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Abstract
With improved outcome following aggressive treatment in patients with grade 2 and 3 IDH-mutant (IDHmt), 1p/19q 
codeleted oligodendroglioma and IDHmt, non-codeleted astrocytoma, prolonged surveillance is desirable for 
early detection of tumor growth and malignant transformation. Current National Comprehensive Cancer Network 
(NCCN) guidelines provide imaging follow-up recommendations based on molecular classification of lower-grade 
gliomas, although individualized imaging guidelines based on treatments received and after tumor recurrence are 
not clearly specified. Other available guidelines have yet to incorporate the molecular biomarkers that inform the 
WHO classification of gliomas, and in some cases do not adequately consider current knowledge on IDHmt glioma 
growth rate and recurrence patterns. Moreover, these guidelines also do not provide specific recommendations for 
concerning clinical symptoms or radiographic findings warranting imaging studies out of prespecified intervals. 
Focusing on molecularly defined grade 2 and 3 IDHmt astrocytomas and oligodendrogliomas, we review current 
knowledge of tumor growth rates and time to tumor progression for each tumor type and propose a range of re-
commended MRI surveillance intervals for both the newly diagnosed and recurrent tumor setting. Additionally, we 
summarize situations in which imaging is advisable outside of these intervals.
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Background and Importance

Recent changes in glioma classification and data on the 
growth and recurrence rate of gliomas warrant a reas-
sessment of commonly utilized guidelines addressing fre-
quency of MRI surveillance of these tumors during and 
following treatment. Herein we will address “lower-grade 
gliomas” (LrGG), a term that came into widespread use 
several years ago, based upon the recognition that most 
nonglioblastoma diffuse gliomas harbor mutations of the 

isocitrate dehydrogenase (IDH) gene and share a much 
more favorable prognosis than glioblastoma. Prior to the 
release of the 2021 WHO classification, LrGG referred to 
grades II and III astrocytomas and oligodendrogliomas.1,2 
The 2021 WHO classification includes three fundamental 
types of diffuse gliomas: IDH-mutant (IDHmt) astrocytoma, 
IDHmt, and 1p/19q codeleted oligodendroglioma, 
and IDH-wild type (IDHwt) glioblastoma.3 All IDHmt 
astrocytomas are considered a single type and are graded 
as WHO grade 2, 3, or 4.  In comparison, the 2016 WHO 
classification assigned different grading to each glioma  
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types: IDH mutation and 1p/19q codeletion oligodendro-
glioma (IDHmt/codeleted WHO, grades II and III), diffuse 
astrocytoma with IDH mutation without 1p/19q codeletion 
(IDHmt/non-codeleted grades II-IV), and those lacking IDH 
mutation (IDH wild type, grade II-IV).1,2,4 The presence of 
CDKN2A/B homozygous deletion has been associated 
with shorter survival in patients with IDHmt astrocytoma, 
having clinical behavior similar to WHO grade 4.5–7 In the 
2021 WHO classification, the presence of CDKN2A/B ho-
mozygous deletion in IDHmt astrocytoma is currently rec-
ognized as “Astrocytoma, IDH-mutant, grade 4”, even in 
the absence of microvascular proliferation or necrosis.3,5,6 
Due to the significant difference in the outcome of IDHmt 
versus IDHwt LrGG and IDHmt grade 4 astrocytoma, our 
discussion will be focused on IDHmt LrGG. In this review, 
we will refer to LrGG as grade 2 and 3 (as opposed to grade 
II and III) in accordance with the 2021 WHO classification.

Significant therapeutic advances have been made in 
the management and outcome of patients with LrGG. 
Despite a lack of randomized controlled trials (RCT), sev-
eral retrospective studies demonstrated improvement of 
survival and reduced risk of early malignant transforma-
tion with early complete surgical resection.8–11 Most re-
cently, several RCTs have demonstrated improvement of 
progression-free survival (PFS) and overall survival (OS) 
in newly diagnosed LrGG with adjuvant radiation therapy 
(RT) and chemotherapy.1,12

With improved survival following aggressive treatment, 
patients with LrGG can anticipate prolonged follow-up. The 
aim of surveillance after initial diagnosis and treatment, as 
well as after treatment for recurrent or progressive tumor, is 
to detect tumor growth or malignant transformation before 
symptoms develop and neurological function is irreparably 
compromised. In general, earlier growth detection and rec-
ognition of smaller tumor volume are desirable in permitting 
smaller radiation fields, safer surgical resection, less neu-
rological morbidity, and presumably improved survival.1,12,13

Several retrospective studies have examined the value 
of surveillance imaging in pediatric CNS tumors and sug-
gest greater benefit in low-grade than in high-grade tu-
mors.14–18 A  small retrospective, single-institution study 
of adults with glioblastoma and anaplastic glioma failed 
to identify improved outcomes in patients with recur-
rence detected on routine surveillance imaging compared 
to detection at symptomatic recurrence.19 This finding, if 
confirmed, could be due to the limited life-extending treat-
ment options at recurrence in patients with glioblastoma 
and IDHwt anaplastic glioma.

To date, the optimal frequency and serial imaging fol-
low-up studies for LrGG are not well-defined.20 National 
Comprehensive Cancer Network (NCCN) guidelines ad-
vocate follow-up MRI every 3–6  months for 5  years then 
at least every 6–12 months or as clinically indicated there-
after for grade 2 glioma. For grade 3 glioma, MRI every 
2–4 months for 3 years then every 3–6 months indefinitely is 
the recommendation.21 Another imaging guideline utilized 
by many American health insurers is the Evicore Healthcare 
imaging policy. Evicore recommends surveillance MRI 
every 3  months for 2  years, every 6  months for 3  years, 
then annually for patients with grade 2 glioma; while those 
with grade 3 glioma should have MRI every 3 months for 
3 years and every 6 months thereafter.22 There are no clear 

recommendations on imaging follow-up after recurrence 
of LrGG in the Evicore policy.22 NCCN recommends MRI 
every 2–3 months while on treatment for recurrent grade 2 
glioma, then every 6 months indefinitely; no guideline for 
recurrent grade 3 gliomas was specified.21 Consequently, 
the clinician’s ability to order MRIs believed clinically in-
dicated is sometimes administratively constrained. The 
Evicore guideline does not clearly specify individualized 
recommendations for follow-up studies based on molec-
ular classification, notwithstanding the lower rate of re-
lapse following treatment in patients with 1p/19q codeleted 
LrGG compared to those with 1p/19q intact tumors, argu-
ably impacting subsequent radiographic surveillance.1 
Additionally, these guidelines do not provide evidence sup-
porting their suggested decreased frequency of imaging 
surveillance the further from initial glioma diagnosis. Thus, 
these widely employed guidelines warrant revisiting.

The determination of the optimal timing of surveillance 
to maximize detection while minimizing unnecessary, un-
informative imaging studies requires analysis of available 
data on the time and pattern of relapse as well as the risk 
factors associated with early recurrence. The primary pur-
pose of this manuscript is to review the current data and 
propose recommendations regarding the optimal fre-
quency for a longitudinal imaging study of IDHmt grade 
2 and 3 gliomas, acknowledging that the absence of pro-
spective studies and limitations of existing data limit the 
level of evidence to expert opinion.

