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Supplementary material

1. Demographical, neurocognitive, and clinical information of the sample

Supplementary Table 2 shows the distribution of the timepoints across the sample divided by tumor grade and lateralization.

1.1. Neuropsychological tests
Supplementary Table 3 reports the list of the neuropsychological assessments performed in this study by dividing the tests for the cognitive domain of interest(Caffarra, Vezzadini, Dieci, Zonato, & Venneri, 2002; Carlesimo et al., 1996; Gainotti, Marra, & Villa, 2001; Giovagnoli et al., 1996; Laiacona, Barbarotto, Trivelli, & Capitani, 1993; Novelli, Papagno, Capitani, Laiacona, & al, 1986; Orsini et al., 1987; Robinson, Shallice, Bozzali, & Cipolotti, 2012; SPINNLER & H, 1987). 

1.2. Baseline differences
Regarding functional connectivity (FC) no differences were found at baseline between groups, either considering tumor lateralization (see Supplementary Table 8; within DMN FC(right>left): t-value=-0.8, p-value=0.40; within FTPN FC(right>left): t-value=0.\, p-value=0.94; within hubs FC(right>left): t-value=-1.1, p-value=0.26; between hubs and no-hubs FC(right>left): t-value=-0.4, p-value=0.70; within no-hubs FC(right>left): t-value=0.7, p-value=0.95) or tumor grade (see Supplementary Table 7; within DMN FC(LGG>HGG): t-value=1.3, p-value=0.20; within FTPN FC(LGG>HGG): t-value=-1.0, p-value=0.32; within hubs FC(LGG>HGG): t-value=-0.2, p-value=0.81; between hubs and no-hubs FC(LGG>HGG): t-value=-0.7, p-value=0.52; within no-hubs FC(LGG>HGG): t-value=0.6, p-value=0.52). Supplementary Table 4 shows the baseline neurocognitive profile of the sample divided by tumor grade in all the domains of interest.
Supplementary Table 5 shows the baseline neurocognitive profile of the sample divided by tumor lateralization. 
Supplementary Table 11 displays the mean neurocognitive scores for each time point for each cognitive test and the respective percentage of patients with deficits in our cohort.
Supplementary Table 7 shows the baseline spatial connectomic profile of the sample divided by tumor grade in all the domains of interest, 
Supplementary Table 8 shows the baseline spatial connectomic profile of the sample divided by tumor lateralization.

1.3. Percentage variation of neuropsychological and spatial connectome measures
Supplementary Tables 6 and Supplementary Table 9 show, respectively, percentage variation of neurocognitive profile scores and changes in the spatial connectomic profile while comparing the baseline time point (before surgical resection) (~ 1 year after surgical resection).

1.4. Tumor anatomical location distribution
Figure S2 displays the anatomical localization of the tumor for high- and low-grade gliomas, respectively.

2. Supplementary Materials and Methods

2.1. Brain tumor masks
For each patient a pre-surgical tumor mask was manually created by i) determining the tumor edges and the voxels belonging to the tumor mass using T2-weighted images, FLAIR or contrast-enhanced T1-weighted images; ii) then drawing in MRIcron (https://www.nitrc.org/projects/mricron) on each slice of the original 3D anatomical T1-weighted images or T2/FLAIR.  Finally, by counting the number of voxels in the mask image, a measure of tumor volume before the surgical resection (Table I, cm3) was extracted for each patient.

2.2. Images pre-processing
An off-line quality check of the rs-fMRI data was performed before and after pre-processing steps, and no subject was discarded. Visual quality assurance on raw data included visual inspection of temporal Signal-to-noise ratio and standard deviation maps. Once pre-processing was performed motion parameters and power spectra of the time series were inspected together with co-registration to the T1-weighted anatomical scan and normalization to MNI steps. 
Structural T1-weighted images and rs-fMRI time series were pre-processed with SPM12 software (https://www.fil.ion.ucl.ac.uk/spm/software/download/) as previously described in Zacà et al., 2018(Zacà et al., 2018). First, all images were converted from DICOM to Nifti, then for the rs-fMRI only, volumes included in the first 10 seconds of the acquisition were removed to allow the signal steady state. Pre-processing steps include: (1) Slice timing and head motion correction; (2) Co-registration of the T1-weighted image to the rs-fMRI time series; (3) T1-weighted image segmentation to grey matter, white matter, and cerebrospinal fluid; (4) rs-fMRI Temporal filtering: a) median, b) 4th order linear de-trending and c) 2nd order low pass filtering (Butterworth f<0.1 Hz); (5) Regression from the rs-fMRI time series of the 6 head motion parameters and white matter and cerebrospinal fluid signals; (7) Normalization to standard MNI template space; (8) Spatial smoothing with 2 voxels Full-Width Half Maximum Gaussian kernel size.
2.3. Parcellation 

2.3.1. Parcellation strategies
To verify the robustness of the results as a function of atlas parcellation strategies, and more specifically evaluate the use of a functional versus an anatomical atlas, the full analyses (definition of FC matrices and functional connectome analyses) was repeated using another parcellation atlas, the AAL atlas(Messé, 2020; Tzourio-Mazoyer et al., 2002) The spatial connectomic analysis resulted in no significant longitudinal changes (p-value>0.05) for all predictors of all linear mixed models in the case of AAL parcellation.

2.3.2. Tumor overlap with the parcellation
Supplementary Table 10 represent the extent of overlap between the tumor mask computed at baseline and respectively the hubs and no-hubs selection with the two different parcellation strategies.
To be noticed for no-hubs regions selection the choice of the parcellation is strongly impacted in respect to the number of percentage voxels in common with the tumor tissues. This may be due to the nature of the parcellation which on one side is based on anatomical landmarks, (AAL(Tzourio-Mazoyer et al., 2002)) whereas on the other is jointly constructed based on well-known functional resting-state networks (Gordon(Gordon et al., 2016)).

