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ABSTRACT 

S t and a r d iz ed  v e t e r in a r y n eu ro im ag in g  r e s po ns e  a s s es sm en t  m et ho ds  f o r  

b r a i n  tu mo ur s  a r e  l a ck in g .  Co ns equ en t l y ,  a  r es po ns e  as s es sm en t  i n  

v e t e r in a r y n eu r o -on co l o g y ( R A VN O )  s ys t em w hi ch  u s es  t h e  sum  

p r od u c t  o f  o r th o gon a l  l e s i on  d i ame t e r s  o n  1 - im age  sec t ion  wi t h  th e  

l a r ge s t  t u mo ur  a r ea ,  ha s  r e cen t l y b een  p r op os ed .  

In  t h i s  r e t ro sp ec t i ve  s t ud y ,  2 2  p r e - t r e a t men t  m agn e t i c  r e so n an ce  

i mag i n g  (MR I)  s t ud i es  f r om  1 8  do gs  an d  f ou r  c a t s  w i th  s us p ec t ed  

i n t r ac r an i a l  n eop las i a  w e re  co mp a r ed  b y a  s in g l e  ob s e r v er  t o  3 2  po s t -

t r e a tm en t  MR Is  u s in g  th e  R AV N O s ys t em  an d  t w o  vo l um et r i c  m et ho ds  

b a s ed  o n  tum ou r  mar g i n  o r  a r ea  d e l i nea t i on  wi t h  H OR OS  an d  3D  S l i c e r  

s o f t w ar e ,  r es p ec t i ve l y .   

In t r a - o b se r v er  v a r i ab i l i t y  w as  l o w,  w i t h  no  s t a t i s t i c a l l y  s i gn i f i can t  

d i f f e r en ce s  i n  ag r eem en t  i n d ex  b e t w een  m et ho ds  ( m ean  A I  ±  S D,  0 .9 1  ±  

0 . 06  f o r  R A V NO ;  0 . 8 6  ±  0 .0 8  f o r  HO RO S;  an d  0 . 91  ±  0 . 05  fo r  3 D 

s l i c e r ) ,  i n d i ca t i n g  go o d  r ep ro du c i b i l i t y .   

R esp ons e  as se s s men t s  co ns i s t i n g  o f  co mp le t e  o r  p a r t i a l  r e s po ns e s ,  and  

s t ab l e  o r  p ro gr e s s iv e  d i s eas e ,  ag r eed  i n  23  o u t  o f  3 2  (7 2% )  MR I 
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ev a lu a t io ns  us in g  th e  t h r ee  m et ho ds .  T h e  RA V N O s ys t em  fa i l ed  t o  

i d en t i f y ch an ges  in  m as s  bu rd en  d e t ec t ed  wi t h  vo lu me t r i c  m eth od s  in  6  

c a s e s .  3 D S l i c e r  d i f f e r ed  f ro m t h e  o t he r  t w o  me th od s  i n  3  c as e s  

i nv o l v in g  c ys t s  o r  n ec r o t i c  t i s su e  as  i t  a l l ow ed  f o r  m o re  accu r a t e  

ex c lus io n  o f  t h es e  s t ru c t u re s .  

T h e  vo lu me t r i c  r esp o ns e  a s s es sm en t  m et ho ds  w er e  m or e  p r ec i s e  i n  

d e t e r min in g  ch an ges  i n  abs o lu t e  t um our  bu r d en  th an  R A VN O  b u t  w e r e  

m o re  t im e -con su min g  to  u s e .  Bas ed  on  o bs e rv ed  ag r eem en t  b e t w een  

m et ho ds ,  l o w in t r a -o bs e r v er  v a r i ab i l i t y ,  an d  d ec r eas ed  t im e  co ns t r a i n t ,  

R A VN O  mi gh t  b e  a  su i t ab l e  r es po ns e  a s s es s m en t  m et ho d  f o r  t h e  

c l i n i ca l  s e t t i n g .   

 

K E YW OR DS:  c a t ,  d o g ,  i n t r ac r an i a l  neo p l as i a ,  m agn e t i c  r e s on ance  

i mag i n g ,  t h e r ap eu t i c  r e sp ons e  m et r i c s   

 

IN T R O DU CT IO N   

 

S po n t an eou s  b r a in  t um ou rs  i n  do gs  and  ca t s  a r e  r es po ns ib l e  fo r  s ev er e  

c l i n i ca l  s i gns .  Th e i r  e s t im a t ed  p r ev a l en ce  i s  ap p rox im at e ly  1 4 . 5  ca s es  

p e r  1 00 ,0 00  d o gs  an d  3 .5  p e r  10 0 , 00 0  ca t s .
1 , 2

  

In  r e cen t  yea r s ,  i n c r ea s ed  av a i l ab i l i t y  o f  ad v an ced  n eu ro im ag in g  f o r  

t h e  p r e su mpt iv e  d i agn o s i s  o f  b r a i n  n eo p l a s i a  i n  v e t e r i n a ry  m ed i c i n e  ha s  

l ed  t o  mo r e  f r eq u en t  t r e a tm en t  o f  t h es e  tu mo ur s  b y d i f f e r en t  mo da l i t i e s  

i n c lu d i n g  p a l l i a t i ve  co r t i co s t e ro id s ,  cy t o r ed u c t i v e  su r ge ry ,  f r a c t i on a t ed  
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r ad i o t h er ap y ,  s t e r eo t ac t i c  r ad i osu r ge ry ,  an d  ch em ot h er apy ,  e i t h e r  a lo n e  

o r  com bi n ed .
3 - 1 1

  

A s  a  r es u l t ,  a s s es sm en t  o f  t h e r ap eu t i c  r e sp on se  o f  i n t r ac ran i a l  t um o u r s  

u s i n g  ad v an ced  n eur o im ag in g  ha s  b ecom e  an  in t eg r a l  p a r t  o f  c l i n i ca l  

m an agem ent .  Ho w ev e r ,  no  s t and a r d iz ed  neu ro im agi n g  r esp o ns e  

a s s es s m en t  c r i t e r i a  h av e  b een  ad op t ed  so  f a r  i n  v e t e r in a ry  m ed i c i n e .  

C on v er s e l y,  i n  h uman  m ed i c i ne ,  m agne t i c  r eso n an ce  im ag i n g  ( MR I) -

b a s ed  re sp on s e  as se s sm en t s  a r e  co ns id e r ed  accep t ab l e  su r r o ga t e s  o f  

t h e r ap eu t i c  e f f ec t  an d  s ev e r a l  c r i t e r i a  s u ch  as  o n e -  an d  tw o -  

d im en s i on a l  d i am ete r - b as ed  m easu r emen t s  an d  vo l um et r i c  m eth od s ,  

h av e  b een  v a l id a t ed .
1 2 - 1 5

 T h i s  p r omp ted  a  r e cen t  r ev i ew  o f  t he  

ad v an tages  an d  cha l l en ges  o f  pu b l i sh ed  M R I- b as ed  h um an  b r a i n  tu mo ur  

t h e r ap eu t i c  r es po nse  c r i t e r i a  us i n g  v e t e r in a r y ca s e  ex am pl e s  o f  

i n t r ac r an i a l  t umo u rs .
1 6

 S ub s eq uen t l y,  a  r e sp ons e  as se s s men t  i n  

v e t e r in a r y n eu r o -on co l o g y ( R A VN O )  s ys t em  w as  p r op osed  an d  l a t e r  

ap p l i ed  in  a  s tu d y t o  ob j ec t iv e l y a s s es s  r es po ns es  t o  i r r eve r s i b l e  

e l e c t r op or a t io n  ab la t i v e  t r e a tm en t  i n  sev en  can in e  i n t r ac ran i a l  

g l i om as .
1 7

  

T h e  a im o f  t h e  p r esen t  s tu d y w as  to  com p ar e  t h e  R A VN O  s ys t em wi th  

t w o  vo l um et r i c  MRI- b as ed  r es po ns e  as s e s sm en t  m et ho ds  f o r  b r a i n  

t um ou rs  i n  v e t e r in a r y p a t i en t s ,  t o  v a l id a t e  t h e  us e  o f  e ach  o f  t h es e  

m et ho ds  an d  to  a s se s s  t h e  r e sp ec t i v e  re l i ab i l i t y ,  r ep ro du c i b i l i t y ,  an d  

s u i t ab i l i t y  f o r  t h e  c l i n i ca l  s e t t i n g .  

 

M A TE R IA LS  A ND  M E TH O DS   
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 5 

 

C ase  s e l ec t io n  

T h i s  s t ud y w as  appr o v ed  b y t h e  R es ear ch  E th i c s  C omm i t t e e  o f  t h e  

X X X .  C as es  r e f e r r ed  t o  t h e  on co l o g y an d / o r  n eu ro lo g y s e r v i ces  a t  t h e  

X X X  b e t w een  2 00 6 - 2 01 8  w e r e  r e t ro spec t i v e l y r ev i ew ed .  In c l u s io n  

c r i t e r i a  w e r e  a  s usp ec t ed  in t r ac r an i a l  n eop l as i a  b as ed  on  M R I,  

t r e a tm en t  f o r  t h e  l e s io n  ( an y m o d a l i t y) ,  an d  a t  l e a s t  on e  po s t - t r e a tm en t  

M R I ev a lu a t i on  i n c l ud in g  t r ans ve r s e  T2 - w ei gh ted  ( T2W ;  r ep e t i t i on  

t im e  (R T ) ,  3 60 7 - 778 5  mi l l i s econ ds ;  e ch o  t im e  (E T ) ,  8 4 - 12 0  

m i l l i s eco nd s ) ,  f l u id  a t t enu a ted  in v er s i on  recov e r y ( F LA IR ;  R T,  5 90 0 -

8 1 32  mi l l i s econ ds ;  E T ,  11 3 -1 60  mi l l i s eco nd s ) ,  and  T1 - wei gh ted  ( T1W ;  

R T,  4 64 - 67 7  m i l l i s eco nd s ;  E T ,  1 0 -1 5  m i l l i s eco nd s )  im ages  b e f o r e  an d  

a f t e r  i n t r av eno us  ad mi n i s t r a t i o n  o f  0 .1  m mol /k g  gad o p en t a t e  

d im eg lu min e  (M agn ev i s t ,  Baye r  S ch e r i n g  Ph a rm a  AG ,  Ber l i n ,  

G e r m an y) .  A dd i t i on a l  do rs a l  an d  s ag i t t a l  T2W ,  and  t r an sv e r s e  g r ad i en t -

r eca l l ed  ech o  s eq uen ces  w e r e  ro u t i n e l y  o b t a in ed  a t  ou r  i n s t i t u t io n .  

M agn e t i c  r es on an ce  im ages  w e re  o b t a i n ed  u nd e r  gen e r a l  an ae s th e s i a  

w i t h  p a t i en t s  p os i t i o n ed  i n  do rs a l  r e cum b en c y  an d  us in g  a  1 .5 -T es l a  

m agn e t ;  e i t h e r  P h i l l i p s  G yr o s can  N T  1 . 5  T ,  P h i l l i p s  H ea l th ca r e ,  

A n do v er ,  M A,  US  (2 0 06 -2 00 9 )  o r  M agn e tom  Ess enz a  1 . 5  M R I,  S i em en s  

A G ,  E r l an gen ,  G e rm an y  ( 2 0 0 9 - 20 18 ) .  M ed i an  s l i c e  t h i ckn ess  w as  4mm  

( r an ge ,  2 . 5 -4 mm ) ,  an d  m ed i an  in t e r s l i c e  gap  w as  4 . 4mm  ( r an ge ,  2 . 75 -

4 . 8mm ) .  

