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Attorney Docket No. 5656-44TS

ASSIGNMENT
(Patent Application)

Patent Applications Entitled: Method, Systems and Computer Program Products for Medical Brain

Imaging Analysis
filed with the U.S. Patent and Trademark Office: May 11, 2012; January 23, 2014
assigned serial no; PCT/US2012/37591; 14/116,902

Assignees Frank Skidmore

The UAB Research Foundation, a corporation of the State of Alabama, having a principal place of business at 701
20" Street South, AB Suite 770, Birmingham, AL 35233 (“UABRF™), owns all right, title and interest in certain
inventions and improvements disclosed in the above referenced patent applications.

For valuable consideration, UABRF:

1. agrees to assign, hereby assigns, and has assigned to the Assignee(s), the entire right, title, and interest in and

to:

(a)

(b)

(©)

(d)

all intellectual property (including, without limitation, any innovation, information, invention, discovery,
product, process, work or design) disclosed, embodied, shown, or claimed in the above-referenced patent
applications, implicitly or explicitly;

the above-referenced patent applications, the right to claim priority to the above-referenced patent
applications, all applications based in whole or in part upon the above-referenced patent applications,
including, without limitation, all applications that are a provisional, non-provisional, design, divisional,
continuation, continuation-in-part, registration, utility model, industrial design, reissue, renewal,
substitute, extension, reexamination, post-grant review, inter partes review, supplemental examination or
non-U.S. patent application or application for other rights based in whole or in part on the above-
referenced patent applications;

all patents (including, without limitation, all U.S. and non-U.S. patents, registrations, utility models,
industrial designs, design patents, counterparts, continuations, continuations-in-part, divisionals, reissues,
renewals, substitutes, extensions, reexaminations, post-grant reviews, inter partes reviews and
supplemental examinations) that are granted or issued upon, or that claim priority to, any and all
applications described in (b) of this paragraph or that disclose or claim intellectual property described in
(a) of this paragraph, in whole or in part; and

all claims for damages by reason of past infringement of any rights under the applications or patents
described in (a), (b) or (c) of this paragraph (including provisional rights to reasonable royalties pursuant
to 35 U.S.C. §154(d)) and the right to sue for and collect such damages and royalties for Assignee’s own
use.

authorizes and requests the U.S. Patent and Trademark Office or any other U.S. or non-U.S. agency to issue

to the Assignee any and all patents, or other rights or documents, resulting from the intellectual property,
patent applications and patents described in Section 1 of this Assignment;

agrees to sign all papers and documents, including without limitation, applications, declarations, oaths and

petitions, and, at the Assignee’s expense, perform any other acts that are necessary in connection with
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prosscution of patent dpphcm‘mm or inteltectual property deseribed in Section | of this L\s»xgnmwt and the
enforcement of patents or other rights resulting front such patent applications or intellectual properiy;
4. a,gruq tiw the terms, covenants, and conditions of this Asg sigrunent shall inure to the benefit of the Assignee,
:15.5 successors, assigns and other legal representatives, and shall be hinding upon UABRE, as well as its
successors snd assigns) and

S, promises and affirms that it has not entered, and will not enter, into any assignment, contract, or understanding
that conflicts with this Assignment,
{ 35 &
Vooub o al ¢ f fed s.*“‘
§ g & § =
Signature: N "\ﬁ"i“ i “‘g&%*{&%’ Dawg: 4§ ¥

> 3
Kathy ?\:,.sgmt,s’h,l),‘“

Managing Director, UADR Research Foundation

STATE OF ALABAMA
JEFFERSON C W, NTY

w,é A |

s ,ﬂ?’.«f’ T «';%MM& . @ Notary Public o and for said County in satd State, hereby certify that
buathy \ugcxi{: Ph.D., whose name as Managing Director of the UAB Researeh Foumdation, s c'm"pm"nien is
signed to the foregoing Assignment, and who 1s known (o me, acknowledged betore me on this day that, being
informed of the contents of the Assignment, she, as such officer and ‘Mth full authority, executed the same
voluntarily for and as the act of said corporation. .

