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Clinical trial imaging in Acute ischemic stroke

. European Cooperative Acute Stroke Study (ECASS, JAMA 1995), The National Institute of Neurological
Disorders and Stroke rt- PA Stroke Study Group (NINDS, NEJM 1995): IV alteplase
Randomized multicenter clinical trial noncontrasCT

alteplase .ux1 O&x b | BUcGRE /Fx b

noncontrast CT  Safety parameters
. The European Atrial Fibrillation Trial Study Group (NEJM 1995): Nonrheumatic atrial fibrillation
Randomized multicenter clinical trial

ux1 O&FEx P | BUCGNRE A£x b Safety
parameters  noncontrasCT

. Low - molecular- weight Heparin for the treatment of acute ischemic stroke (NEJM 1995):

low- molecular- weight Heparin Primary outcome
Secondary outcome low- molecular- weight Heparin ( : )
noncontrasCT Independenimage review system

. The Multicenter Acute Stroke Trial - Europe Study Group (MAST - E, NEJM 1996):
IV streptokinase ux1 OFx P | BUECONRE A£x b
noncontrasCT  Safety parameters . Independent image review system

noncontrast CT



Clinical trial imaging in Acute ischemic stroke

. ECASS Il (Lancet 1998): IV alteplase 6
noncontrast CT alteplase
.ux1 OFx P | BUEcOMRE £x b noncontrastCT  Safety parameters . Noncontrast
CT ,

. Phenylpropanolamine and the Risk of Hemorrhagic stroke (NEJM 2000): Phenylpropanolamine (

) hemorrhagic stroke subarachnoid hemorrhage intracerebral

hemorrhage noncontrast CT
. Pravastatin therapy and the Risk of Stroke (NEJM 2000): Prevastatin  stroke risk
CT, MR, Angiography Ischemic stroke, Hemorrhagic stroke
. The Desmoteplase in Acute Ischemic Stroke Trial (DIAS, Stroke 2005): Desmoteplase 9
DWI, TOF-MRA, FLAIR, PWI MR
outcome . Primary outcome PWI MRA
outcome DWI . DWI
FLAIR
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9. Recombinant Activated Factor VII for Acute Intracerebral hemorrhage (NEJM 2005)

Recombinant Activated Factor VII NoncontrastCT Primary
outcome . Digital CT imaging core lab Neuroradiologist Independent
image review system Primary outcome

10. The Dose Escalation of Desmoteplase in Acute Stroke (DEDAS, Stroke 2006):
Desmoteplase 9 MRI  Primary efficacy endpoint
Safety endpoint noncontrastCT . DWI , MRA
) MR , NoncontrastCT
. Imaging corelab  Independentimage review system
11. The Diffusion and Perfusion Imaging Evaluation for Understanding Stroke Evolution (DEFUSE, Ann Neurol 2006):
MRI profile DWI, DSC PWI, FLAIR, GRE, MRA,
T1-weighted imaging
12. The Echoplanar Imaging Thrombolytic Evaluation Trial (EPITHET, Lancet 2008): Alteplase 6
Primary endpoint
Primary endpoint DWI (baseline)  T2-weighted imaging(=FLAIR, 90 days after)
. PWI, MRA
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13. The Factor Seven for Acute Hemorrhagic Stroke (FAST, NEJM 2008): Recombinant
activated factor VII Primary endpoint NoncontrastCT
14. DIAS Il (Lancet Neurol 2009): Desmoteplase 9
Secondary outcome CT MR . DwWI PWI
Secondary outcome DWI  noncontrastCT
MR CT angiography SEVEY
outcome Noncontrast . Imaging core lab

15. A Randomized Trial of Tenecteplase versus Alteplase for Acute Ischemic Stroke (NEJM 2012 ):
IV Tenecteplase CT angiography
CT perfusion . Primary outcome
Secondary outcome
Secondary imaging safety outcome . MR
GRE, FLAIR, DWI, PWI, MRA . Imaging corelab  Independent image review system

Commercial software
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1.Rol e of I maging

2. Imaging as Main outcomes

3. Independent imaging review

4. Centralized I maging ana

5. Infarct size (DWI/NCCT), Hemorrhage (NCCT/GRE)
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Review

Choosing a Hyperacute Stroke Imaging Protocol for

Proper Patient Selection and Time Efficient
Endovascular Treatment: Lessons from Recent Trials