2.4. Linear mixed models
The statistical evaluation of spatial connectomic measures, neuropsychological assessment, and the association of the two overtime across the sample of brain tumor patients, was performed by fitting separated linear mixed models for each metric.
 For assessing the spatial connectomic profile and the neuropsychological profile, two different linear mixed models (i.e. one for cognitive profile and one for FC profile) were used with a fixed effect of time, a fixed effect of time x tumor-grade interaction (including two subgroups of patients: HGGs and LGGs) and a fixed effect of time x tumor-lateralization interaction (including two subgroups of patients divided by tumor hemisphere location, e.g. left-lateralized or right-lateralized). Random intercepts across the variables were used in the models to account for individual differences either in cognitive or FC profile. All models were adjusted for age, sex, preoperative tumor volume, WHO grading, and genetic profile. The output of the linear mixed model was reported as estimate standardized coefficient with corresponding p-value and effect size. 
Furthermore, a final third linear mixed model was computed to test the association between cognitive outcome and FC: having the cognitive measures as a response, we assessed the significance of the fixed effect of interaction between time x FC metrics. In this latter model, the same random intercepts and all variables used in previous models were considered.
For all the three performed types of models, no assumption was made on the presence of all time points for every tested subject.
The linear mixed model for each spatial connectomic metric is presented here:

[Spatial connectomic metric] ~ time × tumor grade + time × tumor lateralization + gender + age + tumor volume + tumor IDH mutation + tumor MGMT methylation + tumor staging + (1 | Subject)

The linear mixed model for each neuropsychological measure is presented here:


[Neuropsychological measure] ~ time × tumor grade + time × tumor lateralization + gender + age + tumor volume + tumor IDH mutation + tumor MGMT methylation + tumor staging + (1 | Subject)

The linear mixed model for the association between each neuropsychological measure and spatial connectomic metrics is presented here:




[Neuropsychological measure] ~ time × within DMN FC + time × within FTPN FC+ time × within no-hubs FC + time × between hubs and no-hubs FC + tumor grade + tumor lateralization + gender + age + tumor volume + tumor IDH mutation + tumor MGMT methylation + tumor staging + (1 | Subject)


1

Supplementary Table 1 Summary of studies evaluating how cognition and/or functional connectivity are affected by brain tumors. The study here presented (last row), is the first study of low- and high-grade brain tumors followed longitudinally after brain surgery with both resting-state functional connectivity and comprehensive cognitive evaluations. BT: Brain tumors patients; HC: healthy controls; HGG: high-grade glioma; LGG: low-grade glioma; CNS VS: Dutch Computerized Neuropsychological assessments (e.g. CNS Vital Signs, LLC, Morrisville, North Carolina, USA); WAIS-II: Wechsler adult intelligence score; IQ: Intelligence Quotient; WMS-R: Wechsler Memory Scale; MEG: Magnetoencephalography; Rs-fMRI: resting-state functional MRI; Task-based fMRI: task-based functional MRI; FC: functional connectivity
	Studies
	Experimental
Design

	Patients
	Tumor
 treatment
	Tumor lateralization (Left/Right)
	Study
 details
	Main
 findings

	BEHAVIORAL TUMOR STUDIES

	
Correa et al., 2007(Correa et al., 2007)
	
Cross-sectional
	
40 LGG
	
· 24 no treatment, 
· 11 radiotherapy,
· 4 chemotherapy,
· 1 radiotherapy and chemotherapy.
	
N.A.
	· Within-subject design
· Neuropsychological domains:
   Attention, Executive, Verbal and Non-Verbal Memory, Psychomotor, Language, Visual Construction.
	Radiotherapy and chemotherapy, disease duration, and antiepileptic treatment contributed to mild cognitive difficulties in LGG patients.

	
Correa et al., 2008(Correa et al., 2008)
	

Longitudinal
	
25 LGG
	
· 16 no treatment, 
· 6 radiotherapy, 
· 3 chemotherapy
	
N.A.
	· Within-subject design
· 3 time points:
· before surgery,
· 6 months after surgery,
· 12 months after surgery.
· Neuropsychological battery domains: (same as Correa et al., 2007)
	1) LGG longitudinal improvement in nonverbal Memory (no treatment difference); 
2) LGG declined slightly by the 12-month evaluation. 
3) Longitudinally phonemic verbal fluency, mood, and quality of life improved slightly but if treated with radiotherapy patients seen at longer intervals declined.

	
Satoer et al., 2013(Satoer, Vincent, Smits, Dirven, & Visch-Brink, 2013)
	

Longitudinal
	27 LGG, 
17 HGG
	· 16 only surgery,
· 19 surgery and radiotherapy,
· 4 surgery and chemotherapy,
· 6 surgery and radiotherapy and chemotherapy
	
42/3
	· Within-subject design
· 3 time points:
· before surgery
· 3 months after surgery
· 12 months after surgery
· Neuropsychological battery domains: 
    Attention, Executive, Language.
	1) Pre- and post-operatively, impairments were found in all cognitive domains (Language, Memory, Attention and Executive)
2) Post-operatively, permanent improvement observed in Memory, whereas deterioration was found in Language.
3) Between 3 months and 1 year, patients improved on Language. 
4) There was no influence of tumor- or treatment-related factors on cognitive changes.

	Habets et al., 2014(Habets et al., 2014)
	Longitudinal
	62 HGG (pre),
39 HGG (post)
	Only surgery
	28/34
	· Within-subject design
· 2 time points:
· before surgery,
· weeks after surgery
· Neuropsychological battery domains:
Verbal Memory, Working Memory, Executive, Psychomotor, Attention, Processing speed, Visuo-construction.
	1) Left hemisphere tumor localization was associated with worse verbal Memory, and larger tumors in this hemisphere with poorer Executive functioning. 
2) Changes in cognitive performance at follow-up relative to baseline were unrelated to tumor characteristics.

	Van Loenen et al., 2018(van Loenen et al., 2018)
	Longitudinal
	125 HGG (pre),
 84 HGG (post)
	· 3 only surgery, 
· 8 surgery and radiotherapy, 
· 71 surgery and radiotherapy and chemotherapy
	45/80
	· Within-subject design
· 2 time points:
· before surgery
· 3 months after surgery
· Neuropsychological battery domains (CNS VS):
Verbal and Non-Verbal Memory,
Psychomotor speed, Processing speed,
    Reaction Time, Complex attention,
    Cognitive flexibility.
	Lower performance of patients with Glioblastoma on all cognitive domains before and 3 months after surgery

	Lahti et al., 2018(Lahti, Saunamäki, Salo, Niemelä, & Jehkonen, 2018)
	Longitudinal
	31 HC,
18 LGG
	· 3 only surgery, 
· 15 surgery and radiotherapy
	N.A.
	· Between-subject design
· 3 time points:
· before surgery,
· 3 months after surgery,
· 12 months after surgery 
· Neuropsychological battery:
WAIS Similarities, WAIS Block design, Word list recall, Word list delayed recall, Story immediate recall, Story delayed recall, Stroop Time, Serial seven subtraction test 
	1) The tumor patients with frontal and large tumors showed impairment virtually across all cognitive domains.
2) LGG group relative modest cognitive improvement. 
3) Most of this improvement did not emerge until the 12 months follow-up. 
4) Cognitive recovery after the surgery is more noticeable in patients with small tumors, and the recovery will require a minimum of one year timewise. 

