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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): 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.

. The European Atrial Fibrillation Trial Study Group (NEJM 1995): Nonrheumatic atrial fibrillation2FA}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 ©] &%},

. 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.

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



Clinical trial imaging in Acute ischemic stroke

. ECASSII (Lancet 1998): 54 W= gA}ol A 1V alteplased] 6A 71744 o] A Aol A3 84 HIE 93
=4 noncontrast CTE & 28 $kxbar A4 7 alteplased] 8.3 FHES =
o] 83}, Primary-Secondary outcome-< /%] ¥ 31 2™ noncontrast CT+= Safety parameters24] A}-8-%. Noncontrast
CT7I 8x AR AW 2 doln H B4, HE=dY HE B ot H B FuE JAFH o= B30 5.

. Phenylpropanolamine and the Risk of Hemorrhagic stroke (NEJM 2000): Phenylpropanolamine (2]&- &3 #] 2 7}+7]
%] 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} &

. Pravastatin therapy and the Risk of Stroke (NEJM 2000): Prevastatin®] stroke risk 74of tjgt fa4 F71& ¢
3k A2 A CT, MR, AngiographyZ- Ischemic stroke, Hemorrhagic stroke2] X g3} £.57of o] 831512

. The Desmoteplase in Acute Ischemic Stroke Trial (DIAS, Stroke 2005): &7 &% 2-#}lo| A Desmoteplase?] 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
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9. Recombinant Activated Factor VII for Acute Intracerebral hemorrhage (NEJM 2005): 573 =& 2R} 4] 9]
Recombinant Activated Factor VII9] &4 H7}= 93 A=A Noncontrast CTA H &8 £-3) 9] ¥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< ©]-83}¢] Primary outcome S 413195
10. The Dose Escalation of Desmoteplase in Acute Stroke (DEDAS, Stroke 2006): 34 &5 ghx}o A

Desmoteplase ] 9A]ZF A% AL T3k f-ax H7IE 93 I 24 MRIZ Primary efficacy endpoint® AF-8-5} 1

31 Safety endpoint24] noncontrast CTE ©] 83} 5. DWIE o] &3t A H - A H A HEy 4 MRAE o] &3t

v,

HY ANE B, BF MRS o] &3 AFH &7 £4, Noncontrast CTE ©] 8% HEE FPES A7 F8 4

Al

=
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=- ©]-&3to] A/ 4-BF3 £4& APkl 5.

12. The Echoplanar Imaging Thrombolytic Evaluation Trial (EPITHET, Lancet 2008): Alteplase?] 6A]7F A% A}

TR B A AT EA AEAEE sk Gl v A £ Primary endpoint 24 AR5 2

o

_04

o
-
Primary endpoint2A] DWI (baseline) 2} T2-weighted imaging (=FLAIR, 90 days after)A}o] 2] 3 7 A H.3] W3} = A}
Sl A Y4 A AZEOE o] &3t HAA F3 HEE 543535, PWI, MRAE o] &3t &7 W
stel A7 E AR5 BAH S,
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13. The Factor Seven for Acute Hemorrhagic Stroke (FAST, NEJM 2008): 5/ &3 2z} 4] 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=

14. DIAS II (Lancet Neurol 2009): 74 &% Aol A Desmoteplase2] 9A|ZF A% Ao tsk fa4d A=
A2 A 3R A A I Secondary outcomes Y 5te] CTY MRS A3 2. k2 A A S ¢J3) DWIH PWIS o] £3
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

15. A Randomized Trial of Tenecteplase versus Alteplase for Acute Ischemic Stroke (NEJM 2012): 574 &% 22}
o] A TV Tenecteplase®| #a4d H7I& A A=A 82 A& 913} CT angiography = ©]-&-sto] dahe] 74 7
Lot o -5 B7FeFA AL CT perfusions ©]-&sto] =744 W 9o} A7 8|S B 71383 & Primary outcome &
2 BAF GAAES 5 7 JH H3E 57459 3L Secondary outcome .2 A ¥ A A By W3lel A& AU F A
S 3191 .21 Secondary imaging safety outcome 2. 24 HEE F W3 E A4 HALE B3t E43519S. MR AAL=E
1= GRE, FLAIR, DWI, PWI, MRA7} AF-8-%] ¢l <. Imaging core lab¥} Independent image review system= &t

A -AFH BAS Aldgstg o AZFH 4 S Y34 Commercial softwareE AF83}% 2.
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Journal of Stroke 2015;17(3):
http://dx.doi.org/10.5853/j0s.2015.17.3.221
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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 dete e if disabling deficits."” I 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 2015.”"

