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rTBF

Study %
D SMD (95% CI) Weight Parameter
'
3 Walf 2005 —_—— -1.11(-2.03, 0.19) 649  TBFmax
]
3 Walf 2005 —_— 0.95(-1.86, 0.04) 653  rTBFmean
8, (oligodendroglioma) Chawla 2007 : * -0.94 (-2.05,0.17) 598 rTBFmax
I
8 Chawla 2007 : —— -0.34 (-1.03,0.35) 7.07 rTBFmean
8 Chawla 2007 | ——— -0.40(-1.09,030) 7.07  rTBFmax
|
16, {CASL), (ohigedendroglioma) Canale 2011 : - -1.02 (-2.08,0.03) 6.14 rTBFmean
16, {PASL), (oligodendroglioma) Canale 2011 ', -+ 047 (-1.71,0.78) 5864 rTBFmean
I
2 Roy 2013 : —_—— -0.41(-092,009) 747 rTBFmax
13 Cebaci 2014 -+ : -3.34 (-4.43,-2.26) B.06 rTBFmax
I
18, {mirror) Gao 2015 ——— : -3.32 (-4.20, -2.44) 6.61 rTBFmean
18, (WM) Gao 2015 —— : -2.63 (-3.40, -1.85) 6.87 rTBFmean
|
18, {GM) Gao 2015 —_— : -2.95(-377,-2.13) 875  rTBFmean
11, {sTl), {astrocylomas) Yang 2016 I—O— 0.79 (-1.44, 0.14) 7.16 rTBFmean
|
9 Shen 2016 —0—: -2.20 (-2.89, -1.50) 7.06 rTBFmax
11, {mTis). {astrocytomas) Yang 2016 —_——— 147 (-1.86,0.50) 7.0  rTBFmean
Overall <> -1.46 (-2.00, -0.91) 100.00
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Supplementary Figure 1: rTBF for LGG patients’ relative to the value for HGG patients’. In the forest plot, the dotted
vertical line represents the pooled effect size point where the effect size in individual studies have very different distribution (heterogeneity)
around this line. The pooled effect and their 95% CI (the diamond at the bottom) express that the LGG have significantly lower rTBF than
the HGG (-1.46, (-2.00,—0.91)). The funnel plot is symmetric and does not show publication bias.
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Supplementary Figure 2: rTBF-mean for LGG patients relative to the value for HGG patients. In the forest plot, the dotted
vertical line represents the pooled effect size point where the effect size in individual studies have very different distribution (heterogeneity)
around this line. The pooled effect and their 95% CI (the diamond at the bottom) express that the LGG have significantly lower rTBFmean
than the HGG (-1.53, (-2.26, —0.79)). The funnel plot is symmetric and does not show publication bias.



rTBF max

Study %

ID SMD (95% CI) Weight
3 Wolf 2005 = 111 (-2.03, -0.19) 16.19
8 Chawla 2007  ——+— .040(-1.09,0.30) 17.59
8, (oligodendroglioma) 2007 — -0.94 (-2.05,0.17) 14.94
2 Roy 2013 | —=—f  -041(-092,000) 18.57
13 Cebeci 2014 . -3.34 (-4.43, -2.26) 15.12
9 Shen 2016 _._ -2.20 (-2.89, -1.50) 17.59
Overall <> -1.36 (-2.22, -0.49) 100.00
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Supplementary Figure 3: rTBF-max for LGG patients’ relative to the value for HGG patients’. In the forest plot, the dotted
vertical line represents the pooled effect size point where the effect size in individual studies have very different distribution (heterogeneity)
around this line. The pooled effect and their 95% CI (the diamond at the bottom) express that the LGG have significantly lower rTBFmax
than the HGG (-1.36, (-2.23, —0.49)). The funnel plot is symmetric and does not show publication bias.
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%