Introduction

Since about 1995, intravenous recombinant tissue plasmino-
gen activator has been a gold standard for patients with acute
ischemic stroke." For a diagnosis of acute ischemic stroke, non-
contrast computed tomography (CT) was the only essential test
beyond a dlinical assessment based on history of illness, timing
of last seen normal and neurological examination to rule out
mimics and determine if disabling deficits."* Intravenous tissue
plasminogen activator (tPA) has since been shown to have limit-
ed efficacy in the setting of proximal large artery occlusions.*
Unfortunately, endovascular treatment with first generation de-
vices failed to prove its efficacy®® until the advent of newer
thrombectomy devices known as stent retrieval devices which
resulted in a series of successful randomized clinical trials all
published in 20157

Several factors influenced the success of these recent endovas-
cular treatment (Table 1). Retrievable stents such as (Solitaire
FR [Medtronic, Irvine, CA, USA] and Trevo [Stryker, Kalama-
200, MI, USA]) were a leap in technology that achieved much
higher rates of successful reperfusion than the older technology
such as Merci (Concentric Medical, Mountain View, CA, USA)
or intra-arterial thrombolytic delivery.*'* Trials also mandated
time targets for imaging to groin puncture and imaging to reper-
fusion which forced trial centres to focus on unnecessary delays
and improve efficiencies. Initial CT to intra-arterial puncture
times less than 1 hour were achieved in some these trials.'”"' Pa-
tient selection insured that all subjects had proximal intracranial
occlusions and small or medium sized infarct cores of irrevers-
ible injury at time of baseline imaging. This selection used either
anoncontrast CT (Alberta Stroke Program Early CT score [AS-
PECTS] based), CT angiography (CTA) collaterals or CT per-

Copyright © 2015 Korean Stroke Society

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http:/creativecommons.org/licenses/by-nc/3.0/) which
d

permits 1 use, distributi

in any medium, provided the original work is properly cited.




Clinical trial imaging in Acute ischemic stroke

u 2012 ~ 2018

U Randomized, Multi-center clinical trials in endovascular treatment for acute cerebral ischemic stroke

Records identified through databases (n=216):
Ovid-MEDLINE (#=118). EMBASE (n=98)

Records excluded (n=151):

: Conference abstracts (47)
Records after duplicates removed (n=44) Not in the field of inferest (38)
Subgroup analysis (37)

Not clinical trial (13)
Protocol (8)

- Cost-effectiveness analysis (4
Records screened based on title and abstract OSteliccliveness analysis @)
Editorials/notes (3)
(n=172) Reviews (1)

Full-text articles assessed for eligibility Records excluded (7=5):
(71:2 1) Study regarding IV tPA (2)
Not clinical trial (1)
Not in the field of interest (1)
Not multi-center trial (1)

Identification
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175

Eligibility

Studies included in qualitative synthesis
(n=16)

Included




Lapergue B, et al. 2017

(13)

Mocco J, et al. (14) Aok
Brac SHCEINEN 2016
Saver JL, etal. (7) [pAkE

R E RO 2015

Goyal M, et al. (9) 2015

Campbell BC, et al.
(10)

2015

Berkhemer OA, et al. Aok}
(11)
Kidwell CS, et al. (16)jpdekk;

Ciccone A, et al. (17) Ak

Broderick JP, et al.
(18)

Saver JL, et al. (19)

Nogueira RG, et al.
(20)

No. of
centers

DEFUSE 3

PISTE

ASTER

THERAPY 108

THRACE

414

SWIFT PRIME 196

REVASCAT 206

ESCAPE 316

EXTEND-IA

MR CLEAN

MR RESCUE

SYNTHESIS

IMS Il

TREVO 2

2anclusion
time
(hours)

Purpose

Efficacy of
EVT

Efficacy of
EVT
Efficacy of
EVT
Comparison
of Aspiration
and Stent
retrieval
Efficacy of
EVT

Efficacy of
EVT
Efficacy of
EVT

Efficacy of
EVT

Efficacy of
EVT

Efficacy of
EVT

Efficacy of
EVT
Efficacy of
EVT and
penumbral
imaging
Efficacy of
EVT
Efficacy of
EVT

Efficacy and 8
Safety of
Solitaire
Efficacy and 8
Safety of
Trevo

Inclusion Inclusion: Neuroimaging

1) Ineligible or failed respond to IVT 1) Mismatch between clinical and infarct volume on CT or MR, 2) Occlusion of
2) NIHSSs 142 intracranial ICA or M1 on CTA or MRA

NI HSSs O b1) Mismatch between infarct volume and penumbra on CT or MR, 2) Occlusion o

and M1 on CTA or MRA

NI HSSs O Occlusion of intracranial ICA, M1, or single M2 on CTA or MRA

Occlusion of intracranial ICA, M1, or M2 on CTA or MRA

NI HSSs 1) Occlusion of intracranial ICA and MCA on CTA and Thrombus > 8 mm on CT