P a t i en t  s p ec i es ,  s ex ,  b r eed ,  age  a t  d i agn o s i s ,  r ad i o lo g i ca l  d i agn os i s ,  

h i s t o l o g ica l  d i agnos i s  ( w h er e  av a i l ab l e ) ,  t r e a tm en t  mo d a l i t y ,  
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n eu ro l o g i ca l  s i gns  a t  p r es en t a t i on  an d  a t  e ach  s e r i a l  a s s es sm en t ,  an d  

d a t e  an d  caus e  o f  dea t h  i f  d eceas ed ,  we r e  r eco rd e d  f ro m th e  c l i n i ca l  

r e co rd s .   

F l u i d  accu mul a t io ns  as so c i a t ed  wi th  th e  t umo u r  w e r e  ca t ego r i z ed  u s in g  

T 2W ,  FLA IR ,  and  T 1W im ages  a s  e i t he r  c ys t s  o r  i n t r a - tum ou r a l  

a ccum ul a t io n s  o f  f l u id  ( IT F)  accor d i ng  t o  a  p r ev io us  s t ud y .
1 8

  

W h en  l e s i on s  ex h i b i t ed  i r r egu la r  h yp o in t en s i t y  o n  T 1W  and  FLA IR  

s equ en ces  and  i r r egu l a r  h yp e r in t en s i ty  o n  T 2W s equ en ces ,  t h i s  w as  

n o t ed  a s  s us p ec t ed  n ec r os i s .
1 9

   

 

T h e r ap eu t i c  r e sp ons e  m et r i c s  

T h r ee  t h e r ap eu t i c  r e s po ns e  m et r i c s  w er e  eva lu a t ed  in  t h i s  s t ud y ,  t he  

R A VN O  s ys t em  and  t w o  d i f f e r en t  vo lu m et r i c  m eth od s  ( F i gu r e s  1  an d  2 ,  

T ab l e  1 ) .  Th e  RA VN O  s ys t em ,  ad ap t ed  f rom  t h e  r es po nse  a s s es sm en t  i n  

n eu ro - on co lo g y c r i t e r i a  com mo nl y u s ed  i n  hu mans ,  con s i s t ed  o f  a  t wo -

d im en s i on a l  d i am ete r - b as ed  m easu r emen t  us i n g  t h e  sum  pr o du c t  o f  t he  

l on ges t  o r t h o gon a l  d i am et e r s  (d a  x  d b )  o f  a  con t r a s t - enh anc i n g  ( CE )  

l e s io n  on  t h e  t r ansv e r s e  i mage  s ec t i on  wi t h  th e  l a r ge s t  t u mo u r  a r ea ,  b u t  

s p ec i f i c a l l y  ex c l ude d  i n co rp o r a t i on  o f  c ys t i c  o r  nec r o t i c  a r ea s  i n t o  

m eas u r ed  t a r ge t  l e s i on s .
1 2 , 1 6 , 2 0

 Measu rem en t s  o f  t h e  t umou r  o r t ho go n a l  

d i am et e r s  w e r e  o b ta i n ed  u s in g  an  op en - so u rce  s o f t wa r e  p l a t fo rm  

H O ROS  S of tw a r e  (H O ROS  v2 .2 .0 ,  The  H or os  P ro j ec t ) .  

O n l y C E  l es io n s  w i t h  a  d i s c re t e ,  n od u la r  po r t io n  o f  ≥  1 0mm  i n  d i am et e r  

w e r e  d e f i n ed  as  t a rge t  l e s i ons  an d  m eas u r ed  in  t wo  o r th o go n a l  

d i am et e r s  w i t ho u t  en c r oachm ent  up on  an y c ys t i c  o r  n ec ro t i c  a r ea .  
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E n han c i n g  l es io ns  w i t h  a  d i am et e r  <  10 mm  w er e  c l a s s i f i ed  as  n o n -

m eas u r ab l e  n on - t a rge t  l e s i ons ,  and  n on - enh anc in g  l e s i ons ,  w h i ch  we r e  

v i s i b l e  o n  T2 W  an d / o r  FLA IR  s equ en ces ,  w e r e  c l a s s i f i ed  a s  n on -

en h an c i n g  n on - t a r ge t  l e s io ns .  Th es e  no n - t a r ge t  l e s io ns  we r e  

q u a l i t a t i v e l y co m pa r ed  b e t w een  s t ud ie s  i n  t e rm s  o f  s i z e ,  sh ap e ,  

l o ca t i on ,  and  n umber  o f  obs e r v ed  abno r ma l i t i e s  on  T2 W  an d  FLA IR  

i mages ,  and  an y n ew  l e s i on s  i d en t i f i ed .
1 6 , 2 1

   

T w o  vo lum e t r i c  m eas u r em en t  m et ho d s  w e r e  ad ap t ed  f ro m h um an  

m ed i c i n e  fo r  t h i s  s tu d y .
2 2 - 2 6

 T h e  f i r s t  w as  p e r fo rm ed  us i ng  H O RO S 

s o f t w ar e  (H OR OS  v 2 .2 .0 ,  Th e  H o ros  P ro j ec t )  i n  w h i ch  a  3 D vo lum e  

r en d er ed  mo de l  w as  gen e ra t ed  f r om man u a l  m a r gi n  d e l i nea t i on  o f  CE  

l e s io ns  o n  t r ans v ers e  T 1W  im ages  po s t - co n t r as t .
2 2 , 2 7 , 2 8  

Ar eas  o f  

n ec r os i s ,  cys t i c  s t ru c tu r es ,  and  s u r g i ca l  s ca r s  w e r e  ex c lud ed  f r om th e  

co n t ou r  d e l i n ea t i on  w h en eve r  p os s ib l e .  For  n on - enh anc ing  t um ou rs  

v o l um e w as  de f in ed  f rom  t r an sv e rs e  T2 W  im ages  an d  FLA IR  im ages  

u s ed  t o  d i f fe r en t i a t e  p e r i t umo u r a l  o edem a  f r om tu mo ur  du r in g  

s egm en t a t i on .
1 7 , 2 9

 A  tum ou r  v o lu m e in  cm
3
 w as  co mp ut ed  f rom  a l l  

t h es e  s ec t i on s .    

In  t h e  s econ d  vo lum et r i c  m et ho d ,  t umo u r  s egm en t a t io ns  w e r e  

p e r f o r med  us in g  3D  S l i c e r  S of tw a r e  (v e r s io n  4 . 4 ,  Bos t on ,  M A )
3 0

 i n  

w h ich  a  3 D  v o lu m e r end e r ed  m od e l  w as  ca l cu l a t ed  f r om  m anu a l l y 

p a in t in g  th e  p ix e l s  o f  a l l  t he  C E a r eas  o f  t he  t um ou r  on  t r an sv e rs e  T 1 W  

i mages  p os t - con t r as t .
2 4 , 3 1 , 3 2

 As  fo r  t he  f i r s t  v o lu me t r i c  m et ho d ,  r eg i on s  

o f  n ec ro s i s ,  c ys t i c  s t ru c t u re s ,  an d  su rg i ca l  s ca r s  w e r e  no t  i nc lu d ed  in  

t h e  p a in t ed  a r eas  fo r  v o l um e  ca l cu l a t io n ,  an d  t r ans v e rs e  T 2 W  and  

A
cc

ep
te

d 
A

rti
cl

e

This article is protected by copyright. All rights reserved.



 8 

F LA IR  i mages  w e re  us ed  to  c a l cu l a t e  v o l um e  in  n on - en han c in g  

t um ou rs .  V o lu m e  in  cm
3
 w as  co mp ut ed  f rom  a l l  t h es e  s ec t i on s .   

Fo r  a l l  t h r ee  m et hod s ,  fo l lo w -u p  m easu r em en t s  w e re  co mp a r ed  t o  t h e  

p r e - t r e a tm en t  b as e l i n e  scan  to  as s e s s  t h e  r es po ns e  o r  a  n ad i r  s can ,  

d e f i n ed  as  t h e  p os t - t r e a tm en t  MR I w i th  t h e  l o w es t  c a l cu l a t ed  r es po ns e  

m eas u r em en t  a t  any  t i m ep o i n t .  C omp ar i so n  t o  t h e  l a t t e r  i s  u s ed  t o  

i nd ica t e  p r o gr es s i on  f rom  t h e  l o w es t  m eas u r em en t .     

A  s in g l e  o bs e rv e r  (X X ) ,  wi th  n o  p r ev io us  ex p e r i en ce  on  M R I r ead i n g ,  

ev a lu a t ed  a l l  t h e  MR I s t ud ie s  and  o b t a i n ed  m eas ur em en t s  f o r  each  o f  

t h e  t h r ee  m e th ods  a f t e r  b e in g  t r a in ed  by  t w o  bo a rd - ce r t i f i ed  

n eu ro l o g i s t s  ( X X an d  X X ) .  T h e  ob s erv e r  w as  s e l ec t ed  b as ed  on  h i s  l a ck  

o f  s p ec i a l i s t  d i agno s t i c  ex p er t i s e ,  w h i ch  m i gh t  b e  mo r e  r e l ev an t  f o r  

f u tu r e  us e r s  o f  t h e  r e s po ns e  m et r i cs .
3 3

 P r io r  t o  o b t a i n i n g  t h e  

m eas u r em en t s  f o r  t h i s  s t ud y,  t h e  ob se rv e r  u nd e r w en t  a  wor k sh op  w i t h  

t h e  su p er v i s in g  bo ar d - ce r t i f i ed  n eu ro lo g i s t s  wh e r e  w as  in s t r uc t ed  o n  

h o w to  id en t i f y an d  m easu r e  tu mo u rs  us in g  each  m et ho d  de s c r i b ed  

ab ov e .  Fo r  t h i s ,  MR I s t ud ie s  o f  b r a in  t um ou rs  n o t  i n c lu ded  i n  t h i s  

s e r i e s  w e r e  us ed .  

Fo r  i n t r a -o bs e rv e r  v a r i ab i l i t y ,  MR I s tu d i e s  o f  a l l  c as es  w i t h  t a r ge t  

l e s io ns  (3 1 )  wh e r e  q u an t i t a t i v e  m eas urem en t s  co u ld  b e  p e r f o rm ed  wi t h  

a l l  t h ree  m et ho ds ,  w e r e  ev a l u a t ed  t wice .  T im e  to  o b t a i n  each  

m eas u r em en t  and  t im e  b e t w een  t h e  t wo  s e t s  o f  ob s e r v a t io n  w e r e  a l so  

r eco rd ed .   
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T h e r ap eu t i c  r e sp ons e s  w e r e  c l a s s i f i ed  a s  com pl e t e  r esp ons e  (CR ) ,  

p a r t i a l  r e sp ons e  (PR ) ,  s t ab l e  d i s eas e  (S D )  o r  p r o gr es s i ve  d i s eas e  (PD )  

u s i n g  p r ev io us l y  p u b l i s hed  c r i t e r i a  (Tab l e  2 ) .
1 2 , 2 0 , 3 4

 T o  a l lo w 

co mp ar i so n  o f  t h e  th r ee  m et ho ds ,  vo l um et r i c  r es po ns e  th re s ho ld  v a l u es  

w e r e  ex t r apo l a t ed  as  p r ev io us l y s u gges t ed :
1 5 , 3 5

 a  25 %  ch an ge  in  a r ea  

w a s  equ iv a l en t  t o  a  4 0%  ch an ge  in  v o lu m e,  an d  a  50 %  d ec r ea s e  in  a r ea  

w a s  an a l o gou s  t o  a  6 5 % d ecr ea se  i n  vo l um e.  N eu ro lo g i ca l  s t a t us  an d  

co r t i co s t e ro i d  do s e  w e r e  a l so  i n c lu d ed  in to  th e  ev a l u a t i on  o f  

t h e r ap eu t i c  r es po nse s  (T ab l e  2 ) .  M ed i ca t i on  h i s t o r i es  an d  s e r i a l  

n eu ro l o g i ca l  ex amin a t io n  r e su l t s  w e r e  r ev i ewed  to  a l l ow  f o r  

c a t e go r i ca l  s co r in g  o f  n eu r o lo g i ca l  s ign s  as  im p ro v ed ,  s t ab l e ,  o r  

d e t e r io r a t i n g .  