Weight Parameter

1
17, (astrocytomas) Warmuth 2003 +* | -2.56 (-3.80, -1.31) 5.66 TBFmax
]
3, mean Wolf 2005 — -0.57 (-1.46, 0.31) 8.18 TBFmean
1
3, max 2005 + -0.83(-1.72,0.07) 804  TBFmax
1
& max Chawla 2007 S — 070 (-1.41,0.01) 973  TBFmax
1
8, mean 2007 —_— -0.25 (-0.94,0.43) 9.90 TBFmean
]
2 Roy 2013 | — -0.07 (-0.57,043) 1173 TBFmax
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1
10, mean Lin 2015 -— -1.11(-1.98,024) 829 TBFmean
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Supplementary Figure 4: TBF for LGG patients’ relative to the value for HGG patients’. In the forest plot, the dotted
vertical line represents the pooled effect size point where the effect size in individual studies have very different distribution (heterogeneity)
around this line. The pooled effect and their 95% CI (the diamond at the bottom) express that the LGG have significantly lower TBF than
the HGG (-0.82, (-1.20, —0.45)). The funnel plot is symmetric and does not show publication bias.
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Supplementary Figure S5: TBFmean for LGG patients’ relative to the value for HGG patients’. In the forest plot, the dotted
vertical line represents the pooled effect size point where the effect size in individual studies have small distribution around this line with
small degree of heterogeneity. The pooled effect and their 95% CI (the diamond at the bottom) express that the LGG have significantly

lower TBFmean than the HGG (-0.61, (-0.99, —0.23)). The funnel plot is symmetric and does not show publication bias.
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Study %o
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17, (astrocytomas) Warmuth 2003 - ! -2.56 (-3.80, -1.31) 10.18
3, max Wolf 2005 = 083 (-1.72,007)  13.23
8. max Chawla 2007 —— 0.70 (-1.41,001) 1510
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Supplementary Figure 6: TBFmax for LGG patients’ relative to the value for HGG patients’. In the forest plot, the dotted
vertical line represents the pooled effect size point where the effect size in individual studies have very different distribution (heterogeneity)
around this line. The pooled effect and their 95% CI (the diamond at the bottom) express that the LGG have significantly lower TBFmax
than the HGG (-0.96, (—1.53, —0.39)). The funnel plot is symmetric and does not show publication bias.
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Supplementary Figure 7: ¥TBF for grade-II patients’ relative to the value for grade-III patients’. In the forest plot,
the dotted vertical line represents the pooled effect size point where the effect size in individual studies have low distribution (small
heterogeneity degree) around this line. The pooled effect and their 95% CI (the diamond at the bottom) express that the grade-II rTBF value
about significantly lower than the that of the grade-III (-1.39, (-1.89, —0.89)). The funnel plot is symmetric and does not show publication

bias.
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Study %
] SMD (85% CI) Weight Parameter
4 Bai 2015 - -0.42 (-1.20, 0.36) 50.01 TEBFmean

