a9y United States
12y Patent Application Publication o) Pub. No.: US 2023/0095034 Al

Yeager et al.

US 20230095034A1

43) Pub. Date: Mar. 30, 2023

(54)

(71)

(72)

(21)
(22)

(60)

METHODS OF IMPROVING MYOCARDIAL
PERFORMANCE IN FONTAN PATIENTS
USING UDENAFIL COMPOSITIONS

Applicants: Mezzion Pharma Co., Ltd., Seoul
(KR); Children’s Hospital of

Philadelphia, Philadelphia, PA (US)

Inventors: James Yeager, Lake Forest, IL (US);
David J. Goldberg, Philadelphia, PA

(US); Stephen M. Paridon, Strafford,
PA (US)

Appl. No.: 17/020,674
Filed: Sep. 14, 2020

Related U.S. Application Data

Continuation of application No. 16/751,979, filed on
Jan. 24, 2020, now abandoned, which 1s a continu-
ation of application No. 16/147,133, filed on Sep. 28,

2018, now abandoned, which 1s a division of appli-
cation No. 14/788,211, filed on Jun. 30, 2015, now

Pat. No. 10,137,128.

(60) Provisional application No. 62/186,132, filed on Jun.
29, 2015, provisional application No. 62/036,506,
filed on Aug. 12, 2014.

Publication Classification

(51) Int. CL
AG6IK 31/522 (2006.01)
A61K 31/519 (2006.01)
AGIP 9/00 (2006.01)
CO7D 487/04 (2006.01)
AG6IK 31/00 (2006.01)
(52) U.S. CL
CPC ... AGIK 31/522 (2013.01); A61K 31/519

(2013.01); AGIP 9/00 (2018.01); CO7D 487/04
(2013.01); A61K 31/00 (2013.01)

(57) ABSTRACT

The present invention relates generally to the field of using
udenafil or a pharmaceutically acceptable salt thereof in
patients who have undergone the Fontan operation.



Patent Application Publication

3

v f
I 44

Percontage of Subiacts
Wio Reporied Advergs By

o

B

+

24

_;.i".|l".|"".|"‘.|l".|"".|"‘.|l".|"".|"‘.|l"l"‘i".|l".|""i".ll".ll"i".ll"l""l"‘-l}fi".ll".ll"i".ll".ll'"i".ll".ll'"i".ll"l"‘i".ll"fffffff}'fﬂffﬂfﬂfﬂfﬂfﬂfﬂfHHHFHH"HHHHHFHHHHHHHHFHHFHHF-{,’EHHFHHFHHEHHHHHHHHHHHJ‘M
] . r _’ ‘I..
z. 3 £

Fa
F

HHHHHHHHHHHHHHHHHHHHHHHHHHHHHH

W TR
WY

3.5y
Saly

Mar. 30, 2023 Sheet 1 of 34

N

. "
) L]
ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ e % P % % % % % % %

§7.5 mg
daly

375w

haaoe dasly

Higure 1

US 2023/0095034 Al

A A 'E,: 3 %7:':“*“ & i.-; %.1:
e B R B R a ﬁ ﬁk‘?ﬁﬂ; '

a .
R A A A R A A AR A
Smig 125 m
8 Mg 2% ma
oy, o



Patent Application Publication

30 T L

£

13

Hy
5%

:

»
L

?
Fuod

:
A e

ghﬁﬂ{:}%

P
Y

EE IR

B e e A S
“l

7

4

5

1

4
*

X

B xersise
Sy

Mar. 30, 2023 Sheet 2 of 34

x 3 .3

355 1
bt dshy

candy

Figure 2

US 2023/0095034 Al

L _ 1"*‘\:}
i::i; w "ﬁ : 0“"} Nt
.‘!\"4- ~ ':: t\ "\":i :
ol .y \.a@:g-:n:-ﬁ'.-‘-“*
1 ) £ el AR
.b‘lﬂq‘ .a"“.':- p."u.'-p -"‘uﬁ- .."u."'l. h':-‘-t‘l L] 1.. waﬁfn -.-"ﬂ':\- ; P i‘hﬁ: ﬁ.‘h‘l- 4'1‘.1\- -.-'h'! !h.. h‘h'-d: n"h.'i- ltliﬁl- -"h'l !-'ﬂ"ll !i-'ﬁ i-"ﬂ.'-ﬂ i‘lﬁ\ d.‘li.'! f"h"r J-'ﬂt'-l "lﬂ R0 q"ﬁ'! +1It."|. 1\.-""\- -'-"q"ll ri-“h- n"h."r 11‘1‘1- 11“' !-'Hq'q -'1-.‘! 1h; l.“.‘b l.‘lﬁ'l -1"'1. 11'!1‘1 -1||'l itﬂ-':l 11‘11 ﬁ‘li."l- -'z'a M r I'q. 1 ' n‘h“- 1‘ -.'h'l !"ﬂ‘l. .l.‘lﬁl':- !ﬁlﬁl ntli.'! f‘h“'l- r-'sht‘i %'y
::t I.:.:.:“I"f"""";""“""‘. ; . e N .‘"ﬁc x
- ' ? A “ ‘.‘-
3 MW SUSREETIIC ORI T LR o ﬁ; A e o L3
X Ry ' AN m A o :
o ey e AN M e A AN W RAARAA A s > N . Rl
3 £ Ny, R ~y
i g . B e
Y . ' . .
0y ‘h;m} gt {?\3 ?-.-}
Y o oY = ~
3 & bot
E}u"‘,"n l 'ﬂll""*t
., 8
X )
Y : g
:& *'":; gt
0y L
e
3
.
-
B, S
M
-
:Emn'
LY
B, S
M
.
o . . .
‘. -
. ) ’
s AR
\ = Madisn
. : Y
3 IHIRMATRRL £
3

3 3

"
h b k3 :
it A g g g e i, g g g e g e e e et e e

85.0my
twice dady

185 Mg
gy



Patent Application Publication

37.5 mg daily

Mar. 30, 2023 Sheet 3 of 34

37.5 mg twice daily

US 2023/0095034 Al

4% r 45 r
= R VRN URO PP PRRRPPY %
o 40 ¢ = 40 - ®7
s e
%) I o o e s o e an o o ),
2 3D ® X 30 F e
- - T
. 20k L 30 e T
f}é {} e ;."é S0 :::ﬁ _*;:::,*‘...
c 25| B S 25 STTvreoiTmen oo
S ;' """"""""""""""""""""" ® S TR
;:? ﬁﬂ - G o e e T e T } 2{:‘ u g
15~ ; 15+
Hetare tri Atter it Sefora it Atter trt
day | aay o day 1 gay o
87.9 mg daily &7.5 mgiwice daily
4o r 4o r
L= ©
o 40 ¢ o 40 F
Th o5 .
2 Shy b B e X 3h - P Tt e %
E 30 - #w-w,._,,_____‘__-h_"'““'““m“m“; LLLL .. E 3{:} s R :::-—“"'Mﬁ!ﬂ:i:
Hﬂ Biw v e — e ','::‘:-;-.--.h....,,..:_;‘-@ ){n _‘_,Mﬂ-*""#ﬁ
T o e
& Zhr & Z2or Fe
= L ” . 5 e —
= - me e mn mn m  w m te sm e m o m me e ome e o o & . Y 1 NP
=, 20 %5 20
15 - 1 J ‘35 - i » I
Setfore tri After irt Refore i, After trt.
day 1 day 5 day 1 day o
125 mg daily mXercise only
45 45
fos . fos .
= AD o A0 T e
I Ie: o
£ 357 £ 35- \
N = gows s
% 30T O . :qj_t“;;;;{'f:;a-:::-mﬁ ﬁ“‘ SU ST T e -8
- Mr;ﬂ:_‘-__n_,,_.;_uwt“:‘f .................... &
& Zb $ £ 2o &———— —
o) ) '
e 20 F % 20
1o - 1 . 1o - L |
Baefore trt, After tr Layt Liayh
day 1 day o

Figure 3



Patent Application Publication

5

» 55
;,irluir:f
*

Y B
ity g A et e A e e e et e e e ettt e et e e e et

Bxarsise 34
SHY ‘

Mar. 30, 2023 Sheet 4 of 34

:'h
2
LY
3
= & |
. =
& s
N 3
b 3
E& PO
=y, _I.,T e
., = G
: N
A - ::.E
£ S 3
e " ::‘_: E
&K .
R <
& 3 :'* N
" A
> . - | {::;
R i Do
iﬁ: g ﬂ i e W W W e N ’ﬂ?”w nwv e e aia o a
- . g A AN
pe -
¥ om f‘~=
' LY
.. : N
NI .
& oy T
- \
0N % % %
R -~ P
T Y
o
: n
s v
‘il N
ﬁ““-’ﬁ “g é%ﬁ\
o
3 &5
" .

S g

daly

%

350 0
bt dsily

Figure 4

A e e e e e e

Sutn ety

e e e

87 .5 mg

3
-
it g S gyt M e

canly

e e

US 2023/0095034 Al

o itﬂ-':l 11‘11 ﬁ‘li."l- 11‘3 --'ﬂ'l !H‘“l- r‘ltﬁ: nth.'i- -"q"'\. -.'h'l !qu‘ll i 1“. -r'h"\ -.-'Eh‘l n‘h._
P
ﬁ\.“‘-
e
\g -
-

3

-----------

.
b3
"h‘h'-‘h"h"h't‘h"h'-.‘h"h"h"-‘hk‘h'u‘h"h"-.‘i"h"h"L’t"h'-'h‘h‘h'-‘i‘h‘h'h‘h‘h'ﬂn‘h‘h‘-‘h'h'h‘n‘n‘u%ﬂ-

870 my
twice dady

138 g
datly



Patent Application Publication  Mar. 30, 2023 Sheet 5 of 34 US 2023/0095034 A1l

37.5 myg daily 37.& mg twice daily

. ' ‘.I_h‘ .‘H“ "‘.ﬁ, “*‘ - ; . w
%.‘n-*-m'ﬁ' W AR S e e W A Wt A e e W R R - A, '.'Qﬂ*

. i "‘. .

g
1

-
"4

10
%

L N , -
LY ' 3
'h"ﬂ'ﬂ-"ﬁ"n‘h'h‘l'h‘h'h‘h'h"‘h"'l-"l"'I-*I"l-"'l"h"'l-"h'i‘h'i-‘h'ﬁ-‘h"t*!"n‘l'ﬁ‘l'ﬁ'h'ﬁ‘h'ﬁﬂ'ﬁ*l'ﬁ“l'h'i‘h"t‘h'h‘ﬁ't"n'h‘h"t"l"n"ﬁ'ﬁ‘h'ﬁ‘h'ﬁ'l'l"l“ ""Hl;‘ ':"h‘hh‘ﬁh‘ﬁh‘u‘ﬂ-‘m‘n'ﬁ‘ﬁ‘h'h‘h'n‘n'u*n‘u'q‘hﬂ‘h"u‘h'h‘-"t‘n'h'h‘tﬂh‘h‘h‘-‘n‘n't‘n‘h‘-'ﬂ-hﬂ‘hﬁ‘n'ﬂ‘ﬂh‘ﬁh‘uh‘nh‘n‘t"ﬂu"ﬂh‘-

Refore i1t Aftesy i, Refore 1t After 1t

F ]

ﬁ&?‘ g (jﬁ}% g {t;&y 1 Qﬁﬁ}"’ 5

trwashold, m

trwash
st
ot

e W W, A
B ::} AN )'} bt
Bad ZE By E
™ .
e b o 3
. » A - - . - ' ' %
. » . . 3 .
{3’ ’EZ}} N, m {m;-nE.F Come N
" ol 1i.""’§ : - #‘i‘ "'4 : - AW & 3
hﬁ “*“;ﬁ: & ﬁ %ﬁ. e o iy h L‘-ﬁr -"-;:{:E {\:‘? e El\"'-
43 Sonre LR N 5w Haxe® 3
T NN - T - N :
i :: _— N D B i o 1 S e e 6
1 i ‘ ‘Il‘*—q._ i - - 1 " - oy A bt‘h: "ﬁi“‘qf‘q‘r - *‘hl-ﬂh"l""h"h‘h T "
Pv {LVX ™ 'h:-‘"%q“ﬁ. T ﬁ '\ :: %ﬂ:x;-‘_ﬁt‘!i‘:‘ll?ﬂl " x [ Ny "t"l-‘l"lr_ "
o * X 2, B O b g LY
P> § W xR R
N oy = 3 = . A .
p . - . S oo T T O S e il e o A A ‘.ﬂ*%-
e AR A AN A hn.;@:@._n.,ﬁi'nﬁf:‘;ﬁ*?“*{?:":?'{;;‘fg' . E %&-}Hy‘:‘-ﬁ.&fﬁt M, ::‘.t.a: R Y R AR SR AR AR
] - ] ‘.. ".. L : ] - ) L s ko A L L 1 iy - r - rT
0RO - PRSI - % - ]
M iy "‘~§ $ " R o VR . '? :ﬁ‘i ‘}.m aiqqﬁwﬁf'ﬁf‘?‘"h“?ﬁ:ﬂhmﬁm'."-.""h"'"":"&E‘Lﬂ\‘ﬁ?ﬁiﬁﬁi@ﬁﬂfﬁhﬁﬁﬂpﬂ{*:ﬂqﬁ'
A - o :
1 - “
mi . b
- -
, . by
y
H_
"
%
"y
"
.
o

e R bl L L P

M
'S

£8%

87.5 my daily 57.5 mg twice daily

555

b:
%

3 iar 53
f?fff-’a'ff-’?fﬂ'fffd‘fﬂ‘f&

[

- r

L
o
W
{: J &+
L
.FJJJJJ."J."-I"J

ab

o

f3
447

&“"il"x,"\.;m.‘;.,‘., ) %’.‘ :
tr - LI L a o oL L - "'-‘.lﬂl“& w - - .
v ) LR L S .. ’ " ’ #:‘H‘;‘l‘i‘l'h . 3 ] = 1T
R LI Ty i A T W " N T S ) {:: W owe ae O
i . . e e w : E; B AL ‘-‘-'-g' :
ﬁ!"“ A et wtefal e et W i o S S s R gy e, sttt wie T
% L I
"‘I -.tl"r ™ ! . ﬁ.,.':h: '% -h'
LA A e W ot

a
L TRN r '
NN Wit
o " -
"t“lq.l-.hq_ l..":"_|‘; .‘ '
. . - e e e g g T T e N o e b i )
L B i s e el i

P

LM A WM L W TR, LR o, oyt oy .

fgﬂ&-
7

2/
’

Wiky 2t anaeral
threshold, mifkgim

fﬁu AR Wh A WECNR OWE RS OWE an AR mE A ORI AR M ks A R R & he me .& m
#

W

s
Gt

10

g
av

?.'i'ill‘.i-l‘;Ilf.'.ﬂll‘.'.".Ilf.'.F'ﬁl’.'IlfJ?JJJJJF#‘EJFEEJJ}'E?‘;‘JJJJJEQF'J;F?.'#JFJJJFJJ' L R

&
3
o+

7

s

;

#

4
7

}ﬂﬂ-"ﬂ‘.ﬂu’n"fi'u‘J}Fffffffrf?fffd'#ffi‘#ff?’ﬂ‘fffu’fffﬂ'
.

2
4

L4

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

setore i Alter i, Hefore i, After
aay day S ey 3 dday S

185 myg daily SXSICIBE Oy

§ ok

A

£ 0¥

L
:

s

> A -

&!'ﬁ-‘i ) 1;. . -..:.. Aty 1;‘

.'f.'.l".ﬁ#i.'.i’.ﬁfi;l'é'i

AN s, -

3

SR

0
k321t
; F
3

%f"?

Wi ol angerbic

I

phlt, CEE L

?.h‘.' ‘F'.:,ﬂ-'l-" 1."'.."&";."\1'1,‘ . ..

.o h*. .y 1-\_-_"#\'{111; * +‘r
H-‘.;L--iq.:'ﬂb-'."‘.i-";r"‘l-.-' A - r b h.-.'a

o

5.

G anaEeris

'@"u' e Rt S

Pt ol gl gt G P S e

a_:.
g.

e,

T3
Lo N

B L *"#‘

14
§5
&%

RIS b

‘q._q;‘ll -u.l‘l'“ r‘:‘:'h -
. 'h. *
e A [T S '-#
e WE

d . R . ' " ' 7y I " T
ﬁ‘iﬂ. < e _"u.;::!‘ "h‘“‘*‘-ﬁﬁ J"!‘m-". e e e L T A T o A T h 1'-.&;(%-

.---ﬁ-...‘h
- " gty M
& ey vy, R RN RS ot
e v A

-

RN LA

‘-"J‘f!-"a"fﬂ'f!

- SNEPN

4

o8
LA

TR E IR R RN IR FIREIFIFIIFEIF

o4, (BRGim

] r B ’ r‘h"'l LI - wu t
& et e T R R S P L aw T _
. R T A e g*-.-.-uw-.-.mmv-v-ﬁ":'-"::-"-:'::k;‘ﬁ““““&“ﬁ”wﬂﬁm““ﬁ“‘”&
a‘::h&“'imﬂ “'i"'l\'!_ﬁ o el b Ny LT W - . » " < . L xR ey e ey iy iy iy g e e e e T e e — ar gk CUMCOR e e
i T M W gt o, e 'ty J.:":.._‘: ‘H . '
: T L] b L Pt ‘l-: :“' L} ...“" e woa l';q.- -|.: :1 W *1 " 0 e e ‘.. ca . . “h ﬁh ‘1’. o ' - 1‘:#1
R -""-""-:*-L..'\.'-..-& wh N

4
4

& = o

.F::!_
A

g,
Py
55

-

e sl
e B 4 5

ffn"fﬂ"f-"n"n"?nl'Ff#ffﬂ'#ffﬂ'fn’fffffffff

2
e
A

J‘iﬁih‘iﬁiiﬁiﬁi?ﬁ!!ﬁiﬁ
.

£33
4
5

x4 f'

?i"

. -
L) %
‘l-‘h.I-‘h‘l-.I-“.l-"ﬁ.I-"Irl‘l-"IA-‘I-"l-".ll"l-‘l.'r".ll.'r‘.ll.'r‘.ll‘l-‘I-.I-‘ﬁ-.l-‘h.I'*I-“.I-"i-.I-"ﬁ-‘lﬂ"l-‘l-"h‘l-"'r‘l-'ﬁ-‘!‘i’l‘t‘!‘t‘l‘t‘!‘*‘h‘t‘t‘l‘h‘!ﬂ‘ﬁ'\‘!‘h‘l’é

Bafors i Aler i, Doy} Dayh
dagy 1 day B

L

. .
» 3
B L B B, L B, B 0 BN B B B B B B B B B BN B A, B B 3 B B

Higure 5



Patent Application Publication  Mar. 30, 2023 Sheet 6 of 34 US 2023/0095034 A1l

L
3

hangs in natural log of

E::
tive Myperamia index, FU - BL
{7

oy
L

Pt
N

{

oo RACIY
I TeTef bty

:_-l‘-l‘-- i i A R R i 2 R o il ol A ik A i, ol il R e il el i A S i il ol il A i i o i i i il i e
A

¥ 4

L] L]

: i

! ‘_ﬂ_*_i

E T e -

37.5 mg 37.5mg S7.59mg 87.5 mg 125 mg
daily twice gally daily twice daily agily

. el S St b s et s . .

Figure &



Patent Application Publication  Mar. 30, 2023 Sheet 7 of 34 US 2023/0095034 A1l

s 37.59 mg daily - 37.5 mg twice daily

]
]
|
’
AE 1
|
' B !
N
| Ty
: - -
", -
n L .
D 8 "'"l-._‘ - 1 -‘_-F_,““Lﬂ':@
HHM#_-
r . 1*"\_ n = ’mwm
*y '] s
) :
- = ) -
] " ) 41 -+ L] :: .! bl momoae : 11 L] 2 :
g 6 G 6 L @Hﬂ 1y bW 47 e R oWy A i tﬂ-‘.'!!‘“ it W JF W L W A e w ki L I L] LI BN I ol W I-!fﬁ
- — )
] -
L3 , @‘* |‘.""""ﬂc!l e ) poc I " — . |
’ !
a2 ¥ = - .
N
! .
-u.:'"“' s i L - "'a
e 2 - "‘H‘.‘. —
,..i" s " e Ty ! - — -
-* W'—m 1
r ] -:.W" - - n : -, -
* |
o "

41
Lo i
Wi N
- - ~ |
* i
.I"“'#- - Maaﬂnﬁ“*‘“w“*'n*Ln' X :“".-m
X3 ..Jﬁl.l.ﬁtr
] - IL I
|
]
]
]

1
5\
v 7

ural iog of KHI
T
"5!
s
Maiural log of RHI

Nat

0 - | 7L

Detore it After trt, Before irt, After it
day day o day 1 day o

87.5 mo aail &7.5 ma twice gaily
12 . y 1.2 9 d
T

J
: i -ErT - .-
——
h . ___;-:.m'i-“"'-
¥ y ﬁ“‘“mmmmw*“"“"‘
LY

-
ap ¥
r

- T
‘F‘
-
o
e
L,
"4.]».#-
- T
e
- T
w

"l-‘
"W e,
" ek

h
! T et
| -
R -
| e "'I""'?
-

" T

...Il!"'..'r-“""h.‘ .

1 ""I"‘_._‘_
j M e
Ir

o w
-
TR e L
TTTTTT
Lal

ar T o = had
__E#F:
..lr'l""‘"-.

Natural log of KHi
Matural log of RiHl
3
g3

]
i
{:3 2
. i
7 M'lm:ieqh
T e b R BT o R

ol ol |
Betore it After trt, Refore it After it
gay day o day 1 day o

121

-
u“.
h v
L4 T
SLa— " [T.]
‘i M"F-‘_’H
L _I"_r-n.ln'-
Yoy e T
e i T T
__‘,,,.M*'F""‘” * o
. o ok
-rﬂ'-" -
o . Y P e
o “.;nl"
- il ™
- 51
. v L
FEL] L
F‘f -
1]
- =
] b e ﬁ
{Q ] L. - Frg,
wk
‘3 o ¥ ‘“‘N
] -
-
-

0.4 | .

. . !-ﬁ‘-" o —f 1'%
ﬁ 2 e W - -”""'""-M
g T
- =T
'] el
| -

MNatural iog of KM

( e

Betors it After trt,
gay 1 day o

Figure 7



Patent Application Publication  Mar. 30, 2023 Sheet 8 of 34 US 2023/0095034 A1l

.-ﬁ
¥ '
*

~
o Q &
L,

{1

o

» £

Hiood Pool VP
13 - Bi

— Mean

w o RO

£

£3.4

il

2.5 m
dait

37.5 mg 87 .o mg 27.5 my 125 mg
twice danty datly twics daity Gty

. "‘F-:;f
(L]

Figure 8



Patent Application Publication

A g

Hiood Foo

Blood Pool MPI

Rlood Pool MPI

1.2

T
0.8
06

4 r

0.4

1.2 ¢

0.8
06 F

(.4 -

.4

1.2

0.8
0.6

0.4 r

0.2

-

et

Sefore it
gay

ey

B@f@é’@ irt.
gay 1

e

Betors it
gay 1

37.5 mg daily

*
.,
o

.

mﬁm - | = a s

. __:1-:*_-'!‘,“._.___‘ “_
— b A e

%L-—-.——.—.... - II--’-’Il--n.___:_:

LE EELE Ny W o S o |1| T - h:“‘_ﬁﬂ :”i

i
T .~
. e -l wpc O
LI

day o

8¢.0 Mg gany

-
L]
* oum

-
oo,
“ﬁ
*"'-h
-
.*ra.=
L.
#"‘l'l
™ m

TTTTT

N gy
aat T .
L - erma . """"“"‘h."..

T A
"
"
oy

day o

125 mg daiy

narfer
nalnrk H‘FM#W ~
AT
F™ o L
o o
g“‘v....
iy,
"hn-.“
mt-‘-h
= =y,
... -
I "R . ﬂ.""h
:'lr-hi--u "w -"'"[.h.
-n-_J‘}-- 1 S
- a3 o s | - - #ﬂ‘&
&“‘-ﬁ. [rn— - M -*::‘h
- - o e e - vy
- - — "R Y Y - --.i"‘].w‘i%
L i
e e e 2l et el ik e Sl e e 2’ i’ e e el 2 e e e e e e e e e e e e e ek vl vl v i Sk i e i ke v J

day 5

After trt

After trt.

After trt

WViP |

et e &

SBiood Hoo

2i00d Pool MiF

figure 9

Mar. 30, 2023 Sheet 9 of 34

1.2 ¢
b
08

E
-
¥
¥
b
K
h
!
- ¥
E
I
:
!
]
¥
¥
¥
¥
. b ]
_ ¥
¥
]
K
¥
¥

02t

Defore it

1.2 ¢

0.8 -
0.6

0o b

Beiore it

37.5 mg twice daily

A ow
ok

A A A AR AR AR AR R AR AR AR R AR AR AR R AR RRAA R AR AARRRAAR A AL
gday 1

7.5 mg twice daily

- b
ﬂﬂﬂﬂﬂ

B T
) P ey T e oy
- ‘-‘-“-‘l‘r‘ ™ . Ll 8
e ™ TR =
T e
gy "-‘w
“ 1
a q'.
llq,.‘_L
- e
riy
“ L, TR '%
TR oy I s —— il Ml AR
& - "m'mﬂm-“l‘-“-.‘- “-m“‘-m'w
T
ey

i i

day 1

US 2023/0095034 Al

After it
gay o

After it
day



Patent Application Publication  Mar. 30, 2023 Sheet 10 of 34  US 2023/0095034 Al

{3

Tizsug Doppisr MM

soomeoe AN
O me o RESEHAN

f e e e I S ] E _ o}
37.5 ma 37.5 mg 87.5 my 2.5 mg 125 myg

daily fwice daily datly twice daily daily

Figure 10



Patent Application Publication

1.6
1.4
1.2

0.8

Tissue Loppler M

Tissue Doppler MPI

Betore it
gay

1.0
1.4
1.2

Tissue Doppler MPI

0.2

]
]
* 4
| “E R
)
]

06 |
0.4
0.2

mefore trt
gay 1

11
0.8
0.6
0.4

i

o

S

e

e

|

[

Betore it
gay 1

37.59 mg daily

S
[
'..ll-
.l'“
""._ _-'ﬁ
i ":
-r"'"‘f i%
e
& _-?"‘qﬂ#
-
..adt'ﬂ""""‘-r
-.rl"’#’
e
=
e
e A WW-&MM@
--"F‘_t:m“—_"
ﬁ"‘_" il bl L Y KN % I W Tl B G sk i oy o W ML W g __‘.i‘._%

R |

8¢.9 mg daily

ﬂ'#‘ﬂhﬂlfﬂﬂ ~

% T .o

Ly Y - apmr LETT
e -
O W o N
ey e *"""-'1-::_
&.'m-- m‘kth - oy TR 'ﬂ.l.ﬁ
= e ey = ﬂ
roopeewo™ TN W W, "
@. P i ! A " v o ‘ﬁ
L TN
N e
'h-"'l""-r.:n...lm
e i
Bttmm -
‘]"—m--i-mm
b ¥
- T SR
R R, 7 P u‘ﬁ
ey, .
'_..:* T WMa
ey

b,
ﬁ.]- am [ ™
- T cgm
m
b ] [~ ——
Ll -~
BT
T, -
T3 ‘bﬁ
ﬁ“ E )
i e e
it .
- - ey
—— ﬁhy\.ﬁ
ﬁ"'—
o
1-l.
n.,‘_h
uuuuu
& Ciiug
- _-r‘ﬂ‘-ﬂ—_t“
. =
..ﬂlﬂ*ﬂ.ﬁ“#ﬂm#"ﬂ#ﬂ#
e S
i LT
= 0 et K _-_ﬁ
ﬁlm.._- . AEEEEE GEEEE] KL IR
D e m e e R R R i o

1.6

Tissus Doppler MP

After it
aay o

1.6
1.4
1.2

1
0.8

Tissue Doppler MPI

.

After trt,
day o

Higure i1

1.4

0.6 1
0.4

Mar. 30, 2023 Sheet 11 of 34

US 2023/0095034 Al

37.5 mg twice daily

" d
N
|
N
N

2.
-a-l-‘*

N
|
n
N
h’
N
n
N
|
|
n

Batfore irt,
day 1

After it
day o

d7.5 mg twice caily

[ ]
]
]
N
=
r'hﬁ-
|
/
N
|
'
[
| W
[ ]
[ ]
N
|

E.-

- !

®

: - -*““"“WW

e el
'-‘I-ﬂl-"'-

"‘W . v mabe A ek Gk o wra W

::.-"'-"""-""'i"-‘

.-.Hﬂ-l--i-ﬁ...l

R WY - ¥ ] - [P Y F NN

- T

e s
() [ 4 L 1} 4

memmmwwwp‘w”mmwﬂ

juiilied
L AL Pt P
AL e ke R

Safore irt,
day 1

After il
day o



US 2023/0095034 Al

Mar. 30, 2023 Sheet 12 of 34

Patent Application Publication

fean
Radian

R

L2
' k
T A ¥ AT AT AR Bd R A% AT :"l.-"t'.:lh.}. T AR BT A A AR R
[

4

O GO ¥,
£ ]
-

r ]

; ) i
M‘!ﬁ.ﬁ.ﬁ.ﬁ.ﬁ.ﬁ!ﬁ.ﬁ.\!ﬁ\ﬁ!ﬁ.t!!!ﬂﬂ!ﬂ\iﬂ..ﬂﬂ!!\t.—..-.ﬁ!l.ﬂ Hﬂﬂﬂtﬁﬂﬂﬂiﬂiﬁ“__ﬁ!ﬂﬂtt!!!!!ﬂthﬂ!ﬁ!!!ﬁ!!\!!! !!iﬂtiﬂﬂﬂiiﬂth.ﬂﬂiﬂﬂtiﬂﬂtﬂﬂt rrrrrereerered
. ) " : oy » i..x._ ,.}t.u m:”v

. o " £ {4 . £ S L. A
o W o N 0o 0 D O
u “ .f.ﬂiiu

¥

H - d
UOHORIRIOS Simnoans) aleisay

Figure 12



Patent Application Publication  Mar. 30, 2023 Sheet 13 of 34  US 2023/0095034 Al
™ | ] e . . .
o2 37.5 mg daily o 37.5 mg iwice dally
< &S00 o 300
v 1
§ 250 é 250 +
o 200 . o 200 e
5150F - Sqs0F e o
{ ¥ ““‘*u“__f,__.w*‘ﬁ f | e SR A N> S
3 100 | e g 100 | FoomTTmEEES ®
= Lk L B -
e 50 ~ w HO e------mmmsessoommmmeEs ®
: 5
5 O~ 5 O- o
o Before i, Atter tri é’f Befors tri, Atter trt,
day 1 day o day 1 day o
. — . fn ) .
9 87.5mg daily 2 | &5 mg twice daily
O 200 O 200 r
2 i
E 250 F § 250 -
o 200 1 o 200 -
L
5150 F g CTIImimie - 5 150 ¢
{3 bt BERAE-Et 3 e omamareeme — SURENIUNERES——
a2 100 F T & 100 ¢ @
R0 &7 IR ——— k%, | it CES R LS S
24 S0 @ old 8
G 03
EJ“ G o 1 ; ﬁ Q - ] i
é’f Seiore il Atter il e Befora i, After trt
day 1 day o day day o
- :
Q 125 mg caily
< 300 r
LZ e | e
é 251 &
o 200 r
o 3_.. TR W 3y e 3 % e 5 e e S0 2 e+
g 150 ®
) ® R
2100 b gremo o T I
k2
o S0
%
Lﬂ"; (3 = t e
% Bafore tri, After tr,
day 1 day o

Higure 13



Patent Application Publication  Mar. 30, 2023 Sheet 14 of 34  US 2023/0095034 Al

40 -
;
&
o s »
&
B 20
0 %
o ~ ]
:’."«9‘ o \ E’w
&S M Y
Q N ;-~
0 .
b ) ¢ 3 ¢
S 20k ) o
<%, Q
;
AT e .
30 e Roan
: :
o - = R{ladian
-G T
S S I
27.5 my 37.5 mg 87.5myg 3275 my 125 mg
Saily fwins daly datly hwice daily caily

Figure 14



Patent Application Publication  Mar. 30, 2023 Sheet

Avarage isovoilumic Helaxation

Average lsovolumic Relaxation

(o Helaxation

e -

Average {sovolum

180

37.5 mg daly

160
4 ®
120
. -
100 F B
S0 P ogoemimmes el
it
&0+
49 Lo
pefore trt Atter tri
day day o
57.2 Mg daily
180
160 -
140
120
mmmmmmmm -
' » oo oo
100 8;;1:;_;;;;5?:%5:5;;555 iy
sU . N T S g
50 F -
4{3 o ] i
Before trt. After trt
gay 1 day o
129 mg qaily
180
160
140 F e
120F e .
T T, o
100 F 7T e .
310 1) et
O
o0
Ai) - {o. )
Bafore trt, After trt
day 7 day o

150f 34  US 2023/0095034 Al

5 37.5 mg twice daily

w 180

s U e T

g 140 |- T T %

=120+ °

=

S 00 e

@ 80 TS

& 60 F -

ﬁ

@ 40 - ;

< Hafors it Atter trt
a3y 1 day o

5 §7.5 mg twice daily

wm 180 r

S 160

E _

o 140

= 120

3

0 tcor ;

@ 80 gnillll oo "_____W;,__H___J:

& B0 e o

g 40 - 1 z

< Safore it After trt
Gay 1 day o



Patent Application Publication  Mar. 30, 2023 Sheet 16 of 34  US 2023/0095034 Al

L
g

*
3
4
’;a'

N
o 3 8 AR
"q;.gi A o m{‘ :
o . . < :
150 m B R g
' : . y . vy "
5 s 331 2
T S ¥ A ;:{3 X Rl
A ﬂ? e T:t AR 3 -.h‘:ia : %ﬁﬁ .
5 e T R
" ;: Mg s 1§23 ,ﬁ{% ;
15.5,‘ iy N . . . & o
. N .

