STRUCTURAL AND FUNCTIONAL MAGNETIC RESONANCE IMAGING AS A
DIAGNOSTIC TOOL FOR EVALUATING NEUROPLASTIC CHANGES IN PATIENTS
WITH BRAIN TUMORS

3

Dissertation
zur Erlangung des Doktorgrades
der Humanwissenschaften
(Dr. sc. hum.)

der
Fakultat fur Medizin
der Universitat Regensburg

vorgelegt von
Katharina Hense
aus
Geseke

im Jahr
2022






STRUCTURAL AND FUNCTIONAL MAGNETIC RESONANCE IMAGING AS A
DIAGNOSTIC TOOL FOR EVALUATING NEUROPLASTIC CHANGES IN PATIENTS
WITH BRAIN TUMORS

3

Dissertation
zur Erlangung des Doktorgrades
der Humanwissenschaften
(Dr. sc. hum.)

der
Fakultat fur Medizin
der Universitat Regensburg

vorgelegt von
Katharina Hense
aus
Geseke

im Jahr
2022



Dekan: Prof. Dr. Dirk Hellwig

Betreuerin: Prof. Dr. med. Christina WendI



TABLE OF CONTENTS

ABBREVIATIONS

ABSTRACT

ZUSAMMENFASSUNG

1 INTRODUCTION
1.1 Magnetic resonance imaging
1.1.1 Principles of magnetic resonance imaging
1.1.2 Functional magnetic resonance imaging
1.1.3 Diffusion-weighted imaging
1.2 Brain tumors
1.2.1 Definition
1.2.2 Epidemiology
1.2.3 Clinical appearance
1.2.4 Diagnosis
1.2.5 Classification
1.2.6 Therapy
1.2.7 Prognosis
1.3 Neuroplasticity
1.4 MRI as diagnostic tool in patients with brain tumor
1.5 Aim of the thesis

2 ANALYSIS OF CHANGES IN fMRI RETINOTOPIC MAPPING IN
PATIENTS WITH BRAIN TUMORS AND SPACE-OCCUPYING BRAIN
LESIONS IN THE AREA OF THE OCCIPITAL LOBE
2.1 Introduction
2.1.1 The human visual system
2.1.2 Examination of the human visual system

2.1.3 Aim of the study and hypotheses

12

15
15
16
17
21
24
24
25
25
26
27
28
29
29
31
33

35

35
35
36
37



2.2 Methods
2.2.1 Sample selection
2.2.2 Image Acquisition
2.2.3 fMRI data analysis
2.2.4 Statistical data analysis
2.3 Results
2.3.1 Description of the sample
2.3.2 Functional activity clusters
2.3.3 Percent signal change
2.3.4 Cluster Size of activated voxels
2.3.5 Lateralization Indices
2.3.6 Functional Connectivity
2.4 Discussion

2.5 Conclusion

3 EVALUATION OF A NOVEL PREPROCESSING PROTOCOL FOR THE
THREE-DIMENSIONAL RECONSTRUCTION OF BRAIN ANATOMY IN
PATIENTS WITH GLIOBLASTOMA MULTIFORME USING FREESURFER
3.1 Introduction
3.1.1 Obstacles in the analysis of MRI data in patients with braiorgu
3.1.2 Previous approaches addressing these problems
3.1.3 Aim of the study and hypotheses
3.2 Methods
3.2.1 Sample selection
3.2.2 Image Acquisition
3.2.3 Preprocessing protocol and three-dimensional reconstructiol
3.2.4 fMRI data analysis in FreeSurfer
3.2.5 fMRI data analysis in SPM12
3.2.6 Comparison of functional MRI results between FreeSurfer
SPM12
3.2.7 Statistical data analysis
3.3 Results
3.3.1 Description of the sample

40
40
41
42
46
46
46
49
56
58
59
60
65
67

69

69

70
71
72
73
73

77
78

80
80
80



3.3.2 Comparison of reduced reconstruction time and abortion ratc 81
3.3.3 Comparison of the analyses of functional MRI data bet\ 83
FreeSurfer and SPM12

3.3.4 Analysis of the influence of the modification of the T1-weigl 84

image
3.4 Discussion 84
3.5 Conclusion 87

4 ANALYSIS OF STRUCTURAL AND FUNCTIONAL NEUROPLASTIC 88
CHANGES IN PATIENTS WITH DIFFERENT GLIOBLASTOMA TUMOR
GROWTH PATTERNS
4.1 Introduction 88
4.1.1 Glioblastoma multiforme 88

4.1.2 Cellular and molecular heterogeneity and subclassific 91

approaches

4.1.3 MRI heterogeneity and subclassification approaches 91

4.1.4 Aim of the study and hypotheses 92
4.2 Methods 95

4.2.1 Sample selection 95

4.2.2 Image Acquisition 97

4.2.3 Subdivision of the patient sample based on the morpholc 98

tumor growth pattern

4.2.4 DWI data analysis 99
4.2.5 fMRI data analysis 100
4.2.6 Statistical data analysis 104
4.3 Results 105
4.3.1 Description of the sample 105
4.3.2 Fractional anisotropy 107
4.3.3 Percent signal change 108
4.3.4 Lateralization Indices 114
4.3.5 Functional connectivity 116
4.4 Discussion 128
4.5 Conclusion 131



5 GENERAL DISCUSSION

5.1 Summary of the research questions of the thesis

5.2 Conclusions for future research projects

6 CONCLUSIONS

7 REFERENCES

8 APPENDIX

9 LIST OF FIGURES

10 LIST OF TABLES

11 ACKOWLEDGMENTS

12 CURRICULUM VITAE

13 PUBLICATIONS

SELBSTANDIGKEITSERKLARUNG

132

132

134

137

138

159

259

262

271

272

274

277



ABBREVIATIONS

AVM Arteriovenous malformation

BET Brain extraction tool

BOLD Blood oxygenation level dependent
CBF Cerebral blood flow

CBvV Cerebral blood volume

CNS Central nervous system

CSF Cerebrospinal fluid

CT Computed tomography

D-TGP Diffuse tumor growth pattern

DWI Diffusion-weighted imaging

FA Fractional anisotropy

FC Functional connectivity

FDR False Discovery Rate

FLAIR Fluid-attenuated inversion recovery
fMRI Functional magnetic resonance imaging
FsFast FreeSurfer Functional Analysis Stream
FSL FMRIB Software Library

FoV Field of View

FWHM Full width half maximum

GBM Glioblastoma multiforme

GLM General Linear Model

HCP Human Connectome Project

HRF Hemodynamic response function

IDH Isocitrate dehydrogenase

LI Lateralization index

M Mean

MGMT 06-methylguanine-DNA methyltransferase
MRI Magnetic resonance imaging

PET Positron emission tomography

PSC Percent signal change

RF pulse Radiofrequency pulse



ROI
rstMRI
SD

SDC

SE

SNR
SPM

T1

T1C

T

TE
TERT
TR
TTFields
U-TGP
VASARI
WHO

Region of interest

resting state fMRI

Standard Deviation

Serensetice coefficient

Spin echo

Signal-to-Noise-Ratio

Statistical Parametric Mapping
T1-weighted image

Contrast-enhanced T1-weighted image
Tesla

Echo Time

Telomerase reverse transcriptase
Repetition Time

Tumor Treating Fields

Uniform tumor growth pattern

Visually AcceSAble Rembrandt Images
World Health Organization



ABSTRACT

Brain tumors represent a special challenge for modern medicinecemtes due to their
localization in the central nervous system (CNS), their often diffuse and uriesbgitawth as
well as their heterogeneity. Therefore, it is a constant endeavor sligate and understand
this disease. In this field, especially in the last decadssareh has contributed significantly
to the improvement of diagnostics and treatment of patients. In additite wiscovery of
molecular markers, which affect the prognosis of a patient andeastgirting point for targeted
and tailored forms of therapy, the establishment of preoperative fMRIdioalizing eloquent
brain areas in the vicinity of the tumor has also been shown to haveiaepwsfiact on the
treatment of patients. In this context, the integrity of the btoodjenation level dependent
(BOLD) signal in patients with brain tumors has often been criticallystepreed in the
literature. This can have severe consequences, especially imibal dontext, as damage to
such eloquent cortex areas during surgical resection of the tumor can leadnip-tarin
neurological deficit. Therefore, it seems all the more important teligete the influence of
the tumor on the acquired MRI signal on the basis of patient datahaadyain a better
understanding of this process. The three studies performed within thecddbye doctoral
thesis are aimed to contribute to this overall goal.

The first study addressed the question how the presence of a brain tuspacefccupying
brain lesion in the occipital lobe affects fMRI eccentricity magmf the central, middle, and
peripheral visual fields. Based on a sample of 19 patients (12 patientbraitthtumor and
7 patients with space-occupying brain lesion) and 19 age-matched contrettsubhe
feasibility of retinotopic mapping of central and peripheral visual fieldsugh patients was
investigated for the first time. The results of the study suggest that patidntsat tumor as
well as with space-occupying brain lesion still show a retiotorganization of the visual
cortex despite their disease, although the extend of cortical activatipesra reduced
compared to a healthy control group. In addition, local region of interest ansifysesd that
the patients with space-occupying brain lesions had higher valuescehpsignal change in
the calcarine fissure than the tumor patients. These values wererablapga those of the
control subjects. In contrast, these patients showed a noticeabled gadiezn in the cluster
size of activated voxels compared to patients with a brain tumor. Qubearesults of this

study indicate that a space-occupying brain lesion seems to havédessmethe level of the



BOLD signal and more on the volume of cortical activation, whereas the appeasibbserved
in patients with brain tumor.

The second study aimed to create and evaluate a preprocessing piwo@dows three-
dimensional reconstruction of T1-weighted anatomical images of patightglisblastoma in
FreeSurfer, which has so far led to erroneous results as a result of potiodeted handling
of pathological changes due to the tumor. The MRI data of 27 patientghuaithastoma as
well as 33 control subjects were analyzed to evaluate the fegsibib novel preprocessing
protocol developed in this study. The results showed that the modificdtiba T1-weighted
image, in which tumor-affected areas were replaced with healduetisom the contralateral
hemisphere, enabled the three-dimensional reconstruction in FreeSurfer. thie time
required for reconstruction and the abortion rate did not differ from those of hyheatitrol
group. Comparisons of the analyses of functional MRI data with the results frestdbéshed
SPM12 software showed that the results during volume-based analysis widbotias yielded
comparable results. In addition, the effect of modification of the T1-weightadge on the
results of functional MRI analyses was shown to be marginal. It can baudeddirom the
results that the modification of the T1-weighted image with the pcegsing protocol
presented here is an appropriate approach to use FreeSurfer for data ahalsents with a
brain tumor, while providing new potentials to analyze patient data.

The third study focused on investigating structural and functional differencesdret
glioblastoma patients with different morphological tumor growth patt&ased on the pattern
of the accumulation of contrast agent, a sample of 97 patientsiinvext subdivided into two
groups, which have been shown to be prognostically relevant in previous studiessUlte
indicated structural differences within the tumor between the thréeredit tumor
compartments necrosis, contrast enhancement and edema (intra-tumoreheigrpdut not
between the two groups of patients with uniform and diffuse tumor growth p@ttemtumor
heterogeneity). Examination of differences in the BOLD signal showed that thetpatith a
prognostically more favorable uniform tumor growth pattern had higher perceat sigange
values in most regions of interest in both language fMRI and motor fMRI, butdiflesences
were statistically not significant. Analyzing the laterali@atof cortical activation, the two
groups of patients showed little difference in the language paradigms,asherthe motor
paradigms the prognostically less favorable group of patients with diffuse turmdh grattern
showed higher values of the lateralization indices. Although these difesy@rere statistically
not significant, they indicate a more pronounced shift of the normallyefzlaactivation in

motor-relevant areas in this group toward a more unilateral aotivgtattern. This may
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represent evidence for the stronger influence of the prognostically less favorable tuntbr grow
pattern on cortical activation. Regarding the additionally investigatedidmal connectivity,

only minor and mostly balanced and unsystematically distributed diffeyémteeen the two
patient groups with uniform and diffuse tumor growth pattern were found. Overah be
concluded from the results that minor differences between both patient geempsto be
present on a functional level, but do not appear significant on a statistical level.

Altogether, the results of the three studies of this thesis illustrate the imparfacm#inuous
research and development of new methods for the improvement of preopenaigreg in
patients with brain tumors. In this context, the focus should also lie onitibal uestioning

of the validity of the collected data in order to maximize theebeof these methods while

minimizing the risk of postoperative deficits for the patients.
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ZUSAMMENFASSUNG

Hirntumore stellen aufgrund ihrer Lokalisation im Zentralnervensystem (ZM&s ioft
diffusen und unkontrollierten Wachstums sowie ihrer Heterogenitdt eine besondere
Herausforderung fur die moderne Medizin und Wissenschaft dar. Daher ist es eigestandi
Bestreben, diese Krankheit zu erforschen und zu verstehen. Auf diesem Keebudie
Forschung vor allem in den letzten Jahrzehnten erheblich zur Verbesserung dertRiagdos
Behandlung der Patienten beigetragen. Neben der Entdeckung molekularer Markiez, die
Prognose eines Patienten beeinflussen und Ausgangspunkt fur gezielte und persenalisie
Therapieansatze sind, hat sich auch die Etablierung der praoperativerztvRiSualisierung
eloquenter Hirnareale in der Nahe des Tumors positiv auf die Behandlung deteiRatie
ausgewirkt. In diesem Zusammenhang wird jedoch die Integritat des B@uaks (blood
oxygenation level dependent) bei Patienten mit Hirntumoren in der Literatfig lkéitisch
hinterfragt. Dieser Aspekt kann vor allem im klinischen Kontext schwegemge Folgen
haben, da die Schadigung solcher eloqguenter Kortexareale bei der chirurgischen Resgktion d
Tumors zu einem dauerhaften neurologischen Defizit fuhren kann. Umso wichsgieint

es, den Einfluss des Tumors auf das aufgenommene MRT-Signal anhand vorertitent

zu untersuchen und so ein besseres Verstandnis dieses Prozessesrmng®ié drei Studien,

die im Rahmen dieser Doktorarbeit durchgefuhrt wurden, sollen einen Amntailiesem
Ubergeordneten Ziel beitragen.

Die erste Studie beschaftigte sich mit der Frage, wie sich das Vorkages Hirntumors oder
einer raumfordernden Hirnlasion im Okzipitallappen auf die fMRT-Exzetétskartierung

des zentralen, mittleren und peripheren Gesichtsfeldes auswirkt. Anin@n&gchprobe von

19 Patienten (12 Patienten mit Hirntumor und 7 Patienten mit raumfordernder Hirnlasion) und
19 altersangepassten Kontrollprobanden wurde zum ersten Mal die Durchfuhrilerkeit
retinotopen Kartierung zentraler und peripherer Gesichtsfelder bei solehganten
untersucht. Die Ergebnisse der Studie deuten darauf hin, dass sowohl beieRPati@nt
Hirntumor als auch mit raumfordernder Hirnlasion trotz ihrer Erkrankung die retaotop
Organisation des visuellen Kortex erhalten ist, obwohl das Ausmal} dekalenti
Aktivierungen im Vergleich zu einer gesunden Kontrollgruppe reduziert warerb&dminaus
zeigten lokale Region-of-Interest-Analysen, dass die Patienten aimfordernden
Hirnlasionen hoéhere Werte in der prozentualen Signalveranderung in der Fiakumana

aufwiesen als die Tumorpatienten. Diese Werte waren mit denen atgrokprobanden
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vergleichbar. Im Gegensatz dazu zeigten diese Patienten eitiehdgettingere Auspragung in

der Clustergrél3e der aktivierten Voxel im Vergleich zu den Patientdtimitimor. Insgesamt
deuten die Ergebnisse dieser Studie darauf hin, dass eine raumfordernde Higeésigere
Auswirkungen auf die Hohe des BOLD-Signals, sondern vielmehr auf das Volumen der
kortikalen Aktivierung zu haben scheint, wahrend bei Patienten mit Hirntumd@egenteil
beobachtet wurde.

Die zweite Studie verfolgte das Ziel, ein Vorverarbeitungsprotokoll zelerstund zu
evaluieren, welches die dreidimensionale Rekonstruktion von T1-gewichtemaschen
Bildern von Patienten mit Glioblastom in FreeSurfer ermdglicht, was balfgrund einer
mangelhaften Identifikation und Verarbeitung von pathologischen Veranderungen darch de
Tumor zu fehlerbehafteten Ergebnissen gefiihrt hat. Die MRT-Daten vonti2ht&a mit
Glioblastom sowie 33 Kontrollprobanden wurden analysiert, um die Durchfuhrbarkeitreines
dieser Studie entwickelten neuen Vorverarbeitungsprotokolls zu evaluigesEr@ebnisse
zeigten, dass die Modifikation des T1-gewichteten Bildes, bei der moamor betroffene
Bereiche durch gesundes Gewebe der kontralateralen Hemisphare easelzh, die
dreidimensionale Rekonstruktion in FreeSurfer ermoglichte. Dabei unterschieuelesfar

die Rekonstruktion bendtigte Zeit sowie die Abbruchrate nicht von denen einerdgas
Kontrollgruppe. Vergleiche der Analysen von funktionellen MRT-Daten mit den Ergebnissen,
die mit der etablierten SPM12 Software berechnet wurden, weisen damauflass die
volumenbasierte Auswertung vergleichbare Ergebnisse fur beide Methodere.liBfriiber
hinaus zeigte sich, dass der Einfluss der Modifikation des T1-gevanhi&itdes auf die
Ergebnisse der funktionellen MRT-Analysen marginal ist. Daraus labstditiel3en, dass die
Modifikation des T1-gewichteten Bildes mit dem hier vorgestellten Voroeitamgsprotokoll

eine geeignete Herangehensweise ist, um FreeSurfer fir die Auswertung en voat
Patienten mit einem Hirntumor zu nutzen, und gleichzeitig neueibdhégiten zur Analyse

von Patientendaten bietet.

In der dritten Studie lag der Fokus auf der Untersuchung struktureller und funktioneller
Unterschiede zwischen von Patienten mit Glioblastom. Anhand desteidu der
Kontrastmittelanreicherung wurde eine Stichprobe von insgesamt 97 Paitienvien Gruppen
aufgeteilt, welche sich in vorherigen Studien als prognostisch relewaiesen haben. Dabei
ergaben sich strukturelle Unterschiede innerhalb des Tumors zwischen den drei versthiedene
Tumorkompartimenten Nekrose, Kontrastmittelanreicherung und Odem (Intra-Tumor-
Heterogenitat), nicht aber zwischen den beiden Patientengruppen mit unifomdediffusem

Tumorwachstumsmuster (Inter-Tumor-Heterogenitat). Die Untersuchung der Unteesichie
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BOLD-Signal zeigte, dass die Patienten mit einem prognostisch guestiggiformen
Tumorwachstumsmuster eine héhere prozentuale Signalveranderung in den Regitans

of Interest sowohl im Sprach- als auch im Motorik-fMRT aufwiesenedirgerschiede jedoch
statistisch nicht signifikant waren. Bei der Auswertung der Lassealing der kortikalen
Aktivierung zeigten sich in den Sprach-Paradigmen kaum Unterschiedehewiden beiden
Patientengruppen, wahrend sich in den Motorik-Paradigmen hohere Werte der
Lateralisierungsindizes in der prognostisch ungunstigeren Gruppe der Patrenteffusem
Tumorwachstumsmuster zeigten. Obwohl diese Unterschiede statistduh signifikant
waren, deuten sie auf eine starkere Verschiebung der sonst bilateral ausgefuégtalen
Aktivierung in motorisch relevanten Arealen in dieser Gruppe zu eigleen unilateralen
Aktivierungsmuster hin. Dies kdonnte ein Hinweis auf den starkeren Einfluggagsostisch
ungunstigeren Tumorwachstumsmusters auf die kortikale Aktivierung sein. Hiiciader
zudem untersuchten funktionellen Konnektivitat zeigten sich nur geringe unst me
ausgeglichene und unsystematisch verteilte Unterschiede zwischen deen be
Patientengruppen mit uniformem und diffusem Tumorwachstumsmuster. Insgesaratikann
den Ergebnissen gefolgert werden, dass auf funktioneller Ebene geringfligige Urderschie
zwischen den beiden Patientengruppen vorhanden zu sein scheinen, diajédtatistischer
Ebene nicht signifikant sind.

Insgesamt verdeutlichen die Ergebnisse der drei Studien dieser Doktoraibeiichtig eine
kontinuierliche Forschung und Entwicklung neuer Methoden zur Verbesserung der
praoperativen Bildgebung bei Patienten mit Hirntumoren ist. Dalé slglr Fokus auch auf
der kritischen Hinterfragung der Validitat der erhobenen Daten liegen, umudeenNdieser
Methoden zu maximieren und gleichzeitig das Risiko von postoperativen Breffdit die

Patienten zu minimieren.
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1 INTRODUCTION

Brain tumors represent a special challenge for modern medicine emd¢escue to their
localization in the central nervous system (CNS), their often diffuse and uriesbgitawth as
well as their heterogeneity. Therefore, it is a constant endeavor tdigatesand understand
this disease in order to use this knowledge to further improve the treatment of thegs. patie
This doctoral thesis aims to contribute to this research. It isativido the following sections:
First, a general introduction will be provided to explain the imporbasic topics of this
dissertation. Since the analysis of magnetic resonance imaging (MRI3 tda¢amain method
of this thesis, the basic principles of this imaging techniquebeikxplained. Subsequently,
brain tumors as well as neuroplasticity and the importance of MR&ipreoperative treatment
of these patients will be addressed.

Furthermore, the three studies included in this thesis will be desckbedach study, the
specific context and the current state of research is explained in an intsodurcthe section
on materials and methods, the study design and experimental procedurepafiehe and
control subject measurements will then be specified. Additionallyn#tbods that were used
to analyze the MRI data and to evaluate the statistichwitlelineated. The calculated results
will be described and presented graphically in the next section. Wiks$keen be evaluated
and discussed, taking into account the current state of research. In additiitne fiostations
will be reviewed in this section.

Finally, the three studies described will be embedded in the ovepall @b the thesis in a
general discussion and an outlook on research projects based on these studieswsiil. be gi

1.1 Magnetic resonance imaging

Although magnetic resonance imaging has only been used for about 45 years irdtbé fiel
medical examinations, it has already become established as anamporaging technique
during this time. Compared to computed tomography (CT), it has a better resahdiamrks
without radiation exposure (1).

Attention should be paid to contraindications, as the static magdieddi@and radiofrequency

fields can considerably impair the functioning of a pacemaker, defibrib@tneurostimulator.

This also affects other implanted electronic devices such as a cochlear implant or drug pumps

After an MR, it is imperative that these devices are checked anogrammed if necessary.
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In addition, ferromagnetic implants such as stents, vascular clips, or @taifragments may
cause heating of the surrounding tissue or even changes in localization, resulting in injury (2).
In everyday clinical practice, magnetic resonance tomographs with atfiefdjth of 1.5 Tesla

(T) and increasingly also 3T are predominantly used in the field of neuroimadieg. T
advantages of increasing the field strength are an improvement in sigmaiké ratio (SNR)

and in spatial resolution as well as a reduction in measurement duration (3).

1.1.1 Principles of magnetic resonance imaging

Magnetic resonance imaging is based on the principle that all atocie with an odd number

of protons have a magnetic moment due to their nuclear spin. If theran\egasranumber of
protons, they would compensate each other. In the field of MRI in humans, gmetoa
moment of hydrogen atom nuclei has proven to be useful, since living tissustcais
60-80% water and hydrogen atoms are therefore present in sufficient amounts (4).

If an external magnetic fiel®, with a high constancy is applied, the spin axes and the magnetic
moment of the nuclei align relative to this magnetic field and st@itdle conically around its
longitudinal axis, which is called precession. This precession happ@nsertain frequency,
called the Larmor frequency, which is dependent on both the strength of thel apgadjeetic
field and the nucleus type. Thereby, the alignment can either beecparadintiparallel to the
magnetic field $,. As the parallel alignment is slightly more frequent, this resulta in
longitudinal magnetizatiort ; (3,4).

When a short radiofrequency pulse (RF pulse), whose frequency corresponds exhetly to
Larmor frequency of the spin, is applied perpendicularly, the spins rargd dlso their
cumulative magnetization vector are tilted and in case of a 90° pulsetddfin the xy plane
where they create the transverse magnetizatign After this RF pulse ends, there are two
relaxation processes. First, the excited protons return to their lowegye parallel state,
resulting in a decrease of the transverse magnetizatigand a corresponding increase of the
longitudinal magnetizatiori ; along the main magnetic field axis which can be measured by
the MRI scanner. It is characterized by the time constant T1, whichlmssthe time until the
longitudinal magnetization has recovered after the end of the RF pulsseddral process, the
transverse magnetization, is based on the dephasing of the spinthaffeF pulse due to
interactions of the spins with each other. This process is alsal cgiin-spin relaxation and the
corresponding time constant is called T2. Overall, longitudinal and traasvergnetization
lead to a decrease in the MR signal (2,4,5). To restore the signal dedrgésagitudinal and
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transverse magnetization, an echo is used. This can be generatednipleexsing a 180°
pulse which is switched after the 90° pulse after the tidwdter the time 22which is called
the echo time (TE) the echo is being measured. The phase order of this fmirssreversed
with the 180° pulse, so the fast and slow spins are again at the same level afeatioketius
precess in phase (rephasing). The repetition time (TR) describetimiiaebetween two
excitations, in this case between two 90° pulses (2). By combining phesesses, an image
can finally be generated. To obtain multidimensional images, the orithe ofieasured signal
must be precisely localized in the tissue under investigation alerigrée spatial dimensions.
This is achieved via processes called slice selection, frequecogiag and phase-encoding
(4).

As the relaxation times are dependent on the material, this aifferent tissue structures to
be distinguished in MRI. In T1-weighted images,dbeebrospinal fluid (CSF) has a decreased
signal intensity compared to brain tissue. These images are udatdcal practice primarily
to detect anatomical changes, contusions, hemorrhages, or CSF circulatiaerdisin
contrast, T2-weighted images are characterized by an increased signalty of the CSF
compared to the brain tissue. This can be used to visualize braingniaflemmatory foci, or
tumors. A variant of the T2-weighted images are fluid attenuated inversion recoAtR}F
weighted images, which are also known as "dark fluid" depending on the type cichtiRier.
In contrast to the T2-weighted image, the CSF has a lowered sigamditpithere. These images
are used for visualization of demyelinating lesions such as multiple ssléf¢s).

1.1.2 Functional magnetic resonance imaging

Functional magnetic resonance imaging is a technique that uses MBhtifyicieuronal areas
and thus also relevant regions in the brain that are associatetheviéxecution of a specific
task or the resting state. The physiological principles that etlgbléechnique as well as the
experimental design and subsequent analysis of the collected datee @xplained in the

following chapter.

Physiological principles

When a stimulus elicits activation in a corresponding brain region, eneegpeésnded in the
process, leading to local changes in cerebral blood flow (CBF), cerebral blood volume (CBV),
and blood oxygenation. This relationship between local activity of neurondhamdgulting
changes in cerebral blood flow is called neurovascular coupling (4,7). In tleissgr arteries

dilate and increase local blood flow, allowing more oxygenated blood to elaeever, the
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increase in CBF is far higher than the increase in oxygen consumptionjingesaltan
oversupply of oxygenated hemoglobin combined with a concomitant decrease in the
concentration of deoxygenated hemoglobin. In this context, such a hemodynamic regaponse
be detected as an indirect measure of electrical activity in the brain using fMRIdgferent
binding modes of the iron atom lead to different magnetic properties of oxygéeatedlobin
(diamagnetic) or deoxygenated hemoglobin (paramagnetic). Thus, the change in blood
oxygenation following cortical activity leads to a decrease in ptibdéy and thus to a change

in MRI signal, as the decreased concentration of deoxygenated hemoglobin leads tocal

field gradients and thus to less signal loss due to the increasernal@2dtion time. This results

in an increased MRI signal in the active brain area. This prdceskich a local hemodynamic
response is used to visualize task-specific areas using fMRI, is referred to as the blood oxygen

level dependent (BOLD) effect. The blood thus serves as an endogenous egetiaés,8,9).

Hemodynamic response

The characteristic BOLD response is overall slower than the undeel@agical stimulus and
can be described by a characteristic curve called the hemodynapuosedunction (HRF).
Here, three phases of the response to a stimulus are distinguished. Apgalgxirvizs after
stimulation, there is a very brief and regional decrease in signal igtéimgial dip), which
then transitions to a broad positive signal. The BOLD response dostamatntil about 2s and
takes 5s to reach its maximum. This is followed by a decrease ithisigmesity until it returns
to baseline after about 10 seconds, followed by a drop below it (post-stimmdleishoot). The

initial state is restored after 20-30 seconds (2,4,10).

Study designs

Based on this predictable course of a response to stimulation, experimergtigations using
fMRI can be planned and analyzed optimally. In experimental desigeseaad) distinction is
made between two different types of designs. In the event-relasgghdéhe hemodynamic
response to a single stimulus is measured, with a resting perioddpethe single stimuli,
which must be long enough for activation to return to baseline. In most tas@screases the
acquisition time considerably, but it allows conclusions to be drawn dbeutsponse to
individual stimuli presented if the inter-stimulus interval is long enough. In cordrakicked
design uses sufficiently long periods of stimulation to measure the lmespsnse over the
entire period. Typically, this alternates between an experimeonalition with presentation of

a stimulus of interest and a baseline condition without stimulus. Tkantage of this
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acquisition method is that the hemodynamic responses of the rapiddgsivecstimuli overlap,
resulting in a higher signal that can be detected more reliably. It must be noted thatMR
signal is being collected during the entire experimental conditiompiossible to determine

the response to a single stimulus D).

Analysis of functional MRI data

For the statistical analysis of collected fMRI data, preprocessngecessary first.
Subsequently, a statistical model can be created using the Geineal Model (GLM) and
the statistical data analysis can be performed. The indivitkejad $or a statistical analysis of
fMRI data will be explained in the following.

The first step mainly concerns analyses that use an event-relatetigpa Since in such
paradigms different experimental conditions are measured at very diffieres by presenting
only single stimulus instead of blockwise, this can lead to arase of the interpolation error,
which in turn affects the BOLD signal. Accordingly, this temporal ofééetuld be corrected
in the collected data. This is done during slice-timing, where a shifiedlemporal signal of
all slices to a reference slice is performed. Due to this teingayament, all images appear as
if they were acquired at the same time (13).

Next, motion correction of the functional data is performed. During data acojuifiite subject
spends a long time lying in the MRI scanner, meaning that movements duripgribdscannot
be avoided. In addition, there are short-lasting physiological movementastiobse caused
by breathing or swallowing. Since even small translational andan&htnovements can affect
the MRI signal and thus bias activations, these must be corrected Iyidebady
transformation. In this process, all subsequent images are registatedfirst image in the
series. In addition, the individual movements in each of three translationdraaddtational
directions can be recorded numerically and stored for later use inicthtsialysis, in order
to explain unintentional variance (14).

After realignment, the structural and functional data are coregistevedhis, a T1-weighted
high-resolution anatomical image and the functional T2*-weighted imergesigned resulting
in a spatial correspondence between these images.

In the next step, segmentation of the structural data is performed. Memobability with
which a voxel belongs to the gray matter, white matter, or cerebroghiithl(CSF) is
calculated based on the measured signal. Accordingly, the brain is sutibediveded into
these segments. In addition, a transformation matrix is calculatedh wspecifies which

transformations are necessary to get the individual brain congruent witgntpkate brain in
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the standard space. Probably the best known template is the Montréaloieatdhstitute
(MNI) template, which is an average image from a large number of $patamalized brains
(4,14,15).

Based on the calculated transformation matrix, both the high-resolution anatiomaiga and
all functional images are normalized. This means that they are binudigletwith the reference
brain (template) by stretching and compressing. This preprocessing stepinpeisssble to
systematically compare the results of individual subjects both vatady groups and between
different groups in the later statistical evaluation, despite individual braiorap#1.3).

The last step of the preprocessing is the spatial smoothing of the fuhdatmar his serves to
improve the signal-to-noise ratio and thus enables a sharper difiéientf experimentally
induced changes from interfering signals. For this purpose, the gray value of each voxel is first
offset against those of the neighboring voxels. The three-dimensionaligsadsgribution
(kernel filter mask) is used to ensure that the central voxel providdartfest contribution.
The full width half maximum (FWHM) value indicates the extent of theahing process and
the full width of the Gaussian filter mask at maximum height (4).

Following preprocessing, statistical analysis of the data can be pedfolin® assumed that
the voxels represent measured values during the course of the data acqUlstiam of the
statistical analysis using a General Linear Model (GLM) is taipte¢o which extent the
assumed theoretical time course, which is based on assumptions abquardadegm,
corresponds to the actual measured time course of the voxel time serigss parpose, the
data are analyzed using multiple regressors (12).

In theory, the observed value of a voxgJean be explained by the linear combination of

weighted independent variabl&sG; In practice, it represents only an estimate of the measured

value and can never completely represent the value Y. Reasons &oethisasurement biases

or a lack of independent variables g. This is accounted for in the analysis by assuming that the
measured value Y is composed of the estimated value usingehe siombinationd,Gand an

error term Y An estimation algorithm is used to determine the weidhts$ the independent

variable g, causing the error tersio be minimized (4,14).

These described elements can be represented as vectors and mwétri¢esir dimensions
corresponding to the number of volumes and timepoints. The design matrix Gyehenextal

conditions at the different time points are distinguished, whdléit SDUDPHWHU PDWUL|[
DOO YR[HOV DQG WKH UHJUHVVRUV RI| SDKHD PRWHO WKHH EDBil
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correlation of the model time series with the actual measuredsimes, indicating a high
stimulation-related BOLD signal within the respective voxel (4).

Using this general linear model, the neuronal response to a stimulus can now be estimated and
the hemodynamic response calculated on the basis of the model. Fmurglose, a box-car
curve is generated based on the predictable course of the neuronal sigeaiptiral sequence
of which corresponds to the stimulation intervals (stimulation and baselifg)eof the
measurement. It is also considered that the hemodynamic responserol@ssbiccurs with a
time delay, and this is taken into account by modeling the pattern oaivg a function.
Depending on the research question, contrasts can now be defined tietdtesio one or more
regressors. This allows the targeted investigation of specific paparafligms, while non-
interesting parts can be excluded. In this context, certain regressotsahr given a higher
or lower influence in the analysis compared to other considered regressorigbingeThe
statistical analysis can be performed using a t-test for one or mgkipiples. Here, a t-value
is calculated for each voxel for the selected contrast. The higherghgagstic is, the more
likely it is not a randomly generated but a stimulus-induced activatiorseTtiealues are
encoded in a statistical map, a new dataset containing only the tasicstédr each voxel in a
three-dimensional model, using gray values (4,14).

These described steps for statistical analysis can be applietd badividual subjects (1st level
analysis) and to whole groups of subjects (second level analysisatieraises the effect sizes
-weights) of the individual subjects and contrasts from the 1st leveysaab draw

conclusions about cortical activation within or between whole subject groups (13).

1.1.3 Diffusion-weighted imaging

In addition to functional MRI, diffusion-weighted imaging has also becortableshed in
clinical practice and research. This imaging technique allows caometutor example about
the course or pathological changes of fiber tracts. In the following chépephysiological

principles as well as the acquisition and evaluation of these data will be address

Physiological principles

Diffusion represents random thermal motion of particles, which is aleald&@idown molecular
motion. For diffusion imaging, as described earlier for magnetic resonance imdggng, t
hydrogen molecule has been established for in vivo measurements (3,16).

If the propagation of the molecules in all spatial directions is Bgpaksible, then after a

certain time the molecules are situated in a sphere with a radius that dependsnookiltity .
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This uniform spreading in all directions is called isotropic diffusion. eél@w, if the molecules
encounter an obstacle during their dispersion, as it is the case, for exantplthe axonal
cytoskeleton of the human brain, they can no longer propagate freely in eildise since the
movement is now hindered differently by these structures. Accordingly, propagatadin in
spatial directions is no longer possible equally, which is called ampsotdiffusion (4). In
contrast to isotropic diffusion, the particles are not in a sphereaattertain time, but in an
ellipsoid. Also, the strength of the diffusion is reduced here compared to isalitfpgion.
This is reflected in a lower diffusion coefficient, which is aaswe of the strength of diffusion
and indicates the distance covered by a particle in a given timdfogiah. In the case of
isotropic diffusion, the diffusion coefficient is a scalar quantity andteroened by the size of
the molecules, the temperature and the viscosity of the medium. dtesprof anisotropic
diffusion in three-dimensional space can be described using 3 x 3 tensor mé&trixe&rh
voxel, which is also called diffusion tensor. Here, the tensor describesnalexular
propagation process in three-dimensional space. Due to its sympneparty, it contains only
six independent components (17,18).

After diagonalization of the tensor, three orthogonal eigenvediorég and i, are obtained
with the three corresponding eigenvalu&s & and &,. The ellipsoid is defined for all spatial
directions by the length of the principal axis sections (eigenvalues) amtiré¢lcdon of the
principal axes (eigenvectors). Thus, from the diffusion tensor, the principal diffusion direction
can be determined, which corresponds to the direction of the eigenvectohevithrgest
eigenvalue of the tensor matrix D. The largest eigenvalue is indicatitlee aftrength of
diffusion in that direction in the voxel under consideration, while the ath@reigenvalues
describe the diffusion strength across the fiber (in the direction of tbeiesponding
eigenvectors). Accordingly, the largest principal eigenvector is assumedthe Ipeeferred
direction of diffusion, as it is most indicative of the structural arrangeroithe fiber
trajectory. To visualize this preferred direction of diffusion, the Fractianaslotropy (FA) is
used. This describes the statistical relationship of the primary axis tawd minor axes and is
based only on the eigenvalues, so it is independent of the directions of diffesisarement
as well as the main diffusion direction (18,19).

A clear visualization of the main diffusion direction, i.e. the fibgett@ry, is only given if one
of the three calculated eigenvalues is larger than the other two. Treieiised to as linear
diffusion. When the fiber trajectories cross within a voxel, the maactiin of diffusion can

no longer be uniquely determined which is called planar diffusion. In theofdsetropic
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diffusion, also called spherical diffusion, the diffusion is the same in atitains. Here, the

visualization of a main diffusion direction is not possible anymore.

MRI diffusion imaging

In diffusion tensor imaging, the motion of molecules is represented ingantia particle's
point of origin and its final location do not correspond after a certam tinis difference can

be measured. Due to the change in position between excitation axatiogl, the measured
signal is attenuated. The amount of signal loss is related to the alffteefficient, which in

turn depends on the diffusion weighting factor b (b-value), which indicatedetipeee of
diffusion weighting. The b-value is expressed in units of sfrand can be determined from
the duration, strength, and time interval of the diffusion gradients. Sincetlhteheslue 0 when

the reference image is measured, this is also called the b0 inteegb0 image represents the
reference from which the signal decrease is measured. Usually, irorddithe reference
image, images with a b-value of 1000 s/frame measured, which are called b1000 images.
Furthermore, images with b-values of more than 1000 can be measured depending on the MRI
scanner. Here, the stronger the weighting, the better the diffusion depemuéne tissue is
captured. This also affects the measured signal. If the diffusion weightiog srong, the
signal is being attenuated and the noise is being increased whidesdte measurement
accuracy. For a complete determination of the three-dimensional molewtian, six non-
collinear directions are needed. If additional directions are added to these sixutlssimesn
over-definition of the tensor, making the calculation of the diffusion parameters more reliable
However, this results in an increase in acquisition time with eaddadicection. To reduce

the acquisition time, diffusion measurements use EPI sequences as in fd#Lring the

brain in a so-called single shot procedure (17,20).