	FUNCTIONAL TUMOR STUDIES

	
Briganti et al., 2012(Briganti et al., 2012)
	Cross-sectional
	13 HC,
39 BT
	none
	39/0
	· Between-subject design
· Task fMRI  
	Left-hemisphere tumor reduced the degree of FC between language-related brain regions.

	
Esposito et al., 2012(Esposito et al., 2012)
	Cross-sectional
	14 HC,
10 LGG,
14 HGG
	None
	24/0
	· Between-subject design
· Task fMRI  
	1) Reduced DMN connectivity was detected in BT patients with respect to HC. 
2) Modifications were closely related to tumor grading. 
3) The DMN lateralized to the hemisphere contralateral to the tumor in LGG, but not in HGG patients.

	
Derks et al., 2017(Derks et al., 2017)
	Cross-sectional
	19 HC,
41 LGG,
30 HGG
	
none
	
40/31
	· Between-subject design
· Task fMRI & rs-fMRI study
	1) Patients before surgery higher within no-Hubs connectivity and lower within Hubs connectivity compared to HC.
2) Patients before surgery had a significantly lower variance in FC compared to HC.

	
Touvinient et al., 2016(Tuovinen et al., 2016)
	Longitudinal
	3 LGG
	· 1 radiotherapy
· 1 surgery and radiotherapy
· 1 chemotherapy and radiotherapy
	
N.A.
	· Within--subject design
· 2 timepoints:
· before radiotherapy
· after radiotherapy

	1) If tumor lesion relates to a functional hub (DMN), these changes involve long-range connections. 
2) In this case post-surgery + radiotherapy global but temporary improvement in FC.

	Harris et al., 2014(Harris et al., 2014)
	Longitudinal
	
12 HC,
21 LGG,
47 HGG
	
· 21 surgery
· 47 surgery and radiotherapy or chemotherapy
	
68/0
	· Between-subject design
· 2 timepoints:
· New glioma
· Recurrent gliomas

	1) DMN integrity was lower in HGG compared with LGG. 
2) Tumors in the left parietal lobe showed a more impaired DMN compared with tumors in the frontal lobe, while tumors within and outside the network nodes did not differ significantly. 
3) Higher tumor grade along with prior surgery and/or treatment causes the largest reduction in DMN functional connectivity in patients with primary gliomas, and that tumor location has an impact on connectivity.

	MULTIMODAL FUNCTIONAL AND BEHAVIORAL TUOR STUDIES

	
Derks et al., 2019(Derks et al., 2019)
	
Cross-sectional
	
28 LGG,
26 HGG
	
none
	
30/22
 (2 bilateral)
	
· Within-subject design
· MEG study
	1) HGG IDH-mutated tumors result in poorer cognitive performance in Verbal Memory
2) Global functional connectivity is lower in patients without IDH mutation. 
3) Having lower functional alpha connectivity relates to poorer cognitive performance in patients.

	
De Baene et al., 2019(De Baene, Rutten, & Sitskoorn, 2019)
	
Cross-sectional
	29 LGG,
16 HGG
	none
	45/0
	· Within-subject design
· rs-fMRI study
· Neuropsychological domains (CNS VS):
· Verbal and Non-Verbal Memory, Psychomotor speed, Processing speed, Reaction Time, Complex attention, Cognitive flexibility.
	1) Better complex attention and cognitive flexibility performance are achieved with a better spread of information over the contralesional hemisphere through mutually interconnected contralesional hubs. 
2) Need to recognize the functional contribution of remote, undamaged regions and to focus more on the graph metrics of the contralesional hemisphere in the search for predictors of cognitive functioning in patients with brain tumor.

	
Xu et al., 2013(Xu et al., 2013)
	
Cross-sectional
	
20 HC,
21 LGG
	
none
	
12/9
	· Between-subject design
· rs-fMRI study
· Neuropsychological battery:
· WAIS-III-RC: Verbal IQ; Performance IQ; Comprehension; Perceptual organization; Working Memory
	1) Compared with controls, LGG patients display disturbed small-world manner and decreased global efficiency.
2) Global efficiency correlated positively with IQ test scores in LGG patients.
3) Network hubs in LGG group are altered compared to that of the control group

	
Maesawa et al., 2015(Maesawa et al., 2015)
	
Cross-sectional
	
12 HC,
7 LGG,
5 HGG
	
none
	
12/0
	· Between-subject design
· rs-fMRI study
· Neuropsychological battery:
· WAIS-III: Verbal IQ; Performance IQ Full IQ; Verbal comprehension; Perceptual organization; Working memory
· WMS-R: Verbal Memory; Visual Memory; Memory; Attention; Delayed recall
	1) Left-hemisphere tumor decrease FC in DMN relative to HC
2) Left-hemisphere tumors showed cross-sectional connectivity changes in DMN correlated with Attention, Working Memory, Verbal and full IQ scale.

	van Dokkum et al., 2019(van Dokkum et al., 2019)
	Cross-sectional
	
19 HC,
39 LGG
	
39 surgery
	
39/0
	· Between-subject design
· rs-fMRI
· Neuropsychological performance:
· Picture naming
	1) Picture naming was dependent on the semantic network (integration and interaction of regions within multiple resting-state brain networks)

	
This study
	
Longitudinal
	
11 LGG,
17 HGG
	
· 11 surgery
· 17 surgery and radiotherapy
	
15/13
	· Within-subject design
· Neuropsychological battery
· Language, Executive, Memory, Attention 
· Rs-fMRI study, variable time points:
· before surgery,
· 1-3 months after surgery,
· 6-9 months after surgery,
· 12-15 months after surgery.
	