 l
r ; . . §
Given under my hand this the & % d'w of ‘wﬁ?;@gﬁm g, 208 §w*
EE
............... 4 v,.v““p
e N Lorn”
;{ﬁ«-m«

NOTARY PUBLIC
My Convission Exoir
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Assignee hereby acknowledzes recetpt of the entive vight, title, and nterest in and to the intellectual property,
patent applications and rights referenced in Section | above and which i3 owned by UARRE,

. S xS
Signature: Drate: & 17 8 S oy

Name: } z’a}ﬁ\ Skidmore
&

i o “‘? e
Witness: “%@%@ 3 M’};fm. M-«?MW Date: gffg i ;; 3

Name:

a0
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ASSEGNMENT OF UABRF INTELLECTUAL PROPERTY DISCLOURES

UABRF IFD# LR2012-00435
VIARRY 1PDY Entitled Iterative imprinting of three dimensional brain maps
Assigness Frank Skidmaore

The UAB Research Foundation, a uovpomtion of the State of Alabama, having a principal place of business

at 701 20% Street South, AR Suite 770, Birmningham, AL 35233 (FUABRF ), owns all right titleand interest

in certain inventions disclosed i the above referenced intellectual property disclosure ("IPD™), a copy of
vhich is/are attached a5 Schedule 1o dus Assigument,

For valuable consideration, UABRE:

f. agrees fo assign, hereby assigns, and has assigned to the Assignees, the eative right, title, and interest
i and to all 1n&l§ccum§pm erty (including. w ithout Himit ation, any fopovation, information, invention,
discovery, prodact, process, work or design) disclosed, embudied, or shoswn in the above-referenced
TP, tplicitly or u;\pimiiyg but excluding any intellectual property that has previously been disclosed
1o UABRF, ather than in the IPD referenced above;

[

af the Assipnee’s e k;
Jorfe

nse 1g,r<: s 1o stgn all papers and dovasments and perform any other acts that are
RECOSSATY o per £ git

e
t Assignes’s title in the above referenced inteliectual property

f]v

2

serees that the terms, covenants, and conditions of this Assignment shafl jnure o the benefit of the
Assignee, his suceessors, assigns and other legal represe ntativ es, and shall be binding upon UABRE,

bax]

as well as its successors snd assignsy and

1

4. promises and affirms that it has nod entered, and will vot enter, into any assignment, contract, o
understanding that contlivts with thiy Assignment,

I
§ _ Vingis

Signature: ; “*‘ ﬁgf"%\fm}%" . Date: A Fidle

Kathy ?\uguni*, PhI

Managing Director, AR Research Foundation
STATE OF ALABAMA
JEFFERSON COLNTY

f‘, e
AV gg@m@&; a Notary Public tnand for said Comnty in ssud State, heveby certify

9’\ e -
that Kathy Nugent, Ph.D. whose name a3 Managing Dircctin of the UAB Research Foundation, a
corporation, is signed to the foregoing Ass w,mnun and who it known to me, ackiowledged before me on

<

this day that, being informed of the contents of the Assignment, she, as such officer and with full suthority,

g\mmnd the same voluntarily for \mg as the act ni’ said corporation.
w hand this l’im;,e“; ié"" day of -;M’M&f 206§ .
. fﬁ‘ ﬁ\
A e TS S i

NOTARY PURLIC R
My Conunission Expires:
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Assignee hereby acknowledges receipt of the entive right, title, and interest iv and to the intellectual property

referenced in Section 1 above and which is owned by UARRFE.