NIHSSs 1625 Occlusion of intracranial ICA, M1, or upper 1/3 BA on CTA or MRA

NIHSSs 829 Occlusion of intracranial ICA and M1 on CTA or MRA (TIC{1Q

1) Ineligible or failed respond to IVT Occlusion of intracranial ICA or M1 on CTA, MRA, or DSA (TIC{1)
2) NIHSSs O 6

NIHSSs > 5 1) Infarct core (small: ASPECTS®) on NECT, 2) Occlusion of carotid T/L and
M1/immediate M2 on CTA$3) Moderateto-good collaterals (filling of 50 % or more ¢
MCA) on CTA, 3) Groin punciourrec a@ab 0 zi

90 min

1) Occlusion of ICA, M1, or M2 on CTA or MRA, 2) Infarct core volume (< 70 ml ol

CTP-CBF or DWI), "3) Mismatch between infarct core and penumbra on CT or MR
NIl HSSs O 2 Occlusion of intracranial ICA, M2, A1-2 on CTA, MRA, DSA, or TCD
1) Ineligible or failed respond to IVT 1) Occlusion of ICA, M12 on CTA or MRA, 2) Multimodal CT or MR (MR RESCUE
2) NIHSSs 629 protocol)

NI HSSs @ withtocchusion &f Occlusion of ICA or M1 or BA on CTA in NIHSSs®
ICA or M1 or BA

1) Ineligible or failed respond to IVT Occlusion of M1, M2, ICA, BA, or VA on DSA (TIMI 4)
2) NIHSSs 830,

1) Ineligible or failed respond to IVT Occlusion of M1, M2, ICA, BA, or VA on DSA
2) NIHSSs 829
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gy Guores [ | | [comiwor

I Exclusion: Neuroimaging Primary

DAWN 1) Intracranial hemorrhage, 2) Significant mass effect and midline shift, c9mRS
Intracranial tumor on CT or MR, 4) Stewaclusion or Tortuosity of cervical
ICA on CTA or MRA

1) ASPECTSs < 6 on NECT, 2) Significant mass effect and midline shift or ymRS
Intracrani al tumor on CT or MR, .
vascular territory infarct on CTA or MRA

1) Intracranial hemorrhage, 2) Infarct (> 1/3 MCA hypodensity), 3) Occlu:¢mRS
of extracranial ICA or BA

Occlusion of Cervical carotid artery Revascularization

1) Significant mass effect with midline shift, 2) Infarct (acute ischemic ~ 9mRS
change) > 1/3 of MCA territory, 3) intracranial hemorrhage, 4) Intracrania
tumor, 5) Ipsilateral extracranial stenoclusion, 6) Preexsting arterial injury

dmRS

1) Steneocclusion of ipsilateral cervical carotid artery, 2) Intracranial
hemorrhage, 3) Intracranial tumor, 4) Mass effect with midline shift on C
MR

SWIFT PRIME 1) ASPECTs < 6 on NECT or DWA2) > 1/3 MCA territory or > 100 ccin  9mRS
other vascular territory (hypodensity on CT or hyperintensity on MR), 3)
Intracranial hemorrhage, 4) Mass effect, 5) Intracranial tumor on CT or M
Occlusion of BA or PCA, 7) Occlusion or Dissection of cervical ICA on C
or MRA

REVASCAT 1) Intracranial hemorrhage, 2) Significant mass effect and midline shift, 24mRS
Intracranial tumor, 4) Sterocclusion of cervical ICA on CTA, MRA or DSA
5) Infarct volume (ASPECTs < 7 on CT; ASPECTSs < 6 on DWI)

ESCAPE 1) Infarct core (moderate to large: ASPECT5)®n NCCT, 2) Infarct core or¢mRS
CTA or CTP (moderate to large: no or minimal collaterals in a region gre:
than 50 % of MCA territory compared to contralateral side on CTA, low C
and very |l ow CBF ASPECT < 6 [ 08 «
CBF > 1/3 MCA territory[<8 cm coverage] on CTP), 3) Suspected intracri
dissection, 4) Chronic intracranial occlusion

EXTEND-IA 1) Infarct volume (hypodensity > 1/3 MCA territory) on NECT, 2) Intracrar Reperfusion,
hemorrhage on CT or MR, 3) Difficulty or inability to access to cerebral NIHSSs (3 days)

arteries (proximal stenosis, dissection)

MR CLEAN Intracranial hemorrhage on CT or MR

ImRS

Secondary

Clinical indexes, Infarct
core volume,
Recanalization,
Reperfusion,

Clinical index

Safety Imaging

1) Death (90 days), 2) SICHIncluded in Second
(24 hours), 3) NIHSSs outcomes
increase, 4) SAE