Analysis of diffusion-weighted MRI data

The acquired data can then be preprocessed, analyzed, and visualcetckirpurposes or
for research. For this purpose, a distortion correction should be performed. In tleissproc
different parameters have an influence on the data, which are calanatednsidered. One
of these factors are artifacts caused by movements of the suBjeetsnfluence of these
movements can be reduced by aligning the collected images (seercha@?). In addition,
artifacts can arise due to eddy currents, which are generated throught¢thengvaf gradients.
These themselves generate additional inhomogeneous magnetic fretdsattect the quality

of the acquired images. Therefore, these eddy currents should be idesmifiecorrected.
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Another factor that can affect the quality of the collected diffusioiyivted data is
susceptibility artifacts. These can be caused by magnetic propémiegiects in the acquisition
field and, in addition to distortions, also lead to partial loss of the digitak area. This is not
considered a safety risk but can significantly distort the validity ofattguired images,
requiring correction. These influencing factors can be estimated andinékeaccount during
the preprocessing of the data.

After these preprocessing steps, generally two different analyses arguiksted depending
on the focus and the research question. When investigating the microstructure of the brain, the
data can be visualized as two-dimensional slice images. Hergrdy value of a voxel of the
image corresponds to the FA value. This is referred to as a frd@msatropy map (FA-map).
The FA-map provides information about the different lengths of the eigenvdntaddition,
a color value can be assigned to each FA value (color-map or fiber oriemepnHere the
angle of the longest axis of the ellipsoid is represented by the thmesrypgolors red, blue and
green, which represent the dominant fiber direction. By mixing the three ,calorsfiber
direction can be visualized (4,20).

The second type of analysis is tractography, which allows a three-diménsipnassion of
the fiber trajectory. This can also be tracked over a longer distance and thusveval slices
in three-dimensional space. However, the data itself is no longer vesjabat only the
structures obtained from the diffusion values of the individual voxels. Foptipose, the
tensor field is reduced to a vector field and the resulting main vectors, which inbdeatain
diffusion direction, are retained for display. Starting from a starting voxel, following the
direction of the main eigenvector from one voxel to the next, the orientatiba tber path is
determined. In order to display the fiber trajectories correctlycdhmilation must be aborted
if it deviates too much from a possible fiber trajectory orientation. iShise case if the FA
value is too low, or paths are curved too much (4,17).

1.2 Brain tumors

1.2.1 Definition

A tumor is a cell proliferation in which abnormal cells grow in an uneggdimanner. These
can be divided into benign tumors (approximately one-third of primary brain tumuods)
malignant tumors, which account for about two-thirds of primary brain tumors (21 Base
the tissue of origin, a distinction is therefore made between primary tumork, avigimate in

brain tissue, the meninges, or cranial nerves, and secondary tumors, whichvedwgedieby
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metastasis of a primary tumor via blood and lymph pathways or cerebtdipdhto the brain
2).

Primary brain tumors can further be subdivided based on the cell type involveidgMenas
are tumors arising from the cells of the meninges. They represenbt&eommon tumor type
within the brain, accounting for more than one-third of all primary brain tumorsi{21363,
the origin of a tumor arising from glial cells was first identified by Dr. Rudolpbhéw using
microscopic and macroscopic methods and was appropriately namesma ¢22). These
account for approximately 30% of all tumors of the brain and CNS. CNS lympliormagom
the lymphocytes of the immune system, a Medulloblastoma dewvetoparily in childhood
from embryonic cells of the brain, and Ependymomas develop from cells thah®oovering
tissue of the nervous system. In addition, mixed forms can also originateliffenent cell
types (23).

Since this work is limited to the study of patients with glioordy these will be described in

the following chapters.

1.2.2 Epidemiology

Among primary gliomas, glioblastoma multiforme accounts for more thdmththe cases and

is the most malignant brain tumor type. Astrocytic tumors, which indlidlelastomas, in total
represent more than three-quarters of the cases (21,24). Nearly a quaasesdre localized

in the frontal lobe, with the temporal lobe accounting for another 20%. While the parietal lobe
is the third most common localization, accounting for just under 10% of casexcipgal

lobe as well as the cerebellum each account for less than 3% sf Theaemaining third of
cases are attributed to the cranial nerves, ventricles, spinal cord,aamstdm or cannot be
reliably sorted (21).

The incidence rate of gliomas in the United States in 2014-2018 was S&5p=r 100,000
persons. This was less frequently in women with 4.98/100 000 compared to men with
7.05/100 000. The median age of onset for the disease is 62 years. However, this differed
according to the diagnosis, with patients with oligodendroglioma generallyogag the
tumor earlier (median age 43 years) than, for example, glioblastoreatpgtnedian age 65
years) (21,25).

1.2.3 Clinical appearance
The symptoms accompanying a brain tumor can be very diverse and can be rougdkly divi

into the categories of intracranial pressure symptoms, epileptiragjzneurological deficits
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and psychiatric changes. In high-grade tumors, the time between indtrafestation and
diagnosis is approximately 3 months while this period can be much limdew-grade
gliomas.

Since there is only limited space in the head due to the surroundingtB&uihtracranial
pressure may increase, regardless of whether the tumor is benign oramtaliypical
symptoms of this are headache, dizziness, nausea and vomiting. Aubramshould also be
considered as a cause in first-time epileptic seizures in adultf®@6). Neurological
symptoms are always dependent on the location and extent of the tumorinthede visual
impairment, gait abnormalities and paralysis of the extremities, wefini language
comprehension and production, or memory impairment. In addition to neurological deficits
psychiatric changes may also occur. These are manifested, for examplsoinality changes,
mental health changes such as depression or apathy, or disorientation (27).

Neither of these symptoms are specific to brain tumors only but @am o a variety of
diseases. For this reason, they do not prove the presence of a brain tgomdngréurther

diagnostic steps to confirm a reliable diagnosis.

1.2.4 Diagnosis

When cerebral space-occupying lesions in general are suspectedgimsaggsential for initial
diagnosis. Often, especially in acute cases, cranial computed tomo@€iphyis performed
first to visualize potential space-occupying lesions such as a tunmasmian ischemic or
hemorrhagic stroke (27).

Using magnetic resonance imaging (MRI), these irregularities can beizesbwadith a higher
resolution and thus in greater detail. Different sequences provide impaoftamation about
the individual tissues examined, since brain tumors can be distinguishedhdedthy brain
tissue based on differences in density. In addition, mass displacemett thes space-
occupying nature of the tumor can be visualized. Pathological chantesblood vessels as
well as the blood-brain barrier can also be visualized by the a&traiion of contrast agents.
Furthermore, the pressure of the tumor on the surrounding brain tissue often nesaltsri
retention in the form of edema, which is visible in a T2-weighted sequence (28).

In addition, positron emission tomography (PET) can be performed for more detagiedstia
clarification of a differential diagnosis. A variety metabolic processethe body can be
visualized using slightly radioactive tracers based on glucose or antlsaadministered prior
to the examination. Since tumor cells have a significantly increas¢éabolism compared to

healthy cells and thus accumulate larger amounts of the tracer selstarxallows especially
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for malignant tumors to be distinguished from the surrounding non-neoplastic. tissue
addition, it can be used to plan the ideal site for taking a biophg imotspot area to obtain the
most representative tissue sample possible for histological conrmat the diagnosis.
Furthermore, a PET can also be used to plan resection or radiation therapy (26,29).
Neuropsychological testing can also be useful in patients with brain tum®obiective is to

test and assess cognitive functional areas such as attention, mamgupage comprehension

and production, information processing, number processing or executive functions. Using
standardized test procedures with age- and education-corrected norm datagarisan,
resources and deficits of the individual patient can thus be quantified, progmbadgnsight

into preserved and impaired cognitive functions. In addition, such a standaedeamination

represents a good starting point for subsequent follow-up (1,29).

1.2.5 Classification

The classification of brain tumors according to the World Health OrgeomzgdWHO)
distinguishes four malignancy grades from 1-4, which are relevant for both therdpy a
prognosis. In addition to immunohistochemical characteristics, molegematic factors were

also considered for the first time in the 2016 version of the classficat brain tumors (30).

In the currently valid version of the WHO classification (31), further molecgémetic
parameters are included in addition to morphological and immunohistochehacatteristics

for the diagnostic classification of brain tumors. The most importantomalemarkers for the
diagnosis of diffuse gliomas include mutations in the isocitrate dehydrog@ébéhel and 2
JHQHYV ORVV Rhalagsemi@mdntal retardation syndrome X-linked (ATRX)
expression, co-deletions of chromosome arms 1p and 199, homozygous CDKNZ2A/B deletion,
epidermal growth factor receptor (EGFR) gene alteration, telomerase rénearseriptase
(TERT) promoter mutation, the combination of chromosome 7 gain and chromosome 10 loss,
and methylation of the O6-methylguanine-DNA methyltransferase (MGMT)qrwon(31,32).

Using these molecular markers, an integrated diagnosis can be provided based onrte prese
or absence of gene mutations and expressions. This includes the hiatdlogar type and its

WHO grade as well as information on molecular markers. Table 1 sureséinz integrated

diagnosis relevant for this thesis.
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Table 1.Overview of integrated diagnoses relevant to this thesis and thekW@NS grade as

well as molecular markers.

Integrated diagnosis CNS-WHO grade Molecular markers
Oligodendroglioma, IDH-mutant ~ WHO grade 2 or3 IDH 1/ 2 mutation
and 1p/19g-codeleted 1p/19qg Co-deletion
Astrocytoma, IDH-mutant WHO grade 2 or3  IDH 1/ 2 mutation

ATRX mutation
TP53, CDKN2A/B
Astrocytoma, IDH-mutant WHO grade 4 IDH 1/ 2 mutation
ATRX mutation
CDKN2A/B homozygously
deleted
Glioblastoma, IDH wild type WHO grade 4 IDH-wildtype
TERT promoter mutation
chromosomes +7/-10
EGFR amplification
MGMT promotor
methylation

Abbreviations:  ATRX: .-thalassemia/mental  retardation = syndrome  Xlinked,
CDKNZ2A/B: Cyclin-dependent kinase inhibitor 2A/B, EGFR: Epidermal growthofac
receptor, IDH: Isocitrate dehydrogenase, MGMT: O6-methylguanine-DNA methgfirase,

TERT: Telomerase reverse transcriptase, TP53: Tumor protein P53.

1.2.6 Therapy

In the therapy of brain tumors, the interdisciplinary cooperation of thengegliysicians is
important, since it is usually a combination of several therapidsherefore representatives of
diverse specialties which are involved in the attempt to improve the matentival.

The goal of surgical therapy is to resect the tumor as compbstgdpssible. This serves not
only to reduce the size of the tumor and at the same time the symptmauses, but also to
obtain tissue for a histologically confirmed diagnosis. Thus, surgery serve$ asdagnostic
and therapeutic intervention which has also a prognostic value. Because difftisely
infiltrative nature of high-grade gliomas, curative resection cannas®emed despite radical
removal of the tumor. When planning the surgical approach as well ast¢in¢ @ resection,
care must be taken to avoid neurological sequelae, for exampleubggrfunctionally intact
eloquent brain areas. In this context, both the reduction of tumor mass and theapogsef

function in the postoperative course have a positive effect on the prognosis asponsedo
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subsequent therapies (&¥). If surgical resection is not possible due to the location of the
tumor or poor general condition of the patient, a biopsy should still be,taga histologically
confirmed diagnosis is an important basis for further therapeutic decisions (26).

In addition to surgical resection, subsequent treatment with radiatioor am&motherapy is
also performed, especially in the case of malignant tumors. The aim in this tmséiminate
those cell clusters that have infiltrated healthy brain tissue aneffdhe cannot be resected
without risking neurological deficits, or to inhibit their further growth (26). Whileg
treatment with an agent that blocks cell division is conside®at@mic treatment, radiation
ttherapy can today be applied locally to the extended tumor area througle tbkmedern
techniques (29).

In addition, therapeutic options have been expanded in recent yealtsde e use of Tumor
Treating Fields (TTFields) for patients with glioblastoma (see chapfef for detailed
description).

1.2.7 Prognosis

The course of disease with a brain tumor is dependent on many factonsg makificult to

predict the individual course of the disease. In epidemiological stubesnedian survival

time across all glioma types and age groups has been found to be tt&,moth a 1-year
survival of almost 60%. In particular, the localization of the tumor as well aggbet tumor

cells and their growth behavior play an important role. Thus, patients with a low-grade glioma
show a higher median survival time for tumors with a lower WHO grade comparad
malignant tumor such as glioblastoma (21,25). In addition, various molecular markers, such as
the presence of MGMT promoter methylation, improve the response to thardpiues
contribute positively to the prognosis (32). The age an general condition of & patwvell

as the extent of resection status should also be considered (26,27). A neakalefcit

acquired after surgery has also shown to have an impact on prognosis and survival (35,36).

1.3 Neuroplasticity

Neuroplasticity is the ability of the brain to adapt to changéiseamicro- and macroscopic
levels in response to changing environmental conditions. The influence ef liassbeen
shown, for example, in studies with rats, which, as a consequence of beimgastitnulating
environment, had heavier cortices than their littermates kept in @olatthout a stimulating
environment (38,39). Accordingly, brain development is considered to be basedamtivity-

dependent stabilization of brain functions that results from environmental stimulation.
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Depending on whether the microscopic or macroscopic level is regardeis, tbferred to as
synaptic or cortical plasticity. The term synaptic plasticity wast fproposed by the
psychologist Donald O. Hebb, who introduced Hebb's learning rule in his book The
Organization of behavior, in which it was assumed that increased eftitagnapses can be
achieved by simultaneous activation of pre- and postsynaptic neurons (40). Adasspis
referred to as either short term or long term potentiation, depending timeéhgeriod of effect,
and forms the basis for numerous complex learning and memory processes (41). Cortical
plasticity, on the other hand, accounts for changes in whole structures of thartmaiding
their location and function. These developments can lead to the reotigenafantire cortical
maps (42,43).

While the neuroplasticity of the immature brain had been widely asteptich processes in
the adult brain were critically discussed for a long time and a tednhgtability of the
developmental state was assumed. In the last decades this higpb#sebeen disproved by
many research results. Nowadays, according to the current state of raséaedsumed that
this is a lifelong process, even if the capacity for neuroplastic chategeases with aging
(44,45).

One of the first research approaches showed neuroplastic changes ascd aagplitation of
the finger in adult monkeys, which were manifested in a spreading of theatoeiteptive
fields of the remaining fingers into its representational area (4&ed¥éer, it has been shown
that this reorganization occurs not only at the cortical level butdgli@aupstream structures
such as the brainstem, spinal cord, or thalamus (47,48). In addition to anichek,ssuch
changes were later demonstrated in humans who had lost extremitigssasdt af trauma
(4951). Apart from cortical reorganization as a result of peripheral trauma, suckggscan
also occur after damage or disease of the brain itself. Here, atthstisanade between acute
lesions, which occur, for example, as a result of cerebrovascular infaratobrih@se that
develop slowly but progressively over time. An example of the lattegogy are brain tumors.
These two types of cerebral lesions differ not only in their nature of occurrencesdint tide
time available for the brain to adapt to this altered situatiorhisrcontext, studies in animals
showed that removal of certain brain structures over the course of seperaktians
(progressive lesion) was reflected in better postoperative recovery thanateshtive same
structures in only one operation in terms of an acute lesion (52).

Regarding neuroplasticity in brain tumors specifically, a distinction islemiaetween
preoperative, intraoperative, and postoperative plasticity (53). In thiextppireoperative

plasticity refers to changes in brain structure and function in responsedootiag tumor.
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Additionally, different scenarios are distinguished, which have a signifiogmdct on the
further course of treatment and thus also on the prognosis. These depend on ningypobxi
the tumor to eloquent areas and whether these have possibly already shifpedsadorily.
The distance between the tumor and the eloquent cortex is crucial forotbeoitity of
functional deficits in the postoperative course and whether these vaillerem the course of
reorganization. The better this likelihood is, the more likely totalctese can be pursued,
which in turn affects the prognosis (53). Preoperative recruitment of cortexsaasasmed to
be based on a three-stage hierarchical model in which local reotgam@acesses first occur
in the immediate vicinity of the tumor before these are extended to oghensef the affected
hemisphere and later to the unaffected hemisphere (53).

In addition, neuroplastic changes may occur intraoperatively. In thisxtahteas already been
found in several studies that cortex areas that previously showed wity aetsponded to
stimulation after resection of the tumor (53,54). This is assumed to benaasking of
redundant intracortical connections and areas.

Furthermore, evidence of neuroplastic processes was also found in the pdspetate.
Thus, after removal of the tumor, patients showed improvements in ddfatitsither existed
before surgery or occurred within a short time as a sequela (54).

These described pre-, intra- and postoperative neuroplastic prockssés e taken into
account during preoperative planning to achieve the best outcome possible ifadividual

patient.

1.4 MRI as diagnostic tool in patients with brain tumor

When planning the treatment of patients with brain tumors, the benefits of maxeseation

must always be contrasted with the costs of possible deficit®dijery of functionally intact
eloquent brain areas. Although maximal resection improves the pasentisal and has a
positive effect on the further course of therapy and quality of life, thesefits must always

be contrasted and weighed against the risks such as damage to fllpctidhatact areas

(55). Despite the extent of resection being an important prognostic marker (56), considerations
of treatment and approach should not solely include anatomical factongultl gather be
considered that deficits that occur as a result of damaging intact eloquent areas duriab surgic
resection may have profound consequences for neurologic, cognitive, and sbties,abus

also affect the postoperative quality of life. Therefore, damage to languéigal, motor, or
memory-related structures should be avoided as much as possible during surgeal

abnormal tissue, even if this means that complete resection is not achi3HBb).
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In these considerations, magnetic resonance imaging (MRI) has become ashestablging
technique. In addition to the precise detection of the tumor location st eéxthe context of
anatomical imaging, functional magnetic resonance imaging (fMRI) providesbihiy to
estimate and visualize cortical activation using the BOLD effectdetailed information see
chapter 1.1.2). In the context of preoperative fMRI, customized tasks candoto ugealize
various functions such as language, motor, memory, or visual abilities non-imyasnde
without the administration of contrast agents £5). In addition to task-based fMRI
paradigms, resting state fMRI (rsfMRI) is also gaining popularity and importanee, H
patients lie in the MRI scanner without an explicit task whileicaractivation is measured
during the resting state. This offers the advantage that patients wbogaigvely incapable
of performing certain tasks can also benefit from the advantages of preapé@viil. It can
also be used in sedated patients and is less dependent on patients’ compli#&2je (60

By combining different modalities such as fMRI and diffusion-weighted imagnmsgiumor
can be visualized in relation to surrounding tissue, eloquent cortex areabeanttacts
enabling the optimal planning of the surgical approach. The aim is to iménil@amage to intact
eloquent cortex areas while maximizing resection of abnormal tissue (28,63,64)uCtiess
of this procedure has already been empirically investigated and confirmed (57,65).
However, when evaluating and incorporating preoperative fMRI data, ttlmusept in mind
that precise mapping of cortical activations can be affected by vadaasve changes in the
brain. For example, the space-occupying nature of brain tumors can lead &cedispht of
brain tissue and thus influences the topographic organization of the cortexofipicates
the correct anatomical localization of functionally relevant areas (64)3ddiian, structural
tissue changes can influence the BOLD signal, especially in thediat@icinity of the tumor.
This is not limited to the area of the tumor itself, but still sh@ffects in more distant areas
that exhibit normal vascularization. This can be explained by thetHat glial tumors in
particular exhibit infiltrative growth into surrounding tissues, which can afffest structure
and function (66). In addition, the BOLD signal can be affected by hemorrhage and the
formation of edema (55).

Furthermore, the interpretation of cortical activation in the vigioitumors is complicated by
tumor-induced disruption of neurovascular coupling, which in turn affects the BOLD signal as
this depends on the local increase in the concentration of oxygenated hemoglobbiandhe
Especially tumors with higher malignancy are associated with pathdl@dieeation of the
vessels, which may prevent them from responding adequately to an increase wohlousl

and oxygenated hemoglobin concentration associated with cortical activation (67,68).
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This can result in functional areas showing a lack of cortical activation in theagoal of the
fMRI, which can be erroneously attributed to a decrease in functional a&iwuitynot to a
pathological physiology resulting in a false-negative BOLD signal. Thisiweg complicates
the interpretation of the cortical response to appropriate stimuth & decrease of cortical
activations in fMRI in patients with brain tumor has been descriesdral times (6%1),
although never a complete absence of the BOLD signal occurred, but only a agnific
attenuation. This was not only seen in high-grade tumors showingre@dpaeurovascular
coupling or even neurovascular uncoupling (67,69,70), but has also been reported previously
in patients with low-grade gliomas (72).

All of these described factors must be taken into account when integpegreoperative fMRI

in order to derive the maximum benefit for the individual patient from the usgsahethod

while minimizing the risk of postoperative deficits.

1.5 Aim of the thesis

Preoperative imaging allows noninvasive mapping of eloquent brain areas st e
interpreted cautiously due to the previously described discussion abdutethety of the
BOLD signal in the presence of a brain tumor. With regard to this backgrowegnis even
more important to evaluate the influence of the tumor on the acquiredilytiil using patient
data and thus to gain a better understanding of this phenomenon. In tkist,cardonstant
critical questioning and optimization of techniques are essentiam@hregoal of this thesis is
to contribute to this endeavor. This was achieved by three studies thatatiffeesnt aspects
of the investigation of brain tumor behavior in MRI, both in terms of methodology and
interpretation.

In these three studies tumor-related neuroplastic processes in patigetgoing preoperative
treatment at the University Hospital Regensburg were evaluated artdigdaunsing different
techniques of structural and functional magnetic resonance imaging to fudhestehize brain
tumor behavior. The aim here is to examine this disease of thalagrrous system by using

multiple methods. The following research questions are addressed in these these studi
1. Investigation of how the presence of a brain tumor or space-occupyingédsian in

the occipital lobe affects fMRI eccentricity mapping of centratidle, and peripheral

visual field areas.
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2. Development and evaluation of a preprocessing protocol that allowshtbe-
dimensional reconstruction as well as the analysis of functional Mialwdang the

FreeSurfer software.
3. Investigation of structural and functional differences between two groups of

glioblastoma patients with different morphological tumor growth patterns.
Based on these research questions, three studies will be presented in the followarg.dhapt

addition, the relevant background of each study as well as the resultifgcdpgmtheses will

be discussed in more detail in the respective chapter.
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2 ANALYSIS OF CHANGES IN fMRI RETINOTOPIC MAPPING IN PATI ENTS
WITH BRAIN TUMORS AND SPACE-OCCUPYING BRAIN LESIONS INT HE AREA
OF THE OCCIPITAL LOBE

Parts of this chapter were published as:

Hense K, Plank T, Wendl C, Dodoo-Schittko F, Bumes E, Greenlee MW, Sch@idt
Proescholdt M, Rosengarth K. fMRI Retinotopic Mapping in Patients with Brain Twendrs
Space-Occupying Brain Lesions in the Area of the Occipital Lolaacérs. 2021;13(10).
doi:10.3390/cancers13102439 Cited in: PubMed; PMID 34069930.

Directly adopted text are marked as such.

2.1 Introduction

2.1.1 The human visual system

Anatomically, the human eyeball is composed of a dioptric apparatuenasnakiliary system
that helps to protect the eye by using eye muscles, eyelids, conjuaciiviacrimal glands.
Light entering through the pupil first passes through all the layers of tha meside the eyeball
before reaching the photoreceptors on the outer side. Here, the light stiradosested into
electrochemical impulses before the information is processed andramsmitted. Via the
optic nerve, the visual information reaches the lateral geniculeieus of the thalamus. This
is the origin of the visual radiation, through which the information rsstratted to the primary
visual cortex and secondary visual cortex. There, the processing stream of information divides
into the dorsal and ventral pathways. The former projects to thegbdaleé and serves to
perceive localization and motion of objects while the latter ptejex the temporal lobe,
processing information about the color and shape of object8%)y.3

Of note in this circuitry is that retinotopic organization is nam#d throughout the entire
pathway of information transmission. This means that neighboring areas retinbheare also
represented neighboring in the thalamus as well as in the g@tak. Thus, cortically different
areas of the visual field can also be distinguished allowing diffeceeintricities and meridians
to be separated from each other. In addition, the distribution of receptors corresponideng
retina is preserved. This is particularly evident when comparing the fen&alcs to the retinal
periphery, which shows an overrepresentation of cortical area due to the high dénsity

receptors in the central retina compared to the surface area occupied there (76).
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2.1.2 Examination of the human visual system

Research of the (retinotopic) organization of the visual system stdréadiyain the 19th
century when Munk found the occipital cortex to be relevant for visual abilitiesonkeys
(77). This hypothesis was supported a later by findings in humans, in Wwhichltarine sulcus
was found to be an important cortex area for vision£§03.

With the development of imaging techniques in the 1980s and 1990s, the puessifolit
studying the visual system widened. These allowed studies to no longetited to lesion
studies, but enabled the examination of the intact visual system infius, in the late 1980s,
the primary visual cortex was studied for the first time using positragsem tomography
(PET). In addition, with the development of functional magnetic resonaragng (fMRI),

the cortical response to visual stimuli could be estimated for thdifirs. This also allowed
investigation of retinotopic organization using a phase-encoded paradigm (81).
Increasingly improved acquisition and analysis methods make it nowadays@os produce

a detailed in vivo visualization of retinotopically organized maps of the human visual. For this
purpose, different methods are used. In phase-encoded measurement, stimuli in fotmgf rota
wedges and expanding and contracting circles are used to stimulate tgéetsrof the visual
field. Cortical activity in response to this stimulation can be estidhasing the BOLD effect

in fMRI, providing evidence for the representation of different visual fieldilat#ons in the
cortex. Due to the constant movement of the stimulus, the entire fisddatan be scanned
within a short period of time. In contrast, meridian mapping or eccentni@fyping uses a
block design (see chapter 1.1.2) in which only part of the visual field is exclusively stimulated
for a certain stimulation period. These allow the delineation of viswalsabased on the
stimulated meridians and eccentricities after analysis ofMiid data. In addition, when an
appropriate paradigm is used, the superior and inferior visual figldelaas the central and
peripheral visual fields can be distinguished from each otheBg2

These methods are not only used for the systematic study of the videat aydiumans but
have also become established in the clinical context. The amncisaracterize and classify
pathological changes of congenital or acquired diseases, lesions and trauthasdse of
patients with a brain tumor or a space-occupying brain lesion iaréaeof the occipital lobe,

for example, the brain areas that are still functionally intact despite the tambeadentified
during preoperative imaging. This information can thus be used to plan theakurgic
intervention. The goal here is to achieve maximum resection of the tumesion while
preserving functionally intact areas in order to avoid additional postogeevetual field loss.

This would have an additional complicating effect on the postoperative course, fiaiis de
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the central visual field having more severe consequences (86). Paradigras suemandom

dot kinematic program (87), flickering checkerboard patterns (58,88), or light flashes\{&9) ha
been used for this purpose in previous studies. These studies also showedabertative
fMRI techniques provided comparable results to visual field perimetry oroperative
electrocortical stimulation. Nevertheless, these paradigmslbasibeir empirical elaboration
with regard to their application in patients with brain tumor or lesioruaderrepresented in
the literature compared to corresponding studies on language and motasaliiite reason

for this underrepresentation may be the rarity of this tumor location. Accoaiagédcent
epidemiological study, less than 3% of all brain tumors are located octhgtal lobe (21),
making it notably difficult for clinical researchers to find an approgsiderge sample for
representative results.

In addition to task fMRI paradigms, resting state fMRI (rsfMRI) has also become increasingly
popular in clinical investigations to identify functional networks in regeats. In this context,

it was shown that patients with pituitary adenoma or meningioma, who had vistiadietts

due to compression of the optic chiasm, showed improvements in the fuhctonactivity

of visual areas as well as visual abilities after surgicactesm of the tumor (90). Further
studies could also show the influence of such a compressing tumor onmmgihology.
Compared to a healthy control group, patients showed a reduced cortikak#sidan the
occipital lobe and a reduction of gray matter volume, which incdealter decompression

surgery and correlated with the improvement of visual abilities (91).

2.1.3 Aim of the study and hypotheses

The aim of this study was to investigate how the presence of a brain tumorexospapying
brain lesion in the occipital lobe affects the BOLD signal duengentricity mapping of
central, middle and peripheral parts of the visual field. In particular, it was tbonsehether
the retinotopic organization of the visual cortex is still intact in fMRI in thesergati

Previous descriptions of paradigms for functional mapping of visual areas already showed that
functionality was indeed still present and could be mapped (58,87,89). Therebyeusising
checkerboard patterns, correlations could be drawn between the activationipatiervisual
cortex and the results of a perimetric examination (58). In this studyassismed that the
eccentricity mapping paradigm can be applied analogously to othemdgl used and
established paradigms in preoperative fMRI examinations and alloadegjuate assessment

of the retinotopic organization of remaining intact cortical areas on a whole-hrain le
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Hypothesis 1

HO: The eccentricity mapping paradigm is not an adequate method for pra@perat
visualization of functionally intact visual brain areas and therefore cd@nosed in patients
with brain tumors. This is evidenced by a high amount of statistically signifaifferences in
the cortical activations elicited by the stimuli compared with those of headtityol subjects.
H1: The eccentricity mapping paradigm represents an adequate nfethpdeoperative
visualization of intact visual brain areas and can therefore blerupatients with brain tumors.
This is reflected by cortical activations elicited by the gtirbeing similar to those of healthy

control subjects.

In addition to the investigation on the whole-brain level, thei@rfte of the brain tumor/lesion
on the BOLD signal will also be investigated in different regioriatefest (ROIs) relevant for
processing of visual stimuli. Here, previous studies have already shawtustl changes in
the occipital cortex as a consequence of suprasellar tumorsybes these did not affect the
occipital lobe but the optic chiasm (91,92). These changes should atefidmted at the
functional level, as other studies have already shown a correlatioadretihe presence of a
brain tumor and a decrease in the BOLD signal in other parts ofdime(68,93,94). Therefore,
the presence of a brain tumor/lesion in the occipital lobe regiorexg@escted to influence the
percent signal change as well as the extent of cortical activattbe pfimary visual cortex of

the affected hemisphere.

Hypothesis 2

HO: There is no statistically significant difference in percent sighahge and cluster size of
activated voxels in the anatomical region of interest of the primamalcortex in patients with
brain tumor/lesion and healthy controls.

H1: The percent signal change and cluster size of activated voxbks anatomical region of
interest of the primary visual cortex are statistically signifigadifferent between patients with

brain tumor/lesion and healthy control subjects.

In addition to the primary visual cortex, regions of interest along thmlprocessing pathway
were also be investigated. ROIs were chosen that are known to be invdiiglteinvisual and
attentional processes. Since they are partially located otitsdeccipital lobe and thus more
distant to the tumor/lesion, its direct influence on the BOLD signaimitted here (67).

Although these regions are usually not directly activated by the eccgntragiiping paradigm,
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they were assumed to receive less input from areas affected by thedsimorfo a reduction

was expected here as well.

Hypothesis 3

HO: There is no statistically significant difference in perceghai change in different
anatomical regions of interest involved in visual or attentional processesdpepatients with
brain tumor/lesion and healthy control subjects.

H1: The percent signal change in different anatomical regions of intevested in visual or
attentional processes differ statistically significantly betvpatients with brain tumor/lesion

and healthy control subjects.

In addition to the described ROIs in the affected hemisphere, the prmrdasg anatomical
regions of the contralateral hemisphere not affected by the tumor/lesiomlserexamined.
Here, it was assumed that a higher percent signal change is prettentegions, since these
should be far enough away from the tumor and thus are not exposed to its direnotabn
the BOLD signal. In this regard, the distance from the tumor plays an impmiam terms
of percent signal change (67,94). Moreover, this unilateral influence of a tuntoe &OLD
signal should be reflected in the lateralization index, as it compleesxtent of cortical

activations between both hemispheres and computes it into a ratio.

Hypothesis 4

HO: There is no difference in the percent signal change within thenaical regions of interest
between the tumor/lesion affected and unaffected hemispheres withiratibat groups.
Furthermore, this is reflected in the lateralization index, which Hew aalue and does not
differ from the value of the healthy control subjects.

H1: There are statistically significant differences in the persegtal change within the
anatomical regions of interest between the tumor/lesion affected and tewffieenispheres
within the patient groups. The lateralization index also showedtstallis significant higher

values compared to the healthy control group.

Besides the investigation of cortical activation in a whole-lmaatuation as well as in different
relevant local regions of interest, the influence of a tumor / lesiatifferent cortical networks
was also investigated. It was assumed that the network charather lmfiman brain allows

interaction between neighboring as well as distant areas everthgcontralateral hemisphere
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via anatomical connections (95,96). Damage to one otth#erconnected regions or the
connection between them can therefore also affect downstream regions, leading t
neurocognitive deficits (97).

In addition to these structural connections, a tumor/lesion can alserioél the functional
connectivity between different areas, meaning that this may be redugatients compared to
healthy control subjects (2800). In addition, magnetoencephalography (MEG) studies
demonstrated that this not only affected the tumor-affected hemisphere, but ad$ietimdn

the contralateral unaffected hemisphere (101,102).

Hypothesis 5

HO: There is no statistically significant difference in functiomadreectivity within and between
different cortical networks between patients with brain tumor/lesion and heafitipls.

H1: There is a statistically significant difference in functional conwigégtvithin and between

different cortical networks between patients with brain tumor/lesion and healtitrgls.

2.2 Methods
The ethics committee of the University of Regensburg approved this retigepstudy
(reference number: 19-1337-104).

2.2.1 Sample selection

To investigate the hypotheses, this study examined the preoperatived@#Rbf a patient
sample with brain tumor or space-occupying brain lesion in the occif@able well as fMRI
data of a healthy control sample.

In order to select the patient sample, a database consisting of patentsceived fMRI as
part of their preoperative treatment at the University Hospital Rbgemsvas searched.
Inclusion criteria were the presence of a brain tumor or lesion imdbipital lobe and a
preoperative fMRI using a paradigm for retinotopic mapping.

To demonstrate the applicability of the paradigm in the patient groupdé#ta were compared
to those of healthy control subjects without neurological or psychiatdasks For the selection
of the control sample, a pseudonymized list of all subjects examitieMRI in several studies
investigating hereditary and age-related macular degeneration atgadrbent of Psychology
| at the University of Regensburg was used (#@%) to find an age- and sex-matched control

subject for each patient, as far as possible.
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2.2.2 Image Acquisition

Data collection took place at two different MRI scanners at thieddsity Hospital Regensburg
(patient sample) and at the District Hospital Regensburg (control sample).

3)RU SDWLHQWYV PDJQHWLF UHVRQDQFH LRMDUDEshZIDY SHUIR
body scanner (MAGNETOM Skyra; Siemens, Erlangen, Germany) with a 32-cHasatk!

coil. The visual stimuli were presented to the patients viareor mounted on the head caill,
which directed the view to an MEERPSDWLEOH " %2/'" VFUHHQ &DPEU
Systems, Rochester, UK) placed at the end of the scanner. A T2*-vekgghtient echo planar
imaging (EPI) was used to acquire functional images (TR = 2000 ms, TE = 30 ms,
FoV = 192 x 192 m# flip angle = 90° and voxel size = 2 x 2 x 3 Anin each image volume,

31 axial slices were obtained using an interleaved scan sequendditionaa T1-weighted
structural image (TR = 1980 ms, TE = 3.670 ms, FoV = 256 x 25§ ftimangle = 9° and

voxel size =1 x 1 x 1 mfhwas obtained.

Magnetic resonance images for control subjects were obtained usargenS Allegra 3-Tesla
head scanner with a single-channel head coil. The visual stimuliprgexted onto a screen

by an LCD projector behind the scanner bore and, from there, via a mirror into the visual field
of the subjects. T2*-weighted gradient echo planar imaging (EPI) was asedquire
functional BOLD images (TR = 2000 ms, TE = 30 ms, FoV = 192 x 192 ffimangle = 90°

and voxel size = 3 x 3 x 3 nfjnIn each image volume, 34 axial slices were obtained using an
interleaved scan sequence. In addition, a T1l-weighted structuraé ifi&) = 2300 ms,

TE = 2.910 ms, FoV = 256 x 256 mnflip angle = 9° and voxel size = 1 x 1 x 1 Aras
REWDLQHG °

The stimuli of the eccentricity mapping paradigm used in this study tehitthree circles

of different sizes covering the central (0.8 - 9° visual angle), middle (9 - 17° visual angle), and
peripheral visual fields (17 - 24.2° visual angle). Thus, the activation pattedd be
determined at three eccentric locations along the calcarine sutcpse\vaously described in
other studies (82,107). These circles consisted of a checkerboard pattdtertietea between
black (1 cd/m2) and white (330 cd/m2) at a flicker rate of 8 Hz toemteadaptation to the
stimulus which enhanced cortical activation. The background was gray (165 cd/m2).

The paradigm was designed as a block design (Figure 1). The stomblatcks lasted 13s and
consisted of the presentation of one of the three circles of different sizes. The baaelthe w
presentation of an empty background for a duration of 18s. Stimuli were piksesihg
Presentation (Neurobehavioral Systems). To avoid active eye mageamehthus changes in

the stimulated visual field, patients or subjects were instruotémtts a fixation stimulus on
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the center of the stimulation field. In this case, patientsdikatblue dot, while control subjects

looked at a cross in the center of the screen.

tins

Figure 1. Example of the stimuli used in the retinotopic mapping paradidns figure was
taken from (106).

2.2.3 fMRI data analysis

The fMRI data analysis was performed using Statistical Parametnqpiva 12 (SPM12;
http://www_fil.ion.ucl.ac.uk/spm; accessed on 20.09.2022) with MATLAB version 2019a
(The Mathworks Inc., Natick, MA, USA).

During preprocessing, first motion correction was performed and the structuratigtited
image was coregistered to the mean functional image. Subsequeatyriictural image was
segmented and the deformation field calculated during this step was usednilize all
functional images as well as the structural image into the MMidsird space. In addition, the
functional images were smoothed with a FWHM of 8mm. Statisticalysis was performed
using the General Linear Model. The study design was considered in the fahmeef
regressors reflecting the presentation of each of the three eccestfmiteeregressor each for
the inner, middle, and outer circles). These were then convolved with the hemazyna
response function. The fixation period was not explicitly modeled as a sepayessor and
served as an implicit baseline. The six motion parameters (thaaslational and three
rotational motion directions each) estimated during realignmentalsgréncluded in the model
as additional regressors. After individual-level analysis (1st-levelysisgl the individual

patient groups and the assigned control subjects were additionalpaced in various group-
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level analyses (2nd-level analyses). The Automated Anatomicalibgb(AAL) toolbox
(1084.10) was used to assign statistically significant clusters to aratbregions. For the
results of the statistical analysis of the fMRI data, a significkewa? of p <.001 (uncorrected)
was set at the voxel level and p = .05 (FDR-corrected) at the cluster level.