&
3

s

Y i
R

e

Sigoature: . d
Mamges Draok Skidmore
§

“‘W&wr '?&*‘
v J N 0 e o .
Witness: 7 L S

¢ v
Mame:

) I e S
Date: _{ § 078 swiny

e
Date: ¢ fESEE 8
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SCHEDULE 1
(ATTACH UABRF IPD)
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INTELLECTUAL PROPERTY DISCLOSURE (IPD) | For UABRF intemal use only:
The UAB Research Foundation 8
770 Admmlstraﬁon Building PO 02012-0045 Mgr: / Lrr q /‘04{

701 20" Street South %
Birmingham, AL 35294-0107 Approved: MM Date: o 2-02~
e

1. Title of Intellectual Property:
lterative imprinting of three dimensional brain maps

2. Discloser Contact Information:

Name: Frank M. Skidmore Office Phone: (205) 975-3395
Email: fskidmor@uab.edu Fax Number:
3. Type of ntellectual Property: O Therapeutic X  Diagnostic O Device
O Software O Assay O New Composition of Matter
[0 Vaccine O MethodofTreatment [J  Other

4. Description of Intellectual Property:
a.  Please submit a brief summary of the Intellectual Property of 250 words or less describing the invention and its uses, in layman's
terms.
b.  Also, attach any additional information that would complete the description of your invention. As an example, you may attach
ublication drafts, drawings, sketches, and photographs to help describe the Intellectual Property.
5. Please indicate the actuel or approximate date when this mtellectual property was first conceived, nrtlal concegt and start ofwork occurred
10/21/2011_ initial verification of validity or proof occurred on Friday, January 20, 20

6. Have you already disclosed this intellectual property, either orally or in writing, to any persons or groups (conferenws. rmetmgs seminars,
proposals, etc)? [J Yes BJ No
Are there any publications, presentations (include electronic disclosures) or other public disclosures planned in the future? ) Yes [J No
Please describe the nature of the disclosure and the date that it has occurred or will aeour.

DISCLOSURE: DATES:
1. CCTS Pilot Grant Program Intemal submission: extemal reviewers are required, date uncertain
2. Cther potential future grants are planned

7. Is this intellectual property related to another intellectual property previously disclosed to this office? [ ] Yes DJ No
If yes, please provide the IPD number and title,

8. Were any materials, used directly or indirectly, acquired with an MTA or from a third party (either outside or within UAB)? [1Yes [X] No
Please list below.

INSTITUTION/COMPANY/PERSON: | DATES: MATERIAL: MTA:
1. [T YES L[] NO
2. [1YES [] NO

9. Please list all sources of funds, intemal and extemal, that gave rise to the Intellectual Property and provide the detalils below. Information
must be complete and the total percentage support must equal 100%. (i.e., departmental funds, salary source, %rant information, etc.)
[ AGENCY/SPONSOR: DATES OF AGREEMENT GRANT/CONTRACT #: | ESTIMATED %:
1.
2.

TOTAL = 100%

10. Disclosers: Please list all persons believed to have made essential contributions to the Intellectual Property during the evelution of the initial
concept or reduction to practice. Include UAB as well as non-UAB persons and obtain signatures from all Disclosers. (Fax signatures of non-
UAB personnel will be accepted.) Determination of inventorship is a legal matter and will be determined by legal counsel.

Lead Discloser
Printed Name: s T Country of Citizenship:
Frank M. Skidmore Received USA
Campus Address: UAB Employee:

X Yes [ No
Email: Daytime Phone:
fskidmor@uab.edu
Home Address: Office of the U.A.B.
3645 Crestside Road, Mountain Brook, Alabama Research Foundation
Signature: W Date:

2%, e tne /€ /g2
Pags 30of 6
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U2012-0045

Discloser #2
Printed Name: Country of Citizenship:
Campus Address: UAB Employee:
0 Yes I:reﬁo
Email: Daytime Phone:
Home Address:
Signature Date:
Discloser #3
Printed Name: Country of Citizenship:
Campus Address: UAB Employee:
O Yes No
Email: Daytime Phone;
Home Address:
Signature Date:
Discloser #4
Printed Name: Country of Citizenship:
Campus Address: UAB Employee:
OvYes O No
Email: Daytime Phone:
Home Address:
Signature Date:
Discloser #5
Printed Name: Country of Citizenship:
Campus Address: UAB Employee:
OYes [ No
Email: Daytime Phone:
Home Address:
Signature Date:

*If addibonal signature fines are required, please downioad the additonal IPD signature form at hitp-imain. uab.edwSites/UABRFAinfo_researchers/intellectual propertyl.