Copyright © 2015 Korean Stroke Society

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-C cial License

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)

'*1% Trials also mandated

or intra-arterial thrombolytic delivery.
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-

c/3.0/) which

permits unrestricted non-commenrcial use, distribution, and reproduction in any medium, provided the original work is properly cited.




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
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=
@
@
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
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SWIFT PRIME
REVASCAT

ESCAPE

EXTEND-IA
MR CLEAN

Primary
1) Intracranial hemorrhage, 2) Significant mass effect and midline shift, 3) ImRS
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 Revascularization

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

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

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)

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

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

Intracranial hemorrhage on CT or MR

Reperfusion,
NIHSSs (3 days)

9mRS

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)




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



lIRC, Imaging core lab, Standardization

Trial nickname | Independent Reviewers Standardization
image review
and core
laboratory

DAWN Used Same imaging modality is encouraged to be used during follow-up. 131: 75
(63.6: 36.4 %)

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

ASTER Used 2+1

THERAPY Used 1 Neuroradiologist Nonenhanced thin-section (< 2.5 mm) CT

THRACE Used 4 Neuroradiologists for CT and MR,

3 Interventional neuroradiologists for

DSA

SWIFT Used 2+1 Sponsor will collaborate with participating centers to evaluate and 189:15
PRIME optimize the quality of imaging and image transfer. (92.6: 7.4 %)
REVASCAT Used

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

S QI=I\[DH VN Used Neuroradiologist/Stroke neurologist The imaging protocols will follow current international consensus

guidelines. Standard CT and MR protocols were presented.

MR CLEAN  JEEEN Two neuroradiologists 24:94
(20 : 80 %)
MR RESCUE QK] MR RESCUE protocols were presented.

SYNTHESIS Used

IMS 111 Used 3 CT experts (including one

neuroradiologist was mandatory)

SWIFT Used 2 neurointerventionalists It is preferred that whether CT or MR is taken at baseline, the same

imaging modality should be obtained at follow-up.

TREVO 2 Used




Imaging CRO

RN oG ingfsippeRiodmulticentedelinicalkiials

Quantitative & B Guidance for Industry

“Imaging protocol / charter oA R
- Global standards Alliance @ aging Endpoint

- Site training

e 9 prop—

Slte monltorlng A A;IaﬁVIedI;caICce:ter

- Imaging acquisition

- QA/QC

- Data management

- Post-process_lng
High Quality - Image analysis

Imaging - Central reading
Service

Central Imaging Core Lab in clinical trials



Independent image review committee (IIRC)

1. Reader 1 — Independent reader
2. Reader 2 — Independent reader

3. Moderator — Independent reader or Adjudicator

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

3. Data & Safety monitoring board (DSMB)



EXxperience

Edoxaban

1. ol E A (edoxaban) < factor XaS MBI A 0 2 Aafsl= 52 A, AHAES 714 &
Al A = Z A S e 2 01 9}4%4 H2gt Al a55 7HAHAE, =8
o] L FosA Fe MEE A8 -S4 (Novel oral anticoagulants, NOAC) 9]
T}, of] S AMHEE factor Xa A 3 7] T2 7HAE U2 NOACEF UM E =8 3o
AL Ao e AT

2 M| BE=A A B o3 FA P HEE Al A 27 o BAE Folo| F} W
A HIHE 9 sk T ElY, Heldlx, 7] dn] A/3A1 S (Early adminstration of
edoxaban after acute ischemic stroke in patients with non-valvular atrial fibrillation: a
randomized, multi-center, parallel-group trial (PILOT)

3.714: vl w g A AE S 71 34 WA BR A ol EApite] 7] £o7} 4 H
A Folo vle) ¥ A oje AL EL F A

4. Phase Il



EXxperience

Edoxaban

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



Consultant

1. Infarct core
1) Definition or Criteria

2) Main outcomes

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

5) Semi- or Fully automated analysis software



Consultant

2. Hemorrhagic transformation
1) Definition and classification
2) Safety outcome
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) Semi- or Fully automated analysis software



Consultant

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



EXxperience

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.



