Supplement 1. Detailed description of Material and Methods.


Material and Methods

Phase 0 study
[bookmark: _GoBack]This single institution (Aarhus University Hospital) phase 0 study was approved by the medical ethical committee and Data Protection Agency. Patients were informed and accrued after they had undergone surgery. Written informed consent was mandatory. Patients underwent an additional DTI-MRI at time of the pre-radiotherapy MRI-scan made for radiotherapy treatment planning purposes. No other study interventions were performed.

Patient selection, inclusion, and exclusion
Adult (≥18 years) glioma patients referred for postoperative radiotherapy were eligible. The diagnosis had to be histologically proven glioma grade 2, 3 or 4. Patients had to be in adequate general condition including a Karnofsky performance score of ≥70. Exclusion criteria were: extracranial metastatic or leptomeningeal disease, prior treatment with radiation, (relative) contraindications for MRI, contraindications for gadobutrol, and pregnancy.

Treatment and radiotherapy target definitions
All patients were treated according to the ESTRO-ACROP [1] and national guidelines (www.dnog.dk). This could entail concomitant and/or adjuvant chemotherapy as well.
	The radiotherapy planning CT-scan (Philips Brillance Big Bore) was made with individual mask fixation. The planning MRI-scan (Philips Ingenia) was made without mask fixation and subsequently co-registered to the planning CT-scan. We refer to our previous paper for details on the MRI-scan [2]. Within 8 days after the planning CT/MRI-scan, patients started treatment with external beam radiotherapy. All target delineations were reviewed by a neuro-radiologist. A 3 mm planning target volume (PTV) margin was used. IMRT (intensity modulated radiation therapy) and VMAT (volumetric modulated arc therapy) planning techniques were used and dose distributions were planned according to the International Commission on Radiation Units and Measurements recommendations, using Varian Medical Systems. The following dose constraints were applied to organs at risk (OAR). Brain (minus GTV): 50% of the volume ≤30 Gy, brainstem: maximum dose ≤54 Gy, optic tract: maximum dose ≤54 Gy. To meet these dose constraints a maximum PTV of ~250 cc was generally accepted. Otherwise smaller CTV margins may have been applied. Position verification was performed by daily cone-beam CT-scan according to strict departmental policy.

DTI-derived biological CTVs
The Fisher-Kolmogorov mathematical model including DTI-MRI information was used to create two biological CTVs, isovolumetric to the standard treated CTV. Anisotropic margins were based on tensor directionality of 0 and 20, forming the respective CTV0 and CTV20. A higher  means a higher presumed probability of tumour spread along WMTs. We refer to our previous publication for further details on the applied mathematical model [2].

Follow-up and recurrences
Patients had 3-monthly follow-up visits starting after the end of radiotherapy, and earlier when indicated. Follow-up visits consisted of physical examination and MRI-scan. Treatment response was assessed using RANO (Radiologic Assessment in Neuro-oncology) criteria [3].
	The recurrence volume (RV) was delineated manually by a radiation oncologist in training (A.K.T.) under supervision of a neuro-oncologist (S.L.) on the MRI-scan at time of first progression, and subsequently co-registered to the planning-CT and MRI. Progression was defined as central, in-field, marginal and distant with respective 95, 80-95, 20-80 or <20% of the RV located within the D95%. Tumour satellite was defined as a new separate lesion outside the original GTV, and delineated separately for analyses purposes.

End points and statistical analyses
Follow-up data were collected until March 2019. Follow-up time was calculated from the planning-MRI until last visit or death. Time to progression was calculated from the planning-MRI until progression or last visit. Survival time was calculated from the planning-MRI until death. Progression-free survival (PFS) and OS were estimated using the Kaplan–Meier method.
	All relevant structures were propagated to the T1-weighted planning-MRI to enable volumetric analyses. Firstly, a comparison of the standard CTV versus the DTI-derived biological CTVs was performed to assess differences in location. For this purpose, we used the Dice similarity coefficient (DSC; index of overlap divided by the encompassed volume of both structures, 1 meaning complete overlap) and the Hausdorff distance (minimum ‘HDmin’, maximum ‘HDmax’, 95% largest of the distances ‘HD95%’) from the standard CTV to the biological CTVs.
	Secondly, to investigate if the biological CTVs better covered the RV, we compared the overlap (frequency, percentage) and distance (HDmin, HD95%) from the RV/satellites to the CTVs. The HDmin indicates the shortest distance, i.e. the nearest margin of the recurrence, and the HD95% indicates the 95% largest distance, i.e. the opposite margin. Therefore, assuming that a shorter distance, higher frequency and a higher percentage of overlap would entail a better coverage. For the total study population, all outcome parameters deviated from a normal distribution according to the Shapiro-Wilk Test. Therefore, a non-parametric Wilcoxon Signed Ranks Test was applied to compare the biological CTVs to the standard CTV for their recurrence coverage.
Statistical analysis was performed with SPSS, version 25.0 (SPSS). P-values below 0.05 were considered statistically significant. However, we tried to avoid treating our statistical measures categorically (dichotomous way) [4].
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Results

