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Abstract

Background and Purpose: Brain cavernous angiomas with symptomatic hemorrhage (CASH)
have a high risk of neurological disability from recurrent bleeding. Systematic assessment of
baseline features and multisite validation of novel MRI biomarkers are needed to optimize clinical
trial design aimed at novel pharmacotherapies in CASH.

Methods: This prospective, multicenter, observational cohort study included adults with
unresected, adjudicated brain CASH within the prior year. Six U.S. sites screened and enrolled
patients starting August 2018. Baseline demographics, clinical and imaging features, functional
status (modified Rankin Scale, mRS, and NIH Stroke Scale, NIHSS), and patient quality of life
(QoL) outcomes (PROMIS-29 and EuroQol EQ-5D) were summarized using descriptive statistics.
PROMIS-29 scores standardized against a reference population (mean 50, standard deviation 10)
and one sample t-test was performed for each domain. A subgroup underwent harmonized MRI
assessment of lesional iron content with quantitative susceptibility mapping (QSM) and vascular
permeability with dynamic contrast enhanced quantitative perfusion (DCEQP).

Results: As of May 2020, 849 patients were screened and 110 CASH cases enrolled (13%
prevalence of trial eligible cases). The average age at consent was 46+16 years, 53% were female,
41% were familial, and 43% were brainstem lesions. At enrollment, 290% of the cohort had
independent functional outcome (MRS<2 and NIHSS<5). However, perceived health problems
affecting QoL were reported in >30% of patients (EQ-5D). Patients had significantly worse
PROMIS-29 scores for anxiety (p=0.007), but better depression (p=0.002) and social satisfaction
scores (p=0.012) compared to the general reference population. Mean baseline QSM and
permeability of CASH lesion was 0.45 £ 0.17 ppm and 0.39 £ 0.31 mL/100g/min, respectively,
which were similar to historical CASH cases and consistent across sites.

Discussion: These baseline features will aid investigators in patient stratification and
determining the most appropriate outcome measures for clinical trials of emerging
pharmacotherapies in CASH.
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INTRODUCTION

Cavernous angiomas (CA\) of the brain are clusters of blood-filled capillary spaces
(“caverns™), lined by endothelium, but lacking mature vessel wall elements. CA can occur
sporadically as a solitary brain lesion, often associated with a developmental venous
anomaly, or in a familial form with multiple brain lesions due to mutations in KR/T1/CCM],
CCM_2, or PDCD10/CCM3. CA may be an incidental finding or patients may present with
clinical symptoms (headache, focal neurologic deficit, seizure) with or without hemorrhage.

CASH (cavernous angioma with symptomatic hemorrhage) is defined as evidence of new
lesional bleeding or hemorrhagic growth (=3mm) on magnetic resonance imaging (MRI)

in association with directly attributable symptoms.! CASH patients are at high risk for
recurrent bleeding or focal neurological deficit within 5 years (42%, 95% CI: 27-58).24
While lesions in the brainstem or deep brain locations are more likely to be associated

with symptomatic hemorrhage than lesions in other locations, they also pose the greatest
risks with surgical treatment.2 Thus, patients with CASH would be ideal candidates for
potential drug therapies aimed at preventing rebleeding, and mitigating further disability and
treatment-related morbidity.

While prior studies have reported on natural history of CAs and outcomes, none have
prospectively assessed multiple cohorts across institutions with standardized data collection,
including clinical and imaging characteristics, and patient-reported quality of life (QoL)
assessments. Prevalence of trial eligible CASH cases has never been estimated. In addition,
advanced MRI techniques have not been previously validated across sites to potentially
serve as surrogate biomarker endpoints for the risk of recurrent hemorrhage. In particular,
derived continuous variables from quantitative susceptibility mapping (QSM) and dynamic
contrast enhanced quantitative perfusion (DCEQP) measure lesional iron content and
vascular permeability, respectively, and have been correlated with lesional hemorrhage
recurrence.> Both have been suggested as monitoring biomarkers in clinical trials of
emerging pharmacotherapies in CA.8: 9

Thus, the aims of the CASH Trial Readiness (TR) project are three-fold: (1) to estimate
prevalence and baseline characteristics of CASH patients screened at multiple sites;

(2) to assess the feasibility, accuracy, precision and reproducibility of MRI biomarker
measurements at multiple sites; and (3) to assess recurrent clinical events and changes in
MRI biomarkers and functional status over time. The study is ongoing with open enrollment
until November 2022 (clinicaltrials.gov NCT03652181).10 Herein we present results related
to the first aim.

