo ischaemicstrokeg, and confidence intervals were
wide (HR 3.03, 95% CI 0.83, 11.14l).summary estimates are from fixed effects meta

analysis.
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Figure7 Forest plot showinghazard ratios (HR{[95% CI) for incidence of a composite
of secondary vascular events in carriers of loss of function alleles receiving standard
therapy with clopidogrel (or clopidogrel + aspirin) compared with an alternative
antiplatelet

k)
Comparison and Study HR (95% CI) Weight
Ticagrelor vs. Clopidogrel
Chen 2019 —— 063 (0.36, 1.28) T7.06
Wang 2021 -+ 0.77 (0.65, 0.92) 9294
Subgroup, IV {I” = 0.0%, p = 0.709) '¢> 0.76 (0.65, 0.90) 100.00

Aspirin vs. Clopidogrel + Aspirin
Meschia 2020

E 4

3.03(0.83, 11.11)

Clopidogrel HD + Aspirin vs. Clopidogrel + Aspirin
Wu 2020 + 015 {0.02, 1.52)

Agpirin v. Clopidogrel

w2018 —— 0.92 (0.55, 1.56) 24.63
Wang 2016a —— 1.09 (0.80, 1.47) 73.37
Subgroup, IV {I” = 0.0%, p = 0.598) tib 1.04 (0.30, 1.36)  100.00
| | I I T T T I I
015 03 08 125 35 5 z 4 8
Favours Alternative Favours Clopidogrel

Hazard Ratio

Sroke

The riskof strokeand ixhaemic stroke was also reduced in thegéeh LOF alleletaking
ticagrelor compared to those taking clopidog(elR 0.76, 95% CI 0.63, 0.92 for any stroke;
HR 0.77, 95% QI65, 0.93 for ischaemic stroke; 2 studiegyure8 and

Figure9). There was neavidence of alifferencein stroke riskoetween clopidgrel and
triflusal or betweenclopidogrelaloneand aspirin. As with the corogite clinical outcome,
the study that compared clopidogrel plus aspifws. aspirin alonefpr the duration of the
study suggested thahe risk of stroke was highéor aspiin alone compared talopidogrel
plus aspirin (HR 3.03, 95% CI 0.83, 11.11)
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Figure8 Forest plot showinghazard ratios (HR{[95% CI) for incidence @ny stroke in

carriers of loss of function

alleles receiving standard therapy with Clopidogrel (or

Clopidogrel + Aspirin) compared with an alternative antiplatelet

%

Comparison and Study HR (95% CI) Weight
Ticagrelor vs. Clopidogrel

Chen 2019 —_—— 0.69(0.36, 1.33) 7.88

Wang 2021 —— 0.77 (0.64, 0.93) 9212

Subgroup, IV (I = 0.0%, p = 0.754) <> 0.76 (0.63, 0.92) 100.00

Triflusal vs. Clopidogrel
Han 2017

Aspirin vs. Clopidogrel + Aspirin

Meschia 2020

Aspirin vs. Clopidogrel
Wang 2016a

1.23(0.55, 2.75)

-+

3.03 (0.83, 11.11)

1.08 (0.80, 1.45)

|
25

Favours Alternative

| | | |
) 2 4 8

Favours Clopidogrel

Hazard Ratio

Figure9 Forest plot showinghazard ratios (HR{}95% CI) for incidence o§¢haemic
strokein carriers of loss of function alleles receiving standard therapy with
Clopidogrel (or Clopidogrel + Aspirin) compared with an alternative antiplatelet

e
Comparison and Study HR (956% CI) Welght
Ticagrelor vs. Clopidogrel
Chean 2019 — 071 (036, 1.41) TAT
Wang 2021 —— 0.78 {065, 0.94) 283
Subgroup, IV (i = 0.0%, p = 0.795) < 0.77 (D65, 093) 100.00
Triflusal vs. Clopldogrel
Han 2017 —_— 1.37 (062, 3.02)
Aspirin vs. Clopidogrel + Aspirin
Meschua 2020 + 303 (083, 11.11)
Clopidogrel HD + Aspirin vs. Clopidogrel + Aspirin
Wu 2020 + 037 (0.04, 3.57)
Aspirin vs. Clopidogrel
Wang 2016a —— 1.18 (0.B7, 1.50)
] T I T T 1 T T T
843 Da: 12 25 5 1 2 4 8
Favours Altermative Favours Clopidogra|

Hazard Ratio
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Other secondary efficaoytcomes

Other secondary outcomes evaluated includdé,myocardial infarctionl), vascular
death, and mortality. There were very few events for these outcomes anstaitstical
evidenceof a difference between any of the antiplatelet strategies evalugtadurel0).

Figurel0 Forest plot showinghazard ratios (HR{[95% ClI) for incidence ather
secondaryvascular evenoutcomesin carriers of loss of function alleles receiving
standard therapy with Clopidogrel (or Clopidogrel + Aspirin) compared with an
alternative antiplatelet

Comparizon
and Study Qutcome HR (95% CI)

Ticagrelor vs. Clopidogrel

Chen 2019 TiA + 0.52 (0.05, 5.55)
Chen 2019 Myocardial infarction * 0.34(0.01, 5.45)
Chen 2019 Vascular death - 0.21(0.01, 4.30)
Wang 2021 Martality . — 0.50(0.22, 1.12)

Triflusal vs. Clopidogrel
Han 2017 Myocardial infarction M 1.11 {0.07, 17.63)
Han 2017 Martality 1.11(0.22, 5.54)

Clopidogrel HD + Aspirin vs. Clopidogrel + Aspirin
Wu 2020 Vascular death + 0.37 (0.02, 9.08)

T T T T T T T T T T T T
007 015 03 06 125 25 5 1 2 4 & 16 32

Favours Alfernative Favours Clopidogrel

Hazard Ratio

Adverseevents

Seven studies reported data on incidence of bleeding evanteose with LOF alleles
treated with differentantiplatelet therapies One studyreported an increased risk of
bleeding with ticagrelor compared to clopidogrethile the other study that compared
ticagrelor with clopidogrel found no difference in thisk of bleeding.There vas no
statistical evidence fadifferences between antiplatelet treatment strategies for any of the
other comparisons or bleeding outcomdsdurell and

Figurel?).

Pageb6 of 437



Figurell Forest plot showinghazard ratios (HR(95% CI) for incidence of any
bleeding eventsn carriers of loss of function alleles receiving standard therapy with
Clopidogrel (or Clopidogrel + Aspirin) compared with an alternative antiplatelet

Ya

Comparison and Study HR {95% CI) Weight
Ticagrelor vs. Clopidogrel

Chen 2019 —_— 1.01(0.60, 1.69) 21.60

Wang 2021 - 218 (1.66, 2.86) 7840

Subgroup, IV (1= 85.1%, p = 0.009) <:> 1.85 (1.45,2.35) 100.00

Triflusal vs. Clopidogrel
Han 2017 _— 0.97 (0.45, 2.10)

Clopidogrel HD + Aspirin vs. Clopidogrel + Aspirin
Wu 2020 0.37(0.02, 9.08)

Aspirin vs. Clopidogrel
Wang 2016a —_— 0.61(0.29, 1.25)

I I I I | | | | | |
015 03 06 12 25 5 1 2 4 8 16
Favours Alternative Favours Clopidogrel

Hazard Ratio

Figurel2 Forest plot showirg hazard ratios (HR}95% CI) for incidence of other
secondary adverse events carriers of loss of function alleles receiving standard
therapy with Clopidogrel (or Clopidogrel + Aspirin) compared with an alternative
antiplatelet

Comparison
and Study Qutcome HR (95% CI)

Ticagrelor vs. Clopidogrel
Chen 2019 Haemorrhagic stroke * 0.52 (0.05, 5.57)
Wang 2021  Severe or moderate bleeding S E— 0.82 (0.34, 1.98)

Triflusal vs. Clopidogrel
Han 2017 Haemorrhagic stroke + 0.74 (0.12, 4.49)

Aspirin vs. Clopidogrel + Aspirin
Meschia 2020 Mild bleeding 1.00(0.14, 7.14)

Aspirin vs. Clopidogrel
Wang 2016a Mild bleeding * 0.25 (0.05, 1.16)

T T T T T T T T T
03 06 12 25 5 1 2 4 8 16
Favours Alternative Favours Clopidogrel

Hazard Ratio
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4.4 Objective 3

25 studiegeported in 45 publications were included for objectivé’3® 5173 All studies
were published in EnglisiEive of the studies included for objective 2 also provided data for
objective 337 48,5153

Table8 provides an overview of the studies included for objective 3. Full details on the
studies are reported idppendix 4 Data extraction tables

Twentystudies used a cohort desigril3 enrolled participants prospectiygand sevenused
a retrospective designThefive RCTslsoincluded for objective 2omparedstandard
clopidogrel therapy againstn alternativeand provided datdor participants with and
without LOFRalleles Data were extractedrdm thesestudiesfor the clopidogrel treatment
arm only, effectively giving a cohort of patients treated with aimgrel in whom results
could be compared between those with and without LOF allefdsstudies administered
clopidogrel to all patients, andutcomes were compared between those with and without
LOF allelesIn 15 studiespatientsreceivedclopidogrelalone,7 studies gavelopidogrel
plustransitoryaspirin(14-30 days), 3 studiesdministeredboth clopidogreland aspirin for
the duration of the studyand the otrer two included patients taking clopidogrel, with or
without other antiplatelets. In fourstudies an initialloading dose of clopidogratas given
to all participants in two studies some patients had been given an initial loading ,chos
21 studies di notgive a loading dose.

