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EIBALL Mission Statement

To facilitate imaging biomarker development 

and standardization; 

To promote imaging biomarker use in clinical 

trials and in clinical practice by collaboration 

with specialist societies, international 

standards agencies and trials organizations 

within a network of excellence.
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Activity on Pillar 2- Validating Biomarkers

Validation pipeline A Alberich-Bayarri
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1st Step: Precision (harmonization / methodologies)

• First draft of Profile completed on 
16/02/2018 by EIBALL task force:

– Rik Achten

– Matthias Guenther

– Henk-Jan Mutsaerts

– Xavier Golay

• Working towards consensus:

– Claims

– Clinical implications

1st Step: Precision (QIBA Profile Development)
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• 18 studies

• All comparing HGG vs
LGG

• QADAS-2 for bias 
assessment:
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Quantitative result Part 1 

HGG vs. LGG 

The first set of meta-analyses compared the difference in outcome between HGG and LGG 

subjects.  

A summary of the analysis results is given in the (table.5). The first figures relate to the degree 

of heterogeneity between studies. The p-value from the test of heterogeneity is given, with the I2 value. 

Subsequently the size of difference between groups is reported, as a standard-mean-difference SMD, 

along with corresponding confidence intervals 95% CI. This is quantified as the outcome for LGG 

patients’ relative to the value for HGG patients’. 

Table 5. Comparison of the difference in outcome between HGG and LGG subjects 

Outcome Number of Heterogeneity Effect size 

 studies P-value I2 SMD (95% CI) (*) P-value 

rTBF 15 <0.001 86% -1.46 (-2.00, -0.91) <0.001 

rTBF mean 9 <0.001 86% -1.53 (-2.26, -0.79) <0.001 

rTBF max 6 <0.001 87% -1.36 (-2.23, -0.49) 0.002 

TBF 9 0.002 64% -0.82 (-1.20, -0.45) <0.001 

TBF mean 4 0.50 0% -0.61 (-0.99, -0.23) 0.002 

TBF max 7 <0.001 76% -0.96 (-1.53, -0.39) 0.001 

(*) the (–ev) sign because Standard Mean Difference calculated as LGG minus HGG 

Figure 2. The Quality Assessment of Diagnostic Accuracy Studies-2 (QUADAS-2) of the included studies. The 

risk of bias graph shows the four domains; the flow and timing and the reference standard domains possess the 

lowest risk of bias as all the studies involved histopathological analysis (as a reference standard) beside this 

examination is more likely to correctly classify the glioma grade. The index test domain, could introduce bias as 

majority of the included study the reviewer not blinded to the standard reference (high) or they did not mention 

if they were blinded or not. The patient selection domain another source of bias, about 25% did not use a 

consecutive or random selection (high) while ~ 25% did not explain the process of patient selection (unclear). 

The concerns regarding applicability graph involved three domains; the reference standard and the index test 

domains shows low concerns as all the studies included ASL as index test and histopathological examination as 

a reference standard. However, the patient selection domain expressed ~20% (high) as some of the studies 

included paediatric patients or non-gliomas (other brain tumours).  

 

Fig (2.2) The Quality Assessment of Diagnostic Accuracy Studies-2 (QUADAS-2) of the included studies 
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Additional records identified through 

other sources (n = zero) 

Records after duplicates removed 

(n = 122) 

Records screened 

(n = 122) 

Records excluded 
(n = 101) 

10 in animal 

15 treatment assessment 

1 biopsy targeting 

2 correlation study 

1 IDH status 

3 not ASL 

20 no full text 

11 not gliomas 

10 in pediatric 

2 prognosis  

5 differentiate recurrence from necrosis 

18 reviews 

3 not related to the search question 

Full-text articles assessed 

for eligibility, (n = 21) 
Full-text articles excluded, 

with reasons 

(n = 3) 

2 correlations with MDV 

1 reproducibility study 

Studies included in quantitative 

synthesis (meta-analysis), (n = 18) 

Figure 1. Preferred Reporting Items of Systematic Reviews and Meta-Analyses-PRISMA flow chart for the st udy 

selection process. 

Studies included in 

qualitative synthesis 

(n = 18) 

Meta-analysis of ASL as QIB for LGG vs. HGG 

A. Alsaedi, S. Bisdas, et al.
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Figure 6. 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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Figure.3. 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 asymmetric 

with some suggestion of 

publication bias. 

 

LGG <> HGG: Relative vs. absolute TBF

A. Alsaedi, S. Bisdas, et al.
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Quantitative result part 2 

Grade difference 

The first set of meta-analyses compared the performance of ASL for detecting between 

individual grades.  

A summary of the analysis results is given in the (table.9). The number of studies providing 

data, along with the pooled estimates of sensitivity and specificity, along with corresponding confidence 

intervals shows on (figures.15, 16).  

Table.9 diagnostic performance of the ASL in discrimination between glioma grades  

Comparison Number studies Sensitivity (95% CI) Specificity (95% CI) 

II vs. III 4 94% (75%, 99%) 61% (48%, 73%) 

II vs. IV 3 (*) (*) 

III vs IV 9 86% (75%, 93%) 69% (57%, 79%) 

(*) Unable to calculate pooled results due to a lack of studies 

The results indicated that there was a high sensitivity for detected between grade II and III 

lesions of over 90%. The sensitivity was slightly lower for the detection between grade III and IV, but 

still relative high. This result in agreement with the result from part 1, as the effect size between grade-

II and grade-III was higher than that between the grade-III and grade-IV. Specificity for both analyses 

was lower, below 70% on both occasions. The ASL sensitivity, specificity, negative predictive value 

(NPV) and positive predictive value (PPV) of various cut-off values among glioma grades through the 

included studies shows in (Table. 10).  