METHODS
Study design and population

This is a prospective, multicenter, observational study of patients with CASH. Patients were
enrolled into the CASH TR project starting in August 2018. Details of the trial design were
previously published.19 This multicenter study was approved by Johns Hopkins University
as the single institutional review board of record, and all patients provided informed consent
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to participate. Data that support the findings herein are available from the corresponding
author upon reasonable request and approval by the CASH TR steering committee.

Briefly, patients were eligible for the study if: (a) =18 years of age; (b) diagnosed with a
brain CA (single or multiple); (c) symptomatic hemorrhage within the past year; and (d) no
prior treatment of the symptomatic lesion. Treatment of other lesions is not an exclusion.
A hemorrhagic cavernoma is defined as acute or subacute bleeding on CT or MRI, new
FLAIR signal on MRI, and or lesion expansion in any diameter by >=3mm on comparable
T1-weighted or T2-weighted sequences. Patients were excluded for the following reasons:
(a) the symptomatic lesion was in the spinal cord; (b) prior brain irradiation; (c) planned
treatment of CASH lesion; and (d) inability to verify symptomatic hemorrhage with
clinical and imaging review. Additionally, those eligible for imaging follow-up studies were
excluded if there was contraindication for gadolinium contrast, if subject was pregnant or
breastfeeding, or if subject was deemed unable or unlikely to return for follow-up visits
(e.g., homeless or incarcerated persons).

Five recognized Centers of Excellence in CA care and research by the Angioma Alliance,
patient advocacy group, and one pending site were selected as enrollment sites for the
CASH TR project: University of Chicago (UoC), Mayo Clinic — Rochester, Barrow
Neurological Institute (BNI), University of Utah, University of New Mexico (UNM), and
University of California — San Francisco (UCSF). Recruiting sites kept screening logs of

all CA patients seen at their centers, and enrolled eligible cases into the study after site
activation. Patients could enroll in the screening and clinical assessment (SCA) portion of
the study at all six sites (target enrollment of 200 CASH cases) or enroll in the follow-up
biomarker validation (FUBV) study at four sites (UoC, Mayo, UNM, or UCSF) with a target
enrollment of 120 CASH cases. Patients in both SCA and FUBYV studies completed baseline
clinical, radiographic, functional assessments, and patient-reported outcome assessment at
an in-person visit. Those enrolled in the FUBV study also completed research imaging for
MRI biomarkers (described below) at baseline and at annual follow-up visit for 2 years.

Clinical Data Collection

Common data elements and definitions were discussed among all sites and agreed upon
during the TR startup phase. The dictionary of data elements collected and definitions is
included in online Supplemental Material. Demographic, CCM form (familial/sporadic) and
genotype (if available), medical and family history, and medication use at time of study
enrollment was collected from medical records. The date and type of symptoms leading to
CA diagnosis and CASH presentation were also reviewed.

Functional and Patient-Reported Outcomes

Functional outcome and patient-reported outcome measures were administered and included
the modified Rankin Scale (mRS) score, NIH Stroke Scale (NIHSS), Patient-Reported
Outcomes Measurement Information System (PROMIS-29), and EuroQol (EQ)-5D scale.
mRS and NIHSS were assessed by certified healthcare providers whereas responses to
PROMIS-29 and EQ-5D scales were provided by patients. mRS is a simple global measure
of disability with higher scores reflecting increasing disability; scores range from 0 (no
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symptoms) to 5 (severe disability) and 6 (death).11: 12 NIHSS has values ranging from 0

to 42, with stroke severity categorized as mild (0-4), moderate (5-14), severe (15-24), and
very severe (225).13:14 EQ-5D includes an overall visual analog scale of health (O=poor

to 100=best), and specific questions covering mobility, self-care, usual activities, pain/
discomfort, and anxiety/depression.1® 16 PROMIS-29 version 2.0 is a generic health-related
QoL survey assessing 7 domains (depression, anxiety, physical function, pain interference,
fatigue, sleep disturbance, and ability to participate in social roles and activities).1”- 18 Each
domain contains 4 questions ranked using a 5-point Likert scale, and one 11-point rating
scale for pain intensity.