9, TBFmax Shen 20186 *

Overall Q -0.90 (-1.85,0.04) 10000
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Supplementary Figure 8: TBF for grade-II patients’ relative to the value for grade-III patients’. In the forest plot, the
dotted vertical line represents the pooled effect size point where the effect size in individual studies have moderate distribution (moderate
heterogeneity degree) around this line. The pooled effect and their 95% CI (the diamond at the bottom) express that the grade-II has
approximately significant lower TBF value than the grade-III (—0.90, (-1.85, 0.04)). The funnel plot cannot be produced due to the small
study number.
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Supplementary Figure 9: rTBF for grade-II patients’ relative to the value for grade-IV patients’. In the forest plot,
the dotted vertical line represents the pooled effect size point where the effect size in individual studies have very large distribution
(heterogeneity) around this line. The pooled effect and their 95% CI (the diamond at the bottom) express that the grade-1I rTBF value was
significantly lower than the that of the grade-IV (-2.07, (-3.38, —0.76)). The funnel plot is symmetric and does not show publication bias.
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Supplementary Figure 10: TBF for grade-II patients’ relative to the value for grade-IV patients’. In the forest plot,
the dotted vertical line represents the pooled effect size point where the effect size in individual studies represent very large distribution
(heterogeneity) around this line. The pooled effect and their 95% CI (the diamond at the bottom) express that the grade-II significantly
lower TBF value than the grade-1V (—1.44, (-2.76, —0.12)). The funnel plot cannot be produced due to the small study number.
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15 Van Westen 2011 -+ - -1.95(-3.88, -0.03) 1004 rTBF mean
15 Van Westen 2011 + r -2.30(-4.37,0.23) 9.16 rTBFmax
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Supplementary Figure 11: rTBF for grade-III patients’ relative to the value for grade-IV patients’. In the forest plot, the
dotted vertical line represents the pooled effect size point where the effect size in individual studies have large distribution (heterogeneity)
around this line. The pooled effect and their 95% CI (the diamond at the bottom) express that the grade-III significantly has lower rTBF
value than the grade-IV (-1.05, (-1.82, —0.27)). The funnel plot is symmetric and does not show publication bias.



Study

15 Van Westen 2011

15 Van Westen 2011

4 Bai 2015

9, TBFmax Shen 2018

Overall

TBF

SMD (95% CI)

L

-1.40(-3.13, 0.33)

-0.85 (-2.43, 0.74)

1

-0.28 (-1.07, 0.51)

<0.33 (-1.10, 0.45)

<0.45(-0.95, 0.05)

%

Weight Parameter

8.37

9.96

39.74

4193

100.00

TBFmean

TBFmax

TBFmean

TBFmax

T

-2

T
-1

T

0 1

Standardised Mean Difference

Funnel plot (95% confidence limits) - TBF

o 4
7\
/N
/ \
/ \
/ \
~ / \
: / \
/ \
/ \
/ \
/ \
/ \
< 4 / S \
/ \
/ \
/ \
/ \
/ \
© / \
: / \
\
\
\
\
© / \
4/ \
/ ® \
/ ° \
T T T T T
-2 -1 0 1 2
SMD

Supplementary Figure 12: TBF for grade-III patients’ relative to the value for grade-IV patients’. In the forest plot,
the dotted vertical line represents the pooled effect size point where the effect size in individual studies have low distribution (small
heterogeneity degree) around this line. The pooled effect and their 95% CI (the diamond at the bottom) express a trend of lower rTBF value
in grade-IlI than in grade-1V (-0.45, (—0.95, 0.05)). The funnel plot is asymmetric and does show publication bias.