Four studies had a followp time of 90 days, 5 followed up patients for 180 days, 2 for 365
days, four studies from one to two years, one study from two to three years, one study from
three to four years, and two from four t6 years. Eight studies did not report follayg

time.

Most studies enrolled patients who had experienced a stroke as their primary event (14
studies), one study only enrolled patients who had experienced a TIA and ten studies
enrolled patients who had>@erienced a stroke or TIA. Most studies were conducted in
Asia (13 in China, 2 in Japan and 1 in Korea), four studies were conducted in the USA with
single studies from othezountries. One study had drugs and tests provided by industry,
one was spons@d by a commercial company, other studies either did not report on
funding source or were funded by namommercial organisations. A variety of different
laboratory tests were used to determir@@YP2C18tatus¢ none of the studies used POCT.
The majorityof studies tested for both *2 and *BORalleles, five studies only tested for *2
and two did not report on which LOF alleles were tested for. Two studies tested for
additional alleles as well as *2 and &38* in one study and *5, *6, *7 and *8 in the logr.
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Table8 Characteristics of studies that evaluated Objective 3

Feature Category Number of
studies
Population Stroke 14
TIA 1
Both 10
Drug(s) Clopidogrel 15
Clopidogrel + Aspirin 3
Clopidogrel + Aspirin (fd4-30 days) 5
ClopidogrelAny additionabntiplateletsallowed) 2
Clopidogrel Yes 4
loading dose Optional 2
No 19
Clopidogrel dose | 75 mg 18
NR 7
Aspirin dose 50-325 mg 8
Design RCT suanalysis 5
Prospective cohort 13
Retrospective cohort 7
Country South Korea
USA
China 13
International 1
Czech Republic 1
Scotland 1
Japan 2
Spain 1
Turkey 1
Funding Norrindustry 16
Drugs & tests provided by industry 1
Industry- other 1
Not stated 7
CYP2C1fest SeeplexCYP2C1ACE genotyping system and R@aLYP2C19 | 1
genotyping kit
Drug Metabolism Enzyme TagMan Allelic Discrimination Asg 6
Sequenom MassARRAY iPLEX platform 4
Sequenom MassARRAY iPpEXorm and Drug Metabolism | 2
Enzyme TagMan Allelic Discrimination Assay
PCRRFLP 1
Improved Multiple Ligase Detection Reaction (iMLDR) 3
Cwhbiotech 1
Lightmix 1
NR 4
Perkin Elmer Gene Amp PCR Systems 9600 1
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Feature

Category

Number of
studies

LightScanner system

1

Loss offunction

CYP2C1® and *3

[N
(o]

alleles

CypP2C12

NR

CYP2C12 *3 and *8

CYP2C12 *3, *4, *5, *6, *7 and *8

Follow-up time

90 days

180 days

365 days

1to 2 years (366 to 730 days)

2 to 3 years (731 to 1095 days)

310 4 years (1096 to 1460 days)

4 to 5 years (1461 to 1825 days)

N R RN O NR| RN o

NR

8

*Studies that enrolled participants who received clopidogrigh or without additionalantiplatelet
or anticoagulant drugafter having a stroke.

4.4.1 Riskof bias

Nineteenstudies were judged tbe at low concern regarding risk of bias; seven studies had

high concerngTable9). Studies judged at high risk of bias welge to potentiallossto
follow-up and the potential for this to be related to the outconi& studies)likelihood of

ethnically diverse population thatas not described in detail or considered in the synthesis

(2 studies), andelection of participantslependanton clopidogrel prescription redemption
(retrospective study) which might be associated with the outcdfnstudy) All outcomes
evaluated for each study were judged to have the same risk of bias.

Table9 Results of the ROBINE assessment for studies evaluating Objective 3

Study Details Domain Rationale
1 2 3 4 |5 6 7 | Overall

Chen et al (2019 J|J(J (J|J [J|J J No concerns

DiazVillamarinetal. 2018) (J |J |J [J |J |J |J J No concerns

Fu et al. (2020% JI(J |J|J|J|J|J J No concerns

Fukuma et al(20225%¢ JI(J |J |J|J|J|J J No concerns

Han et al (2017} JI|J I |JI I [J |J J No concerns

Hoh et al (2016 JIJ I |JI I [J |J J No concerns

Lin et al(20145¥8 JI(J |J|J[J |J|J J No concerns

Liu et al. (2026Y JI(J |J|J|J|J|J J No concerns

Lvet al. (2022§° JI(J |J|J|L |J|J L High percentage of loss to
follow-up, likely related to
the outcome

McDonough et al(2015%* JI(J |J|J|L |J|J L No data on loss to follow
up, potential missing data
likely related to outcome.
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Study Details

1]2[3[4]5 [6 |7 ]Overal Rationale

Meschia et al (2026 J[J |J|J|J|J|J J No concerns

Ni et al.017¥? JI(J |J|J|L |J|J L No data on loss to follow up
Potential missing data likely
to be related with the
outcome

Patel et al(2021)%® JIJ I |JI I [J | J No concerns

Qiu et al.(2015§* JI(J |J|J[J |J|J J No concerns

Sen et al. (2018) LI1J(J |J|J|[J |J L Population likely not
ethnically homogeneous, n(
info on ethnicity, no
adjusted.

Spokoyny et al. (2014§ LI1J(J |J|J|[J |J L BEhnicity is a common causg
of CYP219ariations and
recurrent events mixed
population, results probably
not adjusted by ethnicity

Sun et al. (2015} JI[(J |J|J|J|J|J J No concerns

Tanaka et al(2019¥8 JI[(J |J|J[J|J|J J No concerns

Tomak et al (20189 J|J(J (J|J [J|J J Noconcerns

Tornio et al. (2018% Jd | J L(J [(J |J |J L Retrospective study
Inclusion of participants
dependant on redemption
of clopidogrel prescription
whichis associated with the
outcome.

Wanget al (201&)>! JIJ I |JI I [J |J J No concerns

Wang et al. (20116)"* JIJ I |JI I [J |J J No concerns

Yiet al (2018§ JI(J |J|J[J |J|J J No concerns

Yietal. (2017% JI(J |J|J[J |J|J J No concerns

Zhang et al. (201D J J J J J J |J J No concerns

4.4.2 Results

Secondary Occlusiievents

There was strong evidence that people with LOF alleles treated with clopidogrel (or
clopidogrel plus aspirin) have a greater incidence of secondary vascular event§ZHR 1.
95% CI 43, 208; 18 studies;
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Figurel3), stroke (HR 18} 95% CI 09, 1.%; 5 studiesFigureld) and ischemic stroke (HR
1.99, 95% CI 49, 264; 12 studiesFigurel5) than those without LOF allel¢sstimates

from random effects metanalysis) There wasomeevidenceof heterogeneity foithe
composite outcome of secondary vascular evet#ts38% Tawf =0.027) there was little or
no evidenceof heterogeneity for other outcomesFixed effect metanalysis estimates
were very similar to pooled results from randa@ffects analyses.
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Figurel3 Forest plot showinghazard ratios (HR(95% CI) for incidence of a

composite outcome of secondary vascular events in carriers of LOF alleles compared
with non-carriers of LOF alleles receiving standatherapy with clopidogrel (or
clopidogrel + aspirin)