Synthesis of Evidence and 
Recommendations on Imaging 
Surveillance

Astrocytoma and Oligodendroglioma WHO 
Grade 2

Despite the typically relatively indolent behavior of IDHmt 
grade 2 glioma, progression is unpredictable and varies 
considerably with median PFS ranging from 3 to 10 years 
after initial diagnosis and treatment with RT and/or che-
motherapy.23–26 Three stages of clinical and radiographic 
evolution of diffuse grade 2 gliomas have been pro-
posed: (1) Pre-symptomatic stage: unknown duration of 
disease, where the tumor is discovered incidentally; (2) 
Symptomatic stage: about 4–10 years after initial diagnosis 
or presentation and treatment23; and (3) Transformational 
stage: about 2–3 years of a more rapid tumor progression 
into higher-grade gliomas.27,28

Serial imaging studies.—All available quantitative studies 
of radiological growth of grade 2 glioma report a sponta-
neous and continuous growth pattern (Table 1). Analysis 
of mean tumor diameters (MTD) of patients with untreated 
grade 2 glioma demonstrated constant tumor growth at 
a rate of 4.1 mm/year during their premalignant phase.29 
The same authors subsequently demonstrated an inverse 
correlation between growth rates and survival, with a me-
dian survival of 5.16 years in patients with a growth rate 
of >8 mm/year, and more than 15 years for those with a 



1037Jo et al. Surveillance imaging frequency on lower-grade gliomas
N

eu
ro-

O
n

colog
y

  Ta
bl

e 
1 

Se
ria

l I
m

ag
in

g 
St

ud
ie

s 
on

 D
iff

us
e 

Gl
io

m
a 

W
HO

 G
ra

de
 2

A
u

th
o

rs
/Y

ea
r 

Pa
ti

en
t 

 
p

o
p

u
la

ti
o

n
 

M
o

le
cu

la
r 

st
u

d
ie

s 
D

es
cr

ip
ti

o
n

 o
f t

h
e 

st
u

d
y 

O
u

tc
o

m
e/

C
o

n
cl

u
si

o
n

 

M
an

d
o

n
n

et
 

et
 a

l. 
 

20
03

29

27
 u

n
tr

ea
te

d
  

g
ra

d
e 

2 
O

, A
,  

an
d

 O
A

N
o

t p
er

fo
rm

ed
- 

 R
et

ro
sp

ec
ti

ve
 r

ev
ie

w
 o

f t
u

m
o

r 
g

ro
w

th
 k

in
et

ic
 

b
ef

o
re

 a
n

ap
la

st
ic

 m
al

fo
rm

at
io

n
.  

- 
 M

ed
ia

n
 d

u
ra

ti
o

n
 o

f r
ad

io
lo

g
ic

al
 fo

llo
w

-u
p

 
w

as
 4

.7
5 

ye
ar

s.

- 
 C

o
n

ti
n

u
o

u
s 

re
la

ti
ve

ly
 c

o
n

st
an

t g
ro

w
th

 r
at

e 
d

u
ri

n
g

 p
re

-m
al

ig
n

an
t p

h
as

e 
 

- 
 M

ea
n

 M
T

D
: 4

.1
 m

m
/y

ea
r 

(9
5%

 C
I: 

3.
8–

4.
4 

m
m

/y
r)

  
- 

 In
te

rp
re

ta
ti

o
n

 is
 li

m
it

ed
 d

u
e 

to
 la

ck
 o

f m
o

le
cu

la
r 

d
at

a

Pa
llu

d
 e

t a
l. 

 
20

06
30

14
3 

u
n

tr
ea

te
d

 g
ra

d
e 

2 
O

, A
, a

n
d

 O
A

N
o

t p
er

fo
rm

ed
- 

 R
et

ro
sp

ec
ti

ve
 r

ev
ie

w
 to

 a
ss

es
s 

th
e 

pr
og

no
st

ic
 

va
lu

e 
of

 M
TD

 g
ro

w
th

 r
at

es
 o

n 
su

cc
es

si
ve

 M
R

I.  
- 

 M
ed

ia
n 

du
ra

tio
n 

of
 r

ep
ea

te
d 

tu
m

or
 m

ea
su

re
-

m
en

t w
as

 2
1.

7 
m

on
th

s.
  

- 
 M

ed
ia

n 
du

ra
tio

n 
of

 c
lin

ic
al

 fo
llo

w
-u

p 
w

as
 6

.5
 

ye
ar

s.

- 
 In

ve
rs

e 
co

rr
el

at
io

n
 b

et
w

ee
n

 g
ro

w
th

 r
at

es
 a

n
d

 s
u

rv
iv

al
  

- 
 M

ed
ia

n
 s

u
rv

iv
al

:  
5.

16
 y

ea
rs

 fo
r 

g
ro

w
th

 r
at

e 
o

f >
8 

m
m

/y
ea

r 
 

>1
5 

ye
ar

s 
fo

r 
g

ro
w

th
 r

at
e 

o
f <

8 
m

m
/y

ea
r 

(P
 <

 .0
01

)  
- 

 In
te

rp
re

ta
ti

o
n

 is
 li

m
it

ed
 d

u
e 

to
 la

ck
 o

f m
o

le
cu

la
r 

d
at

a

Pa
llu

d
 e

t a
l. 

 
20

13
31

40
7 

n
ew

ly
  

d
ia

g
n

o
se

d
  

g
ra

d
e 

2 
O

, A
  

an
d

 O
A

ID
H

 m
u

ta
te

d
 in

 
25

/3
2 

p
at

ie
n

ts
  

1p
/1

9q
 c

o
d

el
et

ed
 in

 
67

/2
05

 p
at

ie
n

ts

- 
 R

et
ro

sp
ec

ti
ve

 s
tu

d
y 

to
 a

ss
es

s 
w

h
et

h
er

 s
p

o
n

-
ta

n
eo

u
s 

V
D

E
 c

an
 p

re
d

ic
t l

o
n

g
-t

er
m

 o
u

tc
o

m
es

  
- 

 M
ea

n
 fo

llo
w

-u
p

 w
as

 8
6.

5 
m

o
n

th
s

- 
 M

ea
n

 s
p

o
n

ta
n

eo
u

s 
V

D
E

 b
ef

o
re

 fi
rs

t-
lin

e 
tr

ea
tm

en
t:

5.
8+

 6
.3

 m
m

/y
r.

  
- 

 V
D

E
 a

s 
a 

ca
te

g
o

ri
ca

l v
ar

ia
b

le
 (<

4,
 >

4 
an

d
 <

8,
 >

8 
an

d
 <

12
, >

12
 m

m
/y

r)
 w

as
 a

n
 

in
d

ep
en

d
en

t p
ro

g
n

o
st

ic
 fa

ct
o

r 
fo

r 
m

al
ig

n
an

t-
fr

ee
 s

u
rv

iv
al

 a
n

d
 O

S
; a

ls
o

 a
n

 in
d

e-
p

en
d

en
t p

ro
g

n
o

st
ic

 fa
ct

o
r 

fo
r 

O
S

 a
s 

a 
co

n
ti

n
u

o
u

s 
p

re
d

ic
to

r 
 

- 
 S

p
o

n
ta

n
eo

u
s 

V
D

E
 w

as
 s

lo
w

er
 in

 c
o

d
el

et
ed

 tu
m

o
rs

 a
n

d
 c

o
m

p
le

te
 1

p
 d

el
et

io
n

; 
si

g
n

ifi
ca

n
tl

y 
fa

st
er

 in
 tu

m
o

rs
 w

it
h

 p
53

 o
ve

re
xp

re
ss

io
n

H
la

ih
el

  
et

 a
l. 

 
20

10
32

22
 g

ra
d

e 
2 

g
lio

m
as

N
o

t p
er

fo
rm

ed
- 

 Lo
n

g
it

u
d

in
al

 s
tu

d
y 

to
 d

et
er

m
in

e 
th

e 
ro

le
 o

f 
co

nv
en

ti
o

n
al

, p
er

fu
si

o
n

 a
n

d
 M

R
S

 in
 e

ar
ly

 
d

et
ec

ti
o

n
 o

f m
al

ig
n

an
t t

ra
n

sf
o

rm
at

io
n

- 
 M

ea
n

 a
n

n
u

al
 g

ro
w

th
 r

at
e:

 3
.6

5 
m

m
/y

r 
 

- 
 G

ro
w

th
 r

at
e 

o
f >

3 
m

m
/y

r 
co

rr
el

at
ed

 w
it

h
 g

re
at

er
 r

is
k 

o
f a

n
ap

la
st

ic
 tr

an
sf

o
rm

a-
ti

o
n

: V
D

E
 7

.8
7 

m
m

/y
ea

r 
in

 tr
an

sf
o

rm
er

 v
er

su
s 

2.
14

 m
m

/y
ea

r 
in

 n
o

n
tr

an
sf

o
rm

er
 

g
ro

u
p

s 
 

- 
 In

te
rp

re
ta

ti
o

n
 is

 li
m

it
ed

 d
u

e 
to

 la
ck

 o
f m

o
le

cu
la

r 
d

at
a

Pe
yr

e,
 e

t a
l. 