Supplementary Table 1: Studies performed using PCASL

LGGs HGGs .
Significance
. Histologic . for
Study Publication Country Gh'omastype . analysis  Study MRI Bolus TI/PLD Examl.n ed differentiation
Authors Oligodendrogliomas/ field 2D/3D perfusion
igil Grade i i i
no. year of origin astrocytomas/mixed GradeI Grade IT Grade III ol?tamed design strength width (ms) (ms) metrics between
v with HGGs and
LGGs
Rov. B 29 TBFmax P=0.78
2[1] ¢ yl’ T 2013 India  indistinct 3 23 9 astrocytoma GBM NA prospective 3T 3D 1450 1525
etal rTBFmax P =0.12
Grade-I1/11I,
10(5 anaplastic p=0.874
1813 astrocytoma,
412 ff;i Y 2015 USA  mixed NA  astrocytoma, 2 il?ngg;ﬁiz Homa (1}(;3M rse':'egc‘ggil prospective 3T 3D 2025 1525 TBFmean Gf‘ée(')lzl}/ v
. oligodendroglioma) & roghioma, =0
3 anaplastic oligo-
astrocytoma) Grade-I11/ 1V,
p=0213
P <0.001,
TBFmax mcludlng
sub-grading
Shen 27 (10 anaplastic (P <0.001)
93] N.et 2016 China  mixed 25 (19 astrocytoma, 6 astrocytoma, | anaplastic prospective 3T 3D 1500 1525
al oligodendroglioma) oligodendroglioma, 16 P<0.001
GBM) including
rTBFmax i
sub-grading
(P<0.001)
. 11 (7 diffuse astrocytoma, . TBFmean P =0.011
10[4] ;‘2} Y. 2015 China  mixed 3 oligodendroglioma, 1 :S?::Cp;?;::; éBM prospective 3T 3D :n(e)zlioned 'll'?;lgnax
) capillary astrocytoma) P=0.002
rTBFmean
(WM) P <0.001
Not
O18[5] Gao, F. 2015 China  indistinct 28 21 NA prospective 3T 2D mentioned 1400 ITBFmean P <0.001
etal. (GM)
rTBFmean 1, 4 01
(mirror)
“study 18 did not mentioned the used ASL labelling method.
Not available (NA).
Supplementary Table 2: Studies performed using CASL
Country . LGGs HGGs Histologic . Significance for
Study , . Publication of origin gﬂ":‘das 3"8 Homas/ analysis ~ Study i“_“:; Jp3p Bolus IL/D E"af'“'.'“’d differentiation
no, utor year socendrogliomas Grade obtained design 1€ width (ms) pertusion between HGGs
astrocytomas/mixed Gradel — Grade Il Grade 111 v . strength (ms)  metrics
with and LGGs
8 (1 anaplastic TBFmean P=0.39
5(1 oligodendroglioma.
Wolf, N . . ’ TBFmax P=0.04
3[6] R.et 2005 USA  mixed 2 oligodendroglioma, 4 anaplastio 1L \A NA 3T 2D 2000 1200
al (ganglioma)l astrocytoma, 3 astrocytoma, GBM TBFmean P=006
. oligoastrocytoma) 3 anaplastic
oligoastrocytoma) rTBFmax P=0.01
TBFmax P<0.05
TBFmean P>0.05
mixed 3T 3D 2000 1200
rTBFmean P>0.05
124 ; : (TBFmax P >0.05
8[7] Chawla,2007 USA 1ab oma AStrocytoma, 11 zlg‘i (f‘;;’;f"l’:‘);; 1G3BM NA retrospective
S.etal. sabg oligodendroglioma) & Sl
Oligodendrogliomas rTBFmax P>0.05
Canal 5 116 5 Not
16[8] anae, 2011 France indistinct NA . . oligodendroglioma, NA retrospective 1.5T 3D ot 1200 rTBFmean yes
S.etal. oligodendroglioma 2 TGNM) GBM mentioned

Not available (NA).



