
Top Posters

2020 ASIPP Abstract and Poster Winners

www.painphysicianjournal.com

Top Physicians

First Place
Implementing a Machine Learning Algorithm to use Artificial Intelligence to Accurately Diagnosis 
Spinal Pain Conditions for Enhance Decision Making: A 500 Patient Pilot Study
– Amol Soin, MD

Second Place 
Modulation of the Neuron, Astrocyte and Microglia Inflammasome using Differential Target 
Multiplexed Spinal Cord Stimulation in an Animal Model of Neuropathic Pain
– David L. Cedeno PhD

Third Place
IA CNTX-4975 for OA Pain: Comparison of 5 Treatment Regimens
– Meg Corliss, PhD

Top Fellow

Prescribing Virtual Reality for Chronic Pain
 – Rajat Lamington, MD 

Top Resident

Comparison of Spinal Cord Stimulation Waveforms for Treating Chronic Low Back Pain: Systematic 
Review and Meta-Analysis
– Ajex Yang

Top Medical Student

Topical Sevoflurane: A Novel Treatment for Chronic Pain Caused by Venous Stasis Ulcers
– George Jeha, BS

Pain Physician 2021; 24:E261-E268 • ISSN 2150-1149



Pain Physician: March/April 2021: 24:E261-E268

E262  www.painphysicianjournal.com

Ac
kn
ow
le
dg
m
en
ts

Th
an

k 
yo

u 
to

 D
r.

 V
er

do
n,

 D
r.

 S
oi

n,
 a

nd
 T

he
 O

hi
o 

Pa
in

 C
lin

ic
 f

or
 

al
lo

w
in

g 
m

e 
to

 b
e 

a 
pa

rt
 o

f 
th

is
 p

ro
je

ct
. 

M
eg

an
 H

ir
sc

hb
ec

k,
 B

S,
 M

ic
ha

el
 V

er
do

n,
 D

O
, A

m
ol

 S
oi

n,
 M

D 

D
is

cu
ss

io
n

•
De

te
rm

in
e 

w
hi

ch
 o

f 
th

e 
80

 d
at

a 
po

in
ts

 a
re

 t
he

 m
os

t 
re

le
va

nt
 t

o 
es

ta
bl

is
hi

ng
 a

n 
ac

cu
ra

te
 d

ia
gn

os
is

 a
nd

 r
ef

in
e 

th
os

e 
da

ta
 p

oi
nt

s 
to

 in
cl

ud
e 

on
ly

 t
ho

se
 t

ha
t 

ar
e 

ne
ce

ss
ar

y


Th
is

 w
ill

 b
e 

im
po

rt
an

t 
to

 a
id

 p
hy

si
ci

an
 h

is
to

ry
 a

nd
 

ph
ys

ic
al

 t
o 

en
su

re
 t

ha
t 

ap
pr

op
ri

at
e 

qu
es

ti
on

s 
ar

e 
as

ke
d,

 
an

d 
ex

am
in

at
io

ns
 p

er
fo

rm
ed

•
In

 t
he

 f
ut

ur
e 

w
e 

ca
n 

fa
ct

or
 in

 c
os

ts
 o

f 
th

er
ap

y 
(s

ur
gi

ca
l o

r 
m

ed
ic

al
 in

te
rv

en
ti

on
) 

in
to

 t
he

 a
lg

or
it

hm
 f

or
 t

he
 c

om
pu

te
r 

to
 

w
ei

gh
 t

he
 c

os
t-

be
ne

fi
t 

ra
ti

o
•

Th
e 

st
ud

y 
w

as
 li

m
it

ed
 b

y 
pa

ti
en

t 
sa

m
pl

e 
si

ze
. 


G

oi
ng

 f
or

w
ar

d 
th

e 
co

m
pu

te
r 

al
go

ri
th

m
 w

ill
 b

e 
op

ti
m

iz
ed

 
by

 a
dd

in
g 

m
or

e 
pa

ti
en

ts
 t

o 
th

e 
st

ud
y 

an
d 

al
lo

w
in

g 
th

e 
co

m
pu

te
r 

to
 s

yn
th

es
iz

e 
di

ag
no

se
s 

ba
se

d 
on

 m
or

e 
pa

ti
en

t 
in

fo
rm

at
io

n
•

Th
e 

st
ud

y 
w

as
 a

ls
o 

lim
it

ed
 b

y 
th

e 
ne

ed
 t

o 
ex

cl
ud

e 
da

ta
 p

oi
nt

s 
th

at
 w

en
t 

un
an

sw
er

ed
 b

y 
pa

ti
en

ts


W
it

h 
pa

ti
en

t 
ed

uc
at

io
n 

w
e 

ca
n 

ill
ic

it
 m

or
e 

re
sp

on
se

s 
to

 
da

ta
 p

oi
nt

s 
th

at
 a

re
 r

el
ev

an
t 

to
 f

or
m

in
g 

an
 a

cc
ur

at
e 

di
ag

no
si

s 

M
et
ho
ds

Th
er

e 
ar

e 
m

an
y 

di
ff

er
en

t 
w

ay
s

to
 t

re
at

 t
he

 s
am

e 
co

nd
it

io
n 

su
ch

 a
s 

ch
ir

op
ra

ct
ic

, 
os

te
op

at
hi

c,
 p

hy
si

ca
l t

he
ra

py
, 

in
je

ct
io

ns
, 

m
ed

ic
at

io
ns

 a
nd

 
su

rg
ic

al
 o

pt
io

ns
. 