 
20

10
33

21
 g

ra
d

e 
2 

g
lio

m
as

 
tr

ea
te

d
 w

it
h

 P
C

V
1p

/1
9q

 c
o

d
el

et
ed

 in
 

4 
o

u
t o

f 6
 p

at
ie

n
ts

- 
 R

et
ro

sp
ec

ti
ve

 s
tu

d
y 

to
 e

va
lu

at
e 

th
e 

tu
m

o
r 

ki
n

et
ic

 g
ro

w
th

 w
it

h
 fi

rs
t l

in
e 

P
C

V
- 

 M
ed

ia
n

 M
T

D
 d

u
ri

n
g

 P
C

V
 w

as
 –

10
.2

 m
m

/y
ea

r 
(-

1 
to

 –
23

 m
m

/y
r)

; A
ft

er
 P

C
V

 d
is

co
n

-
ti

n
u

at
io

n
, –

4 
m

m
/y

r 
(–

1.
2 

to
 –

15
.4

 m
m

/y
r)

  
- 

 M
ea

n
 d

u
ra

ti
o

n
 o

f M
T

D
 a

ft
er

 P
C

V
 o

n
se

t w
as

 3
.4

 y
rs

 (0
.8

–7
.7

 y
rs

);
 2

.7
 y

rs
 (0

–7
 y

rs
) 

af
te

r 
d

is
co

n
ti

n
u

at
io

n
  

- 
 3 

o
f 4

 c
o

d
el

et
ed

 p
at

ie
n

ts
 tr

ea
te

d
 s

h
o

w
ed

 d
ec

re
as

in
g

 M
T

D
 a

t 3
.8

, 4
.8

 a
n

d
 7

.5
 y

rs
 

af
te

r 
P

C
V

 o
n

se
t;

 1
 p

at
ie

n
t p

ro
g

re
ss

ed
 a

ft
er

 c
o

m
p

le
ti

o
n

 o
f P

C
V

  
-2

 n
o

n
-c

o
d

el
et

ed
 p

at
ie

n
ts

 s
h

o
w

ed
 d

ec
re

as
ed

 M
T

D
 fo

r 
2 

an
d

 3
 y

ea
rs

M
az

zo
cc

o
, 

et
 a

l. 
 

20
15

34

77
 g

ra
d

e 
2 

g
lio

m
as

 
tr

ea
te

d
 w

it
h

 T
M

Z
ID

H
 m

u
ta

te
d

 in
 

35
/5

4 
p

at
ie

n
ts

  
1p

/1
9q

 c
o

d
el

et
ed

 in
 

23
/7

0 
p

at
ie

n
ts

  
P

53
 o

ve
re

xp
re

ss
io

n
 

in
 2

4/
59

 p
at

ie
n

ts

- 
 R

et
ro

sp
ec

ti
ve

 s
tu

d
y 

to
 a

ss
es

s 
w

h
et

h
er

 c
o

m
-

b
in

in
g

 lo
n

g
it

u
d

in
al

 tu
m

o
r 

si
ze

 q
u

an
ti

ta
ti

ve
 

m
o

d
el

in
g

 w
it

h
 a

 tu
m

o
r’

s 
g

en
et

ic
 c

h
ar

ac
te

r-
iz

at
io

n
 is

 a
n

 e
ff

ec
ti

ve
 m

ea
n

s 
o

f p
re

d
ic

ti
n

g
 

re
sp

o
n

se
 to

 T
M

Z

- 
 A

ft
er

 T
M

Z
 o

n
se

t,
 M

T
D

 d
ec

re
as

ed
 b

y 
75

%
 fo

llo
w

ed
 b

y 
a 

M
T

D
 r

e-
in

cr
ea

se
.  

- 
 M

ed
ia

n
 ti

m
e-

to
-t

u
m

o
r 

p
ro

g
re

ss
io

n
:1

4.
5 

m
o

n
th

s.
  

- 
 P5

3 
an

d 
1p

/1
9q

 s
ta

tu
s 

an
d 

tu
m

or
 o

bs
er

va
tio

ns
 o

bt
ai

ne
d 

du
ri

ng
 fi

rs
t 3

 m
on

th
s 

af
te

r 
TM

Z 
on

se
t c

or
re

ct
ly

 p
re

di
ct

ed
 tu

m
or

 re
sp

on
se

 fo
r 2

 y
ea

rs
, b

ut
 n

ot
 b

ey
on

d 
2 

ye
ar

s.
  

- 
 ID

H
 m

u
ta

ti
o

n
 s

ta
tu

s 
al

o
n

e 
d

id
 n

o
t p

ro
vi

d
e 

u
se

fu
l i

n
fo

rm
at

io
n

 o
n

 tu
m

o
r 

si
ze

 d
y-

n
am

ic
s

Pa
llu

d
 e

t a
l. 

 
20

12
35

33
 s

u
p

ra
te

n
to

ri
al

 
g

ra
d

e 
2 

g
lio

m
as

ID
H

 m
u

ta
te

d
 in

 
23

/2
7 

p
at

ie
n

ts
  

P
53

 o
ve

re
xp

re
ss

io
n

 
in

 1
6/

27
 p

at
ie

n
ts

- 
 R

et
ro

sp
ec

ti
ve

 s
tu

d
y 

to
 a

ss
es

s 
th

e 
V

D
E

 
ch

an
g

es
 fo

llo
w

in
g

 R
T

- 
 B

ef
o

re
 R

T:
 tu

m
o

r 
vo

lu
m

e 
in

cr
ea

se
d

 in
 a

ll 
p

at
ie

n
ts

 (p
o

si
ti

ve
 V

D
E

, m
ea

n
 5

.9
 m

m
/

yr
).

  
- 

 A
ft

er
 R

T:
 tu

m
o

r 
vo

lu
m

e 
d

ec
re

as
e 

w
as

 o
b

se
rv

ed
 (n

eg
at

iv
e 

V
D

E
, m

ea
n

 –
16

.7
 m

m
/

yr
) d

u
ri

n
g

 a
 m

ea
n

 4
9-

m
o

n
th

 d
u

ra
ti

o
n

  
- 

 La
ck

 o
f I

D
H

 m
u

ta
ti

o
n

, p
53

 o
ve

re
xp

re
ss

io
n

, l
ar

g
e 

in
it

ia
l t

u
m

o
r 

vo
lu

m
e,

 a
n

d
 

p
o

st
-R

T
 V

D
E

 fa
st

 r
es

p
o

n
d

er
 w

er
e 

in
d

ep
en

d
en

t p
ro

g
n

o
st

ic
 fa

ct
o

r 
o

f s
h

o
rt

er
 O

S

Ta
al

 e
t a

l. 
 

