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Thanks to my nominators and the International Stroke Conference program committee for
selecting me for this year's Feinberg award, which I would like to accept on behalf of all the
investigators and coordinators who participated in the Warfarin Aspirin Symptomatic
Intracranial Disease (WASID) trial, the NIH Wingspan registry, and the Stenting and
Aggressive Medical Management for Preventing Recurrent stroke in Intracranial Stenosis
(SAMMPRIS) trial. This award is particularly meaningful to me because Bill Feinberg was
a member of the original WASID Planning Committee when he passed away. He was a
generous collaborator and a wonderful person who is still greatly missed by those of us who
knew him. It is a particular honor to receive an award that is named after him.

Intracranial atherosclerotic stenosis is an important cause of ischemic stroke particularly in
Blacks, Asians, and Hispanics 1-4. Given the racial and ethnic make-up of the world
population, intracranial stenosis may be the most common cause of stroke world-wide 4-7. It
is also associated with a particularly high risk of recurrent stroke compared with most other
stroke subtypes 8. I first became interested in this disease during my residency training at
Tufts - New England Medical Center with Lou Caplan and the late Mike Pessin, both master
clinicians and teachers, who at the time were describing much of the clinical
phenomenology and stroke mechanisms associated with atherosclerosis of the major
intracranial arteries 9-12. I owe my fascination with stroke neurology to them. It was during
my stroke fellowship at the Cleveland Clinic that Tony Furlan and Cathy Sila, both excellent
mentors, stimulated my interest in clinical trials. This was the heyday of some of the most
important trials in our field (NASCET, ACAS, SPAF, and NINDS tPA) and it was an
exciting time to be a stroke fellow.

At that time when we managed patients with intracranial stenosis at the Cleveland Clinic, we
typically prescribed warfarin for stroke prevention, a practice that originated from a small
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study by Clark Millikan and colleagues at the Mayo Clinic in 1955 13. This study preceded
the aspirin era of stroke prevention and by 1990, when I started my first faculty position at
the University of Michigan, there were still limited data comparing warfarin versus aspirin
for this disease. So our group's first study in this field was a retrospective seven center
cohort study that suggested warfarin may lower the risk of major vascular events by almost
50% compared with aspirin in patients with angiographically proven 50-99% intracranial
arterial stenosis 14. We also surveyed stroke neurologists in the USA and found that they
were roughly equally divided between using warfarin or aspirin for intracranial stenosis 15.

These two studies provided the rationale for a randomized trial to compare warfarin versus
aspirin for preventing stroke in patients with symptomatic intracranial stenosis. I decided to
submit a grant to the National Institute of Neurological Disorders and Stroke (NINDS) to
fund this trial, but there was one big problem - I had no experience designing large
randomized trials or writing NIH grants! So I turned to some of the most experienced NIH
funded clinical trialists for help: Bob Hart, Henry Barnett, Steve Levine and Phil Gorelick.
Despite the fact that I was quite junior, they were extremely supportive and generous with
their help. Without that help, WASID would never have happened and I am extremely
grateful to them. Ten years later, WASID had been completed and it showed that in patients
with 50-99% stenosis of a major intracranial artery who had a TIA or stroke within 90 days
prior to enrollment that warfarin and aspirin were equally effective for preventing stroke or
vascular death 16, or some may argue equally ineffective given the high event rates in both
arms.

Some of the most important findings in WASID were related to risk factor management. We
had no pre-specified risk factor management protocols in WASID but asked the study
neurologists to work with the patients' primary care physicians to target national guideline
levels for risk factors 17. While we had some success in controlling low density lipoprotein
(LDL), diabetes and smoking in WASID, we had little success in controlling blood
pressure 18. Moreover, control of risk factors, particularly blood pressure and LDL, appeared
to be very important in determining outcome of WASID patients, as shown in analyses that
Seemant Chaturvedi and Tanya Turan led. These analyses suggested that patients with a
mean systolic blood pressure of <140 mmHg and mean cholesterol < 200 mg/dl during
follow-up had significantly lower rates of stroke alone as well as major vascular events
compared with patients who did not achieve these targets 18,19. These data were the basis for
the intensive risk factor management protocols used in the subsequent SAMMPRIS trial.

