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Clinical trial imaging in Acute ischemic stroke

1. European Cooperative Acute Stroke Study (ECASS, JAMA 1995), The National Institute of Neurological
Disorders and Stroke rt—PA Stroke Study Group (NINDS, NEJM 1995): 34 ¥ 7 A &x}ol| 4 2] [V alteplase?]
°FE- -84 H7FE 93 Randomized multicenter clinical trial 4] noncontrast CTS ¢FE %8 3hx}++ A A I
alteplase®] 83 FHF H=EY A= 2 E7E A5+ o] &3 Primary-Secondary outcome A F A S
™ noncontrast CTE Safety parameters= 4] A}-84.

2. The European Atrial Fibrillation Trial Study Group (NEJM 1995): Nonrheumatic atrial fibrillationZFA}ol| A H &%
ol Y2aE =ol7] A A = Faid B7HE 918 Randomized multicenter clinical trial 24 &3 3LA] ¢
T3 AT HEH e 2 ¥ 75 A5ty o] &3 Primary-Secondary outcome< 9AA| E 3 0 Safety
parameters= 4] noncontrast CTE ©] &%},

3. Low—molecular—weight Heparin for the treatment of acute ischemic stroke (NEJM 1995): ¥ &% 3Hx} o) A
low—molecular—weight Heparin®] +&4 H71E 93 A=A Primary outcome< AAA FE AFR3FR 1L
Secondary outcome 2.2 4 low—molecular—weight Heparin®] $t¥ 35 (o: H A 3 HEH)S 93|24} 513 0
noncontrast CTS ©]-&3lo] H AN & H&dS A9 o7 #7181 At 319 3L Independent image review systemS =
S .

= 3RO A TV streptokinased A H7FE Y3 A=A Primary-Secondary outcome= <
noncontrast CTS- Safety parameterse} g2} vl #l| 7] =0 2 4] AF-8-3F Independent image review system= =] 5} ¢
noncontrast CT/ ¥ A3 ¥HEH & H7Fek3l 3.

4. The Multicenter Acute Stroke Trial—Europe Study Group (MAST—E, NEJM 1996): =ty EmM o] =51 o] A}9]
AF



Clinical trial imaging in Acute ischemic stroke

5. ECASSII (Lancet 1998): w4 ¥ &% At Al IV alteplase®] 6A17H7hA] o] 17 AL et {874 F7HE 91
=4 noncontrast CTE & 28 $kxbar A4 7 alteplased] 8.3 FHES =
0]-& 3} Primary-Secondary outcomeS 1A% %9 © W noncontrast CT= Safety parameters® 4] A& % . Noncontrast
CT7I 8x AR AW 2 doln H B4, HE=dY HE B ot H B FuE JAFH o= B30 5.

6. Phenylpropanolamine and the Risk of Hemorrhagic stroke (NEJM 2000): Phenylpropanolamine (2]£- &3 #] 2 7}17]
%] 5.4 ) 2] hemorrhagic stroke BFA 9 vl x| = 4GS H 7}k o4 2 4] subarachnoid hemorrhage 2} intracerebral
hemorrhage 7 &¢Il noncontrast CTE ©] &3} &

7. Pravastatin therapy and the Risk of Stroke (NEJM 2000): Prevastatin®] stroke risk 7240l 3t 24 H71= 9
3k A2 A CT, MR, AngiographyZ- Ischemic stroke, Hemorrhagic stroke2] X g3} £.57of o] 831512

8. The Desmoteplase in Acute Ischemic Stroke Trial (DIAS, Stroke 2005): 54 &% 22} Al Desmoteplase2] 9
A ZW7EA 9] A% Al tiE frad B7HE $19 A 5-2 A DWI, TOF-MRA, FLAIR, PWIS MR 973 AAF 82 A
A 2 outcomeN A F L3 9GS 4233} Primary outcome 2. 24 PWI9] A7 7‘&.9} MRAS] AMNE 2AS A&
93 554 H7he) o outcome S 2 A DWIS H A W 9o BIslE o] 8519S DWIS M A M) At & By
S5 98l AFEE AL FLAIRE T3 518 W H & A58l



Clinical trial imaging in Acute ischemic stroke

9. Recombinant Activated Factor VII for Acute Intracerebral hemorrhage (NEJM 2005): 573 =& 2R} 4] 9]
Recombinant Activated Factor VII2] &4 H71= ¢33 A5 24 Noncontrast CTA H &8 ¥3) 2] ¥ 3}E Primary
outcome 2.2 A1-8-3}31 - Digital CT A XB.E imaging core lab 2. Z A% 3} o] Neuroradiologistel] 2] 3t Independent
image review system< ©]-&3}o] Primary outcome3 #2413} 2.

10. The Dose Escalation of Desmoteplase in Acute Stroke (DEDAS, Stroke 2006): 74 &% g2}l A
Desmoteplase ] 9A]ZF A% AL T3k f-ax H7IE 93 I 24 MRIZ Primary efficacy endpoint® AF-8-5} 1
3L Safety endpoint24] noncontrast CTS ©] 3131 S DWIS o] &3 A A -A%F H AN 23 B2 MRAZ o] &3t
3 AMNE 4, FF MRS o] 83 AFH BF 4, Noncontrast CTE 0] 43 HEE FAYES 19 2 2
2 A H.315}9 S Imaging core lab¥} Independent image review system= 3+ A 2 - A k4 B4 A8l S.

11. The Diffusion and Perfusion Imaging Evaluation for Understanding Stroke Evolution (DEFUSE, Ann Neurol 2006):
FA HZEF skx}ol A MRI profile®} AR EE 2 02 v wsl= A 24 DWI, DSC PWI, FLAIR, GRE, MRA,

T1-weighted imaging< ©]-8-3t%] B34 -AFH £42& Al dst3l+.

ofo

12. The Echoplanar Imaging Thrombolytic Evaluation Trial (EPITHET, Lancet 2008): Alteplase?] 6A] 7t 7 A& 9]
Sad F71E 98t AT 2ZA AAXEE A} Jaulo] $ul# X X7} Primary endpoint 24 AF&5 Y-S

Primary endpoint®4] DWI (baseline) ¥} T2-weighted imaging (=FLAIR, 90 days after)AFo] 2] 74 4 K| W3} = A}
o9 AR G4 BN AZEIE o] Sato] M A4 3] WEE =4S PWI, MRAZ o] §31o] #5

shol A7) o -2 B8 =

4



Clinical trial imaging in Acute ischemic stroke

13.