Imaging Features

Baseline clinical MRI scan was reviewed by each site investigator, uploaded, and
adjudicated by a central imaging core laboratory. Time from symptom onset to first MRI
diagnosing the CASH lesion was recorded. The location and size of the CASH lesion was
ascertained on standard T2 images. Multiplicity was noted and lesion counts were performed
based on hemosiderin sensitive sequences (categorized as 1, 2-100, >100). Presence of an
associated developmental venous anomaly was also recorded.

MR Biomarker Data (FUBV cases only)

The FUBYV study included additional assessments of mean lesional QSM (ppm) and DCEQP
(Ki, mL/100g/min) on MRI, according to harmonized protocols® and multisite phantom
validations as previously published.1® MR biomarker derivations (mean lesional QSM and
DCEQP) were calculated by the central imaging core laboratory from raw images uploaded
by sites. Baseline results are presented herein for FUBV enrolled cases. These are referenced
against historical CASH cases enrolled at the UoC between November 2012 and April 2018,
where the techniques were adapted to CA imaging prior to the launch of the CASH TR
project.

Statistical Analysis

Data were analyzed for consecutively enrolled patients into SCA and FUBV studies between
August 2018 to May 2020. Descriptive statistics (i.e., frequencies, proportions, mean +
standard deviation (SD), medians, and interquartile ranges (IQR)) are reported for screened
and enrolled cases. Site-specific enrollment rates are calculated as total number of eligible
cases enrolled divided by total months enrolling (i.e., date since first consented case).
Prevalence of CASH is calculated as number of eligible cases enrolled divided by the total
number of CA cases from screening logs. Baseline clinical and imaging characteristics for
CASH eligible cases are summarized both for the entire sample and by recruitment site.

PROMIS-29 domain scores were converted to T-scores, standardized to a reference
population (mean 50, SD 10), and oriented so that higher scores are worse. Using
guidelines for interpreting standardized effect sizes, a difference between groups of 2
points (two-tenths of a SD) indicates a small effect size, 5 points (0.5 SD) indicates a
medium effect size, and 8 points (0.8 SD) indicates a large effect size.2? One-sample

t-tests were used to compare whether mean T-scores for each domain differed significantly
from 50 (p<0.05). Associations between PROMIS-29 and mRS scores were evaluated using
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linear regression analyses. Multivariable linear regression was performed to test whether
pre-specified subgroups (brainstem vs. other location or familial/multifocal vs. sporadic/
solitary case) were associated with PROMIS-29 domain scores, adjusting for age, sex, and
log-transformed time from hemorrhage to assessment as outcomes can improve with longer
time intervals. EQ-5D and NIHSS scores were compared with mRS using Spearman’s rank
correlation.

Screening and Enrollment

As of May 2020, the CASH TR project has screened 849 CA cases across six sites.
There was a greater percentage of sporadic cases (60%) and females (58%), who were
predominantly non-Hispanic White race/ethnicity (90%). The mean (SD) age at time

of screening was 46 + 18 years. There was variation seen across sites with respect

to demographic characteristics, especially for age, Hispanic ethnicity, and familial cases
that was attributable to geographic location and referral patterns of recruiting sites
(Supplementary Table I).

Of the 849 cases screened, there were 110 eligible cases, resulting in a CASH prevalence
of 13%. The main reasons for study exclusion were either no symptomatic hemorrhage in
the past year (72%) or prior/planned surgery of CASH lesion (14%). Additional reasons for
exclusion are summarized in Table 1; these criteria are not mutually exclusive, i.e., subjects
could be excluded based on meeting multiple criteria.

Eligible cases were enrolled at an average rate of 5.8 cases per month, with site-specific
enrollment varying from 0.4 to 2.5 cases per month. The average time from symptom onset
to enrollment was 4.4 £ 3.3 months; median time was 3.6 months (IQR: 1.8 — 6.3). At time
of symptomatic hemorrhage leading to enrollment into CASH, the most common symptoms
were focal neurological deficits (59%) and headaches (40%).

Baseline Clinical Characteristics

Baseline characteristics of the 110 enrolled CASH patients are summarized overall and by
recruitment site in Table 2. The mean age at consent was 46 + 16 years, 53% were female,
41% were familial, 90% were Caucasian, and 19% were of Hispanic ethnicity. Variability
was again observed in demographic characteristics across sites similar to screened cases.
Of the cohort, 29% had history of hypertension, 5% had diabetes, 9% had sleep apnea,
50% were current alcohol drinkers, 9% current tobacco smokers, and 12% were current
recreational drug users, the majority of which were marijuana users. Overall, 45% of the
cohort was taking Vitamin D supplements, 22% were on statins, 7% were on propranolol,
and 6% were on antithrombotics (anticoagulation and/or antiplatelet agents).

