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Welcome

The NIH has created the NIH StrokeNet to conduct small and large clinical trials and research studies to advance acute stroke
treatment, stroke prevention, and recovery and rehabilitation following a stroke. This network of 25 regional centers across the
U.S., which involves more than 200 hospitals, is designed to serve as the infrastructure and pipeline for exciting new potential
treatments for patients with stroke and those at risk for stroke. In addition, NIH StrokeNet will provide an educational platform for
stroke physicians and clinical trial coordinators.
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Recovery from Stroke

>50% with significant impairment @ 3 mo;
stroke is the leading cause of lost disability-
adjusted life years (Johnston et al., 2008; Saposnik, 2011)

Most patients receive usual PT/OT/ST although
the efficacy for each one of them is not clear.

Acute to 3 months outcome can be predicted by
behavioral and imaging measures; recent
studies found either no or only weak effects for
dose of usual PT/OT Byblow et al., 2015: Lang et al., 2016)

Only one randomized-controlled Phase llI trial
has shown efficacy (EXCITE using CIMT) (wolf et

al; JAMA, 2007)



Constraint-induced Movement Therapy (CIMT)
An Efficacy-proven Rehabilitation Therapy
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- Effective EXCITE trial was the first NIH
« Standardized sponsored stroke rehab trial (3-9

@ months after stroke; 222 pts total; 2
* Quantifiable week intervention) and completed in

e Available 2005 with a budget of 7.5 million



Constraint-induced Movement Therapy (CIMT)
An Efficacy-proven Rehabilitation Therapy

Table 1. Baseline Participant Characteristics®

Constraint-Induced
Movement Therapy Usual Care
Characteristics (n = 106) (n=116)

Age, mean (D), y 61.0 (13.5) 63.3(12.6) |

No. of days since stroke, mean (SD) 708 (66.1) 0.
Fugl-Meyer Assessment Score, mean (SD)f 42.5(11.7) 41.1(12.9

Figure 2. Back-Transformed Mean WMFT Performance Time and Mean MAL Amount of Use Scores
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Cortical Changes after CIMT
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What affects stroke outcome or recovery?

* Brain’s natural recovery ability/potential:

seems to be dependent on the degree of initial impairments, the
lesion’s impact on the relevant system, and is proportional to what a
patient could theoretically recover in mild to moderately impaired
subjects;

* Premorbid Brain Health

 Medical Problems occurring during the recovery period
« Age at time of stroke

* Appropriate time of an intervention

- Appropriate dose of an intervention - mixed results of dose/intensity
studies

 Appropriate biological substrate: residual
lesional substrate vs. redundant system substrates; this
contributes to the discussion on recovery of function vs
compensation of function;



Predicting Behavioral (Motor) Outcome:
Proportional Recovery

A ” Some Interference during the
.80 5 Nonfitter (N=65) recovery process: High burden
Stroke Severity | e o146 of SVD; Medical complication

during recovery phase
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Imaging Marker to Predict Outcome:
Combining Lesion Size and Site: wCST- Lesion-Load

" Lesion d Overlap
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Physiological Marker to Predict Outcome:

Assessmg Cortlcos‘ inal Tract (CST) Function with TMS

T™S (a)

(a)

(b)

tmlt n(c)

MEPs have a high sensitivity for good recovery, their specificity is relatively low,
ie, absence of MEPs does not necessarily mean poor recovery. arac1994; Cantano, 1996)
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Physiological Marker to Predict Outcome:
Assessing Cortlcos 0 |naI Tract (CST) Function with TMS
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Task- and rs-fMRI reveal Targets
for Interventions

Movements of the paretic (right) hand
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E-Montages and Effects of Brain-Stimulation

1. Interhemispheric interaction

Effects Last After Stimulation

Cathodal  Anodal - Cathodal
TDCS T0CS TDCS £ 15 Duration=5 min
T, Yok TPy s
A Y t1Y »n A Y 1Y B £ N=19
y: ! s £ "S¥ /& c
\ : L \ £ W \ k]
\ { ¢} Z Oy ;\ { < y < § 1.254
5 / ‘ A : é
™ e )TM > - -}~ anodal
2 % iy a2 ;
W 7 .75 B ok seafgen
Yy B G d) 2] % -O- cathodal  *
i %075
8
| @
o
Yos L /L
20y 2 3 4 s /1
Time (min)
C D Nitsche & Paulus. (2000) J Physiology 527.3: 633-63