Supplementary Table 2 Distribution of longitudinal time points in the dataset divided by the stratified tumor group. Since the timepoints were not acquired at recurrent and stable time differences, patients are grouped into timepoints (T) to better understand their longitudinal distribution. T0 : baseline pre-surgical timepoint (0 months), T1 : first time point after surgery (1-4 months), T2: second timepoint after surgery (5-7 months), T3: third timepoint after surgery (8-10 months), T4: fourth time point after surgery (11-15 months)
	 
 
	Brain tumor types

	
	low-grade gliomas
	high-grade gliomas
	TOTAL

	Total
	30
	43
	73

	Baseline T0
(# patients)
	11
	17
	28

	T1
(# patients, mean months± SD)
	8, 3 ± 0
	7, 2 ± 1
	3.3 ± 0.9

	T2
(# patients, mean months± SD)
	5, 6 ± 1
	7, 6 ± 1
	6.2 ± 0.9

	T3
(# patients, mean months±, SD)
	4, 9 ± 1
	6, 9 ± 1
	8.9 ± 1.0

	T4
(# patients, mean months± SD)
	2, 13 ± 2
	6, 12 ± 1
	12.1 ± 1.3






Supplementary Table 3 List of the neuropsychological tests grouped by cognitive domain.
	 
Cognitive Domain

	
	Neuropsychological tests

	Memory

	Digit span
Corsi span
15 Rey’s word list immediate recall
15 Rey’s word list delayed recall (parallel)
Rey complex figure delayed reproduction


	Attention
	Attentional Matrices
Trial Making Test a
Trial Making Test b

	Language
	Picture naming test
Semantic fluency


	Constructional praxis
	Rey complex figure copy

	Executive functions
	Phonemic fluency
Trial making Test b-a



Supplementary Table 4 Neurocognitive profile at baseline divided by tumor grade. The table reports for each neuropsychological score, grouped by cognitive domain, its range and relevant cut-off scores, and the baseline scores, mean and standard deviation, for the two tumor grade groups (high-grade and low-grade gliomas).
	
 
	
	Brain tumor types
	 
	 

	
	range, cut-off
	low-grade gliomas
	high-grade gliomas
	TOTAL
	t-statistic
	p-value

	Patients
	
	11
	17
	28
	NA
	NA

	Memory
Digit span
Corsi span
15 Rey’s word list immediate recall
15 Rey’s word list delayed recall
Rey complex figure delayed reproduction

	
[0-9], < 3.75
[0-9], < 3.50
[0-75], < 28.53
[0-15], <4.69
[0-36], < 9.47
	
5.1 ± 1.2
4.7 ± 0.8
41.0 ± 8.2
7.3 ± 3.4
14.3 ± 3.8

	
5.0 ± 1.0
4.9 ± 1.2
36.0 ± 7.2
6.4 ± 2.0
12.5 ± 6.2
	
5.0 ± 1.0
4.8 ± 1.2
38.0 ± 7.7
6.7 ± 2.0
13.2 ± 5.7
	
0.29
-0.73
1.63
0.78
0.86
	
0.77
0.46
0.11
0.44
0.39

	Attention
 Attentional Matrices
Trial Making Test a
Trial Making Test b
	
[0-60], < 30
[0-∞], >93
[0-∞], >282
	
46.5 ± 5.7
30.9 ± 13.6
86.2 ± 36.8
	
42.7 ± 10.4
29.2 ± 17.6
101.0 ± 51.3
	
44.2 ± 9.4
29.9 ± 16.9
95.2 ± 49.1
	
1.02
0.26
-0.82
	
0.31
0.79
0.41

	Language
Picture naming test
Semantic fluency

	
[0-80], < 60
[0-∞], <25
	
74.4 ± 4.1
43.1 ± 5.6
	
72.3 ± 11.4
39.7± 11.0
	
73.10 ± 10.0
41.1 ± 10.1
	
0.57
0.94
	
0.57
0.35

	Constructional praxis 
Rey complex figure copy
	
[0-36], < 28.88
	
32.6 ± 3.4
	
32.7 ± 4.2
	
32.7 ± 4.0
	
-0.12
	
0.90

	Executive functions
Phonemic fluency
Trial making Test b-a
	[0-∞], <17
[0-∞], >187
	
31.1 ± 7.8
56.5 ± 26.5
	
28.4 ± 7.7
72.7 ± 36.9
	
29.4 ± 7.8
66.3 ± 35.9
	
0.87
-1.25
	
0.39
0.22


Supplementary Table 5 Neurocognitive profile at baseline divided by tumor hemispheric lateralization. This table reports for each neuropsychological score, grouped by cognitive domain, its range and relevant cut-off scores and the baseline scores, mean and standard deviation, for the two hemispheric lateralization groups (left- and right-hemisphere gliomas).
	
 
	
	Brain tumor hemispheric lateralization
	 
	 

	
	range, cut-off
	left-hemisphere gliomas
	right-hemisphere gliomas
	TOTAL
	Statistic
	p-value

	Patients
	
	15
	13
	28
	NA
	NA

	Memory
Digit span
Corsi span
15 Rey’s word list immediate recall
15 Rey’s word list delayed recall
Rey complex figure delayed reproduction

	
[0-9], < 3.75
[0-9], < 3.50
[0-75], < 28.53
[0-15], <4.69
[0-36], < 9.47
	
4.9 ± 1.1
4.8 ± 1.1
36.8 ± 8.6
7.1 ± 3.2
13.7 ± 5.2

	
5.2 ± 1.1
4.9 ± 1.2
39.4 ± 7.0
6.4 ± 1.9
12.7 ± 5.7
	
5.0 ± 1.0
4.8 ± 1.2
38.0 ± 7.7
6.7 ± 2.0
13.2 ± 5.7
	
-0.42
-0.53
0.49
-0.93
0.70
	
0.67
0.60
0.62
0.35
0.48

	Attention
 Attentional Matrices
Trial Making Test a
Trial Making Test b
	
[0-60], < 30
[0-∞], >93
[0-∞], >282
	
46.0 ± 9.1
332.4 ± 18.0
102.5 ± 54.4
	
42.1 ± 8.5
26.9 ± 13.0
86.8 ± 34.2
	
44.2 ± 9.4
29.9 ± 16.9
95.2 ± 49.1
	
1.18
0.91
0.89
	
0.24
0.36
0.33

	Language
Picture naming test
Semantic fluency

	
[0-80], < 60
[0-∞], <25
	
71.3 ± 11.7
39.4 ± 5.8
	
75.2 ± 4.4
42.9 ± 12.1
	
73.10 ± 10.0
41.1 ± 10.1
	
-1.14
-1.00
	
0.26
0.32

	Constructional praxis 
Rey complex figure copy
	
[0-36], < 28.88
	
31.9 ± 3.8
	
33.5 ± 3.8
	
32.7 ± 4.0
	
-1.13
	
0.26

	Executive functions
Phonemic fluency
Trial making Test b-a
	[0-∞], <17
[0-∞], >187