Baseline Functional and QoL Outcomes

At enrollment, over 90% of the cohort had independent functional outcome as indicated
by mRS<2 and NIHSS<5 (mild) (Table 3). Only four patients (4%) had severe disability
as indicated by mRS of 4 or 5. The median NIHSS was 0 (range 0 — 15); 6% were
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considered moderate to severe. NIHSS was moderately correlated with mRS (Spearman’s
p=0.54, p<0.001). In contrast to mRS and NIHSS, a large percentage of patients reported
experiencing current health problems on the EQ-5D questionnaire (Table 3). A total of 40%
reported experiencing moderate to extreme anxiety or depression, 41% had moderate to
severe pain, 30% had some mobility problems, 11% had some problems washing or dressing
themselves, and 38% had problems performing usual activities. Despite these problems, the
median EuroQoL health rating was 80/100 (range 29 — 100). Four of five EQ-5D domains
were significantly correlated with mRS, including usual activities (Spearman’s p=0.54,
p<0.001), mobility (p=0.53, p<0.001), self-care (p=0.44, p<0.001), and pain/discomfort
(p=0.28, p=0.003); anxiety/depression was not associated with mRS (p=0.06, p=0.530).

On PROMIS-29, CASH patients reported significantly less depression (47.4, 95% CI: 45.8
—49.0, p=0.002), higher social satisfaction (47.7, 95% CI: 45.9 — 49.5, p=0.012), and

worse anxiety scores (52.5, 95% CI: 50.7 — 54.3, p=0.007) compared to a general reference
population (Figure 1); these represent small to medium effect sizes. Other domains were
not significantly different than the reference population. Higher mRS scores were associated
with worse scores for several PROMIS-29 domains, including physical functioning (5.5 per
MRS point increase, 95% ClI: 4.2 — 6.7, p<0.001), social participation (4.1, 95% CI: 2.5

- 5.7, p<0.001), fatigue (3.0, 95% CI: 1.3 — 4.7, p=0.001), pain (2.8, 95% ClI: 1.0 — 4.6,
p=0.002), and depression (2.1, 95% ClI: 0.6 — 3.6, p=0.006).

Sub-group analyses revealed no domain differences by familial form or brainstem location
(data not shown). Females reported worse anxiety (3.5, 95% CI: 0.1 — 7.1, p=0.049) and
social satisfaction scores (3.7, 95% CI: 0.1 — 7.3, p=0.045) than males. Increasing age was
associated with worse physical functioning (1.2 points worse per decade, 95% CI: 0.2 — 2.3,
p=0.018) as expected. Each doubling of time elapsed from hemorrhage date was associated
with small improvements in anxiety scores (—1.05 points, p=0.03) and depression scores
(—1.05 points, p=0.016), but was not associated with other domains, NIHSS, or EQ-5D.

Baseline Imaging Features

Among patients with susceptibility-weighted imaging (65%), 55% of cases had a single
lesion, 30% had between 2-100 lesions, and 15% had >100 lesions. The median humber
of lesions =5mm in maximum diameter on axial T2 imaging was 1 (IQR=1 - 3,
maximum=100). The plurality of CASH lesions were located in the brainstem (43%),
followed by temporal lobe (12%), thalamus (11%) frontal lobe (10%), cerebellum (9%),
parietal lobe (4%), occipital lobe (3%), and other locations (8%). Representative images of
CASH lesions are shown in Figure 2, illustrating variability of CASH-eligible lesions.

Baseline Biomarker Imaging (FUBV only)

In FUBV enrolled cases at baseline, the mean lesional QSM was 0.455 + 0.66 ppm
(median=0.452, IQR=0.336 — 0.515, minimum=0.119, maximum=1.024), and mean lesional
permeability was 0.391 £ 0.311 mL/100 g/ min (median=0.30, IQR=0.163 — 0.554,
minimum=0.019, maximum=1.705). Values were consistent across enrolling sites, and
remarkably similar to those obtained from historical CASH cases (Figure 3).