A cco rd in g  t o  t h e  RA V N O c r i t e r i a ,  n on - en h an c i n g  o r  n on -m eas u r ab l e  

n o n- t a r ge t  l e s i on s  c a n  o n l y b e  q u a l i t a t i v e l y a s s es s ed  as  im p ro ved ,  

s t ab l e ,  o r  p r o gr e s s iv e .  Th us ,  t h e r ap eu t i c  r e sp on s e  o f  n on - t a r ge t  l e s i ons  

w a s  ca t ego r i ca l l y  e v a lu a t ed  a s  S D o r  P D  ( F i gur e  2 ) .
1 2

  

 

S t a t i s t i c a l  an a l ys i s  

D a t a  w as  r ep or t ed  a s  m ed i an s  (p a t i en t s ’  age ,  i mag i n g  s l i c e  t h i ckn ess  

an d  in t e r s l i c e  gap ) ,  m eans  ( t i m e  fo r  r es po ns e  as s e s sm en t ) ,  S D 

( ag r eem en t  b e t w een  m et ho ds )  an d  r anges  ( ages ,  t i m e  fo r  r e s po ns e  

a s s es s m en t )  t o  i n c lu d e  a l l  t h es e .  

In t r a - o b se r v er  r e l i ab i l i t y  i s  d e f i n ed  as  t h e  d egr ee  o f  ag r eem en t  o r  

s imi l a r i t y  b e t w een  ca l cu l a t i on s  m ad e  b y t h e  s am e  o bs e rve r  f o r  t he  s ame  

t um ou r .
3 3

 Fo r  e ach  a s s es s m en t  m et ho d ,  a g r eem en t  i nd ex  (A I)  w as  
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 10 

ca l cu l a t ed  t o  as s es s  r e l i ab i l i t y  u s in g  th e  fo l lo wi n g  eq u a t io n :   

   A I  =  1 -  [ x a  –  x b ] / ( [ x a  +  x b ] / 2 )   

w h e r e  x a  and  x b  r ep r e s en t  t h e  f i r s t  and  th e  s eco nd  s e t  o f  m eas u r em en t s ,  

r e s p ec t iv e l y .
3 1

 An  A I  c l os e r  t o  1 ,  i nd i ca t es  t h e  t w o  m easu r em en t s  a r e  

l e s s  v a r i ab l e  an d  the r e f o r e  m o r e  r e l i ab l e .  Th e  A Is  f o r  e ach  as s es s m en t  

m et ho d  w e r e  comp ar ed  b y K r u sk a l -W al l i s  t e s t .  

T im e  r equ i r ed  f o r  t h e  m eas u r em en t s  was  r eco rd ed  a nd  m ed i an  w as  

ca l cu l a t ed  wi t h  t h e  r an ges .  T h e  s t a t i s t i c a l  m et ho d  us ed  t o  a s s e s s  t h e  

d i f f e r en ce  b e t w een  th e  m e d i an  w as  one - w a y A N O V A.  

 

R ES U LT S  

 

P a t i en t s  and  tu mo ur  ch ar ac t e r i s t i c s    

A  to t a l  o f  2 2  p a t i en t s  m et  t h e  i n c lu s io n  c r i t e r i a  fo r  t h i s  s tu d y  

co ns i s t i n g  o f  1 8  dogs  ( f i v e  ma l es  and  1 3  f em a l es )  and  f ou r  c a t s  ( t h r ee  

m al e s  and  o n e  f em al e )  ( T ab le  3 ) .   T h e  m ed i an  age  w as  8  yea r s  ( r an ge ,  

3 - 14 )  f o r  do gs  an d  1 0  yea r s  ( r an ge ,  8 -1 4 )  f o r  c a t s .  

O n l y s ev en  p a t i en t s  h ad  h i s to lo g i ca l  co n f i rm at io n  o f  t h e  b r a i n  l e s i on ,  

an d  th e se  co ns i s t ed  o f  men i n g iom a  ( t r an s i t i o n a l ,  2 ;  m en in go th e l i a l ,  1 ;  

an d  f i b ro us ,  1 ) ,  g l i o m a  (h i gh - g r ad e  o l i go d en d ro g l i om a ,  1 ;  h i gh - g r ad e  

a s t r o cyt o m a ,  1 )  and  l ym p h om a ( 1 ) .  Th e  r em ai n in g  l es i on s  w e r e  

c l as s i f i ed  b as ed  o n  MR I ap p ea r an ce ,  pa t i en t  s i gn a lm en t ,  an d  c l in i ca l  

p r e s en t a t io n  a s  susp ec t ed  g l iom a  ( 7 ) ,  m en in g i om a ( 6 ) ,  l ym ph om a  ( 1 ) ,  

an d  p i t u i t a r y t um ou r  (1 ) .
1 8 , 3 6 - 3 9

 No  p a t i en t  p r es en t ed  wi th  m ul t ip l e  

b r a i n  l e s i on s .  
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E i gh t  p a t i en t s  w e r e  t r e a t ed  w i th  f r a c t io n a t ed  r ad io t h e rapy  ( X R T ;  t o t a l  

d os e ,  4 . 8  G r ay;  t o t a l  f r a c t io ns ,  12  to  2 0 ;  f r a c t io ns  p e r  week ,  3  t o  5 ) ;  

s ix  p a t i en t s  r e ce i ved  pa l l i a t i v e  th e r ap y  con s i s t i n g  o f  an t i ep i l ep t i c  d ru g  

m on o t he r ap y ( e i th e r  ph eno b ar b i t o ne  o r  l ev e t i r a ce t am )  o r  a  com bin a t io n  

o f  p h en ob a rb i t on e  an d  po t as s iu m br om id e  o r  l ev e t i r a ce t am  w i th  o r  

w i t ho u t  p r ed n i so l on e ;  fo u r  p a t i en t s  un d e rw en t  s u r g i ca l  r e s ec t io n  o f  t h e  

t um ou rs  as  a  s in g l e  mo d a l i t y;  t wo  r ece i v ed  s u r ge r y f o l lo wed  b y 

ch emot h e rap y  ( t emoz o l omi d e  o r  h yd r o x yu r ea ) ;  o n e  pa t i en t  r e ce iv ed  

s u r ge r y f o l lo w ed  by  X R T ,  and  o n e  p a t i en t  r e ce i v ed  o n l y ch emot h e rap y  

w i t h  lom us t in e .  T rea tm en t  mo d a l i t i e s  a r e  ou t l i n ed  in  T ab l e  3 .  

 

C l in i ca l  r es po ns e  to  t r e a tm en t s  

A  to t a l  o f  3 2  MR I s cans  w e r e  p e r f o rmed  p os t - t r e a tm en t  w i t h  15  an i m al s  

h av i n g  o n e  scan ,  fou r  h av i n g  t wo  and  th r ee  h av in g  th r ee  scan s .  In i t i a l  

f o l lo w -u p  MR I s can s  w e r e  ob ta in ed  f ro m th e  s am e d ay  ( i . e . ,  

i mm ed ia t e l y p o s to pe r a t i v e )  t o  t h r ee  mo n t hs  a f t e r  t h e  i n i t i a t i on  o f  t he  

f i r s t  t r e a t men t  ( i . e . ,  f rom  t h e  f i r s t  d ay  o f  p a l l i a t i ve  ca re ,  ch emot h e rap y 

o r  r ad i o t he r ap y) ,  f r o m 21  d a ys  to  1 3  mo nt hs  fo r  t h e  s eco nd  pos t -

t r e a tm en t  MR Is  and  f rom  e i gh t  t o  23  m on th s  fo r  t h e  t h i rd  pos t -

t r e a tm en t  MR Is .             

In  2 8  m ed i ca l  ex ami n a t i on s  p e r f o r m ed  p r io r  t o  t h e  co r r es po n d in g  po s t -

t r e a tm en t  MR I ,  c l i n i ca l  r es po ns e  was  a s s es s ed  a s  s t ab l e  o r  im p ro v ed .  

O n l y f o u r  p a t i en t s  w e r e  c l as s i f i ed  as  h av i n g  p r o gr es sed  c l i n i ca l l y  f r o m  

t h e  p r ev i ou s  fo l lo w- u p :  t h r ee  wi th  d e t e r io r a t io n  o f  t h e  ex i s t i n g  

n eu ro l o g i ca l  s t a t us  and  o n e  wi th  b l in dn ess  as  a  n ew  s i gn .  T he  i mag i n g  
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ev a lu a t io ns  o f  t h ese  p a t i en t s  a l so  sh ow ed  an  in c r eas e  in  t um o u r  s i z e ,  s o  

t h e i r  ov e r a l l  r e s pon s e  w as  c l as s ed  as  P D.  

 

T h e r ap eu t i c  r e sp ons e  m et r i c s  ou t com e   

F i f t y- f o u r  M R I s tud i es  w e r e  ev a lu a t ed  wi t h  a l l  t h r ee  m et ho ds  

co mp a r i n g  th e  3 2  po s t - t r e a tm en t  MR Is  to  2 2  p r e - t r e a t m en t  b a se l i ne  

M R Is  ( T ab l e  4 ) .  In  f i ve  cas es ,  a  n ad i r  M R I w as  id en t i f i ed  and  u s ed  t o  

a s s es s  r es po ns es  i n  su bs equ en t  MR I s tu d i e s  ( Tab l e  4 ) .   

E l ev en  t um ou rs  con t a in ed  f l u i d  accum ul a t io ns ,  a l l  o f  wh i ch  w e r e  

c l as s ed  as  cys t s .  S ev en  o f  t h es e  w e r e  p r e s en t  on  p r e - t r e a tm en t  MR I  an d  

6 /7  we r e  r e t a in ed  in  t h e  co r r e sp on d ing  p os t - t r ea tm en t  MR I w i th  a  

ch an ge  in  s h ap e  in  4 /6 .  In  4 /1 1  p a t i en t s  a  c ys t i c  s t ru c t u re  w as  de t ec t ed  

o n l y o n  p os t - t r e a t men t  MR I.  

U s i n g  t h e  R A V NO  c r i t e r i a ,  a l l  54  MR I  s t ud ie s  con ta in ed  a  l e s i on  t ha t  

co u l d  b e  ev a lu a t ed ;  3 1  co ns id e r ed  as  t a r ge t  l e s io ns  an d  23  no n- t a r ge t .  

S ix  l e s i on s  ( t h r ee  p r e - t r e a tm en t  and  th r ee  co r r es po nd in g  p os t - t r ea tm en t  

ev a lu a t io ns )  w e r e  c l a s s i f i ed  a s  no n- CE n on - t a r ge t  l e s io ns ;  t h r ee  o f  

t h es e  l e s i on s  w e r e  a l so  c l as s i f i ed  as  no n -m eas u r ab l e  n on - t a r ge t  l e s i ons .  

R esp ons e  as se s s men t  w as  v a r i ab l e  i n  t h e s e  t h r ee  cas e s ,  SD  in  t wo  and  

P D in  th e  r em ain ing  o n e  ( T ab l e  4 ;  c ase s  8 ,  17 ,  18 ) .  