& B g &

4

£

¥ ri l||"l,"|I o] ] .
iy g ¥y !
3 o ‘lﬁn‘ﬁh‘uh‘h‘.'t."h"h‘ﬁ.'ﬂ.‘u‘.'u.‘H.‘t."'H.‘k.‘ﬂ‘t."&"tﬁ!%‘u.H‘a‘hﬂ‘ﬂh‘ﬂh‘h‘ﬂt‘*ﬁhﬂh&k&ﬂhE.‘Hh‘nh"-h\t‘h‘nhh"t.‘n.\i. ; s ‘ﬂ.‘m‘ﬂ.‘t."h‘!:.‘h} ‘Q Z

8.1 ¥ sl 0o % 4
Fine (e}

“ )
A

3
5

2
MMMHM;‘J‘WHIJ&

w3318

o 338
e 3§37
~~~~~~~ X4
w35 A
e naa EE} E .1

S SnE
Ty T Ty T TR L ) B
4 f:-{ .;':,f}

WA i:':a' '{ :"‘::%

& 2
2
s

Lo,

7
%‘%

: "y
7

/f.-ﬂ
"”'3 s

"
Vi £

Y,
+ | *
:l-r
»,

&
Goncerdration {(Hghod
a-;-f,.y_‘f
_.wf

Concentration ngind.

. -...'-
L
.l‘
i'*-
a
';:"':-
TE -
F . !
'

190

Lar
r

s
L
ol
AT,
g
A

51!

AR
%

&

%

Lantentralics {ngind.
£
o P _ & . _

Higure 16



Patent Application Publication

2

s

Concendration {ngfml.}
&
s
#
4/

'
ﬁ
I -
+ +
AN RN
e M+
X " ;
. R,
m r
N

Mar. 30, 2023 Sheet 17 of 34

Figure 17

30

W

- il

LR AR A

aaaaaa

W e

US 2023/0095034 Al

.ﬁ?' -E;s *‘ﬁg s:g*im il dose



Patent Application Publication  Mar. 30, 2023 Sheet 18 of 34 S 2023/0095034 Al

+

L
Ll
¥

+ + + 4+ + + + + + + +

+

+
[
L]
L]
L
L]
L]
L
L]
+
[
+
L]
+*

L
CIE I S N R R R T N |

T TTTTTTTTTTT T T T

-

-
+ + ¥ + + F + + F

LI T TTTTTTT

+
+ + + + ¥ F + F FFFFFFFFE T

- T r T T T T T

+
+

T T T T T TTTTTT T T

-+
L I B D N B L
+ + + F F F F FFFFFFEFFF +

+ + + + + + + F + FF S
]

+++++‘++++++++++++

+ + + + ¥ + + F + + F + + F S F

F Y P Y NRFRFNF G

+*
+
+
+*
+
+
+*
+
+
+*
+
+,

L L B L B N

+
Y

L L N B

+ 4 & h o bkt A

T T T T T TTTTTTTTT T T

* L L N B B
+ + + ¥+ + +

* + + F ¥+ F

L

LS

+*
+
+
+*
+
+
+*
+

T T T TTTTTTTTTT T T

Higure 18



US 2023/0095034 Al

Mar. 30, 2023 Sheet 19 of 34

Patent Application Publication

B

% FOBGT- ';

.Ma._\.u_u__.._.__q.uq\.ﬁﬁ\ﬁl‘ﬁl\ﬂ.@.ﬂm._.__n-ﬂnﬂ.u__.\E___..__m.____u___...me.__.\%\Eiwﬂlﬂmﬂium.hiﬁh\tﬂ\mﬂ\lﬁﬁ m &w

= £ 8 = %

4 sl Loy

‘igure 19



Patent Application Publication Mar. 30, 2023 Sheet 20 of 34  US 2023/0095034 Al

LLIF (L)

Figure 26



3

i.."“"‘ A
A,

e
5.

e oy Py S g gy Ry gy iy By e b b

US 2023/0095034 Al

£

:

figure 21

Yot
‘
T " " k o ! r St » W : li{_-
- .—.”.1 o F -I”h - L] l”.l .h"“ d - H-l”.l..‘ d L"‘. r l.'.k..h"‘ L ] - ﬁ.—' [ o4 -”.‘. l. [ 3
T . K v —_._.. ] ¥ a” ] - a .ﬁltt_fi
.-...I____-__.ﬂ.
oL el i £
.._....”.._.._..-....q"-..-_...u.._........_...-.h.._....-...l”!”-_.“hf AT
. . oL ‘L, 5 - .
R JUR I
- ¥
.-.“.HH....H..H-.AH..“_...._,&._.L..
4 ﬂ“ r H -u L ] .1“.1“
:
LRI
e AT
SRy
z
a  5n e i nE
.q..!..-.u...-....s.-.”.-..q.q..!i..__.......__..u.-.u e ”._-......_.._. .I-ﬂ_-....
L - F i ._-..__” i
. F
¥ .u“.u m
T SR et e 4 e
Tt AR AN AR A A, A AT n.._.__."........__ LY
. r JF K ". 4 o e T - .
4 MJ__....J
4 "
3 el e o) : < h P
L M - - L - o -.._.-. - -
-. II l-l.l 1 'I --l.i b - “
— f
. i
1z ST .“.__ . 3 e ST * L
P A o e . T O I ..-..._._.._.__n.-.... -k A P T
PRt x 7 A - 5 W = PR
L ] - . -k P r
2
sl P
1 L o B o o L L L Rt .._....__.-_-...-...-..“1__...__..
R e Ty SR
£
Fy
! " . ] . T - » - A ._._"-__.
I wnfm il Laaa PR aa it O P Lata s P
LN ey _ A IR A e L . ) R
2. . . : T v . L F i
' , ‘ el
: : : £ Lo
e - - - 4 - A 1 . k . » [ ] ] , i.m-.
; r r " LI L U . . .. .
swrs FrERd ..__.....1-___.n_____..._._..__.-_“:._____r:.__......n'-___._____. sERIFETF __.___._.____.___.._.“.__.._. L3
* LS P + . 1 N F 4 ) .
.__._ a
Qs W
i e ] * i - N "r 4 e !
h s ..|...L“|.-.,. = R A .....L.Hl.-. ....-..._”.-..-l.. ..-..".. - ....1“.|-. ilu.......“...- ?
H - ; ” _ * " - : 4
2
. :
. - . r . . - £
o . - " - . x> a it A s
L] R S N nonr.r A, g BT rh R - FaT
u h 1, R 'w - At . £
2 1 ' 1 . :
F
N = .1_.. ) > L . 4 LA .-.”_n___-_
B v it ..__”.-.._. o # O T, U
5 - * "y . x> L+ 2 " A o
. . » - L] L] r L .__1.
£
— :
e . . E . -, . . - R
Foe . re . N . . ‘ o
._......._T....-....”r.. ++.”-__ A e +.._...“..______.._....+._1._..._ -rew -..__.rr._.._.... U..-.
q - r = . aa - - b .._ - L
2 - . A . m l_._-”\-"
: e e N
‘__..._. ] » 4 ....._.-...-. . L l_.l.._l__-_.
R e e -
* e ! __L--..._.__ e
3 4, 1 2 “r Fatal
0 i a
P ¢ . r P " - Sy -“ ?{
v n..-.”-..l L] L.-"r.l comu doa —_.-...r-. 1.._..._|.-.-._.”.._.u._.....__”..‘_.r.| A !
w M - 'R . - T St ..“
H.
2 i,
.“.. ; ‘. * - L . i a . £
r T4 r l-. L E .1.‘. r 4 .-.l.- L r .H. L 1 -.”. ‘-”i "~ - .-”.- | L :ia - [ :—-l r¥a .-.“ r
n.. 1- T . . - |.—_ [
’ - - Ll o, " [ ] L] L] L] “
> ;
W L . W
v L] ‘. i oo w S
ST O T, P A NS e
' - . LUE 1P TRy B E
r T LS 1 ra L
£
* D
Fan PP L..m...v.ﬁ.”u..f P
’ 5 L
p ol
s .ﬂ 'y
L ] Lnins
+ .-.“..._-......- h.._...-........-._l..-_“.-.._ ...-...__.__...__.. =
S A _
i
— I
PR, FL L ‘u-‘...“.ﬂ.
Rl o . B !
S
]
. +, ..‘. r N 1" - “va 4 N _.u--
.t AR A A B S A AP A
e A . E K E] ._.“n.. _ L] ra
S :
n v h.h.. “pt i " ._ b rn-. - “
R R R NN IO R IR R P RS X
A A S
l £
o s
j— . _ _ _ s
r 4 . “u - - .' r I.- '. -. ..l lu .k'.
b . .1I..ll.—.“l-| .I. | - .Ihu r " ..J. I.. J”.‘-I. - .1-”‘ r T 1”]. 1 F..I“..I..‘.l”.‘ ..J H..l”.li“l.l- T..I“.I.l. - .-“.l ..-
3 . T A F N . - " . R k
p £
g N
— E ST SRR TS
an gt - e B - .o E
3 M n . af o r - .__.__"..,. >
. x
L oy
i e e v em A
Fu o hu FLETE L
RN N RN B NN N
fr A aat e M S
H.
- /
v .n.._ ' E | ‘v ...._"-.-. ._.._ £
. ey A +ur - e EPLN L R N
. g a o Lowt “1.- -
r - e - 4 L] 1 r
& | %
. g ‘ o AT
....1.-.......1....-..........”.-....._ I L -..1..._1.-.1..“-..1... ......”.-... . ......1.-...—_..-.1__..-_....._ ..-..“_.._._....-...
a PR RO C A
£
n u Fy
... - P L . + v “ "..-._.
rl . ' L . L]
Ll.t-r-. l.l..'l.l.l\-rl. ok ks 1..-ll l..—.l.‘l-“.r‘“hl.‘-.l.
o f I Vi - Lok :
j— » .“-..._.._._.ﬂ
y m}.{__,
B L il e i b i e Ll
a [ L . - . . r o .
- ] r . . ] r L]
=) pe
F +
b
", r ; c : g . :
.._..-.‘- .n_m... N " w\-{hﬁ hr}..ﬁ.ﬂ ‘ﬁi\.‘-..l1 .l.n. -_I_.. .\_._-}J .““.--U M“U
g o o N Lo o o o ﬁu
. M i “wht . e’
. . *, 'y e ¢ . e *
t .1}..1." H-.{I. G “_-.I... __._.i.IiI_t ___"I-_Iqﬂ - liﬂ M.._l-in__-.ﬂ :ﬂ‘-l_.i._ﬁ
F ™ ek p, F i .ﬂr__t..n ot/ S [ alll
L) i]]h .-_.-___._-V hl_l__.u g J -.::J!ﬁ r?l1.n.' ._-_.-_-.ﬁ
i . . .. ._..
L3 . § P -
=P 257 P, Ly L o i) b noat
' “
-5 |



US 2023/0095034 Al

Mar. 30, 2023 Sheet 22 of 34

Patent Application Publication

“r

e
<o
..__._..._......,
1...........&

b

’

W

O T L T T R T T T T N T L R L e
. - -
.

[
F

ratt,

s

L

#3

{

LY

i

e

LI

.___.__..._?_u
.
++ i 3
oot
’

o
ﬂf ..u...“

T

e T e e T e e e e e e e e e e e e e e e e S

.. . ...- -
] ’, ) ey
mrrm wdr rE A A AREEYy A

4 . LI ]

.

.

.
et

L |
q\u
L ]
L}
N
:
-
!.I-I-
4
X
:
.
¥
S
"
.".

‘ 1 P rp ot
-
]
. - . o Pk v-..__...-
- e atA
P ety r._.....-....-......_.-.._._____....____.._.__....u....__...
L] - + E A
P + . _ LI L
A
i
-
” ...” H U LI ] -.....__..u
FARFF EE ...-h-m-..-..n-!..-..._.l-_l.-
1 - A P
L] . * ES , =
b - oo e
a - + r . K
Ttwtet ey 1...-!............-.5......&...................u.l....i ¥
N N = il -...un
a . e

. [ ]
[
1 [ ]

Cm

"

"
‘m"

=

n

"

=

3

r

-
*

b
N s

+ L

! . . . 4+ 02

P N I L R L L L R
L] - + L) A
: a ¥ a2

oS raA

L] Foo= 1...1

IR 34 50
s .......- AT o __.q._" .-u.l..-.

1 o + LS R .____u

7

A

. - . F -+ .q..._..-.-.
44 .-.._.._.......-_-.__...-.__.__._.-..:“__.

+ e LI

" -’ . it ....q“

.-.H

. e

“ - H ..-“. ok aaeF
aiata Vata ...........-._.....1._-......_..1__...““:.-...

" . v e ......1

7

! a - U e -.uu.-.q___
u.__“.._h .._l“.. _.-_HL -_....__l-_”__q“u_.““ll

A A e

"

ar

] T, ] v T .+__.1
SR R Pk

" . L

.-.H

&

- s

E] . + ES - -.u-._.lu
A Tt Rt e

" a o o+ ..n“

...H

. u_._

i - = “. e vt
...l“._... i.__”- l.._”.-.r-.._. .........l.-..-.._.“.__"-r..-
a" 1. Lo ey ._.._.._.“

-
M
- 4 ! ' LI L._..1
. . P T h
R -...L__.....-ktllt.-u......._....._.l..___...nu ="
S ¥ . . - ......_.._._-
. nonoa
n
I
o wr e
LTI T R RO R
" -+ o B or .q..._......“
A
- re o
L] A For A
el a ' rat ._..“.-....1.11.1.____.-..-.11“.__.....
. . a » -p
1 . o+ oa ¥ -.._.._1
...H
e
N - - M v e
.._._.“....._. L N | ._..._.”.__.__.u....._......__.i..._.“li.__h
- 4 . - rr -..__._._..“
- e e e
-
z
i - . ) PRI
A L a. L .l N ] -..,...__._u.. .
L -1.__11.__..1__..-.._..__..-._..__._...-...1111
3 . + o S A
- rrFa ...u.—_
-F
. Fra A
b ) .+ - T, -...._..__u
N -...--..__._...-.H...r.-.:.-...._-._-.....-____ﬂl.-._...
“ e .._ - - .qu..ﬂuu.--.
&
1 - + 7 .-“
L - - r Fou
T .—..-”.._ ._..__....-.-U..._.-!-l 4.-.:!.._
.-. . “ - - -..._._....—.“
”
&
”_ . + u. -+ -.u._.“..-I
T O W N Wl s
‘. ,, . 2 LI ] -.uu.._
. - e
-F
-
. + . 4 FER -.____.u
L] . oot
AA A AR R A AR
L] - * v .____.u
. - . . LI .....1
i
. A
i MR
rFr e mmr ._....111-.H.nl:.... Or'r
1 - A P
L] + ES ]
o
A
W .....“ P 1."..“.“..“._.-.1
-, - ) Fmm e K -
-~ 4 > H-. LI ] .1___.-.
L] - T P .....n“
.
- - Crn e
._.“.q. ._.._.‘..1... ....”._.l...._.__._.;_.-”.““.“u“ﬁ
i =. o FTR +H
- [ I ] r
;.
. A
- ] Lo 'EEENA
L.1—.” 3 - 1..1..__.....1 r1._”.-._.-.u....-..._._“.._.._...__1..__....._.-.:u.l1...
[ - . L] __..“
JF
] . Pz __““
- LN -]
..l.l.- ra - a .._Hl.._. n.._.-_.._.....lll._.
N - T P
1 . + ES P ._.-_‘
7
n
“. a + “. - t..-._u
) ..._...___........_..!..._1....___.....-.-..__.__.-..‘“-..1..
- Y o LIE LA
" at . [ “
...H
- - .

” - “ P A
I S A
. 4 . . [ I | ._.—_1
-
ra
&

EE

e
R

LMD

EREREL:

iR

igure 22



Patent Application Publication  Mar. 30, 2023 Sheet 23 of 34  US 2023/0095034 Al

WHILGO

1‘“".
W
3
"
X
B i
% ‘i}:i
E A
b
'lll" ..:ln- .‘_"'lln" o
MHEGG 9
oy
hy
j‘.
by
oy
- w
N (LN
W .
¥
o e v
FAHEINE 4
X
o
R .
~ A
) e
- .
M 5
{l._ 4.1::.‘1.
Ly . - . .
.} - e
é?i‘k}‘:'} hg-ﬁg{tj E: T
E:'* .,.;.:“.‘
g b
&r
‘h-r
t‘!
~‘.'\.
&
WL Y %
u}iu}i_};g}x} '..E ::' .:.
*_"':’“ N
} a
g ¥ edie
£3 PR
. AN
1‘ L] Py - ol i*_q"'ll_ ‘V\r‘l‘\'ﬂll 4 .
> -2 Boow AR, O
"*ti}L 1@{} TEOOPS
T omI oY A
AR o
oo *-.'C,:';:"-.".-t:‘.\,{""”':::“- ¥
N PR
R
J.".‘ l*h‘:"h"l‘ﬂ‘""ﬂ
- - E R SO
i ui"" B T S, 1
* { - :} iy " X oy
2 G }a k‘u} b :"\;\E:'.':-"':.'-t:l‘-. 5 ;
*l.- "‘I nign
h: ..u.';.h.“l-";:;ﬂ‘ " \.-..::F '\,-51
. A, P "' .
¥R e 2
Eoady ey B
R I I YT
-"i-{t a} ﬁ{} é{- c'ﬁ"?‘.aﬁb.';f;‘i: ' T -
3 . . LR R NN AT - e
o {s fgﬁ?"ﬁ -:\u‘:\-.‘g a y ﬁs:‘ :E?:n .___E,"__. ""'?E"" *‘J.EL_
R A N M 3
W Wy o L
) e : R
ANREE L T RN :

"% Frs nha NiwaR TR e >

. . !':..; - e

N e T e 3
e D N, Al Tl M
R S B’ W

\u_‘:,' ":: '“"-r"-ln."g-\- 1*‘1'5:\:* m %:: . k\\\;‘\.‘:‘:\jl . o

T
AR, :\L\\\. - . \:\\\z\\:"\x .
e N N N N N Y e N A A N T 'a‘-*-»"-"-"v-‘-*-*-H‘w‘ﬂ-u:mmﬂ:~:-a:hca:-»:-»:u:=-:-u:-:n:-:n:-:-:-:-:w:-mhx*-a-r:-;:-+:~:ﬁa:-»:a:-."=-2-»:n:n:-n:-:n:-u:-uh&h&h&%}ﬁh&h&ﬁhﬁhﬁhﬁhﬁm R N L B R e M TN
. ; . e o) :

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
-

EREE RS 28300 SHEREL SIERER pEREE GUANS
TAE

{3

Figure 23



Patent Application Publication  Mar. 30, 2023 Sheet 24 of 34  US 2023/0095034 Al

[

RCHERE LI

1
s
by
o
Tl
.-".n""-l"'ml
‘l'm
*

s

R R Ry L L Fr ey
[ ]
»
[ ]

HOO Y -

AR 8 En

noafa s
L]

F
-
L 2
-
d dF

Y

Ll
o
"‘ -

iy
]

A,
ot

W N
. -
- .
o ; . awle s ) .;_ . "
R T P -'-"i'r"-":'-‘-
4, > EFR L
r 1l|lll|1l ‘-__l'\.\‘.\.l'\h_.‘_ﬂ._"

Ml

'
Soea e - C R Samwtat
argtmy, TR . RGN K
-'l|'-|_'-|-'-‘I - N "u .

P N e - :

oo 1 T

"'n:u"'q'.a. L WL TR o
-

R R R R R Ry
L
=

r

[T
.

r

r
r

.

[ § b o a
S
..

-

"

fra
b
f.’_‘l

“a Pl

J:, ]
e

> l.‘r
At

7
Aty
o
-
.
L
-
-
]
Fi

e

d
..:
[}
+
*
*F
+
-
- a
+ a )
e il i S
L]

I TR S A
L L L '

- ’ "
L} "'r - l" "\I‘- I-'I- l.- L ] - lll*h I.-ll
. l.."T-*“‘\‘H L] th. = d-:.h ] r x -

o
i o, -y e s : e
O3 0 ety B
w . : "u"'q_‘u"l ra Ty Tyt . P -
n m- ¥ ' T T T r- s

o,
-
F
3
-
'
.
s
r
a
r
<
-
3

a
”
.-
'.
o
3
:
F
L
..'
o'
L]
1 | ]
4

.i'.i-_r'_ .

b
b M
"
d:i:
"l
-
aF
roeme

d
L

L]
‘ﬁ-‘ﬂ..ﬁrl
[ '.:‘q'r? -

F3
-'--::.'-i
£
<
.-"'_.I"'i.".-".."...",".-"'
£ 44
+
+ 3
e
[ ]
¢ u Aa

a
-
L
=
r
7
<
e
-+
~
-
r

-

‘\k‘ -. . - oo . - :“::'::':,': .‘-_-.-:::u -'1“;};"!:. . “q.h..;-‘
ety :

EFERS
-\."
i
. K ]
-
o
..-.,f,::
] u‘*'
s
iy
11-' L
i
L0
L
-
L
e
-l:i:u’
[
T f ¥
s
o
iy
_J;f':-.;"ll‘rl_:'._
2
"‘I -
d
e
d

“
L]
L]
._.l'
ﬁ
=
b
R

"ll‘ b L] 4 ] . . §

£33 IRERE PAEREE SHADU .00 LIRSS SR
ik

“a
* R P n S oyt Y l\.‘ h )
a - Py ., r = . x\x =
. 1 L] - e N L] L
{} ) ‘-. liikhhﬁﬁﬁﬁﬁﬁ%&&ﬁwHMMHHWMWHWWMME&HWWHHWW%}M‘H‘H"H"ql"ql"l.."'l-"'i-"i"li“li"u"u"u"u"b‘h“i“i“u"i"ﬂ"ﬂ"ﬂ"ﬁ‘h“i‘\i"ﬁ'\i"H"u"u"'l.-‘l-:‘:"u"i'ﬁi'ﬂ"ﬂ"b‘b‘h“i‘\l“i'ﬁi'ﬂ"l,l-‘b‘\:‘u‘u"ﬁ'\i'ﬂ"ﬂ"b""b‘l:“i‘u"i"u"u"‘d"b‘h‘h“ﬁt\i"ﬁ'\i"H"H"'I.-‘I:‘I-"‘i"ﬂ"i"u"u"u"b‘h“i“i‘\l"i"'ﬂ"‘d"‘d"ﬁ‘hﬁﬁﬁﬁwMMHHNWHMWWWEHMW%mwﬁwﬁxﬁmuﬁww%ﬁﬁﬁwm%‘ . 11-""*'\!'\l'\i"b‘h‘h“i‘\i"i"ﬂ"ﬂ"ﬂ"'I.-""I:"i"'i"u*ﬁ'ﬁi'ﬂ'ﬂ"ﬁ‘h‘h“i‘\i"ﬁ'ﬁ'ﬁl'ﬂ‘b‘h‘h“i‘\i*ﬁ'ﬂ*ﬂ"h:

Higure 24



Patent Application Publication  Mar. 30, 2023 Sheet 25 of 34  US 2023/0095034 Al

=7 T T T T T T T T T T e

¥
™
im ;:;i'rhf ‘-§’. R S S SC I

||||||||||||||
L T R T R R B B S T A A |

II.-.-.-.-........... . crete e BT T g T T T T T e T T " < u"p;q. A e 'y
- H‘h‘h‘h‘h‘h‘h‘hﬁ‘-‘-‘h‘!‘:‘:‘t’hﬂ“‘hﬁ“\“\ H‘-‘h‘!‘i‘i‘h-i’h’h"h-“mm‘q‘q‘n "n"h-"'l: iﬁ'ﬁ'ﬁ“’iﬁﬁﬁﬁﬁﬁﬁ"ﬁ#&i&ﬁ%’hﬁ“ﬁm

-

-i'#"}-l-‘:-l-‘-i?-f‘-f-F-r‘-r"i’i‘f‘f’f“'ﬂ'f’f“’-ﬂuﬁr‘1.!‘1l-‘1!‘:-l-‘:l’ff-’n‘{fi‘r‘f#’iﬂr‘#r‘#ﬂf{fﬂiﬁf o '

\-ﬁ"ﬂ.ﬁr‘m "'l-_‘l_h % "
., ' BRI e ; x"::.,_x-.
s, = RE. - : R <
g AR N Y e may *%ﬂ*ﬂwwwah;.;ﬁ

o

bt

p'

{h'f"
-'.‘#‘.‘i-r.‘-r.‘-r.‘#‘.‘n‘.‘-tﬂl‘.a".f#ﬁ1'.'i-(-'.'n‘.‘-'.‘-'.‘-r.‘-r.‘-r.‘#‘.‘n‘.‘#‘.‘-r.‘iﬂ#ﬂiﬁiﬂﬂfﬁtﬂiﬂfﬂ#ﬂ#ﬂtﬁﬂi

‘H.-‘-L"-L"i.“'ﬂ"h " e e

||||||||||||||||||

,... e g g g i i i e i g g i i i g g e g e e

{'ﬁ‘\"ﬂ‘\‘l"‘.‘l‘l"\.“l‘l‘t’t’tﬂ'ﬂr ‘u_“:.‘i.‘t"-l."-l."'h.‘h‘hﬁﬁ‘h‘h\\m‘t‘t‘i‘ﬂ'ﬂ“‘t‘h‘hﬁ‘h‘h‘l‘l*l 'i.'i:"i."I.‘H.-‘I.-"l.-‘i‘i‘i‘t"I."'h."'h."'h."'h."'h."'h."'h."'h.i\\fﬂ:iimﬁﬁﬁﬁﬁﬁi\\\iﬂi‘&i‘&m 1) "'ll."'h."'I."«l."'l."'h."'h."'h."'h.'Il.'i.'I.'I.'I.-‘E‘E‘i.-‘i.-‘i."l."ll."h"‘h.""h."'h."'ll."'h."'h."'I.'q:_l.'I.'I."I.'i:'i:"l.-‘l.-"l.-‘t"i..“'i."l"i."'I."'h."'h.‘h‘h\‘lﬁ'&'&ﬁ‘t‘&‘ﬂ'&‘i‘i‘i‘tﬁﬁ‘h‘h‘h‘h‘hﬁ‘h‘h‘l

N T

f’i'-f-r‘-r‘i#u’ul‘:r‘-l-‘ul‘ufu’

i g A e

.....

;—?
s
dﬂi{fﬂﬁnﬁfﬁ#ﬂfﬂtﬁr .-:.-,q-z.f.w

:
hoe
W ol ol
L

r’
¥
i ¥
o
o ol o 0 A A A Al

d’d‘{f‘f’f"i’i“'ﬂ"f"{i‘f‘i‘

e
14

f’i’ﬂfﬁi’iﬂ#ﬂfﬁs’f‘f‘
5
;
o,
F el

bt ot it o e et

.............................................. R N A e N N N N N N N N N O N N N N N N R N N R N O S N N N
............................................ N R - Vo T T I R T T B T R R T T R R R e e T R T S R S T R T T B R

mmmmmmm Ay I N R R N N A R ' et et ] At Ve SN Ca - Vgl T T

...... 'R R - ' e = P T R B B R T - Vo ' - . I N P T T P P L I N N N T P P

. P e e ' a TR R R T T B T R . = ' 2l T ..-.-“ - - e e N o ' i P T T T T T TR R
P T T - B P, T . P, PR a . P L. e R R P .- . T . . & T
Ve LR ] o r v o I I R R B B R . 1 v o Ve EIN o e ' e PR N B L o [ R T T T Tt T B R R
. N LR, . L St L, . AL L P L PRI . e . . A
LR o r o - L T R T R Y o ] SIS e oo -\.u-i' Elry Lo o s e I R R T T
P L, . . . L R R B .- 2t 2, . P, St Al . P I - L L L,
RS, P L- T ' TR AR - PR R i el At T T T T T T T S . o ' R S e
' R, L L T T R L, L T ol L - 2. SR - NN

- L R T - s M v

"-.""-."-."‘n-‘-"ﬁ""n-"n-"h"l-'ﬁ- . "l-"'.'-."h\"n—‘n—"'«-."a‘-.’hﬂﬂﬁﬂ*m’xﬂﬂﬂ'ﬁ'ﬁ.‘ﬁ.ﬁ-ﬁ-ﬁ-‘aﬂ"ﬂu‘hﬂﬂ ""-."'-."'-"'ﬁ-"‘-"'n-"l-"-"l-"i."l-"\- ey T,

f"'g1-‘-!‘J#ﬂ‘ff#iﬁffﬂ'{i‘f’i’f‘f‘i‘quf‘w‘#ﬂ

ﬂ#ﬂdﬂ#ﬁiﬁiﬂfﬁtﬁﬂﬂﬁfﬁt i‘tﬁfﬂfﬂ#ﬂtﬁﬁ-‘
A A A A A A A A A A A S

x
:

T2
ool
.

e
e, .
' -"-.,._..'“' Trwuuwy "':-"1"1"-"'- ]
l' WMt W W H‘%‘i“l'ﬁ'%r

)
o
3
E §

F
¥

i e g o e B e i i e g g R e r

ot st ootk o ol ol o o o o o o

N, ] L % ] b n A
$ A b 1 5, 1 X £ 3 k) g $ 2 : X ¥

iy T, *-""'"h. i 3 Wl 3
. b b nt
% -E,z- “'{I:t t'l &I:E N .

W -I"q':;ln;l"u:a- "q.;'b o L

Fra

Higure 25



US 2023/0095034 Al

Mar. 30, 2023 Sheet 26 of 34

Patent Application Publication

PR R AW

o P Pl Pl Py Pl P, P, P, P P P P, T T B ™
LB "."'. "

LW

% & R

-
-

.- o oty

Wflze Ay ﬂfﬂ
Y m...m.,_,v }Ms....m..{

*
£
£

ot of o ob it ub ot uf of o of o o ot o

il o g e

7 )

N e
ol

Yoo oo

-
L
¥

w mk b b o ko o o o o el ik i

rJ

a0 .11..__...‘

Pl

e

A

......mﬂ..%.

ﬁﬁﬂﬁﬂﬂﬁﬁ1iiiii{i“iﬁiﬂﬂﬂﬂiﬁﬂﬂﬂ%ﬁﬁﬁﬁﬂﬂiﬂi
A

'1."!"'1."'\_‘._1_%-‘.‘“
LR

rordE B d -

rﬂ

Y
L
i

AR R

uﬁwffff{{{{iiﬁﬂﬁ\ e 1iiiiw{{{1ﬂ1{1{1ﬂ“\ii¥ﬂi\iﬂﬁﬁﬁ}5ﬁﬂ‘\ﬁ\\ﬁﬁﬁNﬁﬂ\ﬁ‘ﬁﬁﬁiﬂi{w{i,1i1\\1111111ﬁ11{H1ﬁi{fﬁﬂﬁﬂ5ﬂﬂ\ﬁﬁ\\ﬁﬁﬂﬁﬂﬁﬁﬁ1‘%“1ﬁﬁﬁﬂﬂﬂﬂﬂﬁﬁﬁﬁiiixﬂi
¥ % - 2 .._T * 7 A
. £ i

L

5 g
T

A gty .
L2 BB o8
A - . ' ol -l
A A A A
+ L3
et A 7 AL bonit

g

:§'—i:.-"
34

gy By

*"""-"-"-"\ -

S R

L ST

"

A > + i 2 o ¥ 4
P Wl " et

I L 4 LI

Do Tored? Ko Lok

L5 A ey ALY

mwtava.._.# ;4 A e o % 3 | ¢ —
Wit Uiddda ALl

3
3

2%
e
u_.__m )
"
r
’.

ARy
U K

T
WS

SR

Al -
il SN
L REEX R

e
B

R

1.

o4

a T
K

_hh...l.l.

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

ol

lf

s

L

e

ey
pne?

e

‘foure 26



Patent Application Publication  Mar. 30, 2023 Sheet 27 of 34  US 2023/0095034 Al

et
-2:;:
e

A,

{

FErreTrerrrrrr e ey

*'.'J"’Ff
7
=
A 1T
L
%

R LY

P

v
;-é* ,

o i W
‘u‘w‘h‘uﬁ‘uﬁ‘iﬁ‘tﬁ‘h&ﬂ‘h‘w‘#ﬁ‘ﬂt‘u ﬁﬂﬁ‘iﬁi‘i“t‘t‘w‘#ﬁ'\ﬂﬂ#ﬁ'\iﬁ "'I-r"'-l-"‘l-r"-l-"lﬂ-r'\ﬂw"ﬁ-r

"“\.,.n.

"'-.*.*.
: -_ g -:: . e x "-1 ‘1‘_1.- '1_
. . . *v. - .
&% e, “"."M'*'*'“‘*“\ﬁ”‘th% " 5’?\‘:\ :,5. : Hﬁ""".‘“"‘ “"-‘-ﬂﬂ*‘“‘“?\ﬁ

TN S ST LRSS EE T EEET,

o
LY "i. - i o
LR i
"-."'i.‘

" o N ; .

o, e
$ ‘.s o h}" o, ‘-'% {‘}1": %
A ; AT
o
1 NN
A N
S d
a‘l L] 1
h, o, S
S.}‘ ey (X ¥Y \} .f.}_f?‘:
St N
o R

i,
T .

e

¥ .

. gy e
y AN AN

n + "q.‘." T Wy a._

x ;l'l-"- 1:“1-‘ t‘;"

el R e L e e e e S

o T
. * - e T
w a: i 4 B “1‘!!‘.*_
- \ R
‘1_1‘- "n- *i'..l -t ‘::_ I.ll""lh - - .
,E'. T Y ear .
- S . 3
L | ‘.'::.
S T T e e e 2 T T T e T i T A T 0 T o e 2 0 T " T T i e e e e S e e e i T T i e e T T T T e e e
'-.-::_ﬂ“ ) . . .
W My $ 'I-H"I-k
£ : E;H
. 1
ok A

Figure 27



Patent Application Publication  Mar. 30, 2023 Sheet 28 of 34 S 2023/0095034 Al

1 . ! . : o *y ’.u"'""’-'j . # ¥ %
: 1 _I - _‘:‘__ """.'l'\.lt th_l' R . . - Ip- ﬁ-:“l L __l‘_h- i" -a:' o, . 'S ﬂ..‘. - ‘ . _, . -.-.-..1_ AL I i PN h - ﬁﬂ-ﬁ. + . g - v'-h.-.'l ..qﬁl: L]

+ b % r ¥ uw+ bk FagrFrkd ¥ FFFEFEertrwnFF e FFrerrd b F et D+ rrs s ek d FF et b rFd Fdorw b+ e FF A+ FFAdFFFF e FFdFe Pk A A F D FF rdwrFdd Fsres v rtds FF et rtrw b FF e FF A+ ey Fd ¥ Fe -9 rr s e rerr s rsrr st rr sty rwrdwsrerr s e rrs e resrdsrsrerrsrsrerrstesresrdssrErer

I ime 373 mg 37 g g1k g «iddh
£

L B BC U BN U UL R B S B RN B N B R NE B N B B B N N

L B BN BE B L BC S I B NE B S B B ) - LR NE N B BN N B U B NN B U B R UL B RN S B I S B R B BC L B B B I N B N B B S B O ) LI BESE BESE B B L B T B DR B S DL IE N B B B B N B S B I B B S BN S U B SEC BN SAE B IR A B

CEEJE BENE L NE DL NE . LR B B R | LI I NN B IR

i' r -i‘ T ‘l‘l.-'i 1"'. l".‘i e - +‘i‘l"l‘i‘i1"..

- LU L L - . LA i o L - “@*‘?‘{i‘lm ERNE RN

q l+ l"l.‘ .-l-'q.ﬁ-q‘ ‘ﬁ-qiﬁ‘."‘ 'I*'I.q'l..‘l.q i‘"l.".qrql '-qll. liq‘l. - - - - - - 'I..‘I.“I. - lI."I-'l.q'l. .*‘."I~'q‘- 'I.q'l. ‘ﬁtq.ﬁ"“ kL ik q'I - lI.q'I 11.".“1.‘1.‘qu - -'rq'I*l.T'l 1] ' l‘ﬁ‘qtﬁ.
L N I I I TR B Lk o -k L . R -

LI I I |
-

L

-+~ r
[ ]
~ + F & F

] - L4
+ 4k + 4 1 4 y L]
a - - o N L
P S T T I T e b P T A Iy L L N
T N L T T R R T T LT N T N T N TR R I R
Lt . O R R P e P R . - . Y - 1
A4k A EEEERE R TN R EERTEAEE A E A EEEE
EE T T I e L T T T B I A A A - L] TR AR P TN AR A F R R T 41 A4
i m - o om R 'y R N R R N R N i - aam - R e
AR EE R EE A E R EE R E R K IR E R E R L E A R E R ] R R EREE R EEEE R X! IR
- A 4k Lk ok I I I I I + 4k + 4 - + 4 1A
2w - - n n - . n - - - - . -
W T TN Tt T RN RN P T T AT YT MataT N
a4 b+ N EEEEN + & 4 b Akt kb ok + 4 - 4 + 4 b dh Lk - .
LN ] LR - s 4 1 % A LR R T e I e | P N R N N A A L I I N R i
LR E R R E N E RN E N R NN - - IR E N RN E R N I EA R N E R R E R E N AR E N R N E N R R N N R e N O e O] R RN R N ] + - - .
R EEEEEE R E R R T I I ] 144k Akt h LA kA 44k EREEREEEE I E R E E N R R E R E R E E E R E I E E R R R EE T R R R I R S R E E E R R E R E R R E E R E R E E E R R R E R E N R E E R E E E E N E R R E R E R E E N R R E E N R E R R R o T R
T I B T S B B A T I A B R A | I I i A R i B B e B B e A B i B R T A R R A e e B e R B T A I A B T e e e A I e T e B T e e B S e A [ e et T et e Ve B I e e A Rl T

i ‘Y
g LY el
w -"'-'l-'.llrln'l )

ki ok L AN E A IR R E e A L E R E R I EE I E AN E A 1k - TR AR E L E I E L E R R T E A R R  E A E R E E E E E E R R E A R F E R E R R E A A E R E A R T R R R E L R E EE I E A E N Y
b+ EEEEEERE T I E A E A E A E E E R A RN - - LN P L T + 4 bk + 4 d 4 I E A E EEEE IR IR E AR EE A E E E R LN .
- - - - - - - - - - - - - - - - - - - -
RN T = E T T T R e W T el Tt i Y et N T Tt T T T T e e L e T e T e T e e T T T T e T T T L e Tt T e T e e T M L e e e e T T e e T T M
-+ 4 + +oh a4 RN + LI - - - kA h kot h A chd +h +chd A A F kA
L LI L L] * ¥ i % R4 L] LI ) L] L LI A L] A% 4 ]
- - = - ik - - & ] ek w ommoad -y - - -
4 bk . A EEREER R I EREEREXR] |9 Y L IR EERAREERRE L L] h - L - L * r .
AN . B L T L . * - R T T B H e N LY » AL AR L LA LT N T T T T e T
Erd LY [ 1 LI Y N b - - LW P S I 14 rw nd b L4kl bl ondldd
LRI - E_ - L] I LI ] ¥ + L R A LI + Ak + b
EIUIE I NEE LR LI LI L I DE I LI LI ERE L L LI R DE L A | LT T LI
=1 m A el e R N N ] T == r i Tt mmon i TR N MO L T T T I N T ] - i bk ow L sxw i riw i
I RER IR Y -+ IR I EEEE A E R A RN IR ERAEE R R I
+ 4 1 4k LI T L LI I Y A F h kA A EL I e I E L L] L] .
T omm RN NN LI NG N Y A ey - P N N M ] -
kLA IR REEEEREXK] -+ IR EAE A EE I EEE A R EE E E ] IR ERE TR -
U + a L] . LI L I TR N T T R LR RN T L - - . " + h L kA kb 4+
LT, - ATt T JRS T T L LT Y N R M R R N ST T i
L . I ENENR] L] b - - L] LI IR R D e LI -
L] L] E L - L L] LI L LI | L] L] - - LEE I I | L
- e ww LI I T Y - RN NN I N T I - w nw o] LR E R N E R E RN R .
IR IEEEEREEREER - I E N EEEREEE R ] MEEEEEEEE N E L R R E L E E N R A E R R E N ]
PRI R R . - + LA L LRI L R T I R LRI R I I I I LI IR A R T I N NE T D N T I I T
AT T T . T NN & RN ERK] - b LA T R S it P P B i L I U L O T T L i P P Pl
A % Ak h A A 4 + A F h b+ kot ch k+h AT kb Ak btk L T L O A h % h bk kA h T kb LA+ h Ak chch+h kbt h o+ hhdh bk b hch bk kb AR A b+ h R A bk h %Ak b+ h T A b+ AT A bk +h bk bkhh+h kb A Fhh A A 4 bk h b+ h Lhh +h+hAhth A hh+d Ak + 4 b+ h Fch bk b hh T kA b A+ ok bkt A Fchrchhhh b+
i R e L T T i Tt AT e e R e i e e A I T it L R A O T i T T B R e e R e T Tl e T B Tt T i R R T T R e e e T . T T A R R T T T I i A e n L T e e T e e A T S

&

L TN LN BN LN
MR E R EN RG]

L

LI U N N | Ll LU RE U
LR I REE R A E R T E R
+ b Lk ch okt h bk ch th ko bk

4+ ok 4
= = i
- i‘-l.'l-‘rql-‘\.ql. l.‘-l.‘-l-‘r i l'i'-.‘r 4 b 14 o

]
L]
= e n e B Rw o -
¥ + 4k Lk LAk T N e W) ot L
K T I T + K 0 - I LI IR ) R LI - e - » . h A LI NN IR T T R T R T R N R R )
T e L T T L T T L LT TS T T T T T a T R S T T S T S T o B N R R N N O N NN
AR EER KR AN E N EE N NN + 4 L T T T T T T T T T T
LN LR e | LI LI E LI L | LI LI T I T I L U T A B I
1 - N | RN RN i P R EE N N E R RN E R R T N
- § 4+ 4 I EEREEEEE N KR L] okt I EREE A E R EE R E N E E E E T
R e T L - R T T T T T LA L LN N LT L e - - +
. 4 b4 b kA * NN EEE RN RN N N ] R EE R -
+ 4 v Ak "‘-rklp N + 4 4+ 4 LI BRI IR R b+ . o AR NN
ST T 1 L4 Lk i i St [t Wt T RS

= =ww iw
4 4 b dd kFAd LA A4
4 1T %4 + 41T %9 %444

- =
LR BN S B B B S O

L -
LR L B B I L IR B B B ] L]

-
L B i A T

o~ e -
A8 & L e FREI

1
L L [ P -M‘h—-p L k.p"-.l P,

[} .
o

' - d-" Y

LY
“east

LI B B N B B B B N B N B B N LI B I B N N N B N N N B B I B N B U N A N B R N A U B O BN RAE UL B A B N B RN B B N B B
H-i-.l 4 4+ hdh AT + 4 4 4 b h A 4N Rk i‘i * 4 'ri‘i + 4 'r-i‘l + & 'ri‘l + 4 % 4 A FhFAA e+ AN illl + 41 4 A+ 4 A
,‘I. 'I"rqi‘}“l. 11.‘1.‘ + l"i' "rqil. .1 " LI ] - 'I" - "

- Y K AT, - -

L AR T R T T L i T e P B 1

LRI A 'hi . LA E R L + LI i

1 s "'“'i Wy 1'1 "'1 4 4 4 e R T - "}
w
L - - Iwi +.i- +-. - -I-.i L] i.. + - - :‘:‘-‘;i ‘i
'-‘ ‘.‘.'i..‘l- -I.!lil. - - *-I..J‘l*'- -I"'I.il 'I" L] h" -I.‘I.“I. '-"‘I.' -I..l [ - d I.“i j‘l..'u‘l.
4 b b A + & LI IR ] - + r & 4 4 bk FhrFdh ek L IE B L U N U NN B B N BN I B B I L T T T B B + 4 b b+ h Ak LI ko Rl -+ 4 4 L h hchhdhh A
CHUE L I - L T e T T L I T T T I | CECI I S ) N I N N T N Tt T T R T O A B | LI e ] N kA Mk R RN R4 R4 N 4k R
= = 1 &k - == 4+ - g 2w aww s diweww =% s w anw iwewswdw ey ww d = e ewhsswsdidws rs=aen=sdlssssd=h - % s ww iwn - 2" 27w iw e AW RETRRE
IEEEERERE 4k Lk - R EEEE IR R R E R R R E E R E E R E E E E E T ] IEREE R EE R E I E R E R A E E R R MEEEERER? R EREE R R E R EE R
S T, AR L . *{r R T L N L 4+ 4+ AR L Ak L S N I L T T T I N T T I L R N R k]
A k4 Lad 4w kA d RN RN E R W R - 4 b L IR ERRETEN L4 b+ h ol hw Lk ko R YR L4
- % 4 o+ h A % d Fhch o+ hrhA ot - L] 4 1 h A o+ A -  + 4 A LI B B F hh + h b oA + + 4 + 4 + 4 ¥+ 4 F 4 b+ LA TN B N WK I K I o+
= . .. .. e = e e = = =

a1 N Tt T T e T T M Fy Tt e N e T T L T T T e Wt T T 1 AR RN T e Tt
LR ] 4 4+ 4 0 44 = h Ak d Lddhd FEL A + LU B B B NC WK B N N I S IR | LR NS IR U IR DR I U I I B B I B O B I B B T B +
P DI I I O T I C] EPE I I T L S I Y | L] . I I ] -
= = -y - mE Ry | WA R R =R =t a2 rEm - - r il npa - " ml aw R -
- o A + 4 - 4 4 & + 4 d b b hh - 'L EENENER] - LI IR ] - - 4 o+ 4h khd o FAF L
R ok L I e LRI I . RN i LTI I I Y

My .
PRI T '
QIS iy

“T® 1T AWTILTETLTETET LW ALTEELTE LT AT LR LT LW LW LK

I IR UL B B I I Y

-
-

L]

L I B T B N

- [BESE N NN B N BN S NS
CEC T LN B N N NC SN

L B -
LI T BN -+ h A hhh

[ B I A )

“T W E 1T LT ETE T LR LY LR - [ ~ = - Ll ~m .
LT N N L N N N S B N B S I - L dHdhFh - *+ 4 A d A A dLEH -+ h A hA Fh + - 1 4 4 4 4 + &

- - - - -
L] '1""'1'.“1""“1.‘* 'T“*T“‘i'i - 1T AR
L 4= & b dd Lol od hh Lkl dh L hd A
+‘ii+qi-"rqi“l.‘+‘i-"r1i +
i md e hdid b i

-
i
n
+
[

-1
et e e e e T e T N e R LI ] O e iy o
I'm = b ki nmwhdiad I N RN E R REE N E RN

-
-
L]

* P
d
d
L]
d
d
'3
-
r
d
d
[y
d
r
F
=
-
d
L}
F
d
d
d
1

4 h b d LA hd R LA

E I T L
w + 4 Fd b+ h Ak
LI L B K N N N I ]

T
*
*

LI |
N R O R T R N
A EEEEEERNCEEEE N T

L I I L LR L R

*
+
-,
a
-,
»
-
L
a
[}
N

i
-
L
a
-
-
-,
*
-
-,
a
-,
»

-
*
'
L
-
*
L
r
*

b
- - e - -
R O N R T R R R R e O B n 1 ke dd LA
IR TN L LI
ERE B I | ERLUE ] ERE I R A |

-,
o4

[ ] i-'.l-
-

[
.
~

LRI S T B I i e

+
*
&
*
*
+

-

_._n‘-
*
»>
+
*
+
*

L
&
+,
¥
L
-,
»
-
-

-

F."l'i -l:l"' v ow -f'q'. _w‘-l,.1
R LA

AR E R R E R E N A A EE ! AR EEE R E AR N R EREEE A A RS - EEREEE N At T T e e T e T T T e T T e T e e T T T e T T T T T T T T T T e T e T T e T e R EE R R I A ]
-k N L LY N kA kA AL N RN ARk kP Ak ko Nk h kA
At 'y e N P R R Aty ta Tty T T T T it N N N T T e N e N
PN RN k. L L L g - - RN . L. - ERE )
. R T I I I PR - - L S .+ WAL AR A L. A LK I
N N Y ] N u L I - e LT L f R
LU U N N R LA N IR N a r o *ouw o EE . )
Rm g mwtw o oL - ] ™ - p iR T - m -l - ] -
NN R AR E R e N ) N ol foh Lk e v e kLA L RN R )
I LU U i K T el BRGNS s ‘i‘l- El N * N - Al e BN L B I NI - N
P i R S N ] - n . Lta RN NN N - - kT - . AL
.. Rk h ok ke kb LN . . . I e 3 -k w S T e L T ARk bk K e
N AT -a. BT I R R R T N T T e e ) s 0 D o T P iy R M B T e i e S e )
N E R IR A kL ko I EE LR E Y AN IR A E R E R L A I L A e R AR AR R AR e ! Lk bk Lk h ko Lk ok kol L ko ko kA=
M N LY IR N R R R R N R R ] - naw * I I L e N . R RN R Y L I I e L I e e N )
iy a - o mwa E P T e i e o . ey . e T L L - -w ey, [ .
AR, - AR A A R A N R A N e -k . ha ¥ ALY - h RN - . AR AR A N 4 .
I e ata LU L i I I I L et +on + R Pttt - S N L L o
N RN R RN it N L R e T T T e ! N n .. e P T R a
RN ALk Bk ko kb Lk ko kL Ak ko bk h Lk ok ok h LA ] N R Y N -
» LI - wa ERL R I I e I T I N naaw L e CRE N e
-y i i . - B e I n e R R i . iy -
IR EA N A IR TR - ko h IR E R R R A ] B -l Lh -k i AR AR,
R T I i S T o R e U TG T T I T e B i e e B S B B o B e e i e e i T e e B B RN N S I T T T I T D D i D e LI I B I T i e e e i B S o Tt T e i e e T e
Iy | L3 uh m nt 1 = o o LS n . LS -
. J".'r'#f' e n‘i , *.h‘._. .':" l‘.i'ﬂ-‘.-t‘l "y L‘ﬂﬁ. S . a L - .t.h; ‘-h.' ] A 3 Al -q: L 1'!,
Y T A & o " Wy Sk Dbl 1 N . Ay Ak I ii-
1 T L] ?‘ H . e - .':. ‘-.,r L T o 4 —-—w—n Y - :} u "!. t - WK
. ' 1 ' M ) . K 'H!
W o shiem 2 wthe qt'...{.a e il IRL LY R WAL W (" : o AV S I I T LR " R .S
. " " r
m E tw imoE mmimE WA ALEAEEATE AW EEE AL EEE EEA R RE AW AL R LY LA LW AR E LW W ELTE LW R EE LW E R W RN B L - mEtwvw mEw vE R E e L - - m aim o mw iwommoEimAaEimAEE LW AR AEEE LA EEELTEEEEEE AR LR LW R L mw imaaEimE e EamEE ww aw
Ak L e e e e e e B R e e A R A R I N L I T e e e e e R R e et e e I I e e R e N e St R N B A LI R S B B R N A
AL . L R : LI R L I L L I S B L B I L LN \ e m e rn L P L S L I L I T I DL L L DL O N T L S I E LIS T I e P S L N B L] L b
- - TENER . e h L * o gy ok kb ok h ok ek bk -
P a £l IR L e LS I e
- . NN W L . e e
- By 4 “i a R X R - R R EE RN
e ot . +l\'-|._ ) - L] B L T N T K - * A B A T T T B
- L - -I.}i . 3 WL ) RN L 1 TR e
- ah . n..-hh-‘ L L RN N R N N K
" K M B T . R T e i e i P * i i i i i
. . Lk AL . - . * kA Laa RG]
At AAE Rk A . ARy P L LR .
- R - kL -
- R RN - . N - P Nk . kN - ok A A ek -
- O R N N N O] LR NN N N N N N N N N N L I N N N EI L N T N O B e N O PO L ]
4 - AL TR e e EI I S ] PR AR R R RN AR A AN IR 1 A e R REEE R R KT T e g L .
P i i iy AR A R e N A E R R A A ) kL R A R LN A R A
. A n . R R N N ] I A N T N N DO A M L I e I e e I I I S e e e e I e I I N e Y Y .
e T, L PN I T N e N T S R R R o I Y ey e e e T T T e e T T e L L L L A N L
- . T AR R T A ENE] . - R AR IR A A - AR AR .
BT S g o A S N L, i P i iy R B i iy - oty [, N N N ] T T i L o ) Tty B i e P
AN ] Ld ol L Ak ko kL A ok bk ke oh Al koL okl kL Lk ko h AL Lk AL kL ol L ke kL L kL Lk AL R R A N N T T e AL ol Lk Lk kL kL Lk kAL koL R AR e A R
R R IR N E A RN NN E N e R N R E R [N R ER! KRN E N N LI A NI P P A TR I T T I A L O i A A Ak L A L b N EEY L T I BT I A B I

Higure 28



Patent Application Publication  Mar. 30, 2023 Sheet 29 of 34 S 2023/0095034 Al

I T R N e T T e A T N e T e e T I e e T T e e T T e T R I I T I e T T N I R T I e I e e T e T T e T e T e I O e T N e T T e T T e T e T e N e N N N
= m m T ® E mwa s e la s rm EoErE E ETEEEEEEEFEaEFrF®EE§FEE R T E EES EEEEEEE E §rEEE WS N EES N FEaErE E R TR R s rLlanrwEEFE E R TEE EESEEEEE E W E g rEEETEEETE S E FTaEEE E g EEE R EEEEWaEErESEEFEE ETEE EESEEEEEFE EEFEEETEEEEaEEEESE EFEE§FrE ERTE S &wa ErLlasrm mgrE E o EE AN EEWEEEFmE ErEEETESEWa s rla o rEE s rE R T RN REE N EEaE o E

" _ S Rl _ o il e ¥ e - B Rl
L | .";’"’ 'E (R . [ . oy L . - Ll 1 Tl - . N b1 - : ' e a . ." b
Yararmueters 350 9.0 M gidh “ i 3123

)
, :
-h l-_:i’_ A Aot i, '7"}

£
>

o e i ot ke
bi-‘bb-‘i#bi‘i+l-“i1‘bii‘ib-i-i-ii'-i-i-l‘r'r ‘-iﬂ'"!- b:l--i‘-i +‘+-.--F‘+"|.--|:-i+ -i-“i-l-l:‘-i+l--“i1‘b-l:ii EEETEEELEERLEEE) i--l--i‘-ii--i-i-
a -‘-‘-I..- [ ] q-I..-I. -I..-I. h"-l.-l.-l. l"-l.q-l. -i"lq q-I. l.+-l.q-|. 4+ [ 8 -I.-i" q-I.-i -I.. q-l.i a A .
LI LY IEREREER 4 4+ A A T+ kA L+ kA LIE] L
a . - -4 . - momoa oy - - - s s o
- 4 L& [ - 4+ 4 i-ll-l."i - h i
SR -.‘..__+ LI b - L
:‘_i -“1*“ ] - -
+ * 1 L] = - L L
L) tb i e %.1 +'h'1 ty 'l ] - ST T L] )
EIN ] -, - L] L J = -'\-hl: ey CE PE A L] = om wrbyrwr L] LU B RN LI | L N B -
R TN 114 1.*.'\.1.1..1.1.1.-1.1'& Bl dw hddd EE e LHA R IR Y 4 L ih kbl kTl boda = b Ldid ki - 14
= ok h A Lk ch ALk ch Nk ohh N - h N # o+ + L ok h Nk hch Ak hchd ok kA LA Ak h A F A + h A+ Ak ch L chch Ak hch b Ak LI N B B Y EIE I T T A T L I L |
PR A R WA E R R EEa L EE i wm + -} R EN R R a2y mm A E o moEm omomoaE o oa -1 . NN R N R N N RN R - RN K] -
I I I T I I U R R A L B R E E N E E R R E E E N ] IR NI I R R E EE R R E R R R E R E R R EE N EE N EE ] [ B E R R R E E R R E R EE E N E E
.
by ‘Lvﬂ - "'"f[; o e oy 4 ' Fr
b
+ g - h! L. *
"F -~ L *‘ " 1’1‘ .
WS e b A T A y