During the data analysis, increasing difficulties in segmentation andimgsntirmalization
became apparent, especially in older patients and subjects. Theaeedppebe caused by an
age-related change in cerebrospinal fluid (CSF) volume (111). Due to the aging ,process
morphological changes such as size and shape occur in the brain.arhessult in registration
and transformation processes not always performing as intended. In this stuggstmainly
shown by CSF-filled cavities in frontal areas leading to a miscaicnlaf the extent of the
brain, resulting in an inappropriate transformation matrix being calculatedt. farhe
application of the same led to an incorrect normalization of the funtasnaell as structural
data into the standard MNI space, which was particularly evidenp@omlcorrespondence of
occipital regions with the corresponding anatomical areas. The sotatibis problem was
achieved by applying skull stripping, where all tissue types outside the brain $gkulICSF)
were removed, resulting in a better segmentation of the total braimgoFor this purpose,
the CAT12 toolbox version 12.7 (http://www.neuro.uni-jena.de/cat/; accessed on 20.09.2022)
was used.

To characterize local changes in the BOLD signal, region of intered) @@lyses were
performed using the Marsbar Toolbox Version 0.44 (112). To create the ROIs, ohds&s
Regions of interest of the calcarine fissure, area MT+, inferotemporal gyrderrfugiyrus,
precuneus, intraparietal sulcus, frontal eye fields, and dorsolateral pretroriéd (DLPFC)
were first exported from the AAL Atlas using the WFU Pick Atlas boal Version 3.0.5
(110,113,114) as well as the Anatomy Toolbox Versd (115417). Within these inclusive
masks, the t-map of the 1st-level analyses was used to Seecbxel that was maximally
activated within the anatomical region for each of the eccergs@f each patient and subject.
A sphere of diameter 5mm was then placed around this voxel, resulting ah af ®ROIs per
anatomical area and subject (3 ROIs per hemisphere). For each ROI, the percecitanyea
(PSC) was calculated using Marsbar. In addition, the cluster size oftedtwaxels in the
anatomical ROI of the calcarine fissure and surrounding cortex was cadcUlateapture the
hemispheric distribution of cortical activations, the lateralizationxingighin the occipital
cortex was also estimated using the LI toolbox (118).

The CONN toolbox (119) implemented in SPM12 was used to evaluate functonaitivity.

As with analysis of fMRI data, preprocessing of the data was requireditgtreSince the
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toolbox is based on SPM12, the previously created SPM.mat files watermeaning that a
new preprocessing of the data was not necessary. During denoising, theiB@lderies were
bandpass filtered (0.008-0.09 Hz) for noise reduction, and linear detrending wad éf0ie
After individual-level analysis (1st-level-analysis), group ROI-to-ROI arsly@nd-level-
analysis) were calculated for 23 implemented network ROIs (Default Mode rketisual
network, Salience network, Dorsal Attention network, and Fronto Parietal netwmrk)
determine the effect of tumor/lesion on functional connectivity within lagiiveen these

networks and to compare them between the different groups (Table 2).
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Table 2. Overview of all networks analyzed for this study.

Network

Region of interest

Abbreviation

Default
Mode

Medial Prefrontal Cortex
Lateral Parietal
left hemisphere
Lateral Parietal
right hemisphere
Precuneus Cortex

MPFC
LP (L)

LP (R)
PCC

Salience

Anterior Cingulate
Anterior Insula
left hemisphere
Anterior Insula
right hemisphere
Rostral Prefrontal Cortex
left hemisphere
Rostral Prefrontal Cortex
right hemisphere
Supramarginal Gyrus
left hemisphere
Supramarginal Gyrus
right hemisphere

ACC

ANS (L)
A.NS (R)
RPFC (L)
RPFC (R)
SMG (L)

SMG (R)

Dorsal
Attention

Frontal Eye Field
left hemisphere
Frontal Eye Field
right hemisphere
Intraparietal Sulcus
left hemisphere
Intraparietal Sulcus
right hemisphere

FEF (L)
FEF (R)
IPS (L)

IPS (R)

Fronto
Parietal

Lateral Prefrontal Cortex
left hemisphere
Lateral Prefrontal Cortex
right hemisphere
Posterior Parietal Cortex
left hemisphere
Posterior Parietal Cortex
right hemisphere

LPFC (L)
LPFC (R)
PPC (L)

PPC (R)

Visual

Medial Visual Areas
Occipital Cortex
Lateral Visual Areas
left hemisphere
Lateral Visual Areas
right hemisphere

MED
OoCcC

LAT (L)

LAT (R)
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2.2.4 Statistical data analysis

Numerical data were analyzed using SPSS Version 25 (IBM, Armonk, NY, USA).
Differences in percent signal change between affected and unaffectespline®s were
evaluated in a repeated measures ANOVA for each group (healthy contrads patients, and
lesion patients) separately using area (Calcarine fissure, MT+, ITgrfusiprecuneus, IPS,
FEF, or DLPFC), hemisphere (affected or unaffected), and stimulated ecte(itmar circle,
middle circle, or outer circle) as within-subject factors. In additioncéiheulated tumor/lesion
volume of each patient was used as covariates. This was setrfof@nthe healthy controls.
The Mauchly test for sphericity was also performed to evaluate the ggofNariances
between factors within subjects. In case of violations of this sptyeassumption, the
Greenhouse-Geisser adjustment was used.

In addition to the evaluation within the three groups, they were also compaleshwiit other.
For this purpose, a repeated measures ANOVA was performed with thefaztors as
previously described, using diagnosis (control, tumor patients, or lesiontppadditionally
as a between-subjects factor. Tumor/lesion volumes were againedchsdcovariates and
Greenhouse-Geisser adjustment was used for violations of the sphericity assumption.
Analogous to the comparison of percent signal changes between groups, this was dtso done
cluster size of activated voxels in the area of the Calcarine fissure.

Lateralization indices were evaluated nonparametrically using Kruskd#iswWwtest for
independent samples.

Corel version 19 was used for graphical representation of the results. Theivesgtaadard
error of the mean was used to create the error bars. Statisticallycsighi@sults were indicated
with * for p < .05, ** for p < .01, and *** for p < .001. Figures for the visualization of the
functional connectivity were taken from the CONN Toolbox as well agexteasing the

connectivity matrices calculated in the second level analysis.

2.3 Results

2.3.1 Description of the sample

In total, MRI data of 19 patients (P1-P19; 12 females and 7 males) aget §¢ars (M =
45.79 years, SD = 19.632) were included in the sample. This was further subdivad&d int
patients with brain tumor and 7 patients with a space-occupyaig lesion. The fMRI data
were collected during routine preoperative treatment at the Uriiwveétsspital Regensburg

between April 2017 and August 2019 and retrospectively analyzed in this study.

46



Each patient had a diagnosis of a brain tumor (6 glioblastoma multif@megtastases,
1 glioma, 1 pilocytic astrocytoma, 1 ependymoma, and 1 ganglioglioma) or a spapgHogcu
brain lesion (3 arteriovenous malformations, 3 cavernomas, and 1 inflamnesiory) lin the
occipital lobe (see Table 3). As the histological classificatioim@fdescribed tumors did not
follow the new WHO classification of 2021 at the time the study pexrformed, this is
expressed as Roman numerals following the convention used at that time.

In addition to the patient sample, 19 healthy control subjects (C1-Gd8ia@es and 10 males)
aged 13 to 78 years (M = 46.16; SD = 19.021) were retrospectively selected. Whenever
possible, each patient was assigned an age- and sex-matched swalojot. An unpaired
samples t-test showed that the two groups did not differ regarding geeift(86) = .059;
p =.953).
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Table 3.Composition and characteristics of the patient#AB) and control sample (Gl

C19) used in this study.
This table was taken from (106).

Subject Sex Age

Diagnosis Hemisphere Location

Visual
Field Defects

Volume
(mm?3)

P1 f 52 GBM

P2 m 73 GBM

p3 ¢ 3 Pilocytic
astrocytoma

P4 m 48 Cavernoma

P5 f 40 Ependymomk

P6 m 60 Metastasis

P7 f 48 Metastasis

P8 f 74 GBM

P9 f 29 Cavernoma

P10 m 43 GBM

P11 f 71 GBM

CNS
P12 f 31 inflammatory
tissue

P13 f 70 Cavernoma

P14 m 24 AVM

P15 f 46 AVM

P16 m 47 GBM

P17 f 60 GBM

left

right

right

right

right

left

right

right
left

left

left

right
left
left
left

right

right

Parieto- 5 547 < HH on the right sid
occipital

HH on the left side

64,816.« Improvement after
the surgery

incomplete HVL in
the lower left

guadrant
HVL in the upper lef

quadrant

temporo-
occipital

occipital 2233.3

occipital 1506.8

parielo- - 5508 0o loss of visual fiel
occipital
Restrictions in the
visual field coming
from the temporal

side
incomplete HVL in

the lower right
quadrant
3589.6 HH on the left side
432.5 n.a.
HVL in the lower

right quadrant

occipital 6146.5

occipital 4684.1

occipital
occipital

occipital 3452.0

1emporo-, , 436.: HH on the right sid
occipital

occipital 1236.3 n.a.
occipital 818.8 n.a.
occipital 29,976.¢ n.a.
occipital 345.7 no loss of visual fiel
—— incomplete HVL in

P. 8361.6 the lower left
occipital
quadrant

parielo- - 5o, 4 n.a.
occipital
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unspecific visual
P18 m 12 Ganglioglioms left occipital 1761.4 field losses in the
inferior area

Pl9 f 34 AVM eft ~ Paneto- na.
occipital
C1 f 52 - - - -
C2 f 71 - - - -
C3 f 23 - - - -
C4 m 45 - - - -
C5 f 38 - - - -
C6 m 60 - - - -
C7 f 51 - - - -
cs8 m 83 - - - -
C9 m 28 - - - -
Cl0 m 40 - - - -
Cll1 m 71 - - - -
C12 f 34 - - - -
C13 f 68 - - - -
ci4 f 23 - - - -
Cl5 m 40 - - - -
cie6 f 51 - - - -
C17 f 61 - - - -
Cil8 m 13 - - - -
c19 f 34 - - - -

Abbreviations: GBM: Glioblastoma multiforme, AVM: Arteriovenous malfotioa, HH:

homonymous hemianopsia, HVL: homonymous visual loss, n.a. information not available.

2.3.2. Functional activity clusters

To investigate the influence of a brain tumor/space-occupying brain lestbe 8OLD signal

during retinotopic mapping, fMRI data from the patient and control groups debaiioe

were analyzed. Here, the cortical activation due to stimulationcadasilated three circles
covering either the central, middle, or peripheral visual field. The results dtibatefor each
of the three eccentricities examined, similar patterns of cortiti@htion were found in both
patient groups compared with their respective assigned control subdje¢ck® same time,
however, the extent of activated clusters was found to be lower in pahantsnt control

subjects.

To quantify the differences between the groups, group analysis of the fMRVasperformed
in SPM12 (Figure 2). Here, the comparison of the tumor patients withsiignad control

subjects showed that during stimulation of the central visual Vigld the inner ring, no
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statistically significant differences were found between the two grdopke conditions of
stimulation with the middle and peripheral circles, clusters of ssitaily significant
differences were found in the calcarine fissure and lingual gyrus of both hemisatave§
as in the vermis. For the outer circle, the left cuneus was alsdéutin the cluster. The results
of this group comparison between tumor patients and control subjectsrarasgzed in Table
4.
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Controls Tumor Patients Controls > Tumor Patients
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Figure 2. Patterns of cortical activations of the group of patients with brain taserell as
the according control subjects.
This figure is modified from (106).
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Table 4.Results of the group comparisons of healthy control subjects and tumor patientablEngas adapted from (106).

Cluster MNI
Group Eccentricity T Coordinates
Size Prpr X Yy z Brain Regions
Inner circle 0 - - - - - -
Controls > . . L : .
Tumor Middle circle 344 0.006 439 2 -76 -4 calcarine fissure (both), lingual gyrus (both), vermis

Outer circle 323 0.047 5.08 14 -72

-6 calcarine fissure (both), lingual gyrus (both), vermis, cuneus

Abbreviations: MNI: Montreal Neurological Institute
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When comparing the lesion patients with the assigned control sufiegise 3), there were

more pronounced group differences compared with the results of the tumatspatid their
respective control subjects. The extent of the clusters, which vegistisally significant, was
greater than in tumor patients and also spread over more brain areasntheked the superior

and middle occipital gyrus, cuneus, precuneus, fusiform gyrus, and lingual gyrus, among others.
In addition, it was also found that during stimulation with the middleargpheral circles,
multiple clusters differed statistically significantly betweée {patient and control groups.
These results are summarized in Table 5.
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Figure 3. Patterns of cortical activations of the group of patients with braiones well as
the according control subjects.
This figure is modified from (106).
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Table 5.Results of the group comparisons of healthy control subjects and lesion patientdblémistaadapted from (106).

Cluster MNI
Group Eccentricity T Coordinates
Size Prpr X Yy z Brain Regions
Inner circle 912 0.004 8.23 -16 -82 26 superior ocmplta! gyrgs (left), cuneus (Igft), mllddle occipite
gyrus (left), calcarine fissure (left), superior parietal gyrus (I
614 0.002 8.47 -18 -38 -16 fusiform gyrus (left), parahippocampal gyrus (left), lingual gy
(left), cerebelum (left)
1293<0.0016.98 22 -60 18 ca!carlnel fissure (both)., lingual gyrus (bo.th.), right pregune
(right), right cuneus (right), superior occipital gyrus (right)
Controls > superior occipital gyrus (left), cuneus (left), middle occipite
Lesion Middle circle 991 <0.0016.67 -14 -94 20 gyrus (left), precuneus (left), superior parietal gyrus (left)
calcarine fissure (left), inferior parietal gyrus (left)
insula (left), superior temporal gyrus (left), postcentral gyr
806 0.001 5.67 -42 4 -12 (left), precentral gyrus (left), rolandic operculum (left), |nfe!r|
frontal gyrus opercular part (left), temporal pole of superic
temporal gyrus (left), Heschl gyrus (left), putamen (left)
642 0.024 8.61 12 -78 4 calcarine fissure (both), lingual gyrus (both), cuneus (righ
. precuneus (right)

Outer circle superior occipital gyrus (left), cuneus (left), calcarine fissu

570 0.024 6.49 -16 -84 26 P pital gyrus (left), (left),

(left), precuneus (left), superior parietal gyrus (left)

Abbreviations: MNI: Montreal Neurological Institute
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2.3.3 Percent signal change

In addition to the investigation of group differences in cortical activation on whole {bxeil,
different brain areas relevant to visual processing were investigatepecific regions of
interest (ROIs) analyses. For this purpose, percent signal change (PSC) in these ROIs was firs
determined in both affected and unaffected hemispheres and compareeerbetue
experimental groups. These were then analyzed separately in adepeasres ANOVA for

each group (healthy controls, tumor patients, and lesion patients).

Vithin the control group (Figure 4), there was a significant main effect ofattter area
(F(3.95;67.07) = 44.5; p < 0.001; d = 3.24) but not for the hemisphere (F(1;17) = 2.4; p =0.139
n.s.; d = 0.75), eccentricity (F(2; 34) = 0.8; p = 0.478 n.s.; d = 0.42) or tumor volume
(F(1;17) = 0.3; p=0.569 n.s.; d = 0.29). There was also a significant interaétionoéfthe
factors area x eccentricity (F(4.26;72.40) = 12.0; p < 0.001; d = 1.68). None of the other
interaction effects was significant. The post-hoc t-tests showedirthtlnis group, the only
difference between the affected and unaffected hemisphere (allocaionasia according to

the assigned patient) was found in the DLPFC during the presentation of therimger
(t(18) = -2.2; p = 0.044).(106)

7KH JURXS RI1 WXP R Ua Sighifichri Qai ¥ffackoRtdafa&tct area (F(7;70) = 3.5;

p < 0.001; d = 3.66) but no effect of the hemisphere (F(1;10) = 1.3; p = 0.237 n.s.; d = 0.74),
eccentricity (F(2; 20) = 1.3; p = 0.302 n.s.; d = 0.71) or tumor volume (F(1;10) = 0.0; p = 1.0
n.s.; d = 0.00). There were also significant interaction effects of the factars aceentricity
(F(14;140) = 3.8; p < 0.001; d = 1.23) and area x hemisphere x eccentricity (14;140) = 2.6;
p = 0.002; d = 1.02), as well as a trend for area x hemisphere x eccerttiniypr volume
(F(14;140) = 1.6; p = 0.077 n.s.; d = 0.81), while the other interaction effects remained
significant. The post-hoc t-tests showed that, in this group, the P8€s\differed in the area

of the calcarine fissure during the presentation of the middle ring (t(11) = -3.Q;g®8), in

the area of the inferotemporal gyrus during presentation of the inner ring (t(14.p=

p = 0.032) and middle ring (t(11) = -2.5; p = 0.028) and in the area MT in all tlretecities

(inner ring: t(11) = -2.8; p = 0.016, middle ring: t(11) = -2.4; p = 0.033 and outer ring:
t(11) =-2.9; p = 0.013}.(106)
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Figure 4. Comparison of mean percent signal changes of the three groups studied foe both th
affected and unaffected hemispheres.

This figure was taken from (106).

7KH DQDO\VLY ZDV DOVR FDUULHG RXW WVRKWR ZaH@thifitahR XS R C
main effect of the factor area (F(7;35) = 14.0; p < 0.001; d = 3.3) but not for the hemisphere
(F(1;5) = 1.8; p = 0.243 n.s.; d = 1.19), eccentricity (F(1.11; 5.54) = 3.0; p = 0.136 n.s.;
d = 1.56) or tumor volume (F(1;5) =0.2; p = 0.692 n.s.; d = 0.38). There was also a significant
interaction effect of the factors area x eccentricity (F(14;70) = 4.2; p < 0.001;8%)and a

trend for hemisphere x tumor volume (F(1;5) = 4.6; p = 0.087 n.s.; d = 1.90) and area x
hemisphere x eccentricity x tumor volume (F(14;70) = 1.8; p = 0.058 n.s.; d = 1.19). No other
interactions were significant. The post-hoc t-tests showed thatsigrthup, the only difference

was found in the DLPFC during the presentation of the outer ring (t(6) = 3.3; p = 0(Q0B).

In addition to the statistical analyses of PSC within the thuely gfroups, a repeated measures
ANOVA with between-subjects factor diagnosis (controls, tumor pat@nission patients)

was also performed. This reveal@&lsignificant main effect of the factor area (F(4.46;151.46)
=74.4; p <0.001; d = 2.96) but not for the hemisphere (F(1;34) =2.7; p = 0.112 n.s.; d = 0.56),
eccentricity (F(2; 68) =2.9; p = 0.065 n.s.; d = 0.58), diagnosis (F(2;34) = 0.9; p = 0.398 n.s.;
d =0.47) or tumor volume (F(1;34) =0.1; p=0.802 n.s.; d =0.09). There was also a significant
interaction effect of the factors area x tumor volume (F(7;238) = 2.2; p = 0.035; d = 0.51), area
x area (F(5.68;193.11) = 13.3; p < 0.001; d = 1.25), area x eccentricity x diagnosis (F(28;476)
=1.6; p =0.024; d = 0.62), area x hemisphere x eccentricity x tumor volume (F(14;476) = 1.9;
p = 0.027; d = 0.47) and area x hemisphere x eccentricity x diagnosis (F(28;476) = 1.9;
p = 0.005; d = 0.66), as well as a trend for area x hemisphere x diagnosis (F(¥41288)
p=0.079 n.s.; d =0.61). The other interactions were not significant. The posebtscshowed

a significant difference in the PSC values between the tumor patrehtsealthy controls in

the area of the Calcarine fissure in the affected hemisphere dwipgeentation of the middle

ring (t(29) = 3.3; p = 0.002).(106)

2.3.4 Cluster Size of activated voxels
To further characterize the pattern of cortical activation in the preyististiied ROI of the
calcarine fissure, the cluster size of activated voxels wasallsoted in addition to the percent

signal change. Here, a repeated measures ANOVA was subsequenthtednogcompare the
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three groups (healthy controls, tumor patients, and lesion patients). Thisehegroup
analysis revealed neither a significant main effect nor any interaction effects.

In addition, a repeated measures ANOVA was performed separately for eacliFigoug 5).

This showed a statistically significant interaction effect hphese x eccentricity only
(F(2;34) = 3.5; p = 0.040; d = 0.991) for the control group, while all other interactionslas wel
as main effects were not significant. Similarly, in the group of pitiwith brain tumor, a
significant interaction effect eccentricity x tumor volume (F(2;20) = 5.1; p = Pd%61.43)

was found, but no main effect. However, the main effect tumor volume (F(1;10) =3.5; p
0.093 n.s.; d = 1.18) showed a trend. In contrast, the lesion group showed a signdicant m
effect of the factor hemisphere (F(2;10) = 4.8; p = 0.034; d = 1.96). In post-hoc oitdpis,
statistically significant difference between the affected andutiadfected hemisphere was

found for the group of lesion patients (t(6) = -3.2; 0.619).
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[Lesion

400+

3004
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100+

Activated voxels

Inner Middle Quter Inner Middle Quter
Circle Circle Circle Circle Circle Circle
Affected hemisphere . Unaffected hemisphere

Figure 5. Comparison of mean cluster size of activated voxels of the region of iriétas
calcarine fissure of the three groups studied for both the affected and unaffected hemispheres.
This figure was modified from (106).

2.3.5 Lateralization Indices
To investigate the influence of a tumor/lesion on the hemispheriensym of cortical
activation, the absolute lateralization index was calculated fdn efthe three examined
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eccentricities in the ROI of the occipital lobe (Figure 6). This rexkaltrend for the inner
circle (1 = 5.3; p = 0.070 n.s.; d = 0.65) but no significant difference for the middle (.
8; p =0.387 n.s.; d = 0.11) or outer circléLE 0.6; p = 0.753 n.s.; d = 0.41) in a Kruskal-

Wallis test for independent samples.
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Figure 6. Comparison of the lateralization indices in the occipital lobe B¥tviee tumor
patients, lesion patients and the control group.
This figure was modified from (106).

2.3.6 Functional Connectivity

In addition to the investigation of differences in cortical activation at the vitnale level and
in specific regions of interest (ROIs) that are relevant for visual priogeske differences
between the groups of brain tumor and brain lesion patients and their matched cbjaot$ su
were also investigated regarding functional cortical networks. Forptinsose, functional
connectivity between 23 ROIs of the Default Mode, Visual, SalienoesdD Attention, and
Fronto Parietal networks implemented in the CONN toolbox was calculaiegl kEisher-
transformed pairwise correlations. To quantify the connectivity present, laes analyses for
whole brain activity, each group was first evaluated individually using amgle analyses

(Figure 7) before comparing the patient and control groups.
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This revealed statistically significant intra-network connectiaityall investigated networks
across the three stimulated eccentricities in the control subjecssldition, all three study
conditions also showed significant inter-network connectivity between tfaulD&lode and
the Fronto Parietal network, as well as between the two regionemshof the left and right
intraparietal sulcus of the attention network and various ROIls of other networks.

The patients with brain tumor showed statistically significant ingtavork connections across
all networks and eccentricities, as did the control subjectsdditi@n, they also showed
pronounced inter-network connectivity between parts of the Visual, SgliandeDorsal
Attention networks, as well as between the Default Mode and the Heamietal network.
These connections were evident in all three stimulation conditions examined.

The patients with space-occupying brain lesions showed a similarnpatt@parable to the
control subjects. Again, pronounced connections within the investigated netwenk$ownd
across all stimulated eccentricities, as well as signifizaat-network connectivity between
the Default Mode and the Fronto Parietal network, and between the twogeagiinterest of
the left and right intraparietal sulcus of the Dorsal Attention netandkvarious ROIs of other
networks. At the same time, in contrast to the other two groups, thesatpathowed
pronounced connections of the medial visual area with other regiortsrefsinacross different
networks. These connections were also found across all study conditions.

The p-values of the statistical tests of these analyzes of théohalatonnectivity of each of

the three groups can be found in the Appendix as Supplementary tables 1-9.
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Figure 7. Patterns of functional connectivity of cortical networks relevant foptbcessing of
visual stimuli of the group of patients with brain tumor, brain lesiowels as the healthy

control subjects.
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In addition to the evaluations of the functional connectivity of the individual groups, the group
of tumor patients and lesion patients were also compared with their respectiot gaups.

When comparing the patients with brain tumor and their assigned csulyjekts, the patient
group showed statistically significantly reduced inter-network connectivitheofridividual
regions of interest (ROIs) of the Default Mode network with different ROIthefother
investigated networks for all three investigated stimulation conditioreddition, this group
showed more pronounced intra-network connectivity of the Salience and Dorsalofttent
networks and significantly stronger connections between the different ROIs\o$ula¢ and
Dorsal Attention networks with ROIs of other networks (Figure 8).

The p-values of the statistical tests of these comparisons can beirfotived Appendix as

Supplementary tables 10-15.
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Figure 8. Patterns of functional connectivity of cortical networks relevant optbcessing of
visual stimuli for the group of patients with brain tumor as well asatterding control

subjects. This figure was taken from (106).
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When examining the functional connectivity of the patients with spaagpgicty brain lesion,

they showed a statistically significant reduction in the connedtietvgeen the occipital cortex

and the lateral parts of the Visual network of both hemispheres in thenatebmicondition of

the inner circle as well as the outer circle in comparisoh thi¢ control subjects assigned to
them. At the same time, exclusively when stimulated with the inner circle whikindtwork,

the connection between the medial ROI and the right lateral ROtegaced in these subjects.

In addition, across all three study conditions, different inter-network conneeppesired to

be more pronounced in one of the two groups. However, these appeared to occur
nonsystematically across all networks (Figure 9).

The p-values of the statistical tests of these comparisons can beirotived Appendix as

Supplementary tables 16-21.
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Figure 9. Patterns of functional connectivity of cortical networks relevant foptbcessing of
visual stimuli for the group of patients with brain lesion as wellha@saccording control

subjects. This figure was from (106).
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2.4 Discussion

The aim of this study was to investigate the influence of a hrainrtor space-occupying brain
lesion in the occipital lobe on the BOLD signal during fMRI retinotopic mappntications

of preserved retinotopic organization of the visual cortex were sought thre fainctional
level. The selected methods included direct comparison of cortidgahtéat patterns in
response to stimulation of central, middle, and peripheral parts of the fieddalith circles

of three different sizes and functional connectivity within and between re¢leatical
networks between patients and healthy control subjects. Here, the gatieps examined
separately were those with a brain tumor or a space-occupying biam Esthe underlying
disease was expected to affect the BOLD signal differently (71). To furtiaeacterize the
patterns of cortical activations, the percent signal change in diffiexgions of the brain that
are relevant for processing of visual stimuli, the cluster size ofadetiwoxels in the region of
Interest of the calcarine fissure, and the lateralization index within the occipgalikrie also
calculated for all three groups.

As expected, the healthy control subjects showed the representatitres correspondingly
stimulated parts of the visual field previously described in varstudies (82,107) when the
cortical activation patterns on whole-brain levels were evaluated. Euotisation patterns
were also found in both patient groups, although they appeared reduced axtdei. This
indicates that the retinotopic organization of the visual cortex appebssinhtact despite the
presence of a brain tumor or space-occupying brain lesion in thetaclipe. Moreover, the
similarity of the cortical activation patterns suggests thistdan be adequately mapped using
fMRI eccentricity mapping. It can be assumed that this paradigm &bkuiio visualize the
functionally intact areas of the visual cortex in preoperative examngtias it has been
reported for other stimuli before (58,87,89). Compared with these, the paradigm evaduated
has the additional advantage of being able to distinguish between centratiphdrpévisual
field components, which provides important supplementary information for preeperati
planning and may influence the postoperative outcome and prognosis (35,36).
Furthermore, in addition to the similarity of the cortical activation pagtesome variability
was seen in the differences between the two groups of patients wighesssontrol subjects.
These suggest that in this case the patients with brain tumordisavedier differences when
compared with the control subjects than the group of lesion patiEmse results were
confirmed in a region of interest analysis of the cluster size ofadet voxels, where the
control subjects had the highest values, although these differences from the two patient groups

were not statistically significant. In addition, the hemisphere nottatfdzy the tumor/lesion
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showed larger clusters of activated voxels in the patient groups. These fiotlogsreased
activation in the affected hemisphere fits with the findings of prevstudies (67,70). In
addition, this also corresponds to the results of the examination of tladizatéwn indices (LI)
which, although not statistically significant, showed lower values inraorsubjects,
suggesting a more bilaterally balanced activation within the ocdiplta) whereas both patient
groups, as expected, showed rather unilaterally lower cortical actidaigoio the tumor/lesion
and thus higher LI values (67,88).

To further characterize cortical activation following stimulatiorhvaircles of three different
sizes, the percent signal change was calculated in a totghtfvesually relevant brain areas
of both hemispheres and compared between the groups. The comparison ofctbd affd
unaffected hemispheres of the tumor patients showed significantly more freliftemeinces
than the group of lesion patients, which showed only a single sttissgnificant difference
(DLPFC during outer circle). This reduction in the BOLD signal of the affidutenisphere has
also been reported previously (69,93). In addition to the described interhemisgferaces,
comparison of the patient groups with the healthy control subjects showedRSL values,
although these were statistically significant in only one case (o@cssure during middle
circle). It was also noticeable that the group of lesion patients lodiginigher percent signal
change values than the tumor patients and that these values weretsithitse of the control
group. Similar results had been reported previously (71), showing that corticaltiaati
ipsilateral to a tumor was decreased, whereas activation ipsileiea space-occupying brain
lesion was actually higher. When comparing the results of the examiototuster size of
activated voxels and percent signal change in the calcarine fissuvas ihoticeable that
patients with a space-occupying brain lesion had higher PSC valueblitenethe same time
had smaller cluster sizes in some cases.

In addition to differences in cortical activation, functional connectiwiithin and between
relevant cortical networks was examined. Both patient groups as wak &galthy control
subjects showed extensive cortical connectivity here in single-sagwpleations. When
comparing the patient groups with the control subjects, statistiggtlifisant changes in intra-
network connectivity were found in the Visual, Salience, and Fronto Parietabrist In
addition, reductions in inter-network connectivity of the Default Mode netwerk found in
the brain tumor patient group, which matches previous findings in other studies (121,122).
With regard to the methodology and analyses used, there are some limibtibissstudy,
which should be discussed in the following. First, it should be mentionetthéhdata from the

patients and control subjects were collected in different settingge \fthe control subjects
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voluntarily participated in a study, the patients' MRI data collectias for the purpose of
preoperative treatment and planning of further intervention. Here, the inflaétieesituation

on motivation and willingness to cooperate during data collection canneixdaded.
Moreover, it should be added that both locations used different MRI scanners. Thenefore
additional possible influence of scanner effects cannot be complatdlyded. In total, data

from both 19 patients and 19 age-matched control subjects werenexammithis study. The
validity of the results obtained from this small sample size, wisiclie to the rarity of tumor
location (21), should therefore be considered. For this reason, no investigations could be
performed based on the division according to specific diagnoses, as thiswathide allowed
adequate interpretation of the results, resulting in the two pasi@imsamples having
heterogeneous diagnoses. Accordingly, the influence that, for example, tumoexgedeon

the BOLD signal could not be taken into account (67). Furthermore, beitasis® a cross-
sectional design, no statement can be made about the long-term naturehaindpes found.
Therefore, it should be noted that statements regarding differences befose disegell as
development after resection cannot be made in this study. Longitudileatiool of f/MRI data

both pre- and postoperatively would be desirable in this context and prawvide additional
interesting insights into neuroplastic changes of the visual system theingurse of therapy.

In summary, the results indicate that patients with brain tumor/lesiow similar cortical
activation patterns in the eccentricity mapping paradigm compared to healtty sabjects.
However, these seem to be reduced in their expression due to that pliesase, as it has
already been shown for other paradigms of preoperative planning (67,70). In this regard, the
critical discussion of the integrity and reliability of the BOLD signal wheam@ning patients

with brain tumors should also be noted. Thus, it cannot be stated weintyerhether the
results of reduction in percent signal change and cluster size oétadtivoxels may be
influenced by changes in neurovascular coupling (55). This phenomenon may extend to
neurovascular uncoupling, thus having a profound impact on the interpretation of fMRI results
in patients with brain tumors. Therefore, it is possible that even functionally lm&ao tissue

may show no evidence of brain activity (123). One way to reduce the risk of ssesiméagative
findings approach is cerebrovascular reactivity mapping, in which vasoreadaiit be
integrated into the fMRI data model (72,124).

2.5 Conclusion
The results of this study suggest that eccentricity mapping is alsupiaradigm for the

preoperative examination of patients with tumors and lesions in th@tatlobe. Decisive for
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this conclusion are the similarities found in the cortical activgiaiterns between the patient
groups and healthy control subjects. In addition, it should be emphasized thaidh@atients
showed similar values as the healthy control subjects with respect to the pigr@nttsange
within the calcarine fissure, whereas they showed lower values thamntle patients with
respect to the cluster size of activated voxels in the same arese Tésults represent a
promising starting point for further research to characterize the changebmitations in
neuroplastic processes and reorganization of retinotopic représerassociated with brain

tumors and lesions in the occipital lobe.
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3 EVALUATION OF A NOVEL PREPROCESSING PROTOCOL FOR THE THREE-
DIMENSIONAL RECONSTRUCTION OF BRAIN ANATOMY IN PATIENTS WITH
GLIOBLASTOMA MULTIFORME USING FREESURFER

3.1 Introduction

The continuous development of techniques and methods in the field of MRInditaishas
led to a broad variety of software and tools available to researchersphvemgh are provided
free of charge. Popular choices include Statistical Parametric mafpittg) (125), the
FMRIB Software Library (FSL) (126), and FreeSurfer (127). Nowadays, the challenge for a
researcher in this field is not so much a lack of choices, but ratHerdtthe software that
provides the best possible analysis of the data at hand. It must béhabteaich method offers
both advantages and disadvantages, and there are also limitations tizatatlways allow
unrestricted use for all types of data. In this context, the study predeitev will discuss why
the FreeSurfer analysis software has not been considered a suittine toeevaluate MRI
data from patients with brain tumors and how this obstacle cairdaenvented by using a

novel preprocessing protocol.

3.1.1 Obstacles in the analysis of MRI data in patients with brain tumors

MRI data from patients with brain tumors present a particulatestgd not only in terms of
collection under often difficult conditions, but also in terms of analysis. Intiaddio
anatomical changes due to the tumor, in the case of functional MRI (fMfal)adiEmitation in
neurovascular coupling up to neurovascular uncoupling also complicates kingtiesaand
interpretation (55). In these cases, it is of additional importandettse analysis software that
allows the evaluation of such data characterized by pathologic chdngéss context, the
FreeSurfer software, which allows volume-based as well as surfacedrzgsis of fMRI
data, has not been considered a suitable software for such data.

The reason for this conviction is that here, for the analysis of MRI ddi@e-dimensional
reconstruction of the brain anatomy is required, which is created usinglthesighted
structural image (127). This process presents little to no problem for readgoni data from
healthy subjects with intact brain anatomy. However, for patieat datthe severity and extent
of the lesion or the absence of structures increases, problems aresexedution of individual
steps in the reconstruction process (128). This is particularly eviddm step of brain tissue
segmentation as this uses the intensity-normalized gray levelsioptitamage to divide the

brain into gray matter, white matter, and corticospinal fluid (CSF) based worinteasity.
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Especially areas that appear as white matter hyperintensittee FLAIR-weighted images,
which appear due to the particular lesion and do not occur in this form in healthy subjects, can
be difficult to interpret in the segmentation. These appear as hgpsétn the T1-weighted
image and can lead to misinterpretation of the gray values, especiallycasthef subcortical
localization within the white matter. As a result, parts of timedr are declared as gray matter

or CSF or are not even included in the segmentation (127). This erroneous segmentation
complicates subsequent anatomical assignment of tissue to inditidual regions (129).
Consequences range from faultily segmented areas that could be coridttsnhve effort to
missing of entire brain areas containing the tumor (130). However, sincedthrelesional
reconstruction is the basis for further analysis in FreeSurfer such as cthiaaless
calculation as well as functional MRI and diffusion-weighted data asalgs error-free

reconstruction that adequately represents brain anatomy is of great importance.

3.1.2 Previous approaches addressing these problems

The procedure of previous studies in dealing with data of patients veith lesions in the
context of analyses with FreeSurfer varies and is strongly dependentrespbietive sample
or its type of lesion as well as the aim of the study (130).

Of course, in such cases, there is the possibility to initiallyddewdt to use FreeSurfer and to
use an analysis tool that does not require a three-dimensional recomstafcthe brain
anatomy. In such cases, SPM or FSL are often used as they use a volathegpasach and
thus do not require reconstruction of gyri and sulci, which are used for surfackababgses
as in FreeSurfer.

Some studies already used FreeSurfer to examine MRI data from pafitbntsain tumor or
lesion but limited their region of interest to areas away from ttimor. For example,
Karunamuni et al. (2017) examined hippocampal volume in patients witimagioHere,
patients whose tumor protruded into the hippocampal region based ob-theighted image
after contrast administration, and the FLAIR-weighted image based aaxtinat of lesion-
induced hyperintensities (131). Thus, error-free reconstruction of the cortex suaac®iv
necessary, meaning that the presence of a brain tumor did not affect the analysis.

If the lesion is located in the area of interest, the further procetated be planned depending
on its size and extent. In the case of smaller local ledibas is a realistic chance that their
influence on the reconstruction is so small that they can be compensdigd-feeSurfer. In
cases of other lesions, such as inflammatory lesions in multiple sclerosis, whereéissang

to compensate for them before reconstruction, a lesion filling approach, in thkiaffected
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voxels are replaced by intensity values of neighboring unaffected voxels, aaed® reduce
their influence (132).

For larger lesions that may also involve different cortical structures, neanplex solution
strategies are needed to compensate for them. For example, areas affected by the toenor ca
excluded from further analysis by cost function masking (133). This may improve the
performance of the study, but can equally lead to a deterioration in the qddliy data,
especially those from patients with large lesions (134). As an altern&bedkin (2010)
introduced a "virtual brain transplantation" approach when examinindrdatatroke patients,

by which tissue from the healthy hemisphere is mirrored onto the affectesl \aithin an
anatomical image to create a modified, pseudo-healthy T1-wdightege (128). This idea is

based on the so-called enantiomorphic normalization (134).

3.1.3 Aim of the study and hypotheses

The aim of this study was to develop and evaluate a standardatedgdwith processing steps
that enable three-dimensional reconstruction in FreeSurfer. It was imiptiréd these steps
should contain as little subjective influence as possible and shoatdaagomated as possible.
Overall, previous studies showed that it seems to be possible iipjaitacuse FreeSurfer even
in patients with larger lesions such as stroke (128). These also showeahdtamical
parcellation was comparable to manually created segmentations (180)digly, it can also
be assumed in the case of this study that a complete reconstrudii&i data from patients
with glioblastoma is feasible, as long as these data are appropriatelycpss@d beforehand.