14.

115,

The Factor Seven for Acute Hemorrhagic Stroke (FAST, NEJM 2008): 34 ¥ =3 $x}o] A Recombinant
activated factor VIIo] fr84 H71E 93 A 24 Primary endpoint®4] Noncontrast CTS ©]-83F ¥ &3 H-3]
W3S o] &3l 5. AFH G4 &4 AZES ol & o] &slo] HEF T3 Wizt A& A=

DIAS II (Lancet Neurol 2009): 54 &% Aol A Desmoteplase?] 9A|ZF 17 AL&-o] tigt a4 H7ME
A=A =} A A I Secondary outcomes #138+] CTE MRE AF&-5H3 &, 3k A A= 918 DWIZ PWIE o] &%
3 Q7155 ukeg o) AgA B8 A 3319 3L Secondary outcomeS ¢35l DWIF noncontrast CTS o] &% 7
Al Byl XS 5198, 5o 93 Ao AMHEAFEE ¥al MR =2 CT angiographyS ©| £33 2™ Safety

outcome 2.2 A Noncontrast’d¢] ¥ =& WS 2183191 S. Imaging core laby} &7 A2 G AR A o] o] &5 9

o

A Randomized Trial of Tenecteplase versus Alteplase for Acute Ischemic Stroke (NEJM 2012): 54 ¥ &% x|
o A IV Tenecteplase®| &4 B7H5 913 A7 24 &2 HA S A3} CT angiography =S ©]-&-3sto] d¥9 4 A
Lol o B-5 WIFEFA AL CT perfusions ©]-&3te] =744 B Heet A7 delE H7He3 5. Primary outcome &
22X BF S B3 A7 H WS 578331 3L Secondary outcome & 2 A1 ¥ F A R3] wislel A AN F 4
S 3191 .21 Secondary imaging safety outcome 2. 24 HEE F W3 E A4 HALE B3t E43519S. MR AAL=E
)= GRE, FLAIR, DWI, PWI, MRA”} A% %1 5. Imaging core lab¥ Independent image review system< & St

A -AFH BAS Aldgstg o AZFH 4 S Y34 Commercial softwareE AF83}% 2.
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Clinical trial imaging in Acute ischemic stroke

> 2012 ~2018

» 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

af
=
=
@
@
e
@

175

Eligibility

Studies included in qualitative synthesis
(n=16)

Included




Lapergue B, et al.
()]

Bracard S, etal. (15) [P0kl
Saver JL, et al. (7) 2015

Jovin TG, et al. 2015

Mocco J, etal. (14) A

Goyal M, et al. (9) 2015

Campbell BC, etal. it
(10)
B 11 2015
(11)

Kidwell CS, et al. (16) [iokk]

Ciccone A, et al. (17) AUk

Broderick JP, et al.
(€2)

Saver JL, etal. (19)

Nogueira RG, et al.
(20)

No. of
centers

DEFUSE 3

PISTE

ASTER

THERAPY

THRACE

SWIFT PRIME

REVASCAT

ESCAPE

EXTEND-IA

MR CLEAN

MR RESCUE

SYNTHESIS

IMS 11

TREVO 2

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
Safety of
Solitaire
Efficacy and
Safety of
Trevo

Inclusion

1) Ineligible or failed respond to IVT,
2) NIHSSs 10-42

NIHSSs > 6

NIHSSs > 6

NIHSSs > 8

NIHSSs 10-25

NIHSSs 8-29

1) Ineligible or failed respond to IVT,
2) NIHSSs > 6

NIHSSs > 5

NIHSSs > 2

1) Ineligible or failed respond to IVT,
2) NIHSSs 6-29

Inclusion: Neuroimaging

1) Mismatch between clinical and infarct volume on CT or MR, 2) Occlusion of
intracranial ICA or M1 on CTA or MRA

b1) Mismatch between infarct volume and penumbra on CT or MR, 2) Occlusion of ICA
and M1 on CTA or MRA

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

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

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

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

Occlusion of intracranial ICA and M1 on CTA or MRA (TICI 0-1)

Occlusion of intracranial ICA or M1 on CTA, MRA, or DSA (TICI 0-1)

1) Infarct core (small: ASPECTS 6-10) on NECT, 2) Occlusion of carotid T/L and
M1/Immediate M2 on CTA, °3) Moderate-to-good collaterals (filling of 50 % or more of
MCA) on CTA, 3) Groin puncture < 60 min after NECT and CT-to-recanalization time <
90 min

1) Occlusion of ICA, M1, or M2 on CTA or MRA, 2) Infarct core volume (< 70 ml on
CTP-CBF or DWI), 3) Mismatch between infarct core and penumbra on CT or MR

Occlusion of intracranial ICA, M1-2, A1-2 on CTA, MRA, DSA, or TCD

1) Occlusion of ICA, M1-2 on CTA or MRA, 2) Multimodal CT or MR (MR RESCUE
protocol)

NIHSSs > 10 or 8-9 with occlusion of Occlusion of ICA or M1 or BA on CTA in NIHSSs 8-9

ICA or M1 or BA

1) Ineligible or failed respond to IVT,
2) NIHSSs 8-30,

1) Ineligible or failed respond to IVT,
2) NIHSSs 8-29

Occlusion of M1, M2, ICA, BA, or VA on DSA (TIMI 0-1)

Occlusion of M1, M2, ICA, BA, or VA on DSA




Clinical trial imaging in Acute ischemic stroke
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Primary
ImRS

I Exclusion: Neuroimaging

DAWN 1) Intracranial hemorrhage, 2) Significant mass effect and midline shift, 3)
Intracranial tumor on CT or MR, 4) Steno-occlusion or Tortuosity of cervical
ICA on CTA or MRA

1) ASPECTSs < 6 on NECT, 2) Significant mass effect and midline shift on 3)
Intracranial tumor on CT or MR, 4) ICA dissection of cervical ICA, 5)>1
vascular territory infarct on CTA or MRA