--I.-il--l.ill-l.ill-l.ih“ = 4 4 b w 4L & b d 41d bl bhwd dd hdldhd L LI BE SRR BN A I A B B BN N B B B B B R I R B S I B N IR B B S B B B I BN S I IR B S IR AL RS IR B B I BN B I B B AR IR DL RE SR I DR BE SR NN BN BE SR DR BN SR IR DR BN BE SN B NE SR N DL SR U L BN U BN B B S B B U I N N SO U B R N B N B S N B N I B R N U B REE U N T L S B B REE NN B B DL N B N N BN N IR SR NN B RO N U B BOC I BN B B TN B RO SO N RO RO N B B BOE O BN BN B N B N UNE U B B S N AN DO SR NN BN DO N O B BOC SN B BOL L NN BN N SR B B RN N )
+ h 4 0 A A+ A b+t oAkt 4 0+ h b+ A A kb 44 + 4k b+ h b b ok b+t R b b A bkt hch b A b kb A A kA A A v 4 kA1 A = L LI L A R L I IME N A A N L N N T
s = - = - =il =L owoy - mw o omww 1= + % g mm k P N N ] P A A A e I B S I - A a v andlww anw -y P e e N N R E NI ERE N N ] +
IR EE T E L EE E A EEER ] - b + - - 4 IS R EREEEE L IENEE I EREEEER [ TS E O T T T T L T T O T T T T O I T -+ -
- + - - + £ L] LN YO LI + L] L] 4 L} +® 1 -4 L] - L] 1 - 1
L] - i = =i - e w - - - - [ ] L] -
L N ] - ' i+'r‘ LR LA [ + * + . + b LI L] .
l‘--.-l..-l.‘l"\. -i‘-l.i -I.-i‘-"r -I.‘-i-i L . -I..-i -I.-I.i" q-I.‘-I.-i ' .-I.-i - q-I.“‘l W x ‘ + ' --.*-i.-‘..
14k 4+ - - a1+ 1 L] . * 4] + iqq.,._i
- mww o - N m g P . g + - - - + - Py
+ 4 Y Ak L 14 d - L . b 4k oy
et -y - Lt L St ) . - iy, L - IO B EL R BT
- . At - B T T . . L
bl PP 14w 1=
ST, - - L] - A E e - LR e S
LR ] LR RER] L] 1 - LI 1 ] T 1 L] -+ + L L]
4 4 + 4 4 b+ hd ok hAd Fh A d A+ + 4 a4+ 4 A A b hhd A +
. . N - + . + u . + + == a
Fata ettt i'ab 1 'I-ill-"q *.-F‘. "l‘l"l-.-l-.i"a“*.ll-‘* LI LI | +b4+ L] LI I | + 4 - +"1+4‘!.*'|b4+l“. LR L] +
add s mdiawr md bkw ornn bond il ww omd mdwwomd - Ers=wnd=w
LI NS A B B 4+ LI BRI I BE S A I N B N T O B B O I ) 1 + LI B L N A B B BN + 4 4 4 441+ LR - -
RN RN N N N P N N N E N N R E R - . npam mopa 4 p . s
TN 4 hw + h bk d LA d L 1 ol kol i ' R NN L] bk h bhod 1L k4 i [ kol kb d 1k + L] .
rl_-l-‘-i_i_l_-l-‘i_'a_-l-_-l-_-ill . . . '|-_+.|-i_'|_+_+_i_'|"+i-i_'r_-l-_-i_i_l_-l-‘i_‘llll_ll-‘i_l_+_i_i_‘|rl-.'i_i_'a_-l-_i_'l_l_-l-.'i_ﬁ"'r_ll-‘-i_'a_l -I-_-ill_-l-_i_i_'r_-l-_i_‘u_l_-l-‘i_ﬁ -i_'r_-l-_i_i l_-l-q-i_‘u_!-_-l-_l_‘a l_-I-_-iI.l_-l-_i_i_'a_-l-.'i_'l_l_-l-_ _-I-_-I- -illl_-l-_i_i_'a_-l-‘i
d + 4k 1A LI B T N UK B B N LS N B B S A I NS B B U O B B R B U S B B S B B N S B B B N I BESE B BC S N B B N BE IR EEE SR L B NC S N B U I D N I U N B N S A B R
L I I I RN DL EIE T DE I o R B B R L I ERE I L i 4 LI I I I L I T I 0 4+ A h 4 A L TN A A | LI IE NI A A | LI R I A D I | LILT | LG
" mwaniliw et rese i s rss el ey d ww gy = hh e v s adidwwddass nws s ris s ndssdass s rdssrididsedsassnds sd v bhsdessw eoes=s s 8 4 L] 1w s " EmwTE b rev=cwswswd sl s = s eww ersw e s sl dd

B! w ._*'1 w .:ﬂ‘ﬁl.a. i‘ﬁ; i{‘m E . . kmw JI_I..,. r'-T: . o . - I;" L-‘* -
b '-'-bl - . ;" - = d: * +I- A -l X -
AN & = PO 4 U SN

e e e e e E L e e e T e e e e E e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
" I EEEE L E R + 4 a I EELEENEELEETEEE X + 4k IR EEE NIRRT IR IR + & + 4 4 4 4 + 4 b+ F Ak FF AL A A A + 4+ 4 b+
nmm - N R N Lt T o it S 1 -t P N B e e B N e o] N - m [ R P e it T i R Rt R el
n LR L LI .‘1.. - - -|"-|'-|..-|.‘-|.‘+ i‘i'i..-i.i‘i.‘-l.* .-i‘- ‘|-|-‘-|.‘l . q+.-|.‘-|." - - . -k - i"-l.*-i hi‘-.- [y
.I.’ - -."-I.q-l.l"-‘i i1 b w L - - L] d 1 - n 11w d 1 s w L = n b b b n il A= - - L] -.“. L]
l.i L[] “l i.i‘l -I-‘-i‘i | B B B ] i.i-ll -I-.i.-i‘l*i-‘i‘i L -I--i -I_.-I- 1‘ illl i & -i“u1l+-i‘i | -i-.l d + & b -I-.-I- i“l -I-.-i . .
L L BB Y r.-l. - h‘-l. L B B Y -I.‘-i‘ll I‘r - ko1 .‘I-q‘. -I."‘ 9 .i i.‘-l..‘l.'i L B O ] i-‘\.‘il.ll. .‘l.qil. - l'.-l. i.-l. I"-I. " " q-I.
L[] ok ohd ok kA Lk | . 4 N I TR EEERE TR + + N + o h 4k h Lok b ok A .
N L A i I i R ™ n n mw o om o m oAy am o = - - . P RN RN NN N e
r MR ENEERNERE] L+ & F o+ hh oLk 1 + 4 h bk hhh L hchh F A+ h L 4 + 4 h
P h * LI ) N kA LI, LI I oy w ANk kN F kA N R AN ok h P I +*
- - ki ww=mi=w b = =Ll = n 1w = dld T T AT TET AEETE R RETE RN - - == xww ni1id s nwew ddw - hm " eww - - .
[ - 1444 4 4 1 + 4 4 1 4 h A4 14144 + 4 44 +4 44 +F4dLdhERLddAE LIE S SE S I T S N U L A T N R - 44 14
. RN AL N BN I RN LACTC I I e B I R R SR Rt S T e B S S B AT N RO I R B B I R BE e oma LN
.
R T T T e e e e e i TR T A A A R e Tee e e e e e
r !--i-il‘.-l-i-ibi-iibiihl.iilli EEERTEEERLEEEE + & I L 4+ 4 I EREER + 4 4 b+ b § -i-iqbiiq++i+|+iib+iibiihl+ - + 44 F+ Lo Y -
F oA LI EREE R TN | LTI N R I R I R | LICIE I DR A T O T T T D DT D D P T | L LI | = = L Ay R P4 AN FR A N RN A LI I | L |
LY L 5 BE B S S 4w i1 bk rid b 14 Ed 4= b 14414 d1id1 4 + + b k14 - 4 b L4 4 44+ b %14 k44 LI S B B S [ 3 + 1 14144 L1444 riw ndtienitdbhord [ ] 1+ d i 4+ 4
LI 1_1_.1- *4_1-_1.'4. Apb Ak A ek L + -4 1 - + '41.1-.-!.*‘* LR ?‘rﬂmi‘q - - CILY *"«1.+.i'*‘h‘+.i‘i1.l
[ 3K | LK | d + 4 b i hhLdLh [ B B ] - - d 1 & w bk +h rdh
L) + - + + 4 4 1 + + = + L B ] + 4 1+
. - & - [ ] =% =it ®" 1w
LY - i .-i‘- ¥ .i"ll."-ll.i‘i'll..i.i - e, 11-.“ + - 1-I.t. - ‘i. + .i + i‘h‘-l..-ll. ‘i'-l..-i. - .
.l* -'i -I.. | I S S IO TR SN N ] 1 b mn b hwd ik + 1 4w d & bhwd i kw4 - i.h L] [ ] I‘ + d 4 + - b ow d 4 k4 b w d 4 b d 4L dh 1‘
I"i .i‘ +‘i“|1‘\-‘+ - A - 4 .i“a 'l‘-l- i“a-'r‘lll . i + 1‘1..1- -i"r -I-.-i“l + ‘* " - .i [N Y + ] ‘-i‘.ﬁ:h 1.‘.. i“l dn..ﬁ..i‘ - . .i.i"r + il“‘-"‘“ LK -i-.‘a"r“l- ‘*1.1..1- i“l““l-.-' - l"l
- L8 - 1 i.i - d + i.‘l. -I-.-I. - -i. . + i'i i‘-l. -k I‘-I. L E BN K JE B L] T 4 b 14 ~ b .‘-I. L B N SN S i‘i - 4 L K ) i‘-l-.-l. + b 4 4 -I-.-I. - i +.i 4 L i.i - 1 i'i [ ]
4 + 44 1A 4+ 4 EPC S B S B LT I - + 4 h 4 + 4 &4 - L] A + 4 4 8 + - 1 4+ 4 4 + EIE P B L I B R B
- o mew - . mrdi=w s d {4 s mwd = ww s e ftwonord - . LY =il s amw s rftEw
- -i‘ - -k i‘h + 4 4 F + il-i r - kv i‘i r - - b o+ - i“l - LBE BE B B
1‘-"-.‘1.‘- - Lt - - - *- n q-I..--l"l.qil..-u --"-.q .-I. L] 'l.q-l.' l.‘-.qll..-u l-‘ 4 - . - . - - b q-I.ll"l.q
LS BN | -I-.-i-i -I.. . -t -I-.-i 4 - +.-i 5 4 - -I-.-i.-i -IJ‘-i -I-.-i - LT SE I +.-i - +.-i 4 - -I-.-i“a i + + 4 4+ -I-.-i 4 1+ i‘* -I..-l-.i LY +.-i 4 - -I-.-i 4 - +. - L] +.-i.-i - -I-.-i.-i
-I.‘l‘l"-l. - -1 + L ] 1] + l"-l. l“l"-l. * .'-I. + - l“l 1] L -I.‘ l.' .'l. 1] i.'l. -I.‘ l“l,-l. l“ 9 i!l“l'i. -I.‘ l‘l"-l. LB B N N ] h.'l. - l.' T
* 2 F + oy N kA +* LI I B ] - C I B +* LI B L] -+ +*
- m . L - e - 1w g - o - - = i 7 = 1 - L B T - =~ 1T "= - - = w g 4wy - - - 5 x 1= - + m § = - - - -y =4 w oy - .
LI N N S S N B T N B NC S B N NN B EE K B BC S B B B S WK - 4 4 4 1 - k14 L+ 4 444414444 - i - + 4k 14 4 4 bl s d-A+d L dd LA Bl & 4 A4 44 = + 4 b1 dhddLhhAd L
"4 1 ¥ Fa 4 + % 4 7 L] 1T+ 44 L | A4 + 8% 45 4 + 8 4 9 1T+ 4+ 1+ 1T ¥ & = 1 % 48 5 5 § 9 = 4§51 + 85 ¥ 4 1 L] + 5 4 4 28 + 4 44 + 5 F 1 5 45 5 %4 " 4% L L B R B B + 4 L -4 4 F 1 + 5 =9 5 4 L B B L B O B I L} A4 1 4 L |
s k4 1w m 2w e REm = m d == s ri= s enilis s ndi= + -1 = " w o L] - . - = nmwiliw eww = i L] L U B S B TN UL S B B S B RN B U L B ] L Y 1 s mw - e 9 - e REETEW d - m s 5 mldidwnww - m -
1i-l-‘l1‘i‘i‘i.. 'y ‘l..ll-qi i‘lq qi‘ .‘I-‘ll-‘i-i-"rqll- ok i.i‘l.‘il‘i'i.‘bqi-qi‘i-"fq P . + I'll-qi_"'l-‘l‘lllqi‘i-‘lqi-‘i‘* l_‘i.i‘l.‘1-.1.“.'1-“1‘*-‘!‘1-11‘ L ‘*-+.i‘i‘l.‘+.“ -,bq“q‘-.* r .i‘l-‘ll-qi-'l-‘l +* -l-.l-‘l_"ll-‘i‘i..'rqi-‘i‘l++‘i.i‘l.‘+‘i-ﬁ-‘ ‘1-*1-. -"rq‘l-‘i‘l..l‘i.i‘ - qi'i‘l-‘-l-‘i‘i-‘l.‘ i 'r‘i‘i‘l.‘+.i.i‘b‘+qiti-‘bq+‘i‘*-.l1 1-‘ ‘I-‘ll..il' . ‘i.
1 b 44 b ididw b idd b rlis s d LA S 8 1= b i1 b m ri=ah - LTI N S R T A & =Ll d 4 r w i 4 b 14 kb4 =Ll 414 il bk idwws il b 4+ b 114 141 b b ddw 44 b ddw b 414 b 44 LA A 8 1144 b rili4d b idasn 1144 1414 bwrd = nid+ i - r 1 "I Sy 8
+ 4 41 +2AH4d + a1 F+Fhh AT LY S L NS IR B D BN BE L B + 1 + 4 LR B T A BE L B 4 1 + 441+ 4451 ddh A+ 4+ 4 + L L I IR BE SR I I I - LRI IR R IR A ERENEEIEEIENIE NI A K N - 1T + 444 444+ +44+ LR R B L B 4+ - + 4 4
= 4L a2 g m s ey ey st aon ) &5 L I TN TR S R Ty S S N N B T R | " 4 s s m}oa A {4 a8 et as wfasemd et gt oa g nd s s s moyoed oy P I S I I R T B R B A LU T R e B I R U R I R S T R R U § =y = d " s W aE Ry AR [ SR T R S ) = 4 a2 w o} oay - I U S T T S Y
o =3 7 . . . . . Py oy a™
. . L . : b ' b
- -qq"«"l. . L3 n "".th‘ [Tre P - . '1
4 - . 1 } [ L | . W E -:.
L] . . & .
. N el w2 FPLL B’ B . -—— - E, m——— . W .

Y [}

FRECE] L b Jd 4 B L Jd L LEJLELJIJ roaq ] m 4 Loa o3 4 q I L L Jd L L JdJd L L L b JdJd kL Jd i L Jd 4 &L
* Frv Fr wrrvr Frd v Fuawrrrawrbrerr+Fidd Fasd+Fand+FaseredyrsororbboedrFesrerrbasecedrrrs-rsFroerrbdbasdsrbFasre+dybFasr+

LAY

A L

4 4 L L B %L L B 4 4 & L J Lo B 4 L B E 4 & b JJ L oa oL L 4 JdJd b 4 Jd AL A4 4 B E XL B
* vr=m wr ¥+ Fud ¥ Fs %95 rFar+bFbuaswrrroerd+roerbFad+s+rasd+sFerd+sranr bk Faodl

L dJd & L oJ 4 2 b A4 kL [} Lo m L. omJ 4 LB 4 L om a Lod o oa
r+rw rd Funr+r rrdarr-wmrrrawrbbaserdFrerrFasd+Fad+Far

4 + FIEEC L B J L p B J L L 4
w4

L L4 4 L b aa Lo 4 (]
¥ rrwr Fr rr+F F= v % Fanr+ Forr+ FrrFF

E

3 4 a F] - b A 3 Loa o3
F w+ Fun r+ Froe+ Fo +FFao+Faid +F=

s -+ -4 p.
y, - PR S, g el DU e S,
£ iﬁ]{.‘ﬁ&- LML RRIEW 3 Tt

£3L

G
i
£
Y
brarrd
o
£
i
£

: k
2
i
beorf
)
f

Sy

e
&
Lt
e

-

A -:Eﬁhv:ll ':_
——— ] - T Hiat e’
oo S W RS 1

F e

Figure 29



AL AL LR LA LA LAY

N

US 2023/0095034 Al

T -
- 7
. -
..“_ “
4
. w
: -
" -
L 7
nrl ‘T
; -
L}
. 4
. 4
.JF-_ “”
- 4
.—_H..... “
1“ j.-.
- 4
r
p
" «
' s
", M
" ry
.-.- o
. “
-..-l u.‘.‘
1 4
.4 . -
" "
e !
-I u"
s, s
— ., -
4
g v
e v
& 3 Z
.-‘.n_ “
— :
K
f s
-__.u. “_.n-.l
1-!._1 u"
e ¥ >
r s
. " <
2, <
P Z
. Z
l..-. l-.
W ‘ 2
", -
h ‘..._.._q “_.1
2
“-.t l-.
.__nl “-._-
. 4
3 ._.-._.u m-__...
' H 4 -
0 “
S “,,
-..1 j.-.
._..__. “u
¢ ,.- o o “ 2 - -
._...-.-‘_.._..T = ._.“.-.._.__ r .__.-lt_.__..._......_ t“._.u__.._ - .H......-“__.... o H"
, .1...-.%...! » - [P .I"...__“.__.....__....-.-.___.u.__. At g
[ 7 L PR £ o
-
!_ t- .-.‘ .t- r... l-.
0 .._..._.“- o -__...____..__-___.t_. ......u..@. -..-_.“h... .....u___....-.» ..lhih “
. - A .1 r FJ - =
_ _ U v ~” LA | 'y “r-.
....._____“\._. ” ._,.._%..L_ u..._.__.._m...n..nutn_.. )
o / % - T A
) a
“ | o
u o
a v d .‘\‘i 1] ] “
r 4 . x [
...wu_...- A s ....%..- e e “
e - AT. T T - &
o p”
e A
* - 17 - ....__Iﬁ.-. . - - L un-.
o F » F A L uhh._nn...l. - - . L. o
e I A s A RS A VN A Sl S 4 >
it .-.l “ - ¥ ._.1. £ ..1.-.... ._-.._-.. ..“_ 4 r " ro- .-‘.un. ‘1 -~
LT T . g T 3 z
PELEARGLE, LR - r - Mu\..{ - R t
v oiond T 2 P K3 . w? g d p
. . (Y . [ A ' - -
n “.ﬂ.u.- .__m__._..__.__...v.__“__-. Ad....“___. ._._.L“..._W-..._____” .-_.. -m_.”.___. u_.w
L H) -
Ly -
‘., e
& e s i S TR RS S X e wheten  wbecdyn 2
o 7 o G o A R i i e &
]
- . J-. "-..._ r ' L -
- L. . .1.- F . r A . x -
i e i I s A S
FaAey uv L T -
Y E P P e AR ey PP ol
& EC A R A <4 -
e T ) - . ”
o R u
¢ ) +___... i
p— L 3 -
. -
- o
b - ' L ] .‘”n_.. w-. ___._.__.. T - - [ ] - “
E & o o ,o A A A N R
REEE bt PEHLS LI .v._.\xx?.f}nﬂi-“f%.ﬁth-. o
. b U I > Ay oW L o
R T A W AT A R L TER -
P i e xﬁﬁ\%%.ﬁ 5
S b . e Y o
W A ol TEAS Y Tt Al o
..”u_- 4 - ..__.- n-.nu__ ) ._1.1%.. o “
= T NG g
\..».p a N A Ny Tty vap. o
0 L .v“mmuh.‘-x mmmvaammwwxm:w =
. A o AR A e, o
- ARG A Hx 2
& | # . Fr pita el
t ._..___,__.‘__J__.
o~ ’
& |
‘-. .h. .-I
___...‘_...__....-.....-._.t_..\_..-.__..__..___..lt.-._._.‘-.‘r.\r..-.__.t.trtvn-rL..\..\.H.‘..\_t.L..‘.lr.\fttvtrtnL:.‘_...‘r.\r..l..‘.\.tt.—rL..\..\..-:t..\_.k.lt.‘.tr.\r..-v.l.__rhvi-r.___..‘r..‘.rht.‘_..\.hvu\t...-__r.\r-r.___.lrhv.l-.__-._.r\....-___.‘_..‘_.h_.r._._.‘.k.W‘Hk.\_t.L.lr.‘r.\.ht.t.trhvaﬁt-trnﬂﬂ_—%\.ilm.‘_..-_.rh.__.____.‘___-_\-...____.\
“"u ] g ¢ “ ’ - ’ ¥
-k o i - ] ey K
W G < e ¢ £ o £ £
07 i \:u% " ¥, \uu\. L o s g
I ] - - " - 1._1 L - - W ny . *
L.._“..__L___...___:n. v!!..___ﬁ "l ﬂt.}____, .:_.t.tu, .__i_.-..-u. _Vl_.__.__m_ i_\..___..___..n ..-.#._____}ﬁ
. " 5 “ 4 # A ’ "
t [ ] 2 .1_1.__\.!._._.. -1.-..‘.‘-.-_. - Sty . Ty b ] ._Wl_o‘_.t_
’ . ﬁ r Fy + ’ t N
o ﬁ..(...u ‘e Y Erprgs, Fagrgei’ ol ol L
“"u e e 2 poc Vel o . e
Y. v - .....n....\ ‘amd e - = A
" = £ 5 [t _._.\..%- 0 P e
e .n..“m“m. M ey ot “.\.w_. - *x R - ._._l“ ._1._.. ¥

FERED

icure 30



Patent Application Publication  Mar. 30, 2023 Sheet 31 of 34  US 2023/0095034 Al

- ™ g
MEIHIINY
LR PR LR R T t
N
]
]
X
y
‘-
N Sutath
L Yy : M
ey v, e »y W E "r":h:"""- ]
FAETINY 3 o
1 'E,.ﬁ{;.* a 3?,.:-. ”: o
b o
:: N
b T
Y o
% -
b o
; :
4 g
)
2
e " LRI T
N{EI ‘3 i }gt } ."u-z
R AL P N
b
3
h)
S
%
S
]
]
8
LIHYEEY
- ";3 Sah * 2
b
b
3
3
]
]
8
h)
- :
&2 AR
- 1%‘ - -
ﬂ TR et Tt N
' 5
b
%
]
X
)
h)
S
y
WY SEY 2
15‘%3{} "hil’ o ::
3
8
)
h)
S
]
E
X
- "l"\ 2" L
”}-{35‘; FR1 o
no M i
L L "rll Ll - - T N7
%
M
3
%
]
X
L W
b ]
W
- '1.-‘:._""-"«-
] e Ly . -
}':; 33 {}f"} W e
SNSRI LS 2
" g, =
X Py
x
Sty
% x
ﬁ-. ‘;" .,
“x , iy
™y et . “'.‘ e
%A o . N, r' - ‘w 'a "
R F o S W W, R A S g s T [ [CC g Wy W R W, W,
GO0 G000 GO0 ENL00 AM00 GOOUEY SOO4E RO SO0NW
Tt L" . .5-}:." Ut w 'Ir"\} S LI S W . .5.'-;"" al oy Twd T MRV R }-.'1 et et Bt ow Cas Eah rah Y *e I}l»."' - 1‘_{ » }.a." N, L{ ' :::Iu""c.l?'

PRE

Figure 31



Patent Application Publication

SIHERES

%
.
‘ﬁ
3
H
]
L1
L
]
b
i‘
b
b
700.00
AL ERTE 3
N
3
l~
]
.
A
; 2
4 g
] "
500,00 4
L= ER N g 3}
N
]
b
b
]
:
*
]
.
b
gl a
L bE 3w .
“a L T u " It
H LR Y]
“ L ]
]
X
: - et .
. ne : M-
: by \ My w
. ) s, Bt
! » m‘::-.'.‘
.. . lfgt i::!;{::} é;:]t:rﬁt L% ut b 1'{“'1
£y 40000
by gty
t ‘.' “{H.H.'I
. e - R
X < A R SN N
iy R 1 1\.
4 b oo
2 Iﬁ‘}h
i
Y o "
:: 4
SOG.00 4 :
o 3 l.‘“ 'I.I L 5
" v :
: L -
% v by d i,
\ Lo
:: =mny
Y xrr,":*,h
: R
Y |":"'-:""-'
E +
b
FO0 00 =@ e
b TN o .3{.;-..; .

Y .
"’i -
"u S _:"P iy
L3 LN bl
: e
t :ab‘gﬁr hy
q"'ﬂ-::l‘l' \:‘?‘u‘. . I . N
% ) e
S _—
b R
b St .
10000 & SRR
. "'t..:. n oy .
¥ "'t."*{ b ¢
ilt - jqﬁt'h*. r
A LT W
% v
U R AR
- . . ..:F‘ahh I
% N L n
Lo = ey

. b

300 JREERES AR RS S

Mar. 30, 2023 Sheet 32 of 34

H_k".."l
; LY
='n '
*
*‘I.
i‘-bi
' L]
5 -*
PN o
X o~
+‘Hh
] ‘uh
*-""::"-'H .._i-"‘
A\ il
a"‘
L"
rr“-
t*ﬁ"
e
w' "
1"
-'.-
Y
. . ,,-r'-:
\h_"-\.;"-,.'-\._h *L+...5
M ‘.-"'h
‘i'-
4'ﬁ#r
-1' "*
o X
.- i ".h-l
L __‘..:_‘ : r'-!_v
e ] ko ol T
+ "1 . T
o .'«.}'ﬁ. " wﬁ‘
wanh s
o
I P
\ o
-, N
o -%1 . o

:; N h‘::u"h
"'"k"' pule ¥
F] .‘}
» LS +,
o by .
-‘1.-:-"'- St
4 ... u.
L]
- 5 I
"Ry, ‘HCFH - ﬁ&
S %
n
)
RN
L
-
‘l"-tll.l
T
h
1:"-:'-"-

L] * X

SIEEREE S RES, SO0.00
FRED

B T e T T T T T T T T T T T e e e T e e e T T e e e T T T T e e e e e e e R T e
n

EHCSRE:S

Higure 32

FO0LO0

US 2023/0095034 Al

R e e R e e e e e
F ] *

SOR.GG



Patent Application Publication  Mar. 30, 2023 Sheet 33 of 34  US 2023/0095034 Al

r

-
r
]
T o T T o T AT A AT e T AT R T g o T AT A
1

CALERES

FO0,G0

1

GO OC

jfﬂ'f-ﬂfrﬂ'fﬂ"ﬂ'{rﬂ'fi"f&l‘ﬂ"

o

SOG00

r.

“IHEREE

LY

4

P
Gt
e
o
iy
¥,

Sk
s
»
_ £
f E L
o
g T o o A T T AT A T A T A A B T o AT AT T AT A AT A o A AT AT A A T T o T o

“

-

£
4

‘
-
ry

Pt
.
€3
',
-
;:":E:: ey

FYy -';
‘p{f-'-.-'r.if
I

Ll ﬂ"«r 1‘\;
E T, T
L | LY : [ .

1] 5 . ™ - T L

{300 IUERLE PLESRES IEERES 400,006 RHEARES 00,00 FRGLED NAHERES,
R

Higure 33



US 2023/0095034 Al

Mar. 30, 2023 Sheet 34 of 34

Patent Application Publication

* ¥ F F F FFFFFFFFFFFFFEFEFFEFFEFEFEFFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEEFEEFEFEFEFEFEFEFEFEFEFEFEFEFEEFEEFEFEFEFEFEFEFEFEEFFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEEFEFEEFEFEFEFEFEEFFEFEFEFFEFFFEFFFFFF
L L R D D L O L R I B O I O L N L L L R O O D L L I I

+

+ * + + F FFFFFFFFFFFFEFEFFFEFEFAFEFEFEFEAFEFEFEFEFEAFEAFFEAFEFEFEFEFEFEFEAFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEAFEAFEFEFEFEFEFEFEFEFEAFEFEFEFEFEFEFFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFFEE
L I N L N N L N L U L O L L R D O L L D O L B L R L L D L L R L D L L L L R L L D D L L L

+

L

+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +

+*

AL

I-T-.‘ -.

+*

+*

+*

+*

+*

+*

+*

+*

+*

+*

+*

+*

+*

+*

b |“I”.. —..l.l—. —.1—.1.[‘-“.‘

+*

+*

F
L A
F u
F

11111

+

- oy A

Far

Sty

" F ¥

o

..........
11111

s S P

e

11111

R

F F F
r F F & + 4 & F F
- &

+*

+*

+*

.

+*

+*

+*

+*

+*

+*

s

L

)

+ F ¥ F
+ + 0

+*

s

e

+*

+*

+*

+*

+*

+*

+*

+*

+*

+*

+*

+*

i B M Y

+*

+*

+*

+*

* + % % N

-
u

[
+ o+
[
4+ + 0 Jd

+
+*

+*

L
+
*

+
LAY

LR

4 &
- +

L

+*

+

+*

+ 4 + B &

* & %
[

-

+*

* + * +

+*

|+

+*

+* + + + F
* 4+ FFFF T+

+*
+

+ + + ¥ 4
L N N

.- =" J‘.‘\.-ll.ﬂ-‘s.k..lﬂl-‘l!lﬂ..ﬂil .

11111
|||||||||

1111111

111111111
rrrrrrrr

T T T

-
1 or r r & &k
* F 4+ FFFR

11111111

[

-
r o+ =

R

e
+ *
li._.
........

|+i‘ rl —..s‘

LI

- F

L

-

L

SOl

ARSI

.

o

r
.1‘..1‘.‘.-1‘.1.1-—.
EF FF ¥+ Ty

et

F A+

LV

A

e A

A A e

+ + 4 4

o

o

A

i,

- + & F 5 5
. el el e
._. .. .I r 1..1.—...11‘....1.111.1..11-—.1+..11—.1.11.r1l.r
[ rF P A F Y FFSEE P F - F -
.| 1 1 .1.1 l..1-..1|+|+|+1I1...1‘.1‘!".'.1+1.-.1-I.ir1 1. ......
L. - - - + r - ® F + P+ FF
+ A N L
- r T r I‘.i-l‘il‘lllili
e
- xilili-li.i. .—...1..1.—...—..11‘ ‘1‘—.‘.—. - -
e
R
o+ B & & & d F d & resr r " r.r
A A
o
A
I................-.-... -.”..-.._.t.i....l.-l....l...l....- 27

+ + 0

+ F ¥+ F + + + +
+* + + ¥ F + F FFFFF S
L L R L B

+ + + + + + ¥ F + F F oA
+ + + F o+ o+

lll.lll1

+ F FF

o

- r
r k r

Il‘..‘
A,

e

111111

d 4 4 B -
LI

ata

F

F

F

v + &
4+ +F F =
FF =

Fy Fsq§a
111111

rrrrrr
111111
11111111

+*

+*

+*

+*

+*

+*

+*

+*

+*

+*

+*

+*

+*

'.1:.-.-....1-\.. 1“ "+

+*

l-.-_-...._____-.\_..‘__.___.....i

+*

e
e,
a

F

+*

- rr rr ® F o+ -
H o EEFFEFE+
+ ¥+ F + F F F -

r r
r ¥ + r
3

r = r
i &+ + T
[

1. .1..
I

|||||

1111111111

rrecAaER EANFE NN

i

+ F F 0w

r +

+*

+*

T T
SSandnd

+*

v

s

+*

+*

-

.

]
s

v
A
..._.-.n.”__._-_”.u__”.‘

roa
= F r -

-

+*

+*

+*

+*

o

k

+ +

+*

+
+*

+

+ +

+

+
+

Al A

F + f F

e
d + 4 & r
L L

l.lh!..\!.lt.‘._..1.1|+” )

it

+*

+*

r + -
o

I-..l. r

oo
F -

+*

+*

+*

-

+*

.

I

-+ =

'
s

LI
r &

+ + + + + +F + FFFFFFFFFFF

* + + ¥ F + F F A+ ok F

+*

+

L

+*

-

-

-

+*

+*

+*

+*

+*

+*

+*

+*

+*

+*

+*

+*

+*

roror l\
AR

RN

+ F + & # + 4

‘et

r o= = |114+1i-dill

T,

.

F

[
rrrrrr

hhhhh
AT
e e e
LI
44 Frammw
4P+ FF 4+

A

1”1.._.......
I e
D

11111

r F & -
L

+*

+*

+*

+*

-
11!”

E N
4 =
LI

111111111

11111

BRI

r F Fdadd

+ |
o

r
"

 m oo

22

o

AL

A

l..- II

o

- or
v !
r F

T

+*

Fror ke omoa A h St e
e T
T " BN S -..1.1...1...11 o
lil.._\I‘Enl....‘...l.....l_.ni_hi..“l”l.hl”‘.‘__lu..__lh_l“.\ht_”‘.ql‘alﬂlql-tl-‘.‘..lwl S aa -

+

+
(A

+*

+*

+*

+*

+*

l.u.qni__..-”...

. u_.._r.x_._.....,...,.

+*

+*

e

”

2

+*

+*

+*

+*

+*

+*

+*

+*

+*

+*

L

F ¥ ¥ F

o

+ + F F

i

-
-

+ ¥ + F

o,

+*

+*

I

+*

-

uuu..u...up..in_u.r

1111111

A

+*

s

505

+*

0%

o
A A
AN

RASARAIE

.\\\\\\.\\\\ e

iGN

\\ e

et
lﬁl.”—“—.
Ao
A
c....t..h.\.m.,_.__..__.\,.,.u..\._.., A
R Al .,.__.\..,_._.«\\.\.
A o

\1\“\%\\.5«-\

e

I

ettt

_—
Eal
+

L

.i.+l
._.-._..-______._....1.-_” .
r = = r ¥
i.lilil.-.l 1H

\\\\\

* F = r r

f + F -
F F ra

o
oy

PR

F+ + +

LR

Far

T

|-l_..._.I.llI.

R r
e
F g Py

+ + + + + + +
* + o
+ + + + + + +

+ + + + ¥ F F FFFFFFFFF
LI I N
+ + + + + + + + + + &+ + o+

+
+*
+

+ +

* + F F F FFFFFFFFFFFFFEFEFFEFEFFEFEFEFEFEFEFEFEFEFEFEFFEFEFEFEFEFFEFEFEFEFEEFEFEFFEFEFEFEFEFEFEFEFEFEFEEFEFEFEFEFEFEFEFEFEFEFEFFEFEEFEFEEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEEFEFEEFEFEFEFEFEEFFEFEFFEEFFFF
L N N N N N I N N I N N N T O I I N A O N N N I I I N O I I I N N L O N I A N N N R N N N N I I I I N A N I N O I N N N I I I I N I N N N N T

igure 34



US 2023/0095034 Al

METHODS OF IMPROVING MYOCARDIAL
PERFORMANCE IN FONTAN PATIENTS
USING UDENAFIL COMPOSITIONS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] The present application 1s a continuation of U.S.
application Ser. No. 16/751,979 filed Jan. 24, 2020, which 1s
a continuation application of U.S. application Ser. No.
16/14°7,153 filed Sep. 28, 2018, which 1s a divisional appli-
cation of U.S. patent application Ser. No. 14/788,211 filed
Jun. 30, 2015 (now 1ssued as U.S. Pat. No. 10,137,128 on
Nov. 27, 2018), which claims prionty to U.S. Provisional
Patent Application No. 62/036,506, filed on Aug. 12, 2014,
and U.S. Provisional Patent Application No. 62/186,132,

filed on Jun. 29, 2015, the disclosures of which are specifi-
cally incorporated herein by reference in their entireties.
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Grants to the Pediatric Heart Network clinical sites (UG1
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HLL135689, UG1 HLI133682, UG1 HLI135665, UGI
HIL135646, UG1 HL135678, UG1 HL135666) supported a
small percentage of the trial activities at the sites. The
government may have certain rights 1n the data and inven-
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FIELD OF THE INVENTION

[0003] The present invention relates generally to the field
of using phosphodiesterase E5 (PDES) 1inhibitors 1n patients
who have undergone the Fontan operation. In particular, the
PDES mhibitor 1s udenatfil or a pharmaceutically acceptable
salt thereof.

BACKGROUND OF THE INVENTION

I. Background Regarding the Fontan Procedure

[0004] The Fontan procedure, or Fontan/Kreutzer proce-
dure, 1s a palliative surgical procedure for children born with
functional single ventricle congenital heart disease. The
Fontan operation was designed to provide blood flow 1n
series to the pulmonary’ and systemic circulation without
the requirement for a right ventricular pumping chamber.
The operation allows systemic venous blood to flow directly
into the pulmonary circulation on the basis of a single
ventricular impetus through the arteries, capillaries, and
systemic venous system. This arrangement has improved
life expectancy for patients with single-ventricle and pul-
monary-outflow obstruction compared with previous arterial
shunts.

[0005] The operation, which creates a total cavopulmo-
nary connection, separates the systemic and pulmonary
circuits and eliminates both hypoxemia and ventricular
volume overload. However, following the Fontan operation
there 1s no ventricular pump to propel blood into the
pulmonary arteries. Instead, blood returns to the lungs via
passive flow from the systemic veins. This results in a
circulation characterized by elevated central venous pres-
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sure, abnormal pulmonary vascular resistance, and a chroni-
cally low cardiac output. Over time, these inherent charac-
teristics of Fontan physiology result in a predictable,
persistent deterioration of cardiovascular efliciency, as
marked by a progressive decline in exercise performance
that begins after puberty. This decline 1n exercise capacity
correlates with an increase 1n symptoms from cardiovascular
dystunction and may result in the need for hospitalization,
escalation of heart faillure management, or transplant.

[0006] Those with the Fontan circulation do not have
‘normal’ heart physiology or functioning. Two major com-
plications that might have many “downstream™ eflects are
the following efiects on increasing (“hypertension”) and
decreasing (“hypotension”) blood pressure depending upon
its location (veins or arteries). First, with Fontan circulation,
there 1s “systemic venous hypertensmn which means that
the blood pressure 1n the veins (blood going back to the
heart) in the body 1s higher than 1 individuals with normal
heart function (not Fontan circulation). There are many
negative consequences that may be caused by systemic
venous hypertension (congestive heart failure, edema or
swelling, dysfunction of the liver, potentially protein-losing
enteropathy) that are basically related to the distribution of
fluids 1n the body. A second complication 1s “pulmonary
arterial hypotension” where the blood pressure 1n arteries
going towards or 1n the lungs (hence pulmonary) 1s lower
than 1n individuals with normal heart function. There are
also a number of negative consequences associated with
pulmonary’ arterial hypotension such as cyanosis (blue lips)
or lack of exercise capacity. Many of the subsequent medical
conditions and deaths that follow the Fontan procedure
(either 1n the short- or long-term) are thought to originate
from this change in systemic and pulmonary’ blood pres-
sure.

[0007] The long term eflects of marked single-ventricle
preload and ineflicient oxygenation via an arterial shunt
rarely allow’ survival beyond the second or third decade of
life. Uniformly lethal four decades ago, the newborn with
single ventricle type congenital heart disease 1n 2010 1s now
not only likely—but expected—+to survive. However, as
these children have grown into adolescence and adulthood,
it 1s clear that there are significant limitations to this strategy.
While lifesaving, the Fontan/Kreutzer operation results 1n
profound physiological disturbances with very serious con-
sequences. Pervasive abnormalities of multiple organ sys-
tems are aflected as time goes on. Realistically, 1t 1s unlikely
that patients will survive into their third or fourth decades of
life untouched by some potentially life-threateming compli-
cation. Thus, there is a clear need to 1dentily treatments that
may ameliorate the dysfunctional state of the Fontan opera-
tion. This 1s particularly true given the increase in the
prevalence of the Fontan procedures: remarkably, the Fontan
operation has become the most common procedure per-

formed for congenital heart disease after the age of 2 years.
W. M. Gersony, Circulation, 117: 13-15 (2008).

[0008] Multiple studies looking at the results of the Fontan
operation demonstrate a decrease 1 survival beyond 15
years alter surgery. An ongoing significant risk of death with
continuous attrition 1s present, regardless of surgical type of
cavo-pulmonary connection. In another study looking at
morphologically single left ventricle after Fontan surgery,
results showed that odds are 1 out 4 that a child after Fontan
will be dead by the time he or she reaches their late 20s. J.
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Rychik, “Forty Years of the Fontan Operation: A Failed
Strategy,” Pediatric Cardiac Surgery Annual, 96-100

(2010).

[0009] Given the increased life span for Fontan patients,
researchers have sought out medical therapies to address the
side eflects of the Fontan surgery. In particular, children and
young adults with single-ventricle physiology have abnor-
mal exercise capacity after the Fontan operation. Strategies
targeted toward improving cardiac output and reducing
central venous pressure will improve their overall well-
being and mitigate against the impact of this deleterious
physiology.

[0010] In one study, the PDES inhibitor sildenafil was
found to significantly improve ventilatory efliciency during
peak and submaximal exercise. There was also a suggestion
of improved oxygen consumption at the anaerobic threshold
in 2 subgroups. These findings suggest that sildenafil may be
an 1mportant agent for improving exercise performance in
children and young adults with single-ventricle physiology
aiter the Fontan operation. Goldberg et al., Circulation, 123:
1185-1193 (2011).

[0011] Later studies verified that sildenafil increased ven-
tricular systolic elastance and improved ventriculo-arterial
coupling 1n patients palliated with Fontan circulation. Short-
term sildenafil was well tolerated 1n most of the patients with
only minor side eflects. Shabanian et al., Pediatr. Cardiol.,

34(1): 129-34 (2013). The structure of sildenafil 1s shown
below:

[0012] In addition, a preliminary study assessed the short-
term effects of the PDES inhibitor tadalafil on the hemody-
namic response to exercise and exercise capacity 1n patients
with Fontan circulation. See http://clinicaltnals.gov/ct2/
show/record/NCT01291069. Short term therapy with once
daily dosing of tadalafil improved ventilatory efliciency and
oxygen saturation, but exercise capacity was unchanged 1n

young Fontan subjects, similar to published sildenatfil
results. Menon et al., Circulation, 128: A16024 (2013). The

chemical structure of tadalafil 1s shown below:
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[0013] For optimal eflectiveness, the PDES inhibitors
sildenafil or tadalafil would need to be given long term to
Fontan patients to delay or prevent the onset of failing
Fontan circulation.

[0014] Fontan surgery produces chronic conditions; short
term treatment 1s unlikely to address mortality associated
with children having a Fontan surgery when they are an
adolescent or adult. This 1s particularly true as when Fontan
failure sets 1n, there 1s an inexorable hemodynamic and
functional decline 1n the patients leading to death or cardiac
transplantation. The early experience with transplantation in
patients with Fontan circulation was of high operative
mortality and morbidity. The assumption that if a patient
survives with a Fontan circulation, then the PVR 1s low
enough for the right ventricle of the graft after cardiac
transplantation was found to be incorrect in the early expe-
rience of Fontan transplants.

[0015] While both sildenafil and tadalafil are known to
have undesirable side eflects, pulmonary arterial hyperten-
sion (PAH) patients switched from sildenafil to tadalafil
were found to show significantly different oxygen satura-
tion, significantly different oxygen saturation after a 6-min-
ute walk test, and significantly different distances walked,
thus showing that PDES inhibitors are not interchangeable
when used to treat heart or cardiovascular conditions. Sabri

et al., Pediatr Cardiol., 35(4):699-704 (2014).

II. Background Regarding PDES Inhibitors and
Udenatfil

[0016] PDES5 1s a cyclic guanosine-3',5'-monophosphate
(cGMP)-specific phosphodiesterase belonging to a class of
phosphodiesterases which regulate various cell functions by
catalyzing the hydrolysis of the second messenger molecules
(cGMP) and ©cyclic adenosine-3'.5'-monophosphate
(CAMP). Boolell et al, Int’l. Impot. Res., 8A7 (1996).
Because PDES 1s present in the arterial wall smooth muscle
within the lungs, PDES 1nhibitors have been explored for the
treatment ol pulmonary hypertension, a disease 1 which
blood vessels 1n the lungs become overloaded with fluid,
usually as a result of failure of the right ventricle of the heart.
[0017] Udenafil 1s a drug used in urology to treat erectile
dysfunction. It belongs to a class of drugs called PDES5
inhibitors, which also includes sildenafil, tadalafil, and vard-
enafil. Typical doses are 100 and 200 mg. Udenafil is
available in Korea, Russia, and Philippines; in the United
States, 1t 1s not approved for use by the U.S. Food and Drug
Administration.

[0018] The Fontan procedure i1s palliative, not curative.
But in many cases 1t can result 1n normal or near-normal
growth, development, exercise tolerance, and good quality
of life. In 20/30% cases, patients will eventually require
heart transplantation.

[0019] Modifications in the Fontan operative model was
one of the early steps in improving outcome. Use of fenes-
tration, staging of Fontan completion and better periopera-
tive management have led to a significant drop 1n mortality
rates 1n the current era. Despite this, there 1s late attrition of
patients with complications such as arrhythmias, ventricular
dystunction, and unusual clinical syndromes of protein-
losing enteropathy (PLE) and plastic bronchitis. Manage-
ment of failing Fontan includes a detailed hemodynamic and
imaging assessment to treat any correctable lesions such as
obstruction within the Fontan circuit, early control of
