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Two recently published JNIS commen-
taries' * on eligibility criteria for the
clinical trials on patients with large core,
acute ischemic stroke (AIS) with large
vessel occlusion have caused some
debate. Five trials were included.' Our
ongoing trial, ANGEL-ASPECT (NCT
04551664), which represents the only
large core trial currently ongoing in the
Chinese population, was not included in
the discussion. One issue of the debate is
the addition of CT perfusion (CTP)/
diffusion-weighted image of magnetic
resonance imaging (DWI-MRI) to the
inclusion criteria, which only the
SELECT-2 trial chose to adopt. This
raised concern about whether patients
already known to benefit from endovas-
cular thrombectomy (EVT) are being
randomized to EVT treatment or no
treatment. Like the SELECT-2 trial, our
ANGEL-ASPECT trial also added CTP/
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DWI-MRI to our inclusion criteria, but
in a manner different from SELECT-2.
Here we review the merits of ANGEL-
ASPECT’s design and suggest that it be
included in the discussion of patient
selection criteria in large core trials.

THE ANGEL-ASPECT TRIAL

The ANGEL-ASPECT trial is an ongoing,
multicenter, randomized controlled trial
(RCT) currently being conducted in
China and sponsored by Beijing Tiantan
Hospital. Patients are enrolled according
to a prespecified protocol. Each random-
ized patient is qualified by two core labo-
ratory members who are available at all
hours to calculate Alberta Stroke Program
Early CT Score (ASPECTS) and infarct
core volume using the specialized RAPID
software.

As for the other five trials discussed
in the commentary by Jadhav et al,'
the primary goal of our trial is to deter-
mine whether EVT will benefit or harm
patients with AIS and large vessel occlu-
sion and a ‘large core’ infarct. While the
ANGEL-ASPECT and SELECT-2 trials
both include core volume as defined by
CTP in the inclusion criteria in addi-
tion to ASPECTS, the other four trials
define large core using only ASPECTS.
The inclusion and exclusion criteria of
the six trials are summarized in table 1.
Briefly, the inclusion criteria for ANGEL-
ASPECT are: 1. If ASPECTS is 3-5 and
presentation is within 24 hours of onset,
patients are enrolled without obtaining
CTP. 2. If ASPECTS is >5and presen-
tation is beyond 6 hours of onset, only
patients with expected (rCBF) of <30%
by CTP or apparent diffusion coefficient
(ADC) of <620 on MRI and estimated
core volume of 70-100 cc are enrolled.
3. If ASPECTS is <3, only patients with
rCBF <30%or ADC on MRI <620and
estimated core volume of 70-100 cc
are enrolled. The goal of the ANGEL-
ASPECT trial is to include the maximum
number of patients with a true large core
for whom EVT is not recommended
under current guidelines with level 1
evidence. Infarct core volume between
50 and 70 cc is not universally accepted
as a ‘large core,” so this population is
excluded. By enrolling patients with
ASPECTS <6, expanding the window to
24 hours from stroke onset (beyond the
windows in DAWN and DEFUSE 3), and
defining large core volume as >70cc,
ANGEL-ASPECT maximizes the inclu-
sion of patients with true large cores.

ANGEL-ASPECT is also important
because it represents the Asian population
where intracranial atherosclerotic disease
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is more common than in the Western
world where most of the previous trials
have been performed. This study will shed
more light on how intracranial atheroscle-
rotic disease might influence EVT results
in this subgroup.

CONCERNING INCONSISTENCY

OF ASPECTS GRADING AND ABILITY

OF ASPECTS TO DEFINE THE

'LARGE CORE’

Multiple studies® * have shown that esti-
mated ischemic core volume is inde-
pendently associated with functional
independence and functional improve-
ment. Outcomes may vary significantly in
the same ASPECTS category depending
on infarct volume.* Moreover, ischemic
changes in some areas of the brain are
difficult to grade for ischemia on non-
contrast CT (NCCT) using the ASPECTS
criteria, leading to interoperator vari-
ability in ASPECTS, as was seen in the
TENSION trial.” An inaccurate ASPECTS
can mis-assign the subgroup of patients
eligible for ‘class I treatment guideline of
ASPECTS >5’ into the untreated group,
or the subgroup patients not eligible for
the ‘class I treatment guideline’ into the
treatment group, weakening the conclu-
sions from the trial. If we use rCBF deter-
mined by CTP, or the ADC sequence on
MRI, to help to define large core, we may
have a better chance of catching patients
with true large cores but questionable
ASPECTS.