1) Intracranial hemorrhage, 2) Infarct (> 1/3 MCA hypodensity), 3) Occlusion
of extracranial ICA or BA

ImRS

Occlusion of Cervical carotid artery

1) Significant mass effect with midline shift, 2) Infarct (acute ischemic
change) > 1/3 of MCA territory, 3) intracranial hemorrhage, 4) Intracranial
tumor, 5) Ipsilateral extracranial steno-occlusion, 6) Preexsting arterial injury
1) Steno-occlusion of ipsilateral cervical carotid artery, 2) Intracranial
hemorrhage, 3) Intracranial tumor, 4) Mass effect with midline shift on CT or
MR

SWIFT PRIME 1) ASPECTs < 6 on NECT or DWI, b2) > 1/3 MCA territory or > 100 cc in
other vascular territory (hypodensity on CT or hyperintensity on MR), 3)
Intracranial hemorrhage, 4) Mass effect, 5) Intracranial tumor on CT or MR, 6)
Occlusion of BAor PCA, 7) Occlusion or Dissection of cervical ICA on CTA
or MRA

REVASCAT 1) Intracranial hemorrhage, 2) Significant mass effect and midline shift, 3)
Intracranial tumor, 4) Steno-occlusion of cervical ICA on CTA, MRA or DSA,
5) Infarct volume (ASPECTs < 7 on CT; ASPECTs < 6 on DWI)

ESCAPE 1) Infarct core (moderate to large: ASPECTs 0-5) on NCCT, 2) Infarct core on  ¢mRS
CTA or CTP (moderate to large: no or minimal collaterals in a region greater
than 50 % of MCA territory compared to contralateral side on CTA, low CBV
and very low CBF ASPECT < 6 [>8 cm coverage] or low CBV and very low
CBF > 1/3 MCA territory[<8 cm coverage] on CTP), 3) Suspected intracranial
dissection, 4) Chronic intracranial occlusion

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

9mRS

MR CLEAN Intracranial hemorrhage on CT or MR

Revascularization

Secondary

Clinical indexes, Infarct
core volume,
Recanalization,
Reperfusion,

Clinical index

Clinical indexes,
Recanalization

Clinical indexes,
Revascularization, Time to
successful
revascularization

Clinical indexes, Infarct
core volume

Clinical indexes

Clinical indexes,
Revascularization,
Reperfusion

Clinical indexes, Infarct
core volume,
Revascularization,
Recanalization

Clinical indexes,
Reperfusion,
Recanalization

Clinical indexes, f Infarct
core volume,
Recanalization

Clinical indexes, Infarct
core volume, Reperfusion,
Recanalization

Safety

1) Death (90 days), 2) SICH
(24 hours), 3) NIHSSs
increase, 4) SAE

1) Death (90 days), 2) SICH
(36 hours), 3) SAE

1) Death (90 days), 2) ICH
(24 hours), 3) Procedural
complication

1) Procedural complication,
2) Intracranial hemorrhage
(24 hours)

1) SAE, 2) SICH (24 hours),
3) Death (90 days)

1) Death (90 days), 2)
Hemorrhage (24 hours), 3)
Procedural complication

1) SAE, 2) SICH (27 hours)

1) Death (90 days), 2) SICH
(90 days), 3) Procedural
complication, 4) SAE

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

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

1) Neurologic deterioration,
2) SICH, 3) Procedural

complication, 4) SAE (death)

Imaging
Included in Second
outcomes

1) Infarct core volume,
2) Recanalization 3)
Reperfusion
fReperfusion

Included in Primary and
Secondary outcomes

Included in Second
outcomes

None
Included in Second

outcomes and 9Infarct
core volume

Included in Second
outcomes

Included in Second
outcomes

Included in Primary and
Secondary outcomes

Included in Second
outcomes

Positive

Positive

Negative

No difference

Negative

Positive

Positive

Positive

Positive

Positive

Positive
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Trial nickname

MR RESCUE

SYNTHESIS

IMS 111

SWIFT

TREVO 2

Exclusion: Neuroimaging
1) Intracranial hemorrhage, 2) cervical carotid steno-occlusion on CTA or
MRA

1) Intracranial hemorrhage, 2) Intracranial tumor except small meningioma, 3)
Acute infarct (may be > 4.5 hours after onset)

1) Infarct (> 1/3 of MCA territory), 2) Intracranial hemorrhage, 3) Significant 9mRS
mass effect with midline shift, 4) Intraparenchymal tumor, 5) Baseline CTA

without evidence of an arterial occlusion

Recanalization

1) Infarct volume (> 1/3 MCA territory or > 100 cc of volume, 2) Intracranial
hemorrhage, 3) Intracranial tumor or mass effect on CT or MR, 4) Complete
cervical carotid occlusion, carotid dissection on DSA

1) Infarct volume (> 1/3 MCA territory or > 100 cc of volume), 2) Intracranial
hemorrhage, 3) Significant mass effect with midline shift, 4) Intracranial
tumor on CT or MR, 5) Cervical carotid steno-occlusion including excessive
tortuosity

Reperfusion

Secondary

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

Clinical indexes, Infarct
core volume, Reperfusion,
Recanalization

Clinical indexes, Time to
Successful recanalization

Clinical indexes, Time to
Successful reperfusion,
Asymptomatic SICH

Safety

1) Death (90 days), 2) ICH (7

days), 3) SAE

1) Hemorrhage, 2) Infarct, 3)

death , 4) NIHSSs >4
increase, 5) Extracerebral
events at 7 days

1) Death, 2) Hemorrhage, 3)
Major complication d/t

nonintracerebral bleeding, 4)

Recurrent stroke, 5) Device
or procedural complication
1) SICH, 2) Death 3) SAE

1) Death, 2) SICH, 3) SAE,
4) Device or procedural
complication

Imaging
Included in Second
outcomes

None

Included in Second
outcomes

Included in Primary
outcomes

Included in Primary
outcomes

Negative

Negative

Negative

Positive

Positive




Infarct core volume and hemorrhagic
transformation in the outcomes

| — I N s

Baseline 24 hours 5-7 days or Definition Classification
discharge

DWI, CTP DWI, NECT RAPID (with semi-automated 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), SITS-MOST
ASTER ECASS
THERAPY CT CT ASPECTs ECASS
THRACE ECASS