	
30.1 ± 5.8
70.2 ± 37.8
	
28.7 ± 9.6
61.8 ± 29.0
	
29.4 ± 7.8
66.3 ± 35.9
	
0.46
0.65
	
0.64
0.51


Supplementary Table 6 Mean percentage changes of neurocognitive profile scores while comparing baseline (before surgical resection, T0) to the last time point for each patient (~ 1 year after surgical resection, T3 or T4)
	 
 
	Brain tumor types
	 

	
	left-hemisphere gliomas
	right-hemisphere gliomas
	low-grade gliomas
	high-grade gliomas

	Patients
	15
	13
	11
	17

	Memory
Digit span
Corsi span
15 Rey’s word list immediate recall
15 Rey’s word list delayed recall
Rey complex figure delayed reproduction

	
3.2 ± 8.1
-2.6 ± 9.8
-0.6 ± 12.5
-11.1± 19.4
15.5 ± 18.0

	
-1.4 ± 13.8
0.2 ± 12.6
-4.1 ± 9.9
2.2 ± 19.8
16.3 ± 21.3
	
2.5 ± 8.9
1.5 ± 10.8
-1.2 ± 11.7
-5.7 ± 22.3
14.8 ± 19.4
	
0.0 ± 12.6
-3.3 ± 11.1
-3.2 ± 10.7
-3.9 ± 19.6
13.3 ± 19.9

	Attention
 Attentional Matrices
Trial Making Test a
Trial Making Test b
	
-3.1 ± 13.1
7.6 ± 18.1
3.8 ± 43.3
	
3.5 ± 15.5
5.5 ± 11.1
0.1 ± 42.7
	
-0.5 ± 14.85
-0.3 ± 12.4
-17.75 ± 25.4
	
0.5 ± 14.6
11.5 ± 16.1
17.2 ± 46.6

	Language
Picture naming test
Semantic fluency

	
1.8 ± 3.2
-0.6 ± 9.7
	
2.1 ± 4.7
1.8 ± 7.5
	
1.7 ± 3.8
3.2 ± 6.7
	
2.1 ± 4.1
-1.3 ± 9.5

	Constructional praxis 
Rey complex figure copy
	
-0.6 ± 9.7
	
-3.9 ± 7.8
	
-2.1 ± 9.9
	
-4.7 ± 12.1

	Executive functions
Phonemic fluency
Trial making Test b-a
	
3.1 ± 13.6
-2.8 ± 32.2
	
5.0 ± 10.1
-4.4 ± 37.7
	
5.7 ± 9.7
-12.7 ± 22.0
	
2.9 ± 13.2
3.3 ± 39.9


Supplementary Table 7 Spatial connectomic profile at baseline divided by tumor grade. This table reports for each spatial connectomic measure, grouped by within or between networks connectivity, the mean functional connectivity, and standard deviation, for the grade groups (low- and high-grade gliomas).


	 
 
	Brain tumor types
	 
	 

	
	low-grade gliomas
	high-grade gliomas
	TOTAL
	Statistic
	p-value

	Patients
	11
	17
	28
	NA
	NA

	within network FC
within hubs
within DMN
within FTPN
within no-hubs

	
1.1 ± 0.0
1.1 ± 0.1
1.1 ± 0.1
1.0± 0.0
	
1.1± 0.1
1.1 ±0.1
1.2 ± 0.1
1.0± 0.0
	
1.1 ± 0.1
1.1 ± 0.1
1.2 ± 0.1
1.0 ± 0.0
	
t(26)=0.24
t(26)=-1.02
t(26)=1.31
t(26)=0.64
	
0.81
0.20
0.32
0.52

	between network FC
 between hubs and no-hubs

	
0.9 ± 0.0

	
0.9 ± 0.0

	
0.9 ± 0.0

	
t(26)=-0.65

	
0.52










Supplementary Table 8 Spatial connectomic profile at baseline divided by tumor hemispheric lateralization. The table reports for each spatial connectomic measure, grouped by within or between networks connectivity, the mean functional connectivity, and standard deviation, for the hemispheric lateralization groups (left- and right-lateralized gliomas).
	 
 
	Brain tumor hemispheric lateralization
	 
	 

	
	left-hemisphere gliomas
	right-hemisphere gliomas
	TOTAL
	Statistic
	p-value

	Patients
	15
	13
	28
	NA
	NA

	within network FC
within hubs
within DMN
within FTPN
within no-hubs

	
1.1 ± 0.1
1.1 ± 0.1
1.1 ± 0.1
1.0 ± 0.0
	
1.0± 0.1
1.1 ± 0.1
1.1 ± 0.1
1.0± 0.0
	
1.1 ± 0.1
1.1 ± 0.1
1.2 ± 0.1
1.0 ± 0.0
	
t(26)=1.1
t(26)=0.84
t(26)=-0.1
t(26)=-0.7
	
0.26
0.40
0.94
0.70

	between network FC
 between hubs and no-hubs

	
1.0 ± 0.0

	
1.0 ± 0.0

	
0.9 ± 0.0

	
t(26)=0.4

	
0.48
















Supplementary Table 9 Mean relative changes of spatial connectomic profile scores while comparing baseline (before surgical resection, T0) to the last time point for each patient (~ 1 year after surgical resection, T3 or T4)

	 
 
	Brain tumor types
	 

	
	left-hemisphere gliomas
	right-hemisphere gliomas
	low-grade gliomas
	high-grade gliomas