EXxperience

Consultant

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



EXxperience

Consultant

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



EXxperience

Consultant

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



EXxperience

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




eCRF

2 = AiCROY o = : v g i ATCRO
Subjects bt | | Edowben 10 — <5 1 Edossben 10 - Baseline(D0-1) wou I
P RIET
et 1408 Coma 1.DWI for Acute infarction
w;l S;D:;.'H?_'EM t b
S 5 Is there an
| VisitForm ubject Number R1-008
e 1 infarction on Yes Mo
- select visit - Subject Initial Sps*
baseline MRI?
'Stenosis Description If Y&s, pl'a“ fill the below items.
ICA ACA MCA superior MCA inferior MCA subcoricalPerforators)
Right PCA VA/BA/AICAIPICA
i Vascular territory | '
—— Analysis Complete _ selec 2-1
oanereres T initial imfanction
l‘ oo AL ICA ACA MCA superior MCA inferior MCA subcorticaliPerforators)
=
| — Left PCA VABAAICAIPICA,
et
- fond
e Frontal Panetal Temporal Occipital Insula
g
R Bl Subcortical{Corona radiate Antemnal capsule /Basal ganglia) Thalamus Midbrain
| g
Anatomic Pons Medulla Cerebellum
2-2 | Location
{only reader) Frontal Parietal Temporal Occipital Insula
' s Subcortical{Corona radiate nternal capsule /Basal ganglia) Thalamus Midbrain
Pons hedulla Cerebellum
I.GRE for hemorrhagic transformation.
1 Is there a hemorrhagic transformation? Yes MNo
2 | Ityes, Hemorrmagic transformation grage Hi type | HI type 1l PHtype | PH type ||
AICROY MEGICRMS Gopyright ) AIM = MEDICALLOGIC. 4 AICROY MEGIC RMS © AIM * MEDICALLOGIC. Al Fights Reserved. Email - SUppon@iniro.arg release” 2019-02-21 AICROY MEGIC RMS  Copyright © Al x MEDICALLOGIC. A1 foghis Reserved. Emal - supporiggeicro org release - 2019.02-21




Independent image review committee (I1IRC)

1. Reader 1 — Independent reader

2. Reader 2 — Independent reader



Independent image review committee (I1IRC)

3. Moderator — Adjudicator



Independent image review committee (I1IRC)

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 0f| A Imaging2 i & &gt
ECOG ACR]N - Surrogate endpoint

cancer research group

- Pharmacodynamic biomarker

Reshaping the future of patient care

Mo

Trial Imaging2 Egtst
- Whole body
- Whole imaging process
- Business & development
- Regulation
- Science
- IT platform
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Imaging Biomarker (Pubmed)
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# Fund project (imaging biomarker)
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Total =
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Imaging biomarker AND Clinical trial
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e o

5500, 000,000
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Total = $3,452,186,291
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1.CTHE: 0|=2 = WY 2l AAPM CT Performance phantom =2 ACR
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NIST/ISMRM system phantom

Fiducial

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
Mineral oil
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> 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).
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» K—Stroke—Block (KSB) ¥¥ # QIBA % NIST/ISMRM system ¥H ¢ x4 3
1. Spatial resolution &4 7}

2. Cost—effective ¥ H

3.GRE A 54 75 9

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




T1 section

Diffusion (ADC) section

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) 22! =&
A A& (0|2 HIES gt )

80| E0lotd &= LR Jis



=

[
ol
Hif
0
als
H1
o

ATEQI0S BOH (B2l
ul, 224)

—




Fle Edt Image Process Anale Pluging Window File Edit Image Process Analyze Plugins Window

Oolaf@l <[+ a]a]@|C] o«fs/4]o laloja[g<]4[+/~[a[x ol o«fs[4]a]#] | [»

Freehand selections

T K

Alwiyt O Top
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Guidance for Industry
Standards for Clinical Trial
Imaging Endpoints

DRAFT GUIDANCE

This guidance document is being distributed for comment purposes only.