S even t een  ( f iv e  p r e - t r e a tm en t  and  1 2  po s t - t r e a tm en t )  ou t  o f  2 3  l es i on s  

w e r e  c l as s i f i ed  as  n o n- measu r ab l e  no n - t a r ge t  l e s i on s .  Th r ee  o f  f i v e  

( c a s es  4 ,  16 ,  21 )  r em ai n ed  n on -m easu rab l e  no n- t a r ge t  p os t - t r e a t men t  

w i t h  r es po ns e s  as s es s ed  as  SD  ( ca s es  4 ,  1 6 )  and  P D  ( cas e  2 1 ) .  T h e  
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o th e r  t wo  in c r eas ed  in  s i z e  p os t  t r e a tmen t  t o  b eco me  t a r ge t  l e s io n s  an d  

w e r e  as se s s ed  as  PD  ( cas e s  20 ,  22 ) .   

T h e  r em a in i n g  n in e  ( ou t  o f  1 2 )  po s t - t r e a tm en t  n o n -m eas ur ab l e  n o n -

t a r ge t  l e s i ons  h ad  a  t h e r ap eu t i c  r e sp ons e  c l as s i f i ed  as  S D  ( S D,  n = 9)  

f r om  a  p re - t r e a t m en t  t a r ge t  l e s i on  (T ab l e  4 ) .  

V o lum es  w e re  ca l cu l a t ed  fo r  a l l  54  l es io ns  u s in g  bo th  v o l um et r i c  

m et ho ds  (Su pp l em en t a r y T ab l e  1 ) .  V o lu m es  o f  no n -C E l e s i on s  w e r e  

ca l cu l a t ed  u s i n g  T 2 W  and  FLA IR  s equen ces .   

T h e  th r ee  n eu r o im ag i n g  r es po ns e  as s e s s m en t  m et ho ds  ag reed  i n  2 3 / 32  

p os t - t r ea tm en t  MR I  ev a l ua t i ons  ( 7 2 %) ;  RA V N O an d  H ORO S in  2 6 /3 2  

( 8 1 %)  ev a l u a t i on s ;  H O ROS  an d  3 D s l i c e r  i n  29 /3 2  (9 1 % )  ev a lu a t io n s ;  

an d  RA V N O an d  3D  s l i c e r  i n  2 3 /3 2  (7 2 % )  eva lu a t io n s .  T ab l e  5  d ep i c t s  

t h e  p r o po r t i on a l  agr eem en t  be tw een  me t ho ds  b y s us p ec t ed  t um o u r  t yp e .  

In  f i v e  com p a r i s on s  ( cas es  2 ,  8 ,  9 ,  10 ,  1 4 ) ,  t h e  RA V N O sys t em  

a s s es s ed  th e  r e sp ons e  as  s t a b l e  (S D )  wh e r eas  t h e  t w o  vo l um et r i c  

m et ho ds  s ho w ed  s h r i nk age  (PR ) .  T h ese  in vo l v ed  n on - t a r ge t  l e s io ns .  In  

an o t h er  c as e  ( 16 ) ,  R A VN O  ju d ged  th e  r e sp on se  as  s t a b l e  ( S D)  whi l s t  

v o l um et r i c  m et ho ds  in d i ca t ed  p r o gr es s i on  ( PD ) .   

In  t h r ee  com p a r i s on s  ( cas e s  6 ,  1 3  and  1 8 ) ,  3 D s l i c e r  d i f fe r ed  f r om th e  

o th e r  t wo  m eth od s  d u e  to  ex c l us i on  o f  c ys t i c  ( 2 )  o r  n ec ro t i c  a r ea s  ( 1 ) .  

In  o n e  o f  t h e  cas e s  w i t h  a  cys t i c  com po n en t  ( c as e  6 ) ,  3 D  S l i ce r  

i nd ica t ed  sh r in kage  ( P R)  o f  t he  t um ou r  w h i l s t  t h e  o t h e r  t wo  m et ho ds  

d id  n o t  ( SD ) ,  an d  fo r  t he  r em ai n in g  cas e  wi t h  a  c ys t  ( c as e  1 8 ) ,  S D  w as  

n o t ed  wi t h  3 D S l i ce r  comp a r ed  t o  P D  m eas u r ed  w i th  t h e  o th e r  t wo  

m et ho ds .  Fo r  t h e  ca s e  in c lu d in g  a  n ecr o t i c  l e s i on  ( ca s e  13 ,  F i gu r e  3 ) ,  
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3 D  S l i c e r  i n d i ca t ed  SD  co mp ar ed  to  PR  m eas u red  wi th  the  o t h er  

m et ho ds  as ,  ev en  th o u gh  t h e  l e s i on  was  s ma l l e r  po s t - s u rge r y ,  t h e  

p e r cen t age  r edu c t ion  i n  vo lum e  was  no t  en ou gh  (3 4% )  to  b e  c l as s ed  as  

PR .  

T h e r e  w as  a  s i gn i f i c an t  d i f f e r ence  (P <0 . 00 1)  i n  m e d i an  t im e  t ak en  to  

ev a lu a t e  r e sp on s e s  b e tw een  each  m et ho d  w i th  t he  R A VNO  s ys t em  

r eq u i r i n g  l es s  t im e  ( m ed i an ,  2  m in u t e s  and  5  s econ ds ;  r ange ,  1  min u t e  

an d  18  s econ ds  to  2  m in u t es  an d  59  seco nd s )  t h an  th e  HO R OS me th od  

( m ed i an ,  6  m in u t es  2 6  s econ ds ;  r an ge ,  3  mi nu t e s  and  1 0  seco nd s  to  1 2  

m in u t es  an d  45  s eco n ds )  and  th e  3 D  S l i c e r  m et ho d  (m e d ian ,  7  min u t e s  

an d  57  s econ ds ;  r an ge ,  4  mi nu t es  and  4 6  s eco nd s  t o  1 3  mi nu te s  and  2 1  

s econ ds ) .   

T h e  s eco nd  s e t  o f  ob s e rv a t io n s  us ed  to  c a l cu l a t e  i n t r a - ob se r v e r  

v a r i ab i l i t y  w as  p e r f o rm ed  ov e r  1 2  m on th s  a f t e r  t h e  f i r s t  ev a lu a t io n .  

T h e r e  w as  n o  s i gn i f i c an t  d i f fe r en ce  (P  =  0 .0 9 )  i n  i n t r a - obs e r v er  

ag r eem en t  b e t w een  th e  th r ee  m et ho ds ;  ( mean  A I  ±  S D ,  0 . 9 1  ±  0 . 06  fo r  

R A VN O;  0 .8 6  ±  0 .0 8  f o r  H OR OS;  and  0 .9 1  ±  0 .0 5  f o r  3D s l i c e r ) .   

 

D IS C USS IO N   

 

N u mer ou s  s tu d i es  i n  hum an  and  v e t e r in a r y  m ed i c i n e  h av e  us ed  MR I t o  

ch a r ac t e r i s e  b r a i n  tu mo u rs  and  as s es s  t h e i r  r es po ns e  t o  t r e a tm en t .
2 0 ,  

3 6 , 4 0 , 4 1
 In  h um an  n eu r o -o n co l o g y,  im age - b ased  th e r ap eu t i c  r e sp on se  

a s s es s m en t  i s  w e l l  e s t ab l i sh ed  and  c r i t e r i a  t o  as s e s s  t h e  re s po ns e  in  
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h i gh - g r ad e  g l io ma s  h av e  b een  va l i da t ed .  In  v e t e r in a r y n eu r o -o n co l o g y,  

co nv e r se l y,  v a r io us  c l i n i ca l  and  re s ea rch  s tu d i es  h ave  ev a l u a t ed  b r a i n  

t um ou r  r e sp ons e s  on  M R I i n  a  s i mi l a r  f a s h io n  to  h um an  med i c in e ,  bu t  

n o  m eth od  ha s  b een  d es c r i b ed  in  s u f f i c i en t  d e t a i l  t o  a l l o w r ep l i c a t io n  

o r  s t and a r d iz ed  r e sp o ns e  a s s es sm en t .
2 7 , 4 0 , 4 2

 In  t h i s  s tu d y,  w e  v a l id a t e  

an d  com par e  th e  u se  o f  R A V NO  an d  tw o  v o l um et r i c  MR I - b as ed  

r e s po ns e  a s s es sm en t  m et ho ds  in  a  s e r i e s  o f  b r a i n  t um ou rs  i n  d o gs  and  

ca t s .   

T h e  vo lu me t r i c  me th o ds  w e r e  mo r e  p rec i se  t h an  R AV N O  in  de t e r min in g  

ch an ges  i n  t um ou r  b u rd en ,  an d  i n  ov e rco min g  d i f f i cu l t i e s  w i th  cys t i c  

s t ru c t u re s  and  n ec ro t i c  t i s su e ,  e sp ec i a l l y  3 D  S l i c e r  wh ich  w as  m os t  

p r ec i s e  i n  ex c l ud i ng  t h es e .  Th e  l a t t e r  a l l o w ed  f o r  ex c lu s io n  o f  c en t r a l  

n ec r os i s  o r  c en t r a l  c ys t i c  com po n en t s ,  w h er ea s  H OR OS vo lu me t r i c  

m et ho d  on l y p e r m i t t ed  ex c lu s io n  o f  sup e r f i c i a l  c ys t s  o r  nec r o s i s  d u r in g  

m ar g in  d e l in ea t io n  o f  t he  l e s io n .  Ov e ra l l ,  t h e  d i s ad v an t age  o f  t he  

v o l um et r i c  m et ho ds  w as  t h a t  t h e y w e r e  mo r e  t im e - co ns umi n g  an d  

t e chn i ca l l y  ch a l l eng i n g  th an  R A VN O .  

In  h u m an  neu ro - onco lo g y,  v o l um et r i c  m et ho ds  m a y b e  b e t t e r  fo r  

d e t ec t i n g  ch an ge s  in  s lo wl y ev o l v i n g  tu mo u rs ,
1 4

 an d  h av e  a  s t r on ge r  

a s so c i a t io n  wi th  o ve r a l l  s u r v i v a l  and  lo w er  i n t e r - obs e r v er  v a r i ab i l i t y .
1 5

 

H o w ev e r ,  i n  c an in e  in t r ac r an i a l  g l i omas  n o  a s s oc i a t i on  be t w een  MR I 

p r e - op e r a t i v e  t um ou r  v o l um e and  p os t - s u r g i ca l  s u rv i v a l  t i me  o r  

p r ed i c t i v e  v a l ue  o f  o u t com e  fo l lo wi n g su r ge r y an d  ad ju nc t iv e  th e r ap y  

w as  f ou nd .
4 3

  T hu s ,  f u r th e r  v a l id a t io n  i n  f u tu r e  c l i n i ca l  t r i a l s  i s  n eed ed  
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i n  o rd e r  t o  r e commen d  r ep l acem en t  o f  t wo -d im en s i on a l  m et ho ds  wi t h  

v o l um et r i c  m et ho ds .   

R esu l t s  o f  t h i s  s t udy  i n d ica t e  t h e  R A VN O  s ys t em i s  a  r e l i ab l e  m e th od  

w h ich  i s  l e s s  t im e  co ns umi n g  as  i t  r equ i r e s  l e s s  t e ch n i ca l  ex p e r t i s e :  

s e l ec t io n  o f  t a r ge t  l e s io n s  an d  p er f o rm in g  t w o - d im ens ion a l  

m eas u r em en t s  r equ i r e  l im i t ed  t r a i n in g ,  wi t h  e l e c t r on i c  c a l l i p e r s  fo r  

m eas u r em en t s  av a i l ab l e  i n  nu m er ou s  op en -s ou r ce  d i g i t a l  im ag in g  

s o f t w ar e .  Th us ,  t h e  RA V N O s ys t em  ma y b e  a  m o r e  su i t ab l e  m et ho d  fo r  

u s e  in  t h e  c l i n i ca l  s e t t i n g .     