Hypothesis 1

HO: FreeSurfer cannot be used for MRI data from glioblastoma patienterag alimensional
reconstruction of brain anatomy is not possible without error.

H1: Three-dimensional reconstruction of brain anatomy using MRI datateallr'om patients

with glioblastoma is possible in FreeSurfer by using preprocessing steps.

Previous studies have already shown that the results of structural analysas gtagh matter
volume or cortical thickness (135,136) are highly correlated between FreeSurfer ab?2l &@PM
the CAT12 toolbox implemented therein. Although, in most cases, systeowaie or
underestimations of one of the toolboxes studied were also found. These studiegrhowe
involved solely morphological comparisons, whereas functional MRI data were diréghn

this study, based on the results of structural analyses, it waseasgwahonly minor differences
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should be found even when comparing the results of functional MRI data. Totevhisaa
healthy control sample was to show that there is no difference betwersstiits of the two

analysis softwares, before this is also evaluated for patient data.

Hypothesis 2

HO: The results calculated and compared for a healthy contrplesamntreeSurfer and SPM12
are significantly different.

H1: The calculated results of functional MRI analyses obtained oalthyreontrol sample are
not different from those obtained in SPM12.

Hypothesis 3

HO: The results of the fMRI analyses of the patient sample differ signific between
FreeSurfer and SPM12.

H1: The calculated results of functional MRI analyses collected on tlempsample are not

statistically significantly different between FreeSurfer and SPM12.

For the patient sample, a protocol with preprocessing steps waspl/¢o modify a high-
resolution T1-weighted image so that it can be used in FreeSurfer fordilreasional
reconstruction. This reconstruction is subsequently the basis on which the functionalt™RI da
were analyzed. It is uncertain how much this modification affectgebelts of the fMRI
analyses. Therefore, the results from FreeSurfer were compared with those from SPM12 using

both the modified and unmodified T1-weighted images.

Hypothesis 4

HO: When comparing the results from FreeSurfer and SPM12, there are significant differences
between the analyses using the modified and unmodified T1-weighted image.

H1: The influence of the modification of the T1-weighted image is n&ie as there are no
statistically significant differences between the results of$trder and those of SPM12 using

both the modified and unmodified T1-weighted image.
3.2 Methods

The ethics committee of the University of Regensburg approved the conductitis of

retrospective study (reference number: 19-1635-104).
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3.2.1 Sample selection

To investigate the hypotheses stated in the last chaptertuttlysexamined preoperative fMRI
data from patients with glioblastoma and fMRI data from healthy control subjects.

To select the patient sample, a database, including all pauetitspreoperative fMRI
examinations acquired during routine treatment of patients at the rsibyvéiospital
Regensburg was searched.

The inclusion criteria for a data set into the study was the avayatiléd different structural
images (T1, T1C, T2, FLAIR) in the medical record of the respective patveteby the
T1-weighted image had to be a 3D-MPRage image, as well as fMRloflahe language
paradigm used in this hospital for preoperative fMRI.

In addition, retrospectively selected data of healthy control subjectsngrded in this study.
This data was acquired for another study which evaluated the same langraignp as was
used for the patients.

3.2.2 Image Acquisition

For patients, the examination setup was the same as already described in chapter 2.2

A T2*-weighted gradient echo planar imaging (EPI) was used to acquirefusamages (TR
= 2000 ms, TE = 30 ms, FoV = 192 x 192 fpftip angle = 90°, voxel size =2 x 2 x 3 Mm
In each image volume, 31 axial slices were obtained using an inttlesaan sequence. In
addition, a T1-weighted structural image (TR = 1980 ms, TE = 3,670 ms=F2b6 x 256
mm?, flip angle = 9°, voxel size = 1 x 1 x 1 Mmvas obtained.

Data from healthy control subjects were collected at the Distospital Regensburg as part
of a study on a Siemens Allegra 3T head scanner (MAGNETOM Allegnate8® Erlangen,
Germany) using a 1-channel phased-array head coil. Visual stime&dbrtask were projected
onto a projection screen at the end of the scanner and visualized to the subjectisreiaceam
the head coil. Functional images were acquired using a T2*-weighteeé@iree (TR = 2000
ms, TE = 30 ms, FoV = 192 x 192 frflip angle = 90°, voxel size = 3 x 3 x 3 AmA total
of 34 slices were acquired here. In addition, a high-resolution T1-weligituctural image
with 160 slices was acquired in each subject (TR = 2300 ms, TE = 2.91 ms, Fs8/% 256
mn?, flip angle = 9°, voxel size =1 x 1 x 1 Mn

All stimuli were created and presented with the stimulus delivedyexperimental control
program Neurobehavioral Systems Presentation (www.neurobs.com). Stimupreseated
in written form and were centrally arranged and presented in black fontlightagray
background.
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10s 20s 10s 20s

Figure 10. Example of the stimuli used in the verb generation paradigm.

For this study, a semantic paradigm for verb generation (Figure 10) was uaedéi had the
largest patient sample available. During the language task patreht®ntrols were instructed

to generate a semantically associated verb corresponding to a presentde.goumilk -

drink). During the acquisition, blocks of stimulation (20s) and rest period (fixatiarcross;

10s) alternated. Here, during the stimulation period, a new stimulus was presented every 2s, to
which the patients were asked to respond by forming the corresponding verb in their mind
without speaking. This was to avoid movement artifacts as wekr@smotor language-

supportive but not language-critical brain activation.

3.2.3 Preprocessing protocol and three-dimensional reconstruction

The relevance and necessity for creating a preprocessing protocol that alloorsitete and
accurate cortical reconstruction in FreeSurfer becomes clear wheimgdedath the
T1-weighted image of a patient with a brain tumor. In this case,tbastuction runs properly

up to the creation of the white matter segmentation and the filling in of the white master m
Since the tumor cannot be clearly assigned to gray or white matter due to its out-of-range gray
shades in the T1l-weighted image, this often results in either aengetation (segmentation

of a subcortical tumor as gray matter) or a hole (tumor missing) in the mask.

This caused large defects to be found in the subsequent stepsalBspedhe automatic
topology fixer, with a number of faulty vertices of 20000-60000 not uncommon. Considering
that the processing time to repair a defect in this step is egtia square of the number of
vertices involved, defects in this size range can be expectalldseveral days to weeks or
even months to process. For studies involving not only a single but multiptstsasuch
reconstruction times are unacceptable given that the cost of giragégars no relation to its
benefit. Moreover, these repair processes were not infrequently aborted withitst aésr
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prolonged reconstruction times, since this step was very detrimentakrikong memory and
often exceeds its capacity. Therefore, during this study, different ways of megrarthe T1-
weighted image were evaluated in order to generate the most suitgibet$ar reconstruction

for further data analysis of MRI data (Figure 11).

Healthy controls

Figure 11. Three-dimensional reconstruction of a patient with temporal gliobtestessing a
native T1-weighted image (left) and the same patient using a doatianced T1 image
(middle). For comparative purposes, the successful reconstruction of teyfeeatrol subject

is also illustrated (right).

The preprocessing protocol to be evaluated in this study is based onntgmeof the
patient's tumor using multimodal MRI images. For this purpose, T1-weighted imagemait
without contrast agent as well as T2- and FLAIR-weighted images used as input for the
Bratumia software (137). Using the accurate algorithm option, the individuak tofreach
patient was segmented into the three compartments necrosis, tcemascing part and
edema. Taken together, these resulted in a binary mask that covered the entinecluning

all changes in gray values in the MR images (Figure 12).
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Lesion map

Figure 12. lllustration of the in Bratumia inserted T1, T1C, T2 and FLAIR images and the

resulting binary lesion map.

In a second step, this mask was used to replace all voxels thus defimednatsimor with
healthy tissue of the contralateral hemisphere using enantiomorphic izatroal of the
Clinical Toolbox (134,138). This step utilizes the symmetrical properti#ggedsrain, in which
the two hemispheres resemble each other except for a few differences. Cahgethigestep
limits the efficacy of this approach only to unilaterally confined tummatisout midline shift.
In this case, the portion of the tumor protruding into the unaffected hemispbale be
transferred as well, forming, for example, a small tumor remnant in the noididile brain. It
is also possible that structures that are normally located ryadiay now appear in duplicate.
These factors must be kept in mind when using the protocol. The modifie@ighted image,
which now no longer contained a tumor due to the preprocessing steps, wasethéor three-
dimensional reconstruction in FreeSurfer. For this, the recon-all command feitit dettings

was used (Figure 13).
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FreeSurfer

Clinical Toolbox

Input Output Reconstruction

Figure 13.The binary lesion map (boundaries indicated in red) obtained from thedpstias
used to replace the tumor in the native T1-weighted image (left)hwdhhy tissue from the
opposite hemisphere (middle). The resulting modified T1-weighted imagéhemsised for

three-dimensional reconstruction in FreeSurfer (right).

In order to quantitatively capture the time and resource savings that @&pnocof the
T1-weighted images provides, the T1-weighted images that were oudified were also
reconstructed in addition to the three-dimensional reconstruction desaitvesl In each case,
both reconstruction time and abortion rate were determined. Since for patignbrain tumor
a native MPRage is rarely available, but usually contrast-enhancedigiitedeimages are
acquired, these were also reconstructed both modified and unmodified. Heretruetions
time and abortion rate were also determined. For comparison purposes, thrddtiasally

collected for unmodified T1-weighted images of healthy control subjects.

3.2.4 fMRI data analysis in FreeSurfer

Analysis of the functional MRI data was performed using FreeSurfer Funchmadysis
Stream (FsFast). During preprocessing, the collected fMRI data werepiigsared for
statistical analysis. For this purpose, a template was createg th& first image of the
functional image series. This was then used to coregister the functinagés and the
structural image. In addition, a binary brain mask was created basedemghate to limit the
analysis to the brain only and to save resources. For this purpose, FreeSsribe lBain
extraction tool (BET) implemented in FSL (139). In the next step, motion corredion i
performed. The deviation of each frame of the whole examination is compdhethe first
frame of the series. The calculated head movements in three tradlatidrthree rotational

directions are compensated for and this information is also stored so that serve as a

77



regressor in the statistical analysis. The last step of preprocessing iplhegamthe standard
space together with spatial smoothing. Here, the images were smosihga FWHM kernel
of 8 x 8 x 8 mm3. The template brain in standard space is referred awvasafge in FreeSurfer
and was created from the average of the brains of 40 healthy subjects.

Statistical analysis of the preprocessed data is performed using dereEmaimodel (GLM).
For this, the stimulation periods used in the paradigm are used assoggrand convoluted
with the hemodynamic response. The fixation period was not explicitly moagledeparate
regressor and served as an implicit baseline. Motion parameters previdoslgted in the
motion correction step were also considered to be included in the roadelitmize motion-
associated activations.

To investigate the clinical utility of FreeSurfer, data from patianits control subjects were
analyzed in native individual space. The analyzing steps werarme Isere, only resampling
to the standard space was omitted.

3.2.5 fMRI data analysis in SPM12

The analysis of the functional MRI data using SPM12 included analogouslgrigesteps as
the evaluation using FsFast. During motion correction, the individual functional volumes were
matched to the first image of the run and the six motion parameters were stirstjuntly,
coregistration of the structural to the functional images was perfornfist.s&gmentation of
the anatomical image, the deformation field computed there was usedralize the
functional data to the standard MNI space. Subsequently, the functionasimagesmoothed
with a FWHM kernel of 8 x 8 x 8 mm? to increase the signal-to-noise Bdsed on the general
linear model (GLM), the individual design matrices were composed of assegreeflecting
the verb generation condition convolved with the hemodynamic response functionth&s
evaluation with FreeSurfer, the fixation period served here as an imgisgline. Motion
parameters derived from realignment were also included to reduce intraindividual &arianc
To compare the extent of the influence of the modification of the Tightexl image carried
out using the preprocessing protocol on the results, all patient dataawalyzed once each
with modified and unmodified T1-weighted image. This allowed the evaluafithe effect of
this modification and should also prevent systematic differences gothparison of the two
analysis methods.

For fMRI analysis in native individual space in SPM12, the functional image®
preprocessed and analyzed with the same parameters without matimalio the standard

space.
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3.2.6 Comparison of functional MRI results between FreeSurfer and SPM12

In order to compare the fMRI data in both standard MNI space and native sphjeetaster
preprocessing and statistical analysis, the generated t-maps werkn ikede, the calculated

t-statistics for each voxel of the brain are presented as adimemsional map. Based on the

intensity value of the gray value, the individual t-value was thus recordedctovezel. To

compare these t-maps, the Sgrensen-Dice coefficient (SDC) was ugerk (E4), which

provides a measure of the similarity between two samples (140,141).

Since the SDC can only compare binary MRI data, the calculated tvma@dirst binarized at

a fixed value of t = 3. This means thataWtbOXHV ¢« DUH HQFRGHG ZLWK D C
a 0. For the binarized t-maps, the similarity between the t-mapsHreeSurfer and SPM12

were then calculated in Matlab version 2020b.

FreeSurfer

Original Binarized
t map tmap

SPM12

Sgrensen-Dice
coefficient

Original Binarized
t map t map

Figure 14. The results of the 1st level analyses, calculated with FreeSutfigrafhe with

SPM12 (right). After binarization of the t-maps at t= 3, these maps areacetnpsing the

Sgrensen-Dice coefficient.
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In addition, to evaluate the influence that the modified T1-weightedamaght have on the
segmentation and normalization of the functional data, the SDC betwegsstiits of these

two SPM12 analyses and the results of FreeSurfer were also calculated.

3.2.7 Statistical data analysis

Acquired numerical data such as the reconstruction time of reconstructaifferant variants

of T1-weighted images and their abortion rate were analyzed using \&PS$& 28 (IBM,
Armonk, NY, USA).

Reconstruction times of the different versions of the patient data were @ampihin this
group using paired-sample t-tests. To adjust for multiple testing, thmrBienHochberg
correction (false discovery rate; FDR) was used (142). The comparison of these iti@ta
healthy control group was performed in a one-way ANOVA, where FDR-corrected post-hoc t
tests were used to describe the significant results in more detail.

The abortion rate during reconstruction was determined for each of the four vafians
patient data and compared in a Cochran Q test and specified by FDR-corrected patshoc te
Comparison of SDCs between the patient and control groups was performed using Mann
Whitney U tests (FDR-corrected) and within the patient group using a Wilcoxon test.
Statistically significant results are marked with * for p < .05, ** for 0%, and *** for p <

.001. The standard error (SEM) was used to create the error bars. Corel Draw M@rsas

used to graphically present the results.

3.3 Results

3.3.1 Description of the sample

The patient sample included N = 27 retrospectively selectesedatiat were collected during
routine preoperative fMRI examinations at the University Hospital Regenstsuggart of
medical patient care. At the time of examination, the pati@itéemale, 16 male) were aged
between 47 and 79 years (M = 60.48, SD = 8.781) and were diagnosed with a glioblastoma
multiforme after surgery.

In addition to the analysis of MRI data from patients with brain tumor, fdata 33 healthy

control subjects were also collected as part of a study. These cahpetame fMRI language
paradigm as the patients. This control group serves primarily as a ¢smnpaample to

investigate the functioning of all analyses described below also on the healthy brain.
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3.3.2 Comparison of reduced reconstruction time and abortion rate

For all 27 patients, the described preprocessing protocol consisting ofréagiomeof the
individual tumor using four MRI modalities and filling affected areas with tissoa the
unaffected hemisphere was applied for both T1-weighted image (T1) and centrasted
T1-weighted (T1C). A total of four reconstruction runs were performed for eachtp&igure
15)), using the modified and unmodified version of the T1 and T1C images, respecterely. H
the processing time required for the reconstruction process and the aborictueato
excessively large defects were measured. For comparison purposes, thesepavwarealso

collected from the group of healthy control subjects.

T1 modified

Figure 15. Three-dimensional reconstruction of a patient with temporal gli@oresusing a
native T1-weighted image (left), a contrast enhanced T1 image (maidlghe modified T1-

weighted image after application of the preprocessing protocol (right).

This showed that all patient data that had been preprocessed wdésthnded protocol could
be reconstructed without any issue (abortion rate 0%) with a mean recoosttuoe of
4.56 hours. Comparing this mean reconstruction time with those of the other thes¢ pa
conditions, paired samples t-tests with FDR correction (Figure l@alexy statistically

significant differences from the reconstruction time of T1 without modifindt(22) = -2.846;

81



Padj. = .014) and T1C with modification (t(18) = -3.095%4= .012) and without modification

(t(12) = -5.091; gy = .002). In addition, the other conditions also differed from each other,
which were T1 unmodified from T1C modified (t(15) = -2.42%y.p= .028) and T1C
unmodified (t(11) = -4.481; 45 = .003), as well as T1C modified from T1C unmodified
(t(10) = -2.853; myj. = .020). Comparing each condition with the reconstruction time of data
from healthy control subjects, a one-way ANOVA showed a significant diifere
(F(4,110) = 11.164; p < .001). FDR-corrected post-hoc tests showed that the mean
reconstruction time of control subjects was statistically diffefesrn those of the T1C
modified (pgj. < .001) and T1C unmodified {g = .001) conditions, but not from the T1
modified (paj. = .733) and T1 unmodified 4 = .124).

141 Xk ok kk DModified image 01 |:|Modified image reconstructed
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Figure 16.Comparison of the reconstruction times (left) and abortion rates (righg aétive
T1-weighted image (T1) and T1-weighted data after administration of contrast agent (T1C). A
total of four reconstruction runs were performed for each patient, one usingdhifgeed and

unmodified T1 and T1C images, respectively.

Moreover, when the abortion rates of the four different patient group reconstructionarendit
were compared, a Cochran Q test showed a statistically signifidéeredce in connected
samples { ¢ (3) = 21.787; p < .001). Post-hoc tests showed that the discontinuation rates of

both unmodified T1-weighted images with and without contrast mediwn<p010) and the
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modified T1-weighted image differed from the modified T1Ggj(p= .029) as well as
unmodified T1C image gg;. < .001).

3.3.3 Comparison of the analyses of functional MRI data between FreeSurfendhSPM12

To investigate the level of similarity of results between FreeSurferS&M12, the same
functional MRI data were analyzed in both analysis tools and the resrkscampared. For

this purpose, the calculated t-maps, which present the calculagdtiest for each voxel using
intensity coding of the gray values in three-dimensional form, were compaireyl the
Sgrensen-Dice coefficient (SDC). The control group showed values betwe@&9® Adedian

.81) for the results in native space and .43-.86 (median .80) for evaluations indstdinda
space. For the patient group, this showed values of .60-.88 (median .80) and .57-.86 (media
.75). The results of both groups were compared with each other for the evaluation in the native
as well as in the standard MNI space (Figure 17A) using the Mann-Whitriest (FDR-
corrected). There were no statistically significant differences fouatrahs in either native
space (U = 380,000; Z = -.9734p= .330) or MNI space (U = 321,000; Z = -1.85@q;.1F

129).
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Figure 17.(A) Comparison of the SDC between the patients and the healthy contrdédor
in native as well as the MNI standard space. (B) The results were also compaididsipaide

with those of SPM12 using the modified and the unmodified T1-weighted image.
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3.3.4 Analysis of the influence of the modification of the T1-weighted image

In order to investigate the influence of the modification of the T1-wethihage on the
analysis of fMRI data, the results were compared with those from SPM1heRR@gmentation
step in SPM12, the modified T1-weighted image as well as thedified T1-weighted image
were used once to calculate the deformation field in independent arshgsims. The results
of the two analyses were then compared with those from FreeSurfer, whosefdrasi
normalization into standard space was the modified T1-weighted imhagé&Vilcoxon test for
paired samples showed no statistically significant difference when compaihga SDCs (z
= 240.500; p = .216; Figure 17B).

3.4 Discussion

The aim of this study was to create and evaluate a standardizecbpwith processing steps
that allows the three-dimensional reconstruction in FreeSurfer. Here, aisnastained by
segmenting the tumor to define its boundaries. This area is thene@pléb tissue from the
corresponding site in the unaffected hemisphere, producing a modified Tltegeigiage
without tumor. This was used for reconstruction in FreeSurfer afterwards (127).
Comparisons of reconstruction times showed no statistically significant differencefiéreen t
of a healthy control group but from those of the unmodified T1-weighted imape same
patients and from those obtained during reconstruction using contrast-enhanceedaouifi
unmodified T1-weighted images. In addition, comparison of the abortion rategdur
reconstruction showed that the rate using the modified T1-weighted imageb(@%on rate)
was statistically significantly different from those using the medifis well as unmodified
T1-weighted image after contrast agent administration. These results shggestdification
of the T1-weighted image according to the protocol presented here not ohlgsetiaee-
dimensional reconstruction in FreeSurfer, but also is comparable to thobealtfrey control
sample in terms of reconstruction time and abortion rate. Thisis@afsistent with the results
of a previous study in which the lesion-affected portion of the bragalso replaced with
healthy donor tissue (130). Here, it was also shown that this procedure atiawslc
parcellation. Showing this was also the aim of previous other studies (128,134,143). However,
it was noticeable that all these studies were limited tonyestigation of structural properties
such as cortical parcellation, whereas the analysis of functional MR¢alaithnot be found in
the literature, neither for patient data nor for healthy subjects.

To evaluate the quality of the results of such fMRI analyses calculatbd bagis of this three-

dimensional reconstruction, the same data were analyzed both in the individual sulgett/pa
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space as well as in the standardized MNI space and the calculated t-maps vparedoihe
sample of healthy control subjects showed a median Sgrensen-Dideieoetif .81 in the
individual space and .80 in the MNI space. The patients showed compaaiaigle of .80 and
.75, respectively. This shows a high degree of agreement in the results between Frae$urfe
SPM12, which did not perfectly coincide. These results are comparathese found in
structural comparisons between FreeSurfer and SPM12 (144) Neverthelessthesee
discrepancies occurred in both groups, with SDC not statistically diffeegnween patient and
control groups, it can be ruled out that this is due to the patientst mmodification of the
T1-weighted image of this group. Rather, systematic differences involving areas froamya bi
mask, which is intended to restrict the analysis to the braimetsea only to save resources,
seem to be the reason for these differences. For example, SPM12 includegdheof the
eyeballs in the mask because they are fluid-filled and have siMiRrproperties to
corticospinal fluid (CSF). In FreeSurfer this area is not included in the messkting in a
systematic difference in the presence of activation artifactshétumbre, closer inspection
showed that differences between the two methods were mainly noticetitderaargins of the
clusters of cortical activations. Slight differences in t-values wieogvn in these areas, which
were noticeable due to the binarization of the masks. For example, thenahaliference
between two voxels with t= 2.99 and t = 3.00 could cause the former not to weeohatuthe
binary mask because its value was smaller than 3, whereas the t-value of thevarebwds
just large enough to be considered. This leads to systematic diffenertbese areas, which
resulted in the failure to find a perfect correspondence between the timasgks of both
evaluation methods. Furthermore, since the SDC values are similar hotfivie and after
normalization to the MNI standard space, a systematic error due to mliffesamalization
approaches can be ruled out. While SPM12 first segments the Tatiweighted image into
gray matter, white matter, and CSF and warps these individual tissse< individually into
MNI space, in FreeSurfer the gyri and sulci are transformed into a sphedednade white
matter surface, which is subsequently fitted to a standard brain (125). Accprdingl
normalization in FreeSurfer is based on fitting gyri and sulci, rather than zngantire
tissue classes (145). This makes FreeSurfer insensitive to pathbtbginges in gray matter
such as atrophy resulting from aging. The results of this study suggest that these differences in
the normalization process do not affect the results of the fMRI analyses.

Furthermore, it was investigated whether, due to the modification ofltfveeighted image,
systematic bias would confound the results of the analysis of functional MRIld&tas

assumed that in case of a systematic bias, the Sgrensen-€fft@ert should be higher when
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comparing the results from FreeSurfer with those from SPM12, where the edodifi
T1-weighted image was used to calculate the deformation field. Hetlk, comparisons
showed similar SDC, which were not statistically significantly diffefeornh each other. This

is consistent with a previous study which found that modification of thedighted image by
filling multiple sclerosis lesions had no effect on the calculatiohefblumes of the different
brain tissues in FreeSurfer, whereas it was found to differ significantly in SPM12 (132). Given
the described susceptibility of SPM to such modifications and the only diffeyences found

in this study, it can be concluded that the influence of the modiificat the anatomical image
on the results of functional MRI evaluations is marginal.

Accordingly, compared to SPM12, the results of fMRI evaluations show comparable results in
volume-based analyses. These are provided by both softwares. In a diresrisomypowever,

it must be stated that the evaluation with FreeSurfer has a worse cost-baengharaSPM12
due to increased time and resource requirements. For purely volumeevabgtions, the
latter is more likely to be the tool of choice due to these considesatNevertheless,
FreeSurfer offers a number of additional analysis and evaluation metho8&Wap does not
provide. The most important method to be mentioned here is the surface-based &érafysi
Regarding the methods and the study designs, some limitations have to biereondtor
example, the application of the preprocessing protocol implies a modificati the
T1-weighted image. The influence on the results of the fMRI analysiscor@sdered and
analyzed in this study, but cannot be excluded despite a statisticallygmdficant difference

in the Sgrensen-Dice coefficient. Due to this aspect as wileamodification of the image
itself, it is questionable whether this approach would be suitable fornupesoperative
planning, even though there would certainly be advantages due to the awaitdbiiew
analysis methods. However, this approach is certainly applicable forthedfigld of research.
Furthermore, by modifying the T1-weighted image, the brain structure veasdih the area
of the brain tumor/lesion by replacing this area with healthy tissue fnencdntralateral
unaffected hemisphere. Although this allows three-dimensional reconstructiaaSurfer,
conclusions about morphological changes in these areas as a result of theadiseadenger
possible. In addition, it should be mentioned that the patient and control groups weredcollecte
using the same paradigm but on different MRI scanners. However, sincel eatiication was
not directly compared in this study, but only the calculated SDC of the rbstiteen SPM12
and FreeSurfer was considered between both groups, the influence &etlemdMRI scanner

can be considered marginal.
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The steps of the preprocessing protocol shown here as well as thaienalfithe fMRI results
were limited to patients with glioblastoma in this studyhidbidd be mentioned at this point
that this modification of the T1-weighted image can be extended tolw#iartumor entities
as well as other types of space-occupying brain lesions. This requéteate segmentation of
the underlying lesion which is not provided by the Bratumia software (137), vehiichited
to the segmentation of glioblastomas. In addition to the manualaresta lesion map, it is
also possible to approximate the extent of the tumor/lesion based on the hypé&gstantie

FLAIR-weighted image and use these for masking.

3.5 Conclusion

In summary, modifying a T1l-weighted image by replacing the tumor with tissuethem
corresponding site in the unaffected hemisphere allows three-dimensaonaktruction in
FreeSurfer. Reconstruction times did not differ from those of healthy controlcsubie
addition, there was a high degree of similarity in the results of functMR&levaluations
between FreeSurfer and SPM12, suggesting that both are suitable for this useaisoongba
the results using the modified and unmodified T1-weighted image dichowtdifferences in
the results. This suggests that the effect of modification on thegesulie fMRI analyses is
marginal. Overall, this approach thus provides the opportunity for newtigsns that are

not possible with other methods.
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4 ANALYSIS OF STRUCTURAL AND FUNCTIONAL NEUROPLASTIC CHANGES
IN PATIENTS WITH DIFFERENT GLIOBLASTOMA TUMOR GROWTH
PATTERNS

4.1 Introduction

4.1.1 Glioblastoma multiforme

This study refers to the analysis of glioblastomas, a subtype arhagi. Since these have
already been described in more detail in chapter 1.2, only the spelu#racteristics of

glioblastomas will be discussed in this chapter. For aspedtappdy to both gliomas and

glioblastomas, reference is made to the corresponding chapter.

Definition and epidemiology

The glioblastoma multiforme (GBM) represents an undifferentiated, fast grovamgderived

and exclusively malignant tumor of the highest WHO grade 4. Histologically, it belongs to the
astrocytic tumors that arise from neuroepithelial tissue (146).

GBM is a brain tumor that manifests mainly in elderly patientk witnedian age of onset of

65 years. In this context, the incidence is 3.23/100 000 persons, with men beifigearetly
affected with 4.04/100 000 than women with 2.53/100 000 (21,25). In most cases (95%), the
diagnosis is a de novo primary GBM, while in 5% of cases, there is a secdbBEMYy
manifesting from a WHO grade 2 or 3 tumor. It has been noted that patiémtseaondary
GBM are on average 10-15 years younger than patients with primary GBM (146,147).

Most commonly, glioblastoma occurs subcortically in the hemisphetée akrebrum. They

can occur in all lobes of the brain, but some localizations are more@othan others. Among
these, localization in the frontal or temporal lobes, as weltamsbined fronto-temporal
localization, occurs most frequently. Localization in the occipital lobe is ¢easmon (21).

Along with diffuse growth preferentially along myelinated fibers, glioblastexhibits marked
infiltrative growth, which was described as early as in 1940 (148). Duzitdiitrative nature,

rapid extension into adjacent brain structures up to the contralasmasphere via corpus
callosum is not uncommon, resulting in the observation of new formation of tunssraha

secondary sites as well (66).

Clinical appearance
Due to the rapid growth of glioblastomas, symptoms usually appear wiflenw sweeks or

months. They are usually progressive over longer periods of time, but may alssunictzmly,
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for example, when there is hemorrhage inside the tumor. The sympwowgrarable to those
of brain tumors in general (see 1.2.3). At the macroscopic level, hemorrhggjgsclesanges,

and necrosis can often be seen in addition to tumor tissue (28).

Diagnosis

As with brain tumors in general, magnetic resonance imaging is considergdidhstandard
in the initial diagnosis of glioblastoma. The T1-weighted imagally shows the relationship
of the tumor to normal brain anatomy. Here, the glioblastoma appears iso- to éypeinthe
T1-weighted image with contrast agent administration is particuladyaet for diagnostic
clarification in the case of glioblastoma. Since the blood-brainebasrusually disturbed in
this tumor, the contrast agent also accumulates inside it. Theastoagent margin thereby
demarcates the actual tumor from perifocal concomitant reactions. Ih2Ztveeighted or
FLAIR sequence, the extent of the entire tumor can be visualized showingeamtgnse area
around the accumulation of contrast agent of the T1-weighted image. Acuethps edema
and infiltrating tumor cells are heterogeneously hyperintense (28).

However, imaging techniques are not sufficient to confirm the final diagndsstological
examination of a tissue sample obtained by biopsy or surgical meseatequired. Microscopic
examination reveals a variable and diverse appearance. An important cha@ofe@8M is
a high cell density. In addition, necrosis and / or microvascular proliferation may occur .
Furthermore, various molecular markers play an important role. These are aisdous
determine a diagnosis according to the currently valid WHO classoiicégil). With regard to
isocitrate dehydrogenase (IDH) 1 / 2, there is ho mutation, but the preseheendid type.
The same applies to histone H.3-G34. In addition, mutation of the proofotelomerase
reverse transcriptase (TERT) and / or amplification of the epidermallgfaator receptor
(EGFR) gene and / or a +7/-10 copy number change may be present. MethylatidiGMfie

promoter will also be determined as this is an important prognostic factor (31,32).

Therapy

An untreated glioblastoma usually leads to the patient's death aitiew weeks to months.
Like brain tumors in general, surgical resection, radiation and chemotheeathedreatment
methods of choice depending on the age and general condition of the patietit @s tive
localization of the tumor.

The goal of surgery, as it is for brain tumors in general, is to reduceamsymptoms and to

confirm the diagnosis by tissue biopsy. The objective is to removedhens of the
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glioblastoma that show contrast on MRI in order to achieve a high dedosaldfimor control.

In this regard, complete resection has a positive effect on survivactmpared to purely
conventional therapy (Stupp, 2009). However, complete resection of all tumor cells is difficult
to achieve in most cases due to extensive infiltrative growth of the tumor (56,66).

The combination of radiation and chemotherapy with temozolomide has bebengsld
standard in the treatment of glioblastoma. In this regard, the pubEBBI C-NCIC trial,
which included over 500 patients, showed this combination to be significaughlrior to
radiation therapy alone (149). The group of patients continued to be followed after the
publication of the initial results, so that results on 5-year survates are also available. This
was almost 5 times higher than in the study group that received radiation therapy alone (150).
The current standard is a combination of surgical resection, radiagi@py and chemotherapy

to achieve the best possible outcome through a combination effect.

In recent years, the use of Tumor Treating Fields (TTFields) hmabet®me established in the
treatment of newly diagnosed glioblastomas. The concept of this therapy is based orthe effe
of rapidly changing electric fields on frequently dividing cells such as tusils: @he tumor
therapy fields are generated via electrodes located, for example, in lzat#pet patient can
wear directly on the scalp. The electric fields generated imtlysinterfere with cell mitosis

by restricting the formation of microtubules and thus spindle formation, and thiejoldlae
destruction of cells undergoing cell division. The result is an incregsmgtosis rate, so that

the growth of the malignant tissue can be slowed down and this can even lead to@reduct
the size of the tumor. This procedure, which complements dad$ierapy, leads to a
significant prolongation of both progression-free and overall survival of glioblagiatients

without a significant increase in side effects (151,152).

Prognosis

Glioblastoma is considered a malignant tumor and is associatedmextremely unfavorable
prognosis even with the best possible therapeutic treatment. The 1-year survival is about 40%,
meaning that more than half of the cases die within the first yeardidignosis. This is also
reflected in the median survival of 8 months across all age groups. It is also noticeahle that
median survival of patients is also related to age, with younger patients oftengladuwgher

median survival time (25,153).

90



4.1.2 Cellular and molecular heterogeneity and subclassification approaches

The addition of "multiforme” to the term glioblastoma is intendedltstilate the variable
appearance of this brain tumor. Microscopically, this is reflecteddimeasity in the size and
shape of the tumor cells. In addition to increased invasiveness, glioblastencharacterized
by heterogeneity at both the inter-tumor and intra-tumor levels (154). This not only affects the
diagnosis, but also the selection of an optimal treatment for the individuaitpatie

Recent studies have addressed inter-tumor heterogeneity and propose a snbafivisis
heterogeneous disease based on different gene expressions. In this Bbilips et al. (2006)
distinguished between three different subtypes (proneural, proliferativepesehchymal) in
high-grade gliomas, which also proved to be prognostically relevant (155).thastofurther
studies assume four subtypes, which were furthermore demonstrated in oedl (186,157).
Here, knowledge of the inter-tumor heterogeneity of glioblastomaslaasitheir genetic and
molecular basis, offers the possibility of choosing a treatment betteethto the individual
subtype. However, intra-tumor heterogeneity must also be considered iorntegtc This is
characterized by the fact that individual areas or cells of the sam@ can be assigned to
different subtypes based on the evaluations. This has an additionat ongarognosis, with
increasing intra-tumor heterogeneity being associated with poorer prognosis (158).

4.1.3 MRI heterogeneity and subclassification approaches

Glioblastoma shows an inhomogeneous appearance not only at the micrésadplout also
macroscopically in the MRI. In this context, examination using imagirtgnigaes not only
offers the advantage of non-invasiveness, but also allows the tumor to be ratdsdeatirety.
This reveals a usually substantial accumulation of contrast agent sungtimelinecrotic part
of the tumor. In addition, this accumulation of contrast agent is surrounded hyuel
edema. Furthermore, any hemorrhage that may have occurred into the gliobEstwaibas
vessels within the tumor can be visualized. The shape of the ttsetrand that of the
accumulation of contrast agent, which results from disease-related idisrfithe blood-brain
barrier, may vary (6,159).

Although the heterogeneous appearance of glioblastoma in magnetic resomagiog has
been known for a long time (see, e.g., Johnson, 1989), this heterogeneity was evalaated as
prognostic criterion only a few years ago. For this purpose, Visually Acce&¥ntdrandt
Images (VASARI) features were developed to describe qualitative efiffes (160), which
attempts to categorize the heterogeneous group of gliomas based on featuasgsonor size

and localization or proximity to eloguent cortex. These were also shownpimgpeostically
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relevant along with other factors such as age and general condition (160) tionadinese
gualitative features, quantitative analyses of medical images ofediffenodalities using
radiomics features have also been established. This is based osutin@taen that data from
imaging modalities can be used to make predictions about tissue ehatiast diagnoses, and
disease progression, which usually require molecular examinations followpgymollection.
This has also demonstrated relevant insights for brain tumors, includingtjomesliof tumor
grade or survival (16364). The features have also been used to predict the molecular subtypes
of the heterogeneous group of glioblastomas and the formation of recurrence (165,166).

In addition, this approach also allowed subclassifications of glioblastopased on
morphological rather than molecular features. In this context, clustersenalas used to
identify three morphological subtypes based on shape, texture, and margipaésbarhese
also appeared to be prognostically relevant (167). The reproducibility of thesks was
shown by further publications shortly afterwards. This showed the prognostic relevdhee
shape of the tumor, which was independent of age, general condition, and twmmoe (D68).

In addition, a low geometric heterogeneity and / or a spherical margin sé@wveta positive
impact on prognosis (169). These results suggest that morphological heterogdneity
glioblastomas is not a matter of coincidence, as its relevance is sugppdstpirical data.

4.1.4 Aim of the study and hypotheses

The aim of this study was to further examine the previously described desteity of
glioblastomas using structural and functional magnetic resonance imagen@oclis was to
characterize the heterogeneous group of glioblastomas based on the |yelesasibed
subtyping using the morphological parameters with regard to neuroplasticity.

As previous studies have shown, the presence of a glioblastomadgedkdlogical changes

in the microstructure of the white matter. This can be quantifiecheidractional anisotropy
(FA) using diffusion-weighted imaging (DWI). Here, previous studies have found reduced FA
values compared to healthy brain tissue (170,171). Due to the diffuse growth kradianfiof

tumor cells into healthy brain tissue, it is assumed that structewabplastic changes are not
limited to the area of the tumor defined by the contrast agent, thet i@e also found in the
surrounding tissue (172). This was also reflected in a reduction of fractior@tapysnot only

in the area of edema, but also necrosis and contrast enhancing tumor (173,174). Considering
previous research results, it can also be assumed in this study thdtakismor heterogeneity
between different proportions of the tumor can also be shown in this studyid-putpose,

within the two patient groups with uniform and diffuse tumor growth patternsndnadual
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tumor compartments of necrosis, contrast-enhancing tumor, and edema weireedxamal
compared with respect to their mean fractional anisotropy (FA) vaksgsreviously shown in
other studies, it can be assumed that the necrosis part of the twwntd bave a lower FA

value, whereas higher values should be found in the edema compartments (174).

Hypothesis 1

HO: There is no evidence for intra-tumor heterogeneity in the twerpigroups with uniform
and diffuse tumor growth patterns as these show no statistically signdifi@nénces in the
values of fractional anisotropy between the individual tumor components.

H1: Intra-tumor heterogeneity can be demonstrated in both patient groups with uaifdrm
diffuse tumor growth patterns via statistically significant differences in the vafdesctional

anisotropy between the individual tumor components.