Positive

1) Death (90 days), 2) SICH1) Infarct core volume, Positive

(36 hours), 3) SAE 2) Recanalization 3)
Reperfusion

1) Death (90 days), 2) ICH fReperfusion

(24 hours), 3) Procedural

complication

Clinical indexes, 1) Procedural complication, Included in Primary anc No difference

Revascularization, Time t 2) Intracranial hemorrhage Secondary outcomes

successful (24 hours)

revascularization

Clinical indexes, Infarct

core volume

Clinical indexes,
Recanalization

Negative

1) SAE, 2) SICH (24 hours), Included in Second
3) Death (90 days) outcomes

Negative

Clinical indexes 1) Death (90 days), 2) None Positive

Hemorrhage (24 hours), 3)

Procedural complication

1) SAE, 2) SICH (27 hours) Included in Second
outcomes andnfarct

core volume

Clinical indexes, Positive
Revascularization,

Reperfusion

Clinical indexes, Infarct Positive
core volume,
Revascularization,
Recanalization
Clinical indexes,
Reperfusion,
Recanalization

1) Death (90 days), 2) SICH Included in Second
(90 days), 3) Procedural  outcomes
complication, 4) SAE

Included in Second Positive
outcomes

1) Death, 2) SICH, 3)
Malignant infarct, 4)
Procedural complication

Clinical indexes, Infarct
core volume,
Recanalization

Clinical indexes, Infarct 1) Neurologic deterioration, Included in Second
core volume, Reperfusion2) SICH, 3) Procedural outcomes
Recanalization complication, 4) SAE (deatt

1) Death, 2) SICH, 3)
Parenchymal hematoma

Included in Primary anc Positive
Secondary outcomes

Positive
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Trial nickname

MR RESCUE

SYNTHESIS

IMS 11l

SWIFT

TREVO 2

Exclusion: Neuroimaging

1) Intracranial hemorrhage, 2) cervical carotid steodusion on CTA or
MRA

ImRS

1) Intracranial hemorrhage, 2) Intracranial tumor except small meningion mRS
Acute infarct (may be > 4.5 hours after onset)

1) Infarct (> 1/3 of MCA territory), 2) Intracranial hemorrhage, 3) Significc9mRS

mass effect with midline shift, 4) Intraparenchymal tumor, 5) Baseline C1
without evidence of an arterial occlusion

1) Infarct volume (> 1/3 MCA territory or > 100 cc of volume, 2) Intracran Recanalization
hemorrhage, 3) Intracranial tumor or mass effect on CT or MR, 4) Compl

cervical carotid occlusion, carotid dissection on DSA

1) Infarct volume (> 1/3 MCA territory or > 100 cc of volume), 2) Intracrar Reperfusion
hemorrhage, 3) Significant mass effect with midline shift, 4) Intracranial

tumor on CT or MR, 5) Cervical carotid steacclusion including excessive

tortuosity

Secondary Safety Imaging
Clinical indexes, Infarct 1) Death (90 days), 2) ICH (Included in Second
core volume, Reperfusiondays), 3) SAE outcomes
Revascularization
Clinical indexes 1) Hemorrhage, 2) Infarct, ZNone
deat h 4) NI
increase, 5) Extracerebral
events at 7 days
Clinical indexes, Infarct 1) Death, 2) Hemorrhage, 3Included in Second
core volume, Reperfusion Major complication d/t outcomes
Recanalization nonintracerebral bleeding, ¢

Recurrent stroke, 5) Device

or procedural complication
Clinical indexes, Time to 1) SICH, 2) Death 3) SAE Included in Primary
Successful recanalization outcomes

Clinical indexes, Time to 1) Death, 2) SICH, 3) SAE, Included in Primary
Successful reperfusion, 4) Device or procedural outcomes
Asymptomatic SICH complication

Negative

Negative

Negative

Positive

Positive




Infarct core volume and hemorrhagic
transformation in the outcomes

| —— I

Baseline 24 hours 5-7 days or Definition Classification
discharge

DWI, CTP DWI, NECT RAPID (with semiautomated algorithm using manual lesion outlining ECASS
CTP-CBF, < 30 % of contralateral normal tissue; DWI, based ADC)
Manually outlining hypodense lesion (NECT)

DEFUSE 3 DWI, CTP MR (DWI), CT RAPID ECASS
PISTE ECASS (PH1, 2), SITMOST
ASTER ECASS
THERAPY CT CT ASPECTs ECASS
THRACE ECASS