SWIFT DwI, CTP ADWI/FLAIR/MRP, RAPID (DWI[ADC], < 620 X 106 mm? CTP-CBF, > 70 % reduced ECASS
PRIME NECT/CTP region)

REVASCAT DWI, NECT DWI, NECT Quantomo ECASS, SITS-MOST
ESCAPE

EXTEND-IA CTP DWI, NECT RAPID (CTP-CBF, automated ischemic core volume < 30 % of normal SITS-MOST
tissue), DWI or NECT (manually outlined)

MR CLEAN NECT, CTP NECT Semi-automated algorithm for CT hypodensity ECASS

\IFER{=E{618/=8 DWI (MRP), FLAIR, CT Study-specific predictive model on baseline, Hyperintensity (FLAIR), ECASS
CT Hypodensity (CT)

SYNTHESIS Study specific definitions
IMS 111 ASPECTS, digital measurement ECASS

SWIFT ECASS

TREVO 2 ECASS, SITS-MOST




Revascularization, Reperfusion, Recanalization

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

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

ASTER DSA Post-procedure  mTICI (2b-3)
THERAPY
THRACE

SV ISEIYI=a DSA Post-procedure mTICI (2b-3) CTP or MRP 27 hours Reduction (>90%) in perfusion lesion

volume
REVAS DSA Post-procedure  mTICI (2b-3) CTAor MRA 24 hours Patent or Occluded
ESCAPE DSA Post-procedure  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 Post-procedure ~ mTICI (2b-3) CTAor MRA 24 hours mAOL (2-3)
MR RESCUE CTA or 7 days TICI (2a-3) CTP or MRP 7 days Reduction (=90%) in perfusion lesion
MRA volume with Tmax > 6s

SYNTHESIS

IMS 111 Post-procedure  TICI (2-3) CTA>MRA 24 hours Partial or Complete

recanalization
SWIFT DSA Post-procedure  TIMI (2-3)
TREVO 2 Post-procedure  TICI (2-3)




lIRC, Imaging core lab, Standardization

Trial nickname | Independent
image review
and core
laboratory

Reviewers Standardization

DAWN

DEFUSE 3

PISTE
ASTER

THERAPY
THRACE

SWIFT
PRIME

REVASCAT
ESCAPE

EXTEND-1A

MR CLEAN

MR RESCUE
SYNTHESIS
IMS 111

SWIFT

TREVO 2

Used

Used

Used
Used

Used

Used

Used

Used
Used

Used

Used

Used
Used
Used

Used

Used

3 Neuroradiologists
2+1

1 Neuroradiologist

4 Neuroradiologists for CT and MR,
3 Interventional neuroradiologists for
DSA

2+1

Neuroradiologist/Stroke neurologist

Two neuroradiologists

3 CT experts (including one
neuroradiologist was mandatory)
2 neurointerventionalists

Same imaging modality is encouraged to be used during follow-up.

The baseline and follow-up imaging should be performed with
DEFUSE 3 protocol, which is installed at all study sites.

Nonenhanced thin-section (< 2.5 mm) CT

Sponsor will collaborate with participating centers to evaluate and
optimize the quality of imaging and image transfer.

NECT and CTA protocols were presented.

The imaging protocols will follow current international consensus
guidelines. Standard CT and MR protocols were presented.

MR RESCUE protocols were presented.

It is preferred that whether CT or MR is taken at baseline, the same
imaging modality should be obtained at follow-up.

131: 75
(63.6: 36.4 %)
133:49

(73.1: 26.9 %)

189: 15
(92.6: 7.4 %)

13: 54
(19.4: 80.6 % at 24 hours)

24:94
(20 : 80 %)




Imaging CRO
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Quantitative & B Guidance for Industry

“Imaging protocol / charter oA R
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- Site training
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High Quality - Image analysis

Imaging - Central reading
Service

Central Imaging Core Lab in clinical trials



Independent image review committee (IIRC)

0. Consultant or Design (Imaging CRO)

5. Image analysis considering endpoints (Imaging core lab > |IRC)

6. Central reading (lIRC)



Independent image review committee (IIRC)

1. Reader 1 — Independent reader
2. Reader 2 — Independent reader
3. Moderator — Independent reader or Adjudicator

4. Qutside Reader 3 — Consult or Evaluation

1. Image review committe (IRC)

2. Data & Safety monitoring board (DSMB)



Experience

Anticoagulation

0
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Experience

Anticoagulation

5.Ct7|2 | EF XIEA U AIRE: L 374 7|2
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/IIRC



Experience

Outcomes

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

Outcomes

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

4) Measurement - Semi automated analysis in-house software



Experience

Outcomes

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

between initial and F/U

5) Measurement - Semi automated analysis in-house software



Experience

Outcomes

3. Infarct core
1) Definition or Criteria: b1000 after ADC correction
2) Secondary outcome
3) MR (DWI1), ASPECT (X)
4) Measurement: DWI, A Infarc core volume

5) Semi automated analysis in-house software



Experience

Outcomes

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



Experience 2

Neuroprotective agent

1. Prospective, Randomized, Double-blinded, Phase lla
2. 80 participants

3. Primary endpoint: CT
4. Secondary endpoint: SAE, mRS, sICH, NIHSS, Barthel index,

Death rate, major systemic bleeding rate
5. Exploratory endpoint: DWI, GRE
6. Imaging CRO & Imaging core lab & IIRC



Primary outcome

» Safety and Efficacy of Novel Neuroprotective agent
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—> Consultant for appropriate imaging protocol and analysis for

evaluation of drug safety and efficacy



Secondary outcome
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eCRF (clinical report form)

» Qutcomes

v' Hemorrhagic transformation

v Infarction




Outcomes

1. Hemorrhagic transformation: BBB stabilizer - Prevent HT
1) Definition and classification > ECASS (4 classification)
2) Imaging modality: CT & MR
3) MR: GRE (SWI vs GRE)

- The same imaging machine after Phantom

4) Measurement

- Quantitative In-house Software



Outcomes

2. Acute infarct
1) Definition : DWI restricted lesion
2) Presence or Absence
3) Anatomic location
4) Measurement: DWI (b1000 with ADC)

9) Semi- automated In-house software



Outcomes

3. New infarct or recurred infarct
1) Definition
- New DWI restricted lesions on follow-up outside the region of the

acutely symptomatic lesion and which is not detected on initial DWI.