When we were designing WASID, we were well aware of the advances in stent technology
and interventional techniques that had been made since Sundt's original paper on angioplasty
for basilar artery stenosis 20. So the pre-specified secondary aim in WASID was to identify
patients at high risk of stroke in the territory of the stenotic artery who would be the target
population for a subsequent trial comparing endovascular therapy with medical treatment
that became SAMMPRIS. Scott Kasner led this work, which showed that the most important
predictor of recurrent stroke was severity of stenosis. Patients with < 70% stenosis had a
stroke in the territory rate of 7-8% at 1 year whereas the rate was 18% at 1 year in patients
with ≥ 70% stenosis 8. The risk was even higher in patients with 70-99% stenosis if their
qualifying event for WASID had occurred within 30 days of enrollment (22.9% at 1 year).
However, the risk was modest in patients with 70-99% stenosis if their qualifying event had
occurred more than 30 days before enrollment (9% at 1 year). These data led to the decision
to restrict enrollment in SAMMPRIS to patients with 70-99% stenosis whose qualifying
event occurred within 30 days prior to enrollment.

Just as WASID ended, the Wingspan stent system was approved by the FDA under a
humanitarian device exemption for patients with 50-99% stenosis who are “refractory” to
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medical management 21 based on a single arm trial of 45 patients performed in Europe and
Asia 22. In clinical practice, the “refractory” to medical management indication for use of
the Wingspan stent was largely interpreted to mean having a TIA or stroke related to
intracranial stenosis while taking any antithrombotic therapy. Two multicenter registries
performed in the USA following FDA approval of the Wingspan system (the US Multicenter
registry 23 and the NIH Wingspan registry 24) and a single center study in Asia 25 showed
high technical success rates (96.7% - 98.8%) using the self-expanding Wingspan stent and
possibly lower stroke rates at one year compared with WASID patients with 70-99%
stenosis. A randomized trial was needed to determine if stenting lowered the risk of stroke
compared with medical therapy in high-risk patients, which brings us to the SAMMPRIS
trial.

SAMMPRIS is a randomized trial comparing stenting with the Wingspan system plus
aggressive medical management versus aggressive medical management alone in patients
with 70-99% intracranial stenosis and a qualifying TIA or stroke within 30 days prior to
enrollment 26. With the exception of the peri-procedural period, aggressive medical
management is the same in both arms of the trial 27. Clopidogrel (75 mg per day) is
combined with aspirin (325 mg per day) for 90 days, followed by aspirin alone beyond 90
days. Management of the primary risk factors (systolic blood pressure and LDL) is
implemented by the study neurologists and coordinators using pre-specified protocols to
target SBP < 140 mmHg and LDL < 70 mg/dl. In addition, a lifestyle modification
program 28 and the study medications are provided to each patient. The primary endpoint in
SAMMPRIS is stroke or death within 30 days after enrollment or after a revascularization
procedure of the qualifying lesion during follow-up, or stroke in the territory of the
qualifying artery beyond 30 days.

Enrollment in SAMMPRIS was stopped in April 2011 and the preliminary results of the trial
were published in September 2011 29. Follow-up of enrolled patients is ongoing and will
end on April 30, 2013, with final results expected by late summer. The data I am presenting
today are from April 2011 since I am blinded to events beyond that time. Management of BP
and LDL in SAMMPRIS has been much more successful than it was in WASID, with
almost 50% of patients meeting target levels by 30 days after enrollment and continued
improvement in control of these risk factors by one year and beyond. Fig 1 shows the
projected Kaplan-Meier curves for the primary endpoint for the medical and the stenting
arms in the trial. The medical curve was based on the outcomes of patients in WASID who
met the entrance criteria for SAMMPRIS, with a downward adjustment in rates to account
for what we thought would be a modest benefit from aggressive medical management. The
stenting curve was based on our primary hypothesis that stenting would reduce this rate by
35%. Fig 2 shows the observed rates in the trial as of April 2011 indicating that the
projected Kaplan-Meier curves were very accurate but we just assigned the wrong treatment
to each curve! In fact, it is aggressive medical therapy that is significantly more effective
than stenting rather than the other way around. Almost 66% of patients enrolled in
SAMMPRIS had their qualifying event on antithrombotic therapy. Figure 3 shows that
medical therapy is still significantly more effective than stenting in these patients 30,
indicating that stenting is not a rescue treatment for patients with 70-99% stenosis who have
a TIA or stroke while taking an antithrombotic agent.

Why was the stroke rate so much higher than projected in the stenting arm in SAMMPRIS?
It was driven by the very high peri-procedural (30-day) rate of stroke of 14.7%, which was
much higher than the anticipated rate of 6%. This was largely because of the unexpectedly
high rates of perforator strokes in proximity to the stent, parenchymal brain hemorrhage, and
subarachnoid hemorrhage. Stenting of the basilar artery was particularly high risk for
perforator strokes 31. More details on the peri-procedural strokes in SAMMPRIS are
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provided in analyses led by Dave Fiorella 31 and Colin Derdyen 32, the interventional
principal investigators in the trial.