	Patients
	15
	13
	11
	17

	within network FC
within hubs
within DMN
within FTPN
within no-hubs

	
0.01 ± 0.08
0.03± 0.12
0.02± 0.17
-0.01± 0.02

	
0.04 ± 0.09
0.03± 0.20
-0.03 ±0.19
-0.01± 0.02

	
0.01± 0.01
0.03± 0.16
-0.03 ± 0.18
-0.01± 0.01

	
0.03± 0.01
0.02± 0.16
0.01 ± 0.18
-0.01± 0.02


	between network FC
 between hubs and no-hubs

	
-0.00 ± 0.03

	
0.02± 0.04

	
0.01 ± 0.03

	
0.01 ± 0.04











[bookmark: _GoBack]Supplementary Table 10 Percentage of tumor mask voxels overlapping with the hubs and no-hubs functional networks relative to the total amount of voxels belonging to the network. Abbreviations: DMN, Default Mode Network; FTPN, Frontoparietal Network; AAL2, Automatic Anatomical Labelling Atlas.

	 
 
	Brain tumor types
	 

	
	left-hemisphere gliomas
	right-hemisphere gliomas
	low-grade gliomas
	high-grade gliomas

	Patients
	15
	13
	11
	17

	Gordon parcellation
% hubs overlap
% no-hubs overlap

	
1.3 ± 1.8
2.5 ± 2.2

	
1.3 ± 1.8
2.5 ± 2.2
	
1.1± 1.9
1.1 ± 1.0

	
2.0± 2.4
2.6 ± 2.1

	[bookmark: _heading=h.gjdgxs]% DMN overlap
% FTPN overlap

	1.6 ± 2.6
1.2 ± 2.0

	1.7 ± 2.5
1.5 ± 2.1

	0.8± 1.6
1.1 ± 2.0
	2.0± 2.7
1.9 ± 2.3

	AAL2 parcellation
 % hubs overlap
% no-hubs overlap


	
0.6 ± 1.0
9.9 ± 14.1

	
1.2 ± 1.0
17.7 ± 15.5


	
0.5 ± 0.7
8.8 ± 8.7

	
1.3 ± 1.1
18.9 ±17.6 




















Supplementary Table 11 Anatomical distribution of tumor by brain lobes in the dataset divided by the stratified tumor group. 
	 
 
	Brain tumor types

	
	low-grade gliomas
	high-grade gliomas
	TOTAL

	
	11
	17
	28

	Temporal lobe
	4
	2
	6

	Temporo-parietal lobe
	/
	1
	1

	Frontal lobe
	2
	7
	9

	Cingulum
	1
	/
	1

	Fronto-parietal lobe
	/
	1
	1

	Fronto-temporal lobe
	/
	2
	2

	Insula
	/
	1
	1

	Occipital lobe
	1
	1
	2

	Parietal lobe
	2
	3
	5








Supplementary Table 12 Mean neurocognitive profile scores for each cognitive test at the different time-points and percentage of patients under the cut-offs.

	Test
	Time of assessment
	N
	Mean scores (SD)
	% of deficit

	Digit span 
	T0 (baseline)
	28
	5.03 ( 1.08)
	10.71%

	
	T1 (1-4 months)
	15
	5.12 ( 0.89)
	0%

	
	T2 (5-7 months)
	12
	5.33 ( 1.29)
	8.33%

	
	T3 (8-10 months)
	10
	5.48 ( 1.49)
	10%

	
	T4 (11-15 months)
	8
	4.91 ( 0.93)
	0%

	Corsi span
	T0 (baseline)
	28
	4.86 ( 1.11)
	7.14%

	
	T1 (1-4 months)
	15
	4.95 ( 0.99)
	0%

	
	T2 (5-7 months)
	12
	5 ( 1.11)
	0%

	
	T3 (8-10 months)
	10
	4.88 ( 0.89)
	0%

	
	T4 (11-15 months)
	8
	5 ( 1.4)
	12.5%

	15 Rey’s word list: immediate recall
	T0 (baseline)
	28
	38.02 ( 7.86)
	10.71%

	
	T1 (1-4 months)
	15
	37.82 ( 7.7)
	0%

	
	T2 (5-7 months)
	12
	38.36 ( 7.43)
	8.33%

	
	T3 (8-10 months)
	10
	40.73 ( 7.98)
	10%

	
	T4 (11-15 months)
	8
	34.39 ( 6.25)
	12.5%

	15 Rey’s word list: delayed recall
	T0 (baseline)
	28
	6.76 ( 2.67)
	21.43%

	
	T1 (1-4 months)
	15
	5.88 ( 2.24)
	53.33%

	
	T2 (5-7 months)
	12
	6.72 ( 2.01)
	8.33%

	
	T3 (8-10 months)
	10
	7.01 ( 3.3)
	20%

	
	T4 (11-15 months)
	8
	6.64 ( 1.57)
	25%

	Rey’s complex figure: delayed reproduction
	T0 (baseline)
	28
	13.23 ( 5.36)
	21.43%