Patient and treatment characteristics
Between October 2016 and July 2018, 50 patients with glioma were enrolled. To obtain a homogeneous study population, all patients diagnosed with GBM and GBM-like tumours [5] treated accordingly, were selected. Therefore, 4 patients with grade 2 and 3 IDH mutated gliomas, and 3 patients with grade 2 and 3 tumours with abnormalities on T2-weighted or FLAIR MRI included in the GTV, were excluded. Furthermore, 1 patient for whom no DTI-MRI was made due to logistical reasons, and 2 patients who stopped radiotherapy preliminary, were excluded from the analyses. The final study population of 40 patients is a representative GBM patient population (supplement 3). The majority of patients started concurrent chemoradiotherapy (n=37, 93%), of whom 34 (85%) according to the Stupp regimen [1]. Of those, 28 patients also started adjuvant temozolomide.
The respective treated median (range) GTV, CTV, and PTV volumes were 33.1 (1.6-115.7), 164.9 (62.6-308.6), and 227.6 (100.5-394.3) cc. For 38 patients, the target was defined according to the guidelines. In 20 (50%) of these patients smaller CTV margins were applied; 0.5-1 cm in 4, 1 cm in 12, and 1-2 cm in 4 patients, due to: too large CTV/PTV volume (n=12), multifocality (n=5), clinical factors (n=1), no clear reason (n=2). Slightly different target definitions were used in the other 2 patients (extension of CTV with FLAIR abnormalities), but were considered usable for analyses.

Volumetric comparison
The median (range) DSC was 0.76 (0.58-0.85), 0.73 (0.59-0.82), and 0.90 (0.77-0.95) for CTV vs. CTV0, CTV vs. CTV20, and CTV0 vs. CTV20, respectively (table). This shows that the CTVs overlap for a large part of the volumes. It also indicates that the DTI-derived CTVs resemble each other more than they resemble the standard CTV, but are different nevertheless. The positive HDmax, median of 10.3 and 10.5 mm for CTV vs. CTV0 and CTV vs. CTV20, respectively, reflects the extensions of the DTI-derived CTVs along the WMTs outside the standard CTV (see also figure 1). These extensions can be up to 2 cm for some patients at some locations. At other locations, the margin of the DTI-derived CTVs is within the standard CTV because we used an isovolumetric approach. This is reflected in the negative values of the HDmin (median of -8.7mm for both CTV vs. CTV0 and CTV vs. CTV20).

Table. Volumetric comparison of the CTV, CTV0 and CTV20.

	Parameter
	
	CTV vs. CTV0
	CTV vs. CTV20
	CTV0 vs. CTV20

	DSC

	Mean
	0.75
	0.72
	0.89

	
	Median (range)
	0.76 (0.58 / 0.85)
	0.73 (0.59 / 0.82)
	0.90 (0.77 / 0.95)

	HDmin (mm)
	Mean
	-8.7
	-8.7
	-6.7

	
	Median (range)
	-8.7 (-12.1 / -5.1)
	-8.7 (-11.5 / -6.4)
	-6.6 (-8.3 / -5.2)

	HDmax (mm)
	Mean
	10.6
	11.0
	8.6

	
	Median (range)
	10.3 (6.5 / 21.5)
	10.5 (7.2 / 22.2)
	8.8 (5.1 / 12.5)

	HD95% (mm)
	Mean
	6.2
	6.5
	3.8

	
	Median (range)
	5.7 (3.4 / 13.3)
	6.0 (4.1 / 14.1)
	3.5 (2.3 / 7.5)






Supplement 3. Patient and treatment characteristics of the total study population.

	Characteristic
	Patients (n=40)

	
	No.
	(%)

	Age (year)
	Median 61
	Range 24 – 74

	Gender
  Male
  Female
	
29
11
	
(73)
(28)

	KPS
  100
  80-90
  60-70
  Unknown
	
13
22
4
1
	
(33)
(55)
(10)
(3)

	Pathology
  Anaplastic astrocytoma IDHwt
  Glioblastoma
	
4
36
	
(10)
(90)

	MGMT status
  Methylated
  Non-methylated
  Unknown
	
18
20
2
	
(45)
(50)
(5)

	Tumour localisation
  Frontal
  Temporal
  Parietal
  Occipital
  Thalamus
  Multiple areas
	Unifocal (n=26, 65%)
5 (19)
13 (50)
6 (23)
2 (8)

	Multifocal (n=14, 35%)
3 (21)
4 (29)
2 (14)

1 (7)
4 (29)

	Extent of resection
  Biopsy only
  Partial resection
  Gross total resection
	
14
11
15
	
(35)
(28)
(38)

	Radiation dose
  40 Gy in 15 fractions
  54 Gy in 30 fractions
  59.4 Gy in 33 fractions
  60 Gy in 30 fractions
	
2
1
2
35
	
(5)
(3)
(5)
(88)

	Temozolomide
  Concurrent
  Adjuvant
	
37
32
	
(93)
(80)
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