arrhythmia and maintenance of sinus rhythm, symptomatic
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treatment for PLE and plastic bronchitis, manipulation of
systemic and pulmonary”™ vascular resistance, and Fontan
conversion ol less favorable atriopulmonary connection to
extra-cardiac total cavopulmonary connection with arryth-
mia surgery. Cardiac transplantation remains the only suc-
cessiul defimitive palliation 1n the failing Fontan patients.
However, cardiac transplantation 1s not a perfect solution
because the Fontan circulation has already wreaked havoc in
the body such as negatively aflecting hepatic or kidney
function, thus patients with Fontan circulation may still be
in poor shape even aiter a heart transplant.

[0020] There 1s a need 1n the art for improved therapies
relating to complications or side eflects of the Fontan
procedure with the goal of increasing the life span of Fontan
patients, and avoiding or delaying the need for cardiac
transplantation. There 1s also a need 1n the art for improved
therapies to delay the onset of cardiac failure or to improve
the quality of life for patients who have had the Fontan
procedure. The present invention satisfies this need.

SUMMARY OF THE INVENTION

[0021] In one embodiment, the mnvention i1s directed to
methods of treating, preventing, or minimizing conditions,
symptoms, or side effects associated with a subject who has
previously had a Fontan procedure. In particular, the meth-
ods of the invention are directed the use of udenafil or a
pharmaceutically acceptable salt thereof 1n single ventricle
adolescent patients that have undergone the Fontan proce-
dure for the amelioration of associated acute symptoms and
chronic symptom development. The method comprises
administering a therapeutically eflective amount of a PDES
inhibitor to the patient, where the PDES inhibitor 1s udenatil
or a pharmaceutically acceptable salt thereof.

[0022] In one embodiment, the mvention 1s directed to a
method of improving cardiac output 1n a patient who has had
a Fontan procedure. The method comprises administering a
therapeutically effective amount of a PDES inhibitor to the
patient, where the PDES 1nhibitor 1s udenafil or a pharma-
ceutically acceptable salt thereof.

[0023] In another embodiment, the invention 1s directed to
a method of decreasing pulmonary vascular resistance in a
patient who has had a Fontan procedure. The method
comprises administering a therapeutically effective amount
of a PDES5 inhibitor to the patient, where the PDES inhibitor

1s udenafil or a pharmaceutically acceptable salt thereof.

[0024] In yet another embodiment, the invention 1is
directed to a method of 1mproving exercise capacity in a
patient who has had a Fontan procedure. The method
comprises administering a therapeutically effective amount
of a PDES 1nhibitor to the patient, where the PDES 1nhibitor

1s udenafil or a pharmaceutically acceptable salt thereof.

[0025] In one embodiment, the mvention 1s directed to a
method of 1improving myocardial performance 1n a patient
who has had a Fontan procedure. The method comprises
administering a therapeutically effective amount of a PDES
inhibitor to the patient, where the PDES inhibitor 1s udenatil
or a pharmaceutically acceptable salt thereof.

[0026] In an exemplary embodiment, the methods of the
invention comprise administering a therapeutically eflective
dose of udenafil, or a pharmaceutically acceptable salt
thereol, once a day to a patient.
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[0027] In another embodiment, the methods of the mven-
tion comprise administering a therapeutically eflective dose
of udenafil, or a pharmaceutically acceptable salt thereof,
twice a day to a patient.

[0028] In another embodiment, the patient 1s a pediatric
patient of about 2 to about 18 years of age. Treatment of
adult patients are also encompassed by the methods of the
invention.

[0029] In yet another embodiment, the invention 1is
directed to improved methods for treating a patient who has
had a Fontan procedure, wherein the methods show an
improvement 1n patient compliance with a dosing schedule
of udenafil or a pharmaceutically acceptable salt thereot, as
compared to patients prescribed a non-udenafil drug.

[0030] In one embodiment, the invention 1s directed to
improved methods for treating a patient who has had a
Fontan procedure, wherein the methods of the invention
result 1n fewer or less severe adverse events as compared to
conventional, methods of treating such patients. In another
embodiment, the methods of the invention result in few, 1f
any, serious adverse events, moderate adverse events, or
mild adverse events.

[0031] In another embodiment, the methods of the mven-
tion result in improved VO2 at the patient’s maximal eflort
as compared to VO2 at maximal effort in the absence of the
methods of the invention (e.g., in the absence of udenatfil
administration). For example, the improvement can be about
S5, about 6, about 7, about 8, about 9, about 10, about 11,
about 12, about 13, about 14, about 13, about 16, about 17,
about 18, about 19, about 20, about 21, about 22, about 23,
about 24, about 25, about 26, about 27, about 28, about 29,
or about 30% or greater as compared to VO2 at maximal
cllort 1n the absence of the methods of the invention (e.g., 1n
the absence of udenafil administration).

[0032] In another embodiment, the methods of the mven-
tion result i 1mproved VO2 at the patient’s anaerobic
threshold as compared to VO2 at anaerobic threshold 1n the
absence of the methods of the invention (e.g., in the absence
of udenafil administration). For example, the improvement
can be about 5, about 6, about 7, about 8, about 9, about 10,
about 11, about 12, about 13, about 14, about 13, about 16,
about 17, about 18, about 19, about 20, about 21, about 22,
about 23, about 24, about 25, about 26, about 27, about 28,
about 29, or about 30% or greater as compared to VO2 at
maximal effort in the absence of the methods of the mven-
tion (e.g., 1n the absence of udenafil administration).

[0033] In another embodiment, the methods of the mven-
tion result 1n the patient’s blood pool MPI, or other disclosed
measures ol ventricular performance, improving as com-
pared to blood pool MPI, or other disclosed measures of
ventricular performance 1n the absence of the methods of the
invention (e.g., 1 the absence of udenafil administration).
For example, the improvement can be about 5, about 6,
about 7, about 8, about 9, about 10, about 11, about 12, about
13, about 14, about 15, about 16, about 17, about 18, about
19, about 20, about 21, about 22, about 23, about 24, about
25, about 26, about 27, about 28, about 29, or about 30% or
greater as compared to blood pool MPI, or other disclosed
measures ol ventricular performance in the absence of the
methods of the invention (e.g., in the absence of udenatfil
administration).

[0034] In another embodiment, the methods of the mven-
tion result 1n the patient’s log of reactive hyperemia index,
or another disclosed measure of vascular function, 1mprov-
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ing as compared to log of reactive hyperemia index, or
another disclosed measure of wvascular function, in the
absence of the methods of the invention (e.g., in the absence
of udenafil administration). For example, the improvement
can be about 35, about 6, about 7, about 8, about 9, about 10,
about 11, about 12, about 13, about 14, about 13, about 16,
about 17, about 18, about 19, about 20, about 21, about 22,
about 23, about 24, about 25, about 26, about 27, about 28,
about 29, or about 30% or greater as compared to log of
reactive hyperemia index, or another disclosed measure of
vascular function, in the absence of the methods of the
invention (e.g., in the absence of udenafil administration).

[0035] Finally, 1n yet another embodiment, the methods of
the invention may result in a characteristic pharmacokinetic
profile. The pharmacokinetic profile can comprises a C,
between 300 and 700 ng/ml, or more specifically, about 500
ng/ml; a T, _between 1 and 1.6 hr, or more specifically,
about 1.3 hr; an AUCt between 2550 and 4150 ng-hr/ml, or
more specifically, about 3330 ng-hr/ml; and an AUC,_,,
between 5110 and 8290 ng-hr/ml, or more specifically, about
6701 ng-hr/ml.

[0036] The foregoing general description and following
detailed description are exemplary and explanatory and are
intended to provide further explanation of the invention as
claimed. Other objects, advantages, and novel features will
be readily apparent to those skilled in the art from the
following brief description of the drawings and detailed
description of the mvention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] FIG. 1 shows the percentage of subjects who
reported at least one, three, or five adverse events by
treatment group.

[0038] FIG. 2 shows change 1n peak VO2 (ml/kg/min) at
the maximum eflort from baseline (day 1) to the last visit
(post-medication, day 5) by treatment group, where a posi-
tive change indicates an improvement.

[0039] FIG. 3 shows peak VO2 at the maximum eflort at
baseline (day 1) and at the last visit (post-medication, day 5)
by treatment group, where a positive change indicates an
improvement.

[0040] FIG. 4 shows change in VO2 (ml/kg/min) at
anaerobic threshold from baseline (day 1) to the last visit
(post-medication, day 5) by treatment group, where a posi-
tive change indicates an improvement.

[0041] FIG. 5 shows peak VO2 at anaerobic threshold at
baseline (day 1) and at the last visit (post-medication, day 5)
by treatment group, where a positive change indicates an
improvement.

[0042] FIG. 6 shows change 1n natural log of Reactive
Hyperemia Index from baseline (day 1) to the last wvisit
(post-medication, day 5) by treatment group. A positive
change indicates an improvement.

[0043] FIG. 7 shows natural log of Reactive Hyperemia
Index (RHI) at baseline (day 1) and at the last visit (post-
medication, day 5) by treatment group. A positive change
indicates an improvement.

[0044] FIG. 8 shows change in blood pool MPI from
baseline (day 1) to the last visit (post-medication, day 3) by
treatment group. A negative change indicates an 1mprove-
ment.

[0045] FIG. 9 shows blood pool MPI at baseline (day 1)
and at the last visit (post-medication, day 5) by treatment
group. A negative change indicates an improvement.
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[0046] FIG. 10 shows change in tissue Doppler MPI from
baseline (day 1) to the last visit (post-medication, day 5) by
treatment group. A negative change indicates an improve-
ment.

[0047] FIG. 11 shows tissue Doppler MPI at baseline (day
1) and at the last visit (post-medication, day 5) by treatment
group. A negative change indicates an improvement.
[0048] FIG. 12 shows change 1n average 1sovolumic con-
traction from baseline (day 1) to the last visit (post-medi-
cation, day 5) by treatment group. A negative change indi-
cates an improvement.

[0049] FIG. 13 shows average 1sovolumic contraction at
baseline (day 1) and at the last visit (post-medication, day 5)
by treatment group. A negative change indicates an improve-
ment.

[0050] FIG. 14 shows change 1n average 1sovolumic relax-
ation from baseline (day 1) to the last visit (post-medication,
fiay 5) by treatment group. A negative change indicates an
improvement.

[0051] FIG. 15 shows average 1sovolumic relaxation at
baseline (day 1) and at the last visit (post-medication, day 5)
by treatment group. A negative change indicates an improve-
ment.

[0052] FIG. 16 shows individual concentration time
curves stratified by dosing regimens of (A) 37.5 mg q24h,
(B) 37.5 mg ql2h, (C) 87.5 mg g24h, (D) 87.5 mg ql2h, and
(E) 125 mg g24h.

[0053] FIG. 17 shows concentration time concentration
profiles of udenafil 1n study subjects. The solid line repre-
sents the observed data, the dash line stands for the predicted
data for the second dose of the day for 12 hour regimens.
Data are represented as mean+/—standard deviation.

[0054] FIG. 18 shows a comparison of C___ among vari-
ous dosing regimens. The box and whisker plot showed
10-90 percentile and range of observations with middle line
representing median value of a dosing regimen. Significant
difference: 37.5 mg g24h vs 87.5 mg ql2h, p<0.001; 37.5
mg q24h vs 125 mg q24h, p<0.001; 37.5 mg ql12h vs 87.5
mg ql2h, p<0.001; 37.5 mg ql2h vs 125 mg q24h, p<0.01;
87.5 mg q24h vs 87.5 mg ql2Zh, p<0.05.

[0055] FIG. 19 shows a comparison of (A) AUCT and (B)
AUC,_,, among various dosing regimens. The box and
whisker plot showed 10-90 percentile and range of obser-
vations with middle line representing median value of a
dosing regimen. Significant difference: A) 37.5 mg q24h vs

87.5 mg ql2h, p<0.001; 37.5 mg g24h vs 125 mg q24h,
p<0.001; 37.5 mg ql2h vs 87.5 mg ql2h, p<0.01; 37.5 mg
ql2h vs 125 mg q24h, p<0.01; B) 37.5 mg q24h vs 87.5 mg
ql2h, p<0.001; 37.5 mg q24h vs 125 mg gq24h, p<0.01; 37.5
mg ql12h vs 87.5 mg ql12h, p<0.001; 87.5 mg q24h vs 87.5
mg ql2h, p<0.001; 87.5 mg ql12h vs 125 mg q24h, p<0.001.

[0056] FIG. 20 shows a comparison of A) CL/F and B)
V/F among various dosing regimens. The box and whisker
plot showed 10-90 percentile and range of observations with
middle line representing median value of a dosing regimen.

Significant difference: A) 37.5 mg q24h vs 87.5 mg ql2h,
p<<0.05; B) 37.5 mg q24h vs 87.5 mg ql2h, p<0.01.

[0057] FIG. 21 shows DV (observed concentrations) ver-
sus subject 1D.

[0058] FIG. 22 shows time (hours) versus subject ID.
[0059] FIG. 23 shoves DV (observed concentrations) ver-

sus time after dose (TAD).
[0060] FIG. 24 shows DV (observed concentrations) ver-
sus time (hours).
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[0061] FIG. 25 shows individual visual plots (SID 1-12)
with variation between observed concentration (DV) vs

predicted concentration (PRED) and individual predicted
(IPRED) error vs time (h).

[0062] FIG. 26 shows individual visual plots (SID 13-24)
with variation between observed concentration (DV) vs
predicted concentration (PRED) and individual predicted
(IPRED) error vs time (h).

[0063] FIG. 27 shows idividual visual plots (SID 25-30)
with variation between observed concentration (DV) vs
predicted concentration (PRED) and individual predicted
(IPRED) error vs time (h).

[0064] FIG. 28 shows a summary of average plasma
concentration per time point from pharmacokinetic studies
of udenafil 1n Fontan’s patients. Data are shown as mean+/—
standard deviation.

[0065] FIG. 29 shows non-compartmental analysis of ude-
nafil 1n Fonatn’s patients stratified by dosing regimens. Data
are shown as mean+/—standard deviation.

[0066] FIG. 30 shows a goodness of it plot of observed
data versus predicted data (DV vs. PRED).

[0067] FIG. 31 shows a goodness of fit plot of observed
data versus individual predicted data (DV vs. IPRED).
[0068] FIG. 32 shows a goodness of fit plot of observed
data versus predicted data (DV vs. PRED) of the final model.
[0069] FIG. 33 shows a goodness of fit plot of observed

data versus individual predicted data (DV vs. IPRED) of the
final model.

[0070] FIG. 34 shows characteristic Fontan physiology.
DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS
I. Fontan Physiology
[0071] The Fontan physiology 1s the definitive palliation

for those classes of congenital heart defects that share the
common feature ol a functional single ventricle. They
include defects that result 1n hypoplastic left or right ven-
tricles. Usually through a series of 2 or 3 operations, the
systemic and pulmonary circulations are separated to elimi-
nate the mixing ol oxygenated and un-oxygenated blood.
This 1s accomplished by directly attaching the superior and
inferior vena cavae to the pulmonary arteries. This results 1n
a physiology that works as follows: (1) the single systemic
ventricle pumps oxygenated blood out the aorta to the
body’s systemic vascular bed. (2) Next, the systemic venous
blood then returns by the vena cavae and flows passively
through the pulmonary vascular bed without the aid of a
sub-pulmonary ventricle. (3) Finally, oxygenated blood
returns to the common systemic atrium and the cycle 1s
repeated. This anatomy 1s 1llustrated 1n FIG. 34.

[0072] The Fontan operation, which creates a total
cavopulmonary connection, separates the systemic and pul-
monary circuits and eliminates both hypoxemia and ven-
tricular volume overload. However, following the Fontan
operation there 1s no ventricular pump to propel blood nto
the pulmonary arteries. Instead blood returns to the lungs via
passive flow from the systemic veins. Thus, the major
physiologic consequence of this type of palliation 1s that
pulmonary blood flow 1s completely dependent upon the
pressure gradient from the systemic venous bed to the
atrtum. The normal circulation tlow through the pulmonary
bed 1s augmented by the increased pressure generated by the
right ventricle. In a healthy adolescent, this results in an
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increase of about 20 to 25 mm Hg in the pressure present in
the pulmonary arteries at rest, which may double with
exercise. With the Fontan physiology, there i1s no sub-
pulmonary ventricle and thus no augmentation of pressure as
the blood enters the pulmonary arteries. At rest, the pressure
gradient across the pulmonary vascular bed 1s significantly
less. The ability to increase this pressure gradient with
exercise 1s extremely limited by the body’s ability to tolerate
increasingly elevated central venous pressures.

[0073] As a umique consequence of being entirely depen-
dent upon the passive drop 1n venous pressure to drive
pulmonary blood tlow, the Fontan physiology 1s exquisitely
sensitive to changes 1n pulmonary’ vascular resistance. Even
increases that are well within the normal range for pulmo-
nary resistance in normal physiology will have detrimental
cllects on the Fontan physiology. Likewise any decrease 1n
resistance, even 1f this value 1s already normal, has the
potential to augment pulmonary blood flow. For this reason,
the use of udenafil offers a potential therapy that 1s unique
to this class of palliated congenital heart defects. Unlike
other uses for PDE-5 inhibitors, this therapy would be to
lower resistance 1n a population without elevated pulmonary
resistances or pressures. This 1s a distinctly different use of
this class of agents as compared to patients with either
structurally normal hearts and pulmonary’ vascular disease
or the very/rare patient with congenital heart disease palli-
ated with a two ventricle repair (and thus having a sub-
pulmonary’ ventricle) and associated pulmonary’ vascular
disease.

II. Clinical Measurements Relevant to Fontan
Patients

[0074] For children born with functional single ventricle
congenital heart disease, the Fontan procedure 1s the current
standard of care. The Fontan procedure 1s palliative, rather
than curative, and while it has greatly increased the survival
of pediatric subjects with functional single ventricle con-
genital heart disease, the procedure also results 1n a series of
side eflects and complications that can lead to late attrition
ol patients, with complications such as arrhythmias, ven-
tricular dysfunction, and unusual climical syndromes of
protein-losing enteropathy (PLE) and plastic bronchitis, as
well as hepatic and kidney complications.

[0075] In certain embodiments, the disclosed mvention
relates to improving or preventing the decline of specific
clinically relevant measurements that are indicative of a
patient’s health following a Fontan procedure. Such mea-
surements 1mclude, but are not limited to, exercise testing,
vascular function testing, and echocardiographic assessment
ol ventricular performance.

Exercise Testing

[0076] Exercise testing can include assessment of VO2
values during maximal effort or at anaerobic threshold. VO2
max, or maximal oxygen consumption, refers to the maxi-
mum amount of oxygen that an individual can utilize during
intense exercise. This measurement 1s generally considered
a reliable indicator of cardiovascular fitness and aerobic
endurance. Theoretically, the more oxygen a person can use
during high level exercise, the more energy that person can
produce. This test 1s the gold standard for cardiorespiratory
fitness because muscles need oxygen for prolonged (aerobic)
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exercise; blood carries oxygen to the muscles and the heart
must pump adequate amounts of blood to meet the demands
ol aerobic exercise.

[0077] VO2 1s often measured by putting a mask on a
subject, and measuring the volume and gas concentrations of
inhaled and expired air. This measurement 1s often used 1n
both clinical settings and research and 1s considered the most
accurate. Testing commonly involves either exercising on a
treadmill or riding a bike at increasing intensity until
exhaustion, and 1s designed to provide readings at a maximal

cllort of the subject and/or at the subject’s anaerobic thresh-
old.

[0078] Patients that have previously undergone a Fontan
procedure will generally see a decline 1n VO2 measurements
over time. Treating a patient with a method according to the
invention such that the patient’s VO2 measurement are
either maintained at a similar level, demonstrating that there
has been no further decline in VO2 function, or improve
with therapy indicates that the treatment 1s clinically ben-
eficial and may improve or prevent decline 1n cardiovascular
function.

[0079] In one embodiment, the invention 1s directed to a
method of improving or maintaiming VO2 measurements of
a subject who has previously had a Fontan procedure. The
method comprises administering a therapeutically effective
amount ol a PDES inhibitor to the patient, where the PDES
inhibitor 1s udenafil or a pharmaceutically acceptable salt
thereof. In some embodiments, VO2 1s measured at maximal
eflort, while 1n other embodiments, VO2 1s measured at the
subject’s anaerobic threshold.

[0080] In some embodiments, the disclosed methods and
compositions are administered to a Fontan patient and result
in no decrease, or a minimal decrease, 1n exercise capacity
over time. More specifically, the disclosed methods and
compositions may result in a decrease 1n exercise capacity of
less than about 40, less than about 35, less than about 30, less
than about 35, less than about 20, less than about 15, less
than about 10, or less than about 5% over time. The time
pertod between a first and second measurement used to
calculate the decrease i exercise capacity can be, for
example, about 1, about 2, about 3, about 4, about 5, about
6, about 7, about 8, about 9, about 10, about 11, or about 12
months; about 1, about 2, about 3, about 4, about 5, about 6,
about 7, about 8, about 9, about 10, about 11, about 12, about
13, about 14, or about 15 years, or any combination thereof,
e.g., 1 year, 3 months; 4 years, 7 months, etc.

[0081] In some embodiments, the disclosed methods and
compositions may be administered to a Fontan patient and
result 1n an 1mprovement ol exercise capacity. More spe-
cifically, the disclosed methods and compositions may result
mal, 2, 5,10, 15, 20, 25, 30, 33, 40, 45, or 50% or more
improvement 1n VO2 at maximal effort. Alternatively, the
disclosed methods and compositions may result n a 1, 2, 3,
10, 15, 20, 25, 30, 35, 40, 45, or 50% or more improvement
in VO2 at the patient’s anaerobic threshold.

Vascular Function Testing

[0082] Vascular endothelial dysiunction 1s an important
outcome for assessing vascular health 1n intervention stud-
ies. It 1s now well established that vascular endothelial
dysfunction 1s positively associated with traditional cardio-
vascular disease (CVD) risk factors, and independently
predicts cardiovascular events over intervals of 1 to 6 years.
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[0083] Pulse amplitude tonometry (PAT), a FDA-ap-
proved method for assessing vascular function, 1s increas-
ingly being used as an alternative measure of endothelium-
dependent dilation in response to reactive hyperemia and
flow-mediated dilation (FMD). The PAT device records
digital pulse wave amplitude (PWA) using fingertip plethys-
mography. PWA can be measured continuously during three
phases: a quiet baseline period, 5-min forearm occlusion,
and reactive hyperemia following cuil release. Unlike FMD,
PAT testing 1s not dependent upon a highly skilled technician
and post-test analysis 1s largely automated. Most impor-
tantly, at least one longitudinal study has shown that PAT
measures of endothelial function predict CVD events over a
6-year follow-up period. These significant advantages may
make PAT testing suitable for clinical practice if prognostic
significance and reliability can be verified.

[0084] Patients that have previously undergone a Fontan
procedure will generally see a decline 1n vascular function
over time. Treating a patient such that the patient’s vascular
function increases or preventing further decline 1n vascular
function would indicate that the treatment i1s clinically
beneficial and may improve patient quality of life or prevent
decline 1n cardiovascular function.

[0085] In one embodiment, the invention 1s directed to a
method of improving or maintaining vascular function of a
subject who has previously had a Fontan procedure. The
method comprises administering a therapeutically effective
amount of a PDES inhibitor to the patient, where the PDES
inhibitor 1s udenafil or a pharmaceutically acceptable salt
thereof. In some embodiments, vascular function 1s mea-
sured using a PAT index.

[0086] In some embodiments, the disclosed methods and
compositions are adminmistered to a Fontan patient and result
in no decrease, or a minimal decrease, 1n vascular function
over time. Vascular function can be measured using any
conventional known technique, including but not limited to
pulse amplitude tonometry measurements, the natural log of
reactive hyperemia index, Reactive Hyperemia Index,
Framingham RHI, area under the curve to max-occlusion/
control, average up to max-occlusion/control, and other
known EndoPAT indices. In some embodiments, vascular
function 1s measured using a PAT index. More specifically,
the disclosed methods and compositions may result 1n a
decrease 1n vascular function of less than about 40, less than
about 33, less than about 30, less than about 35, less than
about 20, less than about 15, less than about 10, or less than
about 3% over time. The time period between a first and
second measurement used to calculate the decrease 1n vas-
cular function can be, for example, about 1, about 2, about
3, about 4, about 5, about 6, about 7, about 8, about 9, about
10, about 11, or about 12 months; about 1, about 2, about 3,
about 4, about 5, about 6, about 7, about 8, about 9, about
10, about 11, about 12, about 13, about 14, or about 15 years,
or any combination thereof, e.g., 1 vear, 3 months; 4 years,
7 months, etc.

[0087] In some embodiments, the disclosed methods and
compositions may be administered to a Fontan patient and
result 1n an 1mprovement of vascular function. Vascular
function can be measured using any conventional known
technique, 1ncluding but not limited to pulse amplitude
tonometry measurements, the natural log of reactive hyper-
emia index, Reactive Hyperemia Index, Framingham RHI,
area under the curve to max-occlusion/control, average up to
max-occlusion/control, and other known EndoPAT indices.
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In some embodiments, vascular function 1s measured using
a PAT index. More specifically, the disclosed methods and
compositions may result in about a 1, about 2, about 3, about
10, about 15, about 20, about 25, about 30, about 35, about
40, about 43, or about 50% or more improvement 1n one or
more measurements of vascular function, including but not
limited to pulse amplitude tonometry measurement, the
natural log of reactive hyperemia index, Reactive Hyper-
emia Index, Framingham RHI, area under the curve to

max-occlusion/control, average up to max-occlusion/con-
trol, and other known EndoPAT indices.

Echocardiographic Assessment of Ventricular Performance

[0088] Ventricular performance and cardiac contractility
are 1mportant measurements that can reveal impairment of
cardiovascular health before overt heart failure 1s present.
Ventricular performance can be assessed using echocardio-
graphic methods and quantified via a myocardial perfor-
mance index or MPI. MPI 1s an index that combines systolic
and diastolic function. Specifically, MPI 1s defined as the
sum of 1sovolumic contraction time and 1sovolumic relax-
ation time divided by the ¢jection time.

[0089] Various versions of MPI are known 1n the art, and
cach version of MPI may be used to assess ventricular
performance. For instance, MPI 1indices may include but are
not limited to blood pool MPI, tissue doppler MPI, average
1sovolumetric contraction, and average 1sovolumetric relax-
ation.

[0090] Patients that have previously undergone a Fontan
procedure will generally see a decline 1n ventricular perfor-
mance over time. Treating a patient such that the patient’s
ventricular performance 1s maintained, exhibits minimal
decrease over time, or increases indicates that the treatment
1s clinically beneficial and may improve patient quality of
life or prevent decline in cardiovascular function.

[0091] In one embodiment, the invention 1s directed to a
method of maintaining, producing a minimal decrease 1n, or
increasing ventricular performance of a subject who has
previously had a Fontan procedure. The method comprises
administering a therapeutically eflective amount of a PDES
inhibitor to the patient, where the PDES inhibitor 1s udenatil
or a pharmaceutically acceptable salt thereof. In some
embodiments, ventricular performance 1s measured using a
myocardial performance index (MPI). In some embodi-
ments, the MPI may be a blood pool MPI, while 1n other
embodiments the MPI may be a tissue doppler MPL.
[0092] In some embodiments, the disclosed methods and
compositions may be administered to a Fontan patient and
result 1n minimal or no decrease in ventricular performance
over time. Ventricular performance can be measured using
any conventional known technique, including but not lim-
ited to myocardial performance index (MPI), blood pool
MPI, tissue doppler MPI, average 1sovolumetric contraction
and relaxation, and other known ventricular performance
indices. More specifically, the disclosed methods and com-
positions may result in a decrease in ventricular performance
of less than about 40, less than about 33, less than about 30,
less than about 35, less than about 20, less than about 13, less
than about 10, or less than about 5% over time. The time
period between a first and second measurement used to
calculate the decrease 1n ventricular performance can be, for
example, about 1, about 2, about 3, about 4, about 3, about
