
ON-LINE APPENDIX
Search Strategies

PubMed
((“Brain Neoplasms”[MeSH Terms] OR “Glioma”[MeSH

Terms] OR glioma* OR (glioblastoma* OR “glioblastoma multi-

forme”) OR (astrocytoma* OR “anaplastic astrocytoma”) OR

(oligodendrocytoma* OR “anaplastic oligodendrocytoma”) OR

(brain AND (tumor* OR tumour*)) OR (neuroectodermal AND

(tumor* OR tumour*)) OR ependymoma* OR oligodendrogli-

oma*)) AND (“Tomography, Emission-Computed”[MeSH

Terms] OR (positron AND emission AND tomograph*) OR pet)

AND “humans”[MeSH Terms]

Scopus
(TITLE-ABS-KEY (glioma*) OR TITLE-ABS-KEY (glioblas-

toma*) OR TITLE-ABS-KEY (glioblastoma PRE/0 multiforme)

OR TITLE-ABS-KEY (astrocytoma*) OR TITLE-ABS-KEY (ana-

plastic PRE/0 astrocytoma) OR TITLE-ABS-KEY (oligodendro-

cytoma*) OR TITLE-ABS-KEY (anaplastic PRE/0 oligodendrocy-

toma) OR TITLE-ABS-KEY (brain tumo*r*) OR TITLE-ABS-

KEY (neuroectodermal PRE/0 tumo*r*) OR TITLE-ABS-KEY

(ependymoma*) OR TITLE-ABS-KEY (oligodendroglioma*)

AND TITLE-ABS-KEY (positron PRE/0 emission PRE/0 tomo-

graph*) OR TITLE-ABS-KEY (pet).

PUBLICATIONS EXCLUDED AFTER FULL-TEXT
SCREENING
Relevant but<10 Patients (n� 7)

1. Lichy MP, Bachert P, Henze M, et al. Monitoring individual re-
sponse to brain-tumor chemotherapy: proton MR spectroscopy in
a patient with recurrent glioma after stereotactic radiation therapy.
Neuroradiology 2004;46:126 –29

2. Pruim J, Willemsen AT, Molenaar WM et al. Brain tumors: L-[1-C-
11]tyrosine PET for visualization and quantification of protein
synthesis rate. Radiology 1995;197:221–26

3. Kim EE, Chung SK, Haynie TP et al. Differentiation of residual or
recurrent tumors from posttreatment changes with F-18 FDG PET.
Radiographics 1992;12:269 –79

4. Di Chiro G, Oldfield E, Wright DC, et al. Cerebral necrosis after
radiation therapy and/or intra-arterial chemotherapy for brain
tumor: PET and neuropathologic studies. AJR Am J Roentgenol
1988;150:189 –97

5. Glantz MJ, Hoffman JM, Coleman RE et al. Identification of early
recurrence of primary central nervous system tumors by [18F]fluo-
rodeoxyglucose positron emission tomography. Ann Neurol 1991;
29:347–55

6. Ogawa T, Kanno I, Shishido F et al. Clinical value of PET with 18F-
fluorodeoxyglucose and L-methyl-11C-methionine for diagnosis
of recurrent brain tumor and radiation injury. Acta Radiol 1991;32:
197–202

7. Chao ST, Suh JH, Raja S, et al. The sensitivity and specificity of FDG
PET in distinguishing recurrent brain tumor from radionecrosis in
patients treated with stereotactic radiosurgery. Int J Cancer 2001;96:
191–97

Partially Eligible but Pertinent Data Not Extractable (n�
6)

8. Yamane T, Sakamoto S, Senda M. Clinical impact of (11)C-methio-
nine PET on expected management of patients with brain neo-
plasm. Eur J Nucl Med Mol Imaging 2010;37:685–90

9. Chen W, Silverman DH, Delaloye S, et al. 18F-FDOPA PET imaging
of brain tumors: comparison study with 18F-FDG PET and evalua-
tion of diagnostic accuracy. J Nucl Med 2006;47:904 –11

10. Henze M, Mohammed A, Schlemmer HP et al. PET and SPECT for
detection of tumor progression in irradiated low-grade
astrocytoma: a receiver-operating-characteristic analysis. J Nucl
Med 2004;45:579 – 86

11. Wang SX, Boethius J, Ericson K. FDG-PET on irradiated brain
tumor: ten years’ summary. Acta Radiol 2006;47:85–90

12. Deshmukh A, Scott JA, Palmer EL, et al. Impact of fluorodeoxyglu-
cose positron emission tomography on the clinical management of
patients with glioma. Clin Nucl Med 1996;21:720 –25

13. Maldonado A, Alfonso JM, Ossola G, et al. The role of PET-FDG in
resolving diagnostic doubt: recurrence versus radionecrosis in brain
tumors: experience in 94 patients. Riv Neuroradiol 2003;16:887–90

All Recurrent Cases (n� 4)
14. Hübner KF, Thie JA, Smith GT, et al. Positron emission tomography

(PET) with 1-aminocyclobutane-1-[(11)C]carboxylic acid (1-
[(11)C]-ACBC) for detecting recurrent brain tumors. Clin Positron
Imaging 1998;1:165–73

15. Ishikawa M, Kikuchi H, Miyatake S, et al. Glucose consumption in
recurrent gliomas. Neurosurgery 1993;33:28 –33

16. Yamamoto Y, Wong TZ, Turkington TG, et al. 3�-deoxy-3�-[F-
18]fluorothymidine positron emission tomography in patients
with recurrent glioblastoma multiforme: comparison with Gd-
DTPA enhanced MR imaging. Mol Imaging Biol 2006;8:340 – 47

17. Grosu AL, Astner ST, Riedel E, et al. An interindividual comparison
of O-(2- [(18)F]fluoroethyl)-L-tyrosine (FET)- and L-[methyl-
(11)C]methionine (MET)-PET in patients with brain gliomas and
metastases. Int J Radiat Oncol Biol Phys 2011;81:1049 –58

Irrelevant (n� 5)
18. Weber WA, Wester HJ, Grosu AL et al. O-(2-[18F]fluoroethyl)-L-

tyrosine and L-[methyl-11C]methionine uptake in brain tumors:
initial results of a comparative study. Eur J Nucl Med 2000;27:
542– 49

19. Blasberg RG, Roelcke U, Weinreich R et al. Imaging brain tumor
proliferative activity with [124I]iododeoxyuridine. Cancer Res
2000;60:624 –35

20. Willemsen AT, van WA, Paans AM et al. In vivo protein synthesis
rate determination in primary or recurrent brain tumors by using
L-[1–11C]-tyrosine and PET. J Nucl Med 1995;36:411–19

21. Pirotte B, Goldman S, David P et al. Stereotactic brain biopsy
guided by positron emission tomography (PET) with [F-18]fluo-
rodeoxyglucose and [C-11]methionine. Acta Neurochir Suppl
1997;68:133–38

22. Ledezma CJ, Chen W, Sai V, et al. 18F-FDOPA PET/MR imaging
fusion in patients with primary/recurrent gliomas: initial experi-
ence. Eur J Radiol 2009;71:242– 48

Not a Dedicated PET Scanner (n� 1)
23. Stokkel M, Stevens H, Taphoorn M, et al. Differentiation between

recurrent brain tumor and postradiation necrosis: the value of
201Tl SPET versus 18F-FDG PET by using a dual-headed coinci-
dence camera–a pilot study. Nucl Med Commun 1999;20:411–17
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ON-LINE FIG 1. Sensitivity and specificity of PET for differentiating glioma recurrence from treatment-induced necrosis (for both low- and
high-grade gliomas [A] and high-grade glioma only [B]). Squares (proportional to the number of patients) represent the point estimates of
sensitivity and specificity; extending lines represent the 95% confidence interval (CI) of each estimate; and n/n denotes true-positive cases
divided by recurrent cases for sensitivity, and true-negative cases divided by nonrecurrent cases for specificity. BPA indicates 18F-boronophe-
nylalanine; V, visual assessment.
a tumor-to-cortex ratio.
b tumor-to-white matter ratio.
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ON-LINE FIG 2. Subgroup and sensitivity analyses of sensitivity and specificity. Squares (proportional to the number of patients) represent
point estimates of sensitivity and specificity; extending lines represent the 95% confidence interval of each estimate. QA indicates, quantitative
assessment; VA, visual assessment; Q*, “Q-star” statistic, a global summary of the ROC curve (see text for details).
a Sensitivity analyses preferring quantitative assessment for 18F-FDG PET and visual assessment for 11C-MET PET (see text for details).
b Sensitivity analyses preferring the optimal cutoff threshold for defining positive and negative scans by receiver operating characteristic
analysis (see text for details).

AJNR Am J Neuroradiol : www.ajnr.org E3



ON-LINE FIG 3. Comparative accuracy of PET for differentiating recurrent glioma from treatment-induced necrosis. Comparisons among
different PET tracers for both high- and low-grade glioma histology (A) and high-grade glioma only (B), between 18F-FDG PET and other imaging
modalities for any glioma histology (C) and high-grade glioma (D), and between 11C-MET PET and other imaging modalities for both high- and
low-grade glioma histology (E) and high-grade glioma only (F). Closed and open symbols, respectively, indicate PET and comparator imaging
modalities. Dashed lines connect estimates for pairs of different PET tracers in (eg, 18F-FDG-PET versus 11C-MET) or of PET and a comparator
imaging test (eg, 18F-FDG-PET versus Tl-SPECT) compared in a study. Closed circle (black), square (red), triangle (green), and diamond (blue),
respectively, indicate PETwith FDG,MET, FET, and FLT.Open circle (green) and square (blue), respectively, indicate SPECT andMR imaging–based
novel imaging.