11. Commaenrcialization/Potential Licensees:

Please list any companies that may be interested in your Intellectual Property:

COMPANY CONTACT INFORMATION (IF KNOWN)
1. Phillips
2. Seimens
3.

Do you know of companies that are using similar technologies? [f so, please provide the details below:

COMPANY CONTACT INFORMATION (IF KNOWN) PRODUCT
3
3
Page 4 of 6
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UAB RESEARCH FOUNDATION REVENUE DISTRIBUTION AGREEMENT Y2012-0045

Date: 01

| Lead Discloser: Frank M. Skidmore

Title of Invention: Iterative imprinting of three dimensional brain maps

Contact Name: Frank M. Skidmore

Office Phone: (205) 975-3395

Email:_fskidmon@uab.edu

Fax:

Please list all UAB Disclosers and Contributors and obtain signatures of all Disclosers and Contributors and their affifiated departments and
schoals. Signatures of the parties indicate that they have reviewed the Intellectual Property Disclosure Form and approve the indicated
distribution of revenue. The sum of the percent contributions must equal 100%. All appropriate signature lines must be executed.

Lead Discloser

Printed Name: Percent Contribution:

Frank M. Skidmore , 1C0

Signature; Date: Soccial Security No:

S 5. e 7240
Neurclogy (‘ — ‘
School: ean Biartalure: Date:
- W ) f

Medicine ) / Nean [ Dafs! M

Discloser or Contributor #2

Printed Name: Percent Contribution:

Signature: Date: Social Security No:

Department: Cepartment Chair Signature: Date:

School: Dean Signature: Date:
"Discloser or Contributor #3

Printed Name: Percent Contribution:

Signature: Date: Saocial Security No:

Department; Department Chair Signature: Date:

Schook: Dean Signature: Date:

Discloser or Contributor #4 .

Printed Name: Percent Contribution:

Signature: Date: Social Security No:

Depariment: Department Chair Signature: Date:

School: Dean Signature: Date:

Discloser or Contributor #5

Printed Name: Percent Contribution:

Signature: Date: Social Security No:

Department: Department Chair Signature: Date:

School: Dean Signature; Date:

*If addttional signature Enes are required, please download additional RDA signature form at hitp:/main.uab.edw/SitesAJABRF/info researchersfintellectual property/.

Page 6 of 6
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U2012-0045

SUMMARY: This invention relates to generating a new method of brain mapping
applicable to any imaging method (including structural images, functional magnetic
resonance images, diffusion tensor images, PET images, or SPECT images) in which
data is available from a representative group of subjects in which a particular
characteristic is useful (such as presence or absence of a disease, or gradations of
severity within a particular disease). Using this method of brain mapping, reliable voxels
in the dataset can be identified that can be used for diagnostic pumposes, or to follow
disease progression or development. The same technique can be used on an individual
subject basis to extract information from an individuals brain to evaluate if the subjects
brain has characteristics associated with a specific imprint that has been identified. This
invention is relevant to any condition in which changes in features in the brain are an
aspect of the disorder. When we create an imprinted map using the method, it is similar
to a “fingerprint” of the disorder in that it contains information about how that disorder
reliably changes a specific imaging modality. Often times, diseases occur in the context
of other diseases, and consequently it is possible for individual to have the imprint of
many disorders. For example, when individuals are older than a certain age, a number
of distinct disease can occur contemporaneously. An individual may have a stroke, but
may also have Alzheimer disease, essential tremor, and changes in the brain associated
with longstanding smoking and hypertension. Altemnatively, an individual may have
history of a traumatic brain injury, but is now displaying clinical signs of memory loss and
has a parkinsonian tremor. A key strength of our method is the utility of the method in
excluding epiphenomenon within the dataset to show the reliable change associated
with a particular condition. Retuming to the example of fingerprint analysis, a partial
print may still provide useful information, and it may be possible to discern features of
multiple overlapping imprints. An additional strength of our method is that it is possible,
using this method, to identify regions to exclude from analysis because of evidence of
damage or changes that cannot be accounted for by the target queried conditions. We
envision, using this method, the creation of multiple maps associating changes in certain
imaging modalities in association with certain conditions. These maps may be used
individually for diagnostic purposes, or may be combined to improve accuracy of
diagnosis. -