W
e 

de
ci

de
d 

to
 q

ua
nt

if
y 

ea
ch

 o
f 

th
os

e 
co

nd
it

io
ns

 a
nd

 in
pu

t 
da

ta
 in

to
 a

 m
ac

hi
ne

 le
ar

ni
ng

 a
lg

or
it

hm
 t

o 
tr

ac
k 

ou
tc

om
es

 a
nd

 e
ve

nt
ua

lly
 

at
te

m
pt

 t
o 

bu
ild

 a
n 

al
go

ri
th

m
 t

o 
he

lp
 p

hy
si

ci
an

s 
de

te
rm

in
e 

w
ha

t 
ty

pe
 o

f 
th

er
ap

y 
w

ou
ld

 b
e 

m
os

t 
ef

fe
ct

iv
e.

W
e 

to
ok

 2
50

 p
at

ie
nt

s 
w

ho
 w

er
e 

se
pa

ra
te

d 
in

to
 t

he
 f

ol
lo

w
in

g 
di

ag
no

si
s:

 lu
m

ba
r 

ra
di

cu
lo

pa
th

y,
 lu

m
ba

r 
sp

on
dy

lo
si

s
w

it
ho

ut
 m

ye
lo

pa
th

y,
 p

os
t 

la
m

in
ec

to
m

y 
sy

nd
ro

m
e,

 a
nd

 s
ac

ro
ili

ti
s.

 

W
e 

th
en

 m
an

ua
lly

 e
nt

er
ed

 t
he

ir
 p

ai
n 

sc
or

es
, 

fu
nc

ti
on

al
 s

ta
tu

s 
sc

or
es

, 
pa

in
 

lo
ca

ti
on

, 
pa

in
 d

ur
at

io
n,

 p
ai

n 
di

ar
ie

s 
an

d 
se

ve
ra

l o
th

er
 d

at
a 

po
in

ts
. 

Ap
pr

ox
im

at
el

y 
80

 u
ni

qu
e 

da
ta

 p
oi

nt
s 

w
er

e 
en

te
re

d 
in

to
 t

he
 s

ys
te

m
. 

W
e 

al
so

 
tr

ac
ke

d 
th

e 
va

ri
ou

s 
in

te
rv

en
ti

on
s 

th
e 

pa
ti

en
t 

ha
d 

su
ch

 a
s 

ph
ys

ic
al

 t
he

ra
py

, 
in

je
ct

io
ns

, 
or

 s
ur

ge
ry

 f
or

 e
xa

m
pl

e.

Im
pl

em
en

ti
ng

 a
 M

ac
hi

ne
 L

ea
rn

in
g 

A
lg

or
it

hm
 t

o 
A

cc
ur

at
el

y 
D

ia
gn

os
e 

Sp
in

al
 

Pa
in

 C
on

di
ti

on
s

In
tr
od
uc
tio
n

Re
su

lt
s

Th
e 

en
d 

re
su

lt
is

 a
 d

at
a 

se
t 

th
at

 is
 c

ap
ab

le
 f

or
 m

ac
hi

ne
 

le
ar

ni
ng

 t
o 

al
lo

w
 a

 c
om

pu
te

r 
al

go
ri

th
m

 t
o 

lo
ok

 a
t 

ne
w

 a
nd

 
un

iq
ue

 d
at

a 
se

ts
 a

nd
 t

he
n 

pr
ov

id
e 

th
e 

tr
ea

ti
ng

 p
hy

si
ci

an
 w

it
h 

gu
id

an
ce

 t
o 

w
hi

ch
 p

ot
en

ti
al

 t
he

ra
pe

ut
ic

 o
pt

io
n 

w
ou

ld
 g

iv
e 

th
e 

m
os

t 
lik

el
ih

oo
d 

of
 s

uc
ce

ss
 g

iv
en

 t
he

 d
at

a 
po

in
ts

 p
re

se
nt

ed
 t

o 
th

e 
m

ac
hi

ne
. 

Th
is

 m
ay

 r
es

ul
t 

in
 e

nh
an

ce
d 

de
ci

si
on

 m
ak

in
g 

by
 

th
e 

ph
ys

ic
ia

n 
to

 c
ho

os
e 

a 
th

er
ap

y 
th

at
 m

ay
 b

e 
m

or
e 

be
ne

fi
ci

al
 

to
 t

he
 p

at
ie

nt
 a

nd
 e

lim
in

at
e 

op
ti

on
s 

th
at

 m
ay

 b
e 

m
or

e 
co

st
ly

 
an

d 
in

ef
fe

ct
iv

e.

Fi
gu

re
 2

: 
Pa

in
 r

ef
er

ra
l f

ro
m

 
lu

m
ba

r 
in

te
rs

pi
na

l l
ig

am
en

ts
 

(L
um

ba
r 

Fa
ce

t 
Pa

in
)

Tr
ea

ti
ng

 s
pi

na
l p

ai
n 

is
 r

at
he

r 
ex

pe
ns

iv
e,

 c
os

ti
ng

 t
he

 U
S 

he
al

th
 

ca
re

 s
ys

te
m

 a
ro

un
d 

$9
0 

bi
lli

on
 a

nn
ua

lly
. 