UNRELIABILITY OF CTP PREDICTION

OF ACCURATE CORE VOLUME AND
WHY INCLUDE THE CTP IN INCLUSION
CRITERIA

As indicated by Jadhav in the commen-
tary,’ many studies®” have overestimated
real infarct core volume from the predic-
tion by CTP It is known that in the early
window, CTP is more likely to overes-
timate core volume,’ especially in the
patients with very low ASPECTS, such as
0-2."" To avoid this pitfall, in ANGEL-
ASPECT, CTP is used in the inclusion
criteria in only two situations: one is in
the later window (>6hours after stroke
onset) in patients with ASPECTS >3
where the accuracy of CTP is maintained;
the second is for patients with ASPECTS
0-2 at any time, to include patients with
true large but not ‘pseudo too-large’ core.
Unlike SELECT-2 whose inclusion criteria
use CTP-estimated core volume in both
early and later windows, and the lower
inclusion threshold of 50 cc, ANGEL-
ASPECT minimizes the risk of enrolling
patients with favorable ASPECTS and low
core volume of 50-70 cc—the two groups
that may be denied proven treatment by
randomization to the non-intervention
group.

Many studies’ ' '* have demonstrated that
patients without a mismatch do not have a
favorable clinical response to reperfusion. It
has been suggested that that the size of the
penumbra might affect the outcome of reper-
fusion, and 80% of patients with AIS have

penumbra regardless of the volume of the
infarct core.'' Randomized trials are needed
to determine the role of penumbra in clinical
outcomes in patients with a large core.

BENEFIT OF EVT IN FAVORABLE
ASPECTS, LARGE CTP CORE IN THE
EARLY WINDOW

Use of EVT for patients with NCCT
ASPECTS 6-10 within early window
(onset within 6hours) is supported by
level 1 evidence, and CTP is generally
not recommended for these patients.
However, among these patients, there
are some with CTP-defined ischemic core
volumes =50 cc. Very few of these patients
were included in the published RCTs
and there is debate about whether these
patients will benefit from EVT.? Inclusion
of patients with CTP-defined ischemic
core volumes =50cc may help to clarify
this question.

The benefit of EVT in patients with favor-
able ASPECTS regardless of large’ CTP-
defined core in the early window has been
confirmed in multiple RCTs, and EVT for
these patients is recommended by guide-
lines endorsed by many stroke societies.'* ™"
Choosing to randomize these patients is
difficult to defend in applications to insti-
tutional review boards regulating the clin-
ical trials in China. Furthermore, lumping
patients of this group with others into a
single large core’ population would hinder
the ability to draw meaningful conclusions.
Considering these factors, a decision was

Table 1  Comparison of all six ‘large core’ trials
Trial TENSION LASTE TESLA RESCUE-Japan LIMIT SELECT-2 ANGEL-ASPECT
Official title Efficacy and Safety of Large Stroke Therapy Thrombectomy for Emergent  Randomized Controlled Trial A Randomized Controlled Study of EVT in Acute Anterior
Thrombectomy in Stroke With  Evaluation - ASPECTS 0-5 Salvage of Large Anterior of Endovascular Therapy for  Trial to Optimize Patient's Circulation LVO Patients with
Extended Lesion and Extended Circulation Ischemic Stroke Acute Large Vessel Occlusion  Selection for Endovascular a largE infarCT core
Time Window With Large Ischemic Core Treatment in Acute Ischemic
Stroke
NCT number NCT03094715 IN EXTREMIS NCT03805308 NCT03702413 NCT03876457 NCT04551664
Country Austria, Canada, Czechia, USA, Europe United States Japan United States China
Denmark, France, Germany, (Canada , Europe )
Norway, Slovakia, Spain
Imaging inclusion criteria NCCT or DWI NCCT or DWI NCCT CT-ASPECTS 3-5 or DWI- 1. ASPECTS >6andcore =50 cc 1. ASPECTS 3-5
ASPECTS 3-5 ASPECTS 0-5 ASPECTS 2-5 ASPECTS 3-5; 2. ASPECTS 3-5andcore 2. ASPECTS >5 (>6 hour) and
=50 cc core 70-100 cc
3. ASPECTS 3-5andcore 3.ASPECT <3 and core
<5 0cc 70-100 cc
NIHSS score <26 >5 >6 =6 =6 6-30
Age (years) >18 18-80 18-85 >18 18-85 18-80
Time <12 hour LSW <6.5hour LKW Random <24 hour Random <6 hour LKW, Treat <24 hour Random <24 hour
6-24 FLAIR (-) (0-12vs6-24 )

Primary outcome

Actual study start date

Estimated primary
completion date

mRS score shift analysis

July 20, 2018
August 31, 2020

mRS score at 90& and 180
days

Utility-weighted 90-day
mRS score

July 16,2019
July 16, 2022

mRS score 0-3 at 90 days

November 2018
November 2020

Shift on 90-day mRS score

October 11, 2019
May 1,2021

mRS score at 90 days

September 28, 2020
November 2022

Core : rCBF <30% on CT perfusion or ADC<620; Information source : https://clinicaltrials.gov. and Website.
ADC, apparent diffusion coefficient; ASPECTS, Alberta Stroke Program Early CT Score; DWI, diffusion-weighted imaging; FLAIR, fluid attenuated inversion recovery; LKW, last known well; LSW, last seen well; LVO, large vessel occlusion; mRS,
modified Rankin Scale; NCCT, non-contrast CT; rCBF, relative cerebral blood flow.
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made not to use CTP-defined core volume
in the inclusion criteria for this population
with early onset (within 6hours) in the
ANGEL-ASPECT trial.