% Weight.
Study HR (95% CI) REML
Chen 2018 T — 2.19 (0.89. 4.89) 482
Diaz-Villamarin 2018 . . 3.01 (1.01, 2.89) 276
Fu 2020 —_-.-_!— 1.24 (0.47, 3.28) 3.43
Han 2017 — 1.56 (0.81. 4.03) 3.50
Hoh 2018 : 0.27 (0.08. 0.93) 220
Lv 2022 B 2.05(1.30,3.24)  11.40
Meschia 2020 » : 0.62 (0.18. 2.20) 211
Ni 2017 —:—o— 2.80 (1.00. 7.71) 3,38
Qiu 2015 — 2.54 (0.72. 0.01) 211
Sun 2015 L 2.31(1.30. 3.84) 0.30
Tanska 2012 — 1.03 (0.47.2.22) 511
Tomak 2018 —_—— 2.82 (1.10, 7.77) 333
Tornio 2017 T — 2.23 (1.17. 4.25) 8.01
Wang 2018a —'H‘ 1.39(0.85.2.03) 1454
Wang 2016b —B— 1.97 (1.12. 3.46) 849
Yi2018 —_— 3.02 (1.13. 8.05) 3.37
Yi 2017 1—,— 1.98 (0.90. 4.38) 400
Zhang 2017 _*._L 1.02 (0.56. 1.88) 782
Oversll, REML (I =32.9%, 7= 0.027, p = 0.058) —{}— 1.72(1.43.2.08) 10000
with estimated 85% pradictive interval (1.15. 2.59)
Oversll, IV (} 1.72 (1.48. 2.03)

T | T T T 1 T

D8 128 25 5 1 Z 4 g 16
Increased risk for LOF non-carriers Increased risk for LOF carriers

Hazard Ratio
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Figurel4 Forest plot showinghazard ratios (HR(95% CI) for incidence of incidence
of any stroke in carriers of LOF alleles compared with recexriers of LOF alleles
receving standard therapy with clopidogrel (or clopidogrel + aspirin)

% Weight,
Study HR (95% CI) REML
Chen 2019 - 201(0.90,452) 1291
Han 2017 . 1.42 (0.55, 3.71) 924
McDonough 2015 - 191(085428) 1295
Meschia 2020 - : 0D &2 (0.18, 2.20) 528
Wang 2016a 1 139(095 203) 5962

Overall, REML (1 = 0.0%, T =0.000.p = 0585) —
with estimated 95% predictive interval
Owerall, IV

1.46 (1.09, 195) 100.00
(0.91, 2.34)
1.46 (1.09, 1.95)

25

A25 . D . 4 8
Increased risk for LOF non-carriers  Increased risk for LOF carriers
Hazard Ratio

T T

0 0%

Figurel5 Forest plot showinghazard ratios (HR{(95% CI) for incidence of ischaemic
stroke in carriers of LOF alleles compared with noarriers of LOF allelesceiving
standard therapy with clopidogrel (or clopidogrel + aspirin)

% Weight,

Study HR (95% CI) REML
Chen 2019 ——,—— 1.83 (087, 4.15) 382
Fukuma 2017 ——— 1.65 (0.70, 3.90) 9.05
Han 2017 R 1,69 (0.54, 5.29) 550
Lin 2021 . 4 84 (109, 21 46) 34
Liu 2020 —f—u— 2 53 (124, 517) 1226
Meschia 2020 R 0.68 (0 19, 2 43) 454
Patel 2021 e 3.40 (1.40, 8.23) B.67
Sen 20H4 - 18.55 (0.96_355.59) 0.90
Spokayny 2014 —_— 434 (1.08, 17 44) 387
Tanaka 2019 —-— 1.37 (048, 3.39) 652
Tomak 2018 — - 317 (1.28. 7.85) B.31
Wang 2016a . 143 (0 97, 2.09) 27 06
Overall, REML (1'=20.4%, T'= 0.038, p = 0 243<>— 199 (1.49, 2.64) 100.00
with estimated 95% predictive iIntervat (1.15, 3.43)

Owerall, IV < 1,88 (1.48, 2.39)

T I I ¥ ] T ] T T T T T

25325 5 1 2 4 8 16 32 64 128256512
Increased risk for LOF non-carriers  Increased risk for LOF carmiers

Hazard Ratio
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Secondary efficacy outcomes

There was little evidence to suggest any association between LOF alleles and secondary
outcomes of mortality and TI@igurel6). However, these were evaluated in very few

studies and there were very few events. There was evidence that the risk of vascular death
is increased in pagnts with LOF alleléseated with clopidogrel compared to those without
LOF allele@HR 5.0, 95% CI 1.26, 28D).

Figurel6 Forest plot showinghazard ratios (HR{(95% CI) for incidence &fecondary
vascularocclusive outcomesn carriers of loss of function alleles compared with nen
carriers of loss of function alleles receiving standard therapy with Clopidogrel (or
Clopidogrel + Aspirin)

s
Qutcome and Study HR (935% CI) Weight
Mortality
Chen 2019 - 367 (0.18, 76.49)

Vascular death

Chen 2019 * 367 (0.18, 76.49) 2098
Sun 2015 - 5,53 (116, 26.43) 79.02
Subgroup, IV (1" = 0.0%, p = 0.814) — e 5,07 (1.26, 20.3%) 100.00
TIA

Tanaka 2019 = 0.86 (014, 5.12)

""" T b T I I T I I T

25 25 A 2 4 8 16 32 64 128
Increased risk for LOF non-carriers  Increased risk for LOF carriers

Hazard Ratio

Investigation of heterogeneity

Within studies that evaluated multiple vasculzclusive event outcomes, estimates of HR
were very similar focomposite outcome, stroke and ischaemic stroke (ischaemic stroke
accounted for most of the secondary vascular outcomes reported in all stud®s)
described in the Methods, a post hoc decisiwas therefore made toombine data across
different types of vascular evemthen exploring heterogeneity Forest plots stratified for
each of these variables are provideddppendix 5Additional Analyses for Objective 3
Results ofinivariablemeta-regressios are show in
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Tablelo.
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Table10 Meta-regressionanalysesshowingratios of HRsfor incidence of secondary
vascular occlusive eventis LOF carriers compared withon-carriers stratified by
key covariates

Covariate Group RHR | 95% CI p-value | Tar | I R
Ethnicity White 1 | Reference 0.03| 26.82%| 24.99%
Asian 0.71] 0.39, 1.27 0.24
Mixed 0.56| 0.23,1.34 0.18
Black 0.52| 0.13, 2.13 0.35
Hispanic 0.18 | 0.02, 1.40 0.09
NR 7.24 1.49, 4.39 0.25
Regimen Clopidogrel 1 | Reference 0.04| 23.79%| 58.11%
Clopidogrel+ optional 0.82 0.29, 2.34 0.71
aspirin
Clopidogrelaspirin 0.45| 0.22, 0.93 0.03
Loading No loading dose 1 | Reference 0| 1870% | 100%
dose Loading dose 0.64 | 0.43,0.% 0.03
Loading doseptional 1.01| 0.64,1.61 0.95
Risk of bias | Lowskisk 1| Reference 0.02| 27.45%| 14.17%
High.risk 1.38 0.84, 2112 0:21
Primary Stroke 1 | Reference 0| 3.45%| 100%
event Stroke or TIA 0.62| 0.44,0.86 | 0.006
TIA 1.53| 0.57, 4.05 0.38
PPI use 0-10% 1 |sReferenge 0:03 20.17| 12.74%
10-20% 07971 0.56, 1.66 0.91
2 129 0.61, 2.7 0.48
0-30%
40-50% 1.34|0.31,5.8 0.68
50-60% 0114°(70103, 0.59 0.01
NR 0,99 0.63, 2.49 0.99
Followup 3 months 1 | Reference 0.12 | 23.62%| 48.78%
time 6 months 1.11]061,2.02 | 0.711
1 year 0.61| 0.18, 2.05 0.401
1-3 years 1.34| 0.76, 2.36 0.291
3-5 years 152 0.77,2.99 0.207
NR 1.74) 0.97, 2.18 0.062
Study Europe 1 | Reference 0.38 | 31.91% | 5721%
location China 0.75] 0.38, 1.48 0.38
Asia 0.53| 0.21, 1.29 0.152
us 0.56| 0.21,1.45 0.216
International 0.75] 0.22, 2.55 0.625
Turkey 7.26| 0.38, 1.48 0.259

RHR: ratio of hazard ratios; NR: not reported; TIA: transient ischaemic attack; T&g estimates of between-study
variance; P= proportion of variability in the meta -analysis that is explained by other differencesbetween the
included studies rather than by sampling error or the included covariate (i.e. residual heterogeneity); R?=

estimated proportion of heterogeneity that is explained by the covariate
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There was evidence of a reduced effect of LOF alleles impstigven a loading dose of
clopidogrel relative to those who were not (RHR: 0.64, 95% CI1 0.42, 0.97), in patients taking
clopidogrel plus longerm aspirin relative to those taking only clopidogrel or clopidogrel

plus shortterm aspirin (RHR:,0.45,.95%0C22,,0.93),-and-in.studies that included patients

with stroke and TIA gsrimary ‘events ‘compared.with-only patients with stroke (RHR: 0.62,
95% CI 0.44, 0.86Yhe stratified analysis based on clopidogrel regimen suggested that

there was ncevidence ofa differencerin the risk ofrsecondary vascular-events between

those takingclopidogrel plus-aspirin (HR-0.92; 95%CI 01584). Fherewas no evidence of

a difference between studies which included patients with TIA as primary ewelthose
including paients with stroke but only one study investigated TIA patients exclusively.