BACKGROUND: A standard imaging dataset may contain hundreds of thousands of
voxels (a voxel is a term representing a 3-dimensional region of space, analogous to the
2-dimensional “pixel” on a flat television screen — obviously with an added dimension). |
will describe briefly standard imaging techniques, the PI’s perceptions of problems
associated with these techniques and how my innovative methods of analysis differ from
those typically used in the field and are designed to address the perceived problems.
Standard statistical techniques referable to MRI analysis assume that a region of
image space has a normal (or Gaussian) probability distribution, with a bell-shaped
probability density function. Further analysis often uses two distinct processes to identify
regions that are “significant” in a full brain analysis. First, a statistical threshold is
performed. Let us say we set our statistical threshold at p < 0.05. Based on our
assumption of a Gaussian distribution, we would then assume that 5% of all voxels
would be statistically purely positive “by chance.” In this case, in a dataset of 200,000
voxels we would then expect that 10,000 voxels would be statistically positive purely as
a result of “chance”. A second statistical analysis in then performed to identify
associations that are unlikely to be chance associations. In this second analysis, the
volume of interest is once again assumed to be a uniform structure govemed by a pure
Gaussian distribution. A random number generator is used to randomly place
statistically “positive” voxels inside this container (in the above setting, 10,000 “positive”
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vaxels would be randomly plsced within the fergar 200,000 voxel wolume). This random
progess i re-leraled 1,000 mes. and & counting procedure counts how many times 2
ceriain number of “siatistically significant” voxels “randomiy” are clustered together. A
sacond threshold {relatod o number of vorels] is then used o characierze what regions
are significantly different. f we sel the threshold af p < 0.08, & certaln number of voxsls
might nead {o be together lo form g “significant” cluster. HMowever, consider § | setthe
threshold al p=0.0017 In ihis cose we would expsct only 200 voxels to be “randomly”
positive — a much smialier cluster is required o achisve “signfficance” (see figure 1), A
praflem immediately bacomes apparent al this stap. 1 choose a very high threshold, |

ant abie o capturs a small highly significant cluster Figure 1 The Qluster Stres
{represersied by the B sharp pesak), but § miss the

Thresheld Conundrum
targe broad pesk thal is also potentially important o
because 1 doss not mest o significancs threshold,
Conversely, i  chooss he low threshold, Dwill miss
the highly significant smell reglon, because s notof
stifficiend size 1o meet owr cluster size thrashold, In
practice, date is offen spproguhed with a-wiod
hypothases, and variably thregholded, a guestionabls
statistical procedurs given the possibility of
infroduction of bias. A second, more subtle problem is
also buill in o this type of analysis. The braln is notin

fact a uniform sst of voxels with a Gaussian distribution of importance. Some smatll
ragions {such as compact regions in the brainstem or basal ganglia) might be
axiraordinadly imporant, while in other regions {such as the cortex) more variability in
size might be reasonabl depending orywhat is being msasured, Some individuals uss
region of interest analysis o overcome the clusler size-threshold conundrum, howaver
this method brings in inherent bisg, as the investigator must approach the data with a
speciiic assumption (salied an a-pror-hypathesis) in oxder to draw a region. In bringing
iy the assumption, the investigator not only throws oud a significant portion of the datls,
but even in approgching a spaaific region may overiook important findings that do not
aggres with the hypothusis,