E4 AJNR www.ajnr.org



O
N
-L
IN
E
TA
BL
E
1:
St
ud
y
ch
ar
ac
te
ri
st
ic
s
of
po
si
tr
on
-e
m
is
si
on
to
m
og
ra
ph
y
to
di
ff
er
en
ti
at
e
re
cu
rr
en
ce
fr
om
tr
ea
tm
en
t-
re
la
te
d
ne
cr
os
is
in
tr
ea
te
d
gl
io
m
a

St
ud
y

Co
un
tr
y

St
ud
y

Pe
rio
d

(y
r)

Pa
ti
en
t

(N
o.
)
In
st
it
ut
io
n

(N
o.
)

D
es
ig
n

Cl
in
ic
al

Co
nt
ex
t

In
di
ca
ti
on

Tr
ac
er

Co
m
pa
ra
to
r

Im
ag
in
g

Te
st
s

Pr
io
r

Im
ag
in
g

Te
st
s

M
ed
ia
n
Ti
m
e

(f
ro
m
D
x/
Tx
)

to
Im
ag
in
g

(r
an
ge
)(
m
o)

Re
fe
re
nc
e

St
an
da
rd

M
ed
ia
n

Fo
llo
w
-U
p

af
te
rP
ET

(r
an
ge
)(
m
o)

A
ny
gr
ad
es

Ja
nu
s
et
al
19
93
16

U
S

N
D

50
1

Re
tr
os
pe
ct
iv
e
N
D

Su
sp
ec
te
d
re
cu
rr
en
ce
,

ra
di
at
io
n
ne
cr
os
is
,o
r

ot
he
rs
by
M
RI

FD
G

N
on
e

En
ha
nc
ed
M
RI
11
(1–
20
8)

Bx
or
cl
in
ic
al

fo
llo
w
-u
p

12
(5
–2
7)
a

Ka
hn
et
al
19
94
17

U
S

N
D

17
1

Pr
os
pe
ct
iv
e

N
D

Su
sp
ec
te
d
re
cu
rr
en
ce
by

de
te
rio
ra
tin
g
cl
in
ic
al

co
ur
se
or
ch
an
ge
in
M
RI

or
C
T

FD
G

Tl
-S
PE
C
T

En
ha
nc
ed
M
RI

or
C
T

33
(6
–1
20
)(
D
x)
Bx
or
cl
in
ic
al

fo
llo
w
-u
p

12
(1–
32
)

N
el
so
n
et
al
19
97
18

U
S

19
94
–1
99
5

19
1

Re
tr
os
pe
ct
iv
e
N
D

Su
sp
ec
te
d
re
cu
rr
en
ce
by

M
RI

FD
G

N
on
e

En
ha
nc
ed
M
RI
N
D

C
lin
ic
al
fo
llo
w
-u
p

on
ly

8
(2
–2
2)

Ri
cc
ie
t
al
19
98
19

U
S

19
93
–1
99
5

31
1

Re
tr
os
pe
ct
iv
e
N
D

Su
sp
ec
te
d
re
cu
rr
en
ce
or

ra
di
at
io
n
ne
cr
os
is
by

sy
m
pt
om
s
an
d
M
RI

FD
G

N
on
e

En
ha
nc
ed
M
RI
N
D

Bx
on
ly

N
A

So
no
da
et
al
19
98
20

Ja
pa
n

N
D

10
1

Re
tr
os
pe
ct
iv
e
N
D

H
ig
hl
y
su
gg
es
tiv
e
of

re
cu
rr
en
ce
by
M
RI

M
ET

Tl
-S
PE
C
T

M
RI

N
D

Bx
/s
ur
ge
ry
or

cl
in
ic
al
fo
llo
w
-

up
fo
r3
m
o

N
D

Ba
de
re
t
al
19
99
21

G
er
m
an
y

N
D

30
1

Pr
os
pe
ct
iv
e

N
D

Su
sp
ec
te
d
re
cu
rr
en
ce

FD
G

IM
T-
SP
EC
T

N
D

24
(6
–1
44
)(
Tx
)
Bx
on
ly

N
A

Th
om
ps
on
et
al
19
92
2

U
S

N
D

15
1

Re
tr
os
pe
ct
iv
e
N
D

Su
sp
ec
te
d
pr
og
re
ss
io
n
or

ne
cr
os
is
by
C
T
or
M
RI

FD
G

N
on
e

M
RI
or
C
T

37
b
(7
–9
0)
(T
x)
Bx
on
ly

N
A

Be
lo
hl
áv
ek
et
al
20
02
23

C
ze
ch

N
D

29
1

Re
tr
os
pe
ct
iv
e
N
D

Su
sp
ec
te
d
re
cu
rr
en
ce

FD
G

N
on
e

En
ha
nc
ed
M
RI
N
D
(4
–6
4)

�T
x)
Bx
or
cl
in
ic
al

fo
llo
w
-u
p

N
D
(12
–2
8)

Pö
pp
er
le
t
al
20
04
24

G
er
m
an
y

N
D

53
1

Re
tr
os
pe
ct
iv
e
Po
st
1s
t-
an
d

2n
d-
lin
e

Su
sp
ec
te
d
re
cu
rr
en
ce

FE
T

N
on
e

M
RI
or
C
T

36
(4
–1
80
)(
D
x)
Bx
or
cl
in
ic
al

fo
llo
w
-u
p
fo
r

2
m
o
by
M
RI

M
ea
n
34

(16
–6
9)
c

V
an
La
er
e
et
al
20
05
25

Be
lg
iu
m

19
97
–2
00
0

30
1

Re
tr
os
pe
ct
iv
e
Po
st
1s
t-
lin
e
To
di
ff
er
en
tia
te
tu
m
or

re
cu
rr
en
ce
fr
om

ra
di
at
io
n
ne
cr
os
is

FD
G
,M
ET
N
on
e

M
RI
or
C
T

48
(1–
21
6)

Su
rv
iv
al
/d
ea
th
at

la
st
fo
llo
w
-u
p
15

Ra
ch
in
ge
re
t
al
20
05
26

G
er
m
an
y

20
01
–2
00
3

36
1

Re
tr
os
pe
ct
iv
e
N
D

Su
sp
ec
te
d
re
cu
rr
en
ce
or

pr
og
re
ss
io
n

FE
T

N
on
ed

M
RI

N
D

Bx
or
cl
in
ic
al

fo
llo
w
-u
p

9
(5
–1
8)
e

8
(4
–2
0)
f

G
óm
ez
-R
ío
et
al
20
08
27

Sp
ai
n

20
02
–2
00
5

76
1

Pr
os
pe
ct
iv
e

Po
st
1s
t-
lin
e
Su
sp
ec
te
d
re
cu
rr
en
ce
by

cl
in
ic
al
sy
m
pt
om
s
an
d

M
RI
g

FD
G

Tl
-S
PE
C
T

M
RI

N
D

Bx
or
cl
in
ic
al

fo
llo
w
-u
ph

31
(9
–4
8)

M
eh
rk
en
s
et
al
20
08
28

G
er
m
an
y

20
03
–2
00
4

31
1

Pr
os
pe
ct
iv
e

N
D

Su
sp
ec
te
d
re
cu
rr
en
ce
or

pr
og
re
ss
io
n
by
M
RI

FE
T

N
on
e

En
ha
nc
ed
M
RI
N
D

Bx
an
d/
or
cl
in
ic
al

fo
llo
w
-u
p

24
(10
–3
2)

Te
ra
ka
w
a
et
al
20
08
29

Ja
pa
n

19
95
–2
00
6

26
1

Re
tr
os
pe
ct
iv
e
N
D

Su
sp
ec
te
d
re
cu
rr
en
ce
or

ra
di
at
io
n
ne
cr
os
is
by

cl
in
ic
al
sy
m
pt
om
s
an
d

M
RI

M
ET

N
on
e

M
RI
or
C
T

36
(T
x)

Bx
or
cl
in
ic
al

fo
llo
w
-u
p

�
6

m
o
by
M
RI

N
D

N
ak
aj
im
a
et
al
20
09
30

Ja
pa
n

19
95
–2
00
8

18
1

Re
tr
os
pe
ct
iv
e
N
D

Su
sp
ec
te
d
re
cu
rr
en
ce
or

ra
di
at
io
n
ne
cr
os
is

M
ET

M
RS

M
RI

15
(4
–8
0)
(T
x)

Bx
or
cl
in
ic
al

fo
llo
w
-u
p

�
6

m
o
by
M
RI

67
b

Sp
en
ce
et
al
20
09
4
0

U
S

N
D

19
1

Re
tr
os
pe
ct
iv
e
N
D

To
di
ff
er
en
tia
te
tu
m
or

re
cu
rr
en
ce
fr
om

ra
di
at
io
n
ne
cr
os
is

FD
G
,F
LT

N
on
e

En
ha
nc
ed
M
RI
24
(2
–1
20
)(
Tx
)
Bx
or
cl
in
ic
al

fo
llo
w
-u
p
by

M
RI

14
(3
–5
6)