Schlaug, Expert Review Medical Device, 2008; Feng, tDCS in stroke recovery, 2010

2. Increased Synaptic Plasticity in the targeted region

@ ort

Direct Current Stimulation Promotes
BDNF-Dependent Synaptic Plasticity:
Potential Implications for Motor Learning

Brita Fritsch,'-3¢ Janine Reis,?:3¢ Keri Martinowich,® Heidi M. Schambra,? Yuanyuan Ji,*® Leonardo G. Cohen,?7-*
and Bai Lu#57.8.*

DCS induces a long-lasting synaptic potentiation (DCS-LTP) which is polarity specific, NMDA receptor
dependent, and requires coupling of DCS with repetitive low-frequency synaptic activation (LFS)




Meta-Analysis Electrode Montage (only25d)
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Schlaug et al., Arch Neurol., 2008
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Test for overall effect: Z = 2.25 (P = 0.02)
Test for subgroup differences: Chi? = 1.60, df = 2 (P = 0.45), I = 0%

Chhatbar et al., Brain Stimulation, 2015

Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI 1V, Random, 95% ClI
Anodal O O
O Hesse 2011 Anodal 10.75 11.77 32 11.91 11.43 32 13.8% -0.10 [-0.59, 0.39] O i
O Kim 2010 Anodal 25.67 12.32 6 2.29 13.86 7 7.9% 1.65 [0.32, 2.98] O
O Sattler 2015 Anodal 6.6 4.2 10 9 6.2 10 10.8% -0.43 [-1.32, 0.46] O 1
Subtotal (95% CI) 48 49 32.5% 0.21 [-0.72, 1.14] -
Heterogeneity: Tau®? = 0.47; Chi® = 6.99, df = 2 (P = 0.03); I> = 71%
Test for overall effect: Z = 0.45 (P = 0.65)
Cathodal OO
(} Fusco 2014 Cathodal 4 5 5 4 7 6 8.7% 0.00 [-1.19, 1.19] <> S EE—
(> Hesse 2011 Cathodal 11.72 8.39 32 11.91 11.43 32 13.8% -0.02 [-0.51, 0.47] <> -
(>Kim 2010 Cathodal 21.8 16.39 5 2.29 13.86 7 8.1% 1.21 [-0.08, 2.50] <> —
> Nair 2011 Cathodal 4.14 2.7 7 161 1.5 7 9.0% 1.08 [-0.07, 2.23] O —
Subtotal (95% CI) 49 52 39.6% 0.43 [-0.23, 1.08] @
Heterogeneity: Tau? = 0.20; Chi® = 5.46, df = 3 (P = 0.14); I> = 45%
Test for overall effect: Z = 1.28 (P = 0.20)
Bihemispheric [] [
[1 Bolognini 2011 Bihemi 5.9 5.06 7 1.4 3.41 7 9.1% 0.98 [-0.15, 2.11] O
[ Lindenberg 2010 Bihemi 5.6 1.92 10 1.15 0.85 10 7.9% 2.87 [1.55, 4.19] O
[] Viana 2014 Bihemi 9.3 5.7 10 7.5 7.1 10 10.9% 0.27 [-0.61, 1.15] |
Subtotal (95% ClI) 27 27 27.9% 1.30 [-0.14, 2.75]
Heterogeneity: Tau® = 1.30; Chi®* = 10.30, df = 2 (P = 0.006); I> = 81%
Test for overall effect: Z = 1.77 (P = 0.08)
Total (95% CI) 124 128 100.0% 0.61 [0.08, 1.13] <@
Heterogeneity: Tau® = 0.46; Chi* = 30.51, df = 9 (P = 0.0004); I = 71% =_4 _=2 S i
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Dose of brain stimulation emerges as an important
lator of the eff

What is the effect of higher dose of tDCS?
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Safety and Tolerability of high dose tDCS

Safety and tolerability of transcranial direct current stimulation to
stroke patients — A phase I current escalation study

Pratik Y. Chhatbar, MD, PhD ?, Rong Chen. MD, PhD “?, Rachael Deardorff, MS ",

Blair Dellenbach, OT “, Steven A. Kautz, PhD “ 9, Mark 5. George, MD ',

Wuwei Feng, MD, MS * <~
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Table 1
Safety and tolerability profiles at each dose level.