In addition 1o the Clusler-Bize-Threshold Conundrum identified above, an
addilional issue, subjee! variability Is 3 subsiantial issus in the anslysis of imaging
dalasals. The author formally analyzed the issus of intersubledt variabliity with
codeague Mark Yang. Mark Yang and asked the guestion — is i possible that this
individual variability might be important in developing ostensibls “differences’in siatistical

P\i'{@;:*esmor A

maps using standand Subgct Effects -
st D §§\\\\\'\\
X

iechniques? We found the |
answer was deatly "ves” within
our datasst. We oblained @ Y
rneasurs of low fraquency IR &\\%« _ \\\ N\\\\X '
bload oxygen level dependent .§\\\\\\\\ %\\\\\\\\
N
\.

(BOLD) signal in the sample. 1} N .

-

. , \
{see Skidmore, Yang, stal R \

2011a and methods below for
more defalll. Figure 2 shows an exampis: a sublect &

the remaining subjects in the analysis. Iy this case 18 subjects wars in the initial
behavioral analysis (8 epresentative examples are shown, sach color shows a speaific
region that is "statistically signfiicant”, either positively or negatively). In this analyals,
the effect was so powsriul that In 8 of 18 analyses, specific regions were deemed
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“significant” that were prosent in onlyong of the el oul™ 18 analyses. The effach was
particularly evident in regression analyses, bul was alse apparent in group comparisons
figure 3 ~ showing 8 group comparizon of 10 subjacts with PD and 18 controls, 18

g i £

subjects). This clroumsiancs is dleady not lenable if the goal is o creale & predictive
map with a resting TMRI scar {owr goal at the time). Mark Yang and | first approached
the prablem of creating & stalistical map by creating & map of all regions that were
“significant” by cluster thresholding within s primary analysis,

We then repeatied thess analysas itemtbively, Figure 3 Individual Subisct Effect
aach fime leaving & sublect out. The maps  Sroug Comparison
were overlappsd, creating & ‘reliabiit” map \\\\\ ““'\\\&\\\\ Nt
{Figure 4 ~ Skiddmore, Yang, stal 2011a, §\ :
2011b). Red spachrum in the figure indicstas '
significanee iy most of the analyses, whils
gresnerbluer spactrum oolors indicals
statistical significance in fewer analyses,
Statistivally dentifiable regions overlapping
with “roffable” regions {Identified arditrarily as
regions in which 80% or grsater of the "eave
ang oul’ analyses were positive} wers used fo
Figure 4 Relabllty Map

N

salect regions us .
Combining the "reliable” regions, Mark
Yang and wera able {o dentify the "left
out’ subject with 82% sensitivity and 87%
specificity. Ina regression analysis
involving the 18 subjects with FD, we
were abie to kdaniify first, that most
“significant” reglons identilisd by a
standard regression analysis werg
completaly ussless (8.9, no batler than a
coin foss) for predicling the deprassion or
apathy score ina left out subiect. We
were abyo able o idendify, howsver, that
\ gpesiﬁc regions — ife subgenual cingulate
% in the case of depression, and the'

\\\\\ squt\f}memﬁfy mcsier cortex and right
S % et arbitofrontal regions were able o
specifically predict the represerntative depresgion or apathy score in the left out subject.
The use of relisbility maps, it combination with standard cluster thresholding, for the
creation of disgnostic maps has been fled as & provisional patent spplication by the
University of Florida {see aftached provisionad patent),

.

-
.