There was some suggestimom subgroup analyseabat effects of LOF allelesayvary by
ethnicity, with a possibf reduced effect in studies in mixethd Hispanipopulations
compared with white. Howevetherewas considerable uncertainty these stratified
estimates, resulting in no statistical evidence for differenoetsveen LOF effect by ethnicity
in the metaregression.

There was no evidender a difference in LOF alleles eff@rt secondarywascular occlusive
outcomesbased orrisk of biasPPI usestudy locationor duration of followup.

Investigation of small study effects
The funnel plot showingazard ratiogor incidence oksecondary vascular occlusive

outcomesin carriers oLOFalleles compared with noeoarriers ofLOFallelesappears
symmetricalFigurel?7). This suggests thétere is no evidence of small study effect
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Figurel7 Funnel plot ofhazard ratiosfor incidence ofsecondary vascular occlusive
outcomesin carriers of loss of function alleles compared with nararriers of loss of
function alleles

Funnel plot with pseudo 95% confidence limits
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Adverse events

There was no evidence of a difference e trisk of bleeding among those with and without
LOF alleles~(gurel8) for eachcategoy of bleeding assessednybleeding (HR 08 95% CI

0.68, 1.40; 5 studies), severbleeding (HR 08 95% CI 0.42,20; 5 studies), haemorrhagic
stroke (HR 1.34, 95% C29, 6.20; 2 studies) or mild bleeding (HR 0.68, 95% CI 0.30, 1.54; 2
studies). There was no evidence of heterogeneity for any of these outcore8)(For this
reason, subgroup analyses and me¢gression was not performed-ixed effect meta

analysis estimates welidenticalto pooled results from random effects analyses.
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Figurel8 Forest plot showing HRs (95% CI) for incidence of secondary adverse effect
outcomesin carriers of loss of function alles compared with norcarriers of loss of
function alleles receiving standard therapy with Clopidogrel (or Clopidogrel + Aspirin)

% Weight,
Outcome and Study HR (95% CI) REML
Any bleeding

Chen 2019 -1+ 1.22 (068, 219) 37.75
Han 2017 — 060(0.28,129) 2246
Lin 2021 * 224 (0.09, 55.05) 1.26
Sun 2015 —_— 1.26 (0.40, 3.97) 977
Wang 2016a — 095(0.49,186) 2876
Subgroup, REML (I° = 0.0%, p = 0.632) '<p> 0.98 (0.68, 1.40) 100.00
Subgroup, IV <> 0.98 (0.68, 1.40)

Severe hleeding

Chen 2019 + 2.19(0.23, 21.10) 13.25
McDonough 2015 — 0.76 (0.26, 2.23) 58.38
Meschia 2020 + 0.27(0.01,5.09) 7.95
Tanaka 2019 + 1.71(0.19, 15.73) 13.80
Wang 2016a + 2.14 (0.09, 52.63) 6.52
Subgroup, REML (I = 0.0%, p = 0.753 <> 0.97 (0.42, 2.20) 100.00
Subgroup, IV - 0.97 (0.42, 2 20)
Haemorrhagic stroke

Chen 2019 : +* 3.67 (0.18, 76.49) 25.58
Han 2017 B I — 094 (016, 5.59) 7442
Subgroup, IV -_ 1.34 (0.29, 6.20) 100.00
Mild bleeding

Meschia 2020 —_—— 0.83 (0.17,4.11) 26.15
Wang 2016a — 063 (0.24,164) 7385
Subgroup, IV - 0.68 (0.30, 1.54) 100.00

I T T 1T 1T | AN N R R R
007.015.02.06.12525 5 1 2 4 8§ 16 32 64128

Favours LOF carriers Favours LOF non-carriers

Hazard Ratio

4.5 Objective 4

Nine studies, reported in2lpublications, reported data on test accuraafythe POCT in
scope Two studieseported separate accuracy data for a grial and the main triag
these are treated as separate studies giving a total of 11 stU#li€&Three studies were
only available as clinical trial registrations, all others were published as full regdtts.
studies available only as clinical trial registrations wemdczted bySpartan Genomadi,
who provided additional information when requestéar two of the studies’® 77 All studies
were reported in English.

All studiesevaluated Spartan versions of the te§two evaluated Spartan Cuffe “eight
evaluated Spartan RX,”> 781 and one evaluated Spartan FRXThese tests are considered
broadlyequivalent to the Genomadix Cub@d so were evaluated as a single group referred
G2 FTNRY KS NB(Spadan@YPE@st| uRids&referring to specific tests
There were no studies on the accuracy of Gine.
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Tablell provides an overview of the studies indkd for objective 4. Full details of the
studies are reported id\ppendix 4 Data extraction tablesFive studies were funded by the
test manufacturerOne study was fundely other industry organisations and one by both
industry and norndustry.

Six studies recruited patients undergoing percutaneous coronary intervention {lR€ltwo
pre-trials included healthy volunteeiss they were prarial validations of theéest. Three
studies did not report details on the population studiedll were only available as clinical
trial registrations None of the studies were conducted in our population of intekest
stroke patients.

The number of participants ranged frod’ to 25874, Threestudiestested samples from
individuals multiple timesOne conducted 267 tests in 37 paipants,®

Two studies took place in Eape, six studies in Canada, aneSouth Korea, and two studies
(reported in the same publication) were muitational conducted in USA/ Canada/ South
Korea/ Mexico.

Studies targeted different combinations of the three alleles that can be detected using
GenomadiXSpartan)CYP2C1fsts(*2, *3, *17). Severstudiestargeted all three LOF

alleles, one targeted 2* and 17and the remainder targeted only 2*. We dichotomised
results into presence of LOF alleles or no LOF alleles so that those with at least one 2* or 3*
LOF allele ere considered to have LOF alleles; we categorised 17* as normal function, as
described in thenethods. The reference standard (standard laboratory test) was
bidirectional sequencing in 3 studies, direct DNA sequencing in two sfadiésSanger
sequencing in 1 studiall these methods can detect the presence of any LOF all&lkee
remaining fou studies used Tagmawhich can be set up with different probes to detect
different LOF allelesOne of the studies used Sanger sequencing as an additional reference
standard where there were discrepancies between the Genomadix Cube and Tagman
results. In all studies, even those that used a reference standard that could detect any LOF
alleles the laboratory testonly targeted the same alleles as were targeted by the
Genomadix Cube. Estimates of accuracy from these studies therefore shawdi@cyn
detecting onlythose variants tht GenomadiXSpartan)CYP2C1®@stscan detect(and in

four studies mly the 2*LOF allele)rather than the accuracy for thaetection of any variant
associated with LOF

Tablell Characteristics of studies that evaluated theccuracy oiGenomadix Cube

(Spartan)
Feature Category Number of studies
POCT Spartan (Genomadix) Cube 2
Spartan (Genomadix) RX 8
Spartan (GenomadiERX 1
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Feature Category Number of studies
Population | Not reported

Healthyvolunteers

PCI

Country Canada

South Korea

Malta

Czech Republic

Multi-country International (US/ Canada/ South Korea/
Mexico)

Funding Industry- test manufacturer

Industry¢ other

Norrindustry

Mixed (industry and noindustry)

Alleles 2* 3*and 17*

targeted 2%, 17*

2* only

Reference | Bidirectional sequencing

standard DirectDNA sequencing

(laboratory | Sanger Sequencing

test) Tagman

Tagmarplus Sanger sequencing where POCT and
Tagman discordant

Abbreviations: PCI: percutaneous coronary intervention, STEMle@iient elevation myocardial infarction,
DAPT: dual antiplatelet therapy, ACS: acute coronary syndrome, CAD: coronaryliasdasg

NP RFRPRFPOOINW

RlWlRr|INW W R[NP N RO,

45.1 Risk of bias
All studies were considered at low risk of bias. An overview of risk of bias in the studies is

provided inTablel2. Although a variety dlifferent populations were enrollecand

enrolment was not always consecutive, we considered that how patients were enrolled was
unlikely to affect estimates of test performance. Information on whether the person
interpreting the GenomadigSpartan)CYP29 test was blinded to the laboratory test was

not reported, although some studies did suggest that this was conducted and interpreted
before the laboratory test. However, as the Genomd@partan)CYP2Cl1&stsare

objective in interpretationblindingwas considered unlikely to have influenced test
interpretation. All studies used a laboratdnased reference standarglthis was

considered appropriate. Most of these are also objective in their interpretation and so we
considered it unlikely that knowtge of the GenomadiSpartan)CYP2C1@st results

could have biased interpretation of the reference standard. There were very few patients
who did not receive both index test and reference standard and so there were no concerns
regarding patient flow.