Je
on
g
et
al
20
10
31

So
ut
h
Ko
re
a

20
03
–2
00
9

32
1

Re
tr
os
pe
ct
iv
e
N
D

Su
sp
ec
te
d
re
cu
rr
en
ce
by

M
RI

FL
T,
FE
T

N
on
e

En
ha
nc
ed
M
RI
13
b
(1–
114
)(
Tx
)
Bx
or
cl
in
ic
al

fo
llo
w
-u
p
by

M
RI

N
D

O
zs
un
ar
et
al
20
10
32

U
S

N
D

30
1

Re
tr
os
pe
ct
iv
e
N
D

Su
sp
ec
te
d
re
cu
rr
en
ce
or

ne
cr
os
is
by
M
RI

FD
G

M
RI
-D
SC
E-
C
BV
,

M
RI
-A
SL

M
RI

�
6
m
oe

Bx
or
cl
in
ic
al

fo
llo
w
-u
p

�
12

m
o

N
D

Pr
at
et
al
20
10
33

Sp
ai
n

N
D

26
1

Re
tr
os
pe
ct
iv
e
N
D

Su
sp
ec
te
d
re
cu
rr
en
ce
,

hi
st
ol
og
ic
up
gr
ad
in
g,
or

ra
di
at
io
n
ne
cr
os
is
by
M
RI

FD
G

M
RS
,p
M
RI

En
ha
nc
ed
M
RI
N
D

Bx
or
cl
in
ic
al

fo
llo
w
-u
p

�
5

m
o
by
M
RI

5.
6b
,c

14
.7
b
,c

Sa
nt
ra
et
al
20
12
4
1

In
di
a

20
06
–2
00
8

90
1

Pr
os
pe
ct
iv
e

N
D

C
lin
ic
al
su
sp
ic
io
n
of

re
cu
rr
en
ce

FD
G

N
on
e

N
on
e

N
D

Bx
or
cl
in
ic
al

fo
llo
w
-u
p

�
6

m
o
by
im
ag
in
g

N
D co
nt
in
ue
d

AJNR Am J Neuroradiol : www.ajnr.org E5



O
N
-L
IN
E
TA
BL
E
1,
co
nt
in
ue
d

St
ud
y

Co
un
tr
y

St
ud
y

Pe
rio
d

(y
r)

Pa
ti
en
t

(N
o.
)
In
st
it
ut
io
n

(N
o.
)

D
es
ig
n

Cl
in
ic
al

Co
nt
ex
t

In
di
ca
ti
on

Tr
ac
er

Co
m
pa
ra
to
r

Im
ag
in
g

Te
st
s

Pr
io
r

Im
ag
in
g

Te
st
s

M
ed
ia
n
Ti
m
e

(f
ro
m
D
x/
Tx
)

to
Im
ag
in
g

(r
an
ge
)(
m
o)

Re
fe
re
nc
e

St
an
da
rd

M
ed
ia
n

Fo
llo
w
-U
p

af
te
rP
ET

(r
an
ge
)(
m
o)

H
ig
h-
gr
ad
e
on
ly

V
al
k
et
al
19
88
34

U
S

N
D

32
1

Re
tr
os
pe
ct
iv
e
N
D

W
or
se
ni
ng
of
sy
m
pt
om
s

or
C
T
fin
di
ng
s

FD
G

N
on
e

C
T

11
(3
–2
7)
(T
x)

Bx
or
cl
in
ic
al

fo
llo
w
-u
p

8
(2
–3
7)

V
an
Ta
ss
el
et
al
19
95
35

U
S

19
88
–1
99
2

10
1

Re
tr
os
pe
ct
iv
e
Po
st
1s
t-
lin
e
N
ew
en
ha
nc
in
g

pa
re
nc
hy
m
al
le
si
on
s

by
M
RI

FD
G

N
on
e

En
ha
nc
ed
M
RI
or
C
T
N
D

Bx
on
ly

N
A

Ts
uy
ug
uc
hi
et
al
20
04
36
Ja
pa
n

N
D

11
1

Re
tr
os
pe
ct
iv
e
Po
st
1s
t-
lin
e
Su
sp
ec
te
d
re
cu
rr
en
ce
or

ne
cr
os
is

M
ET

N
on
e

M
RI

7
Bx
or
cl
in
ic
al

fo
llo
w
-u
p

�
5

m
o
by
M
RI

7
(5
–1
2)

M
iy
as
hi
ta
et
al
20
08
37

Ja
pa
n

20
02
–2
00
6

10
1

Re
tr
os
pe
ct
iv
e
Po
st
1s
t-
an
d

2n
d-
lin
e

Su
sp
ec
te
d
re
cu
rr
en
ce
or

pr
og
re
ss
io
n
by
M
RI

BP
A

N
on
e

En
ha
nc
ed
M
RI
l

N
D

Bx
or
cl
in
ic
al

fo
llo
w
-u
p
by

M
RI
l

N
D

D
an
do
is
et
al
20
10
38

Be
lg
iu
m

N
D

28
1

Re
tr
os
pe
ct
iv
e
N
D

Su
sp
ec
te
d
re
cu
rr
en
ce
or

ne
cr
os
is

M
ET

pM
RI

En
ha
nc
ed
M
RI
,F
LA
IR

M
RI
,D
W
I

N
D

Bx
or
cl
in
ic
al

fo
llo
w
-u
p

in
cl
ud
in
g
PE
T

13
b
(3
–4
0)

Ki
m
et
al
20
10
39

So
ut
h
Ko
re
a

20
01
–2
00
7

10
1

Re
tr
os
pe
ct
iv
e
Po
st
1s
t-
lin
e
N
ew
ly
en
ha
nc
ed
le
si
on
s

by
M
RI
,w
ith
ou
t

cl
in
ic
al
ev
id
en
ce
of

re
cu
rr
en
ce

FD
G
,M
ET

pM
RI

M
RI

N
D

Bx
or
cl
in
ic
al

fo
llo
w
-u
p

�
12

m
o

6.
5
(6
–1
0)
i

28
(18
–5
0)
c

N
ot
e:
—
A
SL
in
di
ca
te
sa
rt
er
ia
ls
pi
n-
la
be
lin
g;
D
SC
E,
dy
na
m
ic
su
sc
ep
tib
ili
ty
co
nt
ra
st
-e
nh
an
ce
d;
BP
A
,1
8F
-b
or
on
op
he
ny
la
la
ni
ne
;p
M
RI

�
pe
rf
us
io
n
M
R
im
ag
in
g;
Bx
,b
io
ps
y;
D
x,
di
ag
no
si
s;
IM
T,
12
3I
-a
lp
ha
-m
et
hy
l-t
yr
os
in
e;
N
A
,n
ot
ap
pl
ic
ab
le
;N
D
,n
o
da
ta
;T
x,

th
er
ap
y.

a
O
nl
y
liv
in
g
pa
tie
nt
s.

b
M
ea
n.

c
N
on
re
cu
rr
en
t
pa
tie
nt
s.

d
C
on
ve
nt
io
na
lM
RI
w
as
co
m
pa
re
d.

e
Pa
tie
nt
s
fo
llo
w
ed
up
w
ith
ou
t
bi
op
sy
.

f
Bi
op
sie
d
pa
tie
nt
s.

g
Th
e
M
ac
do
na
ld
C
rit
er
ia
(M
ac
do
na
ld
D
,C
as
ci
no
T,
Sc
ho
ld
SJ
,e
t
al
:R
es
po
ns
e
cr
ite
ria
fo
rp
ha
se
II
st
ud
ie
s
of
su
pr
at
en
to
ria
lm
al
ig
na
nt
gl
io
m
a.
JC
lin
O
nc
ol
19
90
;8
:12
77
–
80
)w
er
e
us
ed
.

h
St
ab
le
di
se
as
e
re
qu
ire
d
no
ch
an
ge
s
by
M
RI

�
3
m
on
th
s
fo
rh
ig
h-
gr
ad
e
gl
io
m
a
an
d

�
6
m
on
th
s
fo
rl
ow
-g
ra
de
gl
io
m
a.

i A
ft
er
co
m
pl
et
io
n
of
pr
ot
on
be
am
th
er
ap
y.

j R
ec
ur
re
nt
pa
tie
nt
s.

k
Pr
ev
io
us
ly
pe
rf
or
m
ed
BP
A
-P
ET
w
as
al
so
us
ed
.

l S
ta
bl
e
di
se
as
e
re
qu
ire
d
no
ch
an
ge
s
by
M
RI
fo
r�
4
m
on
th
s.