A l t ho u gh  r e t r os pec t iv e  s t ud i e s  comp a r i n g  t he r ap eu t i c  r esp o ns e  

a s s es s m en t  m et ho ds  i n  hu man  g l i om as  d i d  no t  f i nd  s t a t i s t i c a l l y  

s i gn i f i c an t  d i f fe r ences  b e t w een  d i am ete r - b as ed  o r  vo l um et r i c  m et ho ds  

2 2 - 2 6 , 4 4
,  t h e  R A VNO  me th od  fa i l ed  t o  i d en t i f y  t u mo ur  s i z e  v a r i a t i on  an d  

a s s es s  r es po ns e  co r r ec t l y  i n  t h i s  s t ud y  w h en  l es io ns  ch anged  in  v o lu m e  

b u t  m ai n t a i n ed  s t ab l e  d i am et e r s  on  t h e  t r ans v e rs e  im age  sec t i on  wi t h  

t h e  l a r ge s t  t umo u r  a r ea  o r  wh en  t h ey co n t a i n ed  cys t s .
  

T h e r e  w e re  s ev er a l  l imi t a t i o ns  t o  t h i s  s tu d y .  A  r e l a t i v e l y s m al l  n umb e r  

o f  c as es  we r e  in c lud ed ;  h ow ev e r ,  mu l t i p l e  r e sp on se  as s es s m en t s  w e r e  

m ad e  fo r  e i gh t  ca s es .  S in ce  th e  re sp ons e  c r i t e r i a  f o r  a l l  t h r ee  m et ho ds  

u s ed  C E i m ages  fo r  q uan t i t a t i v e  m easur em en t s ,  t h es e  cou ld  hav e  b een  

i n f lu en ced  b y o th e r  CE  s econ da r y l e s io ns  s u ch  as  i n f l amm at io n ,  

n ec r os i s ,  s e i z u re - i nd u ced  ch an ges  an d  i n fa r c t io n .
1 2 , 2 0 , 4 5 - 5 1

 S imi l a r l y,  

a s s es s m en t  o f  n on -co n t r as t  en h an c in g  l e s io ns  u s i n g  T 2W an d  FLA IR  

s equ en ces  m ay h av e  l ed  to  fu r t h e r  i n c l us i o n  o f  t h es e  and  o t h er  

s econ d ar y ch an ges ,  su ch  a s  o ed em a ,  r es u l t i n g  in  add i t i on a l  b i a s  i n  
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t um ou r  r e sp ons e  eva l u a t i on s .  T o  acco un t  f o r  v a r i a t i o ns  i n  t h e se  

s econ d ar y ch an ges  i n  a s s oc i a t i on  w i th  t r e a tm en t ,  R AV N O’ s  q u a l i t a t i v e  

a s s es s m en t  o f  n on -en h an c i n g  n on - t a r ge t  l e s io ns  ex c l ud es  com pl e t e  a nd  

p a r t i a l  r e sp ons e s  as  c a t ego r i ca l  r e sp on s es .  

O t he r  l i mi t a t io ns  o f  t h i s  s t ud y a r e  i n t r i n s i c  t o  i t s  r e t r os p ec t i v e  n a t u r e ,  

i n c lu d i n g  t he  l a ck  o f  s t and a r d iz ed  r eco r d -k eep in g  t o  o p t im ize  c l i n i ca l  

d a t a  co mp i l a t i on ,  an d  th e  ab sen ce  o f  s t and a rd ized  MR I acq u i s i t i o n  

p r o t oco l s  o r  i n t e rva l  f o r  po s t - t r e a tm en t  im ag in g .  T h e  op t im al  i n t e r v a l  

f o r  p os t - t r e a t men t  im ag in g  in  v e t e r i n a ry  p a t i en t s  i s  cu r r en t l y u n k no wn .  

H o w ev e r ,  i n  hu m an  m ed i c in e ,  r e com men d a t i on  i s  t h a t  imm edi a t e  p os t -

o p e r a t i v e  M R I s tu d i e s  a r e  ob t a in ed  wi t h i n  72  h ou rs  o f  s u r ge r y,  a s  i n  

t h e  cas e s  i n c l ud ed  h e r e i n ,  t o  r ed u ce  i nc l us i on  o f  p os t - op er a t i v e  

r eac t i ve  en h an cem en t  and  a l l ow  fo r  o p t im al  s e r i a l  ev a l u a t i on s  o f  

t um ou r  r e sp ons e s .
 1 2 , 1 6 , 2 0 , 4 9 , 5 1

 In  v e t e r in a r y m ed i c i n e ,  an  in t e r v a l  

b e tw een  b as e l i n e  im ag in g  and  en t r y i n to  c l i n i ca l  t r i a l s  o f  4 -6  w eeks  f o r  

p a t i en t s  w i th  s lo w g r o w in g  tum ou r s ,  su ch  a s  men i n gi om as ,  and  fo l lo w -

u p  im ag in g  ev er y 8 - 1 2  w eek s  in  d o gs  w i t h  g l i om a ,  hav e  b een  

s u gges t ed .
1 6

    

T h e  l a ck  o f  a  s t anda r d iz ed  im age  acqu i s i t i o n  p r o t o co l  i n  t h i s  s tu d y 

c o u l d  r ep r e sen t  a  po t en t i a l  so u r ce  o f  b i a s .  In  hu m an  m ed ic i n e  a  

co ns ens us  w i th  r eco mm en d ed  s equ ences  an d  p ar ame t e r s  h a s  b een  

p u b l i sh ed  t o  i mp r ov e  s t an da r d iz a t i on  o f  im age  acq u i s i t i on  i n  c l i n i ca l  

t r i a l s .
5 2

 In  v e t e r i n a r y m ed i c in e ,  no  cu t - o f f  v a l ue s  h av e  b een  c l ea r l y 

d e s c r ib ed  f o r  t he  qu an t i f i c a t io n  o f  t i s s u e  CE .  Th i s  cou ld  b e  in f l u en ced  

b y d o s e  o f  con t r as t  agen t  ad mi n i s t e r ed ,  ad min i s t r a t i o n  r a t e ,  an d  t im e  to  
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acq u i s i t i on  o f  t h e  po s t - co n t r as t  i m ages  a s  w e l l  a s  m agn e t i c  f i e ld  

s t r en g th ,  T1W  s equen ce  acq u i s i t i on  p ar am et e r s ,  and  ev en  p a t i en t  

p os i t i on in g .
 5 3

 A l tho u gh  th e s e  w er e  n o t  s t and a r d i s ed  i n  t h i s  s tu d y,  a l l  

M R Is  w e r e  p e r f o r med  wi t h  1 . 5T  m agne t s  an d  in  a  s in g l e  i n s t i t u t i on ,  

w h e r e  th e  con t r a s t  d os e ,  t imi n gs ,  s equen ces  ru n ,  an d  p a t i en t  

p os i t i on in g  a r e  r e l a t i v e l y co n s i s t en t .  S l i c e  t h i ck n es s  an d  in t e r s l i c e  gap  

v a r i ab i l i t y ;  ho w ev er ,  mi gh t  h av e  in f e r r ed  s om e b i as  t o  ou r  ev a lu a t io n  

a s  i t  m a y h av e  in c rea s ed  e r ro r  i d en t i fy i n g  t h e  l a r ge s t  t um ou r  d i ame t e r  

f o r  R AV N O measu rem en t s  an d  d ec r eased  accu r acy o f  t u m o u r  vo lum e  

ca l cu l a t i on s  i n  so me  o f  t h e  ca se s  i n c l ud ed  h e re in .  

In  t h i s  s tu d y a  s in g l e  o bs e rv e r  m ad e  a l l  t he  m eas u r em en t s  and  t h e r e  

w as  n o  as s es sm en t  o f  i n t e r -  a s  o pp os ed  t o  i n t r a -o bs e r ve r  v a r i ab i l i t y .  

T h e  in t r a - obs e r v er  A I  w as  s i mi l a r  f o r  a l l  m e t ho ds ;  ho w eve r ,  t h i s  

co n t r as t s  w i th  an o th e r  s t ud y w h e r e  s i gn i f i c an t  d i f f e r en ces  b e tw een  

r e s po ns e  a s s es sm en t  m et ho ds  w e r e  r epo r t ed .
3 3

 T h e  l o w num b er  o f  c as es  

i n  ou r  s t ud y co u ld  h av e  a f f ec t ed  t he  s t a t i s t i c a l  r es u l t s  and  fu r t h e r  

s tu d i es  wi t h  a  l a r ge r  po pu la t io n  a r e  ad v i s ed  to  c l a r i f y t h i s .     

A l t ho u gh  in t e r -o bse r v e r  v a r i ab i l i t y  w as  n o t  a s s e s s ed  h e re ,  o th e r  s t ud i e s  

h av e  sh ow n con s i de r ab l e  v a r i ab i l i t y  i n  de f i n i n g  a  r eg io n  o f  i n t e r es t  

m anu a l l y ev en  am on g  ex p e r t  r ev i ew ers .
2 6 , 4 7 , 5 4

 T o  imp r ove  th e  

v a r i ab i l i t y  a s so c i a t e d  wi t h  d i f fe r en t  ob s e rv e r s ,  u s e  o f  com pu te r  

au tom a t io n  f o r  vo lu m et r i c  m easu r em en t s  h a s  s ho w n  i n t e re s t in g  

p o t en t i a l .
2 5

    

In  h u m an  m ed i c i n e ,  s ep a r a t e  r e sp on s e  a s s es s m en t  s ys t ems  a r e  em er g i n g  

f o r  d i f f e r en t  t umo ur  t yp es  su ch  a s  h i gh - g r ad e  g l i om a  an d  
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m en in g i om a.
1 2 , 1 4 , 1 5 , 2 2

 Th e  t h e r ap eu t i c  b r a i n  tu mo ur  r es pon s e  ev a lu a t io n  

m et ho ds  s tu d i ed  h er e  cou l d  p r es en t  l im i t a t i on s  a s so c i a t ed  wi t h  ce r t a i n  

t um ou r  ph eno t yp es .  H ow ev e r ,  t h e  l a ck  o f  h i s t o l o gi ca l  co nf i rm at io n  i n  

m os t  o f  t he  b r a i n  tu mo u rs  i n c l u ded  h er e in  p r ec l ud ed  an y  co n c l us i on  i n  

t h i s  r ega rd .    

In  co n c lu s i on ,  ou r  r e s u l t s  su gges t  t h a t  a l t h ou gh  t h e  vo l um et r i c  m et ho ds  

m a y b e  m o r e  p r ec i se ,  t h e  R A VN O  s ys t em  m ay b e  t he  m os t  s u i t ab l e  f o r  

u s e  in  t h e  c l i n i ca l  s e t t i n g  r equ i r in g  l es s  t im e  and  l e s s  t r a i n i n g .  

P ro sp ec t iv e  s t ud ie s  i n c l ud in g  l a r ge r  ca s e  n um ber s  and  s t an d a rd i s ed  

i mag i n g  p r o to co l s  a r e  nece ss a r y t o  con f i r m t h e  mo s t  appr o p r i a t e  

m et ho d  to  as se s s  t he r ap eu t i c  b r a in  t umo u r  r es po ns e s  i n  v e t e r i n a r y 

p a t i en t s .  

 

Conflict of interest statement: T hi s  wo r k  w as  n o t  su pp o r t ed  b y an y g r an t  an d  

n o ne  o f  t he  au th or s  o f  t h i s  p ap e r  h av e  co n f l i c t s  o f  i n t e r es t  t ha t  cou l d  

i n f lu en ce  t h e  con t en t  o f  t h e  p ap e r .   