Tablel1l2 Overview of risk of bias in studies that evaluated the accuracy of POCT tests

Study Details Patient Index | Reference| Flow & | Overall | Rationale for

Selection| test standard | Timing Judgement
Bauchuin et al (2022%* ¢ pre- J J ) y y No concerns
trial
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Study Details Patient Index | Reference| Flow & | Overall | Rationale for

Selection| test standard | Timing Judgement

Baudhuin et al (2022} ¢ J J J J J No concerns
main trial

Choi et al. (2016§ J J J J J No concerns
NCT0171853% J J J J J No concerns
NCT04473573 J J J J J No concerns
NCT04473586 J J J J J No concerns
Petrek et al. 2016° 83 J J J J J No concerns
Roberts et al. (2015 ¢ pre- J J J J J No concerns
trial

Roberts et al. (20158 ¢ main- J J J J J No concerns
trial

So et al. (20186 J J J J J No concerns
Wirth et al. (2016} J J J J J No concerns

4.5.2 Results

Estimates of the accuracy GenomadiXSpartan)CYP2C1&@stswere very higlg 8 of the

11 studies reported 100% sensitivity and specificityvas possible t@xtract2x2 data for9

of the 11 studies We contacted the authors of the other tvgbudies but did not receive a
response’4 8 For one of theestudies we were able to estimate 2x2 data based on data
reported in the paper4 Data were reported on sensitivity, specificity and the total number
of people tested usingpartan GenomadixRX(255/2641did not have a Genomadix Cube
result). Data were not reported on thaumber tested who did and did not have LOF alleles
based on theaeference standard. However, information was availaiiehe numbers with
and without LOF in the total samplee assumed that the proportiowith LOF allelewould

be similar in tle tested subsetandoverall cohortand used this to estimate numbers with
and without LOF in the tested sample and then applied sensitivity and specificity to the
numbers to estimate 2 x2 datdigurel9shows paired estimates of sensitivity and
specificity together with 95% confidence intervals for each study. Summary sensitivity was
100% (95% CI 94, 100%) and summary specificity was alsqd9®a’e] 99, 100%).
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Figurel9 Forest plot showing estimates of sensitivity and specificity for each
included study and overall summary estimates of sensitivity and specifid¢ay
studies that evaluated the accuracy of Genomadipartan)CYP2C1lgests (yellow
box indicates AiGlata).
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The proportion of discordant results ranged from 0 to 2.7% and was <1% in nine studies.
Seven studies reported discordant results between Genom@&partan)CYP2Clstsand
the laboratory reference standard, but these only impacted estimatesccuracy in two
studies as in other studies they did not affect the classification of the individual as a poor or
normal metaboliser. An overview of discordant results is providddlyiel3.

Table13 Overview of discordant results between Genomadix (SpartahyP2C1&ests
and laboratory reference standard tests

Study Genomadix | Proportion Overview of discordantesults Impact on
Test discordant accuracy
Badhuin et al Spartan 2/373 (0.5%) | 2 discordant initially due to pre None
(2022Y4 ¢ pre-trial | (Genonadix) analytical sample miup at testing
RX centre. Samples reollected and re
tested, then concordant.
Badhuin et al Spartan 21/2384 21 discordant: 9 FN and
(2022Y4 ¢ main (Genomadix)| (0.9%) 19 noncarrier by Spartan, but had *2| 11FP
trial RX or *3 by TagMan
111 heterozygous *2 or *3 by Spartar
but non-carrier by TagMan
1 1 sample heterozygous *2 by
Spartan, buthomozygous *2 by
TagMan
Choi et al. (20163 | Spartan 2/119 (1.7%) | 2 discordant: None
(Genomadix) *3/*17 on Spartan and *1/*3 on SNP
RX *1/*17 on Spartan and *1/*1 on SNP
NCT01718535 Spartan 0/325 (0%) None None
(Genomadix)
FRX
NCT04473586 | Spartan B
(Genomadix)
Cube
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Study Genomadix | Proportion Overview of discordantesults Impact on
Test discordant accuracy
I
NCT0447357% | Spartan ] | | ]
(Genomadix)
Cube
Petrek et al. 2016 | Spartan 0/53 (0%) None None
79.83 (Genomadix)
RX
Roberts et al. Spartan 0/37(0%) NA None
(2012)° pre-trial (Genomadix)
RX
Roberts et al. Spartan 1/187 (0.5%) | One incorrectly classified ag tarrier | 1 FP
(2012Y° main trial | (Genomadix) on Spartan
RX
So et al. (201869 Spartan 2/102 (2%) No details 2FP
(Genomadix)
RX
Wirth et al. Spartan 1/35 (2.9%) One incorrectly classified as *2/*2 on | None
(2016¥* (Genomadix) Spartan vs on@* on Tagman and on
RX GenlID

FP: Fales positive; FN: false negative

4.6 Objective 5

4.6.1 Technical performance of POCT

Seventeerstudies, reported irR4 publications, reported on the technical performance of
POCT?# 8475T, 7681, 8592 Three studies reported data for both a pséudy and main study,
these are included as separate studies giving a totaDafiduded studiesAll but one®? of

the studies included for objective 4 also provided data on test performance and so were
also included for objective 5STwostudies were available as trial registry entries only (with
additional informationprovided by GenomadiX}; ""two were conference abstracts (with a
full conference poster shared for one of th¢$@ °2andall others were reported as full
journal articles.All studies were reported in Englishablel14 provides an overview of the
studies included for objective 5. Full details of the studies are reported in the baseline data
tablesand resultdables presented ippendix 4 Data extraction tables

One study evaluateGenedrive®? detailing the development of an earlier version of the
test. Allother studies evaluate@partan versions of theenomadix Cubtest. Two
evaluated Spartan Culbdé,””othersevaluated Sparta RX

Five of the studies reporting on technical performance were funded by the test
manufacturer’>’7-82 One study was fundebly other industry organisations and one by

both industry and nosindustry. Study populations and locations varied between studies.
Conditions studied included stroke, coronary artery disease, healthy volunteers (in test pre
validation studies) and patientsndergoing PCI. Five studies took place in Eurbpetudies

in North America>77:80.889,91gne in South Korea, one in Saudi Arabia, and two studies
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(reported in the same publication) were international in USA/ Canada/ South Korea/

Mexico.

Tablel14 Characteristics of 20 studies reporting on the technical performance of POCT

Feature

Category

Number of
studies

Tests

Spartan (Genomadix) Cube

2

Spartan (Geomadix) RX

=
\I

Genedrive

Population

PCI

Not reported

Healthy people

Stroke

STEMI

Stable coronary artery disease
Diagnostic coronary angiography
Test failure rate 10
Number of people with variant forms aYP2C146) 16
Time to results 13
Ease of use of test

Cost of testing

USA

Saudi Arabia

UK

Poland

Canada

South Korea

Malta

Czech Republic

Multi-country in Europe (Netherlands/ Italy/ Belgium)
Multi-country International (US/ Canada/ South Korea/ Mexi
Industry- test manufacturer

Nonindustry but kits provided by manufacturer

Industry¢ other

Nonindustry

Mixed (industry and noindustry)

Not reported/ unclear 2
Abbreviations: PCI: percutaneous corongmgrvention, STEMI: SSegment elevation myocardial infarction,
DAPT: dual antiplatelet therapy, ACS: acute coronary syndrome, CAD: coronary artery disease

RiRRr|Rr|N 0O

Outcomes

Country

Funding

RwaN|R|R|RRlOR|R|R|o|N| o

=
o

=

Test failure rate

Ten studies, all of which evaluated Genomd@gartan)CYP2C1@sts reported test failure

rate (Tablel5)7+77. 79 &, 85,86, 90, 91There was substantial variation in test failure rate across
studies,from a minimum of 3% of tests 1/267) to a maximum of 18.9% (10/53 patients)

for the initial run In some studies, samples that failed initially were retested and a subset
producedresults on retesting.Terminology to describe test failures also varied across

studies.¢ K2 dzaAK 2F0SYy RSAONAROGSR Fa GAyO2yOf dzaA @S
errors, failure during the amplification process and not identifying a genotype. Of studies
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that reported what they did postest failure, most said they repeated the genotype test and
highlight the need to consider this when assessing the cost of gematypi

Tablel5 Overview of studies that reported on test failure ratéall GenoMadix Cube)