INNOVATION: The foregoing work under provisional patent did provide soms
improvement over existing methods for the purposes of creating predictive templates,
howaver | was slifl dissatisfied with the results. Specifically, while starting to account for
individual subjscl varabiity, the method Dr. Yang and | developed did not tackle the
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issus | identifiad atths bagihning of this section {ihe cluster sive-thrashold sonundaam),
Mark and | had discussad fhig problem, but the solution eluded us. I lete Qoitober of
2011, & potential solution to the cluster-thrashold problem became gpparent, The chief
constraing in developing @ stalistical map not constrained by the clusterdhreshold
cangndaun s the develop of allernstive sialistical means fo clarily the relevance of g
given voxet fo g disorder Inquestion. A method that clanfies meaning at g voxelwise
tevel must robustly identily incividual voxels or groups of vosels within a group of
hundrads of thousands of voxels that are prediclive of g particular dissase or situstion by
a robust stalistival metod relevant on g parvoxel basis. Since | s nearly impossible for
a given voxel in g single analysis fo be sufficiently different from the rest of voxels n the
brafnwhen adiusting for a groupwise comparison within severs! hundred thousand other
vesais, it s impodant to genemste sdditional analyses fo svaluale the robushisss of
individual voxals in & parficular comiparison. | iackled this problam using an Heralive
vooistrap. A raduction fo practice of this technique is shown below. in his cass, we
discuss an inilial raw datasel of 38 fractiona! anisolropy maps (20 subjsols with s

genenator, and leaving ane Figure 8: Number of Positive Voxels st Threshold
subject it egch time, the {Threshold fs p < 0.08, 80 bostabrapnud Haratives)

subject poot i3 re-sesdad”
muftiple imes o oeale a naw
statistical maps. Specificatly, in
gach of a glven numbearof
"slols” {20 for PD, 15for
controls), a random appropriates
individuagl {PD o contid
respectively) was re-assigned to
occupy the "slot” i qusstion. in
the new datasst of 20 PD
subjects and 15 confrols,

subjests might therefore be nat
rapresented, represented once, or randomiy repeated mulliple imes. The lerative maps
i this case gre added {0 create a bootstrapped map of which voxels are rslisbly
positive, regardiess of how the dala ls rardomly re-sssortsd. The statistical properties of
a reprasentative bootstrapped map from this case is notable {see figure § above), In that
the majorily of voxsls are statistically “posilive” in 3-5 of the analyses {a purely random

Gaussian curve would predict @ peak “false positive curve gt 148, although perhaps this
Figure 8 Fredivtive Templale Map, PO vs. Controls, is explsingble by the random
 Diffusion TensorFAMap repatiion of dats in some

booistraps). Howsver, very
few voxels are statistically
"positive” again and sgain as
we approach the full 80
forations in this particular run,
if we secondly ask the
guashtion of which voxels
pradict the identity of the left
out stibject we olilaingn
ovartapping map that reduces
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} the effects of individual
variability - such ag that seen in the cur first analysis of resting IMRI above, Using the
mathod above, ons reduction o practice of this invention, we have created & slatistivg!
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procedure that avoids the limitations of the standard method (the cluster size-threshoid
limitation). In other words, the resultant map creates a map, not subject to the cluster
size limit, identifying all voxels that are predictive of subject class. This method can
identify small regions (such as small important regions in the brainstem or basal ganglia
associated with a particular condition), but can also identify large regions. Examples of
this type of map are shown in figure 6. In this case, 1750 bootstrapped iterations were
used to create a map of iteratively predictive voxels. Naturally, the map is internally
consistent, predicting 100% of subjects, however testing in this fashion would involve a
circular logic that is not statistically defensible. With new data, however, the constructed
map predicted 7/7 new control subjects as healthy controls. A repeated analysis of the
data — using a random number generator to “elect’ 6 PD subjects as out of the dataset,
was then constructed. In this dataset, we therefore had now 22 controls, and 14
subjects with PD. We again in this situation were able to identify 6 out of the 6 left out
subjects as “PD". Notably, in all cases we identified that our regions of interest had an
increase in the fractional anisotropy signal, the reverse of what might be expected.
Second, the regions we found did not specifically directly overlap regions of known lewy
body pathology, but were instead adjacent and around these regions. Third, our method
identified “biomarker” regions highly predictive of subject class in this sample for the first
time including a region close to the dorsal motor nucleus of the vagus, and the olfactory
regions, as well as identifying the globus pallidus, among other regions. While olfactory
regions and the dorsal motor nucleus of the vagus have not been identified in the past
as regions of particular value in segregating PD from healthy controls using DTI,
abnormalities in the olfactory regions and the dorsal motor nucleus of the vagus have
been long recognized as being among the very first regions in the brain to develop lewy
body pathology. Specifically, Braak et al. (2003) pathologically has classified lewy body
pathology in the olfactory regions and dorsal motor nucleus of the vagus as “Stage |
Parkinson disease” (clinical diagnosis, in Braak’s pathological construct, occurs when
lewy bodies occur in the substantia nigra

