
ON-LINE APPENDIX
TFCE Method
TFCE is an imaging-based voxel-clustering technique that takes

into account the neighborhood information of voxels; it provides

better sensitivity and more interpretable output than traditional

voxel-based methods.1 An ROI imaging volume of tumor loca-

tion is composed of a 3D grid of voxels, and each voxel may be

assigned a binary value denoting either tumor or normal brain.

Survival Cutoff Robustness Analysis
Previously, different thresholds (top and bottom 25% of data,

�1.5 and �3 years, and so forth) were set to define poor and good

survival groups.2-5 Our training dataset was stratified into 3 sur-

vival groups on the basis of 3 months below and above the median

of overall survival observed in patients with GBM (�14 months),

respectively. The middle group of patients was excluded in the

subsequent survival analysis to ensure a clear distinction between

good and poor survival. Our survival histogram exhibits a left

skewed distribution in which most patients have poor survival

(Fig 1B). To our knowledge, this is the first study systematically

evaluating the dependence of finding a significant association be-

tween tumor location and having either poor or good survival on

the choice of criteria for inclusion in either group. We explored

286 pairs of lower and upper cutoffs in the overall survival at 3–15

months and 15–36 months to determine good and poor survival

groups, respectively. Each combination of survival pairs was used

to define a poor survival group and a good survival group and was

run for the prognostic region sensitivity analysis. Of the 286 sur-

vival pairs examined, 120 did not generate results. As a strong

indication of the robustness of the results, the voxels generated

from the 166 different survival pairs all fell in the same region

when superimposed on one another (On-line Fig 1), despite the

number of voxels varying depending on the cutoff pair used (On-

line Fig 2). The number of voxels that differs substantially among

the different survival pairs may be an issue of feature selection to

select the optimal number of voxels to avoid underfitting or

overfitting.

This analysis included the survival pair previously used by El-

lingson et al (12 and 36 months).6 No voxels were found to be

significantly (P value � .05) associated with poor survival (On-

line Fig 2), possibly due to the small size in the good survival

group (n � 8). When the lower and upper cutoffs were 12 and 34

months, voxels were found to be in the right periventricular tem-

poral and occipital white matter (On-line Figs 1 and 2), consistent

with the findings of Ellingson et al.6

Anatomic Structural Labels from the Talairach Atlas
The Talairach atlas provides 3D anatomic labels of brain locations

in the Montreal Neurological Institute coordinate space.7 We su-

perimposed each patient’s imaging volume on the Talairach atlas

to extract the anatomic labels for the voxels significantly associ-

ated with survival.

Molecular and Genetic Analysis
The enrichment of the hypoxia/HIF1A pathway in group I was

further validated by using genes in the “HIF signaling pathway” in

the KEGG to compute single-sample GSEA scores, as previously

described.8 The significance level for single-sample GSEA scores

between the 2 location groups was evaluated by using a boxplot

and Student t test.

Discrete copy number alterations (amplified or deleted), ob-

tained from the cBioPortal for Cancer Genomics of Memorial

Sloan Kettering Cancer Center (http://www.cbioportal.org/

public-portal/index.do),9 were used to validate results.
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On-line Table 1: Talairach anatomic structural labels of the prognostic voxelsa

Talairach ID Cerebrum Lobe Gyrus Tissue and Cell Type

% Voxels Significantly
Associated with

Survival
52 Right Temporal Subgyral White matter 41.1
174 Right Sublobar Lateral ventricle CSF 30.7
348 Right Sublobar Extranuclear White matter 11.3
664 Right Limbic Posterior cingulate White matter 10.5
320 Right Occipital Subgyral White matter 4.7

a The Talairach brain atlas was used to extract the anatomic labels of the voxels associated with poor survival with false discovery rate � 0.05 in the training Stanford University
Medical Center cohort.

E2 Liu ● 2016 www.ajnr.org
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On-line Table 3: Molecular subtype distributions for groups I and II in the TCGA dataseta

Proneural Neural Classic Mesenchymal Total
Group I, overlapping 7 3 4 6 20
Group II, nonoverlapping 26 (including 4 G-CIMP) 20 26 31 103
Total 33 23 30 37 123

Note:—G-CIMP indicates glioma-CpG island methylator phenotype.
a Group I overlapping with prognostic regions; group II, nonoverlapping with prognostic regions.