Comments and suggestions regarding this draft document should be submitted within 60 days of
publication in the Federal Register of the notice announcing the availability of the draft
guidance. Submit electronic comments to http://www.regulations.gov. Submit written
comments to the Division of Dockets Management (HFA-305), Food and Drug Administration,
5630 Fishers Lane, rm. 1061, Rockville, MD 20852. All comments should be identified with
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
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» Infarct coreE BFFst= G&: CT, MR (DWI, PWI-CTP)

> Hemorrhagic transformation/Hematoma & Btdst= Q4
CT, MR (GRE)

> Steno-occlusion2 BFEst= Q4 CTA, MRA, DSA
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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 2018
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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
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» 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.
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» National-wide Standardization: QIBA

» Trial-specific standardization: Study-specific with

reference to QIBA

Courtesy of 71314 Ph.D.



Standardization

» QIBA (Quantitative Imaging Biomarkers Alliance)

1) In 2007, RSNA organized the Quantitative Imaging Biomarkers
Alliance® (QIBA) to unite researchers, healthcare professionals and
industry to advance quantitative imaging and the use of imaging
biomarkers in clinical trials and clinical practice.

2) QIBA seeks to improve the value and practicality of quantitative
imaging biomarkers by reducing variability across devices, sites,
patients and time

» Oncology imaging
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Health, Department of Health and Human Servic B Dynamic Contrast Enhanced (DCE) MRI »
ynar ontrast Enhanced (DCE) MR
Archived data includes images from QIBA-create =D - C (DSC) MR
mar sce ty Contrast (DSC) M
(phantoms), digital/synthetic reference objects ([ ynamic sus y Contrast (DSC) MRI ¥
associated metadata. This data is available to ass B Functional MRI(EMRD »
scanners, display stations, and imaging protocols : :

performance evaluation of image analysis softwa B VIR Elastography (MRE) »

The QIDW allows for bulk loading of files, storag W Musculoskeletal (MSK) MRI »
related non-image data, such as covariates, clinic
descriptions. It also provides for data mining of & B Proton Density Fat Fraction (PDFF) MRI »
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REVIEW ARTICLE

Quantitative Imaging Biomarkers Alliance
(QIBA) Recommendations for Improved
Precision of DWI and DCE-MRI Derived

Biomarkers in Multicenter Oncology Trials

Amita Shukla-Dave, PhD,"?* Nancy A. Obuchowski, PhD,? Thomas L. Chenevert, PhD,*
Sachin Jambawalikar, PhD,’ Lawrence H. Schwartz, MD,> Dariya Malyarenko, PhD,*
Wei Huang, PhD,® Susan M. Noworolski, PhD,” Robert J. Young, MD,? Mark S. Shiroishi, MD,®
Harrison Kim, PhD, MBA,? Catherine Coolens, PhD, ' Hendrik Laue, PhD,""
Caroline Chung, MD,'? Mark Rosen, MD, PhD,'* Michael Boss, PhD,'* and

Physiological properties of tumors can be measured both in vivo and noninvasively by diffusion-weighted imaging and
dynamic contrast-enhanced magnetic resonance imaging. Although these techniques have been used for more than two
decades to study tumor diffusion, perfusion, and/or permeability, the methods and studies on how to reduce measure-
ment error and bias in the derived imaging metrics is still lacking in the literature. This is of paramount importance because
the objective is to translate these quantitative imaging biomarkers (QIBs) into clinical trials, and ultimately in clinical prac-
tice. Standardization of the image acquisition using appropriate phantoms is the first step from a technical performance
standpoint. The next step is to assess whether the imaging metrics have clinical value and meet the requirements for being
a QIB as defined by the Radiological Society of North America’s Quantitative Imaging Biomarkers Alliance (QIBA). The
goal and mission of QIBA and the National Cancer Institute Quantitative Imaging Network (QIN) initiatives are to provide
technical performance standards (QIBA profiles) and QIN tools for producing reliable QIBs for use in the clinical imaging
community. Some of QIBA's development of quantitative diffusion-weighted imaging and dynamic contrast-enhanced QIB
profiles has been hampered by the lack of literature for repeatability and reproducibility of the derived QIBs. The available
research on this topic is scant and is not in sync with improvements or upgrades in MRI technology over the years. This
review focuses on the need for QIBs in oncology applications and emphasizes the importance of the assessment of their
reproducibility and repeatability.