E6 AJNR www.ajnr.org



O
N
-L
IN
E
TA
BL
E
2:
Pa
ti
en
t
an
d
th
er
ap
y
ch
ar
ac
te
ri
st
ic
s
of
st
ud
ie
s
of
po
si
tr
on
-e
m
is
si
on
to
m
og
ra
ph
y
to
di
ff
er
en
ti
at
e
re
cu
rr
en
ce
fr
om
tr
ea
tm
en
t-
re
la
te
d
ne
cr
os
is
in
tr
ea
te
d
gl
io
m
a

St
ud
y

Pa
ti
en
t

(N
o.
)

M
ed
ia
n

A
ge
(y
r)

M
al
e

(%
)

H
is
to
lo
gy

(%
)

Tu
m
or

Lo
ca
ti
on
(%
)

Tr
ea
tm
en
t(
%
)

U
se
of

TM
Z
(%
)

A
ny
gr
ad
es

Ja
nu
s
et
al
19
93
16

50
39
(15
–6
6)

64
LG
:2
0;
H
G
:8
0

N
D

LG
:S
ur
g

�
RT
x

�
C
x
(4
0)
,S
ur
g

�
RT
x
(4
0)
,R
Tx

�
C
x
(10
),

Su
rg
al
on
e
(10
);
H
G
:S
ur
g

�
RT
x

�
C
x
(7
3)
,S
ur
g

�
RT
x
(15
),

RT
x

�
C
x
(8
),
RT
x
al
on
e
(3
),
no
ne
(3
)

0

Ka
hn
et
al
19
94
17

17
38
(2
6–
57
)

52
a

LG
:2
9;
H
G
:7
1

N
D

N
D

0
N
el
so
n
et
al
19
97
18

19
47
(2
6–
70
)

68
LG
:1
6;
H
G
:8
4

N
D

LG
:R
Tx
(3
4)
H
G
:R
Tx
(8
8)

0
Ri
cc
ie
t
al
19
98
19

28
46
b
(2
7–
70
)a

55
a

LG
:2
5;
H
G
:7
5

N
D

H
G
/L
G
:S
ur
g

�
RT
x

�
C
x

0
So
no
da
et
al
19
98
20

10
36
(2
1–
68
)

60
LG
:5
0;
H
G
:5
0

N
D

H
G
/L
G
:S
ur
g

�
RT
x

�
C
x
(9
0)
,R
Tx

�
C
x
(10
)

0
Ba
de
re
t
al
19
99
21

30
50
(3
2–
70
)

73
LG
:4
0;
H
G
:6
0

N
D

H
G
/L
G
:S
ur
g,
RT
x,
or
Su
rg

�
RT
x

0
Th
om
ps
on
et
al
19
92
2

15
52
b
(2
5–
72
)

N
D

N
D

N
D

H
G
/L
G
:R
Tx

�
C
x
(9
3)
,R
Tx
al
on
e
(7
)

0
Be
lo
hl
áv
ek
et
al
20
02
23

29
N
D
(17
–6
5)

72
LG
:1
0;
H
G
:9
0

N
D

N
D

0
Pö
pp
er
le
t
al
20
04
24

53
N
D

53
LG
:1
9;
H
G
:8
1

N
D

H
G
/L
G
:S
ur
g
(8
3)
,R
Tx
(9
4)
,C
Tx
(4
0)
,I
RS
(13
),
RI
T
(17
)

0
V
an
La
er
e
et
al
20
05
25

30
40
(11
–6
9)

70
LG
:5
0;
H
G
:5
0

Su
pr
at
en
to
riu
m
:9
3;

in
fr
at
en
to
riu
m
:7

LG
:S
ur
g

�
RT
x
(4
7)
,R
Tx
(2
0)
,C
x
(2
0)
,S
ur
g

�
RT
x

�
C
x
(7
),

RT
x

�
C
x
(7
);
H
G
:S
ur
g

�
RT
x
(7
3)
,R
Tx
(2
0)
,R
Tx

�
C
x
(7
)

N
D

Ra
ch
in
ge
re
t
al
20
05
26

36
45
b
(2
6–
75
)a

51
a

LG
:2
4;
H
G
:7
6c

N
D

H
G
/L
G
:“
co
nv
en
tio
na
l”

�
RI
T
or
pa
cl
ita
xe
l

0
G
óm
ez
-R
ío
et
al
20
08
27

76
48
b

�
16
d

57
LG
:4
2;
H
G
:5
8

N
D

H
G
/L
G
:S
ur
g

�
RT
x

0
M
eh
rk
en
s
et
al
20
08
28

31
46
b
(2
9–
65
)

55
LG
:5
5;
H
G
:4
5

Su
pr
at
en
to
riu
m
:1
00

LG
:I
RS
(6
9)
,S
ur
g
(5
0)
,R
Tx
(5
0)
,C
x
(3
1);
H
G
:S
ur
g

�
RT
x
(10
0)
,

C
x
(4
3)
,I
RS
(14
),
RI
T
(7
),
IP
D
T
(7
)

N
D

Te
ra
ka
w
a
et
al
20
08
29

26
54
(14
–8
3)
a

60
a

LG
:2
3;
H
G
:7
7

N
D

H
G
/L
G
:R
Tx

�
SR
S

0
N
ak
aj
im
a
et
al
20
09
30

18
45
b
(14
–6
7)

67
LG
:2
2;
H
G
:7
8

N
D

H
G
/L
G
:R
Tx

�
C
x
(10
0)

N
D

Sp
en
ce
et
al
20
09
40

19
46
(19
–6
7)

68
LG
:1
6;
H
G
:8
4

Su
pr
at
en
to
riu
m
:1
00

LG
:R
T
(3
3)
,l
RT

�
C
x
(6
7)
;H
G
:R
T
(13
),
RT
x

�
C
x
in
cl
ud
in
g

TM
Z
(8
7)

74

Je
on
g
et
al
20
10
31

26
N
D

58
LG
:1
5;
H
G
:8
5

Lo
ba
r:
69
;d
ee
p:
19
;

m
ul
tic
en
tr
ic
:4

G
BM
:S
ur
g

�
RT
x

�
TM
Z
(10
0)
;a
na
pl
as
tic
tu
m
or
s:

Su
rg

�
RT
x

�
BC
N
U
(10
0)
;L
G
:S
ur
g
al
on
e
(10
0)

42

O
zs
un
ar
et
al
20
10
32

32
47
b
(3
2–
68
)

38
LG
:3
1;
H
G
:6
9

N
D

LG
:S
ur
g
(10
),
Su
rg

�
C
x
(3
0)
,S
ur
g

�
C
x

�
RT
x
(6
0)
;H
G
:

Su
rg
(14
),
Su
rg

�
C
x
(2
3)
,S
ur
g

�
C
x

�
RT
x
(5
0)
,

Su
rg

�
RT
x
(14
)

N
D

Pr
at
et
al
20
10
33

30
42
b
(2
0–
69
)

73
LG
:2
3;
H
G
:7
7

N
D

LG
/H
G
:S
ur
g

�
RT
x

�
PB
RT

�
C
x
(10
0)

N
D

Sa
nt
ra
et
al
20
12
41

90
37
b
(12
–6
8)

73
LG
:4
0;
H
G
:6
0

Su
pr
at
en
to
riu
m
:9
4;

in
fr
at
en
to
riu
m
:6

LG
/H
G
:S
ur
g

�
RT
x
(5
3)
,S
ur
g

�
RT
x

�
C
x
(3
8)
,S
ur
g
or

RT
x
(9
)

N
D

H
ig
h-
gr
ad
e
on
ly

V
al
k
et
al
19
88
34

32
N
D

N
D

H
G
:1
00

N
D

H
G
:S
ur
g/
Bx

�
RT
x

�
C
x
(7
5)
,S
ur
g/
Bx

�
RT
x
(2
5)

0
V
an
Ta
ss
el
et
al
19
95
35

10
N
D

N
D

H
G
:1
00

N
D

H
G
:R
Tx

�
C
x
(10
0)

0
Ts
uy
ug
uc
hi
et
al
20
04
36

11
35
(2
3–
62
)

72
H
G
:1
00

Su
pr
at
en
to
riu
m
:9
1;

in
fr
at
en
to
riu
m
:9

H
G
:S
ur
g

�
RT
x

�
SR
S

�
C
x
(10
0)

0

M
iy
as
hi
ta
et
al
20
08
37

10
N
D

N
D

H
G
:1
00

N
D

H
G
:S
ur
g

�
RT
x

�
BN
C
T
(10
0)

0
D
an
do
is
et
al
20
10
38

28
51
b
(2
5–
74
)

57
H
G
:1
00

N
D

H
G
:R
Tx

�
TM
Z
(18
),
Su
rg

�
RT
x

�
TM
Z
(8
2)

10
0

Ki
m
et
al
20
10
39

10
46
b
(3
1–
66
)

80
H
G
:1
00

Su
pr
at
en
to
riu
m
:9
0;

in
fr
at
en
to
riu
m
:1
0

H
G
:S
ur
g

�
RT
x
(10
0)
,P
C
V
(2
0)
,A
C
N
U

�
C
D
D
P
(2
0)
,

TM
Z
(5
0)

50

N
ot
e:
—
A
C
N
U
in
di
ca
te
s
ni
m
us
tin
e;
BC
N
U
,c
ar
m
us
tin
e;
BN
C
T,
bo
ro
n
ne
ut
ro
n
ca
pt
ur
e
th
er
ap
y;
C
D
D
P,
ci
sp
la
tin
;C
x,
ch
em
ot
he
ra
py
;G
BM
,g
lio
bl
as
to
m
a
m
ul
tif
or
m
e;
H
G
,h
ig
h-
gr
ad
e;
IP
D
T,
in
te
rs
tit
ia
lp
ho
to
dy
na
m
ic
th
er
ap
y;
IR
S,
in
te
rs
tit
ia
lr
ad
io
su
rg
er
y;