SWIFT DwI, CTP PWI/FLAIR/MRP, RAPID (DWI[ADC], < 620 X 16 mn?, CTP-CBF, > 70 % reduced ECASS
PRIME NECT/CTP region)

REVASCAT DWI, NECT DWI, NECT Quantomo ECASS, SITSMOST
ESCAPE

EXTEND-IA CTP DWI, NECT RAPID (CTRCBF, automated ischemic core volume < 30 % of normebITSMOST
tissue), DWI or NECT (manually outlined)

MR CLEAN NECT, CTP Semiautomated algorithm for CT hypodensity ECASS

VFR{=S1e6=88 DWI (MRP), Studyspecific predictive model on baseline, Hyperintensity (FLAIR), ECASS
CT Hypodensity (CT)

SYNTHESIS Study specific definitions
IMS 1l ASPECTS, digital measurement ECASS

SWIFT ECASS

TREVO 2 ECASS, SITSMOST

CT




Revascularization, Reperfusion, Recanalization

Trial nickname Revascularization Reperfusion Recanalization

_ Imaging Time interval  Definition Imaging Time interval  Definition Imaging Time interval  Definition

DAWN DSA Postprocedure  mTICI (2b-3) CTA or MRA 24 hours No, Partial, or
Complete
DEFUSE 3 1) CTP or MRP, 2) 1) 24 hours, 2) 1) Reduction (>90%) in perfusion lesion CTA or MRA 24 hours Complete or not
DSA Postprocedure  volume with Tmax > 6s, 2) mTICI (2B)
PISTE DSA Postprocedure  mTICI (2b-3) CTA or MRA 24 hours IST-3 CTA score

ASTER DSA Postprocedure mTICI (2b-3)
THERAPY
THRACE

SIS NIV DSA Postprocedure mTICI (2b3) CTP or MRP 27 hours Reduction (090 %)

volume
REVAS DSA Postprocedure mTICI (2b-3) CTAor MRA 24 hours Patent or Occluded
ESCAPE DSA Postprocedure  TICI (2b-3) CTA 2-8 hours mAOL (2-3)

EXTEND-IA CTP or MRP 24 hours RAPID (Reduction [%] in perfusion CTA or MRA, 24 hours TIMI (2-3)
lesion volume with T max > 6 s)

MR CLEAN DSA Postprocedure  mTICI (2b-3) CTA or MRA 24 hours mAOL (2-3)
MR RESCUE CTA or 7 days TICI (2a3) CTP or MRP 7 days Reduction (090%) i
MRA volume with Tmax > 6s

SYNTHESIS

IMS Il Postprocedure  TICI (2-3) CTA>MRA 24 hours Partial or Complete
recanalization

SWIFT DSA Postprocedure  TIMI (2-3)

TREVO 2 Postprocedure  TICI (2-3)




Revascularization, Reperfusion, Recanalization

Revascularization, recanalization and reperfusion: interchangeably.
Revascularization reflects all treatment-related flow improvement, including
local arterial recanalization and reperfusion of the downstream territory.
Recanalization is required for antegrade tissue reperfusion but may not be
necessary for reperfusion in distal regions (36, 37).

Revascularization and reperfusion seem to be interchangeable terms while

recanalization seems to focus on the restoration of proximal vessel patency.

ZaidatOO et al. Neurology 2012 and Stroke 201



Trial nickname

DAWN

DEFUSE 3

PISTE
ASTER

THERAPY
THRACE

SWIFT
PRIME

REVASCAT
ESCAPE

EXTEND-IA

MR CLEAN

MR RESCUE
SYNTHESIS
IMS 111

SWIFT

TREVO 2

lIRC, Imaging core lab, Standardization

Independent REVIEWERS Standardization
image review

and core

laboratory

Used Same imaging modality is encouraged to be used during folfjow  131:75
(63.6: 36.4 %)

Used The baseline and followp imaging should be performed with 133:49
DEFUSE 3 protocol, which is installed at all study sites. (73.1:26.9 %)

Used 3 Neuroradiologists

Used 2+1

Used 1 Neuroradiologist Nonenhancedthis ect i on (O 2.5 mm)
Used 4 Neuroradiologists for CT and MR,
3 Interventional neuroradiologists for
DSA
Used 2+1 Sponsor will collaborate with participating centers to evaluate an 189: 15
optimize the quality of imaging and image transfer. (92.6:7.4 %)
Used

Used NECT and CTA protocols were presented. 13:54
(19.4: 80.6 % at 24 hours)

Used Neuroradiologist/Stroke neurologist The imaging protocols will follow current international consensus
guidelines. Standard CT and MR protocols were presented.