20
15

36
32

  
g

ra
d

e 
2 

O
, O

A
 a

n
d

 
la

rg
e 

an
d

/o
r 

m
u

lt
i-

lo
b

e 
tu

m
o

rs

1p
/1

9q
 c

o
d

el
et

ed
 in

 
18

/3
2 

p
at

ie
n

ts
- 

 R
et

ro
sp

ec
ti

ve
 r

ev
ie

w
 to

 a
ss

es
s 

w
h

et
h

er
 fi

rs
t-

lin
e 

P
C

V
 im

p
ro

ve
s 

o
u

tc
o

m
e 

to
 d

el
ay

 R
T

- 
 M

ed
ia

n
 O

S
: 1

0 
ye

ar
s 

 
- 

 M
ed

ia
n

 P
FS

: 3
.8

 y
ea

rs
  

- 
 O

R
R

: 7
2%

  
- 

 1p
/1

9q
 c

o
d

el
et

ed
 p

at
ie

n
ts

: m
ed

ia
n

 P
FS

 5
.6

 y
ea

rs
; m

ed
ia

n
 O

S
: N

R
 a

ft
er

 m
ed

ia
n

 
fo

llo
w

-u
p

 o
f 8

.9
 y

ea
rs

; O
R

R
 7

8%



 1038 Jo et al. Surveillance imaging frequency on lower-grade gliomas

  Ta
bl

e 
1 

Co
nt

in
ue

d 

A
u

th
o

rs
/Y

ea
r 

Pa
ti

en
t 

 
p

o
p

u
la

ti
o

n
 

M
o

le
cu

la
r 

st
u

d
ie

s 
D

es
cr

ip
ti

o
n

 o
f t

h
e 

st
u

d
y 

O
u

tc
o

m
e/

C
o

n
cl

u
si

o
n

 

M
an

d
o

n
n

et
 

et
 a

l. 
 

20
10

37

54
  

g
ra

d
e 

2 
O

, A
, a

n
d

 
O

A
, w

h
o

 u
n

d
er

w
en

t 
p

ar
ti

al
 r

es
ec

ti
o

n

N
o

t p
er

fo
rm

ed
- 

 R
et

ro
sp

ec
ti

ve
 r

ev
ie

w
 to

 a
ss

es
s 

th
e 

ra
d

io
-

lo
g

ic
al

 p
o

st
o

p
er

at
iv

e 
ki

n
et

ic
s 

af
te

r 
su

rg
ic

al
 

re
se

ct
io

n
  

- 
 M

ed
ia

n
 p

o
st

o
p

er
at

iv
e 

fo
llo

w
-u

p
 w

as
 1

.6
 

ye
ar

s

- 
 M

ea
n

 g
ro

w
th

 a
ft

er
 p

ar
ti

al
 r

es
ec

ti
o

n
: 4

.2
 m

m
/y

ea
r 

 
- 

 G
ro

w
th

 r
at

es
 w

er
e 

g
ro

ss
ly

 u
n

ch
an

g
ed

 fo
r 

80
%

 o
f c

as
es

 b
ef

o
re

 a
n

d
 a

ft
er

 s
u

rg
er

y.
  

- 
 In

te
rp

re
ta

ti
o

n
 is

 li
m

it
ed

 d
u

e 
to

 la
ck

 o
f m

o
le

cu
la

r 
d

at
a

R
ee

s 
et

 a
l. 

 
20

09
38

27
 u

n
tr

ea
te

d
 g

ra
d

e 
2 

O
, A

, a
n

d
 O

A
N

o
t p

er
fo

rm
ed

- 
 Pr

o
sp

ec
ti

ve
 s

tu
d

y 
to

 e
st

ab
lis

h
 w

h
et

h
er

 
m

ea
su

re
m

en
t o

f t
u

m
o

r 
vo

lu
m

e 
an

d
 g

ro
w

th
 

ca
n

 h
el

p
 id

en
ti

fy
 th

o
se

 a
t h

ig
h

 r
is

k 
o

f c
lin

ic
al

 
o

r 
ra

d
io

lo
g

ic
al

 tr
an

sf
o

rm
at

io
n

  
- 

 M
ed

ia
n

 d
u

ra
ti

o
n

 o
f f

o
llo

w
-u

p
 fr

o
m

 tr
an

sf
o

r-
m

at
io

n
 w

as
 2

3 
m

o
n

th
s

- 
 A

ve
ra

g
e 

ri
sk

 o
f t

ra
n

sf
o

rm
at

io
n

 to
 h

ig
h

er
 g

ra
d

e 
w

as
 2

6%
 (9

5%
 C

I 2
0–

31
%

) p
er

 
an

n
u

m
 in

 u
p

 to
 6

 m
o

n
th

s 
p

ri
o

r 
to

 tr
an

sf
o

rm
at

io
n

; r
is

k 
in

cr
ea

se
d

 to
 5

6%
 p

er
 

an
n

u
m

 in
 th

e 
fi

n
al

 6
 m

o
n

th
s 

p
ri

o
r 

to
 tr

an
sf

o
rm

at
io

n
.  

- 
 In

cr
ea

se
d

 p
ro

b
ab

ili
ty

 o
f t

ra
n

sf
o

rm
at

io
n

 w
it

h
 in

cr
ea

si
n

g
 ti

m
e 

fr
o

m
 p

re
se

n
ta

ti
o

n
 

b
y 

9.
4%

 p
er

 y
ea

r 
(9

5%
 C

I 2
–1

8%
)  

- 
 In

te
rp

re
ta

ti
o

n
 is

 li
m

it
ed

 d
u

e 
to

 la
ck

 o
f m

o
le

cu
la

r 
d

at
a

B
ra

si
l C

as
ei

ra
s,

  
et

 a
l. 

 
20

09
39

34
 u

n
tr

ea
te

d
 g

ra
d

e 
2 

O
, A

, a
n

d
 O

A
N

o
t p

er
fo

rm
ed

- 
 Pr

o
sp

ec
ti

ve
 s

tu
d

y 
co

m
p

ar
in

g
 tu

m
o

r 
vo

lu
m

e,
 

rC
B

V,
 a

n
d

 A
D

C
 a

n
d

 s
h

o
rt

-t
er

m
 c

h
an

g
es

 o
f 

th
es

e 
p

ar
am

et
er

s 
as

 p
re

d
ic

to
rs

 o
f t

im
e 

to
 

m
al

ig
n

an
t t

ra
n

sf
o

rm
at

io
n

 a
n

d
 ti

m
e 

to
 d

ea
th

  
- 

 M
ed

ia
n

 fo
llo

w
-u

p
 w

as
 2

.6
 y

ea
rs

- 
 6-

m
o

n
th

 tu
m

o
r 

g
ro

w
th

 h
el

p
s 

p
re

d
ic

t o
u

tc
o

m
e 

b
et

te
r 

th
an

 r
C

B
V,

 A
D

C
, a

g
e,

 s
ex

, 
an

d
 h

is
to

lo
g

ic
 fi

n
d

in
g

s.
  

- 
 T

h
re

sh
o

ld
 tu

m
o

r 
g

ro
w

th
 v

o
lu

m
e 

o
f 6

.2
1 

m
L 

o
f g

ro
w

th
 w

it
h

 m
ea

n
 ti

m
e 

o
f p

ro
-

g
re

ss
io

n
 o

f 3
.9

1 
ye

ar
s 

ve
rs

u
s 

1.
82

 y
ea

rs
  

- 
 In

te
rp

re
ta

ti
o

n
 is

 li
m

it
ed

 d
u

e 
to

 la
ck

 o
f m

o
le

cu
la

r 
d

at
a

H
at

h
o

u
t  

et
 a

l  
20

15
40

30
 c

o
n

tr
as

t-
en

h
an

ci
n

g
 g

ra
d

e 
2 

as
tr

o
cy

to
m

as
 th

at
 

u
n

d
er

w
en

t t
u

m
o

r 
p

ro
g

re
ss

io
n

N
o

t p
er

fo
rm

ed
- 

 R
et

ro
sp

ec
ti

ve
 r

ev
ie

w
 to

 te
st

 w
h

et
h

er
 tu

m
o

r 
g

ro
w

th
 k

in
et

ic
s 

co
u

ld
 id

en
ti

fy
 tu

m
o

rs
 th

at
 

u
n

d
er

g
o

 m
al

ig
n

an
t t

ra
n

sf
o

rm
at

io
n

 to
 h

ig
h

er
 

g
ra

d
es

- 
 R

ad
ia

l e
xp

an
si

o
n

 r
at

es
 fo

r 
b

o
th

 c
o

n
tr

as
t-

en
h

an
ci

n
g

 (P
 =

 .0
04

0)
 a

n
d

 T
2 

hy
p

er
in

te
n

se
 r

eg
io

n
s 

(P
 =

 .0
01

6)
 w

er
e 

si
g

n
ifi

ca
n

tl
y 

h
ig

h
er

 in
 th

o
se

 th
at

 tr
an

s-
fo

rm
ed

 to
 G

B
M

 th
an

 n
o

n
tr

an
sf

o
rm

er
s 

 
- 

 In
te

rp
re

ta
ti

o
n

 is
 li

m
it

ed
 d

u
e 

to
 la

ck
 o

f m
o

le
cu

la
r 

d
at

a

H
u

an
g

  
et

 a
l. 