LG
,l
ow
-g
ra
de
;N
D
,n
o
da
ta
;P
BR
T,
pr
ot
on
be
am
ra
di
at
io
n
th
er
ap
y;
PC
V
,p
ro
ca
rb
az
in
e,
lo
m
us
tin
e,
vi
nc
ris
tin
e;
RI
T,
ra
di
oi
m
m
un
ot
he
ra
py
;R
Tx
,r
ad
ia
tio
n
th
er
ap
y;
Su
rg
,s
ur
ge
ry
;T
M
Z,
te
m
oz
ol
om
id
e;
Bx
,b
io
ps
y;
SR
S,
st
er
eo
ta
ct
ic
ra
di
os
ur
ge
ry
.

a
W
ho
le
in
cl
ud
ed
pa
tie
nt
s,
so
m
e
of
w
ho
m
ha
d
irr
el
ev
an
t
hi
st
ol
og
ie
s.

b
M
ea
n.

c
W
ho
le
in
cl
ud
ed
pa
tie
nt
s,
so
m
e
of
w
ho
m
w
er
e
ev
al
ua
te
d
w
ith
PE
T
fo
ra
n
irr
el
ev
an
t
pu
rp
os
e.

d
SD
.

AJNR Am J Neuroradiol : www.ajnr.org E7



O
N
-L
IN
E
TA
BL
E
3:
PE
T
ch
ar
ac
te
ri
st
ic
s
of
st
ud
ie
s
of
po
si
tr
on
-e
m
is
si
on
to
m
og
ra
ph
y
to
di
ff
er
en
ti
at
e
re
cu
rr
en
ce
fr
om
tr
ea
tm
en
t-
re
la
te
d
ne
cr
os
is
in
tr
ea
te
d
gl
io
m
a

St
ud
y

PE
T

Tr
ac
er

Ty
pe
of
PE
T

Sc
an
ne
r

M
od
el
(M
ak
er
)

Pr
ep
ar
at
io
n

(T
im
e,
hr
)

A
dm
in
is
te
re
d

PE
T
Tr
ac
er

A
ct
iv
it
y

(M
Bq
)

Ti
m
e
of

Sc
an
ni
ng

af
te
rI
nj
ec
ti
on

(m
in
)

Sc
an
Ti
m
e

(m
in
)

A
tt
en
ua
ti
on

Co
rr
ec
ti
on

Im
ag
e

Re
co
ns
tr
uc
ti
on

M
et
ho
d

A
ny
gr
ad
es

Ja
nu
s
et
al
19
93
16

FD
G

PE
T
ca
m
er
a

Po
si
ca
m
6.
5
(P
os
itr
on
,W
es
tm
on
t,

Ill
in
oi
s)

N
D

18
5–
37
0

N
D

�
20

Pe
rf
or
m
ed

N
D

Ka
hn
et
al
19
94
17

FD
G

PE
T
ca
m
er
a

G
E-
40
96
pl
us
PE
T
sy
st
em
(G
EM
S,

M
ilw
au
ke
e,
W
is
co
ns
in
)

Fa
st
in
g
(4
)

37
0

0
45

Pe
rf
or
m
ed

N
D

N
el
so
n
et
al
19
97
18

FD
G

PE
T
ca
m
er
a

EC
A
T
Ex
ac
t
H
R
(S
ie
m
en
s,
Er
la
ng
en
,

G
er
m
an
y)

N
D

37
0

40
30

Pe
rf
or
m
ed

N
D

Ri
cc
ie
t
al
19
98
19

FD
G

PE
T
ca
m
er
a

G
E-
40
96
(G
EM
S)

N
D

37
0

30
25

Pe
rf
or
m
ed

FB
P

So
no
da
et
al
19
98
20

M
ET

PE
T
ca
m
er
a

PT
93
1(
C
TI
,L
ar
go
,M
ar
yl
an
d)

N
D

111
–5
55

30
10

Pe
rf
or
m
ed

N
D

Ba
de
re
t
al
19
99
21

FD
G

PE
T
ca
m
er
a

EC
A
T
Pa
rt
1(
C
TI
/S
ie
m
en
s)

Fa
st
in
g
(�
12
)

20
0

N
D

N
D

Pe
rf
or
m
ed

FB
P

Th
om
ps
on
et
al
19
92
2

FD
G

N
D

N
D

N
D

N
D

N
D

N
D

N
D

N
D

Be
lo
hl
áv
ek
et
al
20
02
23

FD
G

PE
T
ca
m
er
a

EC
A
T
Ex
ac
t
H
R
(S
ie
m
en
s)

Fa
st
in
g
(6
)

3a
35
–4
0

15
Pe
rf
or
m
ed

O
SE
M

Pö
pp
er
le
t
al
20
04
24

FE
T

PE
T
ca
m
er
a

EC
A
T
Ex
ac
t
H
R�
(S
ie
m
en
s)

Fa
st
in
g
(�
6)

18
0

30
30

Pe
rf
or
m
ed

FB
P

V
an
La
er
e
et
al
20
05
25

FD
G
,M
ET

PE
T
ca
m
er
a

EC
A
T
Ex
ac
t
H
R
(S
ie
m
en
s)

Fa
st
in
g
(�
12
)

15
0
(F
D
G
),

22
0
(M
ET
)

30
(F
D
G
),
20
–4
0
(M
ET
)

20
(F
D
G
),
20
(M
ET
)

Pe
rf
or
m
ed

FB
P

Ra
ch
in
ge
re
t
al
20
05
26

FE
T

PE
T
ca
m
er
a

EC
A
T
Ex
ac
t
H
R�
(S
ie
m
en
s)

Fa
st
in
g
(�
6)

18
0

0
60

Pe
rf
or
m
ed

FB
P

G
óm
ez
-R
ío
et
al
20
08
27

FD
G

PE
T
ca
m
er
a

EC
A
T
Ex
ac
t4
7
(S
ie
m
en
s)

Fa
st
in
g
(6
)b

18
5

45
N
D

N
D

O
SE
M

M
eh
rk
en
s
et
al
20
08
28

FE
T

PE
T
ca
m
er
a

EC
A
T
Ex
ac
t
H
R�
(S
ie
m
en
s)

Fa
st
in
g
(�
6)

18
0

0
60

Pe
rf
or
m
ed

FB
P

Te
ra
ka
w
a
et
al
20
08
29

M
ET

PE
T
ca
m
er
a

H
ea
dt
om
e
IV
(S
hi
m
ad
zu
)

Fa
st
in
g
(N
D
)

6a
20

10
Pe
rf
or
m
ed

N
D

N
ak
aj
im
a
et
al
20
09
30

M
ET

PE
T
ca
m
er
a

H
ea
dt
om
e
V
(S
hi
m
ad
zu
)

N
D

20
0–
55
0

20
10

Pe
rf
or
m
ed

FB
P

Sp
en
ce
et
al
20
09
4
0

FD
G
,F
LT

PE
T
ca
m
er
a

G
E
A
dv
an
ce
d
PE
T
to
m
og
ra
ph
y

(G
EM
S)

Fa
st
in
g
(F
D
G
)

3.
7a
(F
D
G
),

2.
7a
(F
LT
)

75
(F
D
G
),
0
(F
LT
)

15
(F
D
G
),
90
–1
20
(F
LT
)

Pe
rf
or
m
ed

N
D

Je
on
g
et
al
20
10
31

FL
T,
FE
T

PE
T
ca
m
er
a,

PE
T/
C
Tc

EC
A
T
Ex
ac
t
H
R�
(S
ie
m
en
s)
,

Bi
og
ra
ph
6
PE
T/
C
T
sc
an
ne
r

(S
ie
m
en
s)

N
D

37
0

30
20
(P
ET
),
10
(P
ET
/C
T)

Pe
rf
or
m
ed

O
SE
M

O
zs
un
ar
et
al
20
10
32

FD
G

PE
T
ca
m
er
a

PC
-3
84
or
PC
-4
09
6
(S
ca
nd
itr
on
ix
,

U
pp
sa
la
,S
w
ed
en
)

N
D

18
5–
37
0

0
45
m
in
ut
es

Pe
rf
or
m
ed

FB
P

Pr
at
et
al
20
10
33

FD
G

N
D

N
D

N
D

N
D

N
D

N
D

N
D

N
D

Sa
nt
ra
et
al
20
12
4
1

FD
G

PE
T/
C
T

Bi
og
ra
ph
2
PE
T/
C
T
sc
an
ne
r

(S
ie
m
en
s)

Fa
st
in
g
(4
)

37
0

45
–6
0

6–
10

Pe
rf
or
m
ed

O
SE
M

H
ig
h-
gr
ad
e
on
ly

V
al
k
et
al
19
88
34

FD
G
,8
2 R
b

PE
T
ca
m
er
a

D
on
ne
r2
80
-C
ry
st
al
Po
si
tr
on
Ri
ng

(L
aw
re
nc
e
Be
rk
el
ey
La
bo
ra
to
ry
,

Be
rk
le
y,
C
al
ifo
rn
ia
)