Used Two neuroradiologists 24:94

(20 : 80 %)

Used MR RESCUE protocols were presented.

Used

Used 3 CT experts (including one

neuroradiologist was mandatory)

Used 2 neurointerventionalists It is preferred that whether CT or MR is taken at baseline, the sal
imaging modality should be obtained at follo.

Used




Summary

Appropriate eligibility criteria and outcomes should be selected based on clinical
and imaging indexes .
A Thorough review of previous studies may be helpful for planning a study.

Accordingly, this review may be helpful

Imaging indexes: detailed criteria in infarct core volume and revascularization

are not standardized. Therefore, neuroimaging prefers to be archived using the
same imaging protocols and analyzed by an independent image review committee
and imaging core laboratory.

A Requirement (or encouragement) for the same imaging modality in the
comparisons of outcomes seems reasonable and realistic because the same
imaging protocol can be difficult in urgent circumstances.

This review may help each researcher to appropriately use neuroimaging
biomarkers for observational studies as well as clinical trials in acute ischemic
stroke like a consultant.
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thrombectomy and the guidelines of 2018 Guidelines for the Early Management of Patients with

Acute Ischemic Stroke from American Heart Association/American Stroke Association led to a

larger role of neuroimaging and required new neuroimaging strategy for acute cerebral ischemic

stroke. In this review, we summarize the recommendation on neuroimaging from the 2018

Guidelines, and review pros and cons between CT and MR and fast scanned stroke MR. Based

on the new guidelines and recent research, we discuss the appropriate neuroimaging strategy

for acute cerebral ischemic stroke patients.

Neuroimaging plays a key role in assessing the detection of acute hemorrhage, diagnosis of in-
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CRO Team for multicenter trial
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A ASAN Image Metrics
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Medical Center

¥ 2
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comprehensive imaging services in support of Clinical Trials
of new drugs and medical de.?vices.

In clinical trials, we support to continue efficient, quick and accurate clinical trials through integrated

consultantion and imaging support services from imaging protocol plan to analysis.
In clinical trials, we support to continue efficient, quick and accurate clinical trials ti

consultantion and imaging support services from imaging protocol plan to

O

Reliable Results

Reliable results by medical
imaging professionals

Rapid Results
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Independent image review committee (IIRC)

. Reader 1 Independent reader
. Reader 2 Independent reader

. Moderator Independent reader or Adjudicator

. Outside Reader 3 Consult or Evaluation
. Image review committe (IRC)

. Data & Safety monitoring board (DSMB)



Experience

Edoxaban

1. (edoxaban) factor Xa :

(Novel oral anticoagulants, NOAC )
factor Xa NOAC

; : ( Early adminstration of

edoxaban after acute ischemic stroke in patients withvabuular atrial fibrillation: a
randomized, multcenter, parallegroup trial(PILOT)

3.

4. Phase |l



Experience

Edoxaban

5. : 3
6. 68 Participants
7. Primary endpoint: DWI (Recurred infarct 10-14 days after the onset)
8. Secondary endpoints
1) Imaging indexes: GRE (Hemorrhagic transformation), TOF-MRA (Recanalization)
2) Clinical indexes: NIHSS deterioration, mRS
9. Safety endpoints
1) Symptomatic ICH
2) Hemorrhage

10. Imaging CRO/Imaging core lab/lIIRC



Consultant

1. Infarct core
1) Definition or Criteria
2) Main outcomes

3) Modality and Methods: CT vs MR, ASPECT vs Quantiative
4) Measurement:noncontrastCT, CTP, DWI, PWI

5) Semt or Fully automated analysis software



Consultant

2. Hemorrhagic transformation
1) Definition and classification
2) Safetyoutcome
3) CT vs MR
4) MR: Standardization (SWI vs GRE)

5) Measurement & Methods



Consultant

3. New infarct or recurred infarct
1) Definition and classification
2) Main outcomes
3) MR: DWI, FLAIR/T2W

4) Measurement

5) Semt or Fully automated analysis software



Consultant

4. Steneocclusion
1) Definition: Reperfusion, Revascularization, Recanalization
2) Main/ Exploratory outcomes
3) CTA, MRA, DSA
4) Scoring: mAOL, mTICI, TICI, TIMI



Experience

Consultant

1. New infarct or recurred infarct

1) Definition: New separate restricted lesions on follow-up diffusion-
weighted imaging (DWI) outside the region of the acutely symptomatic
lesion and which is not detected on initial DWI.