 

D a t a  av a i l ab i l i t y  s t a t em en t :  T h e  d a t a  t h a t  su pp or t  t h e  f i nd in gs  o f  t h i s  

s tu d y a r e  av a i l ab l e  f r om th e  co r re sp ond in g  au th o r  up on  rea s on ab l e  

r eq u es t .  
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s t e r eo t ac t i c  h eadf ram e  s ys t em  fo r  i r r ad i a t i on  o f  b r a i n  t um o rs  i n  d o gs .  J  

A m  V e t  M ed  A ss o c  2 0 01 ; 21 9 : 15 62 –1 567 , 15 50 .   

6.  Ax lu nd  TW ,  M cG l as so n  M L,  S mi t h  A N.  S ur ge r y a l o n e  o r  i n  

co mbi n a t i on  wi t h  rad i a t i on  th e r ap y f o r  t r e a t m en t  o f  i n t r ac r an i a l  

m en in g i om as  i n  dogs :  3 1  cas e s  ( 19 89 – 2 00 2) .  J  A m  V e t  M ed  A ss o c  

2 0 02 ; 22 1 : 15 97 –1 600 .   

7 .  U r i a r t e  A ,  Mo i s so n n i e r  P ,  Th ib au d  J L,  R e yes - G o m ez  E ,  D ev au ch e l l e  

P ,  B lo t  S .  S ur g i ca l  t r e a tm en t  an d  r ad ia t io n  t h e rap y o f  f r on t a l  l o b e  

m en in g i om as  i n  7  do gs .  Ca n  V e t  J  2 011 ;5 2 : 74 8 – 75 2 .   

8 .  D ick i ns on  PJ .  Ad v an ces  i n  d i agn os t i c  an d  t r e a tm en t  mo d a l i t i e s  fo r  

i n t r ac r an i a l  t umo r s .  J  V e t  I n t e rn  M ed  2 0 14 ; 28 :1 16 5 - 11 85 .   

9 .  Mo i rano  SJ ,  D ew e y C W.  Su r v iv a l  t i mes  in  d o gs  wi t h  p r e s ump t iv e  

i n t r ac r an i a l  g l io m as  t r e a t ed  wi t h  o ra l  l om us t in e :  A  co mpar a t i v e  

r e t ro sp ec t iv e  s t ud y ( 20 08 - 20 17 ) .  Ve t  C om p O n co l  2 01 8 ;1 6 : 45 9 -4 66 .  

1 0 .  M oi r an o  SJ ,  D ew e y C W,  H an ey S ,  Y an g  J .  E f f i c acy o f  f r am el e s s  
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s t e r eo t ac t i c  r ad i o t he r ap y f o r  t he  t r e a tm en t  o f  p re su mpt ive  can in e  

i n t r ac r an i a l  g l io m as :  a  r e t r os p ec t i v e  an a l ys i s  (2 01 4 - 20 17) .  V e t  C o mp  

O n co l  20 20 ,  Feb  3 .  

1 1 .  Hu  H ,  Ba r k e r  A ,  H ar cou r t - Br ow n T ,  J e f f e r y N .  S ys t ema t i c  r ev i ew 

o f  b r a i n  tum o r  t r e a t men t  i n  do gs .  J  V e t  In t e rn  Med  20 15 ;2 9 : 14 56 - 14 63 .  

1 2 .  W en  P Y,  M acdo n a l d  DR ,  R ea rd on  D A,  e t  a l .  Up da t ed  r e sp on se  

a s s es s m en t  c r i t e r i a  f o r  h i gh - g r ad e  g l io m as :  r es po ns e  a s se s sm en t  i n  

n eu ro - on co lo g y w o r k in g  g r ou p .  J  C l i n  O n co l  2 01 0 ; 28 ( 11 ) : 19 63 –1 97 2 .   

1 3 .  Li n  NU ,  Lee  E Q ,  A o yam a  H ,  e t  a l .  R esp ons e  as se s s men t  c r i t e r i a  fo r  

b r a i n  m et as t a s es :  p r o po s a l  f r om th e  RA N O  gro up .  La n ce t  O n co l  

2 0 15 ; 16 ( 6 ) :  e27 0 – 27 8 .   

1 4 .  P oh l  KM ,  Ko nuk o g lu  E ,  N ov e l l a s  S ,  e t  a l .  A  n ew  m et r i c  f o r  

d e t ec t i n g  ch an ge  in  s l ow l y ev o lv in g  b ra i n  t um o rs :  v a l id a t i on  i n  

m en in g i om a p a t i en t s .  N eur os ur g er y  2 01 1 ; 68 ( 1  S up p l  O p era t i v e ) :2 25 –

2 3 3 .   

1 5 .  Hu an g  R Y,  U n ad k a t  P ,  Bi  W L,  e t  a l .  R esp on s e  as s es sm en t  o f  

m en in g i om a:  1 D,  2D  and  v o lu m et r i c  c r i t e r i a  fo r  t r e a tm en t  r e sp on s e  and  

t um or  p r o gr es s i on .  N eur o  On co l .  2 01 9 ;2 1 (2 ) : 23 4 – 24 1  do i :  

1 0 .1 09 3 /n euo n c /n oy1 2 6 .  

1 6 .  R os sm ei s l  J H  J r ,  Ga r c i a  P A ,  D an ie l  G B ,  e t  a l .  In v i t ed  r ev i ew -

n eu ro i m agi n g  r es pon s e  a s s es sm en t  c r i t e r i a  f o r  b r a i n  tu mor s  i n  

v e t e r in a r y p a t i en t s .  V et  R ad io l  Ul t ra sou n d  20 14 ; 55 ( 2 ) :1 15– 3 2 .   

1 7 .  R os sm ei s l  J H  J r ,  Ga r c i a  P A ,  P an co t t o  TE .  S a f e t y an d  f ea s ib i l i t y  o f  

t h e  N an o Kni f e  s ys t em  f o r  i r r eve r s ib l e  e l e c t r op or a t io n  ab la t i v e  

t r e a tm en t  o f  c an i ne  sp on t an eous  i n t r ac r an i a l  g l i om as .  J  Neu ro su rg  
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2 0 15 ; 12 3 : 10 08 -1 025 .   

1 8 .  S t u r ge s  BK,  Dick in so n  PJ ,  Bo l l en  A W,  e t  a l .  M agn e t i c  r e so nan ce  

i mag i n g  an d  h i s to lo g i ca l  c l as s i f i c a t i on  o f  i n t r ac r an i a l  men in g io m as  in  

1 1 2  do gs .  J  V e t  I n t e r n  M ed  20 08 ; 22 :58 6 –5 95 .  

1 9 .  Zh u an g  H,  Y u an  X,  Ch an g  J Y,  e t  a l .  Ex p l o r a t io n  o f  t h e  r ecu r ren ce  

i n  r ad i a t i on  b r a i n  nec r o s i s  a f t e r  b ev ac izu m ab  d i s co n t i nu a t i on .  

O n co ta rg e t  20 16 ; 7 :4 8 84 2 - 48 84 9 .   

2 0 .  Qu an t  EC ,  W en  PY .  Resp on s e  a s s es sm en t  i n  n eur o -o nco lo g y.  C ur r  

O n co l  R ep  2 01 1 ; 13 : 50 –5 6 .   

2 1 .  E l l i n gso n  BP ,  W en  P Y,  C l ou gh esy  T F .  M odi f i ed  c r i t e r i a  f o r  

r ad i o gr aph i c  as se s sm en t  i n  g l io b l as tom a  t r i a l s .  N eu ro t h er ap eu t i cs .  

2 0 17 ;  1 4 :  3 07 -3 20 .     

2 2 .  S or ens on  A G ,  Pa t e l  S ,  H ar m ath  C ,  e t  a l .  C omp ar i so n  o f  d i am et e r  

an d  p e r im et e r  m et ho ds  fo r  t u mo r  vo lum e  ca l cu l a t io n .  J  C l in  O n co l  

2 0 01 ; 19 :5 51 –5 57 .   

2 3 .  G a l an i s  E ,  Bu ck n e r  J C ,  M aur e r  MJ ,  e t  a l .  V a l i d a t i on  o f  

n eu ro r ad io l o g i c  r esp o ns e  a s s es sm en t  i n  g l i om as :  m eas u r em en t  b y 

R EC IS T ,  t wo -d im en s i on a l ,  com put e r -a s s i s t ed  tu mo r  a r ea ,  an d  

co mp ut e r - a s s i s t ed  tu mo r  v o lu m e  m e tho ds .  N eur o  O n co l  20 0 6 ;8 :1 56 –

1 6 5 .  

2 4 .  E l l i n gso n  BM ,  C l o u ghes y T F ,  La i  A ,  N gh i emp hu  P L,  M is che l  PS ,  

P op e  W B.  Q u an t i t a t i v e  vo lu me t r i c  an a l ys i s  o f  con v en t io na l  MR I 

r e s po ns e  in  re cu r r en t  g l i ob l as t om a t rea t ed  wi t h  b ev ac iz um ab .  N eu ro l  

O n co l  20 11 ;1 3 : 40 1 – 4 09 .   

2 5 .  K an a l y CW ,  Din g  D ,  M eh t a  A I ,  e t  a l .  A  no v e l  m et ho d  f o r  
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v o l um et r i c  MR I r e s p o ns e  a s s es sm en t  o f  enh anc in g  b ra in  tu mo r s .  PL oS  

O n e  2 01 1 ;6 : e1 60 31 .   

2 6 .  W ar r en  K E,  P a t r o n as  N ,  Ai k i n  A A,  A lb e r t  PS ,  Ba l i s  FM .  

C om par i so n  o f  on e - ,  t wo - ,  and  th r ee -d i mens io n a l  m ea su r em en t s  o f  

ch i ld ho od  b r a i n  tum o rs .  J  Na t l  C an cer  In s t  20 01 ;9 3 : 14 01 – 14 05 .   

2 7 .  Di ck in so n  PJ ,  LeC o u t eu r  R A,  H i gg i n s  RJ ,  e t  a l .  C an in e  s po n t aneou s  

g l i om a:  a  t r an s l a t ion a l  m od e l  s ys t em fo r  co nv ec t io n - enh an ced  d e l i v e r y.  

N eur o  On co l  20 10 ;1 2 : 92 8 – 94 0 .   

2 8 .  E l l i s  T L,  G a r c i a  PA ,  R os sm ei s l  J H J r ,  H en ao - Gu e r r e ro  N,  

R ob e r t so n  J ,  D av a lo s  RV .  N on t h e rm al  i r r ev er s i b l e  e l e c t ro p or a t io n  f o r  

i n t r ac r an i a l  s u r g i ca l  ap p l i c a t io ns .  J  N eu ro su rg  2 01 1 ; 11 4 :68 1 –6 88 .   

2 9 .  Las o ck i  A ,  G a i l l a r d  F .  N on - co n t r as t -E nh anc in g  Tu mor :  A  New  

Fr o n t i e r  i n  Gl i ob las to ma  R es ea r ch .  A JN R A m J  N eu ror ad io l  20 19 ;  40 (5 )  

7 5 8- 76 5 .  

3 0 .  Fedo ro v  A ,  Be ich e l  R ,  K a l p a th y - C r am er  J ,  e t  a l .  3 D S l i c e r  as  an  

i mage  com put in g  p l a t f o rm f o r  t h e  Qu an t i t a t i v e  Im ag i n g  Ne t wo r k .  Ma gn  

R eso n  I ma g i ng  2 012 ;3 0 (9 ) : 13 23 –1 34 1 .  