	
	T1 (1-4 months)
	15
	18.84 ( 6.45)
	6.67%

	
	T2 (5-7 months)
	12
	18.55 ( 5.43)
	0%

	
	T3 (8-10 months)
	10
	17.85 ( 8.2)
	10%

	
	T4 (11-15 months)
	8
	26 ( 5.8)
	0%

	Attentional matrices
	T0 (baseline)
	28
	44.19 ( 8.9)
	10.71%

	
	T1 (1-4 months)
	15
	47.02 ( 7.88)
	0%

	
	T2 (5-7 months)
	12
	44.81 ( 6.41)
	0%

	
	T3 (8-10 months)
	10
	46.23 ( 9.89)
	10%

	
	T4 (11-15 months)
	8
	44.84 ( 6.01)
	0%

	Trial Making Test a
	T0 (baseline)
	28
	29.86 ( 15.89)
	0%

	
	T1 (1-4 months)
	15
	33.32 ( 17.55)
	0%

	
	T2 (5-7 months)
	12
	33.47 ( 13.97)
	0%

	
	T3 (8-10 months)
	10
	33.5 ( 15.31)
	0%

	
	T4 (11-15 months)
	8
	31 ( 18.17)
	0%

	Trial Making Test b
	T0 (baseline)
	28
	95.18 ( 46.03)
	0%

	
	T1 (1-4 months)
	15
	101.97 ( 43.32)
	0%

	
	T2 (5-7 months)
	12
	100.04 ( 46.39)
	0%

	
	T3 (8-10 months)
	10
	74.6 ( 42.38)
	0%

	
	T4 (11-15 months)
	8
	96.25 ( 71.84)
	0%

	Picture naming test
	T0 (baseline)
	28
	73.11 ( 9.18)
	3.57%

	
	T1 (1-4 months)
	15
	76.47 ( 3.46)
	0%

	
	T2 (5-7 months)
	12
	71.33 ( 12.9)
	8.33%

	
	T3 (8-10 months)
	10
	76.9 ( 2.96)
	0%

	
	T4 (11-15 months)
	8
	76.13 ( 5.41)
	0%

	Semantic fluency
	T0 (baseline)
	28
	41.06 ( 9.28)
	7.14%

	
	T1 (1-4 months)
	15
	39.42 ( 7.29)
	0%

	
	T2 (5-7 months)
	12
	38.53 ( 8.73)
	0%

	
	T3 (8-10 months)
	10
	45.5 ( 12.83)
	0%

	
	T4 (11-15 months)
	8
	42.75 ( 16.63)
	12.5%

	Rey’s complex figure: copy
	T0 (baseline)
	28
	32.64 ( 3.81)
	14.29%

	
	T1 (1-4 months)
	15
	32.76 ( 3.77)
	13.33%

	
	T2 (5-7 months)
	12
	29.5 ( 3.94)
	25%

	
	T3 (8-10 months)
	10
	31.55 ( 2.86)
	10%

	
	T4 (11-15 months)
	8
	33.38 ( 2.3)
	0%

	Phonemic fluency
	T0 (baseline)
	28
	29.42 ( 7.69)
	7.14%

	
	T1 (1-4 months)
	15
	32.46 ( 12.48)
	0%

	
	T2 (5-7 months)
	12
	31.36 ( 9.97)
	8.33%

	
	T3 (8-10 months)
	10
	31.75 ( 11.94)
	10%

	
	T4 (11-15 months)
	8
	32.41 ( 13.5)
	12.5%

	Trial Making Test
b-a
	T0 (baseline)
	28
	66.29 ( 33.66)
	0%

	
	T1 (1-4 months)
	15
	70.28 ( 35.28)
	0%

	
	T2 (5-7 months)
	12
	67.5 ( 38.6)
	0%

	
	T3 (8-10 months)
	10
	41.3 ( 32.61)
	0%

	
	T4 (11-15 months)
	8
	65.25 ( 56.18)
	0%
























Supplementary Table 13 Anatomical locations for areas defined as belonging to the Default mode network

	Parcel
	Hemisphere
	Surface area (mm2)
	Centroid (MNI)
	Community
	Harvard Oxford Label