2) Classification: Local recurrent infarcts are defined as new lesions within the
territory of the initial perfusion deficit based on angiography and/or perfusion-
weighted imaging. Distant recurrent infarcts are defined as new lesions outside
the territory of the initial perfusion deficit based on angiography and/or
perfusion-weighted imaging.The initial perfusion is assessed primarily on
angiography followed by perfusion-weighted imaging.



Experience

Consultant

1. New infarct or recurred infarct
2) Primary outcome A eCRF (Anatomic and Vascular territory)
3) DWI A Standardization (Phantom), Presence or absence, local or
distant, numbers

4) Measurement A Semi automated analysis in-house software



Experience

Consultant

2. Hemorrhagic transformation
1) Definition and classification A ECASS
2) Secondary outcome
3) CT and MR A Discrepancy
4) MR: Standardization (SWI vs GRE) A Same imaging modality

between initial and F/U

5) Measurement A Semi automated analysis in-house software



Experience

Consultant

3. Infarct core
1) Definition or Criteria: b1000 after ADC correction
2) Secondary outcome
3) MR (DWI), ASPECT (X)
4) Measurement: DWI, Infarc core volume

5) Semi automated analysis in-house software



Experience

Consultant

4. Steno-occlusion
1) Definition: Recanalization
2) Secondary outcomes
3) MRA > CTA
4) Scoring: mAOL (MR RESCUE, ESCAPE)



Table S3. Arterial Occlusive Lesion (AOL) Rating Scale®

Score Definition

0
|
]
1]

No recanalization of the primary occlusion lesion

Incomplete or partial recanalization of the primary occlusion lesion with no distal flow
Incomplete or partial recanalization of the primary occlusion lesion with any distal flow
Complete recanalization of the primary occlusion with any distal flow

Table S4. Thrombolysis in Cerebral Infarction (TICI) Rating Scale®

Score Definition

No perfusion

Perfusion past the initial obstruction but limited distal branch filling with little or slow distal
perfusion

Perfusion of less than 2/3 of the vascular distribution of the occluded artery

Perfusion of 2/3 or greater of the vascular distribution of the occluded artery

Full perfusion with filling of all distal branches

Table S5. Thrombolysis in Myocardial Ischemia (TIMI) Rating Scale’

Score Definition

0
1

2
3

No perfusion: absence of any antegrade flow beyond a coronary occlusion

Penetration without perfusion: faint antegrade coronary flow beyond the occlusion, with
incomplete filling of the distal coronary bed

Partial reperfusion: delayed or sluggish antegrade flow with complete filling of the distal territory
Complete perfusion: normal flow which fills the distal coronary bed completely
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Independent image review committee (IIRC)

1. Reader 1i Independent reader

2. Reader 2I Independent reader



Independent image review committee (IIRC)

3. Moderator i Adjudicator



Independent image review committee (IIRC)

3. Data & Safety monitoring board (DSMB)



Trial & Imaging

National Clinical Trials: NCCN believes that Trial = Best Management
Comprehensive the best management for any cancer

NSO Cancer patient is in a clinical trial. - Control
Network® Participation in clinical trials is . ;
. especially encouraged. - EC]UIpOISG

_ Cancer Trial > A Imagings 1 |
EQQQJ&CB!N - Surrogate endpoint

- Pharmacodynamic biomarker

Reshaping the future of patient care

Trial Imagingg = |
- Whole body
- Whole imaging process
- Business & development
- Regulation
- Science

- IT platform



A FDA 2015

A QIBA, ACR, NCI  support !

Guidance for Industry
Standards for Clinical Trial
Imaging Endpoints

LS. Department of Health and Human Services
Food and Drug Administration
Center for Drug Evaluation and Research (CDER)
Center for Biologics Evaluation and Research (CBER)
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i . CT/IMRI , RECIST, etc
i . DEXA

i ADPKD . Total kidney volume

I . X- ray, MRI

i Etc.



. X- ray , CT
XXX

(Qua’llification)

Evidentiary processof
linking a biomarker with
biological processesind
clinical end points

consensus



(Standardization)

(X- ray

(trial - specific)

, CT
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1.CT ; AAPM CT Performance phantom ACR

Phantom
2. DWI MR : QIBA ( ; :
, GRE : US $ 4,000)
3. GRE MR . NIST/ISMRM system (NIST :

US $ 20,000)



NIST/ISMRM system phantom

Proton density
array

NIST/RSNA/NCI diffusion phantom NIST/UCSF/NCI system phantom

Fat suppression with T1 relaxation phantom
No Fat suppression Spectral Fat suppression

Heavy — Heavy

Mineral oil \\ —T M oil
e 9 Mineral oil
o N
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S

DWI Phantom

>

1) PVP (polyvinylpyrrolidone): 129 2 &, QIBA phantom, M7 |& &
- Aqueous solution: 0 to 50 % w/w to obtain ADC values from 0.1 X
103t0 1.1 x 103 mm?/s at 0°C

- Long-term stability > 15 months (Pierpaoli et al, 2009)

2) PEG (polyethylene glycol) with T1/T2 modifier
-PEG2 s ZHZ &4l diffusivity® ZH7ts#

- T1/T2 modifier2 gadobutrolO| Af&7}S (Gatidis et al, 2014).