- Although new DWI restriction occurs on follow-up image after no
DWI restriction on initial images, the lesion is defined as No New
infarction in case of occurrence in the perfusion territory which is the

same with initial perfusion deficit.



Outcomes

3. New infarct or recurred infarct
2) Imaging modality: DWI
3) Measurement: The entire infarct core volume on F/U using In-

house analysis software



Outcomes

4. Steno-occlusion
1) Definition: Revascularization
2) Imaging modality: CTA, MRA
3) Scoring: mTICI



Hemorrhagic transformation
Classification

ECASS I, Il
Berger C et al. Stroke 2001



Hemorrhagic infarct type 1 (HI-1)

v’ Small petechiae along the margins of the infarct

v' Smaller than 10 mm

Berger C et al. Stroke 2001
Renou et al. Cerebrovasc Dis 2010
Neeb et al. Cerebrovasc Dis Extra



Hemorrhagic infarct type 2 (HI-2)

v’ More confluent petechiae within the infarcted area

but without space-occupying effect

v >10 mm

Berger C et al. Stroke 2001
Renou et al. Cerebrovasc Dis 2010
Neeb et al. Cerebrovasc Dis Extra



Parenchymal hematoma type 1 (PH-1)

v' Hematoma in = 30 % of the infarcted area

with some slight space-occupying effect

v’ Round-shaped hypointensity (sometimes central hyperintensity)
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Berger C et al. Stroke 2001
Renou et al. Cerebrovasc Dis 2010
Neeb et al. Cerebrovasc Dis Extra



Parenchymal hematoma type 2 (PH-2)

v’ Dense hematoma > 30 % of the infarcted area
with substantial space-occupying effect

or as any hemorrhagic lesion outside the infarted area

v' Round-shaped hypointensity (possible central hyperintensity)

Berger C et al. Stroke 2001
Renou et al. Cerebrovasc Dis 2010
Neeb et al. Cerebrovasc Dis Extra



CT vs MR

1. Upward shift
2. Overestimation of PH
3. Variability

(Inter- & Intra-)

Comparison of CT and Three MR Sequences for
Detecting and Categorizing Early (48 Hours)
Hemorrhagic Transformation in
Hyperacute Ischemic Stroke

Marie-Cécile Arnould, Cécile B. Grandin, André Peeters, Guy Cosnard, and Thierry P. Duprez

BACKGROUND AND PURPOSE: Our goal was to compare the sensitivity of CT and three MR
sequences in detecting and categorizing early (48 hours) hemorrhagic transformation (HT) in
hyperacute ischemic stroke.

METHODS: Twenty-five consecutive patients with hyperacute ischemic stroke (<6 hours)
without MR signs of cerebral bleeding at admission were included. Twenty-one underwent
thrombolytic therapy. A standardized follow-up protocol, performed 48 hours after admission,
combined brain CT scan and MR examination (1.5 T) including fast spin-echo—fluid-attenuated
inversion recovery (FSE-FLAIR), echo-planar spin-echo (EPI-SE) T2-weighted, and EPI-gra-
dient-recalled echo (GRE) T2*-weighted sequences. Both CT scans and MR images were
obtained within as short a time span as possible between techniques (mean delay, 64 minutes).
CT scans and MR images were independently rated as negative or positive for bleeding and
categorized for bleeding severity (five classes) by two blinded observers. Prevalence of positive
cases, intra- and interobserver agreement, and shifts in bleeding categorization between re-
spective modalities and sequences were assessed.

RESULTS: Twelve patients (48%) were rated positive for HT on the basis of findings of at least
one technique or sequence. From this subset of bleeding patients, seven (58%) had positive CT
findings, nine (75%) had positive FSE-FLAIR and EPI-SE T2-weighted findings, and 12 (100%) had
positive EPI-GRE T2*-weighted findings. CT had lower intra- and interobserver agreement for
positivity than did MR imaging. Among the seven patients with positive CT and MR findings, only
two had convergent ratings for bleeding category based on findings of two modalities. The five
remaining had upward grading from CT to MR, which varied according to pulse sequence.

CONCLUSION: MR imaging depicted more hemorrhages and had higher intra- and inter-
observer agreement than did CT. The EPI-GRE T2*-weighted sequence demonstrated highest
sensitivity. Equivocal upward shifts in bleeding categorization were observed from CT to MR

imaging and between MR images.

Arnould et al. AUNR
2004



Independent image review committee (IIRC)

1. Mock training (22|11 A}) : around 20 ~ 30 cases
1) Inter-observer agreement

2) Reliability

2. Reading (s0S)~> Actually, Independent



PH 1

> HI 2?

Renou et al. Cerebrovascular Dis

2010
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= PH1/HI 2? HI 2?

Renou et al. Cerebrovascular Dis
2010



PH 1 PH 2

Renou et al. Cerebrovascular Dis
2010
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Confluent
petechiae

Arnould et al. AJNR 2004



HI 1

Extended debate

Spared tissue vs
petechial HT

PH 2

>30 %

Arnould et al. AJNR 2004



Infarct core volume segmentation

« ECASSI, Il (JAMA 1995, Lancet 1998), ATLANTIS (JAMA 1999)

» CT (infarction=hypodensity, hemorrhage or not)
> IV tPA beneficial? within 6 hrs of the onset of stroke

» Try a time window of upto 6 hrs - Fail

* DIAS (Desmoteplase In Acute ischemic Stroke phase Il, Stroke 2005)

» MR (infarct lesion volume = DWI abnormality)

» |V Desmoteplase within 3 to 9 hrs improves outcome

 DEDAS (Dose Escalation study of Desmoteplase in Acute ischemic Stroke, Stroke
2006)

» MR (infarct lesion volume = DWI lesion)

» CT (hemorrhage for exclusion)

> IV Desmoteplase within 3 to 9 hrs improves outcome



Infarct core volume segmentation

DIAS-2 (Desmoteplase In Acute ischemic Stroke phase Ill, Lancet Neurol 2009)