3 1 .  G r i f f i t h s  PD ,  M ou s a  H A,  F i nn e y C ,  a t  a l .  An  i n t eg r a t ed  i n  u t e ro  

M R m e th od  f o r  a s se s s i n g  s t r uc tu r a l  b ra i n  abn or m al i t i e s  an d  m eas ur in g  

i n t r ac r an i a l  v o l um es  i n  f e t us es  wi t h  con gen i t a l  h ea r t  d i s ea s e :  r es u l t s  o f  

a  p ro sp ec t i v e  ca se -co n t ro l  f e as ib i l i t y  s tu d y.  N eur or ad i o lo g y  

2 0 19 ; 61 ( 5 ) :6 03 - 611    

3 2 .  M un kv o l d  BKR,  Bø  H K,  J ak o l a  A S ,  e t  a l .  T um o r  vo l um e  as s e s sm en t  

i n  l o w - gr ad e  g l io mas :  a  com p ar i s on  o f  p r eo p er a t iv e  m agne t i c  r eso n an ce  

i mag i n g  t o  co r eg i s t e r ed  in t r aop e r a t iv e  3 -d im en s io n a l  u l t r a s ou nd  
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r eco rd in gs .  N eur osu r g er y  20 18 ; 83 ( 2 ) :2 8 8 - 29 6 .  

3 3 .  Th oms on  C B,  Ha yn es  K H ,  P lu ha r  G E .  Com p ar i s on  o f  v i su a l  m et r i c  

an d  p l an im et r y m e th o ds  f o r  b r a in  tu mo r  m eas u rem en t  i n  d o gs .  Am  J  V e t  

R es  20 16 ;7 7 (5 ) : 47 1 - 4 77 .  

3 4 .  Bu t ow ki  N ,  C han g  SM.  En dp o in t s  f o r  c l i n i ca l  t r i a l s  an d  r ev i s ed  

a s s es s m en t  i n  n eu ro o nco l o g y.  Cu rr  Op in  N eu ro l  20 12 ; 24 : 78 0 -7 85 .  

3 5 .  G ar c i a  P A,  R oss m ei s l  J H  J r ,  N ea l  R E I I ,  e t  a l :  In t r ac ran i a l  

n o n th e rm al  i r r ev e rs i b l e  e l ec t ro po r a t i on :  i n  v i vo  an a l ys i s .  J  M em br  B io l  

2 3 6 :1 27 –  13 6 ,  2 010 .  

3 6 .  Wi sn e r  ER ,  Di ck in so n  PJ ,  H i gg i ns  RJ .  M agn e t i c  r eso nan ce  im ag in g  

f ea tu r es  o f  c an i n e  in t rac r an i a l  n eo p l a s i a .  V et  R ad i o l  U l t ra so un d  

2 0 11 ; 52 :S5 2 –S 61 .    

3 7 .  Ben t l e y R T.  M agn e t i c  r eso n an ce  im ag in g  d i agn os i s  o f  t um o rs  i n  

d o gs .  Ve t  J  2 01 5 ;20 5 (2 ) : 20 4 -2 16 .  

3 8 .  Hi gg i ns  RJ ,  Bo l l en  AW ,  Di ck in son  PJ ,  e t  a l .  T umo r s  o f  t h e  N e rv ou s  

S ys t em.  In :  M eu t en  DJ ,  ed .  Tum o rs  i n  D o mes t i c  An i ma l s .  5 th  ed .  

A r n es ,  A I :  Wi l l e y - B l ackw e l l ,  2 01 6 ; 834 - 89 1 .  

3 9 .  J os é - Ló p ez  R ,  G u t i e r r ez - Qui n t ana  R ,  D e  l a  Fu en t e  C ,  e t  a l .  Can i n e  

g l i om as :  c l i n i ca l  f ea t u r e s ,  d i agn os i s  an d  su r v i va l  ana l ys i s .  J  V e t  In t ern  

M ed .  20 21 ;3 5( 4 ) :19 0 2 - 19 17 .  

4 0 .  Yo un g  BD ,  Lev i n e  J M ,  P or t e r  BF ,  e t  a l .  M agn e t i c  r eso n an ce  

i mag i n g  fea tu r es  o f  i n t r ac r an i a l  a s t ro cyt o m as  and  o l i god en d ro g l i om as  

i n  do gs .  V et  R ad i o l  U l t r as ou nd  2 01 1 ;52 :1 32 –1 41 .   

4 1 .  M eh t a  A I ,  K an a l y CW ,  F r i edm an  AH ,  Bi gn e r  D D,  S amp so n  J H.  

M on i t o r in g  r ad io grap h i c  b r a i n  t um or  p r o gr e s s io n .  To x i ns (B a se l )  
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2 0 11 ; 3 : 19 1 – 20 0 .   

4 2 .  Wh e lan  H T,  C lan to n  J A ,  W i l s on  RE ,  T u l i p an  N B.  Com p ar i s on  o f  

C T and  MR I b r a i n  tu mo r  im ag in g  us ing  a  c an in e  g l io m a m od e l .  P ed ia t r  

N eur o l  19 88 ;4 : 27 9 – 2 83 .   

4 3 .  M acLe l l an  J D ,  A r n o ld  S A,  D av e  AC ,  Hu n t  M A,  P l uh ar  G E.  

A s so c i a t io n  o f  m agn e t i c  r es on an ce  i mag i n g - b as ed  p reop er a t i v e  t um ou r  

v o l um e wi th  p os t su r g i ca l  su rv iv a l  t i me  in  d o gs  wi t h  p r ima r y 

i n t r ac r an i a l  g l io m a.  J  A m V e t  M ed  As so c  2 01 8 ; 25 2 (1 ) : 98 -1 0 2 .  

4 4 .  N au t a  HJ ,  Tu cke r  WS ,  Ho r s ey WJ ,  B i l b ao  J M ,  G on s a lv e s  C .  

X an t ho ch ro m i c  cys t s  a s so c i a t ed  w i th  m en in g i om a.  J  Neur o l  N eu ro su rg  

P s ych ia t r y  19 79 ; 42( 6 ) : 52 9 – 35 .   

4 5 .  R ees  J H .  Di agno s i s  and  t r ea tm en t  i n  n eu r o - on co l o g y:  an  

o n co lo g i ca l  p e r s p ec t i v e .  B r  J  R ad io l  2 0 11 ; 84 :S8 2 –S 89 .   

4 6 .  Br uzzon e  M G,  D ’ In ce r t i  L ,  Fa r i n a  LL,  C u cca r i n i  V ,  F i no cch i a ro  G .  

C T and  MR I o f  b r a i n  tum o rs .  Q J  Nu c l  Med  M ol  I m ag i ng  2 01 2 ;5 6 : 11 2 –

1 3 7 .   

4 7 .  Th e r as se  P ,  A rb u ck  S G,  E i s en h aue r  E A,  e t  a l .  N ew gu id e l in e s  t o  

ev a lu a t e  r e sp on s e  to  t r e a tm en t  i n  s o l id  t um or s :  E u ro pean  O r gan iz a t io n  

o r  R es ea r ch  an d  T rea tm en t  o f  Can ce r ,  N a t i on a l  C an ce r  In s t i t u t e  o f  t h e  

U n i t ed  S t a t e s ,  N a t io n a l  C an ce r  In s t i t u t e  o f  C an ad a .  J  Na t l  Ca n cer  Ins t  

2 0 00 ; 92 :2 05 –2 16 .   

4 8 .  E i s enh aue r  AE ,  T he r a s s e  P ,  Bo gae r t s  J ,  e t  a l .  N ew r es po ns e  

ev a lu a t io n  c r i t e r i a  i n  so l id  t umo u rs :  r ev i s ed  R EC IS T  gu id e l in e  (v e r s io n  

1 . 1 ) .  Eu r  J  Ca n cer  2 0 09 ; 45 :2 28 –2 47 .   

4 9 .  M acdo n a ld  DR,  C as c i no  T L,  S ch o ld  SC ,  Ca i rn c ro ss  JG .  R es po ns e  
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c r i t e r i a  f o r  ph ase  I I  s t u d i e s  o f  m al i gnan t  g l i om a.  J  C l i n  O n co l  19 90 ;  

8 :1 27 7– 12 80 .  

5 0 .  H en so n  J W,  Ulm er  S ,  H a r r i s  GJ .  Br a i n  t um o r  i m agi ng  i n  c l i n i ca l  

t r i a l s .  AJNR  A m  J  N eur ora d i o l  2 00 8 ;29 :4 19 –4 24 .   

5 1 .  P op e  W B,  S ayr e  J ,  P e r l i n a  A ,  Vi l l ab l an ca  J P ,  M is ch e l  PS ,  

C l o u ghes y T F .  MR  i mag i n g  co r r e l a t es  o f  s u rv i v a l  i n  p a t i en t s  w i t h  h i gh -

g r ad e  g l i om as .  A JNR  Am  J  Neur or ad io l  2 00 5 ; 26 : 24 66 –2 47 4 .   

5 2 .  E l l i n gso n  BM ,  Ben d szus  M ,  Box e rm an  J ,  e t  Al .  J u mps t a r t i n g  Br a in  

T um o r  D ru g  D ev e lo pm ent  Co a l i t i on  Im ag in g  S t an d ar d iz a t io n  S t ee r i n g  

C omm i t t e e .  C on sens us  r ecom mend a t ion s  f o r  a  s t and a rd ized  Br a i n  
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TABLES 

Table 1. Summary of the RAVNO and volumetric response assessment metrics methodology. 

Therapeutic 

response 

metric  

 

Software  2D or 3D 

measurement 

method 

MRI sequence 

used for 

measurements  

Method  Cystic and 

necrotic 

tissue 

RAVNO HOROS 

(v2.2.0, 

The Horos 

Project) 

2D • Target lesion
†
: 

Transverse T1W 

post-contrast  

• Non-target 

lesion
†
: 

Transverse 

T2W/FLAIR  

 

1. Evaluation of clinical data
‡
 

Target lesions: 

2. Search for the transverse section with the largest 

contrast-enhancing tumour area on T1W post-

contrast images 

3. Draw the largest two orthogonal lesion 

diameters on the selected T1W post-contrast 

transverse image  

4. Calculate the product of the measured diameters 

(and the sum of products if more than one lesion 

present)  

Non-target lesions: 

2. Qualitatively evaluate the lesion burden on 

T2W and/or FLAIR transverse images 

 

Avoided on 

orthogonal 

diameter 

drawing   

HOROS 

volumetric 

measurement 

method 

HOROS 

(v2.2.0, 

The Horos 

Project) 

3D • Transverse 

T1W post-

contrast or 

transverse 

T2W/FLAIR in 

non-enhancing 

tumours 

 

1. Evaluation of clinical data
‡
 

2. Detect all contrast-enhancing tumour areas on 

T1W post-contrast transverse images or define 

the tumour area using T2W and FLAIR 

transverse images in non-enhancing tumours 

3. Delineate the margins of these areas 

4. Use a repulsor instrument to close the margins 

of the lesion 

5. Compute the volume of the delineated areas 

 

Excluded 

from tumour 

contour 

delineation 

3D Slicer 

volumetric 

measurement 

method 

3D Slicer 

Software 

(v 4.4, 

Boston, 

MA) 

3D • Transverse 

T1W post-

contrast or 

transverse 

T2W/FLAIR in 

non-enhancing 

tumours 

1. Evaluation of clinical data
‡
 

2. Detect all contrast-enhancing tumour areas on 

T1W post-contrast transverse images or define 

the tumour area using T2W and FLAIR 

transverse images in non-enhancing tumours 

3. Paint all the pixels of these areas with a paint 

effect tool 

Excluded 

from tumour 

area painting    
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 4. Generate the volume of the painted areas 

through model maker option 

Abbreviations: FLAIR, fluid attenuated inversion recovery; MRI, magnetic resonance imaging; RAVNO, 

Response assessment in veterinary neuro-oncology; T1W, T1-weighted; T2W, T2-weighted; 2D, two-

dimensional; 3D, three-dimensional. 
†
 See Figure 2 for definition of target and non-target lesion. 