Furthermore, fractional anisotropy was used not only to further charaagjbobkastoma, but

also for diagnostic purposes. In this context, FA was shown to be a rdtalbbe for
differentiating between glioblastoma and brain metastases as GBMtpathowed increased

FA values in the tumor areas (173,175,176). In addition, fractional anisotropghaas to

have predictive value and to allow inferences about the prognosisaitpatiith glioblastoma
(177,178). Considering previous research findingswhich the glioblastoma subtypes
examined in this study have also been shown to have prognostic value (167,169), it is
hypothesized that these differences between the two groups of patidred siere should also

be reflected in the values of fractional anisotropy.

Hypothesis 2

HO: There is no statistically significant difference between the tumor giattirns observed
in the two patient groups with uniform and diffuse tumor growth pattern with respéoe
fractional anisotropy of different compartments of the tumor.

H1: The two patient groups with uniform and diffuse tumor growth pattern shastistdly
significant difference in fractional anisotropy. It is assumed that the pricpllys less
favorable group of patients with diffuse tumor growth pattern has lower FAsvdiae the

group of patients with uniform tumor growth pattern.

In addition to pathological changes at the microstructural level, tiotdee functional level

were also investigated in order to quantify differences betweemwth@dtient groups with
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uniform and diffuse tumor growth patterns. It has already been shown in previous ttatlies
a tumor significantly affects the level of BOLD signal (68,94) as wethasxtent of cortical
activation (69) in the motor and somatosensory cortex. It was also shainthé malignancy
of a tumor is also an important influencing factor (67), which can have dicagmieffect on
the level of the BOLD signal. Given the prognostic value of subdividing ttezdgeneous
group of glioblastoma patients (167,169), in this study it is assumed thigtdlse reflected at
the functional level and can be quantified using the percent signal changell as the

lateralization index (LI).

Hypothesis 3

HO: There is no difference in percent signal change within the langebgy@ant regions of
interest between the two patient groups with uniform and diffuse tumor growenngafr his

is further demonstrated by similar lateralization indices of both groups, which has albgh va
due to a high language lateralization.

H1: There are statistically significant differences between batiernd groups in the percent
signal change within the language-relevant regions of interest, withattents with uniform
tumor growth pattern showing higher PSC values than the patients with diffase gtowth
pattern. The lateralization index also shows statistically significeyher values in the group

of patients with uniform tumor growth pattern.

Hypothesis 4

HO: There is no difference in the percent signal change andlileaéom indices within the
motor-relevant regions of interest between the two groups of patients with unifornffaed di
tumor growth patterns.

H1: There are statistically significant differences between bothnpatieups in the percentage
signal change within the motor-relevant regions of interest, wittpétients with uniform
tumor growth pattern showing higher PSC values than the patients with diffusegrowth
pattern. The lateralization index also shows statistically significegher values in the group

of patients with diffuse tumor growth pattern.
Due to the bilateral nature of cortical activations following motor actions, the aagaotor

paradigm allows, in addition to the direct comparison between groups, tipaicson of the

BOLD signal between the tumor-affected and the unaffected hemispheies Iregard, a
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difference has already been shown in previous studies resulting in a lower Bigh&)
(68,69,93,94) and activation pattern (70,72) inaffected hemisphere.

Hypothesis 5

HO: There is no difference in the percent signal change between thenglet@nt regions of
interest between the tumor-affected and unaffected hemispheres thightwo groups of
patients with uniform and diffuse tumor growth patterns. This is further redlénteéhe
lateralization index, which has a low value in both groups and istatgtigally different
between the two groups.

H1: Statistically significant differences in the percent signal chaagebe found between the
motor-relevant regions of interest of the tumor-affected and the noneafféetmispheres
within the two patient groups with uniform and diffuse tumor growth patterns. Hereyrhor-
affected hemisphere shows a reduction in PSC compared with the unaffectepgheze)iwith
this difference being more pronounced in patients with a diffuse tumor gpattrn. In the
lateralization index, the patients with diffuse tumor growth pattesm showed statistically

significant higher values.

In addition to the investigation of local differences in percent signal chaetyeeen both
patient groups, changes at the level of cortical networks were investigdere, studies with
magnetoencephalography already showed that the influence of the tumuotveady locally
limited to the affected hemisphere, but had global effects up tootiteatateral hemisphere
(101,102). In addition, malignancy was shown toabeimportant influencing factor on the
functional connectivity of cortical networks in fMRI (122). Moreover, connectivity ofoium
affected areas was previously shown to have prognostic value for patignggialilastoma
(98). Based on these previous research findings and taking the previously describegsegpot
3-5 regarding the influence of morphological tumor growth pattern on the BOLD sigoal
account, it is assumed that differences can also be found at #ieofesortical networks

between the two groups of patients examined here.

Hypothesis 6

HO: The two patient groups with uniform and diffuse tumor growth patterns ddiffeatin
functional connectivity within and between language- and motor-relevant corticalrket
H1: There are statistically significant differences in functional cativiy within and between

language- and motor-relevant cortical networks between the two patient groupsngskam
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patients with uniform tumor growth patterns have stronger intra- andieteerk connectivity

than patients with diffuse tumor growth patterns.

4.2 Methods
The ethics committee of the University of Regensburg approved the conductsof thi

retrospective study (reference number: 21-2564-104).

4.2.1 Sample selection

To investigate the hypotheses proposed in the previous chapter, fMRI qatteots with
glioblastoma as well as fMRI data of healthy control subjects were examinedstuthjs

To select the patient sample, a database was searched thaednellidpatients with
preoperative fMRI examinations acquired as part of the routine treaahéim¢ University
Hospital Regensburg. Inclusion criteria for this study were a histoltgemaifirmed diagnosis

of glioblastoma multiforme and preoperative fMRI with at least ondn@flanguage and or
motor paradigms. Due to the unilaterality of language abilities, only patieith left
hemispheric glioblastoma were included in the sample in the cdbe Enguage paradigm.

For fMRI studies on the motor system, tumor location was not relevant, so lietitpavith

left- and right-hemispheric tumors were included in the sample. To investigate mictast
changes in the white matter, patients were also determined from those pyes@tersied who

had diffusion-weighted imaging and structural MRI data from four different nieda(iT 1,

T1C, T2, and FLAIR) to segment the tumor.

To better interpret the results calculated with the patient groeip their data were compared
with those of healthy control subjects without neurological and psychtggtary. In the case

of the language paradigms, the subjects already described in chapter 2.2.2 dvagairséor

this study as the three examined fMRI paradigms were the same as ysdfds. Since such
data were not available for the motor paradigms, the Human Connectomet BHEj&)
database was searched for matching subjects. Here, the fMRI data of 1200 healthyagabjects
stored and can be used for research purposes after registration. Data on giéfiexreigms,
including similar motor tasks comparable to those patients conplgteoperative fMRI, were

used for this study (178.83). In order to match subjects based on age, a request to access the
Restricted Data was made and granted. As the HCP database contained only subjects up to the
age of 37 years, matching to the age of the patients could not be ensured. Thereforxthose s

matched subjects who had the highest age were selected for the sample.
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4.2.2 Image Acquisition

The setup for the patient data acquisitions was as alreadyldekorichapter 2.2.2 and 3.2.2,
as all data were acquired on the same MRI scanner at the University HospitalbRegens
Diffusion-weighted MRI data were acquired (TR = 5200 ms, TE = 95 ms,
FoV = 230 x 230 mr flip angle = 90°, voxel size = 0.89 x 0.89 x 3 Aimnd had 39 axial
slices.

MRI data of the three language paradigms were acquired for patients correspanding t
sequences as described in chapter 3.2.2. In addition to the verb geneaeddigm described
there, paradigms for generating antonyms and sentences were alsbheseddid not differ
from the verb generation paradigm in the structure of the study design bdifteseaht stimuli,
whereby the opposite was to be formed to presented words or individual word&viere
combined to form a grammatically correct sentence. Furthermore, a highimsolut
T1-weighted image was collected according to chapter 2.2.2.

The fMRI images of each motor paradigm were collected using a T2*-\wdi@RI| sequence
(TR = 3000 ms, TE = 35 ms, Fov = 1151 x 1151 3nrflip angle = 90°,
voxel size = 2 x 2 x 3 mfwith 28 axial slices. Here, a separate run was performed for each
examined body part (left hand, right hand, left foot, right foot, and tongue), ith whig the
examined body part was moved by the patient. This also means thatahlel be run
individually. Therefore, depending on the localization of the tumor, only thosegrasadere
used which were relevant for the individual patient. The motor tasks werehefdrands,
touching the other four fingers consecutively with the thumb of the respective hahe, fieet,
repeated grasping movements with the toes, and for the tongue, repeated touchipglafehe
Via the monitor at the end of the MRI bore, patients received cueligtmatindicated whether
they were currently in the stimulation period (green monitor) or baselimeddesd monitor).

In total, a run lasted 3.2 minutes divided into 8 blocks of 24s duration (4knleaperiod,

4x stimulation period), with each measurement starting with a baseline pagace(ES).

24s 24s 24s 24s 24s 24s 24s 24s

Figure 18. Example of the stimuli used in the motor paradigm used for patients.
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For the control subjects, the fMRI data acquisition of the languagédigara as well as the
high-resolution anatomical T1-weighted image has already been describegter h2.2.

The MRI data of the motor paradigms were collected as part of therHOoraetome Project.

For this study, only the unprocessed fMRI data examining motor function (TR =720 ms, TE =
33.1 ms, FoV = 208 x 180 nfflip angle = 52°, voxel size = 2 x 2 x 2 M2 slices) and a
high-resolution T1-weighted image (TR = 2400 ms, TE = 3.14 ms, FoV = 224 x 224lipm

angle = 8°, voxel size = 0.7 x 0.7 x 0.7 Mmwere used. The motor fMRI studies here were
performed in two runs (Figure 19), one with left-to-right phase encoding and the atier w
right-to-left phase encoding. Each of the two runs lasted 3:34 minutes anstedrdi 13
blocks (10 task blocks of 12s each and 3 rest blocks of 15s each). The 10 task blocks consisted
of two blocks per investigated body part (left hand, right hand, left foot, right foot, and Yongue
which were announced using a preceding 3-second cue stimulus. The tesks meve the
fingers of the corresponding hand, to squeeze the toes of the foot or moving the tongue (184).

FCRHCLF C T CRF CLH C T CLF CRH F CLH CRF F

HNINRIN I L [ —

8535 128 35 125 35 125 38 128 3s 12s 158 35 12s 35 12s 3s 128  15s 3s 125 3s 12s 15s

F C LH RF F C T CLF CRH F CLHC T CRF CRHC LF F

il J J UL

8s3s 12s 3s 12s 155 3s 12s 35 125 3s 12s 155 3s 12s 3s 12s 3s 12s 3s 12s 3s 12s 15s

Figure 19. Example of the stimuli used in the motor paradigm used for healthy controls
Abbreviations: C: cue, F: fixation, LF: left foot, LH: left hand, Right foot, RH: right hand,

T: tongue.

4.2.3 Subdivision of the patient sample based on the morphological tumor growtlagbern

The patient group was subdivided based on the morphological appearame¢unhdr in the
T1-weighted MRI image after contrast agent administration (FigureA@stinction was
made between a uniform contrast margin no thicker than 4mm and a diffuisast pattern

whose thickness was >4mm. This subdivision was made by an experienced neuroradiologist.

98



Figure 20.Exemplary T1-weighted MRI images with contrast agent administratipatiants
with (A) uniform annulus-shaped contrast agent uptake and (B) diffuse contrastipigeet

Contrast enhancement was highlighted from the MR image for better visualization.

4.2.4 DWI data analysis

The diffusion-weighted data were first preprocessed using the FMRIB Software Librajy (FS
(126). This included correction for motion of the patient during acquisition and distortions
induced by eddy currents (185). Since a b0 image with opposite phase encodimandivast

not available for all patients, correction for susceptibility-induced dist@rtvas not performed

to improve sample size, otherwise the power of the results wad $suffered due to an
inadequately small sample. The b0 image was then undergone skull strpipicty removed

all non-brain tissue from this image using the Brain Extraction Tool (B FSL (139).
Subsequently, the dtifit command was used to fit the tensor model for ea¢hinakes step,

the eigenvalues and eigenvectors were calculated and three-dimensigsain which the
fractional anisotropy (FA) are encoded using gray values were obtained.Wéresased in

this study to quantify microstructural differences between the two patient groups.

Individual masks of individual tumor compartments of each patient weatec as regions of
interest. For this purpose, anatomical images (T1, T1C, T2, FLAIR) were usghters the
respective tumor using Bratumia software (137). This was divided into the necorgigst-
enhancing tumor, and edema. Each of the three compartments were used to calculate the me
FA value for this part of the tumor (Figure 21).
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Figure 21. The segmentation of the tumor, created using the Bratumia software, wéa® use
guantify microstructural changes during the fractional anisotropy evaluatios. ateFA value

was calculated for each of the compartments necrosis, contrast enhancement, and edem

4.2.5 fMRI data analysis

The functional MRI data for both the language and motor paradigms were analyeM12.
For this purpose, the data were preprocessed initially. This involvadnfagching the
functional images to the first image in the series to correctdiomrelated artifacts, followed
by coregistration of the functional and structural images. After segmentatithre dfigh-
resolution anatomical T1-weighted image, normalization of the stru@ndafunctional data
into standard MNI space was performed. Subsequently, the functional imagesmwaothed
with a kernel of FWHM 8 x 8 x 8 mm? to increase the signal-to-noise ratio.

Based on the general linear model, the individual design matrices are eahgb@sregressor
that reflects each examination condition and was convolved with the hemudyesponse
function. The fixation periods were not explicitly modeled as a agpaegressor and served
as an implicit baseline. The motion correction parameters caldwaténg realignment were
also included as six additional regressors to reduce intraindividual varieme corresponding
language or motor paradigm was chosen as contrasts to calculate the respetistes-st
For regions of interest (ROI) definition, anatomical masks of language- or-retdgant

regions and two control regions were created. For this purpose, the angular gyrus,

supramarginal gyrus, the middle and superior temporal gyrus as well agdher ifrontal
gyrus opercular and triangular part were chosen as language-relevant regionsshfastirey
represent important parts of the language network. In addition, two controliRibésleft and
right occipital lobe were chosen, as these were reliably actilgitée paradigms. These ROIs
were extracted from the AAL atlas using WFU Pickatlas Toolbox Ve&ias (110,113,114).
The language paradigm contained an additional visual component by presaatstighuli in

written form, which allowed using both occipital lobes of the affectededsas unaffected
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hemisphere as control regions, since these areas were not affedtedtloypdr in any patient
and at the same time were reliably activated by the chosadigas. Regions of interest
relevant for motor abilities were also chosen for examination of the MRIofldtee motor
paradigms. These were the motor cortex, premotor cortex and the supplemeittararea.
As motor processing occurs bilaterally in the cortex, use of this paradigracbffee additional
advantage of comparing affected and unaffected hemispheres in these areas andgetrauati
direct influence of the tumor. ROIs relevant to this paradigm were extrasteg the SPM
Anatomy Toolbox Version 3.0 (11417).

The Marsbar Toolbox Version 0.44 (112) was used to investigate the percentchigngée
(PSC) in the regions of interest. The previously extracted anatomicalWR@sised as a mask
to identify the voxel with the maximum activation within each regiomtedrest based on the
t-map previously generated in the statistical analysis. The coomlinhtthis voxel were
subsequently used in Marsbar to generate a spherical ROI with a diameter of 5mm around this
voxel, which was then used for the analysis of the PSC. This approach should on the one hand
objectify the ROI generation, since it was performed according to gtedefined rules. On
the other hand, the calculation of the percent signal changes wasteataysally biased by
the size of the anatomical ROIs, since they all had the same size.

After the ROIs were generated, they were checked for overlap with the tumaragtont
enhancing tumor and / or necrosis). Since these are not functional brags tiasregion of
interest within the tumor would lead to a bias of the calculated seJulerefore, such ROIs
that overlapped with the respective individual tumor were excluded from the analysis.

In addition to the percent signal change, the lateralization indexn(ld)eas of the frontal,
parietal and temporal lobe for language paradigms as well as thd &odtparietal lobe for
motor paradigms were calculated using the LI toolbox (118) to quantify the symanetry
asymmetry of cortical activation. Here, the activated voxels of botlspberes are contrasted
and put into relation, so that the LI can be used as a hint to therusilaterality of cortical
activation.

The CONN toolbox implemented in SPM12 (119) was used to evaluate the functional
connectivity of the six fMRI paradigms used in this study. The basis foatailysis is provided
by the SPM.mat files created with SPM12, which were created for analyengSC and
contain information on the underlying fMRI images including all previously destribe
preprocessing steps as well as the GLM calculated for this purposen®mesv preprocessing
of the data was necessary. During denoising, the BOLD time seriesbamdpass filtered

(0.008-0.09Hz) for noise reduction purposes. In addition, the motion parameters in three
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translation and three rotation directions computed in SPM12 in realigiweee included, as

well as their first order temporal derivatives. Furthermore, lineaeni@ing was performed
(120). Atfter first level evaluation of the datasatgle subject level, ROI-to-ROI analyses were
computed at group level. In the case of the language paradigms, 23 implenegimad of
interest of different cortical networks (Default Mode network, Saliendeanke, Dorsal
Attention network, Fronto Parietal network, and language network) were used; for the analysis
of the motor paradigms, 22 ROIs were used (Default Mode network, Salience network, Dorsal
Attention network, Fronto Parietal network, and Sensorimotor network). The darebel
network was not included here as the cerebellum was not acquired coymileied MRI data

collection in most patients and this would bias the results.
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Table 6. Overview of all networks analyzed for this study as well as the regiomgerest
contained therein and their abbreviations.

Network

Region of interest

Abbreviation

Default
Mode

Medial Prefrontal Cortex
Lateral Parietal
left hemiphere
Lateral Parietal
right hemiphere
Precuneus Cortex

MPFC
LP (L)

LP (R)
PCC

Salience

Anterior Cingulate
Anterior Insula
left hemisphere
Anterior Insula
right hemisphere
Rostral Prefrontal Cortex
left hemisphere
Rostral Prefrontal Cortex
right hemisphere
Supramarginal Gyrus
left hemisphere
Supramarginal Gyrus
right hemisphere

ACC

A.NS (L)
A.NS (R)
RPFC (L)
RPFC (R)
SMG (L)

SMG (R)

Dorsal
Attention

Frontal Eye Field
left hemisphere
Frontal Eye Field
right hemisphere
Intraparietal Sulcus
left hemisphere
Intraparietal Sulcus
right hemisphere

FEF (L)
FEF (R)
IPS (L)

IPS (R)

Fronto
Parietal

Lateral Prefrontal Cortex
left hemisphere
Lateral Prefrontal Cortex
right hemisphere
Posterior Parietal Cortex
left hemisphere
Posterior Parietal Cortex
right hemisphere

LPFC (L)
LPFC (R)
PPC (L)

PPC (R)

Language

Inferior Frontal Gyrus
left hemisphere
Inferior Frontal Gyrus
right hemisphere

IFG (L)

IFG (R)
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Posterior Superior Temporal Gyrus

left hemisphere PSTG (L)
Posterior Superior Temporal Gyrus
right hemisphere PSTG (R)
Lateral Sensorimotor Cortex

left hemisphere LAT (L)
Sensorimotor Latera_l Sensor?motor Cortex LAT (R)

right hemisphere

Superior Sensorimotor Cortex SUP

4.2.6 Statistical data analysis

Numerical data were analyzed using SPSS version 28 (IBM, Armonk, NY, USA).
Investigations of structural differences, which were quantified by fractionsbtaopy (FA)
values, were performed between the two groups of patients using the Matmey\U test. To
examine differences in FA values within the two groups, Wilcoxors testpaired samples
were used. For multiple testing purposes, the results of each analysibeveagljusted using
Benjamini-Hochberg (False Discovery Rate; FDR) correction (142).

The calculated percent signal changes were compared betwelkrethgroups (uniform tumor
growth pattern, diffuse tumor growth pattern, and healthy control subjects) using agne-w
ANOVA. In this case, a repeated measures ANOVA was considered abisués those
spherical ROIs that showed direct contact with the tumor were excluded franalysis. As
missing data even in only one of the ROIs results in an exclusion of the ddtalset in a
repeated measures design, almost half of the sample would have to be excluded andsthe resul
would not be representative. The percent signal changes (PSC) wefer¢hevaluated using
one-way ANOVAs (FDR-corrected), which does not exclude the entire patiesdse of
missing data.

Lateralization indices were evaluated nonparametrically using Kruskdlswtest for
independent samples, which were adjusted using False Discovery (FDRgtioorras
previously done for the evaluation of PSCs.

Corel version 19 was used for the graphical representation of the results. péetives
standard error of the mean was used to create the error bar. Sigtsiticeficant results were
indicated with * for p < .05, ** for p < .01, and *** for p < .001. Figures for functional
connectivity were created using the connectivity matrices cadcllat the second level
analysis.

104



4.3 Results

4.3.1 Description of the sample

The sample included a total of 97 patients and consisted of 41 fem&l6é arade patients aged
24 - 80 years (mean: 60.02 years). For detailed information see Table X.

To investigate structural changes in the white matter, those patibotseceived diffusion-
weighted imaging during preoperative examinations were selected frqrattbet population.
Only those patients who also had structural images of the four modalitieglT, T2, and
FLAIR were considered for the sample, as these were needed toamdatvidual tumor
segmentation. Thus, 29 patients (11 female and 18 male; mean age 61.69 yeans)wde@ |
into this part of the study. A two-sample t-tests showed that thelidgeot differ between
patients with uniform and diffuse tumor growth pattern (t(27) = .751; p = .459).

Of the 97 patients in the total sample, 64 received language fMRI (B4geeeration, 47
antonym generation, and 57 syntax generation). Two-sample t-tests showtkd #due of both
patient groups did not differ statistically significantly from each othéhénverb generation
(t(62) = 1.604; p = .114), antonym generation (t(45) = 1.107; p = .274), or syntax generation
(t(55) = 1.699; p = .095) paradigms.

In addition, 37 patients of the sample received a motor fMRI (36 hand meovef® foot
movement, and 28 tongue movement). Of these, 16 patients were female ang 2ialee
The mean age was 59.46 years. Again, two-sample t-tests showed no differences régarding t
age of both patient groups for the hand (t(34) = .077; p = .939), feet (t(14) = -.4962p)~
or tongue (t(26) = -.707; p = .486) paradigms.
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Table 7. Demographic data of the patient sample as well es thersplesaof patients with

uniform and diffuse tumor growth pattern.

Total Uniform Diffuse
tumor tumor growth
growth pattern
pattern

Structural MRl  DTI N 29 13 16
Age 61.69 63.46 60.25
Sex 18 male 8 male 10 male
11 female 5 female 6 female
Language fMRI Verb generation N 64 23 41
Age 59.84 62.87 58.15
Sex 37 male 13 male 24 male
27 female 10 female 17 female
Antonym generatiorN 47 16 31
Age 59.66 62.31 58.29
Sex 26 male 9 male 17 male
21 female 7 female 14 female
Syntax generation N 57 22 35
Age 59.86 63.90 57.83
Sex 33 male 13 male 20 male
24 female 9 female 15 female
Motor fMRI Hand movement N 36 13 23
Age 59.36 59.54 59.26
Sex 20 male 7 male 13 male
16 female 6 female 10 female
Foot movement N 16 6 10
Age 57.25 55.33 58.4
Sex 8 male 3 male 5 male
8 female 3 female 5 female
Tongue movement N 28 11 17
Age 58.75 57.00 59.88
Sex 17 male 6 male 11 male
11 female 5 female 6 female

For comparison purposes, in addition to the patient group, fMRI data from healthy control
subjects were analyzed. The control subjects for the language paradggenshe same as
described in chapter 3.3.1 for the second study of this thesis. Data from the Banmectome

Project (HCP) were used as the motor control group, which had healthy sabjaptste tasks
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similar to the patients on MRI. In total, 37 healthy subjects (21 male and 16 fema&dagje

37 years (mean age: 35.00 years) were included.

4.3.2 Fractional anisotropy

In order to investigate structural differences between the two pgtmunts, diffusion-weighted
MRI data were used to calculate the fractional anisotropy (FA) for hihee ttumor
compartments of necrosis, contrast enhancement, and edema. Compawogtitent groups
(Figure 22A), a Mann-Whitney-U test for independent samples in eaclslvased no group
differences in necrosis (U = 147,000; Z = .90%. B .910), contrast enhancement (U =
120,500; Z = -.115; 4. = .910), and edema (U = 127,000; Z = .134; p .910). In addition,
the volumes of each compartment were also compared between the two grexphite
systematic variations that could potentially affect the mean H#&esa In this regard,
independent-samples t-tests adjusted for multiple testing usingrBenHochberg correction
showed no differences in all three compartments necrosis (t(26,149) = -.§68;.603),
contrast enhancement (t(27) = -1.03%;. p .603), and edema (t(24,667) = -.52&;.p .603).
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Figure 22. Mean values of the fractional anisotropy for both patient groups with uniform and
diffuse tumor growth pattern. While there was no evidence for inter-tumor heteitgdéne

both groups showed differences between the compartments in terms of indra-tum

heterogeneity (B).
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In addition to examining inter-tumor heterogeneity, the intra-tumor hetegdgevithin the

two groups of patients with uniform tumor growth pattern (U-TGP) and diffuser growth
pattern (D-TGP) was also analyzed (Figure 22B). For this purpose, the FA \aildiee
individual compartments were compared separately for both groups using tbedfvitest for
paired samples (FDR-corrected). This revealed statistically signifidéeredices between the
necrosis compartment and the contrast-enhancing portion of the tumarl(x0; pg. = .003)

and edema (z = 3.180:;q¢p = .003) in the U-TGP group. Furthermore, the FA values of the
contrast-enhancing portion of the tumor differed from those of the edema (z = -2.341;
Pad. = .023). The group of patients with D-TGP showed a similar picture, as\thalé&es of

all three compartments also differed from each other (z = 3.206=p.003; z = 3.258;
Padj. = .003; z = -2.068; 49;. = .039).

4.3.3 Percent signal change

In order to investigate the influence of the glioblastoma tumor growthrpattethe BOLD

signal, all six fMRI paradigms (three language paradigms and three motdigpasawere

evaluated and percent signal change was calculated in regiorteresinROISs) relevant to
these functions (Figure 23). As several ROIs had direct contact withurthar and were
therefore not included in the analysis, instead of a repeated measurasAANONne-way

ANOVA was calculated for each ROI. The individual tests wejasteld using a Benjamini-

Hochberg correction for multiple comparisons.
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Figure 23. Comparison of mean percent signal changes of the three groups of patients with

uniform and diffuse tumor growth pattern as well as healthy control suligedtse (A) verb

generation, (B) antonym generation, and (C) syntax generation paradigms.
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Verb generation

The analysis of the verb generation paradigm (Figure 22A) showedicdissignificant
differences between groups in the angular gyrus (F(2,87) = 5.888%; p025), inferior frontal
gyrus opercular part (F(2,90) = 3.922;4p= .048), inferior frontal gyrus triangular part
(F(2,90) = 3.879; @j. = .048), and in the left occipital lobe (F(2,93) = 8.644. p .002).
Furthermore, there was a trend in the right occipital lobe (F(2,93) = 3.e42; ©90). In
contrast, no statistically significant differences were found in the midsigoral gyrus
(F(2,88) = 2.334; gj. = .154) and superior temporal gyrus (F(2,88) = 2.18¢;/.167) and in
the supramarginal gyrus (F(2,86) = .674g.= .533). Post-hoc t-tests showed statistically
significant differences between patients with diffuse tumor growthrpgile TGP) and healthy
control subjects in the angular gyrusdq(p= .011) and the inferior frontal gyrus opercular part
(padj. = .032) after FDR correction. In the control region of the occipital lobe of fibeted left
hemisphere, control subjects differed from both patients with D-T&P<p006) and patients
with uniform tumor growth pattern (U-TGPsdp= .006). In the right unaffected occipital lobe,
there was a trend for a difference between control subjects and D-Ti@RPGag. = .062). A
statistically significant difference between the two groups of patieassnot found in any of
the regions of interest.

Antonym generation

The antonym generation paradigm (Figure 22B) also showed a significant gifeupnde in

the area of the angular gyrus (F(2,71) = 5.14§;9¢.033) and the left occipital lobe (F(2,76)
=10.279; pq;. = .001). In addition, the groups differed in the area of the superior tergyaual
(F(2,74) = 4.408; g, = .040) and there was a trend in the middle temporal gyrus
(F(2,72) = 2.986; ;. = .090). In contrast to the verb generation paradigm, no differences were
found in the inferior frontal gyrus opercular part (F(2,76) = 2.054;%.180) and triangular
part (F(2,75) = 1.210; 8. = .365) as well as in the right occipital lobe (F(2,76) = 2.057,
Padi. = .180). Post-hoc t-tests showed that in the angular gyrus, the D-TGP groupddiffere
significantly from the control group 4@ = .016). In addition, differences were found in the left
affected occipital lobe between the control subjects and the D-TGP geaup (@06) and the
U-TGP group (py. = .005). The two patient groups differed statistically significantly in the
superior temporal gyrus {g = .032).
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Syntax generation

In the syntax generation paradigm (Figure 23C), a one-factor ANOVA (FDR-catriexte
multiple testing) revealed statistically significant group differenoethe area of the angular
gyrus

(F(2,82) = 4.669; @j. = . 035), middle temporal gyrus (F(2,82) = 4.713; p .035), and in the
occipital lobe of the affected left hemisphere (F(2,86) = 9.138;9.002) as well as the
unaffected right hemisphere (F(2,86) = 11.33%; $.001). Furthermore, there were significant
differences in the inferior frontal gyrus triangular part (F(2,84) = 4.3387p040) and a trend
in the opercular part (F(2,85) = 2.98Qg 3= .090). No statistically significant differences were
found in the superior temporal gyrus (F(2,83) = .514; p .601) and supramarginal gyrus
(F(2,81) = 1.396; ;. = .320). In this analysis, FDR-corrected post-hoc t-tests showed a
statistically significant difference between control subjectsi#IdGP patients in the angular
gyrus (Rdj. = .006) and in the inferior frontal gyrus part triangularigj(p .032). Furthermore,
statistically significant differences were shown in both the occifots of the affected and
unaffected hemisphere between control subjects and U-TGP patigpts (06 in each case)

and between control subjects and D-TGP patients $p006 and gy = .003).

For the three motor paradigms, ROIs were assigned to the affected or unaffeutgzhbee
allowing a comparison of both hemispheres (Figure 24). Each of the healthy sobjsats
was uniquely assigned to a patient enabling information about which gieres was

considered affected to be transferred.
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Figure 24. Comparison of mean percent signal changes of the three groups of patients with
uniform and diffuse tumor growth pattern as well as healthy control subjed¢tef(h) hand

movement, (B) feet movement, and (C) tongue movement tasks.

Hand movement

For the movement of the hand (Figure 24A), the analysis showed a trendareshef the
supplementary motor cortex of the hemisphere affected by the tumor (F(2,60) = 94164; p
.006) as well as the motor cortex (F(2,69) = 7.0%§; .015) and the supplementary motor
cortex (F(2,69) = 5.778;ap. = .029) of the unaffected hemisphere. Furthermore, there was a
trend in the Motor Cortex area of the affected hemisphere (F(2,61) = 4426;.058). No
statistically significant differences were found in the premotor cortéreaiffected hemisphere
(F(2,58) = .720; g;. = .659) or the unaffected hemisphere (F(2,69) = 2.1957p268). FDR-
corrected post-hoc t-tests showed statistically significant diffeeehere in the SMA of the
affected hemisphere between the control subjects and the U-TGP gggup .G20) and the
D-TGP group (gij. = .033). In the motor cortex of the unaffected hemisphere, there was a
significant difference between D-TGP patients and the control subjegts (p20) and in the
supplementary motor cortex of the same hemisphere between U-TGP patiéntsntrol
subjects (py. = .020).

When comparing the affected and unaffected hemispheres, no statissialijicant
differences were found in the group of U-TGP patients for the motor cort€y &(1179;

Padi. = .861), premotor cortex(t(10) = -1.51%gp= .288), and supplementary motor area
(t(11) = -1.320; pyj. = .321). The same result was shown in the D-TGP patients (t(20) = -1.229;
Padj. = .420; t(18) = -.074;4a;. = .942; t(19) = .920; 49 = .551).

Foot movement

There was no statistically significant difference during foot movement (FRytBg between
any group. This was found for the motor cortex (F(2,26) = .43f{~=p732), premotor cortex
(F(2,25) = .687; g = .659), and supplementary motor cortex (F(2,23) = .93il=p 659) of
the affected hemisphere and for the same ROIs of the unaffected hemisphere (F@)27) =
Padj. = .842; F(2,27) = .172;a9. = .842; F(2,27) = .466;sp. = .732).

Analogous to the movement of the hands, neither patients with uniform (t3)5#4;
Padj. = .247; 1(3) = -1.211; 49;. = .402; t(3) = -2.760; 49j. = .247) nor diffuse tumor growth
patterns (t(9) = -.720;ap. = .551; t(9) = -2.047; 43, = .159; t(8) = -2.726; 43;. = .083) showed
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differences between the motor cortex, premotor cortex, and supplementary motafr theea

affected and unaffected hemispheres in FDR-adjusted paired-samptss t-tes

Tongue movement

Evaluation of percent signal changes measured in response to tongue ntoféguee 24C)
showed only a statistically significant difference in the motor cortex afr¢lae unaffected
hemisphere (F(2,53) = 4.992;9p= .046) and a trend for the motor cortex of the affected
hemisphere (F(2,42) = 4.253;gp= .062). The premotor cortex (F(2,49) = 2.43&; p .252)
and supplementary motor cortex (F(2,52) = 1.4%§,9.437) were not statistically significant
in either the affected hemisphere or the unaffected hemisphere (F(2,53) =a310;657;
F(2,53) = 1.752; ;. = .367). Post-hoc t-tests showed no statistically significant diffesence
between groups for the motor cortices of both hemispheres after FDR correction.

When comparing affected and unaffected hemispheres, neither U-TGP (t(9) = -1.620;
Padj. = .288; t(9) = .461; 49, = .738; t(9) = 2.258; 4. = .247) nor D-TGP patients
(t(12) = -2.537; gyj. = .083; t(15) = -.756; 4a;. = .551; t(16) = -2.421; 49. = .083) showed
differences in the three regions of interest examined in this study.

4.3.4 Lateralization Indices

To investigate the hemispheric distribution of cortical activatiomslateralization index (LI)
was calculated for all six paradigms in relevant brain lobes using the LI toolbox (B®ure
For the language examinations, the LI was calculated for each dirtee paradigms in the
frontal, parietal, and temporal lobes and compared between the three exengraips. For
this purpose, the Kruskal-Wallis test was used with independent saempieadjusted for
multiple testing using FDR correction.

In this analysis, for the verb generation paradigm, there was éicaitifisignificant difference
in Lls in the frontal lobe (®= 10.161; py = .014) and in the parietal lobé {= 11.421;
Pagj. = .010), but not in the temporal lobé = .027; pg. = .987). Post-hoc tests showed
significant differences in the frontal lobe between the control groupathdhe U-TGP group
(Pagj. = .014) and the D-TGP groupa@p= .024). A similar result was found when comparing
in the parietal lobe, where both patient groups also differed from the control gegup (07
and pg;. = .017).

When the antonym paradigm was examined, statistically significietedices were found in
the frontal lobe { = 23.044; py. < .001) and parietal lobei £ = 20.244; gy < .001) but not
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in the temporal lobei(®= 4.477; pg. = .160). Post-hoc tests showed here that in the frontal as
well as parietal lobes, the control group differed from both patient groups<(J01 each).
Evaluation of the LlIs for the sentence generation paradigm revealed no statisticallgagignifi
differences in any of the frontal lob& §{ = 4.506; pg. = .160), parietal lobei(® = 2.771;

Padj. = .322), and temporal lobé €= 1.637; py. = .469) areas examined.

Figure 25. Comparison of the lateralization indices of the language paradigms fontad
parietal and temporal lobe between both patient groups with uniform and diffasegrowth

pattern and the control group.

To examine the lateralization of cortical activity in the thredomparadigms (Figure 26),
lateralization indices were calculated in the frontal as well as ddabtareas and compared
among the three study groups. Here, no statistically significant difiesemere found for all
three paradigms during movement of the hands (froii: 5.042; pg,. = .241; parietal:i 6=
2.112; pgi. = .492), the feet (frontali = 1.418; pq. = .492; parietalii = 8.657; pgj. = .079),
and the tongue (frontali ®= 1.451; pqj. = .492; parietalii 6= 2.068; pq. = .492).
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Figure 26. Comparison of the lateralization indices of the motor paradigms iforit@ and
parietal lobe between both patient groups with uniform and diffuse tumor gpatdrn and

the control group.

4.3.5 Functional connectivity

In addition to percent signal change and lateralization indices of language- and muotortrele
regions of interest, the functional connectivity of relevant cortical networks was ahalyze

For language fMRI, five different networks (Default Mode, Salience, Dorsal Attention, Fronto
Parietal and Language network) were used with a total of 23 regions of tinte(2ks)
implemented in the CONN-toolbox to evaluate intra- as well as n@®verk connectivity
(Figure 27). Here, the two patient groups with uniform tumor growth pattern (U-aiGP)
diffuse tumor growth pattern (D-TGP) were compared with a healthy control group.
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Figure 27. Comparisons of functional connectivity of cortical networks relevant for the
processing of language between the control group and each patient group as lvedlleen

both patient groups with uniform and diffuse tumor growth pattern.

Verb generation

When comparing the D-TGP patients with the matched control subjecgniicantly
decreased intra-network connectivity was found within all networks. Howevére sdame
time, these patients exhibited extensive inter-network connecheityeen the ROIs of the
different networks, which was statistically significantly more pronounicad in the assigned
control subjects. This pattern was also evident when comparing the pdieRts with their
matched control subjects, although less connections were involved. \Gin@aring the two
patient samples, the intra-network connections of the U-TGP patvéhts the Salience and
Dorsal Attention networks as well as connections between the &@@he Salience, Dorsal
Attention and Fronto Parietal networks were significantly stronger. In additisigndicant

reduction in inter-network connectivity of several ROIs of the Default Modeonktvas found
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in this group. The p-28values of the statistical tests of these campaigan be found in the

Appendix as Supplementary tables 22-27.

Antonym generation

Similar to the comparison of functional connectivity of the verb generatiomligaraboth

patient groups showed significantly reduced intra-network connectivity withimetworks

during antonym generation compared to their respective assigned control subjects. In addition,
both patient groups also exhibited extensive inter-network connectivitse®e the ROIs of

the different networks, which was statistically significantly strotiggn in the assigned control
subjects. When comparing the two patient groups, there were some sigyificenre
pronounced connections in the D-TGP group, which were spread across all neaonksed.

At the same time, only one connection (right posterior superior temporal gygls rastral
prefrontal cortex) was significantly reduced in this comparison. The p-vafube statistical

tests of these comparisons can be found in the Appendix as Supplementary tables 28-33.