»MR (infarct lesion volume = DWI abnormality), CT

DEFUSE (Diffuseion and Perfusion Imaging Evaluation for Understanding Stroke
Evolution Study, Ann Neurol 2006)
»>MR (infarct lesion volume = DWI high S| + ADC confirm)

EPITHET (Echoplanar Imaging Thrombolytic Evaluation Trial, Lancet Neurol 2008)

»MR (infarct lesion volume = DWI volume, no comment about ADC)

DEFUSE 2 (Lancet Neurol 2012)- MRI can identify
»RAPID software
>MR (infarct lesion volume = less than ADC 600x100-¢ mm?/s)






Infarct core/ volume

. (B.C.) who was not blinded to treatment. Regions of interest were
> DWI high SI ©) who was not Biinded (o treatment. Iegions OTIMIEESt »
sual exte yf the acute N ( (O are-welehlec
> ADC |OW Sl reference to the apparent diffusion coefficient image
~F T2 chine- wueh. } R 1 1T e vl oo \

» FLAIR high SI

» ADC pseudonormalization

- Infarction volume is measured based on DWI high

S| with reference to ADC

Toshiyasu Ogata et al. Stroke
2013



Infarct core/Hemorrhage volume
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Revascularization, Reperfusion, Recanalization

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

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

ASTER DSA Post-procedure  mTICI (2b-3)
THERAPY
THRACE

SV ISEIYI=a DSA Post-procedure mTICI (2b-3) CTP or MRP 27 hours Reduction (>90%) in perfusion lesion

volume
REVAS DSA Post-procedure  mTICI (2b-3) CTAor MRA 24 hours Patent or Occluded
ESCAPE DSA Post-procedure  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 Post-procedure ~ mTICI (2b-3) CTAor MRA 24 hours mAOL (2-3)
MR RESCUE CTA or 7 days TICI (2a-3) CTP or MRP 7 days Reduction (=90%) in perfusion lesion
MRA volume with Tmax > 6s

SYNTHESIS

IMS 111 Post-procedure  TICI (2-3) CTA>MRA 24 hours Partial or Complete

recanalization
SWIFT DSA Post-procedure  TIMI (2-3)
TREVO 2 Post-procedure  TICI (2-3)




Recommendations on Angiographic Revascularization
Grading Standards for Acute Ischemic Stroke
A Consensus Statement

Osama O. Zaidat, MD; Albert J. Yoo, MD; Pooja Khatri, MD; Thomas A. Tomsick, MD;
Riidiger von Kummer, MD: Jeffrey L. Saver, MD; Michael P. Marks, MD:
Shyam Prabhakaran, MD; David F. Kallmes, MD; Brian-Fred M. Fitzsimmons, MD;

J. Mocco, MD; Joanna M. Wardlaw, MD; Stanley L. Barnwell, MD; Tudor G. Jovin, MD;
Italo Linfante, MD; Adnan H. Siddiqui, MD; Michael J. Alexander, MD; Joshua A. Hirsch, MD;
Max Wintermark, MD; Gregory Albers, MD; Henry H. Woo, MD; Donald V. Heck, MD;
Michael Lev, MD; Richard Aviv, MD; Werner Hacke, MD; Steven Warach, MD;

Joseph Broderick, MD; Colin P. Derdeyn, MD; Anthony Furlan, MD; Raul G. Nogueira, MD;
Dileep R. Yavagal, MD; Mayank Goyal, MD; Andrew M. Demchuk, MD;

Martin Bendszus, MD; David S. Liebeskind, MD; for the Cerebral Angiographic Revascularization
Grading (CARG) Collaborators, STIR Revascularization working group, and STIR Thrombolysis in
Cerebral Infarction (TICI) Task Force

See related article, p 2509 Interventional Management of Stroke (IMS) 11 trials have con-
firmed the importance of early revascularization for achieving
better clinical outcome.* Despite these data, the current het-
erogeneity 1n cerebral angiographic revascularization grading
(CARG) poses a major obstacle to further advances in stroke
therapy. To date, several CARG scales have been used to mea-
sure the success of IAT.** Even when the same scale is used in
different studies, it is applied using varying operational criteria,

ntra-arterial therapy (IAT) for acute 1schemic stroke (AILS)

has dramatically evolved during the past decade to include
aspiration and stent-retriever devices. Recent randomized con-
trolled trials have demonsirated the superior revascularization
efficacy of stent-retrievers compared with the first-generation
Merci device."? Additionally, the Diffusion and Perfusion
Imaging Evaluation for Understanding Stroke Evolution

(DEFUSE) 2. the Mechanical Retrieval and Recanalization which further confounds the interpretation of this key metric.'
of Stroke Clots Using Embolectomy (MR RESCUE), and the The lack of a uniform grading approach limits comparison of

revascularization rates across clinical trials and hinders the

Received May 1, 2013: accepted June 21, 2013.
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Neurology.
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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.

Zaidat OO et al. Neurology 2012 and Stroke 2013



Table 2: Varying definitions of TICI grades in the literature
Category Definition

Grade 0 No flow
Mo canalization

Table 2. Modified Treatment in Cerebral Ischemia Scale

Complete occlusion mTICI Grades Definitions
No recanalization/reperfusion
Grade1 Minimal recanalization (<<20%) Grade 0 No perfusion
Minimal flow (very slow) without significant flow distal to the occlusion site
Limited or no reperfusion Grade 1 Antegrade reperfusion past the initial occlusion, but limited

Distal movement of thrombus without reperfusion
Perfusion past initial occlusion, but limited distal branch

distal branch filling with little or slow distal reperfusion

Crade s Ei'“ﬂsl l l ] . L of the occluded Grade 2a Antegrade reperfusion of{less than half gf the occluded target
rade artial recanalization—recanalization of some but not all of the occlude . = : P
arteries artery previously ischemic terntory (eg, in 1 major division of

the MCA and its territory)

Grade 2b Antegrade reperfusion MMm the previously
occluded target artery ischemic territory (eg, in 2 major
divisions of the MCA and their territories)