{DCS current

1.0 mA

20mA

25mA

3.0mA

35mA

40mA

Baseline characteristics

Subjects (n)

Females (n)

Age (years, Mean)

FM-UE (affected side, Mean)

M (affected side, Mean)

rMT (non-affected side, Mean)
Safety profile

Second degree skin burn (n)

Clinical seizure (n)

New DWI lesion (n)

Subject discontinuation (n)
Tolerahility profile

Headache (n)

Neck pain(n)

Scalp pain (n)

Tingling (n)

ltching (n)

Burning (n)

Electric shack sensation (n]

Sleepiness (n)

Trouble concentrating ()

Mood change (n)

Other issues (n)

Skin redness at Anode ()

Skin redness at Cathode (n)
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FM-UE: Fugl Meyer Upper Extremity Scale; tMT: Resting Motor Threshold; DWI: Diffusion Weighted Imaging,



TRANSPORTZ2 - Design and Aims

A randomized, sham-controlled, multi-center, Phase2 dose finding study
of pts (n=43/arm) after first ischemic stroke, between 1-6 months post and
a UE-FM of =56 (max66); 30min-tDCS; 2hrs-CIMT, 6hrs of wearing a mitten

Baiilliae 3 Baseline 2 and First Second Final
(Da\:-]ﬁ to -7) Randomization 10-session Intervention Assessment Assessment Assessment
T (Day 0) (Day 15) (Day 45) (Day 105)
Screening tDCS 4 mA + CIMT
1 3 >
I |
All Patients 1-2 weeks tDCS 2 mA + CIMT One month Two months
Sham + CIMT

>

Primary Aim: To determine whether there is an overall treatment effect among 3
dosing groups (Sham+CIMT, 2 mA+CIMT and 4 mA+CIMT) on day 15 after the start of
the intervention and a sustained effect at 1 and 3 months in the UE-FM (primary), in the
WMFT (secondary), and the Stroke-Impact-Scale-Hand (secondary)

Secondary Aims: To confirm that the proposed intervention is safe, tolerable for
patients, and feasible to implement in a multi-sites setting in order to better plan a
confirmatory phase 3 study

Exploratory Aims: To investigate whether the wCST-LL (structural integrity of descending
motor tract) or MEPs (functional integrity of descending motor tract) or a combination of both are

correlated with changes in FM-UE scale; to evaluate the utility of them as biomarkers for subject
selection; to investigate a covariation in change of rsfMRI, MEPs with change in UE-FM.



Outcomes Measures for TRANSPORT?2

* Fugl-Meyer Upper Extremity
(FM_UE) Scale
— Measure of motor impairment
— Study is powered on the FM-UE

Quality of Life

Function

« Wolf Motor Function Test (WMFT)
— Measure of motor function

« Stroke impact scale (SIS) — hand
subscale
— Measure of quality of life



Current Enters the Brain and Changes Function
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Timing of Proposed Intervention

B tDCS (Change Scores)  Sham (Change Scores) Std, Mean Difference Std. Mean Difference
Study or Subgroup Mean SD  Total Mean SD  Total Weight 1V, Random, 95% CI IV, Random, 95% CI
Acute OO0
. C ) Fusco 2014 Cathodal 4 5 5 4 7 6 87%  0.00[-119, 1.19) O ——
Time after stroke interacts Oheseaollmddl 1075 W7 % usl U8 R B oolossesm 0 —-
{) Hesse 2011 Cathodal 1172 839 321191 1143 32 138%  -0.02[-0.51,047) O —+
= th th ﬁ! t f O Kim 2010 Anodal 2567 1232 6 229 13.86 7 7.9% 1.65[0.32, 2.98] 0 —
Wl e e eC S O a n { Kim 2010 Cathodal 218 1639 5 229 13.86 7 81%  1.21(-0.08,2.50] O —
. . . 0 Sattler 2015 Anodal 66 4.2 10 9 62 10 108% -0.43[-1.32, 0.46] 0 —
eX e rl m e ntal | nte rve ntl O n Subtotal (95% Cl) 90 94 63.1%  0.18(-0.30, 0.66) <
p Heterogeneity: Tau® = 0.17; Chi* = 10.23, df = 5 (P = 0.07); I* = 51%
Test for overall effect; Z = 0.73 (P = 0.47)
Chronic QOO
[ Bolognini 2011 Bihemi 59  5.06 7 14 341 7 91%  0.98[-0.15 2.11] O T
C [J Lindenberg 2010 Bihemi 56 192 10 115 085 10 7.9%  2.87[1.55,4.19) 0 e
Meta_anaIyS|S Of tDCS eﬂ:eCtS ¢ Nair 2011 Cathodal 414 27 7161 15 700%  1.08[-0.07,2.23) O %
[ Viana 2014 Bihemi 93 57 0 75 71 10 109%  0.27(-0.61,1.15] O —
C . . Subtotal (95% Cl) 34 34 369%  1.23[0.20,2.25] —eniffife
Su ggeStS h |g he I Si g nal |f Heterogeneity: Tau = 0.77; Ch? = 1031, df = 3 (P = 0.02); F = 71%
Test for overall effect: Z = 2.34 (P = 0.02)
|nte rventlon IS done N Ch ronic Total (95% CI) 124 128 1000%  061(0.08, 1.13] <
Heterogeneity: Tau® = 0.46; Chi* = 30.51, df = 9 (P = 0.0004); I = 71% } t 1 {