O
ft

en
ti

m
es

, 
pa

ti
en

ts
 

w
ho

 s
uf

fe
r 

fr
om

 s
pi

na
l p

ai
n 

un
de

rg
o 

ex
pe

ns
iv

e 
tr

ea
tm

en
ts

 o
nl

y 
to

 f
in

d 
th

em
se

lv
es

 s
ti

ll 
su

ff
er

in
g 

fr
om

 p
ai

n.
 A

dd
it

io
na

lly
, 

sp
in

al
 

pa
in

 e
ff

ec
ts

 A
m

er
ic

an
 p

ro
du

ct
iv

it
y 

as
 it

 is
 t

he
 m

os
t 

co
m

m
on

 
ca

us
e 

fo
r 

m
is

se
d 

w
or

kd
ay

s.
 

•
L/

R 
Bu

tt
oc

k
•

L/
R 

H
ip

 
•

L/
R 

Th
ig

h

•
L/

R 
Sh

in
•

L/
R 

Ca
lf

•
L/

R 
Fo

ot

Pa
in

 R
ad

ia
ti

on
 L

oc
at

io
ns

 
Ev

al
ua

te
d

Fi
gu

re
 1

: 
Pa

ti
en

t 
Pa

in
 D

ag
ra

m
i

Fi
gu

re
 3

: 
D

er
m

at
om

e 
M

ap
 

Ev
al

ua
ti

ng
 L

3-
L5

, 
S1

•
M

us
cl

e 
Q

ua
lit

y
•

G
lu

te
us

 M
in

im
us

 T
ri

gg
er

 
Po

in
t

•
G

lu
te

us
 M

ed
iu

s 
Tr

ig
ge

r 
Po

in
t

•
M

ul
ti

fi
di

 T
ri

gg
er

 P
oi

nt
•

Q
ua

dr
at

us
 L

um
bo

ru
m

 
Tr

ig
ge

r 
Po

in
t

•
Pi

ri
fo

rm
is

 T
ri

gg
er

 P
oi

nt

•
Ili

ol
um

ba
r 

Li
ga

m
en

t
•

SI
 L

ig
am

en
t 

Pa
in

 
Re

fe
rr

al
 P

at
te

rn
•

H
ip

 P
ai

n
•

SI
 P

ai
n

•
Ra

di
at

io
n 

of
 S

ym
pt

om
s

•
M

od
if

yi
ng

 F
ac

to
rs

•
Ti

m
e 

of
 D

ay
 

•
As

so
ci

at
ed

 S
ym

pt
om

s

O
th

er
 d

at
a 

po
in

ts
 e

va
lu

at
ed

 b
ut

 n
ot

 p
ic

tu
re

d

Fi
gu

re
 4

: 
Vi

su
al

 A
cu

it
y 

Sc
or

e



www.painphysicianjournal.com  E263

2020 Top Posters

M
od

ul
at

io
n 

of
 th

e 
N

eu
ro

n,
 A

st
ro

cy
te

 a
nd

 M
ic

ro
gl

ia
 I

nf
la

m
m

as
om

e 
us

in
g 

D
iff

er
en

tia
l 

Ta
rg

et
 M

ul
tip

le
xe

d 
Sp

in
al

 C
or

d 
St

im
ul

at
io

n 
in

 a
n 

An
im

al
 M

od
el

 o
f N

eu
ro

pa
th

ic
 P

ai
n 

D
av

id
 L

 C
ed

eñ
o 

Ph
D

1,
2 ;

 W
ill

ia
m

 J
 S

m
ith

 B
S1

,3
; D

an
a 

M
 T

ill
ey

 P
hD

1 ;
 C

ou
rt

ne
y 

A.
 K

el
le

y 
M

S1
,2

; A
le

ja
nd

ro
 V

al
le

jo
, B

S4
; S

am
ue

l M
 T

ho
m

as
, B

S5
; R

ic
ar

do
 V

al
le

jo
 M

D
, P

hD
1,

2,
6

1 
Lu

m
br

er
a 

LL
C,

 B
lo

om
in

gt
on

, I
L,

 U
SA

; 2
 D

ep
ar

tm
en

t o
f P

sy
ch

ol
og

y,
 Il

lin
oi

s 
W

es
le

ya
n 

Un
iv

er
sit

y,
 B

lo
om

in
gt

on
, I

L 
US

A;
 3 G

ei
se

l S
ch

oo
l o

f M
ed

ici
ne

, D
ar

tm
ou

th
 C

ol
le

ge
, H

an
ov

er
, N

H,
 U

SA
; 4

 C
hi

ca
go

 C
ol

le
ge

 
of

 O
st

eo
pa

th
ic 

M
ed

ici
ne

, M
id

w
es

te
rn

 U
ni

ve
rs

ity
, D

ow
ne

rs
 G

ro
ve

, I
L,

 U
SA

; 5
 D

es
 M

oi
ne

s 
Co

lle
ge

of
 O

st
eo

pa
th

ic
M

ed
ici

ne
, D

es
 M

oi
ne

s,
 IA

, U
SA

; 6
 N

at
io

na
l S

pi
ne

an
d 

Pa
in

 C
en

te
rs

, B
lo

om
in

gt
on

, I
L,

 U
SA

.