 
20

20
41

23
0 

ID
H

m
t,

 G
ra

d
e 

2 
&

 3
 tr

ea
te

d
 w

it
h

 
su

rg
er

y,
 R

T
 a

n
d

 c
h

e-
m

o
th

er
ap

y

1p
/1

9q
 c

o
d

el
et

ed
 in

 
11

8/
18

6 
p

at
ie

n
ts

- 
 R

et
ro

sp
ec

ti
ve

 s
tu

d
y 

in
ve

st
ig

at
in

g
 th

e 
vo

l-
u

m
et

ri
c 

g
ro

w
th

 p
re

- a
n

d
 p

o
st

-t
re

at
m

en
t t

o
 

d
et

er
m

in
e 

w
h

et
h

er
 a

 s
ig

n
ifi

ca
n

t c
h

an
g

e 
in

 
g

ro
w

th
 r

at
e 

ca
n

 s
er

ve
 a

s 
im

ag
in

g
 e

n
d

p
o

in
t 

to
 in

d
ic

at
e 

tr
ea

tm
en

t e
ff

ec
t

- 
 Pr

e-
tr

ea
tm

en
t v

o
lu

m
et

ri
c 

g
ro

w
th

 r
at

e:
 2

7.
37

%
 p

er
 6

 m
o

n
th

s 
(9

5%
 C

I: 
23

.3
6–

31
.5

1%
)  

- 
 M

ea
n

 g
ro

w
th

 r
at

e 
fr

o
m

 th
e 

fi
rs

t 2
 p

re
tr

ea
tm

en
t t

im
e 

p
o

in
ts

: 2
2.

98
%

 p
er

 6
-m

o
n

th
 

(9
5%

 C
I: 

18
.0

7–
28

.1
0%

) v
er

su
s 

la
te

r 
2 

ti
m

e 
p

o
in

ts
 3

3.
73

%
 p

er
 6

-m
o

n
th

 (9
5%

 C
I: 

27
.8

3–
39

.9
0%

; P
 =

 .0
04

)  
- 

 A
m

o
n

g
 9

5 
p

at
ie

n
ts

 w
it

h
 p

re
- a

n
d

 p
o

st
-t

re
at

m
en

t M
R

I, 
vo

lu
m

et
ri

c 
g

ro
w

th
 r

at
es

 
b

ef
o

re
 tr

ea
tm

en
t 2

6.
63

%
 (9

5%
 C

I 1
9.

31
, 3

4.
40

%
) a

n
d

 a
ft

er
 tr

ea
tm

en
t –

15
.2

4%
 

(9
5%

 C
I: 

–2
1.

37
%

, –
8.

62
%

; P
 <

 .0
00

1)
.  

- 
 Pe

rc
en

ta
g

e 
ch

an
g

e 
in

 p
re

- a
n

d
 p

o
st

-t
re

at
m

en
t g

ro
w

th
 r

at
e 

w
er

e 
n

o
t s

ig
n

ifi
ca

n
tl

y 
as

so
ci

at
ed

 w
it

h
 O

S
 (H

R
 =

 1
.0

04
 fo

r 
ea

ch
 p

er
ce

n
t i

n
cr

ea
se

, P
 =

 .2
09

3)
 o

r 
P

FS
 (H

R
 =

 
1.

00
1,

 P
 =

 .5
61

1)
  

- 
 Pa

ti
en

ts
 w

it
h

 n
o

n
-c

o
d

el
et

io
n

 h
ad

 a
 fa

st
er

 m
ea

n
 g

ro
w

th
 r

at
e 

ve
rs

u
s 

co
d

el
et

ed
 

g
ro

u
p

.

R
ic

ar
d

 e
t a

l  
20

07
42

10
7 

g
ra

d
e 

2 
g

lio
m

a
1p

/1
9q

 c
o

d
el

et
ed

 in
 

32
/6

8 
p

at
ie

n
ts

  
P

53
 o

ve
re

xp
re

ss
io

n
 

in
 1

9/
49

 p
at

ie
n

ts

- 
 R

et
ro

sp
ec

ti
ve

 s
tu

d
y 

to
 c

o
m

p
ar

e 
th

e 
ki

n
et

ic
s 

o
f t

u
m

o
r 

g
ro

w
th

 b
ef

o
re

 a
n

d
 a

ft
er

 T
M

Z
 a

n
d

 to
 

co
rr

el
at

e 
w

it
h

 m
o

le
cu

la
r 

p
ro

fi
le

- 
 B

ef
o

re
 T

M
Z

, m
ea

n
 M

T
D

 is
 s

lo
w

er
 in

 1
p

/1
9q

 c
o

d
el

et
ed

 tu
m

o
rs

 (3
.4

 v
s 

5.
9 

m
m

/y
r;

 
P

 =
 .0

01
6)

 a
n

d
 in

 tu
m

o
rs

 th
at

 d
id

 n
o

t o
ve

re
xp

re
ss

 p
53

 (4
.2

 v
s 

6.
3 

m
m

/y
r;

 P
 =

 .0
5)

  
- 

 D
u

ri
n

g
 T

M
Z

, 9
2%

 o
f a

ll 
p

at
ie

n
ts

 e
xp

er
ie

n
ce

 d
ec

re
as

ed
 M

T
D

  
- 

 Lo
w

er
 r

at
e 

o
f r

el
ap

se
 in

 1
p

/1
9q

 c
o

d
el

et
ed

 tu
m

o
rs

 (1
6.

6 
vs

 5
8%

; P
 =

 .0
00

4)
 a

n
d

 in
 

tu
m

o
rs

 th
at

 d
id

 n
o

t o
ve

re
xp

re
ss

 p
53

 (2
6 

vs
 6

8%
; P

 =
 .0

03
)

O,
 O

lig
od

en
dr

og
lio

m
a;

 A
, A

st
ro

cy
to

m
a;

 O
A,

 O
lig

oa
st

ro
cy

to
m

a;
 C

I, 
Co

nfi
de

nc
e 

in
te

rv
al

; L
GG

, L
ow

-g
ra

de
 g

lio
m

a;
 ID

Hm
t, 

ID
H 

m
ut

an
t; 

rC
BV

, r
el

at
iv

e 
ce

re
br

al
 b

lo
od

 v
ol

um
e;

 A
DC

, A
pp

ar
en

t d
iff

us
io

n 
co

ef
fic

ie
nt

; G
TR

, 
Gr

os
s 

to
ta

l r
es

ec
tio

n;
 P

FS
, P

ro
gr

es
si

on
 fr

ee
 s

ur
vi

va
l; 

OS
, O

ve
ra

ll 
su

rv
iv

al
; R

T,
 ra

di
at

io
n 

th
er

ap
y;

 T
M

Z,
 te

m
oz

ol
om

id
e;

 P
CV

, p
ro

ca
rb

az
in

e,
 C

CN
U,

 a
nd

 v
in

cr
is

tin
e;

 M
TD

, m
ea

n 
tu

m
or

 d
ia

m
et

er
; V

DE
, v

el
oc

ity
 o

f d
ia

-
m

et
ric

 e
xp

an
si

on
; O

RR
, O

bj
ec

tiv
e 

re
sp

on
se

 ra
te

  