CTP DEFINITION OF LARGE CORE: 50
CC VERSUS 70 CC IN THE EARLY OR
LATE TIME WINDOW

As shown by several studies,”'” overesti-
mation of infarct core in the early window,
especially within 3 hours, affects the accu-
racy of using CTP to evaluate the infarct
core. Almost all the studies and trials
use 70 cc as the criterion for large core.
We believe that lowering the threshold
of CTP in the early windows may exag-
gerate this issue considerably, resulting
in enrolling more patients with pseudo-
large core infarcts. Given this concern, we
used the 70 cc criteria only for patients in
the early window (onset <6hours) with
ASPECTS 0-2. It is also noted that the
investigators of SELECT-2 have planned
to make a similar change, decreasing the
threshold of infarct core of rCBF on CTP
from <30% to <20%, but only in patients
presenting 0-2hours after the time last
known well.”

Although there is some evidence in
different studies'® '’ showing the benefit
of EVT for patients with 50-70 cc core
volume, we agree that the evidence is
not that substantial, and no RCTs have
confirmed this finding. Core lesions
between 50 and 70 cc are not considered
by all to be large core. Adding patients
with 50-70 cc core lesions into the large
core trial, may compromise trial conclu-
sions. Given this concern, we set 70 cc as
our lower limit. So far, CTP-based enroll-
ment accounts for only about 10% of all
enrolled patients in ANGEL-ASPECT
based on the initial core-laboratory adju-
dication. Given the small percentage, we
do not expect the power of our trial to be
significantly affected in comparison with
the four trials that do not use CTP-defined
inclusion criteria.

ADVANTAGES OF USING CTP-DEFINED
ISCHEMIC CORE VOLUME

Some patients have poor ASPECTS but
moderate core volumes and significant
penumbra.

Due to the inter-rater variability of the
ASPECT score, using CTP-defined isch-
emic core volume may be advantageous.

First, we know that patients with low
ASPECTS and favorable CTP core volume
may benefit from EVT. This has been
confirmed by high-quality studies,”® "’
although few patients with ASPECTS <6
have been previously included. CTP offers

a more objective measure than ASPECTS,
but this has not yet been confirmed in a
high-quality RCT. Including patients with
low ASPECTS and favorable CTP-defined
core volume allows for comparison of
these two criteria. We believe that if a
patient has values of ASPECTS and CTP-
defined core volume available, subgroup
analysis might help to clarify the mecha-
nism of any benefit found from EVT.

Second, debate exists about the ideal
ASPECTS cut-off point. Patients with
ASPECTS 0-2 are not included in our study,
as in other large core trials, given the poor
outcome expected in these patients. But the
significant inter-rater variability of reading
NCCT ASPECTS can easily lead to inclu-
sion or exclusion of borderline patients.
In a study of 337 patients with onset
>6hours, CT ASPECTS 0-2 comprised
11.6% of all ASPECTS patients, and 30.2%
of all patients with ASPECTS <6."" The
study showed that patients with ASPECTS
2 had an average core volume of 70 cc in
overall population versus 100 cc in the
later window (onset time >6hours).'’ We
believe that adding CTP inclusion criteria
to this population with CTP-defined rCBF
<30% 70-100cc, given the guidelines'*™"*
that recommend using >70cc to define
large core volume, could avoid including
patients who truly have ASPECTS 0-2 and
are EVT-futile while catching more patients
with a large core.

RISK OF EARLY STOPPING FOR
EFFICACY OR FUTILITY

In contrast to the other four trials, the
SELECT-2 and our ANGEL-ASPECT
trials incorporated CTP-defined isch-
emic core volume to select patients. We
believe that should either of these trials be
stopped early for efficacy or futility, the
other trials should continue. The different
results from other trials may demonstrate
the different effects of different selection
strategies.

Since onset to reperfusion time is the
most important modifiable factor contrib-
uting to good outcome, shortening this
time should be prioritized. Under the
current guideline, use of multiple imaging
modalities to select patients for EVT
caused an approximate 20 min EVT treat-
ment delay,”” this is especially a problem
in China, given that informed consent is
required for contrast application and addi-
tional nursing staff are needed for contrast
injection. If the trials with and without
CTP inclusion criteria demonstrated non-
inferiority and no increased safety concern
with EVT regardless of whether penumbra
was present, this would be as good as
the positive result of the benefit of EVT

on patients with a large core. This result
would provide strong support for direct
transfer to the angiography suite.

CONCLUSION

We believe that defining core volume using
CTP can compensate for the inconsisten-
cies of ASPECTS if we exclude patients
with onset within 6hours and core
volume of 50-70 cc since these patients
have already been shown to benefit from
EVT in multiple RCTs. We believe that
this decision captures more patients with
true large core volumes for the trial. The
sample size of our ANGEL-ASPECT trial
is calculated based on studies excluding
these populations. The power of the trial
was maintained for the relatively consis-
tent patient population with large core
volume.
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