IN
TR

O
D

U
CT

IO
N

RE
SU

LT
S

RE
SU

LT
S 

(c
on

tin
ue

d.
.)

Th
e

ac
tiv

at
io

n
of

m
icr

og
lia

an
d

as
tro

cy
te

s
is

cr
uc

ia
lf

or
th

e
de

ve
lo

pm
en

ta
nd

pe
rs

ist
en

ce
of

ch
ro

ni
c

pa
in

.T
hi

s
pr

om
ot

es
ne

ur
oi

nf
la

m
m

at
io

n,
di

sr
up

tio
n

of
th

e
im

m
un

e
sy

st
em

an
d

un
ba

la
nc

ed
ne

ur
on

-g
lia

li
nt

er
ac

tio
ns

.R
ec

en
tly

,o
ur

gr
ou

p
sh

ow
ed

th
at

sp
in

al
co

rd
st

im
ul

at
io

n
(S

CS
)

m
od

ul
at

es
im

m
un

e
an

d
in

fla
m

m
at

or
y

pr
oc

es
se

s
ef

fe
ct

iv
el

y
by

us
in

g
a

di
ffe

re
nt

ia
lt

ar
ge

t
m

ul
tip

le
xe

d
pr

og
ra

m
m

in
g

(D
TM

P)
ap

pr
oa

ch
in

w
hi

ch
m

ul
tip

le
el

ec
tri

ca
ls

ig
na

ls
ar

e
us

ed
to

m
od

ul
at

e
ne

ur
on

-g
lia

li
nt

er
ac

tio
ns

by
di

ffe
re

nt
ia

lly
ta

rg
et

in
g

ne
ur

on
s

an
d

gl
ia

lc
el

ls.
Th

is
st

ud
y

pr
ov

id
es

ev
id

en
ce

th
at

ce
ll-

sp
ec

ifi
c

in
fla

m
m

as
om

es
of

a
ro

de
nt

an
im

al
of

ne
ur

op
at

hi
c

pa
in

ar
e

ef
fe

ct
iv

el
y

m
od

ul
at

ed
by

DT
M

P
in

th
e

di
re

ct
io

n
of

th
ei

rp
ro

fil
e

in
na

ïv
e

an
im

al
s.

M
AT

ER
IA

LS
 A

N
D

 M
ET

H
O

D
S

Th
e

IA
CU

C
at

IW
U

ap
pr

ov
ed

th
e

st
ud

y.
Ra

ts
(n

=
10

-1
3)

w
er

e
ra

nd
om

ly
as

sig
ne

d
to

4
gr

ou
ps

,
in

w
hi

ch
an

im
al

s
w

er
e

im
pl

an
te

d
w

ith
an

SC
S

le
ad

an
d

un
de

rw
en

t
th

e
sp

ar
ed

ne
rv

e
in

ju
ry

(S
NI

)
m

od
el

of
ne

ur
op

at
hi

c
pa

in
.

An
im

al
s

in
3

of
th

es
e

gr
ou

ps
w

er
e

tre
at

ed
w

ith
SC

S
us

in
g

ei
th

er
DT

M
P,

lo
w

ra
te

(L
R)

or
hi

gh
ra

te
(H

R)
.A

ni
m

al
s

in
th

e
ot

he
rg

ro
up

w
er

e
un

tre
at

ed
(N

o-
SC

S)
.A

he
al

th
y

gr
ou

p
co

ns
ist

ed
of

na
ïv

e
an

im
al

s.
SC

S-
tre

at
ed

an
im

al
s

w
er

e
st

im
ul

at
ed

co
nt

in
uo

us
ly

fo
r4

8h
.A

ll
gr

ou
ps

w
er

e
as

se
ss

ed
in

pa
ra

lle
l(

Fi
g

1)
.

Th
e

ip
sil

at
er

al
do

rs
al

qu
ad

ra
nt

of
th

e
sp

in
al

co
rd

ad
ja

ce
nt

to
th

e
le

ad
w

as
di

ss
ec

te
d

RN
A-

se
qu

en
ce

d
to

qu
an

tif
y

ge
ne

ex
pr

es
sio

n.
In

fla
m

m
as

om
es

fo
r

ne
ur

on
s,

as
tro

cy
te

s,
an

d
m

icr
og

lia
w

er
e

ba
se

d
on

ce
ll-

so
rte

d
pr

ep
ar

at
io

ns
av

ai
la

bl
e

in
th

e
lit

er
at

ur
e.

Ge
ne

ex
pr

es
sio

n
fo

r
na

ïv
e

an
im

al
s

an
d

SC
S-

tre
at

ed
an

im
al

s
re

la
tiv

e
to

No
-S

CS
w

er
e

ob
ta

in
ed

fo
r

th
es

e
in

fla
m

m
as

om
es

.
Pe

ar
so

n
co

rr
el

at
io

ns
an

d
fa

ct
or

an
al

ys
is

w
er

e
us

ed
to

qu
an

tif
y

th
e

ef
fe

ct
s

of
th

e
SC

S
tre

at
m

en
ts

.