1039Jo et al. Surveillance imaging frequency on lower-grade gliomas
N

eu
ro-

O
n

colog
y

growth rate of <8  mm/year.30 Spontaneous velocity of 
diametric expansion (VDE) also predicted long-term 
outcomes. The malignant PFS (MPFS) and OS were signif-
icantly longer in patients with slow versus those with fast 
VDE31,32; VDE of >3 mm/year was associated with a greater 
risk of malignant transformation.32 Untreated IDHmt grade 
2 gliomas with 1p/19q codeletion grow significantly slower 
than those without codeletion (MTD growth 3.4 versus 
5.9 mm/year; P = .0016).42 Treatment of diffuse glioma im-
pacts tumor growth kinetics, with a decrease in MTD in pa-
tients treated with either procarbazine, CCNU, vincristine 
(PCV) regimen, temozolomide, or RT.33–36,42,43 In contrast, 
the growth rate of residual tumor following partial resec-
tion was not statistically different from the pre-operative 
growth rates.37 For a subset of patients with a delay be-
tween their first MRI and surgery, the intra-patient com-
parison of pre-operative and postoperative growth rates 
prior to other therapies were grossly unchanged in 80% of 
cases, suggesting surgery does not influence the residual 
tumor kinetics.37 Furthermore, the PFS, OS, and MPFS 
were not significantly different when subtotal surgery was 
performed before or after symptom occurence.44

Evidence supports a nonlinear growth rate pattern of 
grade 2 gliomas, with a significant increase in tumor growth 
in the final 6 months before malignant transformation.13,38 
Tumors in patients with early malignant transformation had 
an average annual tumor volume growth rate of 26% prior 
to the 6 months prior to transformation, increasing to 56% 
per annum in the final 6 months prior to transformation.38 
The probability of early transformation increases with 
increasing tumor volume; for every 10% increase in volume, 
the risk of transformation increased by 29%.38 Another 
study determined a tumor volume growth threshold of 
6.21 ml within 6 months as a predictor of time to malig-
nant transformation.39 Further supporting this evidence, 
patients whose tumors transformed to grade 4 showed a 
very rapid, dramatic changes in both contrast-enhancing 
and T2 hyperintense regions when MRIs were evaluated at 
the time leading up to recurrence, compared to those pro-
gressing to grade 3 astrocytoma or to nontransforming at 
recurrence.40 Moreover, a continuous growth pattern with 
accelerating, positive mean growth rates were observed 
prior to treatment of patients with IDHmt LrGG (22.98% 
per 6-month between the first two time points; 33.73% per 
6-month from the later time points).41

Therapeutic studies.—Patients with low-risk grade 2 
glioma (adults <40  years old who underwent gross total 
resection), showed PFS at 2 and 5 years of 82% and 48%, 
respectively and a median PFS of 4.9 years without adju-
vant treatment.45 For patients with high-risk grade 2 glioma 
(defined in RTOG 9802 as patients age <40 with less than 
complete resection or patients >40  years of age; EORTC 
22033 as those with age >40  years, progressive disease, 
tumors >5 cm or crossing the midline, neurological symp-
toms), phase III trials demonstrated a significant prolonga-
tion of both PFS and OS with the combination of radiation 
and chemotherapy (Table 2).23,24

In RTOG 9802, patients receiving RT followed by PCV had 
a PFS of 10.4 years compared to 4 years in those receiving 
RT alone.23,25 Forty-two percent (106/251) of patients were 
profiled for WHO-defined molecular groups.26 Treatment 

with postradiation chemotherapy was associated with 
longer PFS in the IDHmt/codeleted (not reached versus 
5.8  years) and IDHmt/non-codeleted group (10.4  years 
versus 3.3  years). The 2-year and 5-year PFS in patients 
with IDHmt/codeletion who received RT/PCV were approxi-
mately 95% and 90%, respectively; the PFS plateaus at 80% 
after 6  years of treatment. Those who received RT alone 
demonstrated similar 2-year PFS, but a lower PFS of 60% 
at 5 years, with a decreasing pattern beyond 6 years.26 In 
patients with IDHmt/non-codeletion, the PFS at 2 years was 
similar (approximately 75%). However, the 5-year PFS was 
significantly higher in RT/PCV group compared to the RT 
group (approximately 60% versus 20%).26 The PFS remains 
at approximately 50% beyond 6 years after treatment with 
RT/PCV.26

In the EORTC 22033-26033 study, the median PFS was 
not statistically different between patients who received 
RT alone versus temozolomide alone (3.8 years in RT arm 
versus 3.25  years in temozolomide arm), after a median 
follow-up of 4 years.24 An improved outcome (median PFS: 
5.2 years) in patients with IDHmt/codeletion, independent 
of treatment, compared to patients with non-codeleted 
IDHmt glioma (median PFS: 4 years) was observed.24 The 
2-year PFS was approximately 73% and 80% in patients 
with IDHmt/non-codeletion and with codeletion, respec-
tively. Within 5 years, almost 70% of patients with IDHmt/
non-codeletion and 50% of those with codeletion have 
progressed.24

RTOG 0424 compared the 3-year OS of patients who re-
ceived RT with temozolomide to patients who received RT 
alone from historical controls.46 With a median follow-up of 
9 years, the median PFS of patients who received RT and 
temozolomide was 4.5 years, while the 3- and 5-year PFS 
was 59.2% and 46.8%, respectively.46 No IDH analysis has 
been reported in this study.

Recommendations for imaging monitoring.—In the 
aforementioned studies, the median time to tumor pro-
gression was greater than 2  years after treatment initi-
ation either with RT alone (PFS of 4 years in RTOG 9802 
and 3.8  years in EORTC 22033), RT with chemotherapy 
(10.4  years in RTOG 9802), and chemotherapy alone 
(3.25 years in EORTC 22033). Therefore, these data do not 
support existing guideline recommendations to reduce fre-
quency of monitoring after 2 years in patients who did not 
receive both RT and chemotherapy. For example, in RTOG 
9802, 39% of patients treated with RT and PCV and 56% 
who received RT alone experienced tumor progression 
within 5  years, with one-quarter of patients in each arm 
developing tumor progression within 2 years.23,25 Among 
patients with low-risk grade 2 glioma as defined in RTOG 
9802, more than 50% developed tumor progression within 
5 years postsurgery, emphasizing the desirability of close 
follow-up beyond the first two years postsurgery if no 
further postsurgical treatment is given.45 Nevertheless, 
among patients with IDH mutation who received both RT 
and PCV, available data based upon small patient numbers 
demonstrate improved PFS above 50% 10 years after treat-
ment initiation,26 suggesting less intensive initial moni-
toring is reasonable.

Taken together, in patients with IDHmt grade 2 glioma 
who received both upfront RT and PCV, MRI monitoring 
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at least every 6  months for patients with non-codeletion 
and every 6–9 months for those with codeletion until first 
tumor progression is a rational approach. In those who re-
ceived RT alone or chemotherapy alone, the data support 
MRI monitoring as often as every 3–4 months in the first 
5  years, then as frequently as every 3–4  months but not 
longer than every 6 months after 5 years from completion 
of treatment until tumor progression. For those treated with 
RT and temozolomide, we recommend following guide-
lines for grade 3 IDHmt astrocytomas (vide infra). Evidence 
suggests that without postoperative antineoplastic therapy, 
growth kinetics of the residual tumor are unchanged.37,44 
Consequently, MR surveillance imaging as often as every 
3–4 months until tumor progression is recommended in pa-
tients treated with surgery only. In patients with completely 
resected IDHmt/codeleted grade 2 oligodendroglioma, 
decreasing MRI monitoring to every 6–9  months 5  years 
postsurgery is also an appropriate approach (Table 4).