Incomplete recanalization/reperfusion
Near-normal flow, with flow distal to the occlusion but not filling the distal
branches normally
Grade 2a  Perfusion of <<50% of the MCA distribution
Partial filling of the entire vascular territory
Partial perfusion with incomplete distal filling of <<50% of expected territory
Partial filling of the entire vascular territory
Grade 2b  Partial perfusion with incomplete distal branch filling of =50-99% of the
expected territory
Complete filling, but the filling is slower than normal
Perfusion of half or greater of the vascular distribution of the occluded artery
Grade 2c¢  Near-complete perfusion without clearly visible thrombus but with delay in
contrast run-off
Grade 3 Full perfusion with filling of all distal branches, including M3, M4
Normal flow
Partial recanalization with >>50% reperfusion
Full perfusion with normal filling of distal branches in a normal hemodynamic
fashion
Grade 4 Complete recanalization/reperfusion

Grade 3 Complete antegrade reperfusion of the previously occluded
target artery ischemic territory, with absence of visualized
occlusion in all distal branches

MCA indicates middle cerebral artery; and mTICl, Modified Treatment in
Cerebral Ischemia Scale.

J.E.Fugate et al. AJNR 2013 Osama O. Zaidat et al. Stroke 2013



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 ti less than 2/3 l:\f 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




TICI 2a



TICI O

TICT 2b
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1.CTHE: 0|=2 2= WHEY 2l AAPM CT Performance phantom =2 ACR

Phantoml@& E&=35t Jis

2. DWI MR HHE: QIBA HEQ| 229 AECIE (H&E: Yol =W, ol &t
C HI)I HHS, GREZDF ZEDOF 20, g™ I US $ 4,000)
3. GRE MR & NIST/ISMRM system ZHE (NISTO| 2|8t HE & Z2¢!

HI# D3 US $ 20,000)



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

NIST/ISMRM system phantom Fat suppression with T1 relaxation phantom
No Fat suppression Spectral Fat suppression

— Heavy
/f’ Mineral oil
) 8

— oil
.l Signal from

silicone shell
sppressed

Proton density
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the docket number listed in the notice of availability that publishes in the Federal Register.

For questions regarding this draft document contact (CDER) Dr. Rafel Rieves at 301-796-2050
or (CBER) Office of Communication, Outreach, and Development at 301-827-1800 or 800-835-
4709.

U.S. Department of Health and Human Services
Food and Drug Administration
Center for Drug Evaluation and Research (CDER)
Center for Biologics Evaluation and Research (CBER)

August 2011
Clinical/Medical

1:\9676dft doc
gepg

Clinical Trial Imaging
Endpoint Process
Standards

Guidance for Industry

U.S. Department of Health and Human Services
Food and Drug Administration
Center for Drug Evaluation and Research (CDER)
Center for Biologics Evaluation and Research (CBER)

April 2018
Clinical/Medical




Guideline

TABLE OF CONTENTS

INTRODUCTION...

BACKGROUND

INITIAL CONSIDERATIONS

Why Use Imaging in a Confirmatory Trial? .....

Are Imaging Standards Important?...

Is Centralized Image Interpretation Important’

Should Image Interpretation Be Blinded to Clinical Data?

How Often Should Imaging Evaluations Be Performed?..

How Quickly Should Images Be Interpreted?

‘What Procedures Should Be Standardized if Imaging Is an Important Aspect of a Clinical
Trial Endpoint?...

BEFORE IMAGING: DEVELOPING A CHARTER

An Executive Summary of the Trial Design and the Role of Imaging in the Trial...

Image Acquisition Standards.....

. Equipment Standardization and Operation
Vendor-specific equipment/platforms (e.g., injectors, scanners, software)..

Equipment technical settings to be used at each site
The role of site imaging technicians in equipment operat
or unacceptable images and the need to repeat imaging..
Phantoms to be used for site qualification and image quality monitorin
Patient preparatio sitioning, and comfort measures
The date and time for imaging and alternativ
Handling of off-protocol images .
Imaging ri:
Site qualification process.
Acquisition quality control monitoring process ..
. Data storage, transfer, and site displ
. Imaging Drug Standardization .

a. Preparative drugs ..

b. Contrast agent:

c. Radionuclide agents.

Clinical Trial Standards for Image Interpretation

. Image Transfer, Receipt Documentation, and Initial Quality Assessment ....
. Image Display and Interpretation
Selection of images for interpretation, display sequence, and randomization..
Number of readers and their background qualifications..
Reader training and qualification....
Timing of image reads and the read process
Imaging case report forms .
Imaging data lock proc
Quality control of the image display and interpretation proce:




Guideline

TABLE OF CONTENTS

LOGISTICAL AND TECHNICAL CONSIDERATIONS.......cceevunsesrirsrmenssrsessssansanasns

Choice of Imaging Modality ... s
Is Centralized Image Interpretation Important for an Imaging-Based Primary Endpoint? .
Should Image Interpretation Be Blinded to Clinical Data? ........coiississcssiscnsscninnans 4
How Often Should Imaging Evaluations Be Performed?........voincvcninncsinsnnsenississassnssensees
How Soon After Acquisition Should Images Be Interpreted? .........onenrnnvssssssnssssnnnnnes

What Procedures Should Be Standardized for an Imaging-Based Clinical Trial Primary
EDAPOINL? ..o certesenssses s sssesssessasssessmsessassssssessssassssssnssassss ssssassnssssssnsassassssssnssnsassanssnssssasses

THE EXTENT OF IMAGING PROCESS STANDARDS .......eeccecisaneens T

A. Are Existing Medical Practice Imaging Process Standards Sufficient for the Trial’s Primary
ENAPOoint? .ouciisciisisiensiinsismsiesmismmmmmsssmmsms s s sssssssssassassssssassassssssssssssssasssssassessess |

B. What Should Be Considered When Augmenting Existing Medical Practice Imaging Process
Standards to Create Trial-Specific Imaging Process Standards? .........ovcceniiccnisisciiicnnnnn 7

APPENDIX A: BEFORE IMAGING: CHARTER CONSIDERATIONS ....ccoccvsuvssnssnnsanes 10

APPENDIX B: DURING IMAGING: MONITORING PLANS AND CHARTER

APPENDIX C: AFTER IMAGING: DATA TRANSFER, ARCHIVING, AND
ANALYSIS OF IMAGING INFORMATION ....ocsicicsccsisisscnsssesisssssnsssessssessnssscssssonssses 28




1

2. OSIEDEXHR 2 TSNS

3 TR B aY

LI =
+8W ¥

LA

4Ny ue Uy ) SERYuS

5, 27 1M ) 68 274

732 WWt
6.2 W N 27 2% o AV TIRAG

- e O Waot 3y

VI PN =5

8 X ay
\—J

9. BAVIE RS Ee
0. U J
11, OSERX} oRN HH )

2. 2R ¥t )

1342 W NY J

1448
»—J

g2-1) X e 21




R0
Kl
ol

i)
Il
ok
30
R0
)
0H

rJ
A

%0
g
O
Rl
0
)

N

2o &=

> Delphi

oy
ol
ol
<0
30
-
R0
Uk
R0
</
0]

A

0]
ol
ol
i
IK

K0
R0

vl
0.