On-line Table 4: Gene annotation of amplified genes in group I compared with group IIa

Gene ID Gene Name FDR Q Value
Chromosome

Location
GO Functional Enrichment/Literature

Citations
GSX2 GS homeobox 2 0 4q12 Forebrain dorsal/ventral pattern formation;

neuron fate specification10

CHIC2 Cysteine-rich hydrophobic domain 2 0 4q12 CHIC2 and PDGFR regulate GBM stem cell
markers and other neural differentiation
markers11

RPL21P44 Ribosomal protein L21 pseudogene 44 0 4q12 –
KIT Mast/stem cell growth factor

receptor Kit
0 4q12 PDGFRA and KIT are commonly amplified in

GBM12

PDGFRA Platelet-derived growth factor
receptor, alpha polypeptide

0 4q12 PDGFR is marker for neural stem cells in the
adult SVZ that form gliomalike growths in
response to increased PDGF signaling13

Note:—GO indicates gene ontology; ID, identifier; FDR, false discovery rate.
a Copy number analysis of log2 copy number data showed genes amplified in group I (tumor involving the prognostic right periatrial location) and their GO annotations.

On-line Table 5: Contingency table showing a significant association between PDGFRA amplification and the grouping by the
prognostic location in the TCGA cohorta

PDGFRA
Amplification

PDGFRA
Normal Level Total

Group I, overlapping 6 15 21
Group II, nonoverlapping 10 100 110
Total 16 115 131

a Analyzing discrete copy number alteration data showed that amplifications of PDGFRA (Fisher exact test, 2-tailed P � .023) were significantly associated with group I.

On-line Table 6: Contingency table showing a significant association between CHIC amplification and the grouping by the prognostic
location in the TCGA cohorta

CHIC
Amplification

CHIC Normal
Level Total

Group I, overlapping 6 15 21
Group II, nonoverlapping 9 101 110
Total 15 116 131

a Analyzing discrete copy number alteration data showed that amplifications of CHIC (Fisher exact test, P � .016) were significantly associated with group I.

On-line Table 7: Contingency table showing a significant association between GSX2 amplification and the grouping by the prognostic
location in the TCGA cohorta

GSX2
Amplification

GSX2 Normal
Level Total

Group I, overlapping 6 15 21
Group II, nonoverlapping 10 100 110
Total 16 115 131

a Analyzing discrete copy number alteration data showed that amplifications of GSX2 (Fisher exact test, P � .023) were significantly associated with group I.

On-line Table 8: Contingency table showing a significant association between KIT amplification and the grouping by the prognostic
location in the TCGA cohorta

KIT
Amplification

KIT Normal
Level Total

Group I, overlapping 5 16 21
Group II, nonoverlapping 7 103 110
Total 12 119 131

a Analyzing discrete copy number alteration data showed that amplifications of KIT (Fisher exact test, P � .025) were significantly associated with group I.
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On-line Table 9: PDGFRA amplification maintains the significant association with the right periatrial location in intermediate-sized
tumors and in the restricted subset of intermediate and large tumors

PDGFRA
Amplification

PDGFRA Normal
Copy Number Total

Intermediate tumorsa

Group I, overlapping 4 6 10
Group II, nonoverlapping 3 40 43
Total 7 46 53

Intermediate and large tumorsb

Group I, overlapping 6 13 19
Group II, nonoverlapping 8 66 74
Total 14 79 93

a N � 53; Fisher exact test, 2-tailed P � .018.
b N � 93; Fisher exact test, 2-tailed P � .035.

ON-LINE FIG 1. Survival robust analysis by different pairs of survival. The axial, coronal, and sagittal views of the 3D frequency map of voxels
generated by different survival cutoff pairs (P value � .05). The voxels associated with poor survival by different pairs of survival all fell into the
same periventricular white matter region adjacent to the posterior lateral ventricle of the SVZ, indicating the robustness of the analysis.

ON-LINE FIG 2. Evaluation of the number of significant voxels (false discovery rate � 0.05) for each cutoff pair. The x-axis indicates the upper
cutoffs from �3 to 15 months; the y-axis, lower cutoff from �15 to 36 months. The intersection of each row and column is color-coded to
indicate the number of significant voxels for the pair of cutoffs evaluated.
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ON-LINE FIG 3. Boxplots of GBM CEL volume for the 2 groups (group I: right periatrial GBMs; group IIA, non- right periatrial GBMs) in the training
(left) and the test (right) cohorts, respectively. The mean of CEL volume of group I GBMs is 1.8 times the size of group II (n � 40 versus 206,
P � 1.5e– 6) in the Stanford University Medical Center cohort and 1.4 times in the TCGA cohort (n � 21 versus 110, P � .01).

ON-LINE FIG 4. Boxplots for single-sample GSEA scores for the 2
groups. Single-sample GSEA scores between the 2 groups for NCI
pathway “hypoxic and oxygen homeostasis regulation of HIF-1-�”
suggest that the hypoxia pathway was enriched in group I (Wilcoxon
P value � .0072) compared with group II.
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