Level of Evidence: 5

Technical Efficacy Stage: 1

J. MAGN. RESON. IMAGING 2018.
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Neuro—Oncology

Neuro-Oncology 17(9), 1188-1198, 2015
doi:10.1093/neuonc/nov095
Advance A ate & As

Consensus recommendations for a standardized Brain Tumor Imaging
Protocol in clinical trials

Benjamin M. Ellingson, Martin Bendszus, Jerrold Boxerman, Daniel Barboriak, Bradley J. Erickson, Marion Smits,
Sarah J. Nelson, Elizabeth Gerstner, Brian Alexander, Gregory Goldmacher, Wolfgang Wick, Michael Vogelbaum,
Michael Weller, Evanthia Galanis, Jayashree Kalpathy-Cramer, Lalitha Shankar, Paula Jacobs, Whitney B. Pope,
Dewen Yang, Caroline Chung, Michael V. Knopp, Soonme Cha, Martin J. van den Bent, Susan Chang, W.K. Al Yung,
Timothy F. Cloughesy, Patrick Y. Wen, Mark R. Gilbert, and the Jumpstarting Brain Tumor Drug Development
Coalition Imaging Standardization Steering Committee

UCLA Neuro-Oncology Program and UCI & rarant joint meeting was held on January 30, 2014, with the US Food and Drug Administration (FDA), National Cancer Institute
California - Los Angeles, Los Angeles, Cc

Univ  Californi angeles, 1 (MCI), clinical scientists, |rr1c:g|nq experts, pharmaceutical and biotech companies, clinical trials cooperative groups, and patient ad-

Hospital, Heide g, Ge M.B); D i c c j c | c =
Providence, Rhode fdand (18); Depents vocate groups to discuss imaging endpoints for clinical trials in glioblastoma. This workshop developed a set of priorities and action

Department of Radiology, Mayo Clinic,  items including the creation of a standardized MRI protocol for multicenter studies. The current document outlines consensus rec-
Netherlands (M.5 ment of Rodi- smmendations for a standardized Brain Tumor Imaging Protocol (BTIP), along with the scientific and practical justifications for these

California (5.0 ); Department of N
£G); Neuro-Oncology, Dana Fecommendations, resulting from a series of discussions between various experts involved in aspects of neuro-oncology neurogim-

A, PYW); Medical an ing for clinical trials. The minimum recommended sequences include: ameter-matched precontrast and po

Y. Ncrtmna! Center of Tt
repared, isotropic 30 T1-weighted grodient-recalled echo: (i) axial 2D T2
f Bir ﬂer controst |nE~rt|u und beﬁ::lrn postcontrast 3D Tl-waghted mmqes tu cantral timing of i I1'I"IGCIE-_-|- after cmtrﬂ st ﬂdnnrn:tmtmn-
of Canc e

[)emrtm.:nt of R‘crd]crt ncology, Uni A" . i irectio i
Center for Innovation in Biomedical Ime W HhtE‘d |r|||;]tl'l_; Rec H'I"ITI"IE'F'IdEd ranges of
ﬁhio 1LV.K); Departrnent of INELIFO-ONUCHT Gy, 1usmt ies s i LS &1 ESLILULS, ALLST UL gy 1YL ST LD et e Uy

nt of Neuro-Oncolo

y) . epartment of Neur

[)crwd r effen ‘h.hoo! o e, ity of orni / es, : ifornia (T. Neuro-Oncology Branch,
National Cancer Institute (NCI), Bethesda, Mary tMR'GJ AduIt Brain / y .
Consortium for Early Phase Clinical Trials (BM.E., 5JN.); American College of Radiology Jmagrn; Net
European Organisation for Research and Treatment of Cancer (EORTC) (M.B., M.5., W.V
Oncology (B.J. SNA Quantitative Imaging Biomarker Alliance (QIBA, LE., D. / n
Neuroradiology (ASNR) (B.M.E., 1B., D. E., W.B.P.); American Society of Functional Neumradm!oqy MSFu \R) (J.B.)
Therapy Oncology Group {'RTL‘)GJ V., MRG)