	1
	L
	1411.6436
	-11.2 -52.4 36.5
	Default
	Precuneus Cortex, 
Cingulate gyrus

	4
	L
	368.6362
	-11.7 26.7 57
	Default
	Superior Frontal gyrus

	6
	L
	1083.6667
	-47.2 -58 30.8
	Default
	Angular gyrus, 
Lateral occipital cortex

	25
	L
	200.8502
	-5.6 42.2 35.1
	Default
	Superior Frontal gyrus, Paracingulate gyrus

	26
	L
	121.3918
	-1.7 -17.7 39.1
	Default
	Cingulate gyrus

	44
	L
	518.7352
	-19.5 30.1 45.5
	Default
	Superior Frontal gyrus

	94
	L
	485.8351
	-39.3 -73.9 38.3
	Default
	Lateral Occipital cortex

	114
	L
	85.7529
	-27.5 53.6 0
	Default
	Frontal pole

	116
	L
	539.1494
	-5.9 54.8 -11.3
	Default
	Frontal medial cortex, 
Frontal pole

	117
	L
	307.5771
	-6.8 38.2 -9.4
	Default
	Paracingulate gyrus, 
Cingulate gyrus

	126
	L
	141.899
	-63.2 -28.7 -7.2
	Default
	Middle temporal gyrus, 
Superior temporal gyrus

	127
	L
	776.4789
	-53.1 -11.4 -16
	Default
	Middle temporal gyrus

	145
	L
	177.8342
	-15.9 48.6 37.2
	Default
	Frontal pole

	146
	L
	272.8985
	-19.5 56.3 27.5
	Default
	Frontal pole

	150
	L
	685.0619
	-6.5 54.7 18.1
	Default
	Superior frontal gyrus, Paracingulate gyrus

	151
	L
	150.8711
	-15.7 64.7 13.7
	Default
	Frontal pole

	152
	L
	176.6896
	-6 44.9 6.3
	Default
	Cingulate gyrus, 
Paracingulate gyrus

	154
	L
	104.9614
	-26.2 26.6 38.8
	Default
	Middle frontal gyrus, 
Superior frontal gyrus

	156
	L
	139.2005
	-29.3 16.8 50.7
	Default
	Middle frontal gyrus, 
Superior frontal gyrus

	157
	L
	351.7286
	-41.7 16.1 47.5
	Default
	Middle frontal gyrus

	162
	R
	1286.0436
	12.3 -51.6 34.5
	Default
	Cingulate gyrus, 
Precuneous cortex

	165
	R
	445.2963
	11.9 21.9 59.9
	Default
	Superior frontal gyrus

	184
	R
	375.3193
	7.7 44.1 5.5
	Default
	Cingulate gyrus, 
Paracingulate gyrus

	186
	R
	85.9457
	3 -19.6 37.9
	Default
	Cingulate gyrus

	200
	R
	368.354
	21.9 21 46.2
	Default
	Superior frontal gyrus, 
Middle frontal gyrus

	220
	R
	658.6387
	48.9 -53 28.6
	Default
	Angular gyrus 

	225
	R
	259.4568
	62.5 -25.6 -5.5
	Default
	Middle temporal gyrus, 
Superior temporal gyrus

	257
	R
	53.1597
	7.4 -69.3 49.9
	Default
	Precuneus cortex

	259
	R
	709.9593
	46.5 -67.3 36.2
	Default
	Lateral occipital cortex

	278
	R
	279.6353
	4.8 65.1 -7.1
	Default
	Frontal pole

	279
	R
	422.7278
	7.2 48.4 -10.1
	Default
	Frontal medial cortex, Paracingulate gyrus

	290
	R
	711.4259
	57.5 -7.4 -16.4
	Default
	Middle temporal gyrus

	315
	R
	200.1364
	21 32.8 42.1
	Default
	Superior Frontal gyrus, 
Middle frontal gyrus

	316
	R
	111.1649
	21.4 42.8 35.1
	Default
	Frontal pole, 
Superior frontal gyrus

	321
	R
	285.4723
	16 61 19.8
	Default
	Frontal pole

	322
	R
	494.1675
	8.2 53.8 14
	Default
	Paracingulate gyrus, 
Frontal pole

	323
	R
	118.0971
	5.9 54.9 29.4
	Default
	Superior Frontal gyrus, 
Frontal pole

	324
	R
	201.5247
	13.8 46.7 42.1
	Default
	Frontal pole

	325
	R
	251.6252
	6.8 44.5 34.8
	Default
	Superior frontal gyrus, Paracingulate gyrus

	326
	R
	83.9548
	30.6 18.9 48.7
	Default
	Middle frontal gyrus, 
Superior frontal gyrus

	331
	R
	101.3923
	54.4 1.1 -12.9
	Default
	Superior temporal gyrus, 
Middle temporal gyrus




Supplementary Table 14 Anatomical locations for areas defined as belonging to the Fronto-parietal network

	Parcel
	Hemisphere
	Surface area (mm2)
	Centroid (MNI)
	Community
	Harvard Oxford Label

	7
	L
	91.3224
	-38.1 48.8 10.5
	FrontoParietal
	Frontal pole

	9
	L
	95.001
	-55.9 -47.7 -9.3
	FrontoParietal
	Middle temporal gyrus,
 Inferior temporal gyrus

	24
	L
	281.9111
	-5.5 29.3 44
	FrontoParietal
	Superior Frontal gyrus, Paracingulate gyrus

	78
	L
	388.3207
	-40.3 50.4 -4.8
	FrontoParietal
	Frontal pole

	96
	L
	194.9111
	-34.1 -61 42.4
	FrontoParietal
	Lateral Occipital cortex, 
Angular gyrus

	108
	L
	86.8292
	-43 19.4 33.5
	FrontoParietal
	Middle frontal gyrus, 
Inferior frontal gyrus

	109
	L
	275.3985
	-40.2 23.6 23.3
	FrontoParietal
	Middle frontal gyrus, 
Inferior frontal gyrus

	148
	L
	193.79
	-21.3 63.1 1.9
	FrontoParietal
	Frontal pole

	149
	L
	106.1582
	-28.6 50.9 10.1
	FrontoParietal
	Frontal pole

	167
	R
	154.2867
	47.9 -42.5 41.5
	FrontoParietal
	Supramarginal gyrus, 
Angular gyrus

	168
	R
	156.6639
	38.1 45.9 7.7
	FrontoParietal
	Frontal pole

	170
	R
	259.3776
	59.7 -41 -10.9
	FrontoParietal
	Supramarginal gyrus, 
Middle temporal gyrus

	182
	R
	259.7731
	7 25.7 47.3
	FrontoParietal
	Paracingulate gyrus, 
Superior frontal gyrus

	240
	R
	306.7999
	42.8 48.3 -5.1
	FrontoParietal
	Frontal pole

	260
	R
	59.9758
	41.5 -53.5 44
	FrontoParietal
	Angular gyrus, 
Superior parietal lobule

	261
	R
	39.9006
	35.7 -56.7 45.2
	FrontoParietal
	Angular gyrus, 
Superior parietal lobule

	272
	R
	168.7146
	37.8 28.7 35.6
	FrontoParietal
	Middle frontal gyrus

	273
	R
	356.9694
	41.8 29.1 21.6
	FrontoParietal
	Middle frontal, 
Inferior frontal gyrus

	276
	R
	58.8152
	38.6 18.8 25.5
	FrontoParietal
	Middle frontal, 
Inferior frontal gyrus

	277
	R
	327.9747
	28.4 57 -5.1
	FrontoParietal
	Frontal pole

	319
	R
	254.779
	23.5 59.1 4.9
	FrontoParietal
	Frontal pole

	320
	R
	96.1945
	30.9 52.2 9.9
	FrontoParietal
	Frontal pole

	327
	R
	384.2628
	42.4 19.5 48.2
	FrontoParietal
	Middle frontal gyrus

	328
	R
	142.111
	38.9 9.6 42.7
	FrontoParietal
	Middle frontal gyrus,
Precentral gyrus



























Supplementary Table 15 Head motion estimation of mean Framewise displacement (FD, mm) in the dataset divided by the stratified tumor group. 

	[bookmark: _heading=h.4d34og8]
 
	Head motion
	 
	
	
	
	

	
	left-hemisphere gliomas
	right-hemisphere gliomas
	low-grade gliomas
	high-grade  gliomas
	Stats 
[p-value, t-value]
	
	
	

	Patients
	15
	13
	11
	17
	
	
	
	

	Mean FD (mm)


	0.22± 0.15

	0.19± 0.13

	0.18±0.13


	0.22± 0.15

	Hemisphere [0.45, 0.75]
Grade [0.34, 0.95]
	
	
	







































Figure S1
Surface visualization of Hubs selection from Gordon et al., 2016 parcellation.
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Figure S2
Probabilistic map of tumor localizations displaced on the surface and overlaid on the functional parcellation in high-grade gliomas (Panel A, HGG, N=17) low-grade gliomas (Panel B, LGG, N=11).
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Figure S3
[bookmark: _heading=h.30j0zll]Prediction of the neuropsychological profile from longitudinal changes in functional connectivity metrics.
This figure depicts the interactions effect for the neuropsychological profile of brain tumor patients, regardless WHO tumor grade (low-grade gliomas (LGG) and tumor lateralization (e.g. left and right hemisphere) by plotting the quartiles of the distribution of each FC metric. In the top row, fixed interaction effect of time with default mode network (DMN) is shown (A) for Trial Making Tests (TMT-A and TMT-B).  In the second row, fixed interaction effect of time with fronto-parietal network (FTPN) is shown (B) for Trial Making Test A. 
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