CO
N

CL
U

SI
O

N

AC
KN

O
W

LE
D

G
EM

EN
T:

 T
he

 a
ut

ho
rs

 w
ou

ld
 li

ke
 to

 th
an

k 
fu

nd
in

g 
fr

om
 M

ill
en

ni
um

 P
ai

n 
Ce

nt
er

 a
nd

 S
tim

ge
ni

cs
.

Fi
gu

re
1.

Ex
pe

rim
en

ta
ld

es
ig

n
an

d
tim

el
in

e.

Ta
bl

e
1.

Co
rr

el
at

io
n

co
ef

fic
ie

nt
s

(R
)

fo
r

ea
ch

SC
S:

Pa
in

vs
Na

ïve
:P

ai
n

an
d

pe
rc

en
ta

ge
of

ge
ne

s
m

od
ul

at
ed

to
w

ar
d

na
ïve

(%
)b

y
ea

ch
SC

S
in

ea
ch

in
fla

m
m

as
om

e.

Fi
gu

re
2.

He
at

m
ap

s
of

ce
ll-

sp
ec

ifi
c

in
fla

m
m

as
om

es
.

Ge
ne

s
w

ith
ex

pr
es

sio
n

ch
an

ge
of

<
10

%
du

e
to

pa
in

m
od

el
re

la
tiv

e
to

na
ïve

ar
e

no
ts

ho
w

n.

N
eu

ro
n 

(n
=

25
2)

M
ic

ro
gl

ia
 

(n
=

13
2)

As
tr

oc
yt

e 
(n

=
90

)

R 
%

R 
(p

)
%

R 
(p

)
%

D
TM

P
0.

77
*

78
0.

58
*

79
0.

67
*

73

H
R

0.
28

*
53

0.
53

*
66

0.
46

*
60

LR
0.

18
*

55
-0

.1
2

50
0.

06
47

*
de

no
te

s
p

<
0.

01
.R

≥
0.

6
re

pr
es

en
ts

a
st

ro
ng

co
rr

el
at

io
n

Ta
bl

e
2.

Fa
ct

or
an

al
ys

is
lo

ad
co

ef
fic

ie
nt

s
fo

rt
he

th
re

e
in

fla
m

m
as

om
es

co
m

bi
ne

d

RC
1

RC
2

RC
3

Na
ïv

e
0.

93
-0

.0
8

0.
14

DT
M

P
0.

87
0.

21
0.

26

HR
0.

24
0.

12
0.

96

LR
0.

05
0.

99
0.

12

Co
rr

el
at

io
ns

be
tw

ee
n

DT
M

P
an

d
Na

ïv
e

w
er

e
st

ro
ng

ly
po

sit
iv

e
an

d
sig

ni
fic

an
t

fo
r

al
l

in
fla

m
m

as
om

es
.

HR
pr

od
uc

ed
m

od
er

at
e

po
sit

iv
e

co
rr

el
at

io
ns

w
ith

Na
ïv

e
fo

rg
lia

in
fla

m
m

as
om

es
an

d
a

w
ea

kl
y

po
sit

iv
e

on
e

fo
r

th
e

ne
ur

on
in

fla
m

m
as

om
e.

In
co

nt
ra

st
,L

R
co

rr
el

at
ed

w
ea

kl
y

po
sit

iv
e

an
d

sig
ni

fic
an

tly
w

ith
na

ïv
e

fo
r

th
e

ne
ur

on
in

fla
m

m
as

om
e

on
ly

.
Th

e
fa

ct
or

an
al

ys
is

re
qu

ire
d

th
re

e
fa

ct
or

s
(fi

t
of

0.
98

)
to

ex
pl

ai
n

th
e

in
fla

m
m

as
om

e
ex

pr
es

sio
n

le
ve

ls
of

na
ïv

e,
DT

M
P,

HR
an

d
LR

,
an

d
DT

M
P

SC
S

re
la

tiv
e

to
No

-S
CS

.E
ac

h
SC

S
th

er
ap

y
w

as
he

av
y

lo
ad

ed
on

to
ea

ch
of

th
e

fa
ct

or
s:

DT
M

P
in

fa
ct

or
1,

LR
in

fa
ct

or
2,

an
d

HR
in

fa
ct

or
3.

Ex
pr

es
sio

n
of

na
ïv

e
al

so
lo

ad
ed

he
av

ily
on

to
fa

ct
or

1.

Se
pa

ra
te

st
at

ist
ica

la
na

ly
se

s
in

di
ca

te
th

at
DT

M
P

ha
s

th
e

st
ro

ng
er

ef
fe

ct
on

th
e

ex
pr

es
sio

n
of

ge
ne

s
in

vo
lv

ed
in

in
fla

m
m

at
or

y
pr

oc
es

se
s

of
ne

ur
on

s,
m

icr
og

lia
an

d
as

tro
cy

te
s.