-4 %3 0 ) 4

Stag e Test for overall effect: Z = 2.25 (P = 0.02) avors Sham Favors tDCS
Test for subgroup differences: Chi’ = 3.28, df = 1 (P = 0.07), I* = 69.5% . . .
Chhatbar et al., Brain Stimulation, 2015
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Innovations

» Testing a higher dose at 4mA of transcranial
direct current stimulation

« Combining best practice of peripheral
sensorimotor stimulation with experimental,
dose modulated, central stimulation into a
phase 2 clinical trial

* Investigating whether structural and/or
functional biomarker can aid patient selection
or predict therapeutic response



Inclusion Criteria

« Each subject must meet all of the following criteria to
participate in this study:

18-80 years old; and

First-ever unihemispheric ischemic stroke radiologically verified and occurred
within the past 30-180 days; and

>10° of active wrist extension, >10° of thumb abduction/extension, and >
10° of extension in at least 2 additional digits; and

Unilateral limb weakness with a Fugl-Meyer Upper Extremity score of < 54 (out
of 66) to avoid ceiling effects; and

An absolute difference of FM-UE scores between the two baseline assessments
that is < 2 points indicating stable motor impairment; if subject is not stable,
then he/she will be invited for a reassessment after 2 weeks (but no more than 3
reassessments); and

Pre-stroke mRS <2; and

Signed informed consent by the subject or Legally Authorized Representative
(LAR).



Exclusion Criteria

Subjects who meet any of the following criteria will be excluded from the study

* Primary intracerebral hematoma, subarachnoid hemorrhage or bi-hemispheric or bilateral brainstem ischemic
strokes;

* Medication use at the time of study that may interfere with tDCS, including but not limited to
carbamazepine, flunarizine, sulpiride, rivastigmine, dextromethorphan;

 Other co-existent neuromuscular disorders (pre- or post-stroke) affecting upper extremity motor function;
 Other neurological disorders (pre- or post-stroke) affecting subject’s ability to participate in the study;
» Moderate to severe cognitive impairment defined as Mini-mental Status Exam (MMSE) score<18/30;

* History of medically uncontrolled depression or other neuro-psychiatric disorders despite medications either
before or after stroke that may affect subject’s ability to participate in the study;

» Uncontrolled hypertension despite medical treatment(s) at the time of randomization, defined as SBP=185
mmHg or DBP=110 mmHg (patient can be treated, reassessed and randomized later);

* Presence of any MRI/tDCS/TMS risk factors including but not limited to: a) an electrically, magnetically
or mechanically activated metallic or nonmetallic implant including cardiac pacemaker, intracerebral
vascular clips or any other electrically sensitive support system; b) a non-fixed metallic part in any part of
the body, including a previous metallic injury to eye; c) pregnancy (effects of MRI, TMS, and tDCS on the
fetus are unknown); d) history of seizure disorder or post-stroke seizure; e) pre-existing scalp lesion
under the intended electrode placement or a bone defect or hemicraniectomy;

* Planning to move from the local area within the next 6 months;
* Life expectancy less than 6 months;

* Has received Botulinum toxin injection to the affected upper extremity in the past 3 months prior to
randomization or expectation that Botulinum will be given to the Upper Extremity prior to the completion
of the last follow-up visit;

» Concurrent enroliment in another investigational stroke recovery study;
» Doesn’t speak sufficient English to comply with study procedures;
» Expectation that subject cannot comply with study procedures and visits.