Supplementary Table 3: Studies performed using PASL

. . Significance
. LGGs HGGs Histologic .
o Gliomas type . Bolus Examined for
:::myAuthor ;’:zh”“"“ ocf":r';g igodendrogli 2":::’::1 32:;21 ::il;ch fild  2D/3D width (T“Il/s ];LD perfusion differentiation
astrocytomas/mixed Grade I Grade II Grade Il Grade IV with strength (ms) metrics between HGGs
and LGGs
20( 7 oligoden 11(2
Comelia droglioma  oligodendro
1[9] B. ctal 2017 Germany mixed NA II, 14 glioma 11,9 5 GBM NA retrospective PICORE 3T 2D 700 1800 TBFmean P =0.1030
serak astrocytoma  astrocytoma
1) 111)
Kim, Surgery or ROC-
5[10]H.S. et 2007 Korea indistinct NA 11 7 15 stereotactic prospective FAIR 1.5T 2D  indistinct 1200 . indistinct
al. biopsy analysis
o[11] Ve%5 2006 Germany indistinct NA 9 11 anaplastic 5y stereotactic, ootive YU 15 ap 1000 1200 ROC ndistinet
M.etal. gliomas biopsy mentioned analysis
83
9 (3 diffuse  anaplastic 15 (14 GBM,
astrocytoma, 3 astrocytoma, 1 GBM with  Surgery o
7112] Fudaba, 2014 Japan Both Mix and NA ol¥godendro 4§naplastlc oligodendro  stereotactic retrospectivel\lOt . 3T 2D Not . 1800 ROC-. indistinct
H.etal astrocytomas glioma and 3 oligodendro lioma biops mentioned mentioned analysis
oligoastro glioma, 1 e sy
. component)
cytoma) oligoastro
cytioma)
HGG vs LGG,
P=0.003
Mvs L P=
rTBFmean 0.098
6T rysv,p=
0. 006
IIvsIV,P=
. . 0.0905
13 728 X 0016 China  astrocytomas NA 15 diffuse 15 anaplastic, 3 NA prospective FAIR 3T 3D 700 1920
etal. astrocytoma  astrocytoma HGG vs LGG,
P<0.001
HvsIIL P=
.021
rTBFmean 0.0
mTIs) 1oy p<
0.001
IIvsIV,P=
0.023
. . Surgery or
01417 2014 Austria astrocytomas NA 7 (diffuse 7 (anplastic g py stercotactic prospective PICORE 3T 2D NoU 399 rTBFmean P = 0.003
J.etal. astrocytoma) astrocytoma) biopsy mentioned
13 (11 oligodendroglioma, 1 20 (18 GBM TBFmax P <0.001
13519 2014 Turkey mixed disembryoblastic neurocpithelial ", ooviom NA retrospective EPISTAR3T 2D ot Not
H.etal. tumour (DNET), 1 pilocytic . mentioned mentioned TBF P<0.001
astrocytoma) 1 gliosarcoma) r max .
. . Surgery or
14165 M 5508 Korea  astrocytomas NA 26 12 anapalstic )3 g stercotactic prospective FAIR 15T 2D N°U 1200 yTBFmax P <0.05
J.etal. astrocytomas biopsy mentioned
TBFmax Just mentioned
the trend of
g - TBFmean increasing
1507 V4 W01 Sweden indistinct NA NA 3 4 Biopsy o QUASAR3T  2p Mot~ Not the TBF from
ctal. proven mentioned mentioned yTBFmax
grade-111
towards
rTBFmean grade-1V
129 Using PASL, P
: B >0.05
16[81 %1 5016 France  indistinet NA 3 oligodendro oligodendro -\, NA retrospective N 157 20 N°U 1500 ¢TBFmean
S.etal. glioma glioma III, 3 mentioned mentioned .
TGNM) Using CASL,
P<0.05
31 TBFmax P <0.001
anaplastic
3 (2 ganglioma 6 (5 astro oligodendro
ermany mixe pleomorphic . . prospective .
17018 2"*‘:“‘1‘“"2003 Gi ixed 1pl hi Ty“)i“?’ gl“’“l‘a’tl 7GBM NA ive FAIR 15T 2D 1200 1300
setal xanthoastrocytoma) optie anaplastic rTBFmax P <0.001
astrocytoma) astrocytoma,
1
astrocytoma)

Not available (NA); Proximal Inversion with Control of Off-Resonance Effects (PICORE); flow alternating inversion recovery (FAIR); quantitative STAR labeling of arterial regions (QUASAR).



Supplementary Table 4: Sensitivity, specificity, negative predictive values (NPV) and positive
predictive values (PPV) of published ASL-derived biomarkers cut-off values for glioma grading