Study details Number Details of missing results Action taken posttest failure
patients with
unavailable
test result

Badhuin et al 1722642 Main trial: In 54/2642 (2%) had ng NR

(2022y4 9% (7%) Spartan result available (no

definition of what this means); 11§
(4%) had inconclusive results.
Bergmeijer et | 39 (8%) Inconclusive results Sample shipped to central lab
al. (2014y5 %4 for Tagman genotyping (30
patients), repeated Spartan
testing (2 patients), no further
genotyping (7 patients).
Cavallarietal. | 129931 56 inconclusive results, 73 device| One additional sample collected
(2018¥5 (14%) errors (113 patients), two additional
samples collected (10 patients)
refused sample recollection (6
patients). 9/ 123 patients with
additional sample collection had
multiple inconclusive results.

i

2
Py

Petrek et al. 10/53 (18.9%) | Failure during amplification
201679 8 process (n=4)nconclusive result
(n=3), only two of three alleles
tested for gave results (n=3)

7/53 (13.2%) | Failure during amplification NR
process (n=4), inconclusive result
(n=3)¢ results not included where
only 2/3 alleés gave a result
Roberts et al. 1/267 tests Pre trial: Test did not identify a NR
(20127 (0.4%) genotype. This is 1 tesnot
necessarily one patient (multiple
tests done on each patient)
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Study details Number Details of missing results Action taken posttest failure
patients with
unavailable
test result
Tomaniak et al. | 4/34 (11.8%) | Inconclusive results Genotyping repeated. No furthe
(201770 95 % information given.
Wirth et al. 5/35 (14.3%) | 4 tests resulted in error (11.4%0 | The 4 tests resulting in error
(2016%1 %7 further details); 1 test inconclusivg were repeated with a nevest
da LISNJ YIydzFI O
instructions. The inconclusive
test was not repeated as the
patient had been discharged
home. No further information
given.
Zhou et al. 25/342 (7.3%) | Main trial: 14inconclusive results | 12 patients resulted after re
(2017718 (4%), 10 failed controls (3%), 1 testing; one patient refused to
instrument failure (0.3%) (no recollect sample and 1 had 2
further information given). consecutive inconclusive results
No further informaton given.

Studies funded by the test manufacturer are shaded grey

Number of people with variant forms &YP2C13%6)
Thiteenstudies reported the number of people with variant forms@¥fP2C19 78 80. 81,84,

86,8891 \We defined variant forms a£YP2C18s people with oné.ORallele (intermediate
metaboliser e.g. *2/*1) or twd_OFalleles (poor metaboliser e.g. *2/*2)Tablel6 provides

an overview of the number of participants with each allele combination in the studies that
reported this inbrmation.

Overall, intermediate metabolisers were more commonly found than poor metabolisers.
The allele combination *2/*1 was most frequently reported and the *3 allele was reported
less frequently than the *2 allele. The proportion of participantdwiariant forms varied
from 15% to 64%. We would expect to see an association with ethnicitC#¥RP@C19
variants, however, most studies did not provide information on ethnicity and so it was not
possible to investigate this association. The UK populatidhe 2021 census was 81%
white, 9.6% Asian, 4.2 % Bla8k mixed ethnic groupend other(2.2%)*° The five studies
that reported on ethnicity had majority white ethnicity (68% to 100%), these reported that
the proportion of people that were poor or intermediate metabolisers ranged from 29% to
38%. The study with the highest pantion of people with variant forms (64%) did not
report on ethnicity but was conducted in South Korea and so is likely to have included a
mainly Asian population.
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Table16 Number of people with variant forms bCYP2C19

Study details Country Ethnicity Number of people with variant forms o€YP2C19
*2/ | *3/ | *3/ | *2/ | *3/ |*3/ |*2/ | Poor Intermediate | Total no. with Comments
*2 *3 *2 *1 *1 17 | *17 | metaboliser* | metaboliser* | variant forms
(%)
AlFRubaistet al. | Saudi NR NR |NR |NR |NR |NR [NR | NR | NR NR 54 (21.1%) Either *1/*2 or
(202134 Arabia *2/*2
Badhuin et al us, NR 19 |1 5 9% |7 0 23 | 25 126 151/373 (40%) | Pretrial
(2022y4 %3 Canada,
South
Korea,
Mexico
Us, 68% white, 23% | NR | NR | NR |NR [NR | NR | NR | NR NR 837/2587 (32%)| Main-trial
Canada, east Asian
South
Korea,
Mexico
Cavallarietal. | USA White 74.5%, 7 NR |NR |NR |NR |NR |[NR |7 106 113/392 (29%)
(2018¥°¢ black 23.7%,
Asian 0.8%, other
or not reported
1%.
Choi et al. South NR 11 |1 10 |40 |13 |1 0 22 54 76 (63.9%)
(2016Y8 Korea
Franchi et al. USA NR 20 | O 0 189 | 1 0 32 |20 222 242/781
(2020¥8 (28.5%)
Gurbel et al. USA NR NR |[NR |NR [|NR |NR [NR [NR |11 157 168/578 (29%)
(2018¥°
Roberts et al. Canada 95% white ethnic | 7 NR |NR |NR |NR |NR |[NR |7 39 46/187 (25%) Main trial
(2012y° origin
So et al. Canada 91% Caucasian | 4 0 0 33 0 0 0 4 33 37 (36%)
(2016%°
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Study details Country Ethnicity Number of people with variant forms o€YP2C19
*2/ | *3/ | *3/ | *2/ | *3/ |*3/ |*2/ | Poor Intermediate | Total no. with Comments
*2 *3 *2 *1 *1 17 | *17 | metaboliser* | metaboliser* | variant forms
(%)
Tomaniak et al. | Poland NR NR |NR |[NR |NR |NR [NR |NR |2 12 14 (14.83%)
(2017?0, 95, 96
Wirth et al. Malta 100% Caucasian | 1 NR |NR |[NR |[NR |[NR [NR |1 12 13/34 (38%) The 12
(2016%% %7 intermediate
metabolisers
had one copy of
the *2 allele
Zhou et al. USA NR 0 0 2 4 0 0 1 2 5 7112 (58%) Pretrial
(2017%% %8 USA NR 10 (O 1 61 |0 0 27 |11 88 99 (37%) Main trial
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Time to results

Thirteen studies provided information on time to resuff@blel7). Ten of these studies
reported data on time to results based on experience from their statiigvaluatedSpartan
(Genomadi) RX"® 7981, 8486,8890  Seven studies reported that the turnaround time from
buccal swab to result took approximately 1 hodiwo studies reported that this took
90mins and one reported that it took 9IR0Omin.

Three studies reported information about time to resulisit this was reported as a
description of a feature of the test, rather than being a clear finding from the study it%elf.
91, 92Two of the studies evaluated the Genomadix cube and stated that this takes one hour
from sample to result. In addition, information reported by Genaimathe test

manufacturer, to theExternal Assessment GroupAQG, stated that the time to result for

the test was 64 minutes. The studyatlevaluatedGenedrivereported thatit is ¥apidQ

taking around 40mins (no further informatiomas reported.%?

Table17 Overview of studies that reported data on time to results for the POCT tests
Study details Time to results
AlRubaish et al. (202%) | First 50 patients: 9220min to complete the results

Bergmeijer et al. (2014} | Result available within 1tafter collection of buccal swab.
94

Cavallari et al. (201%) For all patients genotyped: Median genotype test turnaround tim
was 96min (interquartile range @8-144)

Choi et al. (20165 Description of feature of the testtime from sample to result
~60min

Franchi et al. (2026 Allele status within 1h- readily available when the decision on
choice of oral P2Y 1iahibiting therapy most commonly occurs.

Gurbel et al. (2018) Results available in all patients within 90min

Petrek et al. 2016° 83 Turnaround time (from buccal swab sampling to result point)
was 60 min

Roberts et al. (2013 Main trial: Within 60min from test activation

So et al. (20169 Within 55min of test carrier status for all alleles was available

Genomadixtest Description of feature of the testTime to result is 64 minutes.

manufacturer) response td
request for information
Tomaniak et al. (201%)°> | Mean (SD): 56min (11), from material collection to the testing
% results
Wirth et al. (2016} %’ Collection of sample to genotyping result within 1 hour
Zhou et al. (2017) % Description of feature of the tes{pre trial and main trial):results
are returned in one hour turnaround time

McDermott et al. (20205 - | Description of feature of the test=40min

Gendrive
Studies funded by the test manufacturer are shaded grey
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Ease of use of test

Eight studies reported daton the ease of use of the te§tgblel8). Five studies, all of
which evaluatedSpartan Genomadix RXreported data on the ease of use of the POCT
based on experience from their study.”> 7 8% 8Qverall these studies suggested that the
process of using the Spartan POCT swaple, useffriendly, and that it can be conducted
by staff who have received minimal training. Limitations highlighted include storage
conditions of the POGY and that only one sample can be genotyped at a t¥ne.