Statistical Considerations

Primary Efficacy Endpoint:

generalized linear mixed effects repeated measures model with the
dependent variable of change in the UE-FM scale on Day 15 after the initiation
of the 2-week intervention adjusting for intervention arm, baseline UE-FM, time
from stroke, and study site; ITT analysis;

Sample Size:

MCID: 4.25-7.25 in FM-UE; Assuming 4.5 with mCIMT alone, 9.0 with either 2
mA or 4 mAtDCS+mCIMT.

We have 83% power to reject the null hypothesis that the three group
means are equivalent using ANOVA (assuming a two-sided type 1 error rate
of 10%, SD of 7)

Considering incomplete intervention sessions and Lost to Follow-up, 43
subjects per group are needed for the ITT primary analysis

Safety: Clinically significant adverse events: Severe headache, Second-degree skin burn, Clinical seizure,
Neurological deterioration (= 4-point increase in NIHSS);

Tolerability: using a Visual-Analog scale (VAS), a 10- point scale ranging from 0 (No Discomfort) to 10 (Extreme
Discomfort) and a questionnaire before and after tDCS;

Feasibility: >80% of subjects complete the treatment protocol and no unexplained variability by site;



Go or No-Go Rules for Phase3

95% CI

Primary

Feasible
Sham

2ma

4mA

P-Value

Safe

Tolerable

Secondary
Endpoints

Conclusion

A M

No-Go: The trial was terminated early due fo lack of
feasibiity

43

4.4
(2.4, 6.3)

4.4
(1.5,7.2)

3.3
(0.7, 5.8)

0.52

No-Go: The study will not procead o Phase I,
because the confidence inferval includes the
hypothesized nwll freatment effect, 4.5, for boih
achve doses and the p-value is nof significant,
Therefore, the study results do nof suppovt the
additional investigation.

4.1
(1.3, 6.8)

2.8
(0.3, 5.2)

0.1
(2.9, 32)

0.04

No-Go: Although we reject the null hypothesiz of no
aifferance, the difference 15 in the wrong direchon as
gvidenced by the confidsnce infervals.

43
(1.9, 6.7)

w

9.7
(6.9, 12.6)

12.1
(9.6, 14.6)

=0 001

4.3
(1.9, 6.7)

9.7
(6.9, 12.6)

12.1
(9.6, 14.6)

=0.001

Consistent

tham 2.
e

(4mA)

Consistent

Go: We will reject the pnmary mal hypothesis and
conclude that af ieast one lreafment arms arg
different. Both arms are zafe, folerable, and
demonsirale a signal of improverment at 3 months.
We would consider proceeding with the 4mA arm
bacause there is modes! evidence thal it is beffer

Go: The ewdence for efficacy is the same as above,
however since the 4mA was nof folerable lo
patieris, a Phase Il comparing 2mA vs. sham

would be proposed,

4.3
(1.9, 6.7)

SEE
n
=

8

9.7
(6.8, 12.6)

121
(9.6, 14.6)

<(0.001

Inconsistent

No-Go: Although we reject the primary nuill
hypothesis and conclude that af least one reatment
arm is different. neither WIMFT nor SIS shows any
indications of efficacy. Ad Hoc exploralfory analysis
would be required to explain this discrepancy before
procesding.

45
(2.3, B.6)

9.1
(7.1, 11.2)

10.3
(7.7, 13.0)

<{.001

Consistent

Lo There is sufficient evidence that IDCS active
arm is better than a sham, Howewer, there iz nof a
gtrong differance babtwesen the two doses in the
prrmary outcame (FM-UE). In this case, we wil
procasd with 2md

45
(2.3 6.6)

H ¥

9.1
(7.1, 11.2)

10.3
(7.7, 13.0)

<{.001

Inconsstent

Lo The evidence for efficacy is the same as
abowve, Howsaver, the WMFT and 515 indicate thal
4dmA has additional benefits in funchaoral and QOL
improvement. In this case, we will proceed with 4mA

Table 2. Simulated tnal and resulting actions under different assumed true mean changes or response rates.
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CIRB approval?
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Questions?

Questions
are
guaranteed in
life;
Answers
aren't.

feng@musc.edu and/or gschlaug@bidmc.harvard.edu