11 vs III gliomas
Author/year Study No. ASL Cut-off Sensitivity Specificity Prevalence of grade PPV NPV
parameters I
Weber, MA. et al; 6 rTBFmean 1 0.92 033 0.55 62.66 77.14
2006
Shen, N. et al.; 2016 9 TBFmax 43.62 1 0.69 0.31 59.12 100
11, (multiple TIs),
TBF 2.43 1 0.51 0.5 67.11 100
Yang, X. et al.; 2016 (astrocytoma) r mean 7
11, (single TI), (astrocytoma) rTBFmean 1.88 0.78 0.73 0.5 74.29 76.84
II vs IV gliomas
ASL e . Prevalence of
Author/year Study No. parameters Cut-off  Sensitivity Specificity grade-IV PPV NPV
%%Ze“ MA. etal; 6 rTBFmean 1.6 0.94 0.78 0.80 94.32 76.97
11, (multiple TIs),
TBF 4 1 . 4 R 1
Yang, X. etal.; 2016 (astrocytoma) ribFmean 0.87 0.46 86.96 00
11, (single TI), (astrocytoma) rTBFmean 3.01 0.67 0.87 0.46 81.71 75.26
III vs IV gliomas
ASL . . Prevalence of
Author/year Study No. parameters Cut-off Sensitivity Specificity grade-IV PPV NPV
Weber, MA. etal; 6 rTBFmean 14 0.97 0.5 0.76 86.06 83.97
2006
7 rTBFmean 2.562 0.87 0.77 0.65 87.37 75.42
rTBFmax 2.845 0.87 0.82 0.65 90.23 76.77
TBFmi 2.017 0.87 0.59 0.652173913 79.78038157  70.21943574
Fudaba, H. ct al.; 2014 e
7, (astrocytoma) rTBFmean 1.857 0.93 0.83 0.82 96.29 71.54
7, (astrocytoma) rTBFmax 2.258 0.93 0.83 0.82 96.29 71.54
7, (astrocytoma) rTBFmin 2.164 0.79 0.83 0.824 95.645 45.478
11, (multiple TIs),
TBF 8.55 0.77 0.73 0.464 71.19 78.55
Yang, X. etal.; 2016 (astrocytoma) riBrmean
11, (single TI), (astrocytoma) rTBFmean 6.64 0.46 0.73 0.464 59.62 60.93




Supplementary Table S: Sensitivity, specificity, negative predictive values (NPV) and positive
predictive values (PPV) of published ASL-derived biomarkers cut-off values between HGGs and
LGGs

HGG vs LGG
Author/ year Study No. ASL parameter Cut-off Sensitivity  Specificity = prevalence PPV NPV
Kim, H.S. et al.; 2007 5 rTBFmean 1.24 0.955 0.818 0.667 91.30 90.088
7 rTBFmean 2.562 0.652 0.778 0.719 88.243 46.661
7 rTBFmax 2.845 0.609 0.778 0.719 87.516 43.776
Fudaba, H. et al.; 2014 7 rTBFmin 2.017 0.739 0.667 0.719 85.0105 50
7, (astrocytoma) rTBFmean 1.8 0.824 0.667 0.85 93.343 40.076
7, (astrocytoma) rTBFmax 2.258 0.765 0.667 0.85 92.866 33.372
7, (astrocytoma) rTBFmin 1.254 0.882 0.667 0.85 93.753 49.937
Shen, N. et al.; 2016 9 TBFmax 52.21 0.889 0.826 0.5192 84.664 87.317
9 rTBFmax 1.32 0.926 0.957 0.519 95.831 92.279
11, (multiple TIs), (astrocytoma) rTBFmean 243 1 0.54 0.6511 80.229 100
Yang, X. etal;; 2016 11, (single TI), (astrocytoma) tTBFmean 3.01 0.6 0.88 0.651 90323 54.098
11, (bolus arrival time (BAT)), (astrocytoma) 0.97 0.71 0.88 0.651 91.697 61.914
Furtner, J. et al.; 2014 12 1.48 0.85 1 0.788 100 64.220
Cebeci, H. etal.; 2014 13 rTBFmax 2.1 1 0.92 0.606 95.057 100
13 rSImax 2.19 1 0.92 0.606 95.057 100
Kim, M J. et al.; 2008 14, (astrocytoma) rTBFmax 1.28 0.829 0.962 0.5738 96.707 80.691

Canale, S. et al.; 2011 16, (oligodendroglioma) rTBFmean 1.8 0.88 0.6 0.762 87.562 60.976
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