6, about 7, about 8, about 9, about 10, about 11, or about 12
months; about 1, about 2, about 3, about 4, about 5, about 6,
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about 7, about 8, about 9, about 10, about 11, about 12, about
13, about 14, or about 15 years, or any combination thereof,
e.g., 1 year, 3 months; 4 years, 7 months, etc.

[0093] In some embodiments, the disclosed methods and
compositions may be administered to a Fontan patient and
result in an 1mprovement of ventricular performance over
time. Ventricular performance can be measured using any
conventional known technique, including but not limited to
myocardial performance index (MPI), blood pool MPI,
tissue doppler MPI, average 1sovolumetric contraction and
relaxation, and other known ventricular performance indi-
ces. For example, the disclosed methods and compositions
may result 1n about a 1, about 2, about 3, about 10, about 15,
about 20, about 25, about 30, about 335, about 40, about 45,
or about 50% or more improvement 1 ventricular perfor-
mance, as measured by any known technique, including but
not limited to myocardial performance index (MPI), blood
pool MPI, tissue doppler MPI, average 1sovolumetric con-
traction and relaxation, and other known ventricular perfor-
mance indices.

III. Methods According to the Invention

[0094] In one embodiment, the invention i1s directed to
methods of treating, preventing, or minimizing conditions,
symptoms, or side eflects associated with a subject who has
previously had a Fontan procedure. The method comprises
administering a therapeutically effective amount of a PDES
inhibitor to the patient, where the PDES inhibitor 1s udenatil
or a pharmaceutically acceptable salt thereof.

[0095] In the Fontan circulation, pulmonary blood tlow 1s
passive, driven by the pressure difference between the
systemic venous circulation and the ventricular end-diastolic
pressure. A medication capable of allowing for more efli-
cient transit of blood through the pulmonary vascular bed
can allow for improvement in cardiac preload, and therefore
improve cardiac output.

[0096] PDES inhibitors are a class of medications that
reduce pulmonary vascular resistance and improve ventricu-
lar performance in patients with pulmonary hypertension
and myocardial dysfunction.

[0097] Some studies have evaluated the single-use or
longer-term use of sildenafil 1n children and young adults
who have had the Fontan procedure. However, sildenafil has
a short half-life, and 1s typically administered three to four
times per day. Such an administration schedule 1s not
convenient and 1s likely to reduce patient compliance. In
addition, the administration of a short half-life drug results
in greater fluctuations of therapeutic levels of drug, increas-
ing the risk that the blood level of the PDES mhibitor will
drop below the therapeutically effective level for parts of the
day. The present inventors hypothesize that administration
of a PDES5 inhibitor having a longer half-life to patients who
have had the Fontan procedure will prevent or ameliorate the
decline 1n aerobic exercise performance in patients follow-
ing the Fontan procedure.

[0098] Patient compliance 1s critical for optimal therapeu-
tic eflicacy, particularly for a drug that 1s to be taken daily
for an extended period of time, such as for several years or
more. This 1s particularly true for Fontan patients. In par-
ticular, individuals that had the Fontan procedure most often
die from heart failure, stroke (thrombosis), or some unex-
plained sudden death. Of note 1s the fact that the risk of death
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from heart failure 1s quite low within 10 years of the Fontan
procedure but increases with time after 10 years post-
Fontan.

http://bendantzer.wordpress.com”2013/03/T3/fontan-circu-
lation-success-or-failure.

[0099] Not surprisingly, as time passes from the date of the
Fontan procedure, the risk of death or need from a heart
transplant increases. This could be from some sudden death
or heart failure, but 1t could also be from a gradual decline
in heart function. As the years tick by after the Fontan
procedure, heart function gets worse, which 1s reflected in
the decline 1n the ability to do aerobic exercise. For example,
for patients that had the Fontan early 1n life, they may have
exercise capacity that 1s highly reduced (44%) compared to
normal patients and this capacity to do exercise tends to
decline 1n a linear fashion each vyear (declines 2.6% each
year). At thirty years of age, patients with Fontan circulation
have much reduced exercise capacity (55% less than nor-
mal) and the number of health problems and hospitalization
rates increase dramatically. This 1s probably not surprising
since, again, one ventricle 1s doing the work of two. Thus,
methods according to the invention which can diminish or
significantly decrease decline 1n heart function over time, are
highly desirable for Fontan patients. Key to the success of
such methods 1s patient compliance with a preferred dosing
schedule.

[0100] Patient compliance, or lack thereof, to a prescribed
dosing schedule 1s known to be a critical factor in the
success of any therapy. In particular, quality healthcare
outcomes depend upon patients’ adherence to recommended
treatment regimens. Patient nonadherence can be a perva-
sive threat to health and wellbeing and carry an appreciable
economic burden as well. In some disease conditions, more
than 40% of patients sustain significant risks by misunder-
standing, forgetting, or 1gnoring healthcare advice. More-
over, when preventive or treatment regimens are very coms-
plex and/or require lifestyle changes and the modification of
existing habits, nonadherence can be as high as 70%. Martin
et al., Ther. Clin. Risk Manag., 1(3): 189-199 (2005) (“A
significant barrier to effective medical treatment, however, 1s
the patient’s failure to follow the recommendations of his or
her physician or other healthcare provider.”). Thus, a therapy
that can produce the desired results (e.g., improved cardiac
output, decreased pulmonary vascular resistance, improved
exercise capacity, improved myocardial performance, pre-
venting or ameliorating the decline in aerobic exercise
performance), with a preferred once or twice a day dosage,
as compared to multiple daily dosages——e.g., 3 to 6x dailly—
required to be taken at least 4 to 6 hours apart, such as with
sildenatfil, 1s highly desirable. Such a more simplistic dosing
regimen 1s likely to lead to a significant increase in patient
compliance, and concomitant improved therapeutic results.

[0101] In one embodiment, the invention 1s directed to a
method of improving cardiac output 1n a patient who has had
the Fontan procedure, the method comprising administering,
a therapeutically eflective amount of the PDES5 inhibitor
udenatil, or a pharmaceutically acceptable salt thereof, to the
patient. For example, the method of the invention can result
in an improvement in cardiac output, as compared to a
subject who 1s not administered udenafil, of about 5%, about

8%, about 10%, about 135%, about 20%, about 25%, about
30%, about 35%, about 40%, about 45%, or about 50%.

[0102] In another embodiment, the mnvention 1s directed to
a method of decreasing pulmonary vascular resistance in a
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patient who has had the Fontan procedure, the method
comprising administering a therapeutically effective amount
of the PDES5 inhibitor udenafil, or a pharmaceutically
acceptable salt thereof, to the patient. For example, the
method of the mvention can result 1n an decreased pulmo-
nary vascular resistance, as compared to a subject who 1s not

administered udenafil, of about 5%, about 8%, about 10%,
about 15%, about 20%, about 25%, about 30%, about 35%.,
about 40%, about 45%, or about 50%.

[0103] In vyet another embodiment, the invention 1is
directed to a method of improving exercise capacity in a
patient who has had the Fontan procedure, the method
comprising administering a therapeutically effective amount
of the PDES5 inhibitor udenafil, or a pharmaceutically
acceptable salt thereof, to the patient. For example, the
method of the invention can result 1n an increase in exercise
capacity measured by maximal VO2, as compared to a

subject who 1s not administered udenatfil, of about 5%, about
8%, about 10%, about 15%, about 20%, about 25%, about

30%, about 35%, about 40%, about 45%, or about 50%.

[0104] In one embodiment, the invention i1s directed to a
method of improving myocardial performance 1n a patient
who has had the Fontan procedure, the method comprising
administering a therapeutically effective amount of a PDES
inhibitor to the patient. For example, the method of the
invention can result 1n an 1mprovement 1 myocardial per-

formance, as compared to a subject who 1s not administered
udenafil, of about 5%, about 8%, about 10%, about 15%,

about 20%, about 25%, about 30%, about 35%, about 40%,
about 45%, or about 50%.

[0105] In one embodiment, the invention i1s directed to a
method of preventing or ameliorating the decline in aerobic
exercise performance 1n a patient who has had the Fontan
procedure, the method comprising administering a therapeu-
tically effective amount of the PDES inhibitor udenatfil, or a
pharmaceutically acceptable salt thereot, to the patient. For
example, the method of the invention can result in an
amelioration of the decline 1n aerobic exercise performance
measured by maximal VO2, as compared to a subject who
1s not administered udenafil, of about 5%, about 8%, about

10%, about 15%, about 20%, about 25%, about 30%, about
35%, about 40%, about 45%, or about 50%.

[0106] In yet another embodiment, the invention 1is
directed to improved methods for treating a patient who has
had a Fontan procedure, wherein the methods show an
improvement 1n patient compliance with a dosing schedule
of udenafil or a pharmaceutically acceptable salt thereot, as
compared to patients prescribed a non-udenafil drug.

[0107] Udenafil has a half-life of 7.3-12.1 hours, and 1s

believed to possibly have a much better safety profile as
compared to sildenafil or tadalafil. Udenafil has unique

properties, withal, ~of1.0-1.5handaT,,,o0f11-13 h(a
relatively rapid onset and a long duration of action).

[0108] Therelfore, both on-demand and once-daily use of
udenafil have been reported. Udenafil’s eflicacy and toler-
ability have been evaluated in several studies, and recent and
continuing studies have demonstrated udenafil’s promise 1n
both dosing regimens. Presently, tadalafil 1s the only FDA-
approved drug for daily dosing, but udenafil can be used as
a once-daily dose for erectile dysfunction patients who
cannot tolerate tadalafil due to phosphodiesterase subtype
selectivity. Gu Kang et ah, Ther. Adv. Urol., 5(2): 101-110
(2013). Once-daily dosing of udenafil was evaluated for the
treatment of erectile dysfunction (ED), and the results
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showed that udenafil significantly improved erectile func-
tion among ED patients when administered 1n doses of 50
mg or 75 mg once daily for 12 wk. Zhao et ah, Fur. J. of
Urology, 60: 380-387 (2011). While these reports suggest
that udenafil may be useful as a once a day therapy for
various conditions, other reports show that PDES inhibitors
show’ varying eflicacy 1n treating symptoms associated with
the Fontan operation. Sabri et ah, Pediatr. Cardiol., 35(4):
699-704 (2014).

[0109] Thus, it was surprising that the present invention,
directed to methods of treating, minimizing, and/or prevent-
ing symptoms associated with the Fontan operation com-
prising administering udenafil or a pharmaceutically accept-
able salt thereol, shows desirable results, preferably with a
once or twice a day dosage. “Desirable results™ include, but
are not limited to, mmproved cardiac output, decreased
pulmonary vascular resistance, improved exercise capacity,
improved myocardial performance, preventing or ameliorat-
ing the decline 1n aerobic exercise performance, and/or an
improvement in patient compliance.

[0110] In one embodiment of the invention, once a day
administration of a therapeutically eflective dosage of ude-
nafil, or a pharmaceutically acceptable salt thereof, results in
therapeutic levels of udenafil, present 1n the patient’s blood
stream, for up to about 8 hours. In other embodiments of the
invention, once a day administration of a therapeutically
cellective dosage of udenafil, or a pharmaceutically accept-
able salt thereof, results in therapeutic levels of udenatfil,
present 1n the patient’s blood stream, for up to about 10,
about 11, about 12, about 13, about 14, about 13, about 16,
about 17, about 18, about 19, about 20, about 21, about 22,
about 23, or about 24 hours.

[0111] In one embodiment of the invention, twice a day
administration of a therapeutically eflective dosage of ude-
nafil, or a pharmaceutically acceptable salt thereof, results in
therapeutic levels of udenafil for at least about 16 hours in
a 24 hour dosing period. In other embodiments, twice a day
administration of a therapeutically eflective dosage of ude-
nafil, or a pharmaceutically acceptable salt thereot, results in
therapeutic levels of udenafil for at least about 9 hours, about
10 hours, about 11 hours, about 12 hours, about 13 hours,
about 14 hours, about 15 hours, about 16 hours, about 17
hours, about 18 hours, about 19 hours, about 20 hours, about
21 hours, about 22 hours, about 23 hours, or about 24 hours,
in a 24 hour dosing period.

[0112] In another embodiment, 1t was surprising that that
the methods of the invention show improved results as
compared to prior art treatments using a non-udenafil PDES
inhibitor, such as sildenafil or tadalafil. In yet another
embodiment, 1t was surprising that the methods of the
invention show fewer side efects, and/or less severe side

cllects, as compared to prior art treatments using a non-
udenafil PDES5 inhibitor, such as sildenafil or tadalafil.

[0113] In one embodiment, 1t 1s surprising that the admin-
istration of twice a day udenafil or a pharmaceutically
acceptable salt thereof results in fewer side eflects than the
administration of once a day udenafil or a pharmaceutically
acceptable salt thereof. In another embodiment, 1t 1s surpris-
ing that twice a day administration of udenafil or a pharma-
ceutically acceptable salt thereof can achieve therapeutically
cllective levels of udenatfil at a lower total daily dosage than
a once a day administration.

[0114] In one embodiment, the patient who has had the
Fontan procedure 1s a human patient. In one embodiment,
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the patient 1s an adult human patient over about 18 years of
age. In another embodiment, the patient 1s a pediatric patient
of about 2 to about 18 years of age. In another embodiment,
the patient 1s a pediatric patient of about 12 to about 18 years
of age, or from about 12 to about 16 years of age.

IV. Pediatric Patients

[0115] Treatment of pediatric patients presents particular
challenges, as pediatric physiology 1s not just a miniature
version of an adult. Physical size i1s just one of the many
differences. Children’s body surface area, organ and system
maturity and function, as well as cognitive and emotional
development can result 1in differences 1n response to illness,
diagnosis, treatment, and medications. Even 1illnesses that
are seen 1n adults can act diflerently 1n children because of
their unique anatomy and physiology. Moreover, pediatric
patients process drugs differently than adults, and therefore
the effects as well as the dosages of drugs may vary widely
from those observed with adults. Since children differ from
adults 1n many ways beyond size, simply adjusting the dose
of a drug for a smaller size person will not necessarily
produce the same response and can lead to adverse drug
reactions. Thus, the eflectiveness of a drug used in treating,
an adult condition does not with certainty predict success of
treating a pediatric patient with the same drug.

[0116] Thus, the invention 1s also directed to the surprising
discovery that pediatric Fontan patients can be successiully
treated with the methods of the ivention. The methods
comprise administering a therapeutically eflective amount
of a PDES5 inhibitor to the pediatric patient, where the PDES
inhibitor 1s udenafil or a pharmaceutically acceptable salt
thereof.

(0117]

The structure of udenatil 1s shown below:

N

V. Doses and Dosage Forms

[0118] In one embodiment, the udenafil or a pharmaceu-
tically acceptable salt thereof 1s administered at total daily
dosage amounts of about 0.01 to about 150 mg/kg. In
another embodiment, the udenafil or a pharmaceutically
acceptable salt thereof 1s administered at total daily doses of
about 0.01 mg/kg up to about 30 mg/kg. In another embodi-
ment, the udenafill or a pharmaceutically acceptable salt
thereol 1s administered at total daily doses of about 5 mg,
about 10 mg, about 15 mg, about 20 mg, about 25 mg, about
2'7.5 mg, about 30 mg, about 32.5, about 35 mg, about 37.5
mg, about 40 mg, about 42.5 mg, about 45 mg, about 47.5
mg, about 50 mg, about 55 mg, about 60 mg, about 65 mg,
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about 70 mg, about 75 mg, about 80 mg, about 85 mg, about
87.5 mg, about 90 mg, about 95 mg, about 100 mg, about
125 mg, about 150 mg, about 175 mg, about 200 mg, about
225 mg, about 250 mg, or about 275 mg. In one embodi-
ment, the udenafil or a pharmaceutically acceptable salt
thereot 1s administered 1n total daily doses of about 25 mg,
about 37.5 mg, about 50 mg, about 75 mg, about 87.5 mg,
125 mg, about 175 mg, about 200 mg, about 225 mg, about
250 mg, about 275 mg, about 300 mg, about 325 mg, about
350 mg, about 375 mg, about 400 mg, about 425 mg, about
450 mg, about 475 mg, about 500 mg, about 525 mg, about
550 mg, about 575 mg, about 600 mg, about 625 mg, about
650 mg, about 675 mg, or about 700 mg. In another
particular embodiment, udenafill or a pharmaceutically
acceptable salt thereof 1s administered at a total daily dose
of about 37.5 mg, about 75 mg, about 87.5 mg, 125 mg, or
about 175 mg.

[0119] In one embodiment, the udenafil or a pharmaceu-
tically acceptable salt thereof 1s administered once a day.

[0120] In another embodiment, the udenafil or a pharma-
ceutically acceptable salt thereof 1s admimistered twice a day.
In one embodiment, the udenafil or a pharmaceutically
acceptable salt thereof 1s admimstered twice a day such that
therapeutically eflective blood levels are maintained for at
least about 18, about 19, about 20, about 21, about 22, about
23 or about 24 hours of a 24 hour dosing period. In some
embodiments, the total daily dosage amount of udenafil or a
pharmaceutically acceptable salt administered twice a day 1s
less than the total daily dosage amount of udenafil or a
pharmaceutically acceptable salt thereof administered once
a day. In some embodiments, the total daily dosage amount
of udenafil or a pharmaceutically acceptable salt thereof
administered twice a day, maintains therapeutically eflective
blood levels for the same number of hours 1n a 24 hour
period as a higher dosage of udenafil or a pharmaceutically
acceptable salt thereof when administered once a day. In
other embodiments, the total daily dosage amount of ude-
nafil or a pharmaceutically acceptable salt thereof adminis-
tered twice a day, maintains therapeutically effective blood
levels for a higher number of hours in a 24 hour period as
the same dosage of udenafil or a pharmaceutically accept-
able salt thereol when administered once a day.

[0121] In some embodiments, the udenafil or a pharma-
ceutically acceptable salt thereol administered twice a day
produces a greater reduction 1n the conditions, symptoms, or
side eflects associated with a subject who has previously had
a Fontan procedure, when compared to udenafil or a phar-
maceutically acceptable salt thereol administered once a
day.

[0122] In some embodiments, the pharmaceutically
acceptable salt of udenafil 1s an acid addition salt. In one
embodiment, the acid addition salt of udenafil 1s an inor-
ganic acid addition salt such as, hydrochloric, hydrobromic,
sulfuric, or phosphoric acid addition salt. In another embodi-
ment, the acid addition salt 1s an organic acid addition salt
such as citrate, tartarate, acetate, lactate, maleate, fumarate,
gluconate, methanesulifonate (mesylate), glycolate, succi-
nate, p-toluenesulionate (tosylate), galacturonate, embonate,
glutamate, aspartate, oxalate, benzensulfonate, camphor-
sulfonate, cinnamate, adipate, or cyclamate. In a particular
embodiment, the pharmaceutically acceptable salt of ude-
nafil 1s an oxalate, benzensulfonate, camphorsulfonate, cin-
namate, adipate, or cyclamate salt.
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[0123] In one embodiment the udenafil or a pharmaceut-
cally acceptable salt thereof 1s admimstered as a pharma-
ceutical composition. In one embodiment, the pharmaceu-
tical composition comprising udenafil or a pharmaceutically
acceptable salt thereof can be formulated 1n a wide varniety
of oral or parenteral dosage forms on clinical application.
Each of the dosage forms can contain various disintegrating
agents, surfactants, fillers, thickeners, binders, diluents such
as wetting agents or other pharmaceutically acceptable
excipients.

[0124] The udenafil composition can be administered
using any pharmaceutically acceptable method, such as
intranasal, buccal, sublingual, oral, rectal, ocular, parenteral
(intravenously, intradermally, intramuscularly, subcutane-
ously, intracistemally, intraperitoneally), pulmonary, intrav-
aginal, locally administered, topically administered, topi-
cally administered after scarification, mucosally
administered, via an aerosol, or via a buccal or nasal spray
formulation.

[0125] Further, the udenafil composition can be formu-
lated into any pharmaceutically acceptable dosage form,
such as a solid dosage form, tablet, pill, lozenge, capsule,
liguid dispersion, gel, aerosol, pulmonary aerosol, nasal
aerosol, omtment, cream, semi-solid dosage form, and a
suspension. Further, the composition may be a controlled
release formulation, sustained release formulation, immedi-
ate release formulation, or any combination thereof. Further,
the composition may be a transdermal delivery system.

[0126] In another embodiment, the pharmaceutical com-
position comprising udenafil or a pharmaceutically accept-
able salt thereof can be formulated in a solid dosage form for
oral administration, and the solid dosage form can be
powders, granules, capsules, tablets or pills. In yet another
embodiment, the solid dosage form can include one or more
excipients such as calcium carbonate, starch, sucrose, lac-
tose, microcrystalline cellulose or gelatin. In addition, the
solid dosage form can include, 1n addition to the excipients,
a lubricant such as talc or magnesium stearate. In some
embodiments, the oral dosage form can be i1mmediate
release, or a modified release form. Modified release dosage
forms include controlled or extended release, enteric release,
and the like. The excipients used 1in the modified release
dosage forms are commonly known to a person of ordinary
skill 1 the art.

[0127] In a further embodiment, the pharmaceutical com-
position comprising udenafil or a pharmaceutically accept-
able salt thereof can be formulated as a sublingual or buccal
dosage form. Such dosage forms comprise sublingual tablets
or solution compositions that are administered under the
tongue and buccal tablets that are placed between the cheek
and gum.

[0128] In yet a further embodiment, the pharmaceutical
composition comprising udenafil or a pharmaceutically
acceptable salt thereof can be formulated as a nasal dosage
form. Such dosage forms of the present invention comprise
solution, suspension, and gel compositions for nasal deliv-
ery.

[0129] In one embodiment, the pharmaceutical composi-
tion can be formulated in a liquid dosage form for oral
administration, such as suspensions, emulsions or syrups. In
other embodiments, the liquid dosage form can include, 1n
addition to commonly used simple diluents such as water
and liqud parathin, various excipients such as humectants,
sweeteners, aromatics or preservatives. In  particular
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embodiments, the composition comprising udenafil or a
pharmaceutically acceptable salt thereol can be formulated
to be suitable for administration to a pediatric patient.
[0130] In one embodiment, the pharmaceutical composi-
tion can be formulated 1 a dosage form for parenteral
administration, such as sterile aqueous solutions, suspen-
s10mns, emulsions, non-aqueous solutions or suppositories. In
other embodiments, the non-aqueous solutions or suspen-
s1ons can include propyleneglycol, polyethyleneglycol, veg-
ctable oils such as olive o1l or injectable esters such as
cthyloleate. As a base for suppositories, witepsol, macrogol,
tween 61, cacao oil, laurin o1l or glycerinated gelatin can be
used.

[0131] The dosage of the pharmaceutical composition can
vary depending on the patient’s weight, age, gender, admin-
istration time and mode, excretion rate, and the severity of
disease.

VI. Adverse Events

[0132] Adverse events are an important consideration,
particularly when treating a susceptible population such as
pediatric patients with Fontan physiology. PDE-5 inhibitors
may produce adverse events including eye and/or hearing
issues. Therefore, developing methods in which PDE-5
inhibitors such as udenatil or a pharmaceutically acceptable
salt thereof can safely be administered to pediatric patients
1s one aspect of the mvention.

[0133] In some embodiments, a pediatric patient with
Fontan physiology may be administered a PDE-5 inhibitor
to treat, minimize, and/or prevent the deleterious effects of
Fontan physiology. In some embodiments, administering the
PDE-5 inhibitor, specifically udenafil or a pharmaceutically
acceptable salt thereof, results 1in minimal if any serious
adverse events. In other embodiments, admimstering the
PDE-35 inhibitor, specifically udenafil or a pharmaceutically
acceptable salt thereol, results 1n minimal if any unexpected
adverse events.

[0134] In some embodiments, a pediatric patient with
Fontan physiology being administered udenafil or a phar-
maceutically acceptable salt thereof may experience only
mild adverse events related to the medication, and in other
embodiments, the patient may experience only moderate
adverse events related to the medication. In some embodi-
ments, a pediatric patient with Fontan physiology being
administered udenatil or a pharmaceutically acceptable salt
thereol may experience fewer, less frequent, or less severe
adverse events compared to a Fontan patient receiving

another PDE-5 inhibitor.

VI1I. Pharmacokinetic Parameters

[0135] Pharmacokinetics refers to the absorption, distri-
bution, metabolism, and excretion of a drug once 1t has been
administered to a subject. The kinetics of a drug have an
impact on the drug’s eflicacy and toxicity. A given drug’s
kinetic profile can depend not only on the compound 1tself,
but also on the size of the dose and the dosing regimen as
well as how the drug i1s formulated and administered.
Pharmacokinetic parameters that may be useful 1n determin-
ing clinical utility include but are not limited to plasma
concentration, plasma concentration over time, maximum
plasma concentration (C,_ ), time to reach maximum con-
centration (1, ), area under concentration time curve
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within the dosing iterval (AUCT), daily area under con-
centration time curve at steady state (AUC,.,,); CL/F,
apparent clearance; V/F, apparent volume of distribution; ke,
climination rate constant; T, ,,, terminal hali-life.

[0136] In some embodiments, the disclosed invention 1s
directed to methods of administering udenafil or a pharma-
ceutically acceptable salt thereof to a patient with Fontan
physiology, wherein the administration results 1n a unique
pharmacokinetic profile. For instance, in some embodiments
the disclosed methods can produce plasma concentrations of
udenatil ranging from about 10 to about 700 ng/ml, about 50
to about 650 ng/ml, about 100 to about 600 ng/ml, about 150
to about 550 ng/ml, or about 200 to about 500 ng/ml. In

other words, dosing regimens of the disclosed methods may
result in sustained plasma concentrations of udenafil above
25,50,75,100, 125, 150, 175, 200, 225, 250, 275, 300, 325,
350, 375, 400, 425, 450, 475, 500, 525, 550, 575, 600, 625,
650, 675, or 700 ng/ml. In some embodiments, the plasma
concentration 1s maintained above about 140 ng/ml.

[0137] In some embodiments, the disclosed methods
include a characteristic pharmacokinetic profile 1n which the
C, . 1s about 25, about 50, about 75, about 100, about 125,
bout 150, about 175, about 200, about 225, about 250,
bout 275, about 300, about 325, about 350, about 375,
bout 400, about 425, about 450, about 475, about 500,
bout 525, about 550, about 375, about 600, about 625,
pout 650, about 675, or about 700 ng/ml. In some embodi-
ments, the C___ 1s about 506.

[0138] In some embodiments, the disclosed methods
include a characteristic pharmacokinetic profile 1n which the

T __ 1sabout0.1,0.2,0.3,0.4,0.5,0.6,0.7,08,0.9,1.0,1.1,
1.2,13,1.4,15,16,1.7,18,1.9,2.0,2.1,2.2,2.3,2.4,2.5,
2.6, 2.7, 2.8, 2.9, or 3.0 hours (hr). In some embodiments,
the T 1s about 1.3 hr.

[0139] In some embodiments, the disclosed methods
include a characteristic pharmacokinetic profile 1n which the
area under the curve (AUC) 1s unique to a therapeutically

ellective dose of udenafil in a Fontan’s patient. For instance
AUCT 15 between 750 and 4500 ng-hr/ml, 800-4000 ng-hr/

ml, or 850-3500 ng-hr/ml. More specifically AUCr 1s about
750, about 800, about 850, about 900, about 950, about
1000, about 1050, about 1100, about 1150, about 1200,
about 1250, about 1300, about 1400, about 1500, about
1600, about 1700, about 1800, about 1900, about 2000,
about 2100, about 2200, about 2300, about 2400, about
2500, about 2600, about 2700, about 2800, about 2900,
about 3000, about 3100, about 3200, about 3300, about
3400, about 3500, about 3600, about 3700, about 3800,
about 3900, about 4000, about 4100, about 4200, about
4300, about 4400, or about 4500 ng-hr/ml. In some embodi-
ments, the AUCT 1s about 3350.

[0140] In some embodiments, AUC,_,, 1s between 750
and 8500 ng-hr/ml, 800-8000 ng-hr/ml, or 850-7500 ng-hr/
ml. More specifically AUC,_,, 1s about 750, about 800,
about 850, about 900, about 950, about 1000, about 1050,
about 1100, about 1150, about 1200, about 1250, about
1300, about 1400, about 1500, about 1600, about 1700,
about 1800, about 1900, about 2000, about 2100, about
2200, about 2300, about 2400, about 2500, about 2600,
about 2700, about 2800, about 2900, about 3000, about