Pe
ar

so
n

co
rr

el
at

io
ns

be
tw

ee
n

DT
M

P
an

d
na

ïv
e

ar
e

st
ro

ng
an

d
po

sit
iv

e
fo

r
al

li
nf

la
m

m
as

om
es

.
Th

es
e

ar
e

co
ng

ru
en

t
w

ith
th

e
al

ig
nm

en
to

fg
en

e
ex

pr
es

sio
n

of
DT

M
P

an
d

na
ïv

e
on

to
th

e
sa

m
e

fa
ct

or
in

th
e

fa
ct

or
an

al
ys

is.
In

co
nt

ra
st

,H
R

co
rr

el
at

es
m

od
er

at
el

y
w

ith
na

ïv
e

fo
r

gl
ia

in
fla

m
m

as
om

es
,

w
hi

le
LR

on
ly

co
rr

el
at

ed
w

ea
kl

y
w

ith
th

e
ne

ur
on

in
fla

m
m

as
om

e.
Th

is
w

or
k

pr
ov

id
es

ev
id

en
ce

th
at

DT
M

P
m

od
ul

at
es

th
e

in
fla

m
m

as
om

e
of

ne
ur

on
s

an
d

gl
ia

lc
el

ls
in

th
e

di
re

ct
io

n
of

na
ïv

e
an

im
al

s
fo

ra
n

an
im

al
m

od
el

of
ne

ur
op

at
hi

c
pa

in
,t

hu
s

co
nt

rib
ut

in
g

to
th

e
re

du
ct

io
n

of
pa

in
-li

ke
be

ha
vi

or
ef

fe
ct

iv
el

y.



Pain Physician: March/April 2021: 24:E261-E268

E264  www.painphysicianjournal.com

INTRODUCTION
 ● CNTX-4975 is a highly purified, synthetic capsaicin, non-opioid analgesic in phase 3 clinical trials for 

the management of moderate to severe knee pain associated with osteoarthritis (OA)

 ─ In a phase 2b, double-blind, randomized, placebo-controlled study (TRIUMPH; NCT02558439), 
a single intra-articular (IA) injection of 1 mg CNTX-4975 provided a significant (P<0.0001) and 
clinically meaningful reduction (≥50%) in chronic, moderate to severe OA knee pain, with the effect 
persisting for up to 24 weeks1

 ● Intra-articular injection of CNTX-4975 produces short-term post-injection pain

 ─ A phase 1b, open-label, clinical study (NCT03472677) compared the effectiveness of an ice pack 
placed on top of the knee and several circumferential cooling methods and injection schedules for 
managing procedural pain after CNTX-4975 1 mg IA injection in subjects with moderate to severe 
knee OA pain2-4

 ─ Circumferential cooling methods (a circulating ice water wrap and an ice gel pack) were more 
effective in reducing IA knee temperature and procedural pain than a standard ice bag2-4  

 ● We report results from the phase 3 VICTORY-3 study (NCT03661996) that further evaluated cooling 
and administration procedures for IA injection of 1 mg CNTX-4975 in subjects with chronic, moderate to 
severe knee OA pain

METHODS 
Subjects

 ● Key inclusion criteria

 ─ Healthy adults (aged 40–95 years) with a body mass index (BMI) ≤45 kg/m2 

 ─ Confirmed knee OA according to 
• American College of Rheumatology diagnostic criteria 
• Kellgren-Lawrence (K-L) grade 1–4 by radiography

 ─ Moderate to severe knee OA pain (Numeric Pain Rating Scale [NPRS] score 5–9) for ≥6 months 
before study entry

 ─ Previously failed ≥2 therapies

 ● Key exclusion criteria

 ─ Corticosteroid injection in the index or nonindex knee ≤90 days before screening

 ─ Joint replacement surgery at any time, open surgery ≤24 months before screening, or arthroscopic 
surgery ≤6 months before screening in the index knee

 ● The study protocol was approved by an independent institutional review board and subjects provided 
written informed consent before any study-related procedures were performed

Study Design

 ● 8-week, open-label study designed to compare the comfort and ease of use of various cooling and 
study drug administration regimens, and to evaluate the safety of a single CNTX-4975 1 mg IA injection 
in subjects with chronic, moderate to severe, painful knee OA 

 ● Subjects were assigned to received unilateral or bilateral CNTX-4975 IA injections based on the 
presence of unilateral vs bilateral OA moderate to severe pain and joint replacement status (Figure 1)

 ● Subjects were then administered 1 of 5 treatment regimens based on randomization at the 
study-site level

 ● Data reported here are for the intent-to-treat (ITT) population and for subjects with moderate to severe 
OA pain in both knees who received bilateral IA CNTX-4975 1 mg injections

Endpoints

 ● Primary efficacy endpoint, ITT population 
 ─ Assessment of the circulating ice water wrap cooling control, as the standard cooling regimen, was 

compared with the other cooling regimens using a composite measure of 3 assessments on day 1 
for the index knee and day 8 for the nonindex knee
• Procedural pain 30 minutes after CNTX-4975 injection rated on a scale of 0 (none) to 4 (severe)
• Subject satisfaction (SS) and investigator satisfaction (IS) with the cooling and administration 

procedures rated separately on a scale of 1 (completely dissatisfied) to 7 (completely satisfied)

Figure 1. Study Design

Randomization to treatment group

• Subject types 
• Number of planned CNTX-4975
  1 mg injections

Cooling device

Group 1
Circulating Ice Water 

Wrap Cooling (Control)