N
D

37
0
(F
D
G
),

55
5
(8
2 R
b)

0
(F
D
G
),
0
(8
2 R
b)

45
(F
D
G
),
5
(8
2 R
b)

Pe
rf
or
m
ed

N
D

V
an
Ta
ss
el
et
al
19
95
35

FD
G

N
D

N
D

N
D

18
5–
37
0

N
D

N
D

N
D

N
D

Ts
uy
ug
uc
hi
et
al
20
04
36

M
ET

PE
T
ca
m
er
a

H
ea
dt
om
e
IV
(S
hi
m
ad
zu
)

Fa
st
in
g
(4
)

37
0

20
10

Pe
rf
or
m
ed

N
D

M
iy
as
hi
ta
et
al
20
08
37

BP
A

PE
T
ca
m
er
a

H
ea
dt
om
e
III
(S
hi
m
ad
zu
)

3.
7–
5.
55
a

0
60

N
D

N
D

D
an
do
is
et
al
20
10
38

M
ET

PE
T
ca
m
er
a

H
R9
61
(C
TI
/S
ie
m
en
s)

N
D

74
0

15
20

Pe
rf
or
m
ed

FB
P

Ki
m
et
al
20
10
39

FD
G
,M
ET

PE
T
ca
m
er
a

EC
A
T
Ex
ac
t
47
(S
ie
m
en
s)

Fa
st
in
g
(6
)

37
0–
55
5
(F
D
G
),

55
0–
74
0
(M
ET
)

40
(F
D
G
),
10
(M
ET
)

20
(F
D
G
),
20
(M
ET
)

Pe
rf
or
m
ed

N
D

N
ot
e:
—
BP
A
in
di
ca
te
s
18
F-
bo
ro
no
ph
en
yl
al
an
in
e;
FB
P,
fil
te
re
d
ba
ck
-p
ro
je
ct
io
n;
N
D
,n
o
da
ta
;O
SE
M
,o
rd
er
ed
su
bs
et
ex
pe
ct
at
io
n
m
ax
im
iz
at
io
n;
G
EM
S,
G
E
H
ea
lth
ca
re
;8
2 R
b,
ru
bi
di
um
-8
2.

a
A
dm
in
ist
er
ed
ac
tiv
ity
pe
rk
ilo
gr
am
of
bo
dy
w
ei
gh
t.

b
Fa
st
in
g
bl
oo
d
gl
uc
os
e

�
12
0
m
g/
dL
w
as
re
qu
ire
d
fo
ri
nc
lu
sio
n.

c
Fi
ve
of
32
pa
tie
nt
s
w
er
e
ev
al
ua
te
d
w
ith
PE
T/
C
T.

E8 AJNR www.ajnr.org



O
N
-L
IN
E
TA
BL
E
4:
D
ia
gn
os
ti
c
cr
it
er
ia
of
po
si
tr
on
-e
m
is
si
on
to
m
og
ra
ph
y
to
di
ff
er
en
ti
at
e
re
cu
rr
en
ce
fr
om
tr
ea
tm
en
t-
re
la
te
d
ne
cr
os
is
in
tr
ea
te
d
gl
io
m
a

St
ud
y

PE
T
D
ru
g

M
et
ho
d

Vi
su
al
A
ss
es
sm
en
t

Q
ua
nt
it
at
iv
e

A
ss
es
sm
en
t,

Cu
to
ff
Va
lu
e

Re
fe
re
nt

Ba
se
lin
e

Sc
an

N
o.
of

In
te
rp
re
te
rs

Ex
pe
rie
nc
e

of
In
te
rp
re
te
rs

Po
si
ti
ve
Cr
it
er
ia

N
eg
at
iv
e
Cr
it
er
ia

A
ny
gr
ad
es

Ja
nu
s
et
al
19
93
16

FD
G

V
is
ua
la
ss
es
sm
en
t

In
cr
ea
se
in
ac
tiv
ity
re
la
tiv
e
to
th
e

co
nt
ra
la
te
ra
lh
em
is
ph
er
e
or

ad
ja
ce
nt
ar
ea
su
gg
es
tiv
e
of

tu
m
or
pr
og
re
ss
io
n

D
ec
re
as
ed
ac
tiv
ity

–
N
D

2
N
D

Ka
hn
et
al
19
94
17

FD
G

V
is
ua
la
ss
es
sm
en
t
us
in
g
a
gr
ad
in
g
sc
al
ea

In
cr
ea
se
d
FD
G
up
ta
ke
re
la
tiv
e
to
th
e

im
m
ed
ia
te
ly
ad
ja
ce
nt
tis
su
e

M
ar
ke
dl
y
re
du
ce
d
or

ab
se
nt
FD
G
up
ta
ke

–
N
D

3
Ex
pe
rie
nc
ed
nu
cl
ea
r

m
ed
ic
in
e
sp
ec
ia
lis
ts

N
el
so
n
et
al
19
97
18

FD
G

V
is
ua
la
ss
es
sm
en
t
us
in
g
a
gr
ad
in
g
sc
al
eb

N
D

N
D

–
N
D

N
D

Ex
pe
rie
nc
ed
(�
15
ye
ar
)

in
te
rp
re
te
rs

Ri
cc
ie
t
al
19
98
19

FD
G

V
is
ua
la
ss
es
sm
en
t
us
in
g
a
gr
ad
in
g
sc
al
ec

H
yp
er
m
et
ab
ol
ic
re
la
tiv
e
to

co
nt
ra
la
te
ra
lw
hi
te
m
at
te
r

gr
ad
e
2
or
3c

A
ct
iv
ity
le
ss
th
an
or

eq
ua
lt
o
w
hi
te

m
at
te
rg
ra
de
0
or
1c

–
N
D

N
D

C
A
Q
ce
rt
ifi
ed

ne
ur
or
ad
ilo
gi
st

So
no
da
et
al
19
98
20

M
ET

V
is
ua
la
ss
es
sm
en
t,
qu
an
tit
at
iv
e

as
se
ss
m
en
t
us
in
g
tu
m
or
-t
o-
no
rm
al

gr
ay
m
at
te
rr
at
io
(T
/N
)d

In
cr
ea
se
d
up
ta
ke

N
or
m
al
or
de
cr
ea
se
d

up
ta
ke

N
D

N
D

N
D

N
D

Ba
de
re
t
al
19
99
21

FD
G

V
is
ua
la
ss
es
sm
en
t

N
D

N
D

–
N
D

�
2

N
D

Th
om
ps
on
et
al
19
92
2

FD
G

N
D

N
D

N
D

–
N
D

N
D

N
D

Be
lo
hl
áv
ek
et
al
20
02
23

FD
G

V
is
ua
la
ss
es
sm
en
t

C
le
ar
ly
ap
pa
re
nt
fo
ca
la
cc
um
ul
at
io
n

of
FD
G

N
o
fo
ca
lly
en
ha
nc
ed

ac
tiv
ity

–
N
D

N
D

N
D

Pö
pp
er
le
t
al
20
04
24

FE
T

Q
ua
nt
ita
tiv
e
as
se
ss
m
en
t
us
in
g
SU
V
m
ax
,

qu
an
tit
at
iv
e
as
se
ss
m
en
t
us
in
g

SU
V
m
ax
/b
ac
kg
ro
un
d
ra
tio
e

–
–

2.
2
(S
U
V
m
ax
),
2.
0
(S
U
V
m
ax
/B
G
)

N
D

N
D

N
D

V
an
La
er
e
et
al
20
05
25

FD
G
,
M
ET

Q
ua
nt
ita
tiv
e
as
se
ss
m
en
t
us
in
g
tu
m
or

to
co
nt
ra
la
te
ra
lc
or
tic
al
ba
ck
gr
ou
nd

up
ta
ke
ra
tio

–
–

0.
8
(F
D
G
),
2.
2
(M
ET
)

N
D

2
N
D

Ra
ch
in
ge
re
t
al
20
05
26

FE
T

Q
ua
nt
ita
tiv
e
as
se
ss
m
en
t
us
in
g
SU
V
m
ax

–
–

2.
2

N
D

N
D

N
D

G
óm
ez
-R
ío
et
al
20
08
27
FD
G

V
is
ua
la
ss
es
sm
en
t

U
ne
xp
la
in
ab
le
m
et
ab
ol
ic
ac
tiv
ity
,

in
cr
ea
se
d
FD
G
up
ta
ke
le
si
on
re
la
tiv
e

to
im
m
ed
ia
te
ly
ad
ja
ce
nt
tis
su
e
or

cl
os
es
t
ad
ja
ce
nt
w
hi
te
m
at
te
ri
n

on
e
or
m
or
e
tr
an
sa
xi
al
se
ct
io
ns

N
D

–
N
D

N
D

N
D

M
eh
rk
en
s
et
al
20
08
28

FE
T

Q
ua
nt
ita
tiv
e
as
se
ss
m
en
t
us
in
g
SU
V
m
ax
/

ba
ck
gr
ou
nd
ra
tio
e

–
–

2.
0

N
D

N
D

N
D

Te
ra
ka
w
a
et
al
20
08
29

M
ET

Q
ua
nt
ita
tiv
e
as
se
ss
m
en
t
us
in
g
SU
V
m
ax
,

qu
an
tit
at
iv
e
as
se
ss
m
en
t
us
in
g

SU
V
m
ea
n,
qu
an
tit
at
iv
e
as
se
ss
m
en
t

us
in
g
le
si
on
to
no
rm
al
tis
su
e
ra
tio

(L
/N
)m
ax
f ,
qu
an
tit
at
iv
e

as
se
ss
m
en
t
us
in
g
L/
N
m
ea
nf

–
–

1.5
8
(L
/N
m
ea
n)