Astrocytoma and Oligodendroglioma WHO 
Grade 3

Oligodendroglioma, IDHmt/codeleted, grade 3.—Two 
large phase III studies have proven that the addition of PCV 
to radiation prolongs PFS and OS in patients with grade 3 
oligodendroglioma (Table 3).47–50,54,55 In RTOG 9402, long-
term analyses demonstrated that PCV/RT significantly pro-
longed PFS compared to RT alone in IDHmt/codeleted (9.8 
vs 2.9 years). The 5- and 10-year PFS rate of patients with 
IDHmt/codeletion who received PCV was 62% and 50%, re-
spectively.48 Similarly, EORTC 26951 reported a significant 
improvement in both PFS and OS with the addition of adju-
vant PCV to RT.49,50 Among patients with IDHmt/codeletion, 
the 20-year PFS and median PFS were significantly im-
proved at 31.3% and 13.1 years, respectively in the RT/PCV 
group compared to 10.8% and 4.2 years, respectively in RT 
alone group.49,50 In a large retrospective study, patients with 
1p/19q codeletion had prolonged time-to-tumor progression 
(TTP) of 7.2 years after receiving RT and chemotherapy (ei-
ther PCV or temozolomide) compared to 3.9 years with che-
motherapy alone and 2.5 years with RT alone.51 The NOA-04 
study compared the efficacy and safety of initial RT followed 
by chemotherapy at progression (Arm A) versus chemo-
therapy followed by RT at recurrence (Arm B).52 Among pa-
tients with IDHmt/codeletion, the PFS was 8.7 years with RT, 
9.4 years with PCV, and 4.5 years with temozolomide.

Astrocytoma, IDHmt, grade 3.—Patients with IDHmt 
grade 3 astrocytoma have a worse outcome compared to 
patients with grade 3 oligodendroglioma. In the NOA-04 
study, time-to-treatment-failure (TTF) was 4.5 years in pa-
tients with IDHmt/non-codeletion versus 9.8 years in those 
with codeletion. Approximately 45% and 75% of patients 
with IDHmt/non-codeletion progressed after 2 and 5 years, 
respectively from treatment initiation, as compared to 
approximately 25% and 40%, respectively in those with 
codeletion.52 After treatment with both RT and PCV, the 
median PFS in patients with IDHmt/non-codeleted grade 3 
astrocytoma was 2.8 years, compared to 1.9 years after RT 
alone in the RTOG 9402 study.48 The phase III CATNON trial 
randomized patients with non-codeleted grade 3 glioma 

to receive RT, RT with concurrent temozolomide, RT fol-
lowed by adjuvant temozolomide for 12 cycles, or RT with 
concurrent and adjuvant temozolomide. In the 67% of pa-
tients with IDH mutation, the median PFS of patients re-
ceiving any temozolomide was significantly prolonged to 
6.4 years, compared to 2.85 years in those treated with RT 
only. Approximately 23% and 45% of patients with IDH mu-
tation who received temozolomide, and 43% and 70% of 
those treated with RT alone experienced progression in 2 
and 5 years, respectively.53

A recent study utilized parametric modeling and recursive 
partitioning analysis to propose MRI schedules for grade 3 
astrocytoma and glioblastoma, stratified by the presence 
of measurable residual tumor, MGMT methylation, and 
IDH mutational status.56 A  piecewise exponential distribu-
tion, with a criterion of 10% progression rate among the re-
maining patients at each observation, was used to model the 
standardized PFS curves to determine the optimal intervals 
for MRI assessments. Two-thirds of the 99 patients harbored 
IDHmt grade 3 astrocytoma. Following completion of RT 
with or without chemotherapy for the entire IDHmt group, 
the algorithm proposed MRIs at 9.5-month intervals for a 
4.6-year surveillance period. A shorter interval of 6.7 months 
for those with residual tumors and a considerably extended 
interval of 1.7  years for patients without residual disease 
were recommended. This small retrospective study requires 
validation and may be best suited for grade 3 astrocytoma 
patients predicted to have a favorable outcome.56,57

Recommendations for imaging monitoring.—Available 
data from RCTs demonstrate significant improvement 
of outcome with upfront RT and chemotherapy, which 
has become the standard of care in patients with newly 
diagnosed IDHmt grade 3 gliomas. Patients with grade 3 
oligodendroglioma treated with both RT and PCV have 
a prolonged median survival up to 13-14  years and PFS 
of 10–13  years.48,50 In comparison, the median survival 
is 4–9 years and PFS of 2–6 years in patients with IDHmt 
grade 3 astrocytoma.48,53

Data support MRI monitoring at least every 6–9 months 
until tumor progression in patients with grade 3 oligo-
dendroglioma and every 6 months in patients with grade 3 
astrocytoma who received combined upfront RT and che-
motherapy. In those treated with either RT alone or chemo-
therapy alone, more frequent monitoring every 3–4 months 
for the first 5 years after completion of treatment, then as 
often as every 3–4 months, but generally not longer than 
every 6  months until tumor progression is advisable. In 
patients with IDHmt grade 3 astrocytoma treated with ei-
ther RT or chemotherapy alone, MRI monitoring as often 
as every 3–4 months until tumor progression is reasonable 
due to earlier tumor progression (Table 4).

Recurrent IDH-Mutant Lower Grade Gliomas

Despite the prolonged median survival with combined 
chemoradiation in IDHmt LrGG, emerging evidence indi-
cates that IDHmt gliomas are capable of progressing from 
an indolent course to an accelerated malignant course. 
A  retrospective study of 275 patients with IDHmt LrGG 
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showed a shorter interval time between first and second 
tumor recurrence (PFS2) than from the initial diagnosis to 
first recurrence (3 years versus 5.7 years).58 Approximately 
20% of patients exhibited second progression within 1 year 
of their first tumor progression. PFS2 duration was also 
significantly associated with the histologic grading (Grade 
2: 4.2 years versus Grade 3: 1.7 years) and molecular diag-
nosis (oligodendroglioma: 4.2  years versus astrocytoma: 
2.6 years). In addition, the median survival after first pro-
gression is also significantly shorter compared to the 
median survival from initial diagnosis (8.3  years versus 
18.7 years).59 Given the small number of patients in each 
molecular subgroup, there was no significant differ-
ence in the PFS1 between each molecular subgroups and 
treatments received (RT, chemotherapy, or observation 
only).59 Other data suggest a more ominous prognosis 
following first recurrence. In 156 patients with IDHmt 
grade 3 glioma treated with intensity-modulated radiation 
therapy, the 6-year relapse-free survival was 75% in pa-
tients with grade 3 oligodendroglioma and 48.8% in those 
with grade 3 astrocytoma.60 After radiological evidence of 
progression, the median survival was only 1 year (95% CI: 
0.8–1.2  year). In the TAVAREC study, the median survival 
was 15.2  months (95% CI: 12.9–18.5  months) with either 
temozolomide alone or combination of bevacizumab and 
temozolomide after first contrast-enhancing recurrence of 
IDHmt LrGG.61

These data demonstrate that PFS shortens over time in 
IDHmt gliomas following first recurrence warranting even 
closer radiographic monitoring after first tumor progres-
sion than following initial diagnosis. After first radiological 
evidence of tumor progression, MRI monitoring as fre-
quently as every 2-3 months in patients with IDHmt grade 
2 and 3 astrocytoma and every 3-4 months in patients with 
grade 2 and 3 oligodendroglioma is reasonable.

Determination of Longitudinal Imaging 
Comparison

Visual comparison of longitudinal studies is the current 
clinical practice for surveillance of LrGG. Because LrGG 
are followed for several years, careful consideration of not 
only the most recent scans but also the disease trajectory 
is mandatory.11,13 Therefore, determination of a reference 
MRI for comparison is important for tumor growth as-
sessment. The use of the baseline MRI or at least one with 
more than a year interval as the reference for treatment 
response assessment, and the scan showing the smallest 
lesion (nadir scan) as the reference for the diagnosis of 
tumor progression are recommended.62 The MRI following 
the most recent antineoplastic intervention is typically the 
most relevant reference scan for comparison to the newest 
scan in the assessment of tumor progression.