Circulating ice water cooling wrap

• Cooling, 15 min
• 2% lidocaine injection
• Cooling, 30 min

2 separate needles

30–90 min as needed

Group 2
Gel Pack Cooling

Group 3
Shortened

Gel Pack Cooling

Group 4
Single Needle Injection, 

Gel Pack Cooling, 2% Lidocaine

Group 5
Single Needle Injection, 

Gel Pack Cooling, 1% Lidocaine

Pre–CNTX-4975 injection procedures:
cooling and lidocaine (without epinephrine)

Number of needles for administration of
lidocaine and CNTX-4975

Post–CNTX-4975 injection cooling

• Unilateral or bilateral knee OA
  – Index knee moderate to severe pain (K-L grade 1–4)
  – Nonindex knee no/mild pain
• Single injection, index knee

• Unilateral knee OA
  – Index knee moderate to severe pain (K-L grade 1–4)
  – Nonindex knee with previous partial or total knee replacement
• Single injection, index knee

Elasto-Gel cooling wrap Elasto-Gel cooling wrap Elasto-Gel cooling wrap Elasto-Gel cooling wrap 

• Cooling, 30 min
• 2% lidocaine injection
• Cooling, 5 min

• Cooling, 45 min
• 2% lidocaine injection 
• No post-injection cooling

• Cooling, 45 min
• 1% lidocaine injection 
• No post-injection cooling

2 separate needles Single needle Single needle

• Cooling, 40 min
• 2% lidocaine injection
• Cooling, 10 min

2 separate needles

10–90 min as needed Up to 90 min as needed Up to 90 min as needed Up to 90 min as needed

• Bilateral knee OA
  – Both knees moderate to severe pain (K-L grade 1–4) 
  – Index knee with worse pain
• Bilateral injections; injections 1 week apart

 ● Secondary outcome measure, subjects with bilateral knee OA pain
 ─ Clinical benefit was assessed from day 3 through week 8 postinjection

• Average daily knee pain with walking was scored (0, none; 10, worst) on the NPRS
• Subjects with bilateral injections rated each knee separately, and results for each knee and an 

average score for both knees were reported

Statistical Analysis

 ● The efficacy analysis was performed in the ITT population

 ─ Procedural pain, SS, and IS scores were converted to equivalent scales before summing the 
3 scores for the composite score
• Procedural pain was reverse scored and normalized (1, severe; 7, none) for equal weighting in 

the composite score

 ─ Geometric least squares (LS) means for each regimen, and the geometric means ratio (GMR) and 
95% confidence intervals (CIs) for each treatment regimen vs the circulating ice water wrap cooling 
control group were calculated using an analysis of covariance model on the natural log-transformed 
primary combined outcome with cooling and injection procedure as the main effect, and baseline 
index knee radiographic K-L grade category, BMI category, sex, and baseline reverse-scored and 
normalized index knee procedure pain as covariates

 ─ A treatment regimen was considered clinically acceptable if lower limit of the 95% CI was >0.7

 ● For the secondary outcome measure, LS means, 95% CIs, and P values were calculated for change 
from baseline (CFB) in NPRS scores using a mixed model for repeated measures

RESULTS 
Subject Disposition

 ● Of 854 subjects enrolled, 848 subjects with moderate to severe OA knee pain received unilateral or bilateral 
CNTX-4975 1 mg IA injections into the index knee (and nonindex knee for bilateral painful knee OA)

 ─ Overall, 93.8% of subjects completed the study 
• Completion rates were similar across treatment groups

 ─ Subject withdrawal (2.7%) and loss to follow-up (1.9%) were the most common reasons for 
study discontinuation

Baseline Demographics and Disease Characteristics

 ● Baseline demographics and disease characteristics were similar across treatment groups (Table 1)

 ─ The majority of subjects were female (59.9%), mean (standard deviation [SD]) subject age was 
63.1 (9.43) years, and mean (SD) BMI was 31.3 (6.25) kg/m2

 ─ Most subjects had bilateral radiographic OA (81.7%) and index knee K-L grades 2–4 (87.4%)

Table 1. Baseline Demographics and Disease Characteristics, ITT Population
Group 1

Circulating Ice Water 
Wrap Cooling 

(Control)
n=162

Group 2
Gel Pack  
Cooling
n=179

Group 3
Shortened Gel 
Pack Cooling

n=175

Group 4
Single Needle Injection 

Gel Pack Cooling
2% Lidocaine

n=160

Group 5
Single Needle Injection

Gel Pack Cooling
1% Lidocaine

n=172

Age, mean (SD), y 62 (9.5) 62 (8.8) 64 (9.2) 63 (9.4) 65 (9.9)

Female, n (%) 104 (64) 101 (56) 104 (59) 99 (62) 100 (58)

Race, n (%) White 129 (80) 157 (88) 143 (82) 100 (63) 116 (67)

BMI, n (%)

≥30 kg/m2 85 (53) 79 (44) 89 (51) 84 (53) 99 (58)

≥35 kg/m2 38 (24) 35 (20) 53 (30) 46 (29) 49 (29)

OA type-radiographic, n (%)

Unilateral 9 (6) 43 (24) 31 (18) 22 (14) 50 (29)

Bilateral 153 (94) 136 (76) 144 (82) 138 (86) 122 (71)

Time since diagnosis, 
mean (SD), y 4 (4.3) 2 (3.3) 6 (5.4) 6 (7.5)  9 (7.9)