A graphical illustrate of the results is shown in the (figures. 15-16) set of HROC plots, one plot 

for each of the outcomes examined. 

 

 

 

 

 

 

 

 

 

 

 

Figure 15 HROC plot illustrate the 

summary point of the sensitivity and 

the specificity (square) and its 95% 

CI (the green curve) of ASL to 

discriminate between grade-II and 

grade-III (94%, (75%, 99%)) and 

(61%, (48%, 73%)), respectively.  
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Figure 15 HROC plot illustrate the 

summary point of the sensitivity and 

the specificity (square) and its 95% 

CI (the green curve) of ASL to 

discriminate between grade-II and 

grade-III (94%, (75%, 99%)) and 

(61%, (48%, 73%)), respectively.  
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Table. 10. ASL sensitivity, specificity, negative predictive value (NPV) and positive predictive value (PPV) of various cut-

off values among glioma grades through the included studies 

III vs II 

Author/year Study No. 
 Renamed 

parameters 
cut-off Sensitivity Specificity 

Prevalenc

e of grade-

III 

PPV NPV 

Weber, M A; 

2006 
6 rTBFmean 1 0.92 0.33 0.55 62.66 77.14 

Shen, Nanxi; 

2016 
9 TBFmax 43.62 1 0.69 0.31 59.12 100 

Yang, X.; 2016 

  

11, (mTIs), 

(astrocytom

a) 

rTBFmean 2.43 1 0.51 0.5 67.11 100 

11, (sTI), 

(astrocytom

a) 

rTBFmean 1.88 0.78 0.73 0.5 74.29 76.84 

IV vs II 

Author/year Study No. 
 Renamed 

parameters 
cut-off Sensitivity Specificity 

Prevalenc

e of grade-

IV 

PPV NPV 

Weber, M A; 

2006 
6 rTBFmean 1.6 0.94 0.78 0.80 94.32 76.97 

Figure 16 HROC plot illustrate the 

summary point of the sensitivity and 

the specificity (square) and its 95% 

CI (the green curve) of ASL to 

diffrentiate between grade-III and 

grade-IV (86%, (75%, 93%)) and 

(69%, (57%, 79%)), respectively. 
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Figure 17. HROC plot illustrate the 

summary point of the sensitivity and 

the specificity (square) and its 95% 

CI (the green curve) of all the ASL 

estimated parameters to 

differentiate between HGG and 

LGG (86%, (78%, 91%)) and (84%, 

(76%, 90%)), respectively. 

 

Figure 18. HROC plot illustrate the 

summary point of the sensitivity and 

the specificity (square) and its 95% 

CI (the green curve) of rTBF from 

ASL to differentiate between HGG 

and LGG (86%, (77%, 91%)) and 

(84%, (76%, 90%)), respectively. 

 

sensitivity: 94% (75-99%)

specificity: 61% (48-73%)

sensitivity: 86% (75-93%)

specificity: 69% (57-79%)

sensitivity: 86% (78-91%)

specificity: 84% (76-90%)

Diagnostic Performance

2nd step: Accuracy & Gold Standard
ASL Perfusion Phantom

10

Coiled hose reservoir

Perfusion ChamberLabelling Chamber

MRI Compatible

Piezoelectric pump

Bubble Traps

Base split mechanism

A. Oliver-Taylor, X. Golay, et al. © Gold Standard Phantoms Ltd
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Perfusion Exchange Unit

11

Labelling chamber

Flow 

diverting 

plate

Sintered Porous
Polymer Layers 

Qin

Qout

© Gold Standard Phantoms LtdA. Oliver-Taylor, X. Golay, et al.

Existence of a true Gold Standard
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Geometric model Velocity Map Particle simulation

© Gold Standard Phantoms LtdA. Oliver-Taylor, X. Golay, et al.
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Average Flow Rate = 349.9 ± 1.6 ml/min
Maximum deviation 2.7% of desired 350ml/min

Bluetooth Connectivity

© Gold Standard Phantoms LtdA. Oliver-Taylor, X. Golay, et al.

Results: Single PLD pCASL

14© Gold Standard Phantoms LtdA. Oliver-Taylor, X. Golay, et al.
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• Beta-test study (reproducibility across 10 sites, supported by 
an SBRI grant):

– UK: Oxford, UCL

– EU: Bremen (DE), Leiden (NL), Erasmus MC (NL)

– US: MGH (MA), U Michigan (MI), U Wisc (WI)

• Automatic QC analysis using ExploreASL (H. Mutsaerts)

Ongoing developments

Next steps

• Finalizing QIBA Profile to get it to Public stage 
(ETA Summer 2018)

– Performing the Beta-test study for ASL Phantoms

– Estimating ICC, CoV, etc… from clinical studies 
(ExploreASL)

• 3rd step: Short term and long term diagnostic 
value

– Diagnostic & therapeutic value of ASL as QIB

– Prognostic value