N
D

2
Ex
pe
rie
nc
ed
nu
cl
ea
r

m
ed
ic
in
e
ra
di
ol
og
is
ts

N
ak
aj
im
a
et
al
20
09
30

M
ET

Q
ua
nt
ita
tiv
e
as
se
ss
m
en
t
us
in
g
tu
m
or

to
no
rm
al
gr
ay
m
at
te
rr
at
io
(T
/N
)

–
–

2.
0

N
D

N
D

N
D

Sp
en
ce
et
al
20
09
4
0

FD
G
,F
LT

V
is
ua
la
ss
es
sm
en
t
us
in
g
a
gr
ad
in
g
sc
al
e,

qu
an
tit
at
iv
e
as
se
ss
m
en
t
us
in
g

SU
V
m
ea
n,
SU
V
m
ax
;t
um
or
to
no
rm
al

co
rt
ex
(T
/C
)o
rw
hi
te
m
at
te
rr
at
io

(T
/W
M
)(
FD
G
on
ly
);
an
d
ki
ne
tic

m
od
el
(F
LT
on
ly
)

N
D

N
D

N
D

N
D

2
Ex
pe
rie
nc
ed
nu
cl
ea
r

m
ed
ic
in
e
sp
ec
ia
lis
ts

Je
on
g
et
al
20
10
31

FL
T, F
ET

Q
ua
nt
ita
tiv
e
as
se
ss
m
en
t
us
in
g
SU
V
m
ax
,

qu
an
tit
at
iv
e
as
se
ss
m
en
t
us
in
g
le
si
on

to
no
rm
al
ra
tio
(L
N
R)
g

–
–

A
ny
gr
ad
es
:0
.4
4
(S
U
V
m
ax
,F
LT
),

1.6
6
(S
U
V
m
ax
,F
ET
);
3.
0
(L
N
R,
FL
T)
,

2.
18
(L
N
R,
FE
T)
,H
G
G
:0
.8
(S
U
V
m
ax
,

FL
T)
,1
.6
6
(S
U
V
m
ax
,F
ET
);
3.
0

(L
N
R,
FL
T)
,2
.4
6
(L
N
R,
FE
T)

N
D

N
D

N
D

O
zs
un
ar
et
al
20
10
32

FD
G

V
is
ua
la
ss
es
sm
en
t

N
D

N
D

–
N
D

2
Bo
ar
d-
ce
rt
ifi
ed

ne
ur
or
ad
io
lo
gi
st
s

Pr
at
et
al
20
10
33

FD
G

Se
m
iq
ua
nt
ita
tiv
e
as
se
ss
m
en
t
co
m
pa
rin
g

pa
th
ol
og
ic
im
ag
es
w
ith
th
os
e
on

th
e
co
nt
ra
la
te
ra
ls
id
eh

N
D

N
D

–
N
D

N
D

N
D

co
nt
in
ue
d

AJNR Am J Neuroradiol : www.ajnr.org E9



O
N
-L
IN
E
TA
BL
E
4,
co
nt
in
ue
d

St
ud
y

PE
T
D
ru
g

M
et
ho
d

Vi
su
al
A
ss
es
sm
en
t

Q
ua
nt
it
at
iv
e

A
ss
es
sm
en
t,

Cu
to
ff
Va
lu
e

Re
fe
re
nt

Ba
se
lin
e

Sc
an

N
o.
of

In
te
rp
re
te
rs

Ex
pe
rie
nc
e

of
In
te
rp
re
te
rs

Po
si
ti
ve
Cr
it
er
ia

N
eg
at
iv
e
Cr
it
er
ia

Sa
nt
ra
et
al
20
12
4
1

FD
G

V
is
ua
la
ss
es
sm
en
t

A
de
fin
ite
le
si
on
on
C
T
im
ag
es

(h
yp
er
m
et
ab
ol
ic
/i
so
-m
et
ab
ol
ic
/

hy
po
m
et
ab
ol
ic
on
PE
T
im
ag
es
)o
ra
n

in
cr
ea
se
d
fo
ca
lF
D
G
up
ta
ke
w
ith
ou
t

an
y
cl
ea
rly
di
sc
er
ni
bl
e
le
si
on
on
C
T

N
D

–
N
D

2
Ex
pe
rie
nc
ed
nu
cl
ea
r

m
ed
ic
in
e
ph
ys
ic
ia
ns

H
ig
h-
gr
ad
e
on
ly

V
al
k
et
al
19
88
34

FD
G

V
is
ua
la
ss
es
sm
en
t

A
ct
iv
ity
gr
ea
te
rt
ha
n
or
eq
ua
lt
o
th
at

of
th
e
ad
ja
ce
nt
br
ai
n

A
ct
iv
ity
le
ss
th
an

th
at
of
th
e
ad
ja
ce
nt

br
ai
n

–
N
D

2
N
D

V
an
Ta
ss
el
et
al
19
95
35

FD
G

V
is
ua
la
ss
es
sm
en
t

H
yp
er
m
et
ab
ol
ic
tu
m
or

N
D

–
N
D

N
D

N
D

Ts
uy
ug
uc
hi
et
al
20
04
36

M
ET

V
is
ua
la
ss
es
sm
en
t,
qu
an
tit
at
iv
e
as
se
ss
m
en
t

us
in
g
SU
V
m
ea
n,
qu
an
tit
at
iv
e
as
se
ss
m
en
t

us
in
g
tu
m
or
le
si
on
to
no
rm
al
ra
tio

(T
m
ea
n/
N
m
ea
n)
i

N
D

N
D

N
D

N
D

2
Ex
pe
rie
nc
ed
nu
cl
ea
r

m
ed
ic
in
e
ph
ys
ic
ia
ns

M
iy
as
hi
ta
et
al
20
08
37

BP
A

Q
ua
nt
ita
tiv
e
as
se
ss
m
en
t
us
in
g
le
si
on
to

no
rm
al
ra
tio
(L
/N
)j

–
–

2
Pe
rf
or
m
ed

pa
rt
ia
lly

N
D

N
D

D
an
do
is
et
al
20
10
38

M
ET

V
is
ua
la
ss
es
sm
en
t

N
D

N
D

–
N
D

N
D

N
uc
le
ar
m
ed
ic
in
e

ph
ys
ic
ia
ns

Ki
m
et
al
20
10
39

FD
G
,M
ET

V
is
ua
la
ss
es
sm
en
t,
qu
an
tit
at
iv
e
as
se
ss
m
en
t

us
in
g
le
si
on
to
re
fe
re
nc
e
ar
ea
ra
tio

(L
m
ax
/R
m
ax
)k

N
D

N
D

1.4
5
(F
D
G
),
2.
64
(M
ET
)
N
D

N
D

N
D

N
ot
e:
—
BP
A
in
di
ca
te
s1
8F
-b
or
on
op
he
ny
la
la
ni
ne
;C
A
Q
,c
er
tifi
ca
te
of
ad
de
d
qu
al
ifi
ca
tio
n;
N
D
,n
o
da
ta
;S
U
V
,s
ta
nd
ar
d
up
ta
ke
va
lu
e;
Lm
ax
,m
ax
im
um
up
ta
ke
in
tu
m
or
le
sio
n;
R/
m
ax
,m
ax
im
um
up
ta
ke
in
re
fe
re
nc
e
ar
ea
;L
N
R,
le
si
on
to
no
rm
al
ra
tio
;T
m
ea
n,

m
ea
n
up
ta
ke
in
tu
m
or
le
sio
n;
N
m
ea
n,
m
ea
n
up
ta
ke
in
no
rm
al
br
ai
n;
T/
N
,t
um
or
to
no
rm
al
;B
G
,b
ac
kg
ro
un
d;
SU
V
m
ax
,m
ax
im
um
st
an
da
rd
iz
ed
up
ta
ke
va
lu
e;
SU
V
m
ea
n,
m
ea
n
st
an
da
rd
iz
ed
up
ta
ke
va
lu
e;
T/
W
M
,t
um
or
to
w
hi
te
m
at
te
rr
at
io
;H
G
G
,h
ig
h-
gr
ad
e

gl
io
m
a.

a
G
ra
de
1�
to
ta
lly
ab
se
nt
,g
ra
de
2

�
sl
ig
ht
ly
le
ss
up
ta
ke
th
an
su
rr
ou
nd
in
g
ar
ea
,g
ra
de
3

�
sa
m
e
up
ta
ke
as
su
rr
ou
nd
in
g
ar
ea
,g
ra
de
4

�
sl
ig
ht
ly
to
m
od
er
at
el
y
in
cr
ea
se
d
up
ta
ke
co
m
pa
re
d
w
ith
su
rr
ou
nd
in
g
ar
ea
,g
ra
de
5

�
m
ar
ke
dl
y
in
cr
ea
se
d
up
ta
ke
.