Syntax generation

In addition, the functional connectivity of the syntax generation paradignalas@agvaluated.
Here, both control groups showed significantly stronger intra-network connectithity |
networks compared with their respective assigned patients. In additionicsiginieductions
in inter-network connectivity between the saliency and language netwerksewident when
comparing the U-TGP patients and control subjects. Furthermore, extendedeivork
connectivity between the ROIs of the different networks was found here in both patient groups
and was statistically significantly stronger than in the assigned teaobjects. Comparison of
the two patient groups also revealed statistically significant diffeeemdthin and between
networks, which were unsystematically distributed across all networksme@niihe p-values
of the statistical tests of these comparisons can be found in the Appsn8ipplementary
tables 34-39.

Regarding motor functions, the five previously investigated paradigms (left hgimdhand,
left foot, right foot, tongue) were also examined with regard to the functommectivity of
relevant areas. For this purpose, five cortical networks (Default Mode n&sli®orsal
Attention, Fronto Parietal and Sensorimotor network) with a total of pEmented regions
of interest (ROIs) were investigated with respect to intra- and intesrietconnectivity. To

better evaluate the influence of the tumor on the affected hemisphere, the sampleomgs not
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divided by group into patients with uniform tumor growth pattern (U-TGP)d#fuse tumor

growth pattern (D-TGP) as well as healthy control subjects, but whlsmgtoup additionally
differentiated by affected hemisphere. The results described below aneposted for the
patients whose tumor was located in the left hemisphere before tholse fayht hemisphere

are described (Figure 28).
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Figure 28. Comparisons of functional connectivity of cortical networks relevant for the
processing of motor actions between the control group and each patientagrowgll as
between both patient groups with uniform and diffuse tumor growth patternumithr in the

left hemisphere.
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Left hand

When evaluating differences in functional connectivity in patients with left hemisphieror
as well as their matched control subjects, movement of thieaeft showed some significant
differences both within and between networks. Compared to their matched conteactssubj
D-TGP patients showed significantly lower functional connectivity in tle@s8rimotor
network, the Salience network, and the Dorsal Attention network. In additgmficant
differences in inter-network connectivity were observed, including stronger doiyeof
control subjects between the regions of interest (ROIs) of the Dorgaltiatt network and the
ROIs of the Salience and Sensorimotor networks. In addition, the control sighjeatsd
significantly weaker connections between the Default Mode network hsasvéhe Fronto
Parietal network and several ROIs of the other networks.

When comparing the U-TGP patients with their control group, fewer differences vigzate
There were isolated differences in intra-network connectivity in b Mode network,
Sensorimotor network, Salience network, Dorsal Attention network, and FrontetaPari
network. In all these connections, control subjects showed stronger connectivitg. sdme
time, there were also intra-network connections that were signifjaanteased in the patients.
Between-network connections were found to be statistically significamghehin the control
subjects, which were found to be stronger in the control subjects atrostworks. At the
same time, there were also connections that were more pronounced in the patgntigese
were predominantly between the fronto-parietal network and the other networks.

When comparing the two patient groups, there were no statisticallyficagitly stronger
connections in intra-network connectivity for either group. At the same RGP patients
showed significantly increased connectivities between the Fronietd?aietwork and other
networks, while D-TGP patients showed significantly stronger connectiongdietDefault

Mode network and several other networks.

Right hand

Furthermore, the functional connectivity of cortical networks in response to the movem
the right hand, which has the cortical representation in the left hemisatieceed by the

tumor, was compared between the groups. This revealed numerous intra-netwockatese
when comparing the patients with diffuse tumor growth patterns and thtihedacontrol

subjects, which were stronger in the control group. These included the Setisorimotor
network as well as large portions of all other networks evaluatedisttidy. In addition, there

were several significantly stronger connections between the Sensorinteiorkap¢he Salience
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network, and the Dorsal Attention network. Significantly higher connections of thentpa
group, on the other hand, were predominantly found between the Default Maaeknand
the ROIs of different other networks.

When comparing patients with uniform tumor growth patterns with control $apjkeere were
isolated significant differences in the Default Mode network, Sensorimatwork, and
Salience network, all of which predominated in control subjects. dlseyshowed significantly
stronger inter-network connections of the Sensorimotor network with the Salietwesrk and
Dorsal Attention network. At the same time, the patients showedfisanly increased
connections of the Default Mode network with regions of interest of theo8enotor, Salience,
and Dorsal Attention networks.

Comparing the two groups of patients, the main differences were in inteorket@nnectivity,
with few exceptions of the Salience network. Here, U-TGP patiégmsvesi enhanced
connections of the Default Mode network with ROIs from Sensorimotor, Sali@andeDorsal
Attention networks, whereas in the D-TGP group connections betwedfrdahto Parietal
network and ROIs from Dorsal Attention network and Salience network wgmdicantly

more pronounced.

Left foot

In addition to evaluating the functional connectivity of cortical networksaxdumovement of
the hands, they were also analyzed for the movement of each of the two feet. When comparing
the D-TGP patients with the healthy control subjects, it was founché@ements of the left
foot that the intra-network connections within the Sensorimotor network foegilbns of
interest were stronger in the control subjects. This was alsosbdargarts of the Salience as
well as Fronto Parietal network. None of the connections within networksimezeased for
the patient group. Inter-network connectivity also showed widely higher contestfor the
control group between the Sensorimotor network and the Salience and DibeséibA, and
between the Salience network and the Dorsal Attention network. In corb@sh-TGP
patients group showed numerous stronger connections of the MPFC to the regbere sif
of other networks.

When comparing the U-TGP patients with the healthy control supjbetscontrol subjects
showed increased intra-network connectivity in parts of the Saliena®nkeas well as the
fronto-parietal network, and isolated significantly stronger connections betheeaetivorks.
At the same time, the patients showed significantly stronger interarietonnections between

individual ROIs the Default Mode network and Salience network asasafronto Parietal
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Network and between the Fronto Parietal Network and the Sensorimotor, &adieddorsal
Attention networks.

When comparing the two groups of patients, only four statistically signifacanections were
found, which were stronger in the group of U-TGP patients. All other compabstnwsen

groups remained statistically not significant.

Right foot

Likewise, functional connectivity was quantified during movement of the faybtt which
projects to the left hemisphere affected by the tumor. Here, compatieel D-TGP patients,
the control subjects showed sporadically more pronounced connections witbonkseds well
as between networks, which was particularly evident in the connectiditg dfronto Parietal
network and the Salience network. In patients, only two connections overalsin@nger
between the MPFC and the right RPFC and between the PPC and SM@giftthemisphere.
When analyzing the U-TGP patient group, it showed increased functamactivity between
the Default Mode network as well as the Fronto Parietal network ancak&e@Is of other
networks compared to the healthy control subjects, while in this group onlydonections
were more pronounced.

Comparison of the two groups of patients showed that in the group of UpaGéhts,
connections within the Fronto Parietal network and between the Fronto Reetetark as well
as Dorsal Attention network and different ROIs of other networks were moreyoroed. In
the group of D-TGP patients, only isolated connections were significanbigger. These
occurred between individual ROIs of the Salience network and those fronetaelttMode

network as well as Fronto Parietal network.

Tongue

In addition to the extremities, activation elicited by movement ofathgue was also examined.
Here, control subjects showed significantly stronger intra-network conngctivitthe
Sensorimotor, Salience, Dorsal Attention, and Fronto Parietal netammksared with D-TGP
patients. Furthermore, increased connections between the DorsalioAtteetwork and
individual ROIs of other networks were evident. In addition, significantly dsecea
connections of the MPFC (Default Mode network) and multiple other regionteodést as well
as between the Fronto Parietal network and several ROIs of other networks were found.
Statistical comparison of the U-TGP patient group with the contlgésts was not possible

because of an insufficient sample size. The correlations were indludégure 28 for clarity
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reasons. Here, various connections appeared that seem to be more pronguatteat$n such
as within the Salience network or between the Default Mode network amiCttseof other
networks.

When comparing the two patient groups, the U-TGP patients showed sighifismanger
connections within the Fronto Parietal network and individual other ROIs. In aqtitievever,
they showed statistically significantly reduced connections of the Framtetdd and Dorsal

Attention networks with the ROIs of other networks.

The p-values of the statistical tests of these comparisonslsbbefore can be found in the

Appendix as Supplementary tables 40-69.

Analogous to the patients with glioblastoma in the left hemisphleeepatients with right
hemispheric tumor were also investigated with respect to the daatttonnectivity (Figure
29) of relevant areas based on the previously studied five paradigms (left hand, rightfhand, le

foot, right foot, tongue).
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Figure 29. Comparisons of functional connectivity of cortical networks relevant for the
processing of motor actions between the control group and each patientagrowgll as
between both patient groups with uniform and diffuse tumor growth patternumithr in the

right hemisphere.
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Left hand

The cortical activations during movement of the left hand projectnthe affected right
hemisphere will be described first. Here, control subjects showedicagitly stronger intra-
network connectivity within the Sensorimotor, Salience, and Dorsal Aitemietworks
compared to the group of D-TGP patients, as well as significant comedtetween the
Salience network and the regions of interest (ROIs) of other networks. At the same time, there
were significantly weaker connections between the Fronto Parietabnketind several ROIs
of the other networks.

The comparison of the U-TGP patients with the matched healthy ccuoti@cts showed
reduced intra-network connectivity in parts of the Salience and Dorsaitisth networks as
well as in individual inter-network connections. At the same tithes group showed
statistically significantly stronger connections between some regionecéshof the Default
Mode as well as Fronto Parietal network and several ROIs of other networks.

When comparing the two patient groups, the U-TGP group showed an incredse-network
connectivity between the Default Mode and Sensorimotor network. In addisiolated
statistically significantly stronger connections between the ROIs ardiit networks were
shown in one as well as the other group.

Right hand

The evaluation of functional connectivity during movement of the right hand showed
significantly stronger intra-network connectivity in the healthy control gomuppared to the
D-TGP patient group, involving the entire Dorsal Attention network, butpess of the other
networks. In addition, there were significantly stronger inter-network connections between the
Sensorimotor network as well as the Salience network and the ROIs ohetwerks. At the

same time, connections between the Default Mode network asasvélie Fronto Parietal
network and several other networks were significantly reduced.

Compared with the control group, the U-TGP patients showed a reduction in the intra-network
connectivity of parts of the Sensorimotor, Salience, and Dorsal Attergtarorks. In addition,
inter-network connectivity showed reductions between the ROIs of the Sensori@adiemce,

and Dorsal Attention networks and increases between the ROIs of thd Bibesdion and
Fronto Parietal networks.

Similar to left hand movement, a comparison of the two patient greupaled mainly isolated
nonsystematic increases and decreases in functional connectivify-vahees of the statistical

tests of these comparisons can be found in the Appendix as Supplementary tables 76-81.
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Left foot

The analysis of functional connectivity following movement of the left foetaked that all
intra-network connections of the Dorsal Attention network were stronger itilcgroup.
In addition, there were more pronounced connections between the regions et itehis
network and the ROIs of the Salience network, as well as between Seteometwork and
some ROIs of all other networks. In contrast, the patient group showed a totay éduml
connections that were more pronounced. These mainly involved the leftipogtarietal
cortex.

Comparing the assigned control subjects with the patients in the RJgf@up, there were
significantly stronger intra-network connections in the Salience ansaDAttention networks,
as well as significant connections between the Salience and $entsorand between Salience
and Dorsal Attention networks. At the same time, there was a reduntithe strength of
connections between portions of the Default Mode network as well as Fronto Parnetaknet
and several ROIs of other networks.

When comparing the two groups of patients, the U-TGP group showed strong@eimtosk
connectivity within the Sensorimotor network. In addition, these patidéwtsesl increased
connectivity between the Sensorimotor, Salience, and Dorsal Attentimorketcompared
with the D-TGP group, whereas connections between the left PPC of the Pamétal

network and various ROIs of the Salience network were reduced.

Right foot

When analyzing connectivity following right foot movement, the comparison ofratont
subjects with D-TGP patients showed a significant increas®nnectivity involving large
portions of the Dorsal Attention network as well as portions of the other networks. In addition,
there were also significant reductions in inter-network connectivity distdbatross all
networks. In this between-group comparison, the patient group showed only ttieats
significant stronger connection.

When comparing the assigned control subjects with the patienesih TGP group, there were
significantly stronger intra-network connections in the Default Mode, dfemstor, and
Salience networks, as well as significant connections betweenlitiec8and Dorsal Attention
networks. At the same time, there was a reduction in connection btistgteen portions of
the Default Mode network as well as Fronto Parietal network and seR@&ia of other

networks.
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Comparing the two patient groups, patients with U-TGP showed significardghgsr intra-
network connectivity within parts of the Sensorimotor, Dorsal Attention, andd-Ranietal
networks, as well as significantly stronger connections between the fronttapaetwork and
ROIs of other networks. At the same time, however, this group also showenifecamnt
reduction within the Salience network. The p-values of the statii$tists of these comparisons

can be found in the Appendix as Supplementary tables 88-93.

Tongue

In addition to functional connectivity during movements of the hands and feeljahialso
evaluated for the tongue. Here, there was a statistically significdunttien in intra-network
connectivity in the control group compared to D-TGP patients, whichewidsent in parts of
the Default Mode, Sensorimotor, Salience, and Dorsal Attention networks. troaduiter-
network connectivity was reduced between several regions of interest ofitre&aetwork
and those of the Dorsal Attention network. At the same time, howeveg, \ilege stronger
expressions of connectivity between the ROIs of the Default Mode network and those of other
networks and between the Salience network and the Fronto Parietal network.

When comparing the assigned control subjects with the patients itJ{h&P group,
significantly stronger intra-network connections were evident in the Semdoriend Salience
network regions. In addition, isolated significantly stronger connections were founeenet
the ROIs of the different networks. At the same time, there was a @ductihe strength of
connections between portions of the Fronto Parietal network and several ROlseof ot
networks and between the Default Mode network and the Salience network.

There were mainly isolated nonsystematic increases and decre&sestional connectivity

when comparing the two patient groups.

The p-values of the statistical tests of these comparisonslsbsbefore can be found in the

Appendix as Supplementary tables 70-99.

4.4 Discussion

The aim of this study was to investigate the influence of the morplalogimor growth

pattern in patients with glioblastoma on the structural and functional nestiogllaanges. For
this purpose, a group of patients was subdivided into two groups based oorpihelogical

appearance of the tumor using the pattern of contrast enhancement in Melition, fMRI
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data from healthy subjects were evaluated and compared with the twi gedigps for control
purposes.

To investigate structural differences between the group of patients with uniform tumor growth
pattern (U-TGP) and diffuse tumor growth pattern (D-TGP), diffusion-weightadesmwere
evaluated and the mean fractional anisotropy (FA) values from different tammactments
were extracted. When these mean FA values were compared in thertooamps necrosis,
contrast enhancment, and edema, there were no statistically sigrdfiten@nces between the
two groups of patients with respect to inter-tumor heterogeneity. This vessilinexpected,

as fractional anisotropy had already been shown to successfully discrimirtateerve
glioblastomas and metastases (173,175), and it was therefore assumed that this qoirdiple
also be applied to GBM subtypes. However, when intra-tumor heterogenaitgxamined
within each patient group, statistically significant differences vieued between all three
tumor compartments in both U-TGP patients and D-TGP patients. Sneslalts have been
reported previously and are consistent with the findings reported in thig($)y The results
suggest that different tumor compartments have different influences onggathbthanges in
brain microstructure, but this effect seems to be equally expredsethitumor growth pattern
subtypes.

In addition to investigating microstructural changes, the two patient grarpesalgo examined

for differences in the BOLD signal. For this purpose, the percent signageH®SC) in
relevant regions of interest (ROIs) was investigated for three language paagigrb,
antonym, and syntax generation) as well as for three motor paradigms (hand, foot, and tongue
movement). In addition to the two patient groups with uniform and diffuse tumor growth
patterns, healthy control subjects were examined. When evaluating the ldmguage
paradigms, only one ROI, namely the superior temporal gyrus during antonym generation,
showed a statistically significant difference in the form of a high€r &3he D-TGP patients.
Even though in most regions of interest the U-TGP patients showed higheaR8€ further
comparisons between the two groups did not reveal statistically sigmififeerences. When

the healthy control subjects were compared with the two patienpgrthe majority showed
differences with the group of patients with diffuse tumor growth pattern. Tlasfusther
indication that differences exist on a functional level between tbepatient groups with
uniform and diffuse tumor growth patterns, although these were not stafssigalificant. A

very similar result was additionally found when examining motor paradigmbeee too
D-TGP patients had lower PSC values in most ROIs examined. This suggesalthough

minor differences seem to exist, they are either not substamtalgh to be statistically
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significant or are masked by a mediator variable. This meanththratis another influencing
factor that exerts an influence on the measured BOLD signal, but was niolecedsn this
study. One possible factor that could be addressed in this case stémeebetween the region
of interest and the tumor. Although all ROIs that were in direct contaicttiae¢ tumor were
excluded from the analysis, this spatial factor was not considered fiantiaéning ROIs and
could provide additional relevant information. This has already been dekamilgevious
studies (67,94).

In addition, it was found that the control ROIs in the occipital lobdseiontrol group showed
higher PSC values than both patient groups in most cases. It was netibealihis concerned
not only the control region in the affected hemisphere, but in the case of ggntxation also
the contralateral unaffected hemisphere. This result suggests thaimibrertot only locally
affects the brain and its function, but also exerts global effects @mtine brain, including the
unaffected hemisphere, as described in previous studies (66).

Regarding the comparison of the affected and unaffected hemispheres of theups of
patients in the three motor paradigms, minor reductions in percent sigmage in the tumor-
affected hemisphere were found in both groups. However, these were too mardoeal t
statistically significant. This result is consistent with otpeevious studies that have already
found a reduction in BOLD signal in the motor cortex of the tumor-affédeedsphere (55,93),
although the results here did not show significance at the statistical level.

In addition, differences in lateralization indices between the patentsontrol subjects and
between both groups of patients with uniform and diffuse tumor growth patterns were
examined. Here, statistically significant differences were founchénvierb and antonym
generation paradigms, but not during syntax generation or in the motor paradignssaléava
noticeable in the significant differences that these wereéddraixclusively between control
subjects and patients, whereas comparisons between the two patigmé ghmwed no
statistically significant differences.

In the analysis of changes in functional connectivity, comparisons wittijeantrol subjects
showed that especially intra-network connectivity was significantlyceiin glioblastoma
patients. These were here not only found in the affected hemispheralsbuthowed in
interhemispheric connections. These results are in line with previoussstaderting global
changes in functional connectivity accompanying a brain tumor (98,101,102). Comparison
between the two groups of tumor patients with uniform and diffuse tumor growth patterns
showed only marginal differences, as was already the case for psigeait change and

lateralization indices. Therefore, it can be concluded that all thréeagieas indicate minor
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differences between the groups, which, however, were not pronounced enough taticalbyatis
significant.

Regarding the methodology of these analyses, some limitations should be noted. First, the fact
that patients and control subjects were collected on different MBhners should be
mentioned. While the same paradigms were used for the language fMRI andeolulgation
of the data collection differed, it should be noted that although the sameckifitles model
(Siemens Skyra) was used for the motor fMRI, the sequences and tasksldlfeng the data
collection. Therefore, it is uncertain what influence this has on the results of tbatmegnal
changes, especially in the motor examinations, since they may vary oiependhe scanner
and protocol. On the examination of the lateralization indicesvels as the functional
connectivity, this influence is estimated to be lower, as hdreraiormalized quotients or the
temporal correlations are considered. In addition to the differences doltbetion of data, it
should also be noted that the age of both control groups was stagisigaificantly lower
than that of the patients. This means that the influence of age-related clmalmg@s function
cannot be completely excluded in the patient group compared to thieyheattrol subjects.
However, the influences of the MRI scanner, examination protocol, ancageall be
considered minor when examining the two patient groups with each other tisendata of
these two groups, whose comparison was the focus of this study, were colidtiedame
examination setting and, moreover, both groups did not differ statist&ghificantly with

respect to age.

4.5 Conclusion

In conclusion, no differences were found in this study regarding microstruchaafes
between both groups of patients with uniform and diffuse tumor growth patianweudr, on
a functional level, there is an indication for a reduction of the BOfDbas in patients with
diffuse tumor growth pattern, although these were not statistically signifidaréover, when
control regions were examined, it was shown that the influence of the anmbe BOLD
signal is not only locally limited to the area of the tumor, but has glefbetts up to the

contralateral unaffected hemisphere.
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5 GENERAL DISCUSSION

5.1 Summary of the research questions of the thesis

Up to the present state of research, brain tumors represent a spatiexige for modern
medicine and science. Therefore, systematic studies of this disease amportant for a
comprehensive understanding of the development, behavior and treatment o hinésrfield,
especially in the last decades, research has contributed significanltlg tmprovement of
diagnostics and treatment of patients. In addition to the discovery of molewarkers, which
affect the prognosis of a patient and are the starting point for targetedlaretitiorms of
therapy, the establishment of preoperative fMRI for visualizing eloquent araas in the
vicinity of the tumor has also been shown to have a positive impact tred@ent of patients
(65). In this context, however, the integrity of the BOLD signal in patieittsbrain tumors
has often been critically questioned in the literature (55). In light sfolackground, it seems
all the more important to investigate the influence of the tumor on the acquiresigvigl on
the basis of patient data and thus gain a better understanding of this. The parthrmed
within the scope of this dissertation contribute a part to this oggrall The following research
guestions were addressed and investigated:

1. Investigation of how the presence of a brain tumor or space-occupyingédsian in
the occipital lobe affects fMRI eccentricity mapping of centratidie, and peripheral
visual field areas.

2. Development and evaluation of a preprocessing protocol that allowshtbe-
dimensional reconstruction as well as the analysis of functional Mialwdang the
FreeSurfer software.

3. Investigation of structural and functional differences between two groups of

glioblastoma patients with different morphological tumor growth patterns.

To address the first research question of how the presence of a brain tumoeer&pgying
brain lesion in the occipital lobe affects fMRI eccentricity magpf the central, middle, and
peripheral visual fields, the feasibility of retinotopic mapping of cemindl peripheral visual
fields in patients with brain tumor was investigated for the first.tifine results of the study
suggest that patients with brain tumor as well as with spaceogubrain lesion still show
intact retinotopic organization of the visual cortex despite their disedthough cortical

activations appear reduced compared to a healthy control group. In additiometpoal of
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interest analyses showed that the patients with space-occupyindgisians had higher values
of percent signal change in the calcarine fissure than the tumor patentgere comparable
to those of the control subjects, but showed a significantly reduced pattermgof cluster
size of activated voxels compared to patients with brain tumor. Ovemtesults of this study
indicate that a space-occupying brain lesion seems to haeffexstson the level of the BOLD
signal and more on the volume of cortical activation, whereas the itgop@s observed in
patients with brain tumor.

The second study aimed to create and evaluate a preprocessing plwbeadlows three-
dimensional reconstruction of the T1-weighted anatomical image in lifeeSwvhich has
previously led to erroneous results due to poor detection and handling of pathologigaischa
Results have shown that modification of the T1-weighted image, in whidr4afiected areas
were replaced with healthy tissue from the contralateral hemisphlengs akconstruction.
Here, the time required for reconstruction and the abortion rate did not diffetHose of a
healthy control group. In addition, comparisons of the analyses of functional MRVitlathe
results from the established SPM12 software showed that the results ailuhee-based
analysis of both methods yielded comparable results. Therefore, donsluded that
modification of the T1-weighted image with the preprocessing protocsépted here is an
appropriate way to use FreeSurfer in data of patients with twnadar, while providing new
ways to analyze patient data.

The third study focused on investigating structural and functional differdretesen two
groups of glioblastoma patients with different morphological tumor groviterpa. Here, the
results indicated structural differences within the tumor betweenehtfénmor components
(intra-tumor heterogeneity), but not between the two groups of patients mfthrnu and
diffuse tumor growth patterns (inter-tumor heterogeneity). Examination of differences
BOLD signal showed that the patients with a prognostically more favoualtierm tumor
growth pattern had higher percent signal change values in most regions of rebegh
language fMRI and motor fMRI, but these differences were not statigtsighificant. In the
lateralization of cortical activation, the language paradigms shébtileddifference between
the two groups of patients, whereas the motor paradigms showed highes wvéltiee
lateralization indices in the prognostically less favorable grouptafmis with diffuse tumor
growth pattern. Although these differences were statistically not sigmifidaey indicate a
more pronounced shift of the otherwise bilateral activation in motoranel@reas in this group
toward a more unilateral activation pattern. This may representneeid®r the stronger

influence of the prognostically less favorable tumor growth pattern on corticehtamt.
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Regarding the additionally investigated functional connectivity, only minor andlymost
balanced and unsystematically distributed differences between the twot gataps with
uniform and diffuse tumor growth pattern were shown. Overall, it can be concludeth&om
results that minor differences between both patient groups seem to b# presefunctional

level, but do not appear significant on a statistical level.

5.2 Conclusions for future research projects

The three studies presented in this thesis were able to geresats that not only contribute
relevantly to the current state of research, but may also be relevant for fseaecheprojects.
Here, the presented results and limitations can be used as agspanitit for planning and
conducting further studies on the characterization of neuroplastic protegssients with

brain tumors.

Potential future studies using fMRI retinotopic mapping

In the first study presented here, retinotopic mapping in patients waih bwmors was
described using the eccentricity mapping paradigm using three circles of rdifegzes.
Visualization of the cortical representations of the horizontal asagellertical visual field
meridian would suitably complement these results and provide valudht®aal information
about possible neuroplastic changes in the visual cortex that weretexiedeoy eccentricity
mapping. In addition, for both paradigms, eccentricity mapping as well asanendpping, a
more graduated stimulation of smaller areas of the visual field would be desirable. This would
allow more detailed maps of cortical representations of individual Ivisld areas (186).
Combining wedge stimuli that rotate both clockwise and counterclockantseircles that both
expand and contract can additionally increase the accuracy of mendipping and
eccentricity mapping. Here, phase-encoded retinotopic mapping would be lagyossihod
for acquiring and evaluating such paradigms (187).

In addition to the advantages mentioned above, phase-encoded retinotopic mappiffgrals
the advantage that, due to the stimuli used, a comparison withtipbtesual field defects of
the patients may be possible in addition to the more detailed retinatap& This comparison
of fMRI data with those of perimetry is based on the assumption tkgtassible to calculate
the stimulus to which each individual voxel's reaction is malx{8,188). The combination
of the different stimuli enables this to be calculated for all diems and eccentricities in the

entire visual field, and thus allows conclusions about any visual fieldtdefac be drawn on
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the basis of the combined results. These can also be compared antkdvediry additionally
performed perimetric examinations of the visual field.

Another research question, whose investigation would provide additional keainsight into
the behavior of brain tumors, would be to compare the results of fMRI retinotopic mapping
the presence of brain tumors along the processing pathway of visual informatienitidould
be examined whether retinotopic organization is also preserved intthreses and how
different tumor localizations affect the BOLD signal. Conceivable tumalil@tions here
include pituitary adenomas that compress the optic chiasm befoe fibess reach the
thalamus, or tumors that infiltrate the optic radiation and thus affect ditm@mections of
information that have already been preprocessed in the thalamus. Imtehee for
neuroplastic changes was already provided here by studies that found morphaclogiges
in the visual cortex as a result of tumors along the visual pathway (92).

In addition to these suggestions for research questions related to the pneostate of
patients, it would also be desirable to follow the postoperative courssuall abilities using
fMRI. Here, it would be conceivable to additionally perform retinotopic mapping tengs
in routine follow-up examinations using MRI. Such investigations would geovaluable
insights into postoperative neuroplastic changes. Initial evidencédoges in morphometry
as well as resting state functional connectivity associated with improvemensual abilities
in the postoperative course has already been found (90,91), but longitudinal ineestfat
changes in cortical activations in response to specific stimulation of the veddak&uld also
be desirable.

Potential future studies using FreeSurfer on data from patientshalbrain tumors

The second study of this dissertation dealt with the creation and evalo&f preprocessing
protocol that allows three-dimensional reconstruction in FreeSurfer. Sigetudy also
showed that functional MRI data can be analyzed with this and theds sgsudimilar to those
from SPM12, this approach can also be used for further future studies. An exanipte of t
would be the analysis of phase-encoded retinotopic mapping, which wagel#sa the
previous chapter. For this type of analysis, FreeSurfer provides a separate analysis stream
Since the three-dimensional reconstruction forms this basis faradillagions and they are thus
mapped to the same template, better comparisons can also be tmagntwifferent types of
analysis. Thus, functional neuroplastic changes can be directly relatieel ¢orresponding
structural changes in fiber connections or fractional anisotropy without bedertsto bias

due to additional normalization and registration steps.
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Potential future studies

The third study conducted within this thesis investigated structural and functional neuroplasti
changes in patients with glioblastoma multiforme (GBM). Herep#tient sample was divided

into two subgroups based on the morphological appearance of the accumolatontrast
agent in MRI and compared with each other. Minor differences were shown here, which,
however, were statistically not significant. Based on the resultspiisseasonable to conclude
that an existing difference between the groups could be masked byranethator variable,
which has not been considered so far. The aim of a further study could bettty ithes
variable.

Another interesting approach for future research would be the correlation of thigaees
structural and functional parameters on the survival of the patients. Ire¢faidy previous
studies have already shown that, for example, the expression of fractios@trapy in
different portions of the tumor has been shown to be a prognostic predictor. Similarly, this has
been shown for functional connectivity (98). In addition to survival, an investigatitime
molecular markers and their correlation with the structural and funtii@mameters found

here would be a worthwhile approach for further research.

136



6 CONCLUSIONS

Considering the results of all three studies as well as the findings opotivesusly published
studies, the relevance of investigating the behavior and influence of brain tumors om telati
structural and functional magnetic resonance imaging is clearly evitleat.continuous
development of techniques and methods of data collection and analysigripa@atant aim
here. At the same time, in consideration of the fact that the influgribe tumor on the MRI
signal cannot be quantified unambiguously until today, the investigation offdasrepresents
an important starting point for the improvement of the interpretation of ta@ftihese imaging
techniques.

In this thesis, three studies examining different aspects of preoperataging have
demonstrated that the presence of a brain tumor has profound implicationsstou¢hee and
function of the brain, which are not only localized to the area affdnyethe tumor, but are

global to the contralateral unaffected hemisphere.
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Supplementary Table 1.
Summary of p-values of one-tailed t-tests of the hgaltimtrol group during stimulation with the inner circle.

DMN VN SN DAN FPN
LP LP LAT LAT AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS |LPFC PPC LPFC PPC
RODIMPEC () ) PCAMEPOCC ) " 0 ® 0 ® O ®|lL ® O R|lL O ® ®
MPFC <.001 <.001 <.001 .194 .153 .991 .954 .738 .961 .999 .456 .810 .996| .998 .982 .805 >.999 >.999 .040 .048154
I\a LP (L) <.001 <.001 <000 .167 .887 .861 .832 .867 .962 .992 915 .956 .894| .988 .527 .731 .97 .998 <.004.60001.001
N LP (R) <.001 <.001 <001 .666 .757 .875 .848 .932 969 .996 .795 .678 .996| .885 .303 .628 .836 .916 <.004.60004.00]
PCC <.001 <.001 <.001 <.001 .813 .998 .991 .168 .933 .974 .033 .089 .876] .818 .911 .939 .939 .980 <.00106031061
MED 194 167 .666 <.041 975 .018 .22 .012 .092 .039 .366 .161 .011]| .037 .562 .402 .46p .472 .640 .616 A4
V OocCC 153 .887 .757 .813 .975 <.001 <.001 .538 556 .294 .055 .131 .121| 599 .962 .961 .5(0J3 .687 .004 .273
N| LAT (L) 991 .861 .875 .998B .018 <.001 <.001 565 .220 .007 .980 .108 .010| .034 .494 .406 <.001 <.001 .033.0306.304
LAT (R) 954 832 .848 .991 .022 <.001 <.001 665 .615 .046 .976 .174 .053] .116 .713 .330 <.00fL <.001 O0MOK7.307 .43
ACC 738 .867 .932 .148 .012 .538 .565 .665 <.001 <.001 <.001 <.001 <.001|<.001 .280 .209 .001 <.001 .7423191924%
AINS (L) 961 .962 .969 933 .092 556 .220 .615 <.001 <.001 .001 .002 <.001| .001 .473 .069 .00L .001 .75461900.90%
S AINS (R) 999 992 996 914 .039 .294 .007 .p46 <.001 <.001 .005 <.001 <.001|<.001 .368 .288 <.001 81®1.861 .315 .29
N RPFC (L 456 915 795 .033 .366 .055 .980 .p76<.001 .001 .005 <.001 .022] .018 .494 .332 .041 .037 .27020825281
RPFC (R 810 956 .678 .089 .161 .131 .108 J174 <.001 .002 <.001 <.001 <.00] <.001 .498 .204 .00282001.732 .003 .01
SMG (L) 996 .894 996 .86 .011 .121 .010 .p53 <.001 <.001 <.001 .022 <.001 <.001 .393 .599 <.001 <.001.48@32.345 .72
SMG (R) 998 988 .885 .818 .037 .599 .034 .116<.001 .001 <.001 .018 <.001 <.001 134 .344 <.001 <.00179994.491 .22
FEF (L) 982 527 .303 911 562 .962 .494 .y13 .280 .473 .368 .494 498 .393 .134 .003 .002 .001 .849 .691
2 FEF (R) 805 .731 .628 .939 .402 .961 .406 .330 .209 .069 .288 .332 .204 599 .344 .003 .042 .001 .990 .834
N IPS (L) | >.999 .978 .836 .939 .466 .503 <.001 <.p01 .001 .001 <.001 .021 .002 <.001 <.001 .002 .022 Q4A®1 .464 576 .43
IPS(R)[ >.999 .998 .916 .980 .472 .687 <.001 <{001 <.001 .001 <.001 .037 <.001 <.001 <.001 .001 oQmO1 <. 989 .856 .786 .71
LPFC (L) .040 <.001 <.001 <.001 .640 .004 .033 .pb57 .742 754 .818 .270 .829 .63 .994 .849 .990 .948 .989001 <.€01 <.00
E PPC (L) .048 <.001 <.001 <.0p1 .616 .273 .106 Jo77 .919 .900 .861 .825 .732 .484 .799 .691 .834 .4p4 .856 <.081001 <.00]
N LPFC (R 129 <.001 <.001 <.0p1 .454 .088 .033 307 .313 .618 .315 .206 .003 .34 .491 .779 .771 .5Y6007188.601 <.00
PPC (R) 156 .001 <.001 <.0p1 545 .316 .305 435 .247 907 .298 .287 .015 .72% .225 .814 .827 .4B9 .7170€1061001

Abbreviations: ACC: Anterior cingulate cortex, AINS: &nibr insula, DAN: Dorsal Attention network, DMN: Default Modetwork, FEF: Frontal eye field, FPN: Fron

Parietal Network, IPS: Intraparietal sulcus, LAT: Lateislial areas, LP: Lateral parietal, LPFC: Lateral prefibcortex, MED: Medial visual areas, MPFC: Medial

prefrontal cortex, OCC: Occipital cortex, PCC: Posteringulate cortex, PPC: Posterior parietal Cortex, RAE&Stral prefrontal cortex, SMG: Supramarginal gyrus, :
Salience network, VN: Visual network.
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Supplementary Table 2.
Summary of p-values of one-tailed t-tests of the healtimtrol group during stimulation with the middle circle.

DMN VN SN DAN FPN
LP LP LAT LAT AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS |LPFC PPC LPFC PPC
RODIMPEC () ) PCAMEPOCC ) " 0 ® 0 ® O ®|lL ® O R|lL O ® ®
MPFC <.001 <.001 <.0d1 .276 .004 .997 .998 .307 .995 .998 .069 .441 .999|>.999 .974 .886 >.999 >.999 .4710123003(
I\a LP (L) <.001 <.001 <.00L .164 .214 992 .988 .994 >.999 >.999 .827 .987 .996[>.999 .728 .945 .992 9@PX.601 .002 .00
N LP (R) <.001 <.001 <.001 .144 .381 .976 .963 .991 999 >999 .852 .900 .978] .999 .513 .887 .996 >.999.30m0%.801 .00
PCC <.001 <.001 <.001 005 .551 .998 .998 .832 .997 >.999 .009 .242 .907] .996 .353 .932 .993 >.999 .001 <.081001
MED 276 .164 .144 .005 119 .006 .009 .541 117 .b21 122 .232 .373] .249 .862 .029 .51B .520 .747 .881 A4
V OocCcC .004 .214 .381 .5%1 .119 <.001 .001 .496 .227 .014 .295 .104 .409| .259 965 .628 .736 .467 .925 .930
N| LAT (L) 997 992 976 .998B .006 <.001 <.001 .679 .043 .008 .754 .568 .009|.006 .092 .005 <.001 <.001 .678.197210.944
LAT (R) 998 .988 .963 .998 .009 .001 <.001 .787 .067 .009 .653 .460 .038| .004 .236 .006 <.00[L <.001 .462.31457.804
ACC 307 994 991 .832 541 .496 .679 .Y87 <.001 <.001 <.001 <.001 .009| .005 .226 .317 .030 .073 .919 .927 1
AINS (L) 995 >999 999 997 .117 .227 .043 .067 <.001 <.001 .015 .001 <.001|<.001 .467 .164 .00P .028 98»6.716 .69
s AINS (R) 998 >.999 >.999 >999 521 .014 .008 .P09 <.001 <.001 .055 <.001 <.001|<.001 .309 .108 €001 ©93 .989 .169 .11
N RPFC (L 069 .827 .852 .009 .122 .295 .754 p53<.001 .015 .055 <.001 .200] .067 .541 .251 .345 .137 .03402091164
RPFC (R 441 987 900 .242 .232 .104 568 J460<.001 .001 <.001 <.001 .009 <.001 .104 .190 .049 .126553360001 .00
SMG (L) 999 996 .978 .9(Q7 .373 .409 .009 .p38 .009 <.001 <.001 .200 .006 <.001 .217 .556 <.001 <.001 .147.43038284
SMG (R)| >.999 >.999 .999 .996 .249 .259 .006 .p04 .005 <.001 <.001 .067 <.001 <.001 116 .100 <.001 8/1.806 .241 .04
FEF (L) 974 .728 513 .343 .862 .965 .092 .P36 .226 .467 .309 .541 .104 .217 .116 116 .002 <.001 .501 .092704
2 FEF (R) .886 .945 .887 .932 .029 .628 .005 .po6 .317 .164 .108 .251 .190 .55 .100 .116 .008 .009 .893 .774
N IPS (L) | >.999 .992 .996 .993 .518 .736 <.001 <.p01 .030 .009 <.001 .325 .049 <.001 <.001 .002 .008 38¥01.009 .879 .60
IPS (R)| >.999 >.999 >.999 >.999 .520 .467 <.001 <{001 .073 .028 <.001 .137 .126 <.001 <.001 <.00%.00H09 916 .821 .851 .8]
LPFC (L) 471 <.001 <.001 .001 .747 925 .678 K62 919 966 .993 .034 .930 .147 .878 .501 .893 .387 .916 <.60004.00]
E PPC (L) 230 <.001 <.001 <.0p1 .881 .930 .710 K457 927 .982 .989 .191 553 .03 .806 .092 .774 .009 .821 <.0€81001 <.00]
N LPFC (R 017 .002 <.001 .001 .499 .116 .192 pB16 .113 .716 .169 .020 <.001 .431 .241 .324 .831 .8Y9 .8x061D01 <.001
PPC (R) .030 .003 .001<.0p1 .864 .658 .944 808 .083 .694 .113 .169 .001 .282 .041 .709 .966 .6pP2 .8710€10(1081

Abbreviations: ACC: Anterior cingulate cortex, AINS: &nibr insula, DAN: Dorsal Attention network, DMN: Default Modetwork, FEF: Frontal eye field, FPN: Fron

Parietal Network, IPS: Intraparietal sulcus, LAT: Lateislial areas, LP: Lateral parietal, LPFC: Lateral prefibcortex, MED: Medial visual areas, MPFC: Medial
prefrontal cortex, OCC: Occipital cortex, PCC: Posteringulate cortex, PPC: Posterior parietal Cortex, RAE&Stral prefrontal cortex, SMG: Supramarginal gyrus, :
Salience network, VN: Visual network.
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Supplementary Table 3.