3100, about 3200, about 3300, about 3400, about 3500,

Moo N W
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about 3600, about 3700, about 3800, about 3900, about
4000, about 4100, about 4200, about 4300, about 4400,
about 43500, about 4600, about 4700, about 4800, about
4900, about 5000, about 5100, about 5200, about 5300,
about 5400, about 5500, about 5600, about 5700, about
5800, about 5900, about 6000, about 6100, about 6200,
about 6300, about 6400, about 6500, about 6600, about
6700, about 6800, about 6900, about 7000, about 7100,
about 7200, about 7300, about 7400, about 7500, about
7600, about 7700, about 7800, about 7900, about 8000,
about 8100, about 8200, about 8300, about 8400, or about

8500 ng-hr/ml. In some embodiments, the AUC,_,, 1s about
6700.

[0141] In some embodiments, the pharmacodynamics
results of administering udenatfil to a patient with Fontan’s
physiology can be attributed to the characteristic pharma-
cokinetic profile of the drug admimstration or regimen.

VIII. Definitions

[0142] As used herein, the term *“‘about™ will be under-
stood by persons of ordinary skill 1n the art and will vary to
some extent depending upon the context in which it 1s used.
If there are uses of the term which are not clear to persons
of ordinary’ skill in the art given the context in which 1t 1s
used, “about” will mean up to plus or minus 10% of the
particular term.

[0143] ““Atreatment” 15 intended to target the disease state
and combat 1t, 1.e., ameliorate or prevent the disease state.
The particular treatment thus will depend on the disease
state to be targeted and the current or future state of
medicinal therapies and therapeutic approaches. A treatment
may have associated toxicities.

[0144] The terms “administration of or “administering’” an
active agent should be understood to mean providing an
active agent of the invention to the subject 1n need of
treatment 1n a form that can be introduced into that indi-
vidual’s body 1n a therapeutically usetul form and therapeu-
tically eflective amount.

[0145] The term “therapeutically eflective amount™ refers
to a sullicient quantity of the active agents of the present
invention, in a suitable composition, and in a suitable dosage
form to treat or prevent the symptoms, progression, or onset
of the complications seen in patients who have had the
Fontan procedure. The therapeutically effective amount will
vary depending on the state of the patient’s condition or its
severity, and the age, weight, etc., of the subject to be
treated. A therapeutically eflective amount can vary, depend-
ing on any of a number of factors, including, e.g., the route
of administration, the condition of the subject, as well as
other factors understood by those 1n the art.

[0146] The term “treatment™ or “treating’” generally refers
to an intervention 1n an attempt to alter the natural course of
the subject being treated, and can be performed either for
prophylaxis or during the course of clinical pathology.
Desirable eflects include, but are not limited to, preventing
occurrence or recurrence ol disease, alleviating symptoms,
suppressing, diminishing or inhibiting any direct or indirect
pathological consequences of the disease, ameliorating or
palliating the disease state, and causing remission or
improved prognosis.
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[0147] The terms “individual,” “host.” “subject,” and
“patient” are used interchangeably herein.

[0148] As used herein, “improving cardiac output” means
an increase 1n the volume of blood pumped by the heart. The
cardiac output 1s commonly measured as a function of the
oxXygen consumption.

[0149] As used herein, the term “exercise capacity” refers
to the maximum amount of physical exertion that a patient
can sustain. Exercise capacity can be measured by a number
of different clinical methods, including by mterview or by
direct measurement. The present methods include different
methods of measuring exercise capacity, including but not
limited to, riding a cycle ergometer or walking on a tread-
mill. Thus, the term “improving exercise capacity” means
increasing the ability of the patient to perform any level of
physical exertion or exercise.

[0150] As used herein, the term “decreasing pulmonary
vascular resistance” refers to decreasing or reducing the
resistance oflered by lung vasculature to blood flow.

[0151] As used heremn, “improving myocardial perfor-
mance” refers to an increase or decrease, as the case can be,
in specific heart function measurements, including but not
limited to, specific electrocardiographic readings, echocar-
diographic readings, cardiac output measures, heart rate,
systolic or diastolic pressure, forced vital capacity, oxygen
saturation, and respiratory rate.

[0152] As used herein, “aerobic exercise performance’
refers to the ability of a patient to perform a specified aerobic
eXEercise.

[0153] As used herein, “pediatric” refers to a population of
subjects ranging between a newborn and about 18 years of
age. A pediatric subject can include a subject that begins a
course of treatment with the disclosed compositions or
according to the disclosed methods prior to turning about 18
years of age, even if the subject continues treatment beyond
18 years of age. More specifically, within the population of

“pediatric” subjects, neonates may be defined as 1 week to
1 month 1n age, infants may be 1 to less than 2 years of age,
toddlers may be 2 to less than 6 years of age, and school age
may refer to subjects 6-18 years of age.

[0154] The following examples are given to illustrate the
present invention. It should be understood, however, that the
invention 1s not to be limited to the specific conditions or
details described 1n these examples. All printed publications
referenced herein are specifically incorporated by reference.

b

EXAMPLES

Example 1—Phase I/II Pharmacokinetic and
Pharmacodynamic Study

[0155] A Phase I/Il dose escalation trial of Udenafil 1n
adolescents with single ventricle physiology after Fontan
palliation was conducted.

[0156] The trial was conducted over a 5 month period,
with an additional 3 month follow-up period for adverse
events (AE). The 36 subjects enrolled in the trial were
comprised of 6 cohorts, as described 1n Table 1.
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TABL

L1l

1

Dose escalation design
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Cohort 1 Cohort 2 Cohort 3 Cohort 4 Cohort 5 Cohort 6
37.5 mg 37.5 mg 87.5 mg 87.5 mg 125 mg  Control (no
Dose daily twice daily daily twice daily daily drug)
N 6 6 6 6 6 6
[0157] The goals for this trial were to assess the safety of [0168] Single lung physiology.
udenatil at multiple dose levels over a five-day period, the [0169] Severe ventricular dysfunction or valvular regur-

pharmacokinetic profile of udenafil 1n adolescents with
Fontan physiology, and the short-term eflect of udenafil on
pharmacodynamic measures of exercise capacity, ventricu-
lar performance, and vascular function.
[0158] Multiple doses of udenafil or a pharmaceutically
acceptable salt thereof were administered to male and
female Fontan patients who are 14-18 years of age.
[0159] Inclusion Criteria for the trial were:

[0160] Males and females with Fontan physiology who

are 14-18 years of age.
[0161] Willingness to return to center to complete blood

gitation (systemic atrioventricular or semilunar valve)
determined from review’ of the echocardiogram per-
formed 1n closest proximity to study enrollment.

[0170] Significant renal (serum creatimne>2.0), hepatic
(serum AST and/or ALT>3 times upper limit of nor-
mal), gastrointestinal or biliary disorders that could
impair absorption, metabolism or excretion of orally
administered medications, based on laboratory assess-
ment at the time of screening visit.

[0171] Hospitalization for acute decompensated heart,
failure within the 12 months preceding study screening.

draws and exercise tests as described in the study [0172] A diagnosis of active protein-losing enteropathy
protocol. or plastic bronchutis.

[0162] Patients must agree to abstain from alcohol, [0173] Active evaluation or listing for heart transplant.
cafleinated beverages, and grapeiruit juice for the dura- [0174] History of use of a PDES inhibitor within three

tion of the tral.
[0163] Informed assent from subject and informed con-
sent from parent/legal guardian as approprate.

months of study screening.
[0175] Concurrent illness that, in the opinion of the
ivestigator, precludes participation.

[0164] Exclusion Criteria for the study include: [0176] Current therapy with alpha-blockers or nitrates.
[0165] Non-cardiac medical, psychiatric, and/or social [0177] Pregnancy at the time of enrollment.
disorder that would prevent successiul completion of [0178] Latex allergy.
planned study testing or would 1nvalidate 1ts results. [0179] Table 2 presents baseline characteristics of 36

[0166] Height<132 cm (mimimum height requirement
for exercise stress testing).

10167]

Known Fontan ba:

Tle obstruction, branch pulmo-

nary artery” stenosis, or pulmonary vein stenosis result-

enrolled subjects—in aggregate (2nd column) and for each
of the 6 mdividual cohorts. Median age of enrolled subjects
1s 16 years (with the range from 14 to 18 years), 58% were
male, 78% were white and 6% were Hispanic. There were no

ing 1 a mean gradient of >4 mmHg between the

significant dif

erences 1n baseline characteristics among the

regions proximal and distal to the obstruction.

cohorts (right column).
TABLE 2

Baseline Characteristics for Enrolled Subjects

Characteristic
Age, year

Median
(Interquartile
Range)
Range, Min-
Max

Male

Hispanic or
Latino/Latina
Race
White/Caucasian

Black/African
American

Other/Unknown

37.5 mg 87.5 mg Exercise
37.5 mg twice 87.5 mg twice 125 mg testing
Overall daily daily daily daily daily only P-
(N=36) (N=26) (N = 6) (N = 6) (N=6) (N=6) (N=6) wvalue *
15.8 + 155 + 16.2 % 15.0 + 155 = 165+ 162+ 0319
1.3 1.0 0.8 0.9 1.8 1.5 1.2
16 16 16 15 15 17 16 0.309
(15, 17) (15, 16) (16, 17) (14, 16) (14, 17) (16, 18) (15, 17)
14-18 14-17 15-17 14-16 14-18 14-18 15-18
21 4 3 3 3 4 4 1.000
(58.3%) (66.7%) (50.0%) (50.0%) (50.0%) (66.7%) (66.7%)
2 1 1 0 0 0 0 1.000
(5.7%)  (16.7%) (16.7%) (0.0%) (0.0%) (0.0%) (0.0%)
0.453
28 3 4 6 6 4 5
(77.8%) (50.0%) (66.7%)  (100.0%) (100.0%) (66.7%) (83.3%)
3 (8.3%) 2(33.3%) 1(16.7%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
4 1 1 0 0 1 1
(11.1%) (16.7%) (16.7%) (0.0%) (0.0%) (16.7%) (16.7%)
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TABLE 2-continued

Baseline Characteristics for Enrolled Subjects

Characteristic
Height, cm
Weight, kg

Body mass
index, kg/m?

37.5 mg 87.5 mg Exercise
37.5 mg twice 87.5 mg twice 125 mg testing
Overall daily daily daily daily daily only P-
(N=36) (N=©6) (N = 6) (N = 6) (N=6) (N=6) (N=6) wvalue*
1657 £ 161.0 = 164.9 = 168.6 = 164.7 = 171.3 = 163.6 = 0.585
10.1 12.9 10.9 7.8 14.2 7.8 5.6
62.4 + 725 £ 56.3 66.8 + 62.0 % 61.9+ 549+ 0425
15.9 27.1 7.7 11.0 15.5 9.0 16.8
22.6 £ 27.2 £ 20.8 + 234 £ 22.6 = 21.0x 203 =  0.157
5.0 8.1 3.2 3.2 4.8 2.0 4.8

* P-values for continuous variables were calculated by ANOVA for parametric analysis or Kruskal-Wallis test for non-parametric

analysis.

P-values for categorical variables were calculated by Fisher’s exact test.

Example 2—Safety and Adverse Events

[0180]

The purpose of this example was to describe and

cvaluate the safety of the udenafil compositions adminis-

tered 1n the
[0181]

study described 1n Example 1.

Tables 3-6 present numbers of subjects reporting at

least one Al

H; data are presented by treatment group. The

counts are presented by AE

category (Table 3) and

preferred term (Table 6). Tables 3-6 report all AEs
category (Table 3), serious AEs (Table 4), non-serious A

DY
DY

.
S

(Table 5), and all AEs by preferred term (Table 6). No

serious AEs were reported.

TABLE 3

Adverse Events by Category

37.5 mg 87.5 mg

37.5 mg twice 87.5 mg  twice 125 mg

daily daily daily daily daily
AL Category (N=6) (N=2©6) (N = 6) (N=6) (N=06)
Subjects Reporting at Least 5 (83%) 6 (100%) 6 (100%) 5 (83%) 6 (100%)
One Adverse Event
Allergy/Immunology 1 (17%) 0O (0%) 1 (17%) 0 (0%) 0O (0%)
Auditory/ocular 0 (0%) 0O (0%) 0 (0%) 0 (0%) 0 (0%)
Cardiovascular 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Endocrine/metabolic 0 (0%) 0O (0%) 0 (0%) 0 (0%) 1 (17%)
Gastrointestinal 2 (33%) 1 (17%) 1 (17%) 1 (17%) 3 (50%)
Hematological 0(0%) 1({17%) 0 (0%) 0 (0%) 1 (17%)
Hepatobiliary/pancreas 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Infection 0 (0%) 0 (0%) 0 (0%) 1 (17%) 0 (0%)
Musculoskeletal/skin 1 (17%) 1 (17%) 1 (17%) 2 (33%) 2 (33%)
Neurological/psychiatric 3 (50%) 3 (50%) 5 (83%) 2 (33%) 5 (83%)
Pulmonary/upper 2 (33%) 3 (50%) 1 (17%) 1 (17%) 1 (17%)
respiratory
Ren al/genitourinary 0 (0%) 2 (33%) 1 (17%) 0 (0%) 0 (0%)
Sexual/reproductive 0 (0%) 0 (0%) 0 (0%) 2 (33%) 2 (33%)
function
Vascular 1 (17%) 2 (33%) 4 (67%) 1 (17%) 1 (17%)
Other 0 (0%) 2(33%) 4 (67%) 3 (50%) 2 (33%)

Exercise
testing

only (N = 6)

1 (17%)

0 (0%)
0 (0%)
1 (17%)
0 (0%)
0 (0%)
0 (0%)
0 (0%)
0 (0%)
0 (0%)
0 (0%)
0 (0%)

0 (0%)
0 (0%)

0 (0%)
0 (0%)

At each level of summation, subjects reporting more than one adverse event are counted only once.

N = number of subjects in each cohort.

n{%) = number and percentage of subjects 1n category’ and cohort (n/N x 100)

TABLE 4

Serio as Adverse Events

37.5 mg R7.5 mg
375 mg twice 875 mg twice 125 mg  Exercise
daily daily daily daily daily testing

AE Category

(N=6) (N=6) (N=6) (N=6) (N=6) only(N=26)

Subjects Reporting at Least 0 (0%) 0 (0%)

One Adverse Event

0 (0%)

0 (0%) 0 (0%) 0 (0%)

Serious adverse events were not reported for this trial.

At each level of summation, subjects reporting more than one adverse

N = number of subjects 1n each cohort.

event are counted only once.

n{%) = number and percentage of subjects 1n category and cohort (n/N x 100)
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TABLE 5
Non-Serious Adverse Events
37.5 mg 87.5 mg
375 mg  twice 87.5mg  twice 125 mg Exercise
daily daily daily daily daily testing
AL Category (N=6) (N=5©6) (IN=6) (N=6) (N=6) only(N=506)
Subjects Reporting at Least 5(83%) 6 (100%) 6 (100%) 35 (83%) 6 (100%) 1 (17%)
One Adverse Event
At each level of summation, subjects reporting more than one adverse event are counted only once.
N = number of subjects in each, cohort.
n{%) = number and percentage of subjects in category and cohort (n/N x 100)
TABLE 6
Adverse Events by Preferred Term
37.5 mg 87.5 mg
37.5 mg twice 87.5 mg twice 125 mg Exercise
daily daily daily daily daily testing
Preterred Term (N = 6) (N = 6) (N = 6) (N = 6) (N = 6) only (N = 6)
Subjects Reporting at Least 5 (83%) 6 (100%) 6 (100%) 5 (83%) 6 (100%) 1 (17%)
One Adverse Event
Abdominal discomfort 1 (17%) 0 (0%) 0 (0%) 1 (17%) 1 (17%) 0 (0%)
Abdominal pain upper 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (17%) 0 (0%)
Back pain 0 (0%) 0 (0%) 0 (0%) 1 (17%) 0 (0%) 0 (0%)
Chest pain 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (17%) 0 (0%)
Diarrhoea 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (17%) 0 (0%)
Dizziness 0 (0%) 0 (0%) 0 (0%) 1 (17%) 1 (17%) 0 (0%)
Dry mouth 0 (0%) 0 (0%) 1 (17%) 0 (0%) 0 (0%) 0 (0%)
Dysmenorrhoea 0 (0%) 1 (17%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Dyspnoea 1 (17%) 1 (17%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Epistaxis 0 (0%) 11 (17%) 0 (0%) 0 (0%) 2 (33%) 0 (0%)
Face oedema 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (17%) 0 (0%)
Fatigue 0 (0%) 11 (17%) 0 (0%) 1 (17%) 0 (0%) 0 (0%)
Flushing 1 (17%) 2 (33%) 4 (67%) 2 (33%) 1 (17%) 0 (0%)
Head injury 0 (0%) 0 (0%) 1 (17%) 0 (0%) 0 (0%) 0 (0%)
Headache 3 (50%) 14 (67%) 4 (67%) 4 (67%) 5 (83%) 0 (0%)
Injection site pain 1 (17%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Lacrimation imcreased 0 (0%) 0 (0%) 1 (17%) 0 (0%) 0 (0%) 0 (0%)
Migraine 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (17%) 0 (0%)
Motion sickness 0 (0%) 0 (0%) 1 (17%) 0 (0%) 0 (0%) 0 (0%)
Myalgia 0 (0%) 1 (17%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Nasal congestion 3 (50%) 2 (33%) 2 (33%) 1 (17%) 1 (17%) 0 (0%)
Nasopharyngitis 0 (0%) 1 (17%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
At each level of summation, subjects reporting more than one adverse event are counted only once.
N = number of subjects in each, cohort.
n(%) = number and percentage of subjects in category and cohort (n/N x 100)
[0182] Table 7 presents narratives for all adverse events
(limited to non-serious at the moment of writing) classified
by cohort, subject, AE term, and preferred term.
TABLE 7
Adverse Event Related
Subject Term// Onset Resolution to Study
Cohort ID*  Preferred Term Date Date Severity  Drug Outcome Med?
37.5 mg T12 Nausea// Aug. 5, 2014  Aug. 3, 2014  Moderate Possibly  Resolved No
daily Nausea without
sequelae
Nausea// Mild None Resolved No
Nausea without
sequelae
Headache// Aug. 2, 2014  Aug. 2, 2014  Mild Possibly  Resolved No
Headache without
sequelae
Headache// Aug. 5, 2014  Aug. 3, 2014  Moderate Possibly  Resolved No
Headache without

sequelae

Disc?

No

NA

No

No

Mar. 30, 2023
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Cohort

37.5 mg
twice
daily
37.5 mg
twice
daily

Subject
[D*

113

114

115

116

121

122

123

Adverse Event
Term//
Preferred Term

headache//
Headache

Headache//
Headache

headache//
Headache

Stuily’ nose//
Nasal
congestion
Stomach

discomfort//
Abdominal

discomifort
Headache//

Headache

Headache//
Headache

Headaches//
Headache
Shortness of
breath//
Dyspnoea
Preferred Term
Congestion
(Nose)// Nasal
congestion
Flushing//

Flushing

Flushing//
Flushing

Headache//
Headache

Pain other//
Injection site
pain

Nasal
congestion//
Nasal
congestion
Nose bleed//

Epistaxis

Shortness of
breath//
Dyspnoea
upper
respiratory
infection//
Lipper
respiratory tract
infection

Facial flushing//
Flushing

Headache//
Headache

congestion
(stufly nose)//
Nasal

congestion
cold/congestion//
Nasopharyngitis

16

Severity

Moderate
Moderate
Moderate
Mild

Moderate

Moderate
Moderate
Mild

Nevere

Moderate
Mild
Mild
Moderate
Moderate

Muld

Moderate
Moderate

Mild

Mild

Mild

Muld

TABLE 7-continued
Onset Resolution
Date Date
Aug. 6, 2014 Aug. 7, 2014
Aug. 4, 2014 Aug. 4, 2014
Aug. 7, 2014 Aug. 7, 2014
Aug. 22, 2014  Aug. 29, 2014
Aug. 1, 2014 Aug. 1, 2014
Aug. 2, 2014 Aug. 5, 2014
0R/07714
Aug. 1, 2014 Aug. 1, 2014
Aug. 5, 2014
Aug. 1, 2014 Aug. 1, 2014
Aug. 2, 2014 Aug. 3, 2014
Aug. 1, 2014 Aug. 1, 2014
Aug. 5, 2014 Aug. §, 2014
Aug. 4, 2014 Aug. 3, 2014
Nov. 5, 2014 Nov. 5, 2014
Nov. 2, 2014
Aug. 9, 2014 Aug. 9, 2014
Aug. 8, 2014 Aug. 9, 2014
Aug. 8, 2014 Aug. &, 2014
Sep. 14, 2014  Sep. 19, 2014

Mild

Related

to Study
Drug

Possibly

Possibly

Possibly

None

None

Possibly

Possibly

Possibly

None

Drug
Possibly

Probably

Probably

Possibly

None

Possibly

None

None

None

Possibly

Possibly

Possibly

None

Outcome

Resolved
without
sequelae
Resolved
without
sequelae
Resolved
without
sequelae
Resolved
without
sequelae
Resolved
without
sequelae

Resolved
without
sequelae
Resolved
without
sequelae
Ongoing

Resolved
without
sequelae

Resolved
without
sequelae
Resolved
without
sequelae
Resolved
without

sequelae
Resolved
without
sequelae
Resolved
without
sequelae
Resolved
without
sequelae

Resolved
without
sequelae
Resolved
without
sequelae
Resolved

without
sequelae

Resolved
without
sequelae
Resolved
without
sequelae
Resolved
without
sequelae

Resolved
without
sequelae

Med!

No

No

No

No

No

No

No

Yes

No

No

No

No

Yes

Yes

No

Yes

Yes

No

No

No

No

No

Disc?

NA

No

NA

NA

No

No

No

NA

No

No

No

No

No

No

No

NA

NA

NA

No

No

No

NA

Mar. 30, 2023
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Cohort

87.5 mg

daily

Subject

[D*

124

125

126

131

132

Adverse Event
Term//
Preferred Term

Menstrual
Cramps//
Dysmenorrhoea
Facial flushing//
Flushing

Nausea//
Nausea

Nausea//
Nausea

Soreness in
chest and arms
H Myalgia
Headache//
Headache

Headache//
Headache

Congestion
(stufly nose)//
Nasal

congestion
Sponatenous
penile erection//
Spontaneous
penile erection
Spontaneous
penile erection//
Spontaneous

penile erection
Headache//

Headache

Headache//
Headache

Sinus pain//
Sinus headache

Headache//
Headache

Fatigue//
Fatigue

headache//
Headache

headache//
Headache

headache//
Headache

congestion
(stufly nose)//
Sinus congestion
Facial flushing//
Flushing

spotty vision//
Vision blurred

motion sickness//
Motion
sickness

headache//
Headache

TABL.

Onset

Date

Aug.

Aug.

Aug.

Aug.

Aug.

Aug.

Aug.

Aug.

Aug.

Aug.

Aug.

Aug.

Aug.

Aug.

Aug.

Aug.

Aug.

Aug.

Aug.

Aug.

Aug.

Aug.

11, 2014

10, 2014

10, 2014

11, 2014

10, 2014

8, 2014

10, 2014

11, 2014

14, 2014

8, 2014

9, 2014

9, 2014

10, 2014

9, 2014

15, 2014

17, 2014

18, 2014

15, 2014

18, 2014

15, 2014

15, 2014

15, 2014

Resolution

Date

Aug.

Aug.

Aug.

Aug.

Aug.

Aug.

Aug.

Aug.

Aug.

Aug.

Aug.

Nov.

16, 2014

10, 2014

10, 2014

11, 2014

11, 2014

8, 2014

10, 2014

11, 2014

14, 2014

8, 2014

9, 2014

18, 2014

Sep. 22, 2014

Aug.

Aug.

Aug.

Aug.

Aug.

Aug.

Aug.

Aug.

Aug.

10, 2014

15, 2014

17, 2014

18, 2014

01, 2014

18, 2014

15, 2014

15, 2014

15, 2014

17

- 7-continued

Severity

Mild

Mild

Muld

Mild

Muld

Mild

Mild

Muld

Mild

Mild

Mild

Mild

Mild

Moderate

Muld

Mild

Mild

Moderate

Muld

Mild

Mild

Muld

Mild

Related

to Study
Drug

None

Possibly

Possibly

Possibly

Possibly

Possibly

Possibly

Possibly

Possibly

Possibly

Possibly

Possibly

Probably

Probably

Possibly

Probably

Probably

Probably

Probably

Probably

None

Possibly

Probably

Outcome

Resolved
without
sequelae
Resolved
without
sequelae
Resolved
without
sequelae
Resolved
without
sequelae
Resolved
without
sequelae
Resolved
without
sequelae
Resolved
without
sequelae
Resolved
without
sequelae

Resolved
without
sequelae

Resolved
without
sequelae

Resolved
without
sequelae
Resolved
without
sequelae
Resolved
without
sequelae
Resolved
without
sequelae
Resolved
without
sequelae
Resolved
without
sequelae
Resolved
without
sequelae

Resolved
without
sequelae
Resolved
without
sequelae
Resolved
without
sequelae
Resolved
without
sequelae
Resolved
without
sequelae
Resolved
without
sequelae

Med!

Yes

No

No

No

No

No

Yes

No

No

No

No

Yes

No

Yes

No

No

No

No

No

No

No

No

Yes

Disc?

No

No

No

No

No

No

NA

No

No

NA

No

No

No

No

No

No

No

No

No

No

No

No

No

Mar. 30, 2023
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Subject
Cohort [D*
T33
T34
T35
87.5 mg
daily
T36

87.5 mg 142
twice
daily

143

Adverse Event
Term//
Preferred Term

headache//
Headache

headache H
Headache

dry mouth//Dry

mouth

Head Injury//
Head njury

facial flushing//
Flushing

tearing//
Lacrimation
increased
Sleepiness//
Somnolence

Spontaneous
penile erection//
Spontaneous

penile erection
Facial Flushing//
Flushing

headache//
Headache

headache//
Headache

stufty nose//
Nasal
congestion
Nasal
congestion//
Nasal
congestion
Flushing//
Flushing

Headache//
Headache

Nausea/vomiting//

Nausea

Stomach

discomfort//
Abdominal
discomiort

Facial flushing//
Flushing

Headache//
Headache

Headache//
Headache

Headache//
Headache

Headache//
Headache

headache//
Headache

TABL.

Onset

Date

Aug.

Aug.

Aug.

Aug.

Aug.

Aug.

Aug.

Aug.

Aug.

Aug.

Aug

16, 2014

17, 2014

16, 2014

21, 2014

16, 2014

16, 2014

16, 2014

20, 2014

16, 2014

15, 2014

16, 2014

Sep. 20, 2014

Aug

Aug.

Aug.

Aug.

Aug.

Aug.

Aug.

Aug.

Aug.

Aug.

Aug.

19, 2014

15, 2014

15, 2014

26, 2014

22,2014

26, 2014

03, 2014

05, 2014

24, 2014

26, 2014

22,2014

Resolution

Date

Aug.

Aug.

Aug.

Aug.

Aug.

Aug.

Aug.

Aug.

Aug.

Aug.

Aug.

16, 2014

17, 2014

16, 2014

22,2014

22,2014

22,2014

25, 2014

20, 2014

01, 2014

15, 2014

16, 2014

Sep. 23, 2014

Aug.

Aug.

Aug.

Aug.

Aug.

Aug.

Aug.

Aug.

Aug.

Aug.

Aug.

21, 2014

15, 2014

15, 2014

26, 2014

22,2014

26, 2014

03, 2014

05, 2014

24, 2014

26, 2014

22,2014

18

- 7-continued

Severity

Mild

Mild

Muld

Mild

Muld

Mild

Miki

Muld

Mild

Muld

Mild

Moderate

Mild

Muld

Mild

Muld

Mild

Mild

Muld

Mild

Mild

Muld

Moderate

Related

to Study
Drug

Probably

Probably

Possibly

None

Probably

None

Possibly

Possibly

Possibly

Probably

Probably

None

Possibly

Probably

Possibly

Possibly

Possibly

Probably

Probably

Probably

Probably

Probably

Possibly

Outcome

Resolved
without
sequelae
Resolved
without
sequelae
Resolved
without
sequelae
Resolved
without
sequelae
Resolved
without
sequelae
Resolved
without
sequelae
Resolved
without
sequelae
Resolved
without
sequelae

Resolved
with
sequelae
Resolved
without
sequelae
Resolved
without
sequelae
Resolved
without

sequelae
Resolved
without
sequelae

Resolved
without
sequelae
Resolved
without
sequelae
Resolved
without
sequelae
Resolved

with
sequelae

Resolved
without
sequelae
Resolved
without
sequelae
Resolved
without
sequelae
Resolved
without
sequelae
Resolved
without
sequelae
Resolved
without
sequelae

Med!

No

No

No

Yes

No

No

No

No

No

No

No

No

Yes

No

No

No

No

No

No

No

No

No

No

Disc?

No

No

No

NA

No

No

No

No

No

No

No

NA

No

No

No

No

No

No

No

No

No

No

No

Mar. 30, 2023
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Subject
Cohort ID*
T44
87.5 mg
twice
daily
T45
T46

Adverse Event
Term//
Preferred Term

headache//
Headache

headache//
Headache

Stuily nose//
Nasal
congestion
Stuily nose//
Nasal
congestion
Stufly nose//
Nasal
congestion
spontaneous
penile erection//
Spontaneous
penile erection
Spontaneous
penile erection//
Spontaneous
penile erection
Spontaneous
penile erection//
Spontaneous
penile erection
spontaneous
penile erection//
Spontaneous
penile erection
Spontaneous
penile erection//
Spontaneous
penile erection
Headache//
Headache

Headache//
Headache

headache//
Headache

headache//
Headache

spontaneous
penile erection//
Spontaneous
penile erection
sinusitis//
Sinusitis

back pain//
Back pain

flushing//
Flushing

flushing H
Flushing

flushing//
Flushing

flushing//
Flushing

Headache .7
Headache

Dizziness//
Dizziness

TABL.

Onset

Date

Aug.

Aug.

Aug.

Aug.

23, 2014

24, 2014

22,2014

25, 2014

08 25 M

Aug.

Aug.

Aug.

Aug.

Aug.

Aug.

Aug.

Aug.

Aug.

Aug.

Aug.

Aug.

Aug.

21, 2014

01, 2014

22,2014

25, 2014

26, 2014

01, 2014

22,2014

03, 2014

24, 2014

31, 2014

26, 2014

31, 2014

30, 2014

Sep. 1, 2014

Sep. 2, 2014

Sep. 2, 2014

Aug.

Aug.

29, 2014

30, 2014

Resolution

Date

Aug.

Aug.

Aug.

Aug.

Aug.

Aug.

Aug.

Aug.

Aug.

Aug.

Aug.

Aug.

Aug.

Aug.

Aug.

23, 2014

24, 2014

02,2014

25, 2014

25, 2014

01, 2014

01, 2014

22,2014

25, 2014

26, 2014

01, 2014

22,2014

03, 2014

24, 2014

31, 2014

Sep. 3, 2014

Aug.

31, 2014

Sep. 1, 2014

Sep. 2, 2014

Sep. 3, 2014

Sep. 3, 2014

Aug.

30, 2014

19

- 7-continued

Severity

Mild

Mild

Muld

Mild

Muld

Mild

Muld

Muld

Mild

Mild

Mild

Mild

Muld

Mild

Muld

Moderate

Mild

Muld

Mild

Mild

Muld

Mild

Mild

Related

to Study
Drug

Possibly

Possibly

Possibly

Possibly

Possibly

Possibly

Possibly

Possibly

Possibly

Possibly

Possibly

Possibly

Possibly

Possibly

Possibly

None

Possibly

Possibly

Possibly

Possibly

Possibly

Possibly

Possibly

Outcome

Resolved
without
sequelae
Resolved
without
sequelae
Resolved
without
sequelae
Resolved
without
sequelae
Resolved
without
sequelae
Resolved
without
sequelae

Resolved
without

sequelae

Resolved
without
sequelae

Resolved
without
sequelae

Resolved
without
sequelae

Resolved
without
sequelae
Resolved
without
sequelae
Resolved
without
sequelae
Resolved
without
sequelae
Resolved
without
sequelae

Ongoing

Resolved
without
sequelae
Resolved
without
sequelae
Resolved
without
sequelae
Resolved
without
sequelae
Resolved
without
sequelae
Resolved
without
sequelae
Resolved

with

sequelae

Med!

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

Yes

No

Disc?

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

Mar. 30, 2023
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Cohort

87.5 mg
twice
daily

125 mg
daily

125 mg
daily

Subject
[D*

151

152

153

154

155

Adverse Event
Term//
Preferred Term

flushing H
Flushing

Fatigue//
Fatigue

edema//
Oedema
headache//

Headache

Increased
frequency of
spontaneous

penile erections//

Spontaneous
penile erection

Diarrhea//
Diarrhoea

Epistaxis//
Epistaxis

Headache//
Headache

Spontaneous
penile erection//
Spontaneous
penile erection
Flushing//
Flushing

Headache//
Headache

headache//
Headache

headaches//
Headache
Dizziness//
Dizziness

Stuily nose
(congestion)//
Nasal
congestion
Nose bleed//
Epistaxis

itchy throat//
Throat irritation

Nausea//
Nausea

Swollen//pufly
cheeks//Face
oedema

headache//
Headache

Headache//
Headache

Headache//
Headache

Headache//
Headache

20

Severity

Mild
Mild

Muld

Muld

Mild

Muld
Mild
Muld

Mild

Mild
Moderate
Mild

Moderate

Moderate

Mild

Mild
Moderate

Moderate

Muld

Mild

Mild

Muld

TABLE 7-continued

Onset Resolution
Date Date
Aug. 31, 2014  Aug. 31, 2014
Aug. 30, 2014 Sep. 1, 2014
Sep. 2, 2014

Feb. 9, 2015
Nov. 7, 2014  Nowv. &, 2014
Dec. 6, 2014  Dec. 6 2014
Dec. 7, 2014  Dec. 7, 2014
Dec. 3, 2014  Dec. 3, 2014
Dec. 4, 2014  Dec. 4, 2014
Dec. 4, 2014  Dec. &, 2014
Oct. 10, 2014 Oct. 10, 2014
Oct. 12, 2014  Oct. 13, 2014
Oct. 13, 2014
Oct. 13, 2014  Oct. 13, 2014
Oct. 11, 2014
Oct. 13, 2014  Oct. 13, 2014
Oct. 30, 2014  Oct. 30, 2014
Jan. 13, 2015  Jan. 14, 2015
Nov. 29, 2014 Nov. 29, 2014
Nov. 25, 2014 Nov. 25, 2014
Nov. 27, 2014 Nov. 27, 2014
Nov. 28, 2014 Nov. 28, 2014
Nov. 30, 2014 Nov. 30, 2014

Mild

Related

to Study
Drug

Probably

Possibly

Possibly

None

Possibly

Possibly

N one

Possibly

Possibly

Probably

Possibly

Possibly

Possibly

Possibly

Possibly

Possibly

None

None

None

Possibly

Possibly

Possibly

Possibly

Outcome

Resolved
without
sequelae
Resolved
without
sequelae
Ongoing

Resolved
without
sequelae
Resolved
without
sequelae

Resolved
without
sequelae
Resolved
without
sequelae
Resolved
without
sequelae
Resolved
without
sequelae

Resolved
without

sequelae
Resolved
without
sequelae
Resolved
without
sequelae
Ongoing

Resolved
without
sequelae
Ongoing

Resolved
without
sequelae
Resolved
without
sequelae

Resolved
without
sequelae
Resolved
without
sequelae
Resolved
without
sequelae
Resolved
without
sequelae
Resolved
without
sequelae
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without
sequelae

Med!

No

No

No

Yes

No

No

No

No

No

No

No

Yes

Yes

Yes

No

No

Yes

Yes

No

No

No

No

No

Disc?

No

No

No

NA

No

No

No

No

No

No

No

No

No

No

No

No

NA

NA

No

No

No

No

NA
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C2

Adverse Event
Term//
Preferred Term

Migraine
Headache//
Migraine
Stomach

discomifort//
Abdominal

discomifort
Stomach

discomfort//

Abdominal pain

upper
Stomach

discomfort//
Abdominal
