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Preprocessing
For every study, T2w and FLAIR were co-registered with reference to Gd-T1w MRI using 3D affine registration with 12 degrees
of freedom encoding rotation, translation, sheer, and scale. The registration was performed using the General Registration
(BRIANSFIT) module of 3D Slicer 4.5 (http://www.slicer.org).1, 2 The following parameters were inserted in the registration
algorithm: percentage of samples = 0.002; spline grid size = 14, 10, 12; Interpolation Mode: Linear; maximum iterations =
1,500; maximum step length = 0.05; minimum step length = 0.001; Relaxation factor = 0.5; number of histogram bins = 50;
and number of match-points = 10. To resolve the issue of resolution variability, every MRI slice within a scan was re-sampled
to have an uniform pixel spacing of 0.5 x 0.5 mm2 and was then linearly interpolated to have 3 mm slice thickness using the
Resample Image (BRAINS) Module within 3D Slicer. After implementing these registration steps, the 3D Slicer checkerboard
module was used to visually inspect the accuracy of registration results.1 In addition to this, we also computed Jaccard Index
(JI)3 to quantitatively assess the registration accuracy.4, 5 When evaluated on the independent validation set (n=30) from our
cohort, the average JI between Gd-T1w and T2w scans was found to be 0.87. Similarly, when the JI was calculated between
Gd-T1w and FLAIR, the average was found to be 0.82.
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No. Hypoxia associated genes Function
1 Urokinase plasminogen activator

surface receptor (PLAUR)
Suggestive of regulation of PLAUR expression by HIF-1 representing invasion during
hypoxia in GBM.6

2 Lysyl oxidase (LOX) Correlates with upregulation in hypoxic conditions of GBM.7Vital for hypoxia-induced
metastasis.8

3 Leukemia inhibitory factor (LIF) promotes chemoresistance in colorectal cancers. Hypoxia induces LIF mRNA expres-
sion.9

4 Stanniocalcin-1 (STC1) In early stage clear cell renal cell carcinoma, hypoxia induced overexpression of STC1
has shown to be associated with metastasis.10

5 Vascular endothelial growth
factor-A (VEGFA)

In hypoxic conditions, VEGFA induces HIF that leads to angiogenesis.11 Associated
with poor prognosis.12

6 Vascular endothelial growth
factor-B (VEGFB)

Belongs to the VEGF family where angiogenesis has been shown in myocardial tissue
of an embryo.13

7 Vascular endothelial growth
factor-C (VEGFC)

Associated with Lymphangiogenesis.14

8 Serpin Family E Member 1
(SERPINE1)

This gene is a validated HIF target, which is an inhibitor of fibrinolysis. It has also been
shown that in cervical cancer stem cells, activation of this gene leads to degradation of
ECM.15

9 Insulin-like growth factor-
binding protein 3 (IGFBP3)

Under hypoxic conditions, HIF-1α regulates IGFBP3. In newly diagnosed GBM, this
gene was found to be prognostic.16

10 Adrenomedullin (ADM) Human ADM gene promoter region contains three HIF-1 binding consensus sites.
Upregulated in hypoxic conditions.17

11 Angiopoietin-like 4
(ANGPTL4)

In GBM, ANGPTL4 promotes tumor progression and activates extracellular signal-
regulated kinase 1/2 (Erk1/2).18

12 Phosphoglycerate kinase 1
(PGK1)

In human hepatoma cell lines, it was seen that PGK1 is transcriptionally activated by
HIF-1.19

13 Lactate dehydrogenase (LDHA) HIF-1 activates LDHA which is implicated in metabolic responses to intratumoral
hypoxia.20

14 Caveolin-1 (CAV1) Direct transcriptional target of HIF, which results in its upregulation leading to prolifer-
ation and invasion.21

15 Cysteine protease cathepsin B
(CTSB)

Dependent on HIF-2α which enhances acute hypoxia.22

16 5-lipoxygenase-activating pro-
tein gene (ALOX5AP)

In ovarian cancer cells, it was observed that 5-LOX correlated with the density of
macrophages in hypoxic areas.23

17 Secreted phosphoprotein 1
(SPP1)/ osteopontin (OPN)

In breast cancer, it has been shown that hypoxia driven OPN contributes to tumor
growth through angiogenesis.24

18 ArfGAPs (AGFG1) Implicated with HIF in hypoxia.25

19 Interleukin 6 (IL6) In GBM, hypoxia-induced IL6 acts as an initiator of autophagy via pSTAT3 pathway26

20 Carbonic anhydrase 12 (CA12) CA12 is involved in maintaining the extracellular acidic PH in tumors. In cancers,
CA12 is overexpressed due to hypoxia.27

21 Galectin-3 (LGALS3) In GBM, the pseudopalisading cells accumulate large amounts of gal-3. Gal3 resists
cell death and supports tumor growth in hypoxia.28

Table 1. The list of 21 hypoxia associated genes that were used to create the Hypoxia Enrichment Score, and their role in
tumor response and survival.
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