Summary of p-values of one-tailed t-tests of the healtimtrol group during stimulation with the outer circle.

DMN VN SN DAN FPN
LP LP LAT LAT AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS |LPFC PPC LPFC PPC
RODIMPEC () ) PCAMEPOCC ) " 0 ® 0 ® O ®|lL ® O R|lL O ® ®
MPFC <.001 <.001 <.001 .386 .267 .980 .972 .362 .986 .998 .020 .400 >.999| .998 .986 .853 >.999 >.999 .49931116124
I\a LP (L) <.001 <.001 <.00L .049 .993 .774 .94 989 .997 >.999 .808 .990 .993| .994 .790 .722 .99B .996 Q0101.821 .05
N LP (R) <.001 <.001 <.001 522 .230 .477 .T07 .936 .987 >.999 537 .483 .987| .987 .860 .771 .986 .971 .10600R02001
PCC <.001 <.001 <.001 <.001 .983 .963 .962 .159 .924 998 .004 .178 .693] .859 .987 .691 .938 .939 .257 .014
MED .386 .049 .522 <.001 >9009 .008 .20 .052 .049 .335 .033 .174 .098] .189 .934 .471 .04B .114 .428 .562 .4
V OocCcC 267 .993 .230 .983 >.999 <.001 <.001 .639 .882 .423 .261 .249 .889| .881 .983 .296 .797 .812 .085 .363
N| LAT (L) 980 .774 477 .96B .008 <.001 <.001 .838 .397 .020 .915 .758 .165| .037 .833 .459 <.001 <.001 .157.05200.371
LAT (R) 972 794 .707 .92 .020 <.001 <.001 940 .756 .019 .870 .807 .246] .087 .754 .091 <.00[L <.001 26B13.159 .46
ACC 362 .989 936 .19 .052 .639 .838 .940 <.001 <.001 <.001 <.001 .001|<.001 .181 .018 .031 .400 .940 .845128
AINS (L) 986 .997 .987 924 .049 .882 .397 .756 <.001 <.001 <.001 <.001 <.001|<.001 .645 .009 .00/ .299.8828.457 .34
s AINS (R) 998 >.999 >999 998 .335 .423 .020 .919 <.001 <.001 .007 <.001 <.001|<.001 .481 .001 <.041.73®3.839 .053 .01
N RPFC (L .020 .808 .537 .004 .033 .261 .915 B70<.001 <.001 .007 <.001 .054] .028 .776 .183 .105 .594 .1103038609¢
RPFC (R 400 990 .483 .1¥8 .174 .249 .758 807 <.001 <.001 <.001 <.001 .004 <.001 .193 .073 .017 .274783%91005 .00
SMG (L)] >.999 .993 .987 .693 .098 .889 .165 .P46 .001 <.001 <.001 .054 .002 <.001 .135 .086 <.001 .001 .606.23885.261
SMG (R) 998 994 987 .8%9 .189 .881 .037 .p87 <.001 <.001 <.001 .028 <.001 <.001 .095 .010 <.001 <.001.87606.191 .05
FEF (L) 986 .790 .860 .97 .934 .983 .833 .y54 .181 .645 .481 .776 .193 .135 .095 .059 <.001 <.001 .518 .310694
2 FEF (R) 853 722 771 .691 471 .296 .459 p91 .018 .009 .001 .183 .073 .08 .010 .059 011 .017 .633 .431
N IPS (L) | >.999 .993 .986 .938 .048 .797 <.001 <.p01 .031 .007 <.001 .105 .017 <.001 <.001 <.001 .011 83W1.258 .772 .35
IPS(R)[ >.999 .996 .971 .939 .114 .812 <.001 <{001 .400 .299 .003 .594 .274 .001 <.001 <.001 .017 <.0p1 75412773 .45
LPFC (L) 499 <001 .106 .2%7 .428 .085 .157 .13 .940 .338 .739 .110 .591 .606f .906 .518 .633 .336 .712 .60004.691
E PPC (L) 116 <.001 .002 .014 562 .363 .290 p68 .845 .882 .839 .386 .783 .68 .876 .310 .431 .2%8 .754 <.001001 <.060]
N LPFC (R 311 .021 .002 .128 .825 .011 .052 p59 .294 457 053 .300 .005 .233 .191 .846 .637 .772 .77308D01 <. <.00]
PPC (R) 126 .054 <.001 .0p5 .902 .029 .371 462 .128 .341 .019 .096 .004 .261 .058 .691 .397 .3p3 .4530€10:1001

Abbreviations: ACC: Anterior cingulate cortex, AINS: &nibr insula, DAN: Dorsal Attention network, DMN: Default Modetwork, FEF: Frontal eye field, FPN: Fron

Parietal Network, IPS: Intraparietal sulcus, LAT: Lateislial areas, LP: Lateral parietal, LPFC: Lateral prefibcortex, MED: Medial visual areas, MPFC: Medial
prefrontal cortex, OCC: Occipital cortex, PCC: Posteringulate cortex, PPC: Posterior parietal Cortex, RAE&Stral prefrontal cortex, SMG: Supramarginal gyrus, :
Salience network, VN: Visual network.
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Supplementary Table 4.

Summary of p-values of one-tailed t-tests of the tumtemp group during stimulation with the inner circle.

DMN VN SN DAN FPN
LP LP LAT LAT AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS |LPFC PPC LPFC PPC
RODIMPEC () ) PCAMEPOCC ) " 0 ® 0 ® O ®|lL ® O R|lL O ® ®
MPFC 034 .005<.001 .418 .672 .993 .996 .185 .753 .890 .821 .989 .730| .973 .287 .943 .993 .997 .187 .234 .1
I\a LP (L) .034 001 .00L .049 .980 .207 .312 965 .932 .811 .819 .879 .271]| .214 .056 .372 .06p .400 .010 .009 .d
N LP (R) .005 .001 <.001 .044 995 504 .097 .730 .976 .981 .710 .946 .254| .252 .296 .905 .098 .641 .049 .066
PCC <.001 .001 <.001 002 .790 .168 .113 .422 960 .982 .909 .970 .594| 583 .118 .685 .017 .688 .048 .020 .
MED 418 .049 .044 .002 991 .001 .gJo1 .130 .050 .052 .131 .525 .026] .028 .244 .190 .04L .022 5572 .784 9
Vv OocCC 672 980 .995 .790 .991 .002 .267 .132 .333 .180 .125 .038 .834| .788 .156 .045 924 .248 .751 .922 .}
N| LAT (L) 993 .207 504 .16B .001 .002 <.0p1 .066 .036 .018 .008 <.001 .004 | .001 .021 .021 <.001 <.001 .213.01m31.851
LAT (R) 996 .312 .097 .1113 .001 .267 <.001 712 721 162 404 377 .319] .002 .013 .004 .00p <.001 .618 66497.904
ACC 185 965 .730 .432 .130 .132 .066 .f12 <.001 <.001 <.001 <.001 <.001|<.001 .036 .011 .004 <.001 .34408790284
AINS (L) 753 .932 976 960 .050 .333 .036 .721 <.001 <.001 .001 <.001 .001|<.001 .223 .023 .01pL .001 .525.20B88.62%
S AINS (R) 890 .811 .981 .942 .052 .180 .018 .162 <.001 <.001 <.001 <.001 .001(<.001 .217 .016 .08 .00190870.424 .77
N RPFC (L 821 .819 .710 .909 .131 .125 .008 404 <.001 .001 <.001 <.001 <.001] <.001 .102 .002 .001 35MD1.974 .125 .51
RPFC (R 989 .879 .946 .9Y0 .525 .038 .000 377 <.001 <.001 <.001 <.001 <.00) <.001 .319 .003 .001.54601.764 .018 .37
SMG (L) 730 .271 254 594 .026 .834 .004 .819<.001 .001 .001 <.001 <.001 <.001 .105 .089 .001 .011 .74415B44.424
SMG (R) 973 .214 252 583 .028 .788 .001 .p02 <.001 <.001 <.001 <.001 <.001 <.001 016 .002 .001 <.001.55877.054 .07
FEF (L) 287 .056 .296 .118 .244 .156 .021 .p13 .036 .223 .217 .102 .319 .10 .016 .010 .002 .012 .996 .598
2 FEF (R) 943 372 905 .685 .190 .045 .021 .po4 .011 .023 .016 .002 .003 .089 .002 .010 .009 <.001 .817 .998599
N IPS (L) 963 .062 .058 .017 .041 .924 <.001 .p05 .004 .011 .008 .001 .001 .00 .001 .002 .009 <.001 .039 .00817%
IPS (R) 997 .400 .641 .688 .022 .248 <.001 </001 <.001 .001 .001 <.001 <.001 .011 <.001 .012 <.001 <.0pP1301 .439 .038 .3§
LPFC (L) 187 .010 .049 .048 572 .751 .213 .18 .344 525 770 .350 .546 .744) .377 .996 .817 .039 .301 60001093
E PPC (L) 234 .009 .066 .020 .784 .922 .731 [797 .790 .788 .908 .974 .764 544 550 .598 .998 .008 .439 <.001 002
N LPFC (R 281 .038 .109 .0%7 .966 .118 .018 p64 .082 .203 .424 .125 .018 .154 .054 .795 .158 .015 .038 <.001 .00D04
PPC (R) 283 .014 .028 .13 .912 .710 .855 908 .286 .625 .775 510 .379 .426¢ .073 .229 .699 .1Fy8 .358 .003 .002

Abbreviations: ACC: Anterior cingula

te cortex, AINS: £nor insula, DAN: Dorsal Attention network, DMN: Default Modetwork, FEF: Frontal eye field, FPN: Fron

Parietal Network, IPS: Intraparietal sulcus, LAT: Lateislial areas, LP: Lateral parietal, LPFC: Lateral prefibcortex, MED: Medial visual areas, MPFC: Medial
prefrontal cortex, OCC: Occipital cortex, PCC: Posteringulate cortex, PPC: Posterior parietal Cortex, RAE&Stral prefrontal cortex, SMG: Supramarginal gyrus, :
Salience network, VN: Visual network.
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Supplementary Table 5.
Summary of p-values of one-tailed t-tests of the tumtiepts group during stimulation with the middle circle.

DMN VN SN DAN FPN
LP LP LAT LAT AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS |LPFC PPC LPFC PPC
RODIMPEC () ) PCAMEPOCC ) " 0 ® 0 ® O ®|lL ® O R|lL O ® ®
MPFC .003 <.001 <.001 .015 .068 .656 .851 .073 .982 .964 .850 .986 .977| .982 .422 .980 .992 .996 .381 .186 .4
I\a LP (L) .003 <.001 <.00L .164 .380 .063 .241 575 .978 .997 .857 573 .906| .438 .528 .300 .25 .259 .128 .05323%
N LP (R) <.001 <.001 <.001 .026 .690 .112 .102 .479 911 .978 .760 .977 .556| .622 .092 .808 .27 .522 .117 .099034
PCC <.001 <.001 <.001 007 .012 .023 .114 535 981 .978 .797 .930 .835 .714 277 .644 247 .323 .046 .009 .
MED .015 .164 .026 .0Q7 .086 .028 .03 .162 .084 .067 .116 .512 .080] .109 .235 .263 .03F .060 .487 .782 .3
V OocCcC .068 .380 .690 .012 .086 <.001 .001 .103 .040 .151 .078 .157 .189| .191 .223 .009 .12 .010 .077 .228 .
N| LAT (L) 656 .063 .112 .02B .028 <.001 <001 .689 .304 .085 .306 .076 .055|.054 .062 .032 .001 <.001 .611 09H29.969
LAT (R) 851 .241 .102 .114 .003 .001 <.001 727 278 .172 559 478 .354| .368 .127 .012 .01p .001 .519 .52987&
ACC 073 575 479 535 .162 .103 .689 .Y27 .001 .001 <.001 <.001 .009|<.001 .098 .017 .01 .009 .076 .433 .
AINS (L) 982 978 .911 .981 .084 .040 .304 .278 .001 <.001 .001 .002 .001.001 .104 .005 .05B .009 .148 .70243
S AINS (R) 964 .997 978 .98 .067 .151 .085 .172 .001 <.001 .006 .001 .006[<.001 .102 .010 .009 .002 .861 .92583
N RPFC (L 850 .857 .760 .797 .116 .078 .306 .p59<.001 .001 .006 <.001 <.001| <.001 .247 .088 <.001 00M.7.:¥35 .002 .05
RPFC (R 986 573 .977 .980 .512 .157 .076 478 <.001 .002 .001 <.001 <.001f <.001 .617 .010 <.001 .002163®09002 .13
SMG (L) 977 906 556 .835 .080 .189 .055 .B54 .009 .001 .006 <.001 <.001 <.001 .547 .178 <.001 .038 .1140146881671
SMG (R) 982 438 .622 .714 .109 .191 .054 .B68 <.001 <.001 <.001 <.001 <.001 <.001 432 .036 <.001 €3¥01.334 .028 .21
FEF (L) 422 528 .092 217 .235 .223 .062 .127 .098 .104 .102 .247 .617 .547| .432 115 .033 .043 .737 .656
2 FEF (R) 980 .300 .808 .644 .263 .009 .032 .p12 .017 .005 .010 .088 .010 .17 .036 .115 012 .001 .127 .146
N IPS (L) 992 251 .207 .27 .037 .125 .001 .p12 .016 .053 .009 <.001 <.001 <.001 <.001 .033 .012 <.001 00806.004 .55
IPS (R) 996 .259 522 .323 .060 .010 <.001 01 .009 .009 .002 .017 .002 .034 <.001 .043 .001 <.0m1 .23611389907
LPFC (L) 381 .128 .117 .046 .487 .077 .611 .b19 .076 .148 .861 <.001 .009 .114 .039 .737 .127 .006 .236 .60001.064
E PPC (L) 186 .053 .099 .009 .782 .228 529 p29 .433 .702 925 .135 .163 .184 .334 .656 .146 .008 .389 <.001 .08y
N LPFC (R 432 .053 211 .032 .314 .029 .091 440 .329 224 669 .002 .002 .014 .028 .776 .113 .004 .11300D01 <. .011
PPC (R) 136 .232 .036 .169 .773 545 968 872 .182 .439 .836 .054 .130 .16 .218 .496 .481 .5p1 .902 .002 .001

Abbreviations: ACC: Anterior cingulate cortex, AINS: &nibr insula, DAN: Dorsal Attention network, DMN: Default Modetwork, FEF: Frontal eye field, FPN: Fron

Parietal Network, IPS: Intraparietal sulcus, LAT: Lateislial areas, LP: Lateral parietal, LPFC: Lateral prefibcortex, MED: Medial visual areas, MPFC: Medial

prefrontal cortex, OCC: Occipital cortex, PCC: Posteringulate cortex, PPC: Posterior parietal Cortex, RAE&Stral prefrontal cortex, SMG: Supramarginal gyrus, :
Salience network, VN: Visual network.
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Supplementary Table 6.
Summary of p-values of one-tailed t-tests of the tumtiep group during stimulation with the outer circle.

DMN VN SN DAN FPN

LP LP LAT LAT AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS |LPFC PPC LPFC PPC
RODIMPEC () ) PCAMEPOCC ) " 0 ® 0 ® O ®|lL ® O R|lL O ® ®

MPFC 023 .014<.001 .075 .492 .859 .T93 .453 900 .999 .865 .995 .965| .988 .190 .618 .946 .984 .045 .093
I\a LP (L) .023 .003 .00L .004 .902 .034 .106 580 .846 .926 .158 .039 .712] .036 .314 .007 .14 .106 .002 .019 .

N LP (R) .014 .003 <.001 .009 .961 .184 .049 .763 .931 .977 .410 .748 .622| .453 .270 .242 .105 .064 .009 .016

PCC <.001 .001 <.001 .001 .774 .088 .016 .499 .895 942 .258 507 .743| .348 .035 .024 .046 .043 <.001 .001
MED .075 .004 .009 .001 998 .133 .(J22 .580 .166 .042 .260 .293 .412] .160 .535 .082 .32p .121 .720 .293 .3

V OocCC 492 902 961 714 .998 044 114 .190 .193 .250 .290 .270 .781| .216 .059 .232 .485 .156 .364 .497
N| LAT (L) 859 .034 .184 .088B .133 .044 <.0p1 .272 .058 .101 .033 .001 .420|.004 .140 .069 <.001 <.001 .211 0(B4A3.884
LAT (R) 793 .106 .049 .016 .022 .114 <.001 .820 .457 .276 .365 .138 .545] .109 .092 .155 .004 <.001 .13203268.634
ACC 453 580 .763 .499 580 .190 .272 .820 .001 <.001 <.001 <.001 <.001|<.001 .138 .189 .012 .036 .489 .562223
AINS (L) 900 .846 .931 .89 .166 .193 .058 .457 .001 <.001 .006 .001 .006[<.001 .231 .551 .06p .028 .963 .789314&
S AINS (R) 999 926 .977 .942 .042 .250 .101 .276 <.001 <.001 .008 <.001 .001(|<.001 .468 .197 .029 .007 .997.58832.724
N RPFC (L .865 .158 .410 .2%8 .260 .290 .033 .365<.001 .006 .008 <.001 <.001} <.001 .282 .039 .001 .01952894.001 .25
RPFC (R 995 .039 .748 507 .293 .270 .001 Jj138 <.001 .001 <.001 <.001 <.001 <.001 .715 .026 <.00114803.351 .001 .33
SMG (L) 965 .712 .622 .743 .412 .781 .420 .545<.001 .006 .001 <.001 <.001 .001 .351 .273 <.001 .015 .56612488664
SMG (R) 988 .036 .453 .348 .160 .216 .004 .109 <.001 <.001 <.001 <.001 <.001 .001 046 .022 .003 <.00144828.024 .19
FEF (L) 190 .314 .270 .035 .535 .059 .140 .p92 .138 .231 .468 .282 .715 .351 .046 .020 .020 .036 .320 .230 .14

2 FEF (R) 618 .007 .242 .024 .082 .232 .069 pA55 .189 551 .197 .039 .026 .273 .022 .020 .041 .025 .304 .580
N IPS (L) 946 .147 .105 .036 .325 .485 <.001 .p04 .012 .062 .029 .001 <.001 <.0014 .003 .020 .061 <.001 .04600R28471
IPS (R) 984 .106 .064 .043 .121 .156 <.001 <001 .036 .028 .007 .019 .003 .01 <.001 .036 .025 <.0p1 .72803938574
LPFC (L) .045 .002 .009<.001 .720 .364 .211 .32 .489 .963 .997 .094 .145 566 .528 .320 .304 .046 .728 .60001.061
E PPC (L) 093 .019 .016 .001 .293 .497 .343 p68 .562 .789 .732 528 .351 .484 .449 230 .580 .028 .738 <.001 <.08%
N LPFC (R .328 .005 .008 .006 .358 .097 .007 .p32 .027 .308 .586 .001 .001 .124 .024 .203 .247 .002 .03908D01 <. <.001
PPC (R) 079 .034 .004 .0p3 .127 .759 .884 633 .223 .314 .724 258 .333 .662 .198 570 .298 .4f3 579 .001081001 <

Abbreviations: ACC: Anterior cingulate cortex, AINS: &nibr insula, DAN: Dorsal Attention network, DMN: Default Modetwork, FEF: Frontal eye field, FPN: Fron

Parietal Network, IPS: Intraparietal sulcus, LAT: Lateislial areas, LP: Lateral parietal, LPFC: Lateral prefibcortex, MED: Medial visual areas, MPFC: Medial

prefrontal cortex, OCC: Occipital cortex, PCC: Posteringulate cortex, PPC: Posterior parietal Cortex, RAE&Stral prefrontal cortex, SMG: Supramarginal gyrus, :
Salience network, VN: Visual network.
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Supplementary Table 7.
Summary of p-values of one-tailed t-tests of the lepatients group during stimulation with the inner circle.

DMN VN SN DAN FPN
LP LP LAT LAT AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS |LPFC PPC LPFC PPC
RODIMPEC () ) PCAMEPOCC ) " 0 ® 0 ® O ®|lL ® O R|lL O ® ®
MPFC 005 .002 003 .754 .083 .933 .901 .480 .987 .978 .761 .870 .984| 993 .780 .328 .990 .971 .290 .253 .§
I\a LP (L) .005 002 .00p .718 .616 .820 .165 .226 .778 .731 .276 .425 .679]| .892 .447 .124 .68p .715 .059 .025 4
N LP (R) .002 .002 00B .899 .193 975 941 .678 .937 .881 .663 .712 .844]| .890 .810 .144 .840 .874 .019 .003 .
PCC .003 .006 .003 255 .023 .882 .932 .076 .748 .644 .232 .268 .891] .954 594 571 .943 .956 .093 .087 .
MED 754 718 .899 .255 .830 .004 .05 .013 .009 .008 .007 .002 .007) .026 .116 .681 .05p .014 .937 .852 .3
V OocCC .083 .616 .193 23 .830 276 .20 .713 .829 .753 .430 .433 .615| 591 .781 .671 .7593 .805 .151 .735 .}
N| LAT (L) 933 .820 .975 .88 .004 .276 0p1 .287 .148 .134 .129 .124 .124|.047 .177 .219 .06% .027 .315 .745 5
LAT (R) 901 .765 .941 932 .005 .620 .001 287 .078 .193 .297 .087 .056| .019 .070 .563 .02B .002 .619 .95797H
ACC 480 .226 .678 .06 .013 .713 .287 .287 .001 .005 .001 .002 .020| .169 .137 .274 .01B .037 .543 .782 .9
AINS (L) 987 778 937 .748 .009 .829 .148 .078 .001 <.001 <.001 <.001 <.001| .017 .084 .342 <.000 .001 86M7.216 .25
S AINS (R) 978 .731 .881 .644 .008 .753 .134 .193 .005 <.001 .001 <.001 .003| .004 .050 .108 .003 .001 .701 .754393
N RPFC (L 761 .276 .663 .232 .007 .430 .129 p97 .001 <.001 .001 <.001 .006] .093 .189 .343 .006 .013 .4043637Q0331
RPFC (R 870 .425 712 .268 .002 .433 .124 ]087 .002 <.001 <.001 <.001 .00 .030 .071 .274 .002 .001 .368063%160841
SMG (L) 984 679 .844 .891 .007 .615 .124 .56 .020 <.001 .003 .006 .002 007 .195 .336 .004 .005 .469 .507 .
SMG (R) 993 .892 .890 .9%4 .026 .591 .047 .p19 .169 .017 .004 .093 .030 .007 .006 .204 .04d7 .003 .415 .430
FEF (L) 780 .447 .810 594 .116 .781 .177 .p70 .137 .084 .050 .189 .071 .195 .006 .032 .067 .012 .330 .613
2 FEF (R) 328 .124 144 571 .681 .671 .219 p63 .274 .342 .108 .343 .274 .33 .204 .032 242 249 112 .103 .
N IPS (L) 990 .685 .840 .943 .050 .753 .065 .p28 .018 <.001 .003 .006 .002 .004 .007 .067 .242 <.001 .125 .470378%
IPS (R) 971 .715 874 9%6 .014 .805 .027 .p02 .037 .001 .001 .013 .001 .00 .003 .012 .249 <.001 144 720756
LPFC (L) 290 .059 .019 .093 .937 .151 .315 .19 543 .797 .701 .404 .368 .469] .415 .330 .112 .125 .144 .012087
E PPC (L) 253 .025 .003 .087 .852 .735 .745 P57 .782 .864 .754 .870 .516 .504 .430 .613 .103 .47Y0 .720 .012 00X
N LPFC (R 827 .483 .025 316 .347 .261 581 [p64 .923 216 .274 .362 .063 .09d .074 .343 .570 .O'FS .079 .003 .00D01
PPC (R) 739 .092 .005 .0B6 .350 .872 .892 [975 .453 254 .393 .335 .085 .159 .139 500 .438 .35 .756 .08261001

Abbreviations: ACC: Anterior cingulate cortex, AINS: &nibr insula, DAN: Dorsal Attention network, DMN: Default Modetwork, FEF: Frontal eye field, FPN: Fron

Parietal Network, IPS: Intraparietal sulcus, LAT: Lateislial areas, LP: Lateral parietal, LPFC: Lateral prefibcortex, MED: Medial visual areas, MPFC: Medial
prefrontal cortex, OCC: Occipital cortex, PCC: Posteringulate cortex, PPC: Posterior parietal Cortex, RAE&Stral prefrontal cortex, SMG: Supramarginal gyrus, :
Salience network, VN: Visual network.
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Supplementary Table 8.
Summary of p-values of one-tailed t-tests of the lepatients group during stimulation with the middle circle.

DMN VN SN DAN FPN

LP LP LAT LAT AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS |LPFC PPC LPFC PPC

RODIMPEC () ) PCAMEPOCC ) " 0 ® 0 ® O ®|lL ® O R|lL O ® ®
MPFC 008 .024 002 .199 .228 .908 .90 .797 .997 .999 .932 .945 .999| 997 .726 .936 >.999 >.999 .740 .284 ]
I\a LP (L) .008 001 .00p .539 .803 .792 .817 .480 .960 .960 .565 .623 .922| 945 561 .686 .88D .955 .156 .027 .4
N LP (R) .024 .001 001 .742 542 844 349 .737 .998 .986 .830 .794 .876] .960 .661 .826 .885 .958 .098 .022 .(
PCC .002 .005 .001 .091 .158 .370 .400 .110 .962 978 .323 .591 .972| .962 .936 .920 .897 .952 .115 .204 4
MED 199 539 742 .091 111 .020 .07 .003 .017 .066 .002 .020 .033] .083 .934 .692 .67p .465 .978 .999 9
V OocCC 228 .803 .542 .1%8 .111 .005 <.001 .221 .352 .464 .368 .267 .333| .100 .412 .340 .34 .378 .111 .643 .1
N| LAT (L) 908 .792 .844 .37p .020 .005 0p1 .065 .079 .038 .050 .043 .070|.002 .244 .062 .003 .002 .084 .244 .0
LAT (R) 690 .817 .549 .400 .007 <.001 .001 .003 .007 .015 .052 .018 .026| .005 .483 .127 .00L .001 .136 .309774
ACC 797 .480 .737 .110 .003 .221 .065 .p03 .003 .007 .001 .001 .016] .045 .379 .286 .03p .044 .315 .294 .1
AINS (L) 997 960 .998 962 .017 .352 .079 .007 .003 <.001 <.001 .003 .001| .011 .491 .440 .00p .011 .298 .560634
s AINS (R) 999 960 .986 .98 .066 .464 .038 .p15 .007 <.001 <.001 .001 .003| .001 .458 .116 .00 .004 .344 .599371
N RPFC (L 932 565 .830 .323 .002 .368 .050 .p52 .001 <.001 <.001 <.001 <.001] .009 .336 .128 .010 .00246813.230 .49
RPFC (R 945 623 .794 51 .020 .267 .043 J018 .001 .003 .001 <.001 .03 .003 .384 .119 .006 <.001 .31111255204
SMG (L) 999 922 876 942 .033 .333 .070 .p26 .016 .001 .003 <.001 .036 006 .631 .649 .004 .049 .109 .351 .
SMG (R) 997 .945 960 .962 .083 .100 .002 .po5 .045 .011 .001 .009 .003 .006 675 .143 .0J2 .002 .127 .503 .1
FEF (L) 726 561 .661 .936 .934 .412 244 483 .379 .491 458 .336 .384 .631 .675 .070 .107 .130 .412 .905 .

2 FEF (R) 936 .686 .826 .920 .692 .340 .062 .27 .286 .440 .116 .128 .119 .649 .143 .070 017 .010 .336 .581 .
N IPS(L)| >.999 .880 .885 .897 .670 .345 .003 .p01 .039 .005 .005 .010 .006 .004 .002 .107 .017 <.001 .053 .465325
IPS(R)[ >.999 .955 .958 .9%2 .465 .378 .002 001 .044 .011 .004 .002 <.001 .049 .002 .130 .010 <.0p1 279373523571
LPFC (L) .740 .156 .098 .115 .978 .111 .084 .136 .315 .298 .344 .013 .311 .109 .127 .412 .336 .0%3 .279 .008115

E PPC (L) 284 .027 .022 204 999 .643 244 RB09 .294 560 .599 .468 .455 .35) .503 .905 .581 .465 .623 .008 0es
N LPFC (R 701 .268 .001 .4¢1 .950 .177 .071 407 .768 .325 .128 .230 .112 .084 .140 .887 .529 .2Y5 .372 .009 <.00D02

PPC (R) 668 .125 .013 2442 .838 529 .248 |[771 587 .634 371 .497 .204 .29 .265 .916 .482 .3p5 577 .115 .009

Abbreviations: ACC: Anterior cingulate cortex, AINS: &nibr insula, DAN: Dorsal Attention network, DMN: Default Modetwork, FEF: Frontal eye field, FPN: Fron

Parietal Network, IPS: Intraparietal sulcus, LAT: Lateislial areas, LP: Lateral parietal, LPFC: Lateral prefibcortex, MED: Medial visual areas, MPFC: Medial
prefrontal cortex, OCC: Occipital cortex, PCC: Posteringulate cortex, PPC: Posterior parietal Cortex, RAE&Stral prefrontal cortex, SMG: Supramarginal gyrus, :
Salience network, VN: Visual network.
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Supplementary Table 9.

Summary of p-values of one-tailed t-tests of the lepatients group during stimulation with the outer circle.

DMN VN SN DAN FPN

LP LP LAT LAT AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS |LPFC PPC LPFC PPC

RODIMPEC () ) PCAMEPOCC ) " 0 ® 0 ® O ®|lL ® O R|lL O ® ®
MPFC .002 .001 .001 .407 .058 .848 .T47 .863 >.999 >999 .778 .963 .994| .995 939 .833 .998 .974 .747 .446 (
I\a LP (L) .002 <.001 .004 .821 .348 .590 .413 .897 .996 .994 .938 .896 .711| .937 .851 .682 .82 .892 .049 .030 .3

N LP (R) .001 <.001 006 .965 .034 .953 .26 .938 .992 999 .945 813 .931| .965 .759 .437 .876 .928 .021 .030

PCC .001 .004 .006 471 .012 .332 .83 .367 .988 .993 .592 715 .964| .964 968 .726 .733 .893 .139 .158 .
MED 407 .821 965 471 929 .048 .0Jo1 .011 .169 .001 .134 .017 .003] .101 .350 .108 .13B .021 .966 .988 .71

Vv OocCC .058 .348 .034 .012 .929 .089 .%38 .105 .830 .810 .300 .339 .772| .281 .871 .205 .405 .488 .056 .306 .
N| LAT (L) .848 590 .953 .33 .048 .089 .0p3 .258 .172 .088 .088 .017 .084|.010 .067 .060 .011 .004 .042 .711 .0
LAT (R) 747 713 526 .783 .001 .538 .003 096 .202 .019 .299 .007 .082| .007 .067 .052 .00# <.001 .089 .799844
ACC .863 .897 .938 .37 .011 .105 .258 .p96 .001 .002 .002 .005 .011] .098 .180 .186 .01ff .104 .024 .107 .6
AINS (L)| >.999 .996 .992 .988 .169 .830 .172 .202 .001 006 .001 .004 .012| .030 .090 .276 .02p .172 .536 .38798%

s AINS (R)] >.999 .994 .999 .993 .001 .810 .088 .p19 .002 .006 .008 .004 .001|<.001 .065 .115 .001 .001 .840 .895584
N RPFC (L 778 .938 .945 592 .134 .300 .088 .99 .002 .001 .008 .001 <.001] .084 .198 .763 .045 .156 .257 .173797A
RPFC (R 963 .896 .813 .715 .017 .339 .017 JoO7 .005 .004 .004 .001 019 .006 .091 .053 <.001 .001 .282 .297245
SMG (L) 994 711 931 .94 .003 .772 .084 .082 .011 .012 .001 <.001 .019 014 .034 .337 .01 .042 .018 .172 .
SMG (R) 995 937 965 964 .101 .281 .010 .pO7 .098 .030 <.001 .084 .006 .014 075 .041 .001 <.001 .032 .422123
FEF (L) 939 851 .759 948 .350 .871 .067 .p67 .180 .090 .065 .198 .091 .034 .075 135 143 .095 .652 .900 .J

2 FEF (R) 833 .682 .437 .7?6 .108 .205 .060 .p52 .186 .276 .115 .763 .053 .3371 .041 .135 139 .049 .379 .629 .
N IPS (L) 998 .827 .876 .733 .138 .405 .011 .p04 .017 .020 .001 .025 <.001 .012 .001 .143 .139 <.001 .041 .194372
IPS (R) 974 .892 928 .893 .021 .488 .004 <pO1 .104 .172 .001 .156 .001 .044 <.001 .095 .049 <.0p1 .13316848384
LPFC (L) 747 049 .021 .139 .966 .056 .042 .p89 .024 536 .840 .257 .282 .018 .032 .652 .379 .041 .133 .001021

E PPC (L) 446 .030 .030 .1%8 .988 .306 .711 [/99 .107 .387 .895 .173 .297 .174 .422 900 .629 .194 .848 .001 .
N LPFC (R 649 .337 .045 383 .759 .008 .006 [A36 .698 .900 .222 .603 .042 .044 .076 .234 .095 .1%4 .168 .001 .00®01
PPC (R) 317 121 .035 .2p8 .873 .025 439 [848 566 .982 585 .797 .245 373 .123 .663 .105 .32 .386 .021001002 <

Abbreviations: ACC: Anterior cingulate cortex, AINS: &nibr insula, DAN: Dorsal Attention network, DMN: Default Modetwork, FEF: Frontal eye field, FPN: Fron

Parietal Network, IPS: Intraparietal sulcus, LAT: Lateislial areas, LP: Lateral parietal, LPFC: Lateral prefibcortex, MED: Medial visual areas, MPFC: Medial
prefrontal cortex, OCC: Occipital cortex, PCC: Posteringulate cortex, PPC: Posterior parietal Cortex, RAE&Stral prefrontal cortex, SMG: Supramarginal gyrus, :
Salience network, VN: Visual network.
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Supplementary Table 10.
Summary of p-values of one-tailed t-tests of the healtimtrol group > tumor patients group during stimulation Withinner circle.

DMN VN SN DAN FPN

LP LP LAT LAT AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS |LPFC PPC LPFC PPC

RODIMPEC () ) PCAMEPOCC ) " 0 ® 0 ® O ®|lL ® O R|lL O ® ®
MPFC 605 .663 .780 .450 .119 .171 .310 .640 .346 .798 .155 .004 .768] .330 .949 540 .896 .267 .092 .257 .
I\a LP (L) .605 279 .73 584 .032 .700 .7104 .415 .150 .691 .665 .424 .675| .830 .982 .721 .99p .977 .035 .037 .1
N LP (R) .663 .279 767 .945 017 .649 .28 .351 .121 .203 .388 .045 .915| .797 .269 .267 .998 .556 .273 .158 .2
PCC .780 .732 .767 844 373 997 .991 .043 .109 .276 .003 .002 .247| .633 .966 .749 993 .835 .371 .b522 .
MED 450 584 945 .844 289 927 992 .297 .695 .602 .843 .119 .269] .398 .845 478 .90p .937 .361 .214
Vv OocCC 119 .032 .017 .313 .289 297 .88 .856 .575 525 .616 .857 .116| .181 .929 .991 .349 .838 .037 .056 .4
N| LAT (L) 171 700 .649 .99 927 .297 Opl 992 .670 .360 >.999 .990 .4041|.693 .791 .776 .96 975 421 .054118
LAT (R) .310 .704 .828 .991 .992 .088 .051 436 .343 .265 .783 .274 .212] .641 .896 .891 .81p .949 .357 .037062Z
ACC 640 .415 .351 .043 .297 .856 .992 436 606 .757 .952 .813 .608| .633 .953 .947 50p .831 .373 .235 4
AINS (L) 346 .150 .121 .109 .695 .575 .670 .343 .606 984 964 .988 .894| 907 .731 .638 .43B .794 .077 .122 A4

s AINS (R) 798 .691 .203 .26 .602 .525 .360 .P65 .757 .984 993 901 .699| .284 .815 .860 .18D0 .696 .208 .069 .1
N RPFC (L 155 .665 .388 .003 .843 .616 >.999 [/83 .952 .964 .993 978 .996] .996 .979 .912 .944 .989 .148 .143421
RPFC (R 004 424 .045 .0p2 .119 .857 .990 274 .813 .988 .901 .978 440 453 .822 921 .896 .991 .260 .14337
SMG (L) 768 .675 .915 .247 .269 .116 .404 .212 .608 .894 .699 .996 .440 168 911 .882 .56D .673 .188 .127 .3
SMG (R) 330 .830 .797 .633 .398 .181 .693 .p41 .633 .907 .284 996 .453 .168 0983 992 7248 .963 .639 .166 .{
FEF (L) 949 982 .269 .946 .845 .929 .791 .B96 .953 .731 .815 .979 .822 .911 .983 709 .760 .723 .285 .663 .3

2 FEF (R) 540 721 .267 .749 478 .991 .776 .B91 .947 .638 .860 .912 .921 .88 .992 .709 744 995 851 .218 .
N IPS (L) 856 996 .958 983 .909 .349 968 .819 500 .433 .180 .974 .896 .560| .728 .760 .764 226 .989 .930 9
IPS (R) 267 .977 556 .835 .937 .838 975 P49 831 .794 696 .989 .991 .673 .963 .723 .995 .2%6 .899 .300 .
LPFC (L) .092 035 .273 .3911 .361 .037 .421 .B57 .373 .077 .208 .148 .260 .188] .639 .285 .851 .989 .899 .063248

E PPC (L) 257 .037 .158 522 .214 .056 .054 p37 .235 .122 .069 .143 .143 .124 .166 .663 .218 .980 .300 .063 .
N LPFC (R 093 .139 .205 .130 .032 .533 .683 P30 .408 .419 .161 .386 .501 .344 .620 .328 .760 .9%7 .867 .705 .09®01
PPC (R) 161 175 .011 .1B3 .081 .256 .112 062 .262 .405 .104 421 .137 .366 .494 757 .293 .8D3 .726 .24801296 <

Abbreviations: ACC: Anterior cingula

te cortex, AINS: £nor insula, DAN: Dorsal Attention network, DMN: Default Modetwork, FEF: Frontal eye field, FPN: Fron

Parietal Network, IPS: Intraparietal sulcus, LAT: Lateislial areas, LP: Lateral parietal, LPFC: Lateral prefibcortex, MED: Medial visual areas, MPFC: Medial
prefrontal cortex, OCC: Occipital cortex, PCC: Posteringulate cortex, PPC: Posterior parietal Cortex, RAE&Stral prefrontal cortex, SMG: Supramarginal gyrus, :
Salience network, VN: Visual network.
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Supplementary Table 11.
Summary of p-values of one-tailed t-tests of the tumtemp& group > healthy control group during stimulation \thid inner circle.