b
G
ra
de
0

�
in
te
ns
ity
le
ss
th
an
th
at
of
w
hi
te
m
at
te
r,
gr
ad
e
1�
in
te
ns
ity
sim
ila
rt
o
th
at
of
w
hi
te
m
at
te
r,
gr
ad
e
2

�
in
te
ns
ity
be
tw
ee
n
w
hi
te
m
at
te
ra
nd
gr
ay
m
at
te
r,
gr
ad
e
3

�
in
te
ns
ity
si
m
ila
rt
o
gr
ay
m
at
te
r,
gr
ad
e
4

�
in
te
ns
ity
hi
gh
er
th
an
gr
ay
m
at
te
r.

c
G
ra
de
0

�
no
ap
pl
ic
ab
le
m
et
ab
ol
ic
up
ta
ke
,g
ra
de
1�
sim
ila
rt
o
no
rm
al
co
nt
ra
la
te
ra
lw
hi
te
m
at
te
r,
gr
ad
e
2

�
be
tw
ee
n
co
nt
ra
la
te
ra
lw
hi
te
m
at
te
ra
nd
gr
ay
m
at
te
r,
gr
ad
e
3

�
eq
ua
lt
o
or
ov
er
gr
ay
m
at
te
r.

d
D
iff
er
en
tia
la
bs
or
pt
io
n
ra
tio
de
fin
ed
as
th
e
pr
od
uc
t
of
tis
su
e
ra
di
oa
ct
iv
ity
an
d
th
e
pa
tie
nt
’s
bo
dy
w
ei
gh
t
di
vi
de
d
by
th
e
ad
m
in
ist
er
ed
ra
di
oa
ct
iv
ity
of
M
ET
w
as
us
ed
to
es
tim
at
e
T/
N
ra
tio
.

e
Ba
ck
gr
ou
nd
(B
G
)w
as
de
fin
ed
as
th
e
m
ea
n
up
ta
ke
of
70
%
an
d
80
%
of
iso
co
nt
ou
rr
eg
io
ns
m
irr
or
ed
to
th
e
co
nt
ra
la
te
ra
l(
ie
,n
on
-t
um
or
-b
ea
rin
g)
he
m
isp
he
re
.

f
L/
N
m
ea
n
w
as
de
fin
ed
as
th
e
SU
V
m
ea
n
of
th
e
le
sio
n
di
vi
de
d
by
th
e
SU
V
m
ea
n
of
th
e
co
nt
ra
la
te
ra
ln
or
m
al
fr
on
ta
l-l
ob
e
gr
ay
m
at
te
r.
L/
N
m
ax
w
as
de
fin
ed
as
th
e
SU
V
m
ax
of
th
e
le
si
on
di
vi
de
d
by
th
e
SU
V
m
ea
n
of
th
e
co
nt
ra
la
te
ra
ln
or
m
al
fr
on
ta
l-l
ob
e

gr
ay
m
at
te
r.

g
N
or
m
al
br
ai
n
pa
re
nc
hy
m
a,
us
ua
lly
in
th
e
co
nt
ra
la
te
ra
ln
or
m
al
fr
on
ta
lc
er
eb
ra
lc
or
te
x
w
as
us
ed
as
th
e
re
fe
re
nc
e.

h
V
isu
al
as
se
ss
m
en
t
(in
fe
rr
ed
).

i N
or
m
al
gr
ay
m
at
te
ri
n
th
e
co
nt
ra
la
te
ra
lf
ro
nt
al
lo
be
w
as
us
ed
as
th
e
re
fe
re
nc
e.

j N
or
m
al
br
ai
n
ar
ea
in
th
e
co
nt
ra
la
te
ra
lb
ra
in
lo
be
w
as
us
ed
as
th
e
re
fe
re
nc
e.

k
C
or
re
sp
on
di
ng
ar
ea
in
th
e
co
nt
ra
la
te
ra
lb
ra
in
lo
be
w
as
us
ed
as
th
e
re
fe
re
nc
e.

E10 AJNR www.ajnr.org



O
N
-L
IN
E
TA
BL
E
5:
Q
ua
lit
y
as
se
ss
m
en
t
of
in
cl
ud
ed
st
ud
ie
s

St
ud
y

1
2

3
4

5
6

7
8

9
10

11
12

13
14

Sp
ec
tr
um

Bi
as

In
cl
us
io
n

Cr
it
er
ia
Re
fe
re
nc
e

St
an
da
rd

Pa
rt
ia
l

Ve
rifi
ca
ti
on

Bi
as

D
iff
er
en
ti
al

Ve
rifi
ca
ti
on

Bi
as

In
co
rp
or
at
io
n

Bi
as

In
de
x

Te
st
Re
fe
re
nc
e

St
an
da
rd

Te
st

Re
vi
ew

Bi
as

D
ia
gn
os
is

Re
vi
ew

Bi
as

Tr
ea
tm
en
t

Pa
ra
do
x
Cl
in
ic
al

D
at
a

U
ni
nt
er
pr
et
ab
le

or
In
te
rm
ed
ia
te

Re
su
lt
s

W
it
hd
ra
w
al

A
ny
gr
ad
es

Ja
nu
s
et
al
19
93
16

N
Y

Y
Y

U
Y

Y
Y

Y
U

N
Y

N
N

Ka
hn
et
al
19
94
17

N
Y

Y
Y

U
Y

Y
Y

Y
Y

U
Y

Y
N

N
el
so
n
et
al
19
97
18

N
U

N
Y

U
U

Y
N

U
U

U
Y

Y
N

Ri
cc
ie
t
al
19
98
19

N
Y

N
N

Y
Y

Y
Y

U
U

U
Y

Y
Y

So
no
da
et
al
19
98
20

N
U

Y
Y

U
U

Y
Y

U
U

U
U

N
N

Ba
de
re
t
al
19
99
21

Y
U

N
Y

Y
Y

Y
Y

U
U

Y
U

Y
N

Th
om
ps
on
et
al
19
92
2

N
Y

N
N

Y
Y

N
Y

U
U

U
U

N
N

Be
lo
hl
áv
ek
et
al
20
02
23

N
U

U
Y

U
U

Y
N

Y
U

U
N

Y
N

Pö
pp
er
le
t
al
20
04
24

N
U

Y
Y

U
Y

Y
Y

U
U

U
U

N
N

V
an
La
er
e
et
al
20
05
25

N
U

U
Y

U
U

Y
N

U
U

U
U

N
Y

Ra
ch
in
ge
re
t
al
20
05
26

N
U

Y
Y

Y
Y

Y
Y

U
Y

U
U

N
N

G
óm
ez
-R
ío
et
al
20
08
27

Y
Y

Y
Y

U
Y

Y
Y

U
U

U
Y

N
N

M
eh
rk
en
s
et
al
20
08
28

Y
Y

Y
Y

U
Y

Y
Y

U
Y

U
Y

N
N

Te
ra
ka
w
a
et
al
20
08
29

N
Y

Y
Y

U
Y

Y
Y

U
U

Y
Y

N
Y

N
ak
aj
im
a
et
al
20
09
30

N
U

U
Y

U
U

Y
N

U
U

U
Y

N
N

Sp
en
ce
et
al
20
09
40

N
Y

Y
Y

U
Y

Y
Y

U
U

Y
U

Y
N

Je
on
g
et
al
20
10
31

N
Y

Y
Y

U
Y

Y
Y

U
U

U
Y

N
N

O
zs
un
ar
et
al
20
10
32

N
Y

Y
Y

U
U

Y
Y

U
Y

U
U

N
N

Pr
at
et
al
20
10
33

N
Y

Y
Y

U
Y

N
Y

U
U

U
U

N
N

Sa
nt
ra
et
al
20
12
41

Y
Y

Y
Y

U
Y

Y
Y

Y
U

U
N

N
N

H
ig
h-
gr
ad
e
on
ly

V
al
k
et
al
19
88
34

N
Y

Y
Y

U
U

Y
Y

U
U

N
U

N
N

V
an
Ta
ss
el
et
al
19
95
35

N
Y

N
N

Y
Y

N
Y

U
U

U
U

N
Y

Ts
uy
ug
uc
hi
et
al
20
04
36

N
U

Y
Y

U
U

Y
Y

U
U

U
U

N
N

M
iy
as
hi
ta
et
al
20
08
37

N
U

Y
Y

U
Y

Y
Y

U
U

U
Y

N
N

D
an
do
is
et
al
20
10
38

N
U

N
Y

U
N

Y
N

U
N

Y
U

N
N

Ki
m
et
al
20
10
39

N
Y

Y
Y

U
Y

Y
Y

U
U

U
Y

N
N

N
ot
e:
—
Y
in
di
ca
te
s
ye
s
(re
le
va
nt
in
fo
rm
at
io
n
re
po
rt
ed
or
bi
as
av
oi
de
d)
;N
,n
o
(re
le
va
nt
in
fo
rm
at
io
n
no
t
re
po
rt
ed
or
bi
as
no
t
av
oi
de
d)
;U
,u
nc
le
ar
(in
su
ffi
ci
en
t
re
po
rt
in
g
or
av
oi
da
nc
e
of
bi
as
un
cl
ea
r).

AJNR Am J Neuroradiol : www.ajnr.org E11