A

> mfds.stroke.imaging@gmail.com



7=t

HHQ35t= Ak CT, MR (DWI, PWI-CTP)

> Infarct core

> Hemorrhagic transformation/Hematoma & Btdst= Q4

CT, MR (GRE)
> Steno-occlusion= BFEst= QG4 CTA, MRA, DSA

YV VYV VY
ﬂ
>
o
10
%
Q
)
Q.
Q
S
N
)
-
)

Independent centralized reading and analysis



Standardization

» The process of implementing and developing technical

standards based on the consensus of different parties
1. Technical Standards: Imaging Protocols
2. Different Parties: Vendors, Scanners, Softwares

3. Consensus: Figuring out common protocols for all

vendors, scanners, softwares = Standardization

Courtesy of 71314 Ph.D.



Standardization

» National-wide Standardization: QIBA

» Trial-specific standardization: Study-specific with

reference to QIBA

Courtesy of 71314 Ph.D.
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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 2018



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 2018
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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 2018
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Procedures for_imaging display and interpretation, including technical variations in_ reader
display stations

Nature of the primaryv endpoint image measurement, including the importance of training

image readers 1n trial-specific quantification methods

Extent that image archiving could be important to the trial’s conduct, monitoring, and
data auditing

Potential for imaging modality upgrades or modality failures, as well as the potential
variation in imaging drugs (such as contrast agents) across trial sites

Precedent for use of the imaging-based primary endpoint measure in investigational dru
development, especially previously observed imaging methodological problems

Clinical Trial Imaging Endpoint Process Standards Guidance for Industry. FDA 2018



Standardization in Acute Ischemic Stroke

» QIBA (Quantitative Imaging Biomarkers Alliance)
» Oncology imaging

» Urgent circumstance in acute ischemic stroke

» Balancing between standardization and critical pathway



Standardization in Acute Ischemic Stroke

» Stroke Imaging Research (STIR) group in Stroke Treatment
Academy Industry Roundtable (STAIR)2| Acute Stroke
Imaging Research Roadmap Il & [11 (2013, 2016)
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Standardization in Acute Ischemic Stroke

Table 1. General Requirements for Imaging in Stroke Clinical Trials

Speed: In therapeutic trials, the benefits of additional imaging should be balanced against potential treatment delay; workflow should be optimized on the basis of
best practice

Standardization: Acquisition parameters and perfusion post processing should be standardized (by common software processing at centers or centralized processing)
and should conform to minimum, protocol-defined, common standards

Quality control: A well-defined image quality control process should be implemented to ensure that the predefined study imaging protocol is respected and to
minimize the number of protocol violations

Reproducibility: If imaging is used to define patient selection then either a system for standardized central image processing and automated analysis, or appropriate
training for neuroimaging raters at participating centers, should be undertaken. Imaging methods should have demonstrated acceptable interobserver and across-
center reliability

Centralization: Central analysis of imaging outcomes should be conducted as the reference standard in multicenter trials. A system for standardized central image
processing and interpretation, blinded to clinical information and local investigator decision, should be implemented

STIR and VISTA Imaging Investigators. Stroke 2013



Standardization 1n Acute Ischemic Stroke

Acute Stroke Imaging Research Roadmap III Imaging
Selection and Outcomes in Acute Stroke Reperfusion
Clinical Trials
Consensus Recommendations and Further Research Priorities

Conclusions—Recent positive acute stroke endovascular clinical trials have demonstrated the added value of neurovascular
imaging. The optimal imaging profile for endm asc uldI tri:dlmt*nl 1m,1udc"-. ld_r“t‘ \’f‘-.'-..t‘l occlusion, smaller core, ;:uod
collaterals, and large Pt‘IlU]TIbl’d Hnwe\ er, g

needed, and a_stand: i ; ed, potentially leveraging the pooled data resulting from the recent positive
endovascular trials. (Stroke. Ulﬁ‘-l? 1389-1398. DOI: 10.1161/STROKEAHA.115.012364.)

Max Wintermark, MD, MAS:; for the Stroke Imaging Research
(STIR) and VISTA-Imaging Investigators™*

Background and Purpose—The Stroke Imaging Research (STIR) group, the Imaging Working Group of StrokeNet, the
American Society of Neuroradiology, and the Foundation of the American Society of Neuroradiology sponsored an
imagi on and workshop during the Stroke Treatment Academy Industry Roundtable (STAIR) n October 5

Washington, DC. The purpose of this roadmap was to focus on the role of imaging in future research and

Methods—This Iorum brought together stroke neurologists, neuroradiologists, neuroimaging research scientists, members
of the National Institute of Neurological Disorders and Stroke (NINDS), stry represe 3, & mbers of the US
Food and Drug Administration to discuss STIR priorities in the light of an unprecedented series of positive acute stroke
endovascular therapy clinical trals.

Results—The imaging session summarized and compared the imaging components of the recent poslu\c' t‘]'ld(.)\dNt.llldI
trlals dIlLI pmpmed nppurlumlles for ponled Jndl\ ses. Thc imaging \\urkshup dev elopc‘d consens C ndatic lnr

S,
and also a stz

STIR and VISTA Imaging Investigators. Stroke 2016



Summary

» IIRC: Consultant, Study design, Image analysis, Central

reading
» Reading outcomes: Infarct, HT, Revascularization
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