Kellgren-Lawrence grade in index knee, n (%)

1 17 (11) 41 (23) 13 (7) 21 (13) 14 (8)

2 36 (22) 53 (30) 38 (22) 36 (23) 37 (22)

3 72 (44) 46 (26) 73 (42) 48 (30) 61 (36)

4 37 (23) 39 (22) 50 (29) 55 (34) 60 (35)

Efficacy
Comparison of Cooling and Administration Procedures, ITT Population

 ● All CNTX-4975 cooling and administration regimens were clinically acceptable (Table 2)
 ─ Evaluated cold gel–pack wraps were at least as effective as circulating ice water wrap cooling in 

reducing post-injection pain despite the difference in cooling times evaluated

Table 2. ANCOVA Model of the Primary Combined Outcome in the Index Knee, 
Normalized Scale, by Cooling and Administration Procedure, ITT Population

Group 1
Circulating Ice 

Water Wrap 
Cooling  
(Control)

n=162

Group 2
Gel Pack 
Cooling
n=179

Group 3
Shortened Gel 
Pack Cooling

n=175

Group 4
Single Needle 

Injection Gel Pack 
Cooling 2% Lidocaine

n=160

Group 5
Single Needle Injection 

Gel Pack Cooling 
1% Lidocaine

n=172

Mean (SD) 17 (2.7) 18 (2.0) 17 (2.9) 18 (3.1) 16 (3.1)

Range 7–21 9–21 7–21 6–21 3–21

Comparison vs circulating ice water wrap cooling control group

Clinically acceptable? Yes Yes Yes Yes

ANCOVA, analysis of covariance.

Clinical Benefit in Subjects With Bilateral Moderate to Severe OA Knee Pain
 ● 523 subjects had bilateral moderate to severe OA pain and received bilateral CNTX-4975 IA injections

 ─ 427 subjects received IA CNTX-4975 in both knees
• 96 subjects did not receive an injection in the nonindex knee; for those subjects, the “average” 

NPRS score for pain with walking was the score for the index knee only

 ● Significant reductions in pain with walking after CNTX-4975 injection were observed as early as day 3 
for the index knee and day 8 + 3 days for the nonindex knee, and improvements were maintained at 
week 8 for both knees (Table 3)

Table 3. Pain While Walking After Single IA Injection of CNTX-4975 1 mg in Subjects 
With Bilateral Moderate to Severe OA Knee Pain, NPRS

Subject Type 2:
Bilateral Injection (moderate to severe pain in both kneesa)

n=523
Outcome Index Kneeb Nonindex Kneeb Both Knees, Average
Baseline

Mean (SD)
n=523

7.42 (1.347)
n=427 

6.08 (1.480)
n=523

6.88 (1.276)
Day 3

CFB (SD)
LS mean (SE)
95% CI
P value

n=520
−4.52 (2.636)
−4.21 (0.103)
−4.41, −4.01

<0.0001

n=424c

−0.18 (1.474)
−0.20 (0.076)
−0.35, −0.05

0.01

NA

Day 8
CFB (SD)
LS mean (SE)
95% CI
P value

n=430
−4.53 (2.689)
−4.23 (0.105)
−4.43, −4.02

<0.0001

n=427c

−0.13 (1.678)
−0.14 (0.082)
−0.30, 0.02

0.085

NA

Day 8 + 3 days
CFB (SD)
LS mean (SE)
95% CI
P value 

n=426
−4.94 (2.474)
−4.63 (0.095)
−4.82, −4.45

<0.0001

n=426
−3.83 (2.159)
−3.84 (0.093)
−4.02, −3.65

<0.0001

n=426
−4.39 (2.085)
−4.20 (0.086)
−4.37, −4.03

<0.0001
Week 8

CFB (SD)
LS mean (SE)
95% CI
P value

n=491
−4.33 (3.124)
−4.02 (0.118)
−4.25, −3.79

<0.0001

n=414
−3.73 (2.706)
−3.72 (0.122)
−3.96, −3.48

<0.0001

n=491
−4.06 (2.833)
−3.78 (0.110)
−3.99, −3.56

<0.0001
aIn subjects receiving bilateral CNTX-4975 injections, the index knee was defined as knee with worse pain; bIndex knee, CNTX-4975 injection day 1; nonindex knee, CNTX-4975 injection day 8; cData reported are pretreatment.
Statistics were based on a mixed model of repeated measures. 
NPRS, range, 0 (no pain)–10 (worst pain). 

CONCLUSIONS
 ● All CNTX-4975 1 mg IA cooling and administration regimens evaluated in the VICTORY-3 

study for moderate to severe painful knee OA were clinically acceptable

 ─ Cold gel–based wraps were at least as effective as the circulating ice water wrap 
cooling in reducing post-procedural pain and provided similar levels of subject and 
physician satisfaction

 ─ These results are consistent with cooling results from the phase 1b studies3,4

 ● Significant reductions in pain with walking were observed early and maintained at 
week 8 in both knees in subjects with bilateral knee OA pain who received injections 
in each knee

 ● A single IA injection of CNTX-4975 1 mg into each knee with moderate to severe OA pain 
may provide a valuable new option for fast and long-lasting relief 

 ● These findings will provide clinicians with more flexibility regarding the optimal choice of 
cooling methods in their practices
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