Stroke. Author manuscript; available in PMC 2022 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kim et al. Page 8

DISCUSSION

We provide a detailed summary of the first 110 cases enrolled in a multicenter TR

study, thereby describing the prevalence and baseline clinical, radiographic, and functional
outcome characteristics of CASH patients. This subgroup of patients was previously
identified as having characteristics most suitable for enrolling into future clinical trials given
the expected high risk of recurrent hemorrhage and baseline treatment equipoise. However,
knowledge regarding variability in clinical characteristics, functional and patient-reported
outcome, as well as feasibility of recruitment across multiple sites including harmonized
data collection and MRI biomarkers was previously lacking. We observed a prevalence of
13% for CASH trial eligible patients among prospectively screened CA cases across six
U.S. sites, consistent with prior estimates of 10% to 25%.1° Thus, the study is on track for
achieving target enrollment of 200 SCA cases at an average rate of 5 cases enrolled per
month.

Choosing a primary endpoint for a treatment trial of CASH cases requires careful
consideration of the baseline data. The goal of any treatment for CASH is to prevent
recurrent hemorrhage, which would be the obvious endpoint for a clinical trial. However,
if one estimates a possible treatment effect of a 25% reduction in hemorrhage rate with
90% power and one-sided alpha of 0.025, a clinical trial with an average of 1.5 years of
follow-up and 15% hemorrhage rate in controls would require 1,161 patients per group.10
The overall CASH prevalence of 13% in this study confirms the need for alternative or
surrogate outcome measures for efficacy trials in CA.

Functional outcome measures are commonly used as endpoints in stroke clinical trials or

as risk stratifiers for study inclusion. The mRS is the most commonly used outcome,?! but
has known limitations including interobserver variability, insensitivity to slight changes, a
heavy focus on independence in ambulation, and a lack of assessment of other important and
common stroke-related disabilities, such as communication and cognition.1: 22 The NIHSS
has also been used as an endpoint or patient selection tool in acute stroke trials, but suffers
from ceiling effects and a strong focus on left hemispheric deficits with little accounting for
language or cognition and no accounting for quality of life.23: 24 Indeed, in our study, we
found that >90% of patients enrolled were functionally independent (mRS<2 and NIHSS<5)
at baseline despite ongoing disability and symptomatic complaints. Thus, there is likely little
utility to these functional measures as a primary outcome in a CASH clinical trial as usage
could underestimate a true treatment effect.

Patient-reported outcomes revealed more variability and differences among CASH patients,
and may identify deficits in patients classified as having minimal to no disability based

on functional outcome measures.25> PROMIS domains most affected in CASH patients

were depression, anxiety, and social satisfaction compared to a general population, and
worse scores on 5 of the 7 domains correlated with higher mRS scores. Interestingly, two
CASH features representing increased severity (familial form and brainstem location) were
not associated with any differences in PROMIS domains. We also found that all health
domains were affected on EQ-5D, with greater than 11% (self-care) to as high as 41% (pain)
reporting moderate to severe problems. Approximately 40% of our cohort reported moderate
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to severe anxiety/depression; however, these two items are grouped together on EQ-5D
making it difficult to tease apart effects. Prior studies using patient-reported outcomes in
CA have found similar results. In one study of 49 untreated, Brazilian CA patients, 33%
reported anxiety/depression on EQ-5D.26 In another study of patients with brainstem CA,
more than half of functionally independent patients (MRS 0-2) had at least one abnormal
domain on PROMIS-29.27 Fatigue and anxiety were commonly abnormal domains. Thus,
anxiety, depression, or pain may be of particular concern for CASH cases with psychosocial
or psychiatric implications for care after diagnosis, including mental health screening and
referrals. Ongoing follow up in the FUBV portion of this study will help determine if
patient-reported QoL assessments track with changes in clinical symptoms over time, further
clarifying suitability of QoL as potential endpoints for trials.

Across sites, there was considerable variability in the number of familial versus sporadic
form of CA. Although there was no significant impact of this baseline feature on variability
of PROMIS domains, this will be an important factor going forward to determine if any
candidate medications preferentially effect familial versus sporadic forms. Most of the
CASH lesions were located in the deep, subcortical regions or in the brainstem. This is not
unexpected due to current practice guidelines suggesting observation after first bleed from

a deep location due to the risk of morbidity with surgery. It is also important to note that
almost half of CASH cases were taking relevant medications, such as Vitamin D, statins,
proponalol, or anti-thrombotics, at the time of study enrollment, which may affect biomarker
measurements. Future therapeutic trials may need to either exclude individuals taking these
medications or require patients to stop taking these current medications before enrolling

into trials testing drug efficacy. Both atorvastatin (clinicaltrials.gov: NCT02603328) and
proponalol (NCT03589014) are two medications already in early trials as a potential therapy
for CA.