Threestudies reported further information on ease of use of POCT, however these were
reported as descriptions of features of the test rather than direct findings from the $fudy.
87,92 Regarding Genomadix Cube, these corroborate the findings outlined previausly b
add further limitations that the test is restricted to *2/*3/*18? and that there can be issues
with sample collection, including sample recollection due to interferéficEhe study tha
evaluatedGenedrive noted that the test is simple, portable, rapid addes not require
analytes to be frozef?

Tablel18 Overview of studies that provided information on ease of use of POCT tests
Study details Ease of use of test*

Badhuin et al (2022% °* | Non laboratory trained personnel can successfully perform rapid
genotyping in a POC setting

Bergmeijer et al. Description of feature of the testBuccal swab more patit friendly
(20145%5 %4 than venapuncture for blood sample, but test is limited to testing *2,
*3, *17 for one patient at a time per genotyping device.

Cavallari et al. (201%) | Could not be used as POCT due to absence of licensed molecular
medical technologist so must be sent to central laboratory (the casg
all of USA), and only a single sample genotyped at a time limiting
number of patients that can be offered genotyping.

Davis et al. (2028) Description of features of the testBarriers to implementation: rihe
constraints, personnel requirements and coordination, storage and
sample stability, samples unable to be collected by bedside nurses,
patients unable to provide samples, sample recollection due to
interference or improper techniques

Petreket al. 20168 | Simple and nofinvasive

Roberts et al. (2019 Main trial: Nurses with no previous laboratory training implemented
test after 30min taining session.

Wirth et al. (2016} ° | Simple procedure, portable, convenient, no laborious preparation,

minimal training required to conduct test. Uskrendly interpretation

with no training required. Storage conditions limit ease of use.
McDermott etal. Description of features of the testPortable, rapid (~40mins), no cold
(2020¥%2 - Genedrive chain, simple read out for nespecialist users.

FelofS NBLEZNIA FAYRAYIA FTNRY addzRASas dzyf Saa FfF33S8R

findings of the specific studies)

Studies funded by the test manufacturer are shaded grey
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Cost of testing

Two studies provide information about POCT cqsise evaluatedSpartan Genomadix

RX! and the other evaluate@enedrive®® Additional information on the cost of

Genomadix Cube was provided by the manufactufab{el9). Wirth et al (2016) estimate

the cost per patient of Genomadix Cube POCT at 225 euros, compared to 13 euros for the
Tagman laboratory assay and 23 euros for the Gdaboratory assayThe authors do not
state how they calculated this costinghe manufcturers of the two tests shared

information on costs.

Table19 Overview of studies that provided information on cost of POCT tests

Study details Test name Cost of testing

Genomadixtest Genomadix Cube| Description of feature of the testa) Platform

manufacturer) response to (Spartan) cost:£3,500 per testing platform, b) Testing

request for information assay costE175 per test kit, ¢) external contro
kits: £50 GBP per external control kit

Geredrive(test Genedrive Systen Description of feature of the testa) Platform

manufacturer) response to cost:4,995GBP per testing platform, b) Testin

request for information assay costE100per test kit, ¢) external control
kits: £100per external control kit

Wirth et al. (2016} %7 Genomadix Gbe | Estimated cost per patient test: 225 euros

(Spartan) (Tagman estimated at 13 euros and GenlD af

euros). No indication of how this was
calculated.

Studies funded by the test manufacturer are shaded grey

4.6.2 Survey

The survey was sent to 10 laboratories (labs) for complegithe seven genomic laboratory
hubsin England, All Wales Medical Genomics Services, Northern Ireland Regional Genetics
Service and the Scottish Strategic Network for Genomic Medicine. Respogrseseceived

from 8 labs- 5 regional genomic laboratory hubs (Central and South; East; North West;
South East; and North East and Yorkshire) and fronstattish(NHS North Taysidé)Velsh

and Irish serviceskull survey results are reported Appendix6: Survey Results

Testing Platfan
Table20 provides an overview of the test platforms thedich labreported currently having

in placethat would be capable of performin@YP2C1§enotyping, and the platforms
identified as preferred latforms by each la Svenof the eightlabsreported having

Sanger sequencing also had nexgenerationgene sequencingne did not report having
any sequencing technology. All had at least one fortargfetied CYP2C1§ene variant
detection, mostcommonlyPCRbased SNP genotyping assays using fluorescent reporter
systems, such as TagMan (ThermoFiskéi)s was also one of the most commonly
reported reference standard in the DTA studies included for objective 4. Preferred
technologies included n¢-generation sequencing (2 labs), MassARRAY(3 labs), LAMP (3

Page83 of 437



labs),PCRbased SNP genotyping assays using fluorescent reporter systems, such as TagMan
(ThermoFisher) Yy R v dzl y (i { { dzRTirge P@R SystetforSX@ Reas PAR

System (1 lab). Notdat two labs highlighted two different technologies as their preferred
technologyc one selected both MassARRAY and LAMP, the other selected next generation
sequencing and LAMP. When asked about whether there are other platforms available that
they mayconsiderfor CYP2C1&sting, one lab reported that they were currently looking at
NGS Genexudue to speed and capacity. Another stated that they would use Sanger
sequencing as backup test for when LAMP produced indiscriminate results.
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Table20 Available and preferredCYP2C18esting technologies, withreasons for preferences

System or X9 Redime PCR System

Technology Technology| Preferred Reasons for preference
Available Technology
Sequencing technology
SangeiICYP2C18equencing 7 0
NextgenerationCYP2C1§ene sequencing | 6 2 1 High throughput and massively paralléhutomated bioinformatics analysis. Pegisting
workflows established.
9 High throughput
Targeed CYP2C18ene variant detection
PCRbased SNP genotyping assays using | 6 1 1 Cost effectiveTimeefficient, Minimal staff time Two-step processHigh throughput
fluorescent reporter systems, such as Robust technologySimple analysis and reporting
TagMan (ThermoFisher)
Other PChbased genotyping panels that | 1 0
use proprietary detection methods, such a
the XTAGCYP2C1Rit v3 (Luminex)
Variant detection using mass spectrometry 4 3 1 Ability to target multiple variants in a single assay applying automated PCR prep and
such as MassARRAY (Agena Bioscience) automated genotype calling (validated within our lab for HFE and DPYD testing on th
platform), reduced TAT and reduces the necessary staff resources.
1 Ability to PCR direct from blood is also feasible for this technology (in validation for H
and DPYD within this lab).
9 Efficiency, cost and TAT
9 Gommercial kits are available f@YP2C1@sting - MassArray offers *28 and *17. Also
possible to design bespoke assays. IfGNé&2C18ssay was combined with other testin
the MassArray is probably better suited for covering increased numbers of variants.
Loopmediated isothermal amplification 4 3 9 Can be done directly from blood and does not require extraction. easy method to set
(LAMP), such as the LAMP hun@1P2C19 and automate.
mutation KIT (LaCAR MDx Technologies) 1 Commercial kits available f@YPZ19testing- current LaCAR test covers *2,*3 and *17
9 Speed and lack of need for a DNA extraction.
Other:v dzI y (i { (i dzZRA 2-TimeiPCR| 1 1 9 Higher throughput and can have automated loading. e.9g.X9 can test 96 samples for 9

different SNPs in a 2 hour run.
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Alleles targeted

Figure20 provides an overview of the alleles that would be targeted in a request for

CYP2C®® ¢KS 2yS 106 GKIG NBaLRyRSR Fa a2i0KSNE
detect all sequence vamas. Note that there was an error in this question on the survey so

that we asked about *7 rather than *17.

Figure20 Alleles targetedin request forCYP2C19

- I : -
> I, 5 ¢
e ———
7 I, « (50%)
other |GG 025

Four labs stated that the test would be affected by testing foL @lFalleles compared to
only testing for *2 or *3 alleles, although two highlighted that this would depend on the
technology. Potential impacts included increased cost and increasedrtuma time.

Resources required
Two labs were not able to provide any information on resources reqainetbne lab was
only able to provide an estimate of the cost of the test.

Staff time

Threelabs provided an estimate of staff time to run the selettest. One, that had

selected LAMP as the preferred test, estinthie? days in total: 22 hours set up, 2 hours
analysisand 2 hours checking and reporting. Teéecond (G KIF 0 &St SOUSR v dz yi
Flex Realime PCR System or X9 REale PCR Syste estimated 0.5orking time

equivalent WTB for performing test 0.5 WTE for DNA extraction 0.2 WTE for adiffie

third lab selectedPCRbased SNP genotyping assays using fluorescent reporter syateems

their performed testand are currently performing this test estimate staff time at

22mins/sample.