Which components of the medical treatment resulted in the much lower rate of stroke than
projected in the medical arm? We can't answer that question definitively yet but we can
speculate. Figure 4 shows the projected and observed Kaplan-Meier curves for the medical
arm in SAMMPRIS. As indicated previously, the projected curve was based on the outcome
of WASID patients who met the SAMMPRIS entrance criteria and were treated with either
aspirin or warfarin and usual risk factor management. Recall that clopidogrel was only used
for 90 days after enrollment and these curves continue to diverge beyond 3 months,
suggesting that intensive risk factor management is playing an important role in lowering the
risk of a primary endpoint in SAMMPRIS patients beyond 3 months. Within the first 3
months, the curves diverge the most in the first month when risk factor control in
SAMMPRIS had not been optimized yet and one might not expect that risk factor control
would have such a rapid impact on lowering the risk of stroke. This suggests that the
combination of aspirin and clopidogrel may be playing a key role during this period. This
hypothesis is supported by the results of the CLAIR trial led by Lawrence Wong from Hong
Kong, which showed that patients with recently symptomatic intracranial stenosis who were
treated with aspirin and clopidogrel had fewer microembli detected by transcranial Doppler
(TCD) ultrasound at 2 and 7 days after enrollment than patients treated with aspirin alone 33.

What treatment recommendations emerge from WASID and SAMMPRIS? Patients with <
70% stenosis or patients with a TIA or stroke more than 30 days ago (regardless of the
severity of stenosis), who represented about 75% of the patients in WASID, should be
treated with aspirin and intensive risk factor management. Their stroke rate on usual risk
factor management was in the 3-9% range in WASID and will likely be even lower with
intensive risk factor management. For patients with 70-99% stenosis and events within the
past 30 days, intensive risk factor management plus a combination of clopidogrel with
aspirin for 90 days followed by aspirin alone seems warranted. With this treatment, patients
in SAMMPRIS had a primary endpoint rate of 12.2% at 1 year (as of April 2011) 29,
suggesting that some patients have a risk of < 12.2% at one year while others have a risk that
exceeds 12.2% at 1 yr. We need to determine who the latter patients are, why they are
failing aggressive medical therapy, and develop better therapies to improve their outcome.

Studies to identify these patients should evaluate clinical characteristics, biomarkers, and
imaging features that predict an increased risk of stroke despite aggressive medical
management. SAMMPRIS and other ongoing studies will provide important data in these
three areas. Michael Frankel at Emory is leading an NINDS study called BIOSIS 34 that is
affiliated with SAMMPRIS to determine whether inflammatory and endothelial cell
biomarkers are predictors of stroke in the territory of the stenotic artery in SAMMPRIS
patients. He has been assisted by Juan Arenillas from Spain who has done important
preliminary work in this area 35. The results of BIOSIS will also likely be available later this
year.

Regarding image predictors of stroke, David Liebeskind has done excellent work correlating
impaired collaterals on angiography with poor outcome in the WASID patients 36. However,
we need non-invasive tests to screen for high-risk patients. In this regard, Sepi Amin-
Hanjani is leading an NIH funded study called VERiTAS to correlate impaired flow
detected by quantitative magnetic resonance angiography (QMRA) with outcome in patients
with vertebro-basilar stenosis 37. Also, Jose Romano and Shyam Prabhakaran have
submitted a grant application to NINDS to study QMRA, MR perfusion, and vasomotor
reactivity and emboli detection using TCD in patients with intracranial stenosis 38. Another
promising technique that David Liebeskind and Ed Feldmann have been working on is using
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time-of-flight MRA to calculate fractional flow across a stenotic lesion. They will be
presenting encouraging results using this technique to predict stroke risk in patients in the
WASID and SONIA trials at this meeting 39,40. Several groups in North America, Europe
and Asia have been using HR MRI to identify features of intracranial atherosclerotic plaque
such as intraplaque hemorrhage, fibrous cap rupture, and lipid core that may predict an
increased risk of stroke in patients with intracranial stenosis from a variety of mechanisms,
including artery-to-artery embolism, branch artery occlusive disease, or perforator
involvement at the site of the stenosis 41-45.

All these studies will help clarify who is at highest risk of recurrent stroke but we need
better therapies for these patients. So what's on the horizon? For endovascular therapy to
have a role, the rate of peri-procedural stroke will need to be reduced substantially. It is
unlikely that this will be accomplished with stenting with currently available devices since
enrollment in another intracranial stenosis trial, which is comparing the balloon expandable
Pharos intracranial stent with medical management in patients with 70-99% stenosis 46, was
also stopped early but the data have not been presented yet. Angioplasty alone has been
proposed as an alternative endovascular approach for intracranial stenosis 47-49, which may
be safer than stenting for the following reasons:it is a one step procedure (vs. 2 steps with
stenting), which could decrease the risk of SAH from distal wire perforation; there is no
residual metal left in the artery after angioplasty, which could lower the risk of thrombo-
embolism; and angioplasty balloons are lower profile than stent bearing catheters, which
might result in less “snow plowing” of the atherosclerotic plaque into perforators with
balloon dilation. Although there are promising retrospective data on angioplasty alone for
intracranial stenosis 47-49, there are no prospective, multicenter studies of angioplasty alone
in a well defined high-risk population of patients with symptomatic intracranial stenosis.
Our group is currently planning a multicenter pilot study to evaluate the safety of
angioplasty alone.