discomfort
Stomach

discomfort//
Abdominal
discomfort
Chest pain//
Chest pain

Rash//Rash

Chest pain//
Chest pain

Rash//Rash

Rash//Rash

Rash//Rash

Rash//Rash

Headache//
Headache

Headache//
Headache

Headache//
Headache

Headache//
Headache

Headache//
Headache

Ventricular
arrhythmia//
Ventricular
arrhythmia
Ventricular

Tachycardia//
Ventricular

tachycardia
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TABLE 7-continued
Onset Resolution
Date Date Severity
Jan. 12, 2015  Jan. 14, 2015  Moderate
Sep. &, 2014 Sep. 8, 2014 Mild
Sep. 6, 2014 Sep. 10, 2014  Mild
Sep. 7, 2014 Sep. 7, 2014 Mild
Sep. 9, 2014 Sep. 9, 2014 Mild
Sep. 6, 2014 Sep. 7, 2014 Mild
Sep. 7, 2014 Sep. 10, 2014  Mild
Sep. 6, 2014 Sep. 6, 2014 Mild
Sep. &, 2014 Sep. 8, 2014 Mild
Sep. 9, 2014 Sep. 9, 2014 Mild
Sep. 11, 2014  Sep. 11, 2014 Mild
Sep. 12, 2014 Sep. 12, 2014 Mild
Sep. 6, 2014 Sep. 6, 2014 Mild
Sep. 7, 2014 Sep. 7, 2014 Mild
Sep. 8, 2014 Sep. 8, 2014 Mild
Sep. 9, 2014 Sep. 9, 2014 Mild
Sep. 10, 2014 Sep. 10, 2014  Mild
Dec. 11, 2014  Dec. 11, 2014 Mild
Dec. 15, 2014  Dec. 15, 2014 Mild

Related
to Study
Drug

None

Possibly

Possibly

Possibly

Possibly

Possibly

Possibly
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None

None

None
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Possibly
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Probably

None

None
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without
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sequelae
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sequelae
Resolved
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sequelae
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No

No
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[0183] Table 8 presents numbers of subjects with number
of AEs>n, where n=1, 2, ..., 6, by treatment group.
TABLE 8
Adverse BEvents by Treatment Group
37.5 mg 87.5 mg Exercise
37.5mg  twice 87.5 mg twice 125 mg testing
daily daily daily daily daily only
N=6) (N=6) (N=6 (N=6 (N=6 (N=6
N (%) of Subjects
Reporting at Least:
1 event 5 (83%) 6 (100%) 6 (100%) 5 (83%) 6 (100%) 1 (17%)
2 events 3 (50%) 4 (67%) 6 (100%) 4 (67%) 4 (67%) 1 (17%)
3 events 3 (50%) 4 (67%) 6 (100%) 4 (67%) 4 (67%) 0 (0%)
4 events 2 (33%) 3 (50%) 2 (33%) 3 (50%) 4 (67%) 0 (0%)
5 events 2 (33%) 2 33%) 2(33%) 3 (50%) 4 (67%) 0 (0%)
6 events 2 (33%) 1 (17%) 1({17%) 3 (50%) 3 (50%) O (0%
[0184] Tables 9-12 present AEs by preferred term (similar
to Table 6), but additionally report the number of subjects
with an AE and the number of AEs (Table 9), the number of
AE events/subjects grouped by treatment group and by
related (including possibly or probably) vs. not related to the
study drag (Table 10), mild vs. moderate/severe (Table 11),
and expected vs. unexpected AEs (Table 12).
TABLE 9
Adverse Events by Preferred Term
37.5 mg 87.5 mg Exercise
37.5 mg twice 7.5 mg twice 125 mg testing
Preferred Term, daily daily daily daily daily only
#Events (#Subjects) (N=6) (N=6) (N=6) (N=6) (N =06) (N = 6)
Abdominal discomfort 1 (1) 0 (0) 0 (0) 1 (1) 3 (1) 0 (0)
Abdominal pamn tipper 0 (0) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0)
Back pain 0 (0) 0 (0) 0 (0) 1 (1) 0 (0) 0 (0)
Chest pain 0 (0) 0 (0) 0 (0) 0 (0) 2 (1) 0 (0)
Diarrhoea 0 (0) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0)
Dizziness 0 (0) 0 (0) 0 (0) 1 (1) 1 (1) 0 (0)
Dry mouth 0 (0) 0 (0) 1 (1) 0 (0) 0 (0) 0 (0)
Dysmenorrhoea 0 (0) 1 (1) 0 (0) 0 (0) 0 (0) 0 (0)
Dyspnoea 1 (1) 1 (1) 0 (0) 0 (0) 0 (0) 0 (0)
Epistaxis 0 (0) 1 (1) 0 (0) 0 (0) 2 (2) 0 (0)
Face oedema 0 (0) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0)
Fatigue 0 (0) 1 (1) 0 (0) 1 G) 0 (0) 0 (0)
Flushing 2 (1) 2 (2) 4 (4) 6 (2) 1 (1) 0 (0)
Head injury 0 (0) 0 (0) 1 (1) 0 (0) 0 (0) 0 (0)
Headache 9 (3) 6 (4) 9 (4) 12 (4) 14 (5) 0 (0)
Injection site pain 1 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Lacrimation increased 0 (0) 0 (0) 1 (1) 0 (0) 0 (0) 0 (0)
Migraine 0 (0) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0)
Motion sickness 0 (0) 0 (0) 1 (1) 0 (0) 0 (0) 0 (0)
Myalgia 0 (0) 1 (1) 0 (0) 0 (0) 0 (0) 0 (0)
Nasal congestion 3 (3) 2 (2) 2 (2) 3 (1) 1 (1) 0 (0)
Nasopharyngitis 0 (0) 1 G) 0 (0) 0 (0) 0 (0) 0 (0)
Nausea 2 (1) 2 (1) 0 (0) 1 (1) 1 (1) 0 (0)
Oedema 0 (0) 0 (0) 0 (0) 1 (1) 0 (0) 0 (0)
Rash 0 (0) 0 (0) 0 (0) 0 (0) 5 (1) 0 (0)
Sinus congestion 0 (0) 0 (0) 1 (1) 0 (0) 0 (0) 0 (0)
Sinus headache 0 (0) 1 (1) 0 (0) 0 (0) 0 (0) 0 (0)
Sinusitis 0 (0) 0 (0) 0 (0) 1 (1) 0 (0) 0 (0)
Somnolence 0 (0) 0 (0) 1 (1) 0 (0) 0 (0) 0 (0)
Spontaneous penile erection 0 (0) 2 (1) 1 (1) 6 (2) 2 (2) 0 (0)
Throat 1rritation 0 (0) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0)
Upper respiratory tract 0 (0) 1 (1) 0 (0) 0 (0) 0 (0) 0 (0)
infection
Ventricular arrhythmia 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (1)
Ventricular tachycardia 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (1)
Vision blurred 0 (0) 0 (0) 1 (1) 0 (0) 0 (0) 0 (0)
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TABLE 10

Related and Unrelated AEs

37.5 mg daily 37.5 mg twice 87.5 mg daily 87.5 mg twice 125 mg daily Exercise only
Preferred (N = 6) daily (N = 6) (N = 6) daily (N = 6) (N = 6) (N = 6)
Term, #Lbvents Drug Not Drug Not Drug Not Drug Not Drug Not Drug Not
(#Subjects) related™ related related® related related®™ related related® related related® related related® related
Abdominal 0 (0) 1 (1) 0 (0) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0) 3 (1) 0 (0) 0 (0) 0 (0)
discomfort
Abdominal 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0) 0 (0) 0 (0)
pain upper
Back pain 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Chest pain 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (1) 1 (1) 0 (0) 0 (0)
Diarrhoea 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0) 0 (0) 0 (0)
Dizziness 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0) 1 (1) 0 (0) 0 (0) 0 (0)
Dry mouth 0 (0) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Dysmenorrhoea 0O (0) 0 (0) 0 (0) 1 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Dyspnoea 0 (0) 1 (1) 0 (0) 1 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Epistaxis 0 (0) 0 (0) 0 (0) 1 (1) 0 (0) 0 (0) 0 (0) 0 (0) 1 (1) 1 (1) 0 (0) 0 (0)
Face oedema 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0) 0 (0)
Fatigue 0 (0) 0 (0) 1 (1) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Flushing 2 (1) 0 (0) 2 (2) 0 (0) 4 (4) 0 (0) 6 (2) 0 (0) 1 (1) 0 (0) 0 (0) 0 (0)
Head injury 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Headache 9 (3) 0 (0) 6 (4) 0 (0) 9 (4) 0 (0) 12 (4) 0 (0) 13 (4) 1 (1) 0 (0) 0 (0)
Injection site 0 (0) 1 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
pain
Lacrimation 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
increased
Migraine 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0) 0 (0)
Motion 0 (0) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
sickness
Myvalgia 0 (0) 0 (0) 1 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Nasal 1 (1) 2 (2) 2 (2) 0 (0) 1 (1) 1 (1) 3 (1) 0 (0) 1 (1) 0 (0) 0 (0) 0 (0)
congestion
Nas-pharyngitis 0 (0) 0 (0) 0 (0) 1 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Nausea 1 (1) 1 (1) 2 (1) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0) 0 (0) 1 (1) 0 (0) 0 (0)
Oedema 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Rash 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (1) 4 (1) 0 (0) 0 (0)
S1nus 0 (0) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
congestion
Sinus headache 0 (0) 0 (0) 1 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Sinusitis 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0) 0 (0) 0 (0) 0 (0)
Sommnolence 0 (0) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Spontaneous 0 (0) 0 (0) 2 (1) 0 (0) 1 (1) 0 (0) 6 (2) 0 (0) 2 (2) 0 (0) 0 (0) 0 (0)
penile erection
Throat 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0) 0 (0)
irritation
Upper 0 (0) 0 (0) 0 (0) 1 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
respiratory tract
infection
Ventricular 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (1)
arrhythmia
Ventricular 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (1)
tachycardia
Vision blurred 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Total 13 (3) 6 (4) 17 (5) 5 (3) 19 (6) 4 (3) 33 (5) 1 (1) 26 (5) 11 (5) 0 (0) 2 (1)

*Drug related = possibly related, probably Out of all 36 study subjects, none had adverse events related to the events that were probably related, possibly related
and elated or related to study drug e study drug, and 11, 21 and 17 subjects had adverse unrelated to the study drug, respectively.

TABLE 11

AFEs by Severity

Preferred 37.5 mg daily 37.5 mg twice 87.5 mg daily 87.5 mg mice 125 mg daily Exercise only
Term, (N = 6) daily (N = 6) (N = 6) daily (N = 6) (N = 6) (N = 6)
#LEvents Moderate/ Moderate/ Moderate/ Moderate/ Moderate/ Moderate/
(#Subjects) Mild severe Mild severe Mild severe Mild  severe  Mild severe Mild severe
Abdominal 0 (0) 1 (1) 0 (0) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0) 3 (1) 0 (0) 0 (0) 0 (0)
discomfort

Abdominal 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0) 0 (0) 0 (0)

pain upper
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TABLE 11-continued

AFEs by Severity

Preferred 37.5 mg daily 37.5 mg twice 87.5 mg daily 87.5 mg mice 125 mg daily Exercise only
Term, (N = 6) daily (N = 6) (N = 6) daily (N = 6) (N = 6) (N = 6)
#Events Moderate/ Moderate/ Moderate/ Moderate/ Moderate/ Moderate/
(#Subjects) Mild severe Mild severe Mild severe Mild  severe  Mild severe Mild severe
Back pain 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Chest pain 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 2 (1) 0 (0) 0 (0) 0 (0)
Diarrhoea 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0) 0 (0) 0 (0)
Dizziness 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0) 0 (0) 1 (1) 0 (0) 0 (0)
Dry mouth 0 (0) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Dysmenorrhoea 0 (0) 0 (0) 1 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Dyspnoea 0 (0) 1 (1) 0 (0) 1 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Epistaxis 0 (0) 0 (0) 0 (0) 1 (1) 0 (0) 0 (0) 0 (0) 0 (0) 2 (2) 0 (0) 0 (0) 0 (0)
Face oedema 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0) 0 (0) 0 (0)
Fatigue 0 (0) 0 (0) 1 (1) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Flushing 2 (1) 0 (0) 2 (2) 0 (0) 4 (4) 0 (0) 6 (2) 0 (0) 1 (1) 0 (0) 0 (0) 0 (0)
Head mjury 0 (0) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Headache 2 (2) 7 (3) 5 (4) 1 (1) 8 (4) 1 (1) 11 (4) 1 (1) 12 (5) 2 (1) 0 (0) 0 (0)
Injection site 0 (0) 1 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
pain
Lacrimation 0 (0) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
increased
Migraine 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0) 0 (0)
Motion 0 (0) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
sickness
Myalgia 0 (0) 0 (0) 1 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Nasal 2 (2) 1 (1) 2 (2) 0 (0) 1 (1) 1 (1) 3 (1) 0 (0) 1 (1) 0 (0) 0 (0) 0 (0)
congestion
Nasopharyngitis 0 (0) 0 (0) 1 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Nausea 1 (1) 1 (1) 2 (1) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0) 0 (0) 1 (1) 0 (0) 0 (0)
Oedema 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Rash 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 5(1) 0 (0) 0 (0) 0 (0)
S1nus 0 (0) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
congestion
S1nus 0 (0) 0 (0) 1 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
headache
Sinusitis 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0) 0 (0) 0 (0) 0 (0)
Somnolence 0 (0) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Spontaneous 0 (0) 0 (0) 2 (1) 0 (0) 1 (1) 0 (0) 6 (2) 0 (0) 2 (2) 0 (0) 0 (0) 0 (0)
penile
erection
Throat 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0) 0 (0)
irritation
Upper 0 (0) 0 (0) 1 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
resplratory
tract infection
Ventricular 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0)
arrhythmia
Ventricular 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0)
tachycardia
Vision blurred 0 (0) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Total 7 (4) 12 (4) 19 (5) 3 (3) 21 (6) 2 (2) 32 (5) 2 (2) 31 (6) 6 (2) 2 (1) 0 (0)
Out of all 36 study subjects, 27 had mild adverse events, 13 had moderate and 1 subject had a severe adverse event.
TABLE 12

AFEs by Expectedness
Preferred 37.5 mg daily 37.5 mg twice 87.5 mg daily 87.5 mg twice 125 mg daily Exercise only
Term, (N = 6) daily (N = 6) (N = 6) daily (N = 6) (N = 6) (N = 6)
#Events Expect- Not Expect- Not Expect- Not Expect- Not Expect- Not Expect- Not
(#Subjects) ed Expected ed Expected ed Expected ed Expected ed Expected ed Expected
Abdominal 0 (0) 1 (1) 0 (0) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0) 3 (1) 0 (0) 0 (0) 0 (0)
discomiort
Abdominal 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0) 0 (0) 0 (0)
pain upper
Back pain 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0) 0 (0) 0 (0) 0 (0)
Chest pain 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 2 (1) 0 (0) 0 (0)
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TABLE 12-continued

AFEs by Expectedness

Preferred 37.5 mg daily 37.5 mg twice 87.5 mg daily 87.5 mg twice 125 mg daily Exercise only
Term, (N = 6) daily (N = 6) (N = 6) daily (N = 6) (N = 6) (N = 6)
#Ebvents Expect- Not Expect- Not Expect- Not Expect- Not Expect- Not Expect- Not
(#Subjects) ed Expected ed Expected ed Expected ed Expected ed Expected ed Expected
Diarrhoea 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0) 0 (0) 0 (0)
Dizziness 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0) 1 (1) 0 (0) 0 (0)
Dry mouth 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Dysmenorrhoea 0 (0) 0 (0) 0 (0) 1 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Dyspnoea 0 (0) 1 (1) 0 (0) 1 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Epistaxis 0 (0) 0 (0) 0 (0) 1 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 2 (2) 0 (0) 0 (0)
Face oedema 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0) 0 (0)
Fatigue 0 (0) 0 (0) 0 (0) 1 (1) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0) 0 (0) 0 (0) 0 (0)
Flushing 2 (1) 0 (0) 2 (2) 0 (0) 4 (4) 0 (0) 5(2) 1 (1) 1 (1) 0 (0) 0 (0) 0 (0)
Head injury 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Headache 8 (3) 1 (1) 5 (4) 1 (1) 9 (4) 0 (0) 11 (3) 1 (1) 13 (5) 1 (1) 0 (0) 0 (0)
Injection site 0 (0) 1 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
pain

Lacrimation 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
increased

Migraine 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0) 0 (0)
Motion 0 (0) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
sickness

Myalgia 0 (0) 0 (0) 0 (0) 1 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Nasal 2 (2) 1 (1) 2 (2) 0 (0) 2 (2) 0 (0) 3 (1) 0 (0) 1 (1) 0 (0) 0 (0) 0 (0)
congestion

Nasopharyngitis 0 (0) 0 (0) 1 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Nausea 2 (1) 0 (0) 2 (1) 0 (0) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0) 1 (1) 0 (0) 0 (0)
Oedema 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0) 0 (0) 0 (0) 0 (0)
Rash 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 5 (1) 0 (0) 0 (0)
S1nus 0 (0) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
congestion

S1nus 0 (0) 0 (0) 1 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
headache

Sinusitis 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0) 0 (0) 0 (0) 0 (0)
Sommnolence 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Spontaneous 0 (0) 0 (0) 2 (1) 0 (0) 1 (1) 0 (0) 6 (2) 0 (0) 2 (2) 0 (0) 0 (0) 0 (0)
penile

erection

Throat 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0) 0 (0)
irritation

Upper 0 (0) 0 (0) 0 (0) 1 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
respiratory

tract

infection

Ventricular 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0)
arrhythmia

Ventricular 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0)
tachycardia

Vision blurred 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Total 14 (4) 5 (3) 15 (5) 7 (5) 18 (6) 5(4) 26 (5) 8 (2) 22 (6) 15 (4) 2 (1) 0 (0)

Out of all 36 study subjects, 27 subjects had expected and 18 had unexpected adverse events.

[0185] Table 13 focuses on a subset of Table 7 limited to
preferred terms for which AEs happened more than once
(either >2 AFEs for one subject, or >2 subjects with at least
one AF) 1n at least one cohort.

TABLE 13-continued

Events That Occurred More Than Once i One Subject or In More
Than One Subject

TABLE 13 Preferred 37.5 mg 87.5 mg Exercise
Term, 375 mg twice 875 mg twice 125 mg testing
Events That Occurred More Than Once in One Subject or In More #Events daily daily daily daily daily only
Than One Subject (#Subjects) (N=6) (N=6) (N=6) (N=6) (N=6) (N =506)
Preferred 37.5 mg 87.5 mg Exerr::ise Chest pain 0 (0) 0 (0) 0 (0) 0 (0) 2 (1) 0 (0)
#Tgﬂﬂa 325.1111% Tl'fe le-ilmg t;’{fﬂ 1315;11% tﬂstiﬂg Epistaxis 0(0) 1(1) 0@ 0@ 2(2) 0(0)
vents ally ally ally ally ally only Flush; 5 (1 5 (2 4 (4 6 (7 (1 0 (0
(#Subjects) (N=6) (N=6) (N=6) (N=6) (N=6) (N=6) R (1) (2) ) (2) () (©)
Headache 9 (3) 6 (4) 9 (4) 12 (4) 14 (5) 0 (0)
Abdominal 1 (1) 0@  0(0) 1(D 3(1) 0(0 Nasal 33 2@ 22y 3() 1) 0
discomifort congestion
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TABLE 13-continued

Events That Occurred More Than Once in One Subject or In More
Than One Subject

Preferred 37.5 mg 87.5 mg Exercise
Term, 37.5 mg twice 875 mg twice 125 mg testing
#Events daily daily daily daily daily only
(#Subjects) (N=6) (N=6) (N=6) (N=6) (N=6) (N=06)
Nausea 2 (1) 2 (1) 0 (0) 1 (1) 1 (1) 0 (0)
Rash 0 (0) 0 (0) 0 (0) 0 (0) 5({D 0 (0)
Spontaneous 0 (0) 2 (1) 1 (1) 6 (2) 2 (2) 0 (0)

penile erection

[0186] FIG. 1 displays the percent of subjects reporting at
least one, three or five ad verse events by treatment group
(the numbers are taken from Table 6). The cohorts at
horizontal axis are sorted from the lowest daily dose at the
left (exercise only group; zero dose, though not a placebo)
to the highest one-time dose (125 mg) at the right. The
percentages vary from 100% to 0% (exercise only group).
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As expected, the exercise only group features the lowest
percentage. The plot doesn’t suggest a clear association
between the dose and percent of subjects reporting AFs.

Example 3—Exercise Testing

[0187] The purpose of this example was to evaluate the
cllicacy of the treatment protocol described 1n Example 1
using various exercise testing parameters.

[0188] The primary outcome of this arm of the study was
maximal VO2 as determined by exercise testing. Table 14
summarizes results for the key outcome from the exercise
testing—peak VO2 (limited to the subjects who achieved
maximum effort) by treatment group. Out of the 36 subjects
enrolled 1in the trial, 33 reached max eflort in the exercise
testing at each of the time points, and 31 subjects at both
time points. The first two lines present data for baseline and
follow-up measurements, while the third line presents dii-
ferences between the two measurements (change scores, the
outcome for this aim). Analysis of variances suggests lack of
differences between the change scores (p 0.85).

TABLE 14

Peak VO?2 at Maximum Effort, ml/keg/min

All 37.5 mg 37.5 mg 87.5 mg 87.5 mg 125 mg Exercise  P-

N  subjects N daily N twice dailly N daily N twice daily N daily N only value
Baseline 34 28558 6 24669 6 30462 6 284x62 5 20x352 5 28630 6 30.6£6.2 0542
measurement
Follow-up 33 282358 5 247 6.7 6 288 x81 6 271350 5 2260 6 28638 5 31.8+£5.0 0570
measurement
Difference, 32 -06+x33 5 0817 6 -16=x51 6 -14=x25 5 0250 5 09+26 5 -03=x1.8 0851
FU-BL
P-values were calculated by ANOVA.,
The maximum effort was achieved when the respiratory quotient at peak >1.1

[0189] FIGS. 2 and 3 present the findings for change

scores 1n a visual way (with a positive change indicating an
improvement). FIG. 2 displays individual change score for
cach subject with paired measurements (circles) and two
lines with mean and median values. The plots don’t suggest
that change scores increase with the dose. FIG. 3 displays
maximal VO2 values before and after the treatment for each
subject and 1n each cohort.

[0190] As expected, baseline and follow-up measurements
are strongly correlated, with the correlation coeflicient>0.8.
[0191] An additional outcome, VO2 at anaerobic thresh-
old, was also measured. Similar analyses were performed for
this outcome. Results are presented in Table 15 and FIGS. 4
and 5. Overall results are similar to those for maximal VO2.

TABLE 15

Peak VO2 at Anaerobic Threshold, ml/kg/min

All 37.5 mg 37.5 mg 87.5 mg 87.5 mg 125 mg Exercise  P-

N  subjects N daily N twice dailly N daily N twice daily N daily N only value
Baseline 36 18645 6 17250 6 18030 6 17653 6 18346 6 18818 6 21.7+x6.2 0570
measurement
Follow-up 34 18244 5 16320 6 181 3.0 6 16548 6 16552 6 200=x3.2 5 224 =x55 0.135
measurement
Difference, 34 -03x26 5 -05=x41 6 0.1+10 6 -11=+x19 6 -1.7x21 6 1.2 +£1.9 35 0.1 +3.8 0469
FU-BL

P-values were calculated by ANOVA.,
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[0192] Of note, both exercise outcomes (peak VO2 and
VO2 at anaerobic threshold) are highly correlated (with the
correlation coeflicient at each visit above 0.7), which may
explain similarities 1n the trend lines 1 FIGS. 2 and 4.

Example 4—Vascular Function Testing

[0193] The primary outcome of vascular function was
determined according to an endothelial pulse amplitude
tonometry (PAT) index as determined by the EndoPAT®
device (Itamar Medical, Caesarea, Israel).

[0194] Table 16 summarizes the results for the key out-
come from the vascular function testing—natural log of
Reactive Hyperemia Index (InRHI) by treatment group. Out
of the 30 subjects enrolled in the treatment arms of the trial,
2’7 subjects had paired measurements with an acceptable
quality (with QC score equal to 3 (the best) or 2). The
structure of the table 1s similar to the one for exercise
variables.

TABLE 16
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Natural LLog of Reactive Hyperemia Index

All 37.5 mg 37.5 mg

N  subjects N daily N twice daily N
Baseline 28 052028 6 048 £0.316 0.60 £ 0.30 6
measurement
Follow-up 28 049 028 6 051 £0.266 0.53 £0.29 5
measurement
Difference, 27 -0.02 030 6 0030476 -0.07=x0.17 5
FU-BL
[0195] FIGS. 6 and 7 present the findings for change

scores 1n a visual way (with a positive change indicating an
improvement). FIG. 6 displays the individual change score
for each subject with paired measurements (circles) and two
lines with mean and median values. The plots do not suggest
that change scores increase with the dose. FIG. 7 displays
InRHI values before and after the treatment for each subject
and 1n each cohort.

[0196] Baseline and follow-up measurements are moder-
ately correlated, with an overall correlation coetlicient of
0.4.

TABL.

87.5 mg
daily

041 £0.254

045 £ 0315

0.07 £0.22 4

87.5 mg 125 mg P-
N twice daily N daily value
049 + 0.12 6 0.63 = 0.37 0.704
040 = 0.29 6 0.52 =+ 0.34 0.945
-0.03 £0.20 6 -0.10 £ 0.38 0.902

[0197] Of note, both mean baseline and follow-up mea-
surements are close to the cut-off value 01 0.51 suggested by
the Endo PAT documentation as a threshold between the
normal (defined as 1nRHI>0.51) and abnormal (1nRHI<O.

51) values. Analysis of the data indicates that some patients
showed as much as a 9.75% improvement 1n this measure.

[0198] Table 17 reports change scores only for secondary
EndoPAT outcomes (RHL Framingham RHI etc; top panel)
and other EndoPAT indices. In all cases a positive change
suggests a possible improvement.

= 17

Secondary and Other EndoPAT Outcomes, FU-BL

37.5 mg
N  All subjects N daily N

37.5 mg
twice dailly N

R7.5 mg 125 mg

87.5 mg dailly N twice daily N daily p-value

Secondary EndoPAT

Reactive 27 =0.04 £ 0.56 6 0.03 = 0.84 6 -0.12 +0.30 5 0.12 + 034 4 001 £0.38 6 -0.21 £0.78 0.893
Hyperemia Index
Framingham RIH 27 -=0.06 £ 0.39 6 -0.00 £ 0.58 6 =017 +0.19 5 0.04 + 0.36 4 0.00 £ 0,20 6 -0.13 =£0.51 0.901
AUC2max_oc: 27 051 £291 6 -093 +4.37 6 -1.19x1.84 5 3.03 + 249 4 0.16 + 1.08 6 1.80 £ 1.18 0.05%
Area under the
curve to Max-
Occlusion/Control
Avg2Max_oc: 27 -=-0.16 = 0.79 6 -0.35 =% 1.01 6 -033x0.26 5 0.17 + 043 4 024 +0.23 6 -0.32 £1.28 0.626
average up to
max-Occlusion/
Control

Other EndoPAT indices
AUC2max _o:Area 27 =026 = 2.75 6 -023=x274 6 0,09 145 5 -=126+489 4 -051 =1.64 6 0.37 £ 2.71 0.910

under the curve 10
Max-Occlusion
(ratio to baseline)
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TABLE 17-continued

Secondary and Other EndoPAT Outcomes, FU-BL

37.5 mg

All subjects daily

AUCallo:Area

under the curve

27  0.18 £ 3.54 6 -0.01 £2.73 6
allOcclusion (ratio
to baseline)
AUCall oc:Area
under the curve
allOcclusion/
Control
AvglZMax_o:

average up to

27 -0.60 =493 6 -1A41642 6

27  0.04 £ 0,51 6 -0.12 £0.28 6

max-Occlusion™®*

Avgall_o:average 27  0.02 £ 040 6 0.02 £ 0.27 6

allOcclusion™*

Avgall oc:average 27 -0.06 £0.54 6 -0.10 £ 0.66 6
all-Occlusion/

Control

P-values were calculated by ANOVA,

*Frat1o to baseline

Example 5—Echocardiographic Assessment of
Ventricular Performance

[0199] The primary outcome of ventricular performance
with assessed using echocardiographic methods and mea-
sured according to a myocardial performance Index (MPI).
The MPI 1s a ventricular geometry-independent measure of
combined systolic and diastolic ventricular performance
(Charles S. Kleinman et al, 2008—Health and Fitness). It 1s
obtained by indexing the sum of 1sovolumetric contraction
and relaxation time to ejection time.

[0200] Table 18 summarizes results for the key outcome
from the Echocardiographic Assessment of Ventricular Per-
formance—Blood Pool MPI. Out of the 30 subjects enrolled
in the treatment arms of the trial, 27 subjects had paired
measurements. The structure of the table 1s similar to the one
for exercise variables. Analysis of the data indicates that
some patients showed as much as a 21.5% improvement 1n
this measure.

TABL

37.5 mg
twice daily

-0.69 = 2.17 5

-1.19 £ 2.00 5

0.15 = 0.19 5

-0.08 £0.24 5

-0.13 £0.22 3

R7.5 mg
87.5 mg daily N twice daily

125 mg

N N daily

p-value

1.66 £ 5.96 4 0.60 £295 6 -0.28 £ 3.98 0.864

1.88 £ 3.25 017430 6 -1.84 = 7.21 0.772

0.10 £ 0.69 0.03 £0.36 6 0.07 £ 0.86 0.930

0.14 £ 0.67 0.09 £ 033 6 -0.03 £0.49 0.927

0.16 £ 0.36 0.05+x045 6 -0.20 £ 0.84 0.84%

10201]

scores 1n a visual way (with a negative change indicating an

FIGS. 8 and 9 present the findings for change

improvement). FIG. 8 displays individual change score for

cach subject with paired measurements (circles) and two
lines with mean and median values. The plots don’t suggest

that change scores increase with the dose. FIG. 9 displays

blood pool MPI 1index values before and after the treatment
for each subject and 1n each cohort.

[0202] Baseline and follow-up measurements are strongly
correlated, with the overall correlation coeflicient o1 0.7 (last
2 lines). Of note, both mean baseline and follow-up mea-
surements are 1n the elevated area (>0.4).

[0203] Tables 19-21 and FIGS. 9-15 report similar results

for three other versions of MPI: Tissue Doppler MPI, and
Average Isovolumetric Contraction and Relaxation.

- 18

Blood Pool MPI

All 37.5 mg 37.5 mg
N  subjects N daily N twice daily
Baseline 29 0581 £0.197 6 0.537 £ 0304 6 0496 = 0.150 6
measurement
Follow-up 28 0517 £0.165 5 0.504 = 0.187 6 0.494 = 0.087 6
measurement
Difference, 27 -0.059 £0.134 5 -0.052 £0.166 6 -0.003 = 0.102 6

FU-BL

N

87.5 mg 87.5 mg 125 mg P-

daily twice daily N daily value

0.588 = 0.158 5 0.548 = 0.136 6 0.728 £ 0.155 0.305

0.512 £ 0.163 © 0.410 = 0.078 5 0.696 = 0.202 0.058

-0.076 £ 0.144 5 -0.118 £0.090 5  -0.054 £ 0.180 0.744



US 2023/0095034 Al

TABL.

29
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- 19

Tissue Doppler MPI

All 37.5 mg 37.5 mg 87.5 mg 87.5 mg 125 mg p-

N  subjects N daily N twice daily N daily N twice daily N daily value
Baseline 28  0.760 = 0.299 6 0.701 £ 0417 6 0.818 £ 0.361 6 0.804 £ 0.118 4  0.540 = 6 0.861 £ 0.323 0.517
measurement 0.019
Follow-up 28  0.707 £ 0.201 5 0.637 £ 0.206 6 0.729 £ 0.230 6 0.716 £0.142 6  0.638 + 5 0.822 £ 0.271 0.579
measurement 0.168
Difference, 26 -0.056 £ 0.198 5 -=0.052+£0398 6 -0.089 £0.142 6 -0.089 +£0.131 4 0.060 + s -0.074 £ 0.141 0.813
FU-BL 0.068

TABLE 20
Average [sovolumic Contraction
37.5 mg 37.5 mg 87.5 mg 87.5 mg p-

N All subjects N daily N twice daily N daily N twice daily N 125 mg daily value
Baseline 28 1156 £50.5 6 992 £50.7 6 109,4 £51.1 6 1224 3677 4 841203 6 1524 £644 0.236
measurement
Follow-up 28 107.1 £41.3 5 864 +£227 6 103.6+324 6 US50=+x329 6 838264 5 1505 +£60.5 0.047
measurement
Difference, 26 4.6 +283 5 -35+£500 6 -58=+257 6 -74=x265 4 41121 5 -80=x246 0.977
FU-BL

TABLE 21
Average Isovolumetric Relaxation
37.5 mg 37.5 mg 87.5 mg 87.5 mg 125 mg P-

N All subjects N daily N twice daily N daily N twice daily N daily value
Baseline 28 912222 6 838161 6 1008323 6 934 +11.0 4 723 =101 6 99.5 £ 25.0 0.236
measurement
Follow-up 28 920238 5 9402677 6 101.6 400 6 864153 6 824114 5 968174 0.674
measurement
Difference, 26 0.1x144 5 90115 6 0.8 +21.2 6 -69=+10.1 4 52=+12.6 5 -54+11.1 0.354
FU-BL
[0204] For these three additional versions of MPI, a nega- cohort and 125 mg q24h cohort compared to the 37.5 mg

tive change also suggests a possible improvement and the
overall conclusions are similar to those for Blood Pool MPI.

[0205] Additionally, because positive outcomes were seen
during the short duration of the studies described 1in
Examples 1-5, admimstering udenafil or a pharmaceutically
acceptable salt thereof to a Fontan patient for a longer period
of time could produce even more beneficial pharmacody-
namic outcomes.

Example 6—Pharmacokinetic Testing

[0206] NONMEM version 7.2, R, PDxPOP® 5, Xpose,

and Phoenix WinNonlin was used for the pharmacokinetic
analysis.

[0207] Pharmacokinetic analysis was performed on Fon-
tan patients receiving udenafil. FIG. 16 show the results of
data evaluation for individual subjects by dosing cohort, and
FIG. 17 shows the concentration profiles of udenafil in the
study subjects. Plasma concentrations were determined at
various time points and non-compartmental analysis was
performed 1n patients and stratified by dosing regimens.

[0208] FIGS. 18-20 demonstrate various comparisons
among the dosing cohorts. Based on the non-compartment
analysis, C___ was significantly increased 1n 87.5 mg ql2h

ql2h or q24h cohorts (FIG. 18).

[0209] The 87.5 mg ql2h cohort exhibited increased C_
compared to its g24h counterpart (FIG. 18). AUC, was
significantly increased in 87.5 mg ql2h cohort and 125 mg
q24h cohort compared to the 37.5 mg ql2h or g24h cohorts
(F1G. 19). AUCo-24 was significantly increased in 125 mg
q24h cohort compared to the 37.5 mg q24h cohorts. The 87.5
mg ql2h cohort showed increased highest AUC,_,, among