Corresponding Author: Benjomin M. Ellingson, PhD, Radiclogical Sciences, David Geffen School of Medicine at UCLA, 924 Westwood Blvd, Suite 650,
Los Angeles CA 90095 (bellingson@mednet.ucla.edu).

See the editorial by Sul and Krainak, on pages 1179-1180.



Standardization

Neuro—Oncology

Neuro-Oncology 17(9), 1188-1198, 2015
doi:10.1093/neuonc/nov095
Advance Access date 6 August 2015

Consensus recommendations for a standardized Brain Tumor Imaging

Table 1. Minimum standard 1.5 T & 3 T MRI protocol

30 T1w Pre® Ax 2D FLAIR! Ax 20 DWI Ax 2D T2w™ 30 T1w Post®

Sequence IR-GRE= TSE® 55-EPI9 TSE®

Plane Sogittal/oxial Axial Axial Axial

Mode iD 2D D D

TR [ms] 2100™ =6000 =5000 =2500

TE [ms] Mim 100-140 Min 80-120

TI [ms] 1100 2000-2500"

Flip angle 107-15% a0°/=160° 0180

Frequency =172 =256 =128

Phase =172 =256 =128

MEX =1 =1 =1 =

FOv 256 mm 240 mim 2640 rrn 260 rrm

Slice thickness =15 mm =4 mm' =4 mm' =4 mm'

Gap/spacing 0 ] ] 0

Diffusion options? b=0, 500, 1000 simm? =3 directions

Parallel imaging Up to 2x Up to 2x Up to 2x Up to 2x - Up to 2x

Scan tirne (appro) 5=10 min [5:49 for 1 mm 4=8min [3:22 for 2D 2=4& mmin [1:22 for 3 direction D'WT and 3 4=8 min [5:10 fordual  5-10 min [5:49 for 1 mm
[benchmarked on 3 T Skyra] isotropic] FLAIR] b-volues] echo] isotropic]

IR-GRE™
Sogittalfaxial
3D
2100™
Min
11007
107=-157
=172
=172

=1

256 mm
=1.5 mm
0

0% =160"
=256
=256

=1

Contrast Injection®
fq BFE0OEL/BR L LIB/LL OBNSqe- s peyABojoduo-dineu

140 M&N

Natonal Lancer INSUtULe (INLL), Betnesaa, Maryland (M.K.b.); AQUIT Brain 1Umor LONSOFTIUM (ABIL) (B.M.E., B, LWL VY
Consortium for Early Phase Clinical Trials (B.M.E., SJN.); American College of Radiology Imaging Network (ACRIN) (B.M.E., J.B., DB.);
European Organisation for Research and Treatment of Cancer (EORTC) (M.B., M.S., W.W., M_Lv.d.B.); Alliance for Clinical Trials in
Oncology (B.J.E., EG.); RSNA Quantitative Imaging Biomarker Alliance (QIBA) (BM.E, D.B.,, G.G., BLE., MV.K.); American Society of
Neuroradiology (ASNR) (B.M.E., 1.8., D.B., BJE., W.B.P); American Society of Functional Neuroradiology (ASFNR) (J.B.); Radiation
Therapy Oncology Group (RTOG) (M.V., M.R.G.)

Corresponding Author: Benjormin M. Ellingson, PhD, Radiological Sciences, David Geffen School of Medidine at UCLA, 924 Westwood Blvd, Suite 650,
Los Angeles CA 90095 (bellingson@mednet.ucla.edu).