MRI biomarkers hold promise because of greater sensitivity to hemorrhagic lesional activity
than clinical events due to their ability to detect subclinical change.8 Both QSM and DCEQP
are already deployed in an ongoing, single site, proof-of-concept trial of atorvastatin versus
placebo in CASH patients.? We report greater than 90% successful acquisition of mean
lesional QSM and DCEQP permeability results at multiple sites following harmonized
protocols, rigorous phantom validations, and image adjudication and assessment by a central
core imaging laboratory.1® Baseline results of CASH cases were in similar range as cases
enrolled at different sites, and prior pilot data used for biomarker validations. This is
encouraging with regard to using these techniques as monitoring biomarkers in multisite
clinical trials. Follow-up of these biomarkers after one and two years in the same FUBV
cases is currently ongoing.

Our observational study included recruiting sites with multidisciplinary care teams that
follow current CA clinical care guidelines.2 Thus, prevalence of CASH cases at these

sites may not be representative of other academic or community hospitals. However, a
CASH prevalence of 13% is in line with other reports and represents empirical data on
actual enrollment across 6 U.S. sites using a common protocol and demonstrates feasibility
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of patient recruitment into future clinical trials. This study should not be perceived as

a natural history study given an exclusion criteria included planned surgery; however,

our CASH cases and characteristics should be representative of cases seen at similar
centers that would be eligible for enrollment into a future trial, which was the main goal

of this study. Approximately 25% of cases were recruited between 6-12 months after
symptomatic hemorrhage event, which can affect patient-reported outcome and imaging
features. Although a number of baseline imaging features and outcomes of CASH cases
were reported, future planned analyses of FUBV enrolled patients will reveal whether these
measures change over time and provide estimates of the magnitude of change both within
and between persons, taking into account timing of symptomatic hemorrhage in the year
prior to enrollment. The primary reasons for study exclusion were either no symptomatic
hemorrhage in the past year or prior/planned surgery of CASH lesion. Additionally, some
FUBYV patients who live far away from enrollment sites may have chosen to not participate
in the study considering the burden of having to come back for multiple MRI visits. If a
medical treatment option was available, then enrollment would likely increase as patients
considering surgery may elect to delay invasive treatment and be more likely to travel.

SUMMARY

We report the first multicenter harmonized baseline data of CASH patients. These data will
help investigators design future clinical trials, determine number of sites required to reach
enrollment goals, and anticipate potential pitfalls for screening and enrollment. The ongoing
CASH TR project will further elucidate the utility of patient-reported outcomes and MRI
biomarkers as surrogate endpoints for recurrent hemorrhage in future clinical trials.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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CASH cavernous angioma with symptomatic hemorrhage
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Figure 1. Baseline PROM1S-29 domain scoresfor 110 enrolled patientsin the CASH TR Project.
Box plots represent the distribution of standardized T-scores. The box indicates the

interquartile range, blue vertical line is the median, whiskers represent lower and upper
quartiles, and dots indicate outliers. Red vertical line at 50 indicates mean T-score of
reference population (SD 10). Scores are oriented so that higher scores are worse across
domains.
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Figure 2. Magnetic resonance image thumbnails of 73 casesenrolled in CASH TR Project.
T2 images of CASH lesion in 73 consecutively enrolled FUBV cases through May 2020.

Images obtained at enrollment, cropped to the region highlighting the CASH lesion at
similar scale (bar = 12.8 cm). A diagnostic CASH event must have occurred within the prior
12 months (images of diagnostic hemorrhage not shown).
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Figure 3. Baseline mean lesional QSM (A) and DCEQP Per meability Index Ki (B) obtained at

enroliment in CASH TR FUBV Study.

QSM data is shown from 72 cases and DCEQP data from 70 cases among 73 cases enrolled
in CASH TR FUBV through May 2020. These represent successfully executed and analyzed
data in 98.6% and 95.9% of cases for QSM and DCEQP, respectively. Data points are

color coded for participating sites. For reference, historical pilot data is shown from 46
satisfactorily completed QSM and 61 satisfactorily completed DCEQP on CASH cases at

the University of Chicago prior to initiation of the CASH TR project.
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