all the regimens tested (FIG. 19). No significant difference
was observed in CL/F or V/F among dosing regimens,
expect the significant differences between 37.5 mg gq24h and
87.5 mg ql2h (FIG. 20). There was no statistically signifi-
cant difference mk_, T, ., or'T___among all 5 tested dosing
regimens.

10210]

[0211] The population PK analysis was performed using a
non-linear mixed eflects modeling approach. This approach
estimates the typical value of parameters and their variances.
It was assumed subjects were at steady state (SS): at a time
(t) after dose (D) given at time tD after repeated adminis-
tration of dose D given at interval T (t>to) as PK samples/
udenafil concentrations were taken on study day 6.

[0212] As only the drug administration at Day 6 was
supplied, 1t 1s expected that the subjects have taken the drug

Population PK Model Development
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at regular 1ntervals at home; due to this a steady state flag
will be tested to account for the doses which are not
available. As stated, i1t 1s assumed steady state has been
reached by Day 6, as previous studies of udenafil have stated
that during multiple dosing, steady state 1s reached 1n 5 days,
with apparently little additional accumulation occurring
after dosing for 7 days. If there were missed doses during the
study period prior to the PK sampling, this can affect the
ability to determine whether steady state could be assumed
or not for the PK profile. If two or more additional drug
administration dates and times were available prior to the
visit where the PK. samples were taken, then a much better
dosing proiile could be used for analysis.

[0213] Structural Model

[0214] One- and two-compartment models were explored
(based on literature and available data). The equation for the
Input model for the drug described oral absorption. For the
one-compartment model, the following equation may apply
to the model:

A Input — (k10 % 4
dr-npu—( % A)

[0215] And considering that CL=k10*V, the following
equation may also apply:

dC Input— (CL % ()
dr 4

[0216] The two-compartment model can be described by
the following differential equation:

dx 1
—— =ka-Xg +K21-X2 = (K12 + kel)- X1

[0217] Drug Amount 1n the body after oral administration
may be described by the following differential equation:

Cp=A-¢ % 4B-e Pi4-C.g7*a?

[0218] The robustness of the final model was assessed 1n
PDxPOP® 3 by bootstrap re-sampling (n=1000). Values
obtained with the bootstrap (based on all runs with success-
ful minimization) were compared to the parameter estimates
from the final model. To evaluate the accuracy of the model
predictions, normalized prediction distribution errors

(NPDE) was performed.

[0219] Certain a prior1 information was used 1 guding
the development of the models.

[0220] One- and two-compartment models with oral
absorption 1nput were evaluated using 1mtial estimates
obtained from the literature as described above, and were
explored to determine the potential structure of the model.
The models were evaluated during the model building
process by using objective function value, level of statistical
significance, goodness of fit plots, and standard error.

[0221] The only covariate available for analysis was cur-
rent body weight. Weight was tested as a fixed effect on
typical values for clearance and volume of distribution (e.g.,
welght has a “fixed effect” on clearance). Median weight 1n
the dataset was 65.3 kg.
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[0222] The “typical value” for clearance 1s predicted per
70 kg patient using weight (WT) in the data set. The
estimated THETA (1) and THETA(2) for subjects of known
WT can be directly compared with CL and V values 1n
subjects of “standard” weight, e.g. WTs=70 kg.

[0223] Concern 1s sometimes expressed that scaling
parameter values estimated 1n children 1n terms of an adult
size standard of 70 kg may bias the estimates, or affect the
precision of estimation. There 1s no basis for this concern.
This can be seen by inspection of the allometric scaled
covariate model which may be re-arranged and 1s simply a
constant that 1s determined by whatever weight 1s chosen for
standardization. The precision of a parameter estimate will
not be changed by multiplying the parameter value by an ad
hoc constant. The criteria for covariate equation selection for
welght 1n the model was statistical significance.

[0224] FIGS. 21-29 show the results of the pharmacoki-
netic data analysis.

[0225] Durning the model building process, a number of
residual error models were evalunated. Proportional and
exponential error models were unable to run, these termi-
nated every time. Additive error models were able to run, but
the GOF plots showed a poor fit for one-compartment
models with a better fit 1n the two compartment model. The
choice was made to use a combined error model for the base
model, despite the high CV % 1n the residual variability, as
this model gave good estimates for other parameters, 93%
Cis and showed a good fit on visual inspection of GOF plots
(FIGS. 30-31). It may be possible to control for the high CV
% 11 all of the doses from days 1-3 were 1included from each
subject 1n the dataset before the day 6 dose, around which
the sampling occurred. It 1s not be necessary to do this as the
model {it 1s good as presently described, but this may further

reduce the % CVs.

[0226] After comparing observed data and predicted data,
a final model was produced. GOF plots for the final model
are found 1n FIGS. 32 and 33.

[0227] Bootstrap re-sampling was undertaken to compare
the parameter estimates from the final model with those
determined following 1000 bootstrap runs. In addition:
visual predictive checks (plot comparing 93% prediction
interval with observed data) and normalized prediction
distribution errors (NPDE) techniques were applied for final
model evaluation. Additionally a visual predictive check
was performed.

[0228] Udenafil pharmacokinetics were well described by
a two-compartment model with combined additive and
proportional error. Apparent clearance (CL/F) were scaled
using current body weight standardized to adult weight, 70
kg. Absorption rate constant was estimated as 0.28 h-1 (93%
CI 0.16-0.39), apparent clearance (CL/F/70 kg) 36 L/h (95%
CI 28.5-43.1), central volume of distribution (V2/F) 74 L
(953% CI 36.2-112), mter-compartmental clearance (Q/F)
21.1 L (95% (I 10.4-31.8) and peripheral volume of distri-
bution (V3/F) 181 L (95% (1 141-221). The final model was
evaluated by bootstrap re-sampling, normalized prediction
distribution errors, and visual predictive check techniques.
These techniques demonstrated a good it of the final covari-
ate model to the data.

[0229] A two-compartment model with absorption rate
constant successfully described the pharmacokinetics of
udenafil 1n adolescents with single ventricle physiology after
Fontan palliation. There was a statistically significantly
influence on apparent clearance (CL/F) when subject body
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welght was standardized to adult weight, 70 kg included in
the final model, CL/F L/hr/70 kg.

Example 7—Phase 111 Study of Udenafil in Fontan
Patients

[0230] A Phase I1I study of udenafil in Fontan patients will
determine the safety of udenafil (87.5 mg, twice daily) 1n an
adolescent population with single ventrile congenital heart
disease palliated with the Fontan procedure. The study will
also evaluate the pharmacodynamics profile of udenafil over
a period of time ranging from at least s1x months and up to
one year. Pharmacodynamic outcomes will include exercise
capacity, echocardiographic measures of ventricular func-
tion, endothelial function, and serum biomarkers, as well as
measures of functional health status/quality of life. It 1s
expected that udenafil (87.5 mg, twice daily) will be safe,
and eflective for improving exercise capacity and other
endpoints of cardiovascular health, as well as 1improving
quality of life.

[0231] Methodology—Randomized, double-blind, pla-
cebo-controlled clinical trial of a six month to one-year
treatment with an 87.5 mg/ twice a day dose 1n 300 subjects
between 12 and 19 years of age who have had the Fontan
surgery? before 5 years of age.

[0232] Inclusion Crteria for the study include:
[0233] Males or females age 12-19.
[0234] Fontan surgery before S years of age.
[0235] Exclusion Criteria for the study? include:
[0236] Height<132 cm.
[0237] Hospitalization for acute decompensated heart

failure within the last 12 months.
[0238] Current intravenous inotropic drugs.

[0239] Undergoing evaluation for heart transplantation
or listed for transplantation.

[0240] Diagnosis of protein losing enteropathy, plastic
bronchaitis, liver cirrhosis.

[0241] Known Fontan batlle obstruction, branch pulmo-
nary artery? stenosis, or pulmonary vein stenosis result-
ing in a mean gradient of >4 mm Hg between the
regions proximal and distal to the obstruction as mea-
sured by either catheterization or echocardiography.

[0242] Single lung physiology.

[0243] Severe ventricular dysfunction assessed qualita-
tively by clinical echocardiography within 6 months
prior to enrollment.

[0244] Severe valvar regurgitation, ventricular outflow
obstruction, or aortic arch obstruction assessed by
clinical echocardiography within 6 months prior to
enrollment.

[0245] Significant renal, hepatic, gastrointestinal or bil-
1ary disorders that could impair absorption, metabolism
or excretion of orally administered medications.

[0246] Inability to complete exercise testing at baseline
screening.
[0247] History of PDE-5 inhibitor use within 3 months

betfore study onset.

[0248] Use of any other drug to treat pulmonary hyper-
tension within 3 months before study onset.

[0249] Known intolerance to oral udenatfil.

[0250] Frequent use of medications or other substances
that mhibit or induce CYP3A4.

[0251] Current use of alpha-blockers or nitrates.
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[0252] Ongoing or planned participation in another
research protocol that would either prevent successiul
completion of planned study testing or invalidate 1ts
results.

[0253] Noncardiac medical, psychiatric, and/or social
disorder that would prevent successiul completion of
planned study testing or would mvalidate 1ts results.

[0254] Cardiac care, ongoing or planned, at a non-study
center that would impede study completion.

[0255] For females: Pregnancy at the time of screening,
pregnancy planned before study completion, or refusal
to use an acceptable method of contraception for study
duration.

[0256] Unable to abstain or limit intake of grapefruit
juice during the duration of the tnal.

[0257] Refusal to provide written informed consent/
assent.
[0258] In the opinion of the primary care physician, the

subject 1s likely to be non-compliant with the study

protocol.
[0259] The study will include baseline measures of the
proposed pharmacodynamics (PD) endpoints as well as
quality of life surveys. For example, EndoPAT vascular
assessment will be completed as the first PD test following
consent. This must be performed 1n a fasting (from midnight
until after the test), non-cafleinated state. After the vascular
assessment, subjects will have a targeted echocardiogram to
assess ventricular function. A short break will be given,
either after the vascular assessment or after the echocardio-
gram, and a light snack will be provided. Satety labs will be
performed following the vascular assessment, echocardio-
gram, and break. These will include collection of blood to
cvaluate serum creatinine and liver enzyme (aspartate
transaminase and alanine transaminase) levels for all par-
ticipants, and a urine pregnancy test for female participants.
If the pregnancy test i1s positive all further testing will be
stopped, the patient will not be enrolled into the trial and the
result will be conveyed to the subject and/or guardians by
the site-principal investigator in accordance with local IRB
procedures. Alter the safety labs, an exercise test will be
administered using a braked cycle ergometer following a
ramp protocol previously published in the PHN Fontan
Cross-Sectional Study. After exercise testing, subjects will
have completed the baseline testing. Additionally, The Peds
QL, cardiac specific Peds QL, and PCQLI will be adminis-

tered during the baseline testing visit.

[0260] A study coordinator will call each subject weekly
for four weeks and then monthly thereaiter to collect adverse
events and answer questions related to the study.

[0261] At the end of the study, subjects will arrive 1n a
fasting, non-caiflenated state, and first undergo vascular
function assessment including repeating the baseline tests as
well as the quality of life surveys. Follow up with subjects
may occur at 30 and 90 days following end-of-study testing
to record any additional adverse events possibly or probably
related to the study drug that may have occurred 1n the 90
days following completion of the study protocol.

[0262] It 1s expected that udenafil (87.5 mg bid) i ado-

lescents with Fontan physiology over a 6-12 month period
will be sate and well tolerated, with few, 1f any, serious
adverse events related to udenafil. The severity of adverse
events 1s determined according to the Common Terminology
Criteria for Adverse Events (CTCAE) Version 4.0 MedDRA

12.1 (http://ctep.cancer.gov). Likewise, the eflect of udenatil
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on pharmacodynamic outcomes including exercise capacity,
echocardiographic measures of ventricular function,
endothelial function, and biomarkers associated with heart
tailure 1s expected to improve over the course of treatment.
The outcomes to be measured to determine the eflicacy of
udenafil in this patient population will include:

[0263] Exercise: Change in maximal oxygen consump-
tion from baseline to end-of-study testing measured
using a standardized exercise test;

[0264] FEcho: Change 1n myocardial performance index
as measured by pulse wave Doppler echocardiography
from baseline to end-of-study testing;

[0265] FEndothelial Function: Change 1n log-trans-

formed Reactive Hyperemia Index derived from the

EndoPAT® device; and

[0266] Biomarkers: Change in serum BNP level from
baseline to end-of-study.

[0267] As well as:

[0268] Exercise: Submaximal measures ol exercise
capacity will be collected and evaluated.

[0269] Echo: Measure of systolic and diastolic function
will be collected from a targeted echocardiogram.
[0270] The study may also look at outcomes related to
ventricular cavity size, eccentricity, and mass; systolic func-
tion as estimated using mean dP/dt during 1sovolumetric
contraction (dP/dtic) and peak systolic annular velocity (S')
on tissue Doppler; tissue Doppler based estimates of dia-
stolic function and MPI; and qualitative and quantitative

estimate of AV valve insufliciency.

[0271] It 1s also expected that functional health status will
improve following admimstration of udenafil. The change 1n
functional health status from baseline to the end of the study
may be measured by the full scale Peds QL, Peds QL
physical functioning score, Peds QL psychosocial function-
ing score, Peds QL cardiac-specific module quality of life
score, and/or the pediatric cardiac quality of life mventory

(PCQLI) score.

[0272] Furthermore, genetic material may be collected
during the study to identily genetic determinants of response
to udenafil after the Fontan procedure in persons with
single-ventricle lesions. This will provide an indication of
whether specific sub-populations of patients will have a
more positive response to udenafil than others. For instance,
the response to udenafil may be influenced by variants
related to the vascular response to udenafil. Vaniants in the
endothelial mitric oxide synthase gene have been reported to
influence the response to sildenafil in patients with erectile
dysfunction, although this has not been studied for udenafil.
Variation 1n genes that regulate the vascular, inotropic and
chronotropic response to exercise may influence the exercise
capacity of patients after the Fontan procedure as well as the
response to udenafil. DNA will be stored to perform future
genotyping studies to analyze the genetic contribution to the
response to udenafil.

[0273] Additional covariate measures will include, but
may not be limited to, age, gender, race/ethnicity, height/
welght, ventricular morphology, resting oxygen saturation,
baseline pharmacodynamics test results, and current medi-
cation use. Observance of these variables will allow for the
identification of associations between a variety of clinical
factors and both safety and PD outcomes.

[0274] Data collection will include recording demo-
graphic mformation including age, gender, race, ethnicity,
cardiac anatomy, date of Fontan procedure, presence of a
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fenestration, degree of atrioventricular valve regurgitation,
grade of ventricular function, concomitant medications, and
significant co-morbidities. Safety data will reviewed with
cach subject at each study wvisit and during telephone
encounters. These events will be recorded and graded by
severity and relationship to the study drug based upon
established criteria. Two additional telephone encounters
will take place 30 days and 90 days following end-of-study
testing to assess for any adverse events possibly or probably
related to the study drug in the period following the comple-
tion of study procedures.

[02775] Other data collection will 1include:

[0276] Exercise stress test—Data from the braked cycle
ergometry exercise stress tests will be collected accord-
ing to protocol established in the PHN Fontan Cross-
Sectional Study3.

[0277] Assessment of ventricular performance—FEach
study echocardiogram will be stored in a de-identified
manner and sent to a core laboratory, which will
perform the data analysis and submit the measurements
to the PHN Data Coordinating Center (DCC).

[0278] Vascular function testing—De-1dentified data
from EndoPAT® testing will be collected according to
a standardized protocol. These data will be sent to a
vascular core lab, which will perform the analysis and
submit the measurements to the PHN DCC.

[0279] Biomarkers—Serum for measurement of BNP
level will be sent to a core clinical lab. Results will be
sent directly to the PHN DCC.

[0280] Quality of life survey—Results of the Quality of
life surveys will be submitted to the PHN DCC.
Samples for the biorepository—Samples collected for
the biorepository will be shipped directly to the biore-
pository for future analysis.

[0281] Subjects will be treated with other medications at
the discretion of their physicians. At the study visits, current
medications will be recorded on the study forms. If a subject
begins open-label use of any other PDE-5 inhibitor at any
time during the study, withdrawal from the study drug i1s
required .

[0282] When an individual subject completes the study,
the subject’s primary cardiologist will be notified, and the
study drug will be stopped; there 1s no need to wean subjects
ofl of the study drugs. The decision of whether to continue
the use of an off label PDE-5 inhibitor for individual subjects
will be decided by the subjects and their primary cardiolo-
g1st.

[0283] While certain of the preferred embodiments of the
present invention have been described and specifically
exemplified above, 1t 1s not intended that the invention be
limited to such embodiments. Various modifications may be
made thereto without departing from the scope and spirit of
the present mnvention.

1-30. (canceled)

31. A pharmaceutical composition for administration to a
subject, said pharmaceutical composition comprising:

udenatfil, or a pharmaceutically acceptable salt thereof, 1n

an amount of about 87.5 mg; and

a pharmaceutically acceptable excipient.

32. The pharmaceutical composition of claim 31, wherein
said pharmaceutical composition 1s an oral tablet.

33. The pharmaceutical composition of claim 31, wherein
the pharmaceutical composition 1s a solid or semi-solid oral
pharmaceutical composition.
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34. The pharmaceutical composition of claim 33, wherein
the solid or semi-solid oral pharmaceutical composition 1s
selected from a group of solid or semi-solid oral pharma-
ceutical compositions consisting of a tablet, a capsule, a gel,
a liquid, a liquid dispersion, a pill, a powder and a suspen-
S101.

35. The pharmaceutical composition of claim 31, wherein

the subject 1s a human, whose age ranges from about 12 to
under about 18 years old.

36. The pharmaceutical composition of claim 335, wherein
said pharmaceutical composition 1s an oral tablet.

37. The pharmaceutical composition of claim 31, wherein
the subject 1s a human, who 1s under about 18 years.

38. The pharmaceutical composition of claim 37, wherein
said pharmaceutical composition 1s an oral tablet.

39. A pharmaceutical composition for administration to a
subject, said pharmaceutical composition comprising:

udenaftil, or a pharmaceutically acceptable salt thereof, 1n
an amount of about 125 mg; and

a pharmaceutically acceptable excipient.

40. The pharmaceutical composition of claim 39, wherein
said pharmaceutical composition 1s an oral tablet.

41. The pharmaceutical composition of claim 39, wherein
the pharmaceutical composition 1s a solid or semi-solid oral
pharmaceutical composition.

42. The pharmaceutical composition of claim 41, wherein
the solid or semi-solid oral pharmaceutical composition 1s
selected from a group of solid or semi-solid oral pharma-
ceutical compositions consisting of a tablet, a capsule, a gel,
a liquid, a liquid dispersion, a pill, a powder and a suspen-
$101.

43. The pharmaceutical composition of claim 39, wherein
the subject 1s a human, whose age ranges from about 12 to
under about 18 years old.

44. The pharmaceutical composition of claim 43, wherein
said pharmaceutical composition 1s an oral tablet.

45. The pharmaceutical composition of claim 39, wherein
the subject 1s a human, who 1s under about 18 years.

46. The pharmaceutical composition of claim 435, wherein
said pharmaceutical composition 1s an oral tablet.

47. A pharmaceutical composition for oral administration
to a subject born with single ventricle heart disease who has
undergone Fontan surgery for improving, maintaining or
reducing the rate of decline 1n a clinically relevant measure-
ment that 1s indicative of the subject’s health following the
Fontan surgery or for increasing the likelihood of improving,
maintaining or reducing the rate of decline in the clinically
relevant measurement that 1s indicative of the subject’s
health following the Fontan surgery, said pharmaceutical
composition comprising:

udenafil, or a pharmaceutically acceptable salt thereof, 1n

an amount of at least about 125 mg; and

a pharmaceutically acceptable excipient;

wherein, the subject 1s a human, whose age ranges
between about 12 years old and under about 18 years
old; and

wherein, the clinically relevant measurement 1s exercise

capacity.

48. The pharmaceutical composition of claim 47, wherein
the udenatfil, or a pharmaceutically acceptable salt thereot, 1s
in an amount of about 87.5 mg, to be administered twice
daily.
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49. The pharmaceutical composition of claim 47, wherein
the pharmaceutical composition 1s a solid or semi-solid oral
pharmaceutical composition.

50. The pharmaceutical composition of claim 49, wherein
the solid or semi-solid oral pharmaceutical composition 1s
selected from a group of solid or semi-solid oral pharma-
ceutical compositions consisting of a tablet, a capsule, a gel,
a liqud, a liquid dispersion, a pill, a powder and a suspen-
S1011.

51. The pharmaceutical composition of claim 47, wherein
the pharmaceutical composition 1s an oral tablet.

52. A pharmaceutical composition for oral administration
to a subject born with single ventricle heart disease who has
undergone Fontan surgery for improving, maintaining or
reducing the rate of decline 1n a clinically relevant measure-
ment that 1s indicative of the subject’s health following the
Fontan surgery or for increasing the likelihood of improving,
maintaining or reducing the rate of decline 1n the clinically
relevant measurement that 1s indicative of the subject’s
health following the Fontan surgery, said pharmaceutical
composition comprising:

udenatfil, or a pharmaceutically acceptable salt thereof, 1n

an amount of at least about 125 mg; and

a pharmaceutically acceptable excipient;

wherein, the subject 1s a human, whose age ranges
between about 12 years old and under about 18 vears
old; and

wherein, the clinically relevant measurement 1s exercise
capacity.

53. The pharmaceutical composition of claim 52, wherein
the udenafil, or a pharmaceutically acceptable salt thereof, 1s
in an amount of about 87.5 mg, to be administered twice
daily.

54. The pharmaceutical composition of claim 52, wherein

the pharmaceutical composition 1s a solid or semi-solid oral
pharmaceutical composition.

55. The pharmaceutical composition of claim 54, wherein
the solid or semi-solid oral pharmaceutical composition 1s
selected from a group of solid or semi-solid oral pharma-
ceutical compositions consisting of a tablet, a capsule, a gel,
a pill, a suspension and a powder.

56. The pharmaceutical composition of claim 52, wherein
the pharmaceutical composition 1s an oral tablet.

57. A pharmaceutical composition for oral administration
to a subject born with single ventricle heart disease who has
undergone Fontan surgery for improving, maintaining or
reducing the rate of decline 1n a clinically relevant measure-
ment that 1s indicative of the subject’s health following the
Fontan surgery or for increasing the likelihood of improving,
maintaining or reducing the rate of decline in the clinically
relevant measurement that 1s indicative of the subject’s
health following the Fontan surgery, said pharmaceutical
composition comprising:

udenatfil, or a pharmaceutically acceptable salt thereof, 1n

a therapeutically eflective dose; and

a pharmaceutically acceptable excipient, for improving,
maintaining or reducing the rate of decline 1n a clini-
cally relevant measurement that 1s indicative of the
subject’s health following the Fontan surgery or for
increasing the likelihood of improving, maintaining or
reducing the rate of decline 1n the clinically relevant
measurement that 1s mdicative of the subject’s health
following the Fontan surgery in the subject;
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wherein, the subject 1s a human, whose age ranges from
about 12 to under about 18 years of age or older;

wherein, the therapeutically effective dose of udenafil, or
a pharmaceutically acceptable salt thereof, 1s at least
about 125 mg;

wherein, the pharmaceutical composition 1s a solid or

semi-solid oral pharmaceutical composition;
wherein, the solid or semi-solid oral pharmaceutical com-
position 1s selected from a group of solid or semi-solid
oral pharmaceutical compositions consisting of a tablet,
a capsule, a gel, a pill, a suspension and a powder; and

wherein, the clinically relevant measurement 1s exercise
capacity.

58. The pharmaceutical composition of claim 57,
wherein, the therapeutically effective dose of udenatfil, or a
pharmaceutically acceptable salt thereolf, 1s about 87.5 mg,
to be administered twice daily.

59. An oral pharmaceutical composition for oral admin-
istration to a subject born with single ventricle heart disease
who has undergone Fontan surgery for improving the sub-
ject’s exercise capacity or increasing the likelihood of
improving the subject’s exercise capacity, wherein the sub-
ject’s exercise capacity 1s indicative of the subject’s health
tollowing the Fontan surgery, said oral pharmaceutical com-
position comprising:

a therapeutically eflective amount of udenafil, or a phar-

maceutically acceptable salt thereot; and

a pharmaceutically acceptable excipient, for improving

the exercise capacity or increasing the likelithood of
improving the subject’s exercise capacity;

wherein, the therapeutically eflective amount of udenatfil,

or a pharmaceutically acceptable salt thereof, 1s at least
about 125 mg; and

wherein, the subject 1s a human subject.

60. The pharmaceutical composition of claim 59, wherein
the therapeutically effective amount of udenafil, or a phar-
maceutically acceptable salt thereof, 1s 1n an amount of
about 87.5 mg, to be administered twice daily.

61. The oral pharmaceutical composition of claim 59,
wherein the oral pharmaceutical composition 1s a tablet.
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62. The oral pharmaceutical composition of claim 59,
wherein the oral pharmaceutical composition 1s a solid or
semi-solid oral pharmaceutical composition.

63. The oral pharmaceutical composition of claim 62,
wherein the solid or semi-solid oral pharmaceutical compo-
sition 1s selected from a group of solid or semi-solid oral
pharmaceutical compositions consisting ol a tablet, a cap-
sule, a gel, a liqud, a liquid dispersion, a pill, a powder and
a suspension.

64. An oral pharmaceutical composition for oral admin-
istration to a subject born with single ventricle heart disease
who has undergone Fontan surgery for improving the sub-
ject’s s exercise capacity or increasing the likelihood of
improving the subject’s exercise capacity, wherein the sub-
ject’s exercise capacity 1s indicative of the subject’s health
tollowing the Fontan surgery, said oral pharmaceutical com-
position comprising:

a therapeutically eflective amount of udenafil, or a phar-

maceutically acceptable salt thereof; and

a pharmaceutically acceptable excipient, for improving

the exercise capacity or increasing the likelithood of
improving the subject’s exercise capacity;

wherein, the therapeutically effective amount of udenatfil,

or a pharmaceutically acceptable salt thereof, 1s at least
about 125 mg; and

wherein, the subject 1s a human subject.

65. The pharmaceutical composition of claim 64, wherein
the therapeutically effective amount of udenafil, or a phar-
maceutically acceptable salt thereof, 1s 1n an amount of
about 87.5 mg, to be administered twice daily.

66. The oral pharmaceutical composition of claim 64,
wherein the oral pharmaceutical composition 1s a tablet.

67. The oral pharmaceutical composition of claim 64,
wherein the oral pharmaceutical composition 1s a solid or
semi-solid oral pharmaceutical composition.

68. The oral pharmaceutical composition of claim 67,
wherein the solid or semi-solid oral pharmaceutical compo-
sition 1s selected from a group of solid or semi-solid oral
pharmaceutical compositions consisting of a tablet, a cap-
sule, a gel, a pill, a suspension and a powder.
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