Is there a neurosurgical option for intracranial stenosis? Extracranial – intracranial (EC-IC)
bypass was not effective for intracranial stenosis in the EC-IC bypass study 50 but Nestor
Gonzalez and his group at UCLA are evaluating another surgical procedure to deliver flow
distal to an intracranial stenosis called encephaloduroarteriosynangiosis or EDAS 51. With
EDAS, a network of collaterals forms between the donor artery and the adjacent brain
vessels without a surgical anastomosis. We look forward to the results of Nestor's study
evaluating this surgical technique.

Regarding non-surgical treatments, Meng et al. recently reported a small randomized trial in
which brief repetitive cycles of occluding both brachial arteries with a blood pressure cuff
twice daily for 300 days was compared with usual care in patients with symptomatic
intracranial stenosis. They found a substantially lower rate of stroke at 300 days in the upper
limb ischemic preconditioning group (7.9% vs. 26.7% (p<0.01) 52. The mechanisms of
action of remote ischemic preconditioning on the brain are uncertain but could involve
improved cerebral perfusion as well as systemic effects such as reduction in oxidative
stress 52, 53. The remarkable results in this small study warrant a larger multicenter
randomized trial to validate these findings.

Coming full circle back to WASID, the proponents of anticoagulation have not forgotten the
data from the original WASID publication suggesting that if the international normalized
ratio (INR) could be kept between 2-3, the ischemic stroke and myocardial infarct rates in
the warfarin arm were low and the major hemorrhages were limited 16. This raises the
possibility that the direct thrombin and Xa inhibitors, now approved for atrial fibrillation 54,
might be effective and safe for the treatment of intracranial stenosis and worthy of further
study. Lastly, several other therapies are being developed for atherosclerosis, including
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novel anti-inflammatory therapies 55, dyslipidemic drugs 56, and endothelial homeostasis
therapies such as endothelial progenitor cell based treatment 57. It is possible that one or
more of these treatments may be worth evaluating in future trials of patients with
intracranial stenosis.

In summary, substantial progress has been made in lowering the risk of stroke in patients
with atherosclerotic intracranial stenosis over the last 10 years. Aggressive medical
management is the treatment of choice and is effective for most patients with intracranial
stenosis. A subgroup of patients with intracranial stenosis fails aggressive medical therapy -
this subgroup still accounts for a large number of patients in the USA and worldwide. Future
research should focus on detecting clinical and imaging features as well as biomarkers that
identify high-risk patients who would be the target group to enroll in new clinical trials
testing novel therapies that will hopefully lower their risk of stroke.

In closing, I would like to thank NINDS for supporting my research over the years. This
support goes well beyond providing funding - Scott Janis has been a valued member of the
SAMMPRIS Executive Committee, and Walter Koroshetz, Claudia Moy, Peter Gilbert, and
Petra Kaufmann have all assisted in other important ways. A special thanks to my main
research partner for the past 18 years, Mike Lynn at Emory who has done a magnificent job
helping with study design and overseeing all aspects of data management and statistical
analyses for WASID, the NIH Registry and SAMMPRIS. Additionally, I'd like to thank the
leadership of SAMMPRIS and WASID who are too numerous to name individually (see list
in on-line appendix). They deserve much of the credit for this research, as do the
hardworking investigators and coordinators at the participating sites. And finally, a very
special thanks to my wife and colleague Tanya Turan, my daughters Justine and Hannah,
and my parents for their love, support and the sacrifices they have made for my career.
Thank you for your attention.
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Figure 1.
The projected Kaplan-Meier curves for the primary endpoint in the medical and stenting
arms in the SAMMPRIS trial.
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Figure 2.
The observed Kaplan-Meier curves for the primary endpoint in the SAMMPRIS trial for the
medical and stenting arms superimposed on the projected Kaplan-Meier curves.
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Figure 3.
The observed Kaplan-Meier curves for the primary endpoint in the SAMMPRIS trial in
patients whose qualifying event for the trial occurred while on antithrombotic therapy
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Figure 4.
The projected and observed Kaplan-Meier curves for the primary endpoint in the medical
arm of SAMMPRIS.
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