Y EF FF53 HEH S Y3 GAduto)enbA A A DWI, GRE (T2%), T1

r'l

» K—Stroke—Block (KSB) #1¥ 3} QIBA % NIST/ISMRM system # & 3} 2] x}H 3
1. Spatial resolution &4 7}
2. Cost—effective #HH

3.GRE A 54 75 9

2nd Layer : Diffusion array ~ 25mm 0, 10, 20, 30, 40 % PVP
1t Layer: Tlarray =89 1,3,57,9 11,13 10mm 10, 20, 30, 40 % PVP




e e e e e T1 section

------------------ Diffusion (ADC) section

---------- B ——==-==- T2 section

Localizer

T1 section Diffusion (ADC) T2 section

I' . ' section .
T1 section T2 section
Spatial resolution evaluation Spatial resolution evaluation

NIST (National Institute of Standards and Technology)
( )
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the docket number listed in the notice of availability that publishes in the Federal Register.
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Infarct core . CT, MR (DWI, PWI-CTP)

Hemorrhagic transformation/Hematoma

CT, MR (GRE)
Steno-occlusion : CTA, MRA, DSA

Standardization

Independent centralized reading and analysis
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Imaging protocols in acuteischemic stroke ?

30
Survey for Imaging protocols in acute ischemic stroke

Review article
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Standardization

L. INTRODUCTION

The purpose of this guidance is to assist sponsors in optimizing the quality of imaging data
obtained in clinical trials intended to support approval of drugs and biological products.”> This
guidance focuses on imaging acquisition, display, archiving, and interpretation process standards
that we regard as important when imaging 1s used to assess a trial’s primary endpoint or a
component of that endpoint.

Considerable standardization already exists in clinical imaging. There are a variety of sources,
including picture archiving and communication systems and the Digital Imaging and

Communications in Medicine (DICOM) formats for the handline and transmiszion of clinieal

Standardization, while important for all clinically used measures, becomes essential for an

imaging endpoint used in a_clinical trial to reduce variability and to ensure interpretability of the
results. The extent of trial-specific standardization may vary depending upon how standardized

B e i e

S e ' ™ et - - sl

within and among clinical sites, and that a verifiable record of the imaging process is created.
Minimization of imaging process variability may importantly enhance a clinical trial’s ability to
detect drug treatment effects.

Standardization, while important for all clinically used measures, becomes essential for an
imaging endpoint used in a clinical trial to reduce variability and to ensure interpretability of the
results. The extent of trial-specific standardization may vary depending upon how standardized
the local imaging procedures are (e.g., routine bone X-rays (relatively standardized) versus bone
mineral density (more variability across sites)). This guidance does not address approaches for

Clinical Trial Imaging Endpoint Process Standards Guidance for Industry. FDA 2



Standardization

F. What Procedures Should Be Standardized for an Imaging-Based Clinical
Trial Primary Endpoint?

No single set of detailed imaging process standards is readily applicable to every clinical trial
because the trials differ in design and objectives. When usual medical practice imaging process

standards are acceptable in a trial, the plans for the use of such standards should be stated in the
clinical protocol. Determinations on what to standardize beyond these expectations should be
driven by consideration of the imaging processes that might introduce variability and inaccuracy
to the endpoint and by consideration of the other items outlined below. When determining the

Clinical Trial Imaging Endpoint Process Standards Guidance for Industry. FDA 2



Standardization

Imaging modality availability and the modality’s technical performance variation across
trial sites

Performance features of the imaging modality at the trial sites or any other locations
where subjects may undergo imaging

Qualifications of the imaging technologists and any special technological needs for the

trial

Proposed imaging measures’ reliance on_phantoms and/or calibration standards to ensure
consistency and imaging guality control among clinical sites

Any unique 1image acquisition features of the trial design, including subject positioning,
anatomical coverage of imaging, use of contrast, timing of imaging, importance of
subject sedation, and scanner settings for image acquisition

Image guality control standards, including those specifying the need for repeat imaging to
obtain interpretable images

Clinical Trial Imaging Endpoint Process Standards Guidance for Industry. FDA 2
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