Consideration of Treatment Effects

One of the challenges in the follow-up of LrGG is the ac-
curate assessment of therapy response. The phenom-
enon of pseudoprogression is well recognized following 
chemoradiation for glioblastoma, in particular, those with 
MGMT methylated tumors. Pseudoprogression also oc-
curs in approximately 20% of patients with low-grade 
glioma following RT.58 Whereas pseudoprogression most 
commonly occurs within 3  months after completion of 
RT in patients with high-grade glioma, the time frame 
for patients with low-grade glioma is quite different, with 
a median of 12  months.58 The Response Assessment in 
Neuro-Oncology (RANO) criteria suggest that an increase 

  
Table 4. Imaging Surveillance Recommendations for IDH Mutant Lower Grade Glioma

Glioma type MRI monitoring after diagnosis and initial treatment 

Oligodendroglioma, IDH mu-
tated, 1p/19q codeleted, grade 2

After RT and chemotherapy: At least every 6–9 months until progression*  
After RT or chemotherapy: As often as every 3–4 months in the first 5 years, thereafter as frequently 
as every 3–4 months, but not longer than 6 months until progression*  
After surgery only: As frequently as every 3–4 months until tumor progression. For patients who un-
derwent gross total resection, MRI every 6–9 months 5 years postsurgery until tumor progression*.

Astrocytoma, IDH mutated,  
grade 2

After RT and chemotherapy: At least every 6 months until progression*  
After RT or chemotherapy: As often as every 3–4 months in the first 5 years, thereafter as frequently 
as every 3–4 months, but not longer than 6 months until progression*  
After surgery only: As frequently as every 3–4 months until tumor progression*

Oligodendroglioma, IDH mu-
tated, 1p/19q codeleted grade 3

After RT and chemotherapy: At least every 6–9 months until progression*  
After RT or chemotherapy: As often as every 3–4 months in the first 5 years, thereafter as frequently 
as every 3–4 months, but not longer than 6 months until progression*

Astrocytoma, IDH mutated,  
grade 3

After RT and chemotherapy: At least every 6 months until progression*  
After RT or chemotherapy: As often as every 3–4 months until progression*

Recurrent oligodendroglioma, 
IDH mutated, 1p/19q codeleted, 
grade 2 and grade 3

As often as every 3–4 months*

Recurrent astrocytoma, IDH mu-
tated, grade 2 and grade 3

As often as every 2–3 months*

RT, Radiation therapy; IDH, isocitrate dehydrogenase
*Patients who experience change in seizures, new or worsening neurologic signs and symptoms, and/or new or higher dose steroid requirements 
suspicious for tumor progression should have MRI study as early as possible.
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in the enhancement within the first 3 months after com-
pletion of chemoradiation should not be considered as 
tumor progression. Exceptions include new areas of en-
hancement outside the radiation field or unequivocal ev-
idence of viable tumor on histopathological sampling. 
RANO criteria recommend short-interval MRI in 4 weeks 
to assess for a sustained increase of the T2/FLAIR signal 
for low-grade glioma or contrast enhancement for high-
grade glioma to determine progressive disease versus 
pseudoprogression.62–65 For this reason, obtaining post-
treatment MRI at 4  months is also acceptable.62 In the 
event of equivocal findings on surveillance MRI studies, a 
short-interval MRI (4-8 weeks) is advisable11; for patients 
with IDH mutation, repeat MRI in 12-16 weeks is also rea-
sonable as longer intervals may be required to understand 
the nature of changes.

Consideration of Clinical Factors

Clinical factors also play important roles in the decision 
and timing of MRI studies.62 Seizures are frequent pre-
senting symptoms in patients with diffuse glioma ranging 
from 70-90%, and seizure frequency may herald tumor 
growth.66–70 Thus, seizure assessments have been pro-
posed as a surrogate marker of tumor response in both 
clinical trial and clinical setting.71 Otherwise, unexplained 
clinical deterioration is also a marker of tumor progres-
sion.62,64 The need to initiate corticosteroids to control new 
or worsening neurologic signs and symptoms should be 
regarded as suspicious for tumor progression.62 The pres-
ence of these clinical factors raises concern for tumor 
progression, warranting MR imaging outside the planned 
surveillance schedule.

Summary and Recommendations

Even in well-defined molecular subgroups with favorable 
prognosis, a meaningful fraction of patients will experi-
ence early tumor progression following first-line therapy. 
Guidelines that mandate decreased frequency of imaging 
several years following initial diagnosis are inconsistent 
with the known PFS data in LrGG. In accordance with 
available LrGG clinical studies, the recommended im-
aging surveillance should logically be based on the WHO 
grade, histopathological and molecular characteristics of 
the tumor as well as the initial antineoplastic therapies 
(Table 4). Moreover, guidelines must incorporate flexibility 
to consider imaging ambiguities and new or worsening 
symptoms and signs.

We propose that in patients with grade 2 IDHmt 
astrocytoma and oligodendroglioma who received RT alone 
or chemotherapy alone, the recommended MRI monitoring 
after initial treatment is as frequent as every 3–4 months in 
the first 5 years, then as often as every 3–4 months but typi-
cally not longer than every 6 months thereafter until tumor. 
A longer interval at least every 6 months for patients with 
IDHmt/non-codeletion and every 6–9  months for patients 
with IDHmt/codeletion treated with combination of RT 
and chemotherapy is also appropriate. Following surgical 

resection without adjuvant treatment, the recommended 
MRI interval is as often as every 3–4 months until tumor 
progression. In patients with IDHmt/codeletion who under-
went gross total resection, MRI every 6–9 months 5 years 
postsurgery is also reasonable. In patients incidentally 
found to have a presumed grade 2 glioma, MRI studies ini-
tially as often as every 2-3 months and generally not longer 
than every 6 months are recommended until a pattern of 
stability is demonstrated.

Patients with IDHmt grade 3 astrocytoma have a shorter 
PFS than those with grade 3 oligodendroglioma. We sug-
gest obtaining an MRI study at least every 6 months until 
progression for IDHmt grade 3 astrocytoma and every 
6–9  months in grade 3 oligodendroglioma treated with 
both RT and chemotherapy. Patients with grade 3 oligo-
dendroglioma treated with either RT alone or chemo-
therapy alone should have MRI as frequently as every 
3–4 months for the first 5 years after completion of treat-
ment, then as often as every 3–4 months but typically not 
longer than every 6 months until tumor progression; while 
every 3–4  months until tumor progression is reasonable 
in patients with grade 3 astrocytoma treated with RT or 
chemotherapy alone.

After first radiological progression or recurrence, MRI 
monitoring performed as frequently as every 2–3 months 
in grade 2 and 3 IDHmt astrocytoma and every 3–4 months 
for oligodendroglioma is advisable. Identification of a refer-
ence MR study (nadir scan, postsurgery or post-treatment) 
should be used for comparison of follow-up scans. In pa-
tients with equivocal or suspicious MRI findings, a short-
interval follow-up MRI is an appropriate approach, with an 
interval of one to three months depending upon circum-
stances. Patients who experience changes in seizures, new 
or worsening neurological signs and symptoms, or the 
need for initiation or higher dose of corticosteroids warrant 
a repeat MRI outside of these recommended MRI moni-
toring time points to assess for tumor progression.

These suggested MRI surveillance schedules are based 
on current data concerning the patterns of recurrence of 
each LrGG molecular subgroup. However, individualized 
MRI schedules with more or less frequent monitoring are 
also acceptable when clinically appropriate. Due to the 
lack of standardized MRI surveillance schedule, additional 
studies on the optimal timing and intervals of follow-up 
imaging studies for early detection of malignant trans-
formation and tumor progression in patients with IDHmt 
LrGG are needed.
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