at Stage Ill disease). We therefore using this method for the first time discovered
biomarker potential in regions that have otherwise been overlooked using standard
analytic techniques.

A few important points in relation to this reduction to practice are important to
stress. First, using a non-hypothesis directed method, we nonetheless identified multiple
regions in our analysis that correlate roughly with expected regions of change
associated with Parkinson disease. Second, our findings were consistent locationally
with what might have been expected, but many investigators might have expected a
decrease rather than an increase in FA signal, and Third, our method identified regions
that had never been identified before as useful regions from the perspective of a
biomarker. Left to the natural course of science, all of these independent observations
might have taken years to develop using usual voxel-wise, threshold and cluster
dependent, and hypothesis driven research. Our method therefore represents a shortcut
to developing useful predictive diagnostic maps.

A final important step in the current invention involves recognition of the
importance of the curve in figure 5. The curve in figure 5 shows that multiple regions in
the brain are essentially similar in individuals with PD and healthy controls. Further work
will be done-to flesh out the importance of this, but in brief, regions that should be similar
can also be used for the purposes of sample stratification. For example, if most regions
support a particular diagnosis, but a particular additional region adjacent to a known
predictive region unexpectedly shows a difference, this might present a signal regarding
the utility of a particular overall region for prediction of a specific condition (e.g. if you
have had a stroke in a region, the signal will be different and we can know from our
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analysis that this region should not be used in our diagnostic template). Unexpected
differences can also potentially be used to identify overlapping and concurrent disorders,
if the remainder of the map is supportive of such a diagnostic leap.

In this particular reduction to practice, the full algorithm, inciuding stratifying the
iterative map by the predictive map, was used to create the predictions. However,
simply identifying regions in the iterative map that have high reliability can also in some
cases create a robust imprint of reliable regions sufficient for subsequent predictive
identification. While we used an iterative bootstrapping of a specific analysis (in this
case an iterative T test at a particular threshold), modifications of this technique would
easily be envisioned by individuals skilled in the art. For example, using other
techniques and algorithms to create overlapping maps, that can be collapsed as a single
evaluation of robustness and reliability of a particular voxel, would be considered within
the scope of this invention disclosure.

Our mapping technique allows the generation of a “preponderance of the
evidence” analysis, that was accurate in predicting ali 13 left out subjects. While we
used this technique for the purposes of generating a subject classifier, there is no
reasons that similar techniques could not be used for the purpose of, for example,
detecting regions important for the development of disease progression, specific
cognitive/behavioral changes, or mood problems within a given sampie. Further, there is
no factor that limits the Pls analytic technique to one disorder or another (as is the case
with specific biomarkers focused on particular proteins), or one imaging modality over
another (within certain limits). With sufficient sophistication, overlapping maps could be
developed that might predict one or more disorders or impending clinical disorders
simultaneously.

With reference to the investigator's preceding invention (development of reliability
maps), this current invention uses the general concept of reliability mapping, but adds a
significant inventive step that allows us, to step outside of the boundaries of current
analytic technigues subject to the threshold-cluster size limitation, to create truly
predictive maps useful for clinical purposes. We are fingerprinting disease specific
elements visible in brain images.
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