Staff grade
Estimates of staffing grade varied in tfie labs that reported on this:
1 Band 5 set up, Band 6 analysis & reporting, Band 7 checking and authorisation of
reports
Band 3 up to Band 8a
Band 3, band 5, band 7
Band 3, band 4, band 5
Band 2, 3, 4 for laboratory work; band 7 for authorising reports

= =4 4 A
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Cost

There was also variation @stimates of cost for test. Estimateosts are summarised in
Table21, which also shows the preferred technology that the estimate relates to

Table21 Estimates of costs per test and maintenance costs

Preferred Platform

Cost per test

Maintenance costs

MassARRAY (Agena

~ £15 per test

£15k maintenance plus EQA

sequencing or LAMP

Bioscience)

LAMP £40 per test (reagent cost only) | NR
MassARRAY or LAMP ~£100 NR
Nextgeneration gene £100£250 NR

vdzl yi{ GdzRA2- M
Time PCR System or X9 Re
Time PCR System

~£200 per sample. Additional
costs in data analysis either by
scientists or using automated
calling andeporting system = £5

£5000 pa for g°PCR machine
BUT for 10,000 sample pa W
would need to increase our
existing DNA extraction

10 per sample capacity, which may mean
another automated DNA
extraction system = £150k
capital investment

NR

PCRoased SNP gengiing
assays using fluorescent
reporter systems, e.g.
TagMan

£25.09 inc VAT include
reagents/consumables, staff tim
& overheads

Additional administrative resources
Three labs highlighted additional administrative resources that would be required and one
stated that they would be required but did not provide further detai@@ne lab stated that
these would not be requiredAdditional administrative resources requiregre:
1 one band 4 admin
1 LIMs upload to electronic care record where link does not exddmin support to
send results and upload to ECR.
1 Preferable electronic test ordering but may require admin support for dealing with
enquiries

Ease of use
Sixlabsreported that their preferred test could be performed by existing staff members

who have received standard training, one lab reported that the test was fully automated
(LAMP) and the other that additional training would be requicgtlis lab had selected

v dzl v { (dzRA 2-TimeiPCR Syst&rior X@ Keaie PCR System has their preferred
test, which would be a new test for their lab and was the reason training would be required.
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Test validity

Most labs reported that it was difficult to estimate thegportion of samples that would not
return a valid resultmost ofthose that responded stated that they expected this to be <1%.
One lab did report ~90% for this question; it appears likely that they have misinterpreted
the question. One lab, that arewrently performingPCRoased SNP genotyping assays using
fluorescent reporter systems reported that 5% of samples would not return a valid result.

Testing capacity and turnaround time
In the introduction to the survewe estimated that the NHS would need to perform
approximately:
1 150 000CYP2C1fstsin the first year (assuming annual stroke incidence of 100 000
and TIA incidence of 50 000).
1 100 000CYP2C1fests annuallafter this (57 000 first strokes, 46 000 fildAs
assuming ~145% of those with first stroke would previously have had a TIA and
already been tested).

Two laboratories reported that there current testing capacity was 0, two were unable to
answer this question and another said that they wontt be able to process any samples
without additional staff and equipment. One laboratory reported that there eveurrently
delivering 110 tests per weekne that they were delivering 200 tests/weelqd another
that they could do 92 tests per run with up 2 runs per week (total 184 tests per week).

Estimated turnaround time from receiving a sample to returnirigsi result varied
considerably across laboratories ranging from724hours (1 laboratory) to >4 weeks (1
laboratory). The most common estimatléboratories) was 72 hours to 1 week; 1
laboratory estimates that results would be returned 2 iveeks.

Most laboratories reported that additional testing capacity and faster turnaround time
would be possible with additional resourcesne lab reported thataster turnaround time
would not be possible (this lab had estimated turnaround time at 72 hGwreek)
Additional requirements included: additional staffirgjlébs); increased laboratory space (2
labs), increased automation (2 labs),and additional equipmétek(s). One laboratory
specified that staffing would need to be at all grades, anothat more technical and IT
staff would be needed, the others did not specify further.

Severlabs confirmed that the test could be performed in local laboratoriesrbast said
this would require additional staff training and/or equipmepne stated this could be done
using existing staff and equipmenthe laboratory that stated that the test could not be
performed in local laboratories had selectedRaaiTime PCR System as its preferred test.

Barriers to implementinCYP2C1@sting
The mgor barriers to implementin@YP2C1@sting were the scale of the predicted activity

and current capacity (4 labs), with one highlighting that they do not currgetiform any
tests of this scale in the NHS and so do not have the infrastructure forSta$fing was also
seen as a major barrigrthis was highlighted by 5 labs. Two labs highlighted the
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importance of having automated/electronic laboratory systems in place. One lab, despite
highlighting several barriers to implementi@yP2Cl@stngRA R a il ¢S GKFG A G
L2aaAot Se (2 20SNO2YS GKS&aS o0l NNASNEO® Ly 20K
implementing testing including previous knowledge of pharmacogenomics testing in lab and
the availability of appropriate equipment availalgthin the department.The Scottish
Tayside lapwhich is currentlypiloting CYP2C1stinghighlighted the following as barriers
to implementing testing:

1 Fixed budget for pilot so had to confine requestsStike Unit and Cardiology

1 Unable to accept requests from GPs

1 Difficulty for some medical disciplines to understand output of genetic results

1 Separate requesting and reporting systems for acute and pyircare
They also stated that strong support fratroke clinicians, specialist pharmacists and senior
managers weg facilitators for testing.

Implementation of rapid point of care tests in laboratory workflow
Sixlabs stated that it should be possibleitoplement a POCT test within the laboratory

workflow. One highlighted that this would not be the most efficient process for the number
of samples that would need to be tested, and another that there is no precedent for this in
their lab. Additional resurces needed included more additional staffiddabs) and

additional freezers (one lab). Two labs stated that they would not be able to implement
POCT. One explained thaid would require staff to be able to drop all other duties to
perform thistest which would not be feasibleOne of the labs that stated that it would be
possiblehighlighted thatdelivering POCT would require different testing technology and
cost would increaseanother labhighlighted that the time for sample to be receivimgtihe
laboratory might be an issue.

89



5 Assessmenf cost effectiveness

5.1 Review okconomicevaluations 6CYP2C1§enetic tests foclopidogrel
resistancan noncardioembolic ischaemic stroke and TIA patients

5.1.1 Review methods

We conduced a systematic review to identify previous studies on the @fstctiveness of

CYP2C1@§enetic tests for guiding treatment mon-cardioembolidschaemic stroke and TIA

patients. We searobd the following databases

1 MEDLINE (MEDALL) via O%@#6to present

1 Embase via Ovid:974to 2022 August09 (Searchl) and 1974 to 2022 August
M f(Search 2)

1 The Cochrane Central Register of Controlled Trials (CENTRAL) viésg¥w&yof 12,
July2022, and

1 The Cumulative Index to Nursing and Allied Health Literature (CINAHL) via EBSCO

Host:1981 to present

ECONLIt vieBSC®lost:1986to present;

HTA Library via the York CRD interface;

NHSEconomic Evaluation DatabageH[)via the York CRD interface; and

Tufts CEA Register via the Tufts Medical Centre website.

= =4 4 A

We also includé any relevant papers on cosffectiveness identified in the clinical
effectiveness reviews, seareticitations in relevant publications that wdentified, and
asled experts in the fieldWe supplemented the searches withaagetedsearch for
economic models of treatment f@econdary preventiofollowing non-cardioembolic
ischaemic stroker TIA.This search was undertaken in MEDLINE, Embase amdLiEdde
search strategy for this search is reporteddppendix 1Literature search strategies

The quality of included cosffectiveness studies was assessed usingdthenmond
checklist!°

Sources for parameter inputs for the model were identified from previous motteds,
studies identified in the clinical effectiveness reviews (objectivB} andby running
additionaltargeted searches to identify inputs to the economic mo@el required. This
included searching for previous network metmalyses of antiplatelet treatments in general
non-cardioembolidschaemic stroke and TIA populations

5.1.2 Resuis of the review of ost-effectivenesstudies forCYP2C1f@sting strategis
Figure26 shows the PRISMifowchart showing the studies identififdom the systematic
reviewof costeffectiveness studies faLYP2C1sting for patients who have hadreon-
cardioemboliaschaemic stroke and TIA, and reasons for eimhss
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Figure21 PRISMA diagram showing the studies identified in the systematic review of -@i&ctiveness studies foCYP2C1festing
for patients who have had aon-cardioembolicischaemic stroke or TIA
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