‡
 Medication history and serial neurological examination results were reviewed to allow for categorical scoring 

of neurological status as improved, stable, or deteriorating.  
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Table 2. Comparison of response criteria for target lesions according to RAVNO and 

volumetric methods. 

  RAVNO
12,20

 Volumetric response criteria
16,34,47

  

Complete 

response 

Clinical   Stable or improved clinical 

status 

 Patient not receiving steroids 

 Stable or improved 

clinical status 

 Patient not receiving 

steroids 

Imaging  • Elimination of all enhancing 

tumour 

• Stable or decreased 

T2W/FLAIR lesion burden 

• No new lesions 

• Elimination of all 

enhancing tumour 

• Elimination of all 

T2W/FLAIR lesion 

burden 

 

Partial response   Clinical  Stable or improved clinical 

status 

 Stable or decreased steroid 

dose 

 Stable or improved 

clinical status  

 Stable or decreased 

steroid dose 

Imaging  • ≥ 50% decrease in enhancing 

tumour PDs 

• Stable or decreased 

T2W/FLAIR lesion burden  

• No new lesions 

• ≥ 65% decrease in 

enhancing tumour or 

T2W/FLAIR lesion 

burden  

 

Stable disease  Clinical   Stable or improved clinical 

status  

 Stable or decreased steroid 

dose  

 Stable or improved 

clinical status 

 Stable or decreased 

steroid dose 

Imaging  • <50% decrease or <25% 

increase in enhancing tumour 

PDs 

• Stable or decreased 

T2W/FLAIR lesion burden 

• No new lesions  

• < 65% decrease or < 

40% increase in 

enhancing tumour or 

T2W/FLAIR lesion 

burden  

 

Progressive 

disease  

Clinical   Clinical deterioration and new 

neurological signs
†
 

 

 Clinical deterioration and 

new neurological signs 

Imaging  • ≥25% increase in enhancing 

tumour PDs 

• Increased in T2W/FLAIR 

lesion burden 

• New lesion(s) present 

• ≥40% increase in 

enhancing tumour or 

T2W/FLAIR lesion 

burden  

 

 

Abbreviations: FLAIR, fluid attenuated inversion recovery images; PDs, product of diameters; RAVNO, 

response assessment in veterinary neuro-oncology; T2W, T2-weighted images. 
† 
Note that in the absence of corroborating imaging or clinical evidence, an increased corticosteroid requirement 

did not constitute grounds for assignment of progressive disease.
33-35 
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Table 3. Signalment, diagnosis and treatment details of the twenty-four cases included in the 

study. 

Case 

 

Age 

(years) 

Species Breed Sex Diagnosis Treatments 

1 11 Dog Cross breed FN Meningioma RT 

2 7 Dog Labrador  FN Glioma RT 

3 8 Dog Boxer  MN Glioma RT 

4 12 Dog Cross breed FN Meningioma RT 

5 8 Dog Labrador  F Pituitary tumour  RT 

6 8 Dog Boxer  FN Glioma RT 

7 3 Dog Border collie FN Meningioma RT 

8 11 Dog Jack Russell 

Terrier 

M Glioma RT 

9 14 Cat DSH MN Transitional 

meningioma
†
 

 

SX 

10 9 Cat DSH MN Lymphoma
†
 SX 

11 7 Dog German 

Shepherd  

F Transitional 

meningioma
†
 

SX 

12 7 Dog Cross breed FN Meningioma SX 

13 11 Cat  DSH FN Fibrous meningioma
†
 SX/RT 

14 8 Dog Boxer  FN High-grade 

oligodendroglioma
†
 

SX/CXT
‡
 

15 10 Dog Boxer  MN Meningothelial 

meningioma
†
 

SX/CXT
§
 

16 5 Dog Boxer  FN Meningioma CXT
¶
 

17 9 Dog Labrador  FN Glioma P 

18 4 Dog Boxer  M Glioma P 

19 11 Dog Border collie FN Meningioma P 

20 3 Dog Whippet  FN Glioma P 

21 8 Cat Bengal MN Lymphoma P 

22 8 Dog Boxer  MN High-grade 

astrocytoma
†
 

P 

Abbreviations: CXT, chemo; DSH, domestic short hair; F, female; FN, female neutered; M, male; MN, male 

neutered; n.c., non-completed; P, palliative; RT, radiotherapy treatment; SX, surgery. 
† 
Histopathologically confirmed diagnosis. 

‡
 Temozolomide-single agent protocol: 60 mg/m

2
 PO q 24hr for 5 days every 4 weeks.  

§
 Hydroxyurea-single agent protocol: 50 mg/kg PO q48hr. 

¶
 Lomustine-single agent protocol: 50 mg/m

2
 PO q3weeks. 
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Table 4. Classification of the pre-treatment lesions according to RAVNO criteria and 

response evaluation post-treatment using RAVNO criteria, and HOROS and 3D Slicer 

volumetric criteria.  

Case Pre-

treatment 
RAVNO 

Target lesion 

Response  

Criteria 

Follow-up 1 

RESPONSE 

RAVNO  

Target  
lesion 

Follow-up 2 

RESPONSE  

RAVNO 

Target  
lesion 

Follow-up 3   

RESPONSE  

RAVNO 

Target 
lesion 

1 CE TL RAVNO SD CE TL SD CE TL SD CE TL 

Horos volumetry SD   SD   SD   

3D Slicer volumetry SD   SD   SD   

2 CE TL RAVNO SD† NM nTL NA NA NA NA 

Horos volumetry PR           

3D Slicer volumetry PR           

3 CE TL RAVNO SD NM nTL SD† T2 evaluation NA NA 

Horos volumetry SD   PR      

3D Slicer volumetry SD   PR       

4 NM nTL RAVNO SD NM nTL NA NA NA NA 

Horos volumetry SD           

3D Slicer volumetry SD           

5 CE TL RAVNO SD CE TL NA NA NA NA 

Horos volumetry SD           

3D Slicer volumetry SD           

6 CE TL RAVNO SD NM nTL SD NM nTL PD ‡ CE TL 

Horos volumetry SD   SD   PD
 ‡   

3D Slicer volumetry SD   PR†   PD ‡   

7 CE TL RAVNO SD CE TL NA NA NA NA 

Horos volumetry SD           

3D Slicer volumetry SD           

8 NE nTL RAVNO SD† NM NE nTL NA NA NA NA 

Horos volumetry PR           

3D Slicer volumetry PR           

9 CE TL RAVNO SD† NM nTL PD ‡ CE TL NA NA 

Horos volumetry PR   PD ‡       

3D Slicer volumetry PR   PD ‡       

10 CE TL RAVNO SD† NM nTL NA NA NA NA 

Horos volumetry PR           

3D Slicer volumetry PR           

11 CE TL RAVNO SD NM nTL SD NM nTL NA NA 

Horos volumetry SD   SD       

3D Slicer volumetry SD   SD       

12 CE TL RAVNO PR CE TL NA NA NA NA 
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Horos volumetry PR           

3D Slicer volumetry PR           

13 CE TL RAVNO SD CE TL PR CE TL PD ‡ CE TL 

Horos volumetry SD   PR   PD ‡   

3D Slicer volumetry SD   SD†   PD ‡   

14 CE TL RAVNO SD† NM nTL PD ‡ CE TL NA NA 

Horos volumetry PR   PD ‡       

3D Slicer volumetry PR   PD ‡       

15 CE TL RAVNO SD CE TL SD ‡ CE TL NA NA 

Horos volumetry SD   SD ‡       

3D Slicer volumetry SD   SD ‡       

16 NM nTL RAVNO SD† NM nTL NA NA NA NA 

Horos volumetry PD           

3D Slicer volumetry PD           

17 NM NE nTL RAVNO SD NM NE nTL NA NA NA NA 

Horos volumetry SD           

3D Slicer volumetry SD           

18 NE nTL RAVNO PD NE nTL NA NA NA NA 

Horos volumetry PD           

3D Slicer volumetry SD†           

19 CE TL RAVNO SD CE TL NA NA NA NA 

Horos volumetry SD           

3D Slicer volumetry SD           

20 NM nTL RAVNO PD CE TL NA NA NA NA 

Horos volumetry PD           

3D Slicer volumetry PD           

21 NM nTL RAVNO PD NM nTL NA NA NA NA 

Horos volumetry PD           

3D Slicer volumetry PD           

22 NM nTL RAVNO PD CE TL NA NA NA NA 

Horos volumetry PD           

3D Slicer volumetry PD           

Abbreviations: CE TL, contrast enhancing target lesion; NE nTL, non-enhancing non target lesion; NM nTL, 

non-measurable non target lesion; NM NE nTL, non-measurable non-enhancing non target lesion; PR, partial 

response; RAVNO, Response assessment in veterinary neuro-oncology;  SD, stable disease; PD, progressive 

disease. 
†
 Differing response assessment result from remaining methods. 

‡
 Response assessed comparing with the nadir.  
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Table 5. P r o po r t i on a l  ag r eem en t  b e tw een  m et ho ds  b y s u sp ec t ed  t um ou r  

t yp e .  

Tumour type 

(suspected or 

confirmed) 

Number 

of cases  

Number of 

comparisons  

RAVNO 

and Horos 

method 

agreement  

RAVNO 

and 3D 

Slicer 

agreement  

Horos and 

3D Slicer 

agreement  

Overall 

agreement  

Meningioma 10 17 88%  82%  94%  82%  

Glioma  9 12 75%  58%  83%  58%  

Other 

tumours
† 

3 3 66%  66%  100% 66%  

Abbreviation: RAVNO, Response assessment in veterinary neuro-oncology.   
†
 Other tumours include pituitary tumour (1) and lymphoma (2). 
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FIGURE LEGENDS 

Figure 1. Post-contrast T1-weighted transverse MR images (case 1) illustrating brain lesion 

measurement using (A) the RAVNO system based on the sum product of the longest 

orthogonal diameters (da x db) on the transverse section showing the largest lesion area, (B-

H) the HOROS volumetric method based on margin delineation of sequential transverse 

images and tumour segmentation and (J-P) the 3D slicer volumetric method based on pixel 

painting of sequential transverse images and tumour segmentation. 

 

Figure 2. Algorithm for defining lesions with MRI using RAVNO criteria and corresponding 

response assessments. *Note that therapeutic response of non-target lesions can only be 

categorised as SD or PD. Abbreviations: CR, complete response; FLAIR, fluid attenuated 

inversion recovery images; PD, progressive disease; PR, partial response; SD, stable disease; 

T1W+GAD, T1-weighted images post-gadopentate dimeglumine administration; T2W, T2-

weighted images.  

 

Figure 3. Pre-treatment (A-C), post-operative (D-F) and second follow-up (G-I) post-contrast 

T1-weighted transverse MR images of a meningioma in the left frontal lobe of a cat treated 

with surgery followed by radiotherapy (case 13). The lesions were measured using RAVNO 

(A,D,G) and volumetric methods using margin delineation with HOROS (B,E,H) and area 

pixel painting with 3D Slicer (C,F,I).  Central areas of mixed intensities suggestive of 

necrosis could be excluded with the 3D Slicer volumetric method. Post-operative MRI 

revealed incomplete cytoreduction of the meningioma and further reduction in tumour burden 

was noted on second follow-up MRI after radiotherapy completion. Both RAVNO and 

HOROS volumetric measurements indicated PR whereas volume reduction with 3D Slicer 
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(34%) indicated SD. Note that the second MRI in this case became the nadir for response 

assessment in its subsequent follow-up MRI study. 
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