See the editorial by Sul and Krainak, on pages 1179-1180.
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Neuro-Oncology 17(9), 1188-1198, 2015
doi:10.1093/neuonc/nov095
Advance Access date 6 August 2015

Rachiology

Consensus recommendations for a ¢

Table 1. Minimum stondard 1.5T & 3 T MRI proto

30 T1w Pre®

IR-GRE®"
Sogittal/oxial
D

2100™

Min

1100"
10°-15°
=172

=172

=1

Sequence

Plane

Mode

TR [ms]

TE [ms]

TI [ms]

Flip angle

Frequency

Phase

MEX

FOv 256 mm

Slice thickness =1.5 mim

Gap/spacing 0

Diffusion options?

Parallel imaging

Scan tirme (approx)
[benchmarked on 3 T Skyra]

Namonal Lancer 1NSUtuULe (INLL), Betnesaa, Maryland (M.K.l.); Aauil
Consortium for Early Phase Clinical Trials (B.M.E., SJN.J; American |
European Organisation for Research and Treatment of Cancer (EOI
Oncology (B.J.E., E.G.); RSNA Quantitative Imaging Biomarker Alliar
Neuroradiology (ASNR) (B.M.E., 1B., D.B., BJE., W.B.P); American S
Therapy Oncology Group (RTOG) (M.V., M.R.G.)

Up to 2x
5=-10 rin [5:49
isotropic]

Corresponding Author: Benjomin M. Ellingson, PhD, Radiological Sciences, |
Los Angeles CA 90095 (bellingson@mednet.ucla.edu).

See the editorial by Sul and Krainak, on pages 1179-1180.
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Brain Gliomas: Multicenter
Standardized Assessment of Dynamic
Contrast-enhanced and Dynamic
Susceptibility Contrast MR Images'

Purpose:

‘Radiology: Volume 287: Number 3—June 2018  radiology.rsna.org

To evaluate the feasibility of a standardized protocol for
aequisition and analysis of dynamic contrast material-en-
hanced (DCE) and dynamic susceptibility contrast (DSC)
magnetic resonance (MR) imaging in a multicenter clini-
cal setting and to verify its aceuraey in predicting glioma
grade according to the new World Health Organization
2016 classification.

The local research ethies committees of all centers ap-
proved the study, and informed consent was obtained
from patients. One hundred patients with glioma were
prospectively examined at 3.0 T in seven centers that
performed the same preoperative MR imaging protocol,
including DCE and DSC sequences. Two independent
readers identified the perfusion hotspots on maps of vol-
ume transfer constant (K'==), plasma (v ) and extravascu-
lar-extracellular space (v) volumes, initial area under the
conecentration curve, and relative cerebral blood volume
(rCBV). Differences in parameters between grades and
molecular subtypes were assessed by using Kruskal-Wal-
lis and Mann-Whitney U tests. Diagnostic aceuracy was
evaluated by using receiver operating characteristic curve
analysis.

The whole protocol was tolerated in all patients. Perfusion
maps were successfully obtained in 94 patients. An excel-
lent interreader reproducibility of DSC- and DCE-derived
measures was found. Among DCE-derived parameters, v,
and v, had the highest accuracy (are under the receiver
operating characteristic curve [A] = 0.847 and 0.853)
for glioma grading. DSC-derived rCBV had the highest
accuracy (A_= 0.894), but the difference was not statis-
tically significant (P > .05). Among lower-grade gliomas,
a moderate increase in both v, and rCBV was evident in
isocitrate dehydrogenase wild-type tumors, although this
was not significant (P > .05).

A standardized multicenter acquisition and analysis pro-
tocol of DCE and DSC MR imaging is feasible and highly
reproducible. Both techniques showed a comparable, high
diagnostic accuracy for grading gliomas.

PRSNA, 2018
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Standardization in Acute Ischemic Stroke

» QIBA (Quantitative Imaging Biomarkers Alliance)
» Oncology imaging

» Urgent circumstance in acute ischemic stroke

» Balancing between standardization and critical pathway
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» 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
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» Amide proton transfer weighted imaging

» Arterial spin labeling

» Repeatability and Reproducibility
» Multicenter comparison

» Longitudinal comparison
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» Amide proton transfer weighted imaging: Repeatability

Intra-session analysis Inter-session analysis

Day 1 | Day2---4 Day 5
Normal | |
o 35:05days — I:

Gloma | Seamz | 87:02days | 0 |

Revision
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» Amide proton transfer weighted imaging: Repeatability

Healthy subjects Patients with glioma Patients with stroke
Number of subjects 19 15 12
Number of male subjects 10 5 9
Age (years) 53.8 + 134 53.6 + 109 68.5 + 8.7
Imaging interval (intersession, 35+ 05 37 £0.2 Less than 1 day
days)

Supratentorial locations

Infratentorial locations

Lesionsize (mL)

ROI size (mL)

Revision
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» Amide proton transfer weighted imaging: Repeatability

wCV

(%)

ICC

Overall

Intrasession
Intersessiont (1 vs. 3)
Intersession* (2 vs. 3)
Overall

Intrasession

Intersessiont (1 vs. 3)

Intersession* (2 vs. 3)

Supratentorial

274 (21.8, 35.6)
23.7 (17.3, 34.5)
304 (22.0, 45.0)
27.8 (20.2, 40.9)
0.85 (0.68, 0.94)
0.83 (0.55, 0.93)
0.78 (0.43, 0.91)

0.77 (0.40, 0.91)

Glioma

16.1 (12.6, 21.3)
12.0 (8.5, 18.1)
15.7 (11.1, 23.8)
19.8 (14.0, 30.2)
0.96 (0.91, 0.99)
0.97 (0.90, 0.99)
0.95 (0.84, 0.98)

0.91 (0.74, 0.97)

Stroke

15.0 (11.4, 20.6)
11.8 (8.1, 18.8)
16.2 (11.0, 26.0)
16.7 (11.4, 26.8)
0.93 (0.82, 0.98)
0.95 (0.83, 0.99)
0.87 (0.54, 0.96)

0.86 (0.55, 0.96)

Revision
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» Amide proton transfer weighted imaging: Repeatability

wCV
(%)

ICC

Overall

Intrasession
Intersessiont (1 vs. 3)
Intersession* (2 vs. 3)
Overall

Intrasession

Intersessiont (1 vs. 3)

Intersession® (2 vs. 3)

Supratentorial

274 (21.8, 35.6)
23.7 (17.3, 34.5)
304 (22.0, 45.0)
27.8 (20.2, 40.9)
0.85 (0.68, 0.94)
0.83 (0.55, 0.93)
0.78 (0.43, 0.91)
0.77 (0.40, 0.91)

Infratentorial

32.7 (25.9, 42.9)
26.9 (19.6, 39.5)
33.7 (24.3, 50.4)
37.6 (27.0, 57.0)
0.44 (—0.18, 0.76)
0.46 (—0.43, 0.80)
0.40 (—0.40, 0.76)
0.15 (—1.14, 0.67)

Supra- +
Infratentorials
34.0 (28.7, 41.0)
28.3 (22.5, 36.8)
354 (27.9, 46.7)
38.3 (30.1, 50.8)
0.84 (0.72, 0.91)
0.84 (0.69, 0.92)
0.74 (0.49, 0.86)

0.70 (0.43, 0.84)

Revision
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» Amide proton transfer weighted imaging: Repeatability

» The reproducibility of the APTw signal was excellent in supratentorial
locations, irrespective of disease condition, while it was poor in
infratentorial locations due to severe BO inhomogeneity and
susceptibility, which affects MTR asymmetry. Therefore, APTw
signals measured in infratentorial locations may not be considered

reproducible values.

Revision



» Amide proton transfer weighted imaging: Reproducibility
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» Arterial Spin Labeling: Repeatability & Reproducibility
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» Arterial Spin Labeling: Repeatability & Reproducibility

Flow Tube
T1 value : 2054ms

diameter 11mm

Static Chamber
T1 value : 2442ms

Fig. 3. External view of the flow phantom.
The speed of the flow tubes was 2.5 cm/s, the T1 value in the static chamber was set to
2442 ms, and the T1 value in the flow tubes to 2054 ms.
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Summary

» Clinical Trial Imaging = Imaging study in Acute ischemic

stroke
» Main authors & Consultant
» Recommendation & Guidelines & Survey - KSNR & KSIN
» Standardization - Only Radiologist
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