DMN VN SN DAN FPN

LP LP LAT LAT AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS |LPFC PPC LPFC PPC

RODIMPEC () ) PCAMEPOCC ) " 0 ® 0 ® O ®|lL ® O R|lL O ® ®
MPFC 546 261 .332 .756 .852 .853 .69 .328 .419 .332 .667 .980 .122]| .414 .018 .410 .15 .516 .939 .665 .§
I\a LP (L) 546 759 .39 .446 .963 .340 .H44 636 .591 .226 .200 .400 .160]| .040 .027 .270 .00p .021 >.999 .968 .9
N LP (R) 261 .759 278 .070 .990 .542 .338 .466 .843 .647 457 .850 .047| .146 .264 .677 .096 .359 .926 .901 .4
PCC .332 .395 .278 238 .619 .005 .p11 .813 .878 .564 .958 .978 .276] .176 .013 .315 .09 .053 .844 .367 .
MED 756 .446 .070 .238 .698 .088 .08 .763 .356 .167 .152 .645 .196] .088 .234 .374 .024 .018 .490 .587 .9
V OocCC 852 .963 .990 .619 .698 487 829 .074 .486 .207 .367 .113 .864| .656 .091 .048 .808 .179 .972 .961 4
N| LAT (L) .853 .340 542 .00p .088 .487 974 .022 .334 .427 <.001 .019 .491|.086 .324 .343 .057 .052 .584 .939833
LAT (R) 869 544 .338 .011 .008 .829 974 526 .663 .504 .065 .596 .698] .100 .141 .137 .26p .104 .708 .96690F
ACC 328 .636 .466 .813 .763 .074 .022 .%26 445 291 059 .079 .286| .253 .173 .060 .441 .119 .270 .672 .2
AINS (L) 419 591 .843 .878 .356 .486 .334 .63 .445 037 .089 .010 .132| .223 .328 .280 .588 .269 .456 .735 .3
AINS (R) 332 .226 .647 .54 .167 .207 .427 .504 .291 .037 014 .027 .178| .550 .517 .090 .688 .118 .484 .722 .4

'3 RPFC (L 667 .200 .457 .9%8 .152 .367 <.001 P65 .059 .089 .014 .006 .021] .007 .127 .072 .042 .035 .569 .851383
RPFC (R 980 .400 .850 .9¥8 .645 .113 .019 /96 .079 .010 .027 .006 238 .349 477 .071 .074 .004 .404 .699%84
SMG (L) 122 160 .047 .26 .196 .864 .491 .98 .286 .132 .178 .021 .238 720 .293 .100 .24p .256 .566 .693 .4
SMG (R) 414 040 .146 .176 .088 .656 .086 .lOO .253 .223 550 .007 .349 .720 187 .020 .208 .050 .052 .498 .1
FEF (L) 018 .027 .264 .013 .234 .091 .324 .141 .173 .328 517 .127 477 .293 .187 238 .239 .390 .621 .473 .4

2 FEF (R) 410 .270 .677 .315 .374 .048 .343 pn37 .060 .280 .090 .072 .071 .10 .020 .238 .348 .012 .272 .853 .
N IPS (L) 165 .005 .096 .09 .024 .808 .057 .p62 .444 588 .688 .062 .074 .242 .208 .239 .348 653 .002 .017 .
IPS (R) 516 .021 .359 .0%3 .018 .179 .052 04 .119 .269 .118 .035 .004 .259 .050 .390 .012 .6%3 .022 .250 .
LPFC (L) 939 >999 926 .844 490 .972 584 .[08 .270 .456 .484 569 .404 .566] .052 .621 .272 .002 .022 .848719

E PPC (L) 665 .968 .901 .3¢7 .587 .961 .939 P66 .672 .735 .722 .851 .699 .693 .498 .473 .853 .017 .250 .848 .
N LPFC (R .838 .953 910 .71 .862 .512 .450 83 .243 .398 .402 .366 .241 .444q .133 .675 .375 .016 .008 .323 .72®97|

PPC (R) 803 .862 .995 .82 .843 .673 .833 [901 .508 558 .712 .383 .684 .34 .216 .173 .756 .1B8 .102 .719 .514

Abbreviations: ACC: Anterior cingula

te cortex, AINS: £nor insula, DAN: Dorsal Attention network, DMN: Default Modetwork, FEF: Frontal eye field, FPN: Fron

Parietal Network, IPS: Intraparietal sulcus, LAT: Lateislial areas, LP: Lateral parietal, LPFC: Lateral prefibcortex, MED: Medial visual areas, MPFC: Medial
prefrontal cortex, OCC: Occipital cortex, PCC: Posteringulate cortex, PPC: Posterior parietal Cortex, RAE&Stral prefrontal cortex, SMG: Supramarginal gyrus, :
Salience network, VN: Visual network.
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Supplementary Table 12.
Summary of p-values of one-tailed t-tests of the hgaltimtrol group > tumor patients group during stimulation wighmiddle circle.

DMN VN SN DAN FPN
LP LP LAT LAT AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS |LPFC PPC LPFC PPC
RODIMPEC () ) PCAMEPOCC ) " 0 ® 0 ® O ®|lL ® O R|lL O ® ®
MPFC 081 .439 676 .630 .492 .821 .T56 .519 424 411 .081 .026 .511| .814 .701 .032 .776 .193 .663 .572 .1
I\a LP (L) .081 201 58p .230 .433 .980 .903 .770 .764 .854 453 .821 .695| .995 427 .695 984 .986 .103 .103 .9
N LP (R) 439 .201 647 .607 .128 .812 .49 .913 .688 .797 .401 .378 .807| .876 .852 .212 990 .824 .189 .167 .2
PCC .676 .586 .647 570 .943 998 977 .685 .783 .917 .030 .145 .292| .718 .411 .466 972 .822 .457 .453 .
MED .630 .230 .607 .570 363 .721 953 944 706 .947 .762 .420 .868)| .781 .777 .208 .90B .888 .629 .298 .3
Vv OocCC 492 433 .128 .943 .363 527 320 950 .826 .196 .921 .788 .465| .581 .922 960 .621 .890 .835 .558 .}
N| LAT (L) 821 .980 .812 .99B .721 .527 OF1 .745 599 .438 .880 .934 .730|.658 530 .301 .77% .567 .406 .259 .6
LAT (R) 756 .903 .849 .97 .953 .320 .071 .828 502 .367 .454 509 .323] .294 .682 .782 .38 .702 .182 .08322@
ACC 519 770 913 .685 .944 950 .745 .828 709 .238 938 .598 .778| .796 .764 .967 .82Pp .969 .969 .696 .4
AINS (L) 424 764 .688 .783 .706 .826 .599 .%02 .709 875 989 927 .761| .800 .789 .971 .80D .991 .859 .756 .§
S AINS (R) 411 .854 797 917 947 .196 .438 .B67 .238 .875 964 533 .538| .095 .692 .826 .540 979 .817 .612 .
N RPFC (L .081 .453 .401 .030 .762 .921 .880 K454 938 .989 .964 >099 998 .997 .465 .817 .997 .862 .977 .532859
RPFC (R .026 .821 .378 .145 .420 .788 .934 509 .598 .927 .533 >.999 9421 977 .121 .895 .9¢4 .959 .999 .75173
SMG (L) 511 .695 807 .292 .868 .465 .730 .B23 .778 .761 .538 .998 .942 380 .220 .955 .49 .517 .561 .171 .
SMG (R) 814 995 876 .718 .781 .581 .658 .p94 .796 .800 .095 .997 .977 .380 107 747 925 .977 .909 .576
FEF (L) 701 427 .852 411 .777 .922 530 .82 .764 .789 .692 .465 .121 .220| .107 .751 516 .183 .285 .270 .}
2 FEF (R) 032 .695 212 .466 .208 .960 .301 [/82 .967 .971 .826 .817 .895 .95 .747 .751 748 .983 .970 .593
N IPS (L) 76 984 990 .912 .903 .621 .775 .B88 .829 .800 .541 .997 .964 .498 .925 516 .728 599 957 .645 4
IPS (R) 193 986 .824 822 .888 .890 .567 [f02 969 .991 979 .862 .959 514 .977 .183 .983 .599 915 519 .
LPFC (L) 663 .103 .189 .47 .629 .835 .406 .82 .969 .859 .817 .977 .999 .561] .909 .285 .970 .9%7 .915 .635784
E PPC (L) 572 .103 .167 .4%3 .298 558 .259 P83 .696 .756 .612 532 .751 .17)] 576 .270 593 .645 .519 .635 .
N LPFC (R 218 .361 .239 515 .345 769 .623 P51 .499 844 345 976 .891 .984 .749 284 .811 .999 .936 .943 .88®64
PPC (R) 459 086 .377 .2p8 .312 .329 .141 220 .177 .674 .096 .858 .173 .731 .201 .681 .494 .4p6 .341 .782 .569

Abbreviations: ACC: Anterior cingulate cortex, AINS: &nibr insula, DAN: Dorsal Attention network, DMN: Default Modetwork, FEF: Frontal eye field, FPN: Fron

Parietal Network, IPS: Intraparietal sulcus, LAT: Lateislial areas, LP: Lateral parietal, LPFC: Lateral prefibcortex, MED: Medial visual areas, MPFC: Medial
prefrontal cortex, OCC: Occipital cortex, PCC: Posteringulate cortex, PPC: Posterior parietal Cortex, RAE&Stral prefrontal cortex, SMG: Supramarginal gyrus, :
Salience network, VN: Visual network.
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Supplementary Table 13.
Summary of p-values of one-tailed t-tests of the tumtemp group > healthy control group during stimulation il middle circle.

DMN VN SN DAN FPN

LP LP LAT LAT AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS |LPFC PPC LPFC PPC

RODIMPEC () ) PCAMEPOCC ) " 0 ® 0 ® O ®|lL ® O R|lL O ® ®
MPFC 891 515 529 .312 561 .066 .144 .333 501 .b537 .867 .951 .262| .101 .057 .956 .299 .646 .476 .359 .§
I\a LP (L) .891 698 .30B 572 556 .016 .106 .174 .340 .195 .599 .163 .199]| .002 .324 .133 .024 .004 .943 .859 .1
N LP (R) 515 .698 280 .270 .821 .063 .104 .092 .383 .307 .465 .710 .135] .074 .059 563 .04 .086 .874 .801 .§
PCC 529 .308 .280 294 .038 .000 .p11 .412 .298 .184 .980 .906 .377| .234 .284 .294 .045 .037 .729 .533 .
MED 312 572 270 .29%4 581 .187 426 .119 .379 .089 .273 .456 .152] .204 .123 540 .13B .093 .266 .290 .3
V OocCC 561 556 .821 .038 .581 298 471 .058 .280 .731 .119 .218 .654| .475 .059 .050 .390 .044 .044 .179 .}
N| LAT (L) .066 .016 .063 .00p .187 .298 OU6 515 .685 .701 .118 .035 .472|.437 .741 .684 .408 .506 .464 550 .1
LAT (R) 144 106 .104 .011 .126 .471 .946 409 761 .812 .469 .387 .852] .829 .540 .235 .79p .370 .671 .749643
ACC 333 .174 .092 .412 .119 .058 .515 .409 303 .806 .130 .573 .322] .410 .357 .078 .354 .132 .049 .457 .1
AINS (L) 501 .340 .383 .298 .379 .280 .685 .761 .303 230 .012 .083 .264| .598 .199 .099 .28p .044 .072 .275 .1
AINS (R) 537 .195 .307 .14 .089 .731 .701 .812 .806 .230 .053 532 591 .990 .346 .268 .68 .096 .217 .575 .7

'3 RPFC (L 867 599 465 .980 .273 .119 .118 469 .130 .012 .053 .003 .003| .019 .409 .142 .03 .177 .031 .45213
RPFC (R 951 .163 .710 .996 .456 .218 .035 [387 573 .083 .532 .003 .036] .032 .879 .084 .025 .031 .003 .25W30
SMG (L) 262 .199 135 .37 .152 .654 472 .852 .322 .264 .591 .003 .036 740 .819 .101 .53Pp .498 .489 .855 .(
SMG (R) 101 .002 .074 .234 .204 .475 .437 .B29 410 .598 990 .019 .032 .740 867 .264 .049 .043 .080 .385 .1
FEF (L) 057 .324 .059 .284 .123 .059 .741 .p40 .357 .199 .346 .409 .879 .819 .867 274 .67/ .845 .757 .811 .

2 FEF (R) 956 .133 563 .294 540 .050 .684 P35 .078 .099 .268 .142 .084 .101 .264 .274 144 008 .051 .285 .
N IPS (L) 259 024 .014 .035 .133 .390 .408 .Y90 .354 .286 .686 .003 .025 .539 .049 .677 .144 505 .019 .207
IPS (R) 646 .004 .086 .037 .093 .044 506 70 .132 .044 .096 .177 .031 .49 .043 .845 .008 .505 123 .336 .
LPFC (L) A76 943 874 739 .266 .044 464 .p71 .049 .072 .217 .031 .003 .489 .080 .757 .051 .019 .123 727352

E PPC (L) 359 .859 .801 533 .290 .179 550 [749 .457 275 575 .455 257 .85 .385 .811 .285 .207 .336 .727 .
N LPFC (R 811 .773 .840 .698 .367 .103 .101 p16 .750 .172 .729 .077 .214 .033 .185 .821 .200 .002 .038 .266 .33B67|

PPC (R) 548 922 688 .8#44 597 .370 .644 J643 .738 .315 911 .213 .830 .259 578 .418 517 .4p5 578 .352 .491

Abbreviations: ACC: Anterior cingula

te cortex, AINS: £nor insula, DAN: Dorsal Attention network, DMN: Default Modetwork, FEF: Frontal eye field, FPN: Fron

Parietal Network, IPS: Intraparietal sulcus, LAT: Lateislial areas, LP: Lateral parietal, LPFC: Lateral prefibcortex, MED: Medial visual areas, MPFC: Medial
prefrontal cortex, OCC: Occipital cortex, PCC: Posteringulate cortex, PPC: Posterior parietal Cortex, RAE&Stral prefrontal cortex, SMG: Supramarginal gyrus, :
Salience network, VN: Visual network.
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Supplementary Table 14.
Summary of p-values of one-tailed t-tests of the hgaltimtrol group > tumor patients group during stimulation withouter circle.

DMN VN SN DAN FPN

LP LP LAT LAT AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS |LPFC PPC LPFC PPC

RODIMPEC () ) PCAMEPOCC ) " 0 ® 0 ® O ®|lL ® O R|lL O ® ®
MPFC 373 415 664 .474 .328 .344 .40 .195 .326 .316 .011 .048 .610| .818 .961 .600 .97 .714 .686 .403 .3
I\a LP (L) .373 701 56p .743 .636 .949 .888 .774 .830 .873 .870 .999 .852| 996 .766 .976 .97B .953 522 .059 9
N LP (R) 415 701 610 .973 .024 .710 .914 .488 500 .649 .713 .332 .816| .889 .802 .722 992 .990 .778 .438 .1
PCC .664 569 .610 707 526 .925 979 .216 .379 .824 .214 .397 .515| .843 .978 .954 9915 .937 .998 .691 .
MED 474 743 973 .7Q7 555 388 .7187 .226 .740 .896 .487 .811 .452] .613 .962 .977 .26Pp .635 .506 .596 .71
V OocCC .328 .636 .024 .526 .555 .363 .074 .697 .769 .770 .511 .405 .312| .745 970 .072 .6688 .681 .462 .371 .3
N| LAT (L) 344 949 710 .92p .388 .363 Op1 .907 977 .721 995 .998 .270|.962 .984 .807 .982 .797 .665 .502 .9
LAT (R) 640 .888 .914 9719 .787 .074 .021 453 666 .328 .816 .917 .118]| .648 .984 526 .58p .857 .627 .233150
ACC 195 774 488 216 .226 .697 .907 .453 463 663 .965 .971 .870| .697 .690 .535 .90ff .941 553 .576 .
AINS (L) 326 .830 .500 .379 .740 .769 .977 .666 .463 813 .793 574 .368| .508 .917 .194 .764 .958 .048 .438 .3
S AINS (R) 316 .873 .649 .844 896 .770 .721 .B28 .663 .813 913 .610 .512( .050 .617 .308 .52 .823 .021 .407 .1
N RPFC (L 011 .870 .713 .214 .487 .511 995 B16 .965 .793 .913 >9099 999 .940 .787 .844 997 977 521 570533
RPFC (R .048 999 .332 .3p7 .811 .405 .998 917 971 574 .610 >.999 .383 537 .052 .744 974 .959 .836 .75865
SMG (L) 610 .852 .816 .515 .452 .312 .270 .118 .870 .368 .512 .999 .383 028 .353 .642 .39 .230 .235 .362 §
SMG (R) 818 .996 .889 .843 .613 .745 962 .p48 .697 508 .050 .940 .537 .028 685 .823 596 .780 .667 .604 4
FEF (L) 961 .766 .802 .918 .962 .970 .984 .b84 .690 .917 .617 .787 .052 .353 .685 921 753 .683 .341 .485 .}

2 FEF (R) 600 .976 .722 .9%4 977 .072 .807 .p26 .535 .194 .308 .844 .744 .64 .823 .921 643 914 965 .333 .
N IPS (L) 977 978 .992 915 .269 .668 .982 .b89 .907 .764 526 .997 .974 .398 .596 .753 .643 .310 .882 .936 .4
IPS (R) 714 953 990 937 .635 .681 .797 B57 .941 958 .823 .977 959 .23 .780 .683 .914 .310 502 .344 .
LPFC (L) 686 522 778 998 .506 .462 .665 .27 .553 .048 .021 521 .836 .235 .667 .341 .965 .882 .502 .620933

E PPC (L) 403 .059 438 691 596 .371 502 P33 .576 .438 .407 570 .758 .364 .604 .485 .333 .986 .344 .620 .
N LPFC (R 301 .918 .792 924 .790 .360 .929 [f98 .531 .313 .145 995 676 .543 .486 .288 .832 989 .952 906 .85M78

PPC (R) 646 .851 535 .8b4 .923 .008 .075 J150 .275 .446 .022 533 .065 .08 .162 .308 .520 .5BO0 .353 .933 .883

Abbreviations: ACC: Anterior cingulate cortex, AINS: &nibr insula, DAN: Dorsal Attention network, DMN: Default Modetwork, FEF: Frontal eye field, FPN: Fron

Parietal Network, IPS: Intraparietal sulcus, LAT: Lateislial areas, LP: Lateral parietal, LPFC: Lateral prefibcortex, MED: Medial visual areas, MPFC: Medial
prefrontal cortex, OCC: Occipital cortex, PCC: Posteringulate cortex, PPC: Posterior parietal Cortex, RAE&Stral prefrontal cortex, SMG: Supramarginal gyrus, :
Salience network, VN: Visual network.
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Supplementary Table 15.
Summary of p-values of one-tailed t-tests of the tumtemp group > healthy control group during stimulation \thitd outer circle.

DMN VN SN DAN FPN

LP LP LAT LAT AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS |LPFC PPC LPFC PPC

RODIMPEC () ) PCAMEPOCC ) " 0 ® 0 ® O ®|lL ® O R|lL O ® ®
MPFC 800 563 424 515 .605 .615 441 .650 537 .629 .958 .903 .382| .284 .020 .280 .047 .407 .206 .515 A
I\a LP (L) .800 191 41p 296 .359 .054 .155 .258 .410 .213 .061 .001 .215] .006 .172 .007 .03p .022 .875 .907 .
N LP (R) 563 .191 200 .045 947 .325 .098 .532 .654 .494 226 .704 .271] .135 .092 .181 .041 .040 .193 .393 .7
PCC 424 416 .209 372 .313 .052 .022 .865 .625 .227 .812 .475 .500| .136 .004 .013 .043 .027 .010 .229 .
MED 515 296 .045 .372 422 454 154 841 372 .046 .737 .325 551) .088 .094 .013 .65p .238 .645 .379 1
V OocCC 605 .359 .947 .313 .422 641 .913 .184 .151 .314 .459 537 .728| .188 .037 .929 439 .258 .464 .439 4
N| LAT (L) 615 .054 .325 .05p .454 .641 OU0 .074 .029 .266 .010 .001 .753|.028 .082 .144 .150 .156 .369 532 .0
LAT (R) 441 155 .098 .02 .154 .913 .940 494 202 .697 .394 128 .832] .278 .101 578 .53B .123 .555 .812754
ACC 650 .258 532 .8d5 .841 .184 .074 .494 268 .111 .027 .042 .082| .164 .422 441 .08p .041 .205 .488 .3
AINS (L) 537 410 .654 .62 .372 .151 .029 .202 .268 065 .176 .332 .563| .560 .136 .798 .16B .012 .756 .473 H

S AINS (R) 629 .213 .494 .247 .046 .314 .266 .97 .111 .065 102 440 .495| .774 535 .846 .41p .094 .938 .555 .4
N RPFC (L 958 .061 .226 .812 .737 .459 .010 394 .027 .176 .102 <.001 <.001] .034 .227 .070 .014 .047 .21900426484
RPFC (R 903 .001 .704 .4y5 .325 .537 .001 j128 .042 .332 .440 <.001 551 311 .947 .103 .02 .017 .142 .18(™M24
SMG (L) 382 .215 271 .5Q0 551 .728 .753 .832 .082 563 .495 <.001 .551 969 .731 .372 .278 .643 .598 .628 .4
SMG (R) 284 006 .135 .136 .088 .188 .028 .p78 .164 560 .774 .034 .311 .969 376 .170 .24 .057 .383 .450 .1
FEF (L) .020 .172 .092 .04 .094 .037 .082 .101 .422 .136 535 .227 947 .731 .376 .072 530 .565 .559 .498 4

2 FEF (R) 280 .007 .181 .013 .013 .929 .144 p78 .441 .798 .846 .070 .103 .374 .170 .072 .30 .133 .439 .871 .
N IPS (L) 077 .032 .041 .033 .655 .439 .150 .p38 .085 .163 .416 .014 .062 .278 .214 530 .360 658 .063 .076 .(
IPS (R) 407 .022 .040 .027 .238 .258 .156 23 .041 .012 .094 .047 .017 .64 .057 565 .133 .6%8 470 751 .
LPFC (L) 206 .875 .193 .010 .645 .464 .369 .b55 .205 .756 .938 .219 .142 .598 .383 559 .439 .063 .470 .631092

E PPC (L) 515 907 .393 229 .379 .439 532 B12 .488 .473 555 426 .180 .624 .450 .498 .871 .0Y6 .751 .631 .
N LPFC (R 533 .040 .268 .039 .150 .496 .025 p04 .361 510 .853 .004 .316 .467 .526 .420 .465 .002 .041 .123 .14®36

PPC (R) 458 .245 547 180 .068 .959 .875 [754 .647 372 938 .482 924 .786 .816 .665 .787 .4B3 .695 .092 .065

Abbreviations: ACC: Anterior cingula

te cortex, AINS: £nor insula, DAN: Dorsal Attention network, DMN: Default Modetwork, FEF: Frontal eye field, FPN: Fron

Parietal Network, IPS: Intraparietal sulcus, LAT: Lateislial areas, LP: Lateral parietal, LPFC: Lateral prefibcortex, MED: Medial visual areas, MPFC: Medial
prefrontal cortex, OCC: Occipital cortex, PCC: Posteringulate cortex, PPC: Posterior parietal Cortex, RAE&Stral prefrontal cortex, SMG: Supramarginal gyrus, :
Salience network, VN: Visual network.
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Supplementary Table 16.
Summary of p-values of one-tailed t-tests of the hgaltimtrol group > lesion patients group during stimulaticth e inner circle.

DMN VN SN DAN FPN
LP LP LAT LAT AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS |LPFC PPC LPFC PPC
RODIMPEC () ) PCAMEPOCC ) " 0 ® 0 ® O ®|lL ® O R|lL O ® ®
MPFC 915 679 924 .268 .744 .516 .%04 .983 .836 .940 .427 .624 .493| .253 .197 .437 .488 .769 .423 .330 .1
I\a LP (L) 915 322 70D .458 .845 .730 .825 927 .743 .758 .833 .843 .707]| .222 .314 .802 .50 .547 .187 .606 .d
N LP (R) 679 .322 30 211 902 .833 .941 903 .790 .686 .614 .664 .769| .100 .091 .807 550 .436 .287 .245 [
PCC 924 700 .302 371 900 542 696 .964 .968 .810 .754 .803 .591] .047 .293 571 .397 .325 .360 .258 .
MED 268 .458 .211 .3711 276 950 .881 .952 951 937 .961 .968 .935] .758 .490 .300 .85p .772 .655 .371 .9
Vv OocCC 744 845 902 .900 .276 .001 <.001 .151 .405 .174 .116 .083 .136| .565 .837 .975 .084 .107 .203 .e01
N| LAT (L) 516 .730 .833 .54p 950 .001 2B0O0 .408 .729 .441 .706 .366 .569(.892 .923 .962 .610 .822 .214 530 .1
LAT (R) 504 .825 941 .696 .881 <.001 .280 719 932 568 .874 .878 .432] 990 .984 .833 .86f .984 .137 .300174
ACC 983 .927 903 .94 .952 .151 .408 .Y19 491 442 912 744 .613) .155 559 .211 .68p .165 .847 .709 .
AINS (L) 836 .743 .790 .968 .951 .405 .729 .932 .491 808 986 .994 .685| .667 .575 .324 990 .938 .753 .707 .9
S AINS (R) 940 .758 .686 .810 .937 .174 .441 .68 .442 .808 974 939 .676| .566 .836 .765 .76B3 .904 .723 .691 .4
N RPFC (L 427 .833 614 .7%4 961 .116 .706 B74 .912 986 .974 959 .859| .388 .423 .623 .836 .732 .863 .428341
RPFC (R 624 843 .664 .8D3 .968 .083 .366 878 .744 994 939 .959 984 .692 .917 .867 .946 .926 .853 .85X687
SMG (L) 493 707 .769 591 .935 .136 .569 .432 .613 .685 .676 .859 .984 801 .764 582 .83 .745 .850 .860 .9
SMG (R) 253 222 .100 .047 .758 .565 .892 .p90 .155 .667 .566 .388 .692 .801 797 .255 649 .799 .974 .933
FEF (L) 197 314 .091 .293 .490 .837 .923 .84 559 575 .836 .423 917 .764 .797 617 .473 .818 .908 .488 .
2 FEF (R) 437 .802 .807 .57T1 .300 .975 .962 B33 .211 .324 .765 .623 .867 .58 .255 .617 438 243 993 .901 .
N IPS (L) 488 507 550 .397 .852 .084 .610 .B67 .686 .990 .763 .836 .946 .839] .659 .473 .438 927 .856 .813 .4
IPS (R) 769 547 436 .325 .772 .107 .822 P84 .165 .938 904 .732 926 .744 .799 .818 .243 .927 960 .830 .
LPFC (L) 423 .187 .287 .30 .655 .203 .214 .37 .847 .753 .723 .863 .853 .850] .974 .908 .993 .8%6 .960 .146182
E PPC (L) 330 .606 .245 2%8 .371 .601 530 300 .709 .707 .691 .428 .852 .86 .933 .488 .901 .813 .830 .146 .
N LPFC (R 201 .057 .078 .106 .861 .154 .199 P99 573 998 .872 .751 .796 .990 .975 965 .966 .984 .921 .214 .16302
PPC (R) 527 .439 222 .16 .809 .212 .157 J178 .623 .985 .593 .341 .687 .960 .804 .458 .746 .5p3 .212 .182 .692

Abbreviations: ACC: Anterior cingula

te cortex, AINS: £nor insula, DAN: Dorsal Attention network, DMN: Default Modetwork, FEF: Frontal eye field, FPN: Fron

Parietal Network, IPS: Intraparietal sulcus, LAT: Lateislial areas, LP: Lateral parietal, LPFC: Lateral prefibcortex, MED: Medial visual areas, MPFC: Medial
prefrontal cortex, OCC: Occipital cortex, PCC: Posteringulate cortex, PPC: Posterior parietal Cortex, RAE&Stral prefrontal cortex, SMG: Supramarginal gyrus, :
Salience network, VN: Visual network.
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Supplementary Table 17.
Summary of p-values of one-tailed t-tests of the lepatients group > healthy control group during stimulatich t¥ie inner circle.

DMN VN SN DAN FPN
LP LP LAT LAT AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS |LPFC PPC LPFC PPC
RODIMPEC () ) PCAMEPOCC ) " 0 ® 0 ® O ®|lL ® O R|lL O ® ®
MPFC 063 .321 .048 .647 .129 .338 .341 .127 559 .147 .822 555 .690| .810 .760 .547 .509 .254 .275 579 .
I\a LP (L) .063 551 124 401 .141 .318 .151 .111 .463 .356 .361 .215 .411)| .733 .707 .139 491 .371 501 .236 .1
N LP (R) 321 551 510 .754 .043 .207 .112 .163 .414 .450 .691 .590 .291| .779 .931 .213 .661 .595 .308 .788 .1
PCC .048 .124 510 780 .101 524 .492 .143 .047 .319 .648 563 .771] .975 .625 .143 840 .785 .353 .859 .
MED 647 .401 .754 .70 613 .048 .133 .055 .021 .130 .021 .040 .161) .349 .251 577 .32p .225 .699 .818 A4
V OocCC 129 141 .043 .101 .613 996 .999 811 .596 .821 .805 .812 .853| .465 .178 .041 .692 .753 .662 .583 .4
N| LAT (L) .338 .318 .207 .524 .048 .996 BSBR0 501 .250 .705 .167 .497 .495|.156 .063 .076 .307 .151 .850 .710 .8
LAT (R) 341 151 112 492 .133 .999 .540 346 .089 .624 .178 .144 554] .038 .011 .188 .10B .016 .926 .876898
ACC 127 111 .163 .143 .055 .811 .501 .B46 238 .380 .081 .375 .269)| .787 .121 .487 53¢ .802 .402 .500 .9
AINS (L) 559 463 .414 .047 .021 .596 .250 .089 .238 063 .002 .024 .078| .173 .106 .715 .00y .058 .561 .385 .@
S AINS (R) 147 .356 450 .319 .130 .821 .705 .24 .380 .063 012 .103 .308| .540 .026 .115 .398 .279 .612 .569 A
N RPFC (L 822 .361 .691 .648 .021 .805 .167 .78 .081 .002 .012 .074 .020] 519 .333 .538 .15 .185 .415 .745824
RPFC (R 555 215 590 .563 .040 .812 .497 144 375 .024 .103 .074 .021] .419 .036 .218 .090 .110 .261 .36%31
SMG (L) 690 .411 .291 .741 .161 .853 .495 554 269 .078 .308 .020 .021 380 .091 .320 .19 .254 444 342 .}
SMG (R) 810 .733 .779 975 .349 .465 .156 .p38 .787 .173 540 .519 .419 .380 101 .387 592 .323 .075 .228 .1
FEF (L) 760 .707 931 .635 .251 .178 .063 .p11 .121 .106 .026 .333 .036 .091 .101 577 4265 .171 .268 .506 .(
2 FEF (R) 547 139 213 .143 577 .041 .076 .88 .487 .715 .115 538 .218 .32 .387 .577 S516 573 .019 .062
N IPS (L) 509 491 661 .80 .320 .692 .307 .08 .534 .007 .398 .155 .090 .199 552 .425 .516 .374 .354 503
IPS (R) 254 371 595 785 .225 753 .151 P16 .802 .058 .279 .185 .110 .254 .323 .171 573 .374 115 507 .
LPFC (L) 275 501 .308 .33 .699 .662 .850 .26 .402 561 .612 .415 .261 .444] .075 .268 .019 .3%4 .115 .8456803
E PPC (L) 579 .236 .788 .8%9 .818 .583 .710 B76 .500 .385 .569 .745 .365 .344 .228 506 .062 .503 .507 .845 .
N LPFC (R 671 .758 .772 918 .436 .632 .865 [/32 .836 .060 .573 557 .465 .11 .104 .096 .106 .361 .332 .545 .946G:24
PPC (R) 383 222 713 792 .392 937 .933 898 .612 .032 .661 .824 .631 .140 .295 .333 .106 .7B2 .893 .680 .568

Abbreviations: ACC: Anterior cingulate cortex, AINS: &nibr insula, DAN: Dorsal Attention network, DMN: Default Modetwork, FEF: Frontal eye field, FPN: Fron

Parietal Network, IPS: Intraparietal sulcus, LAT: Lateislial areas, LP: Lateral parietal, LPFC: Lateral prefibcortex, MED: Medial visual areas, MPFC: Medial
prefrontal cortex, OCC: Occipital cortex, PCC: Posteringulate cortex, PPC: Posterior parietal Cortex, RAE&Stral prefrontal cortex, SMG: Supramarginal gyrus, :
Salience network, VN: Visual network.
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Supplementary Table 18.
Summary of p-values of one-tailed t-tests of the lepatients group > healthy control group during stimulatich thie middle circle.

DMN VN SN DAN FPN
LP LP LAT LAT AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS |LPFC PPC LPFC PPC
RODIMPEC () ) PCAMEPOCC ) " 0 ® 0 ® O ®|lL ® O R|lL O ® ®
MPFC 806 .469 .648 .485 .265 .283 .819 .163 .042 .037 .005 .069 .484| .204 .658 .788 .219 .320 .529 .754 .
I\a LP (L) .806 361 .37p 592 .245 717 .928 .943 .623 .528 .508 .661 .548| .617 .569 .970 .39D .570 .053 .571 .4
N LP (R) 469 .361 391 470 548 762 959 .823 534 .413 .400 .380 .362| .553 .398 974 612 .689 .091 .779 .2
PCC .648 .379 .391 651 .810 .904 .968 .957 .669 .430 .097 .198 .354| .119 .278 .732 511 .768 .004 .066 .
MED 485 592 470 .691 669 .565 .403 .910 .893 .850 .448 .402 .984] 500 .406 .175 .714 590 .095 .081 .1
V OocCC 265 .245 548 .810 .669 713 985 .207 .550 .344 .183 .426 .946| .911 .470 .695 .839 .684 .984 .960 .}
N| LAT (L) 283 717 .762 .904 565 .713 Ap1 762 583 506 .853 .829 .752|.970 584 .631 .753 .507 .925 900 .6
LAT (R) .819 .928 959 968 .603 .985 .121 942 678 .496 911 951 .754| 909 .259 .235 .69p .451 .873 .91164H
ACC 163 .943 .823 .97 .910 .207 .762 .942 346 .285 .932 .843 .880| .221 .684 .525 .88[L .719 .994 993 .3
AINS (L) 042 623 534 609 .893 .550 .583 .678 .346 539 999 801 .977| 555 .494 .136 .97p .827 .995 .923 .1
s AINS (R) 037 .528 .413 .430 .850 .344 506 .496 .285 .539 998 .738 .888| .669 .520 .500 .92B .767 .982 .902 .{
N RPFC (L .005 .508 .400 .097 .448 .183 .853 .p11 .932 .999 .998 919 993 .709 .894 .797 .993 .995 .984 .560212
RPFC (R 069 .661 .380 .18 .402 .426 .829 [951 .843 .801 .738 .919 829 595 548 .837 971 .978 .945 .734606
SMG (L) 484 548 .362 .34 .984 946 .752 .¥Y54 .880 .977 .888 .993 .829 731 562 .200 .524 557 .756 .584 .71
SMG (R) 204 617 553 .119 500 .911 .970 .p09 .221 555 669 .709 .595 .73 .393 .640 .91 .918 .983 .792
FEF (L) 658 .569 .398 .218 .406 .470 584 .pP59 .684 .494 520 .894 548 .562| .393 767 .600 571 .841 .162
2 FEF (R) 788 970 974 .732 .175 .695 .631 P35 525 .136 .500 .797 .837 .200d .640 .767 719 453 .766 .846 .
N IPS (L) 219 390 .612 511 .714 .839 .753 .95 .881 .975 .923 973 .971 .524 961 .600 .719 .860 .788 .354 4
IPS (R) 320 570 .689 .7¢8 .590 .684 507 K451 .719 .827 .767 .995 978 .55 .918 571 .453 .860 J71 714 .
LPFC (L) 529 053 091 004 .095 984 925 B73 .994 995 .982 .984 945 .756| .983 .841 .766 .788 .771 .085134
E PPC (L) 754 571 779 066 .081 .960 .900 .p11 .993 .923 902 560 .734 584 .792 .162 .846 .3%4 .714 .085 .
N LPFC (R 046 .236 .265 .036 .116 .725 .623 95 .397 .734 .883 .455 620 .789 .920 .339 .946 .909 .858 .636 .772L79
PPC (R) 103 578 .649 .03 .430 .772 .769 Je42 .306 .335 575 .212 .606 .539 .695 .228 .966 .8[10 .692 .137 .617

Abbreviations: ACC: Anterior cingulate cortex, AINS: &nibr insula, DAN: Dorsal Attention network, DMN: Default Modetwork, FEF: Frontal eye field, FPN: Fron

Parietal Network, IPS: Intraparietal sulcus, LAT: Lateislial areas, LP: Lateral parietal, LPFC: Lateral prefibcortex, MED: Medial visual areas, MPFC: Medial
prefrontal cortex, OCC: Occipital cortex, PCC: Posteringulate cortex, PPC: Posterior parietal Cortex, RAE&Stral prefrontal cortex, SMG: Supramarginal gyrus, :
Salience network, VN: Visual network.
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Supplementary Table 19.
Summary of p-values of one-tailed t-tests of the healtimtrol group > lesion patients group during stimulatiath whie middle circle.

DMN VN SN DAN FPN

LP LP LAT LAT AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS |LPFC PPC LPFC PPC

RODIMPEC () ) PCAMEPOCC ) " 0 ® 0 ® O ®|lL ® O R|lL O ® ®
MPFC 265 .653 231 .212 .681 .732 .229 .732 904 975 .989 .898 .634| .780 .527 .432 .632 .745 541 421 .§
I\a LP (L) .265 731 564 .450 .845 .317 .106 .040 .290 .461 .479 .239 .412] .390 .579 .218 .55p .410 .900 .419 .4
N LP (R) .653 .731 800 532 .439 .178 .051 .166 .407 .635 .728 .671 .585| .421 .774 .344 317 .301 .857 .323 .4
PCC 231 564 .800 278 .207 .100 .047 .056 .259 532 .734 .691 .813] .761 .942 596 594 .313 .971 .938 .
MED 212 450 532 .278 344 511 455 .059 .056 .202 .188 .206 .035]| .312 .779 .947 .35p .462 .974 947 .8
V OocCC 681 .845 .439 .207 .344 503 275 791 477 762 .794 668 .063| .223 .165 .216 .101 .402 .044 .185 4
N| LAT (L) 732 .317 .178 .10p .511 .503 9OB8 .131 .456 .499 .133 .193 .123|.026 .200 .292 .07¢ .324 .130 .094 .7
LAT (R) 229 .106 .051 .047 .455 .275 .938 024 429 586 .062 .082 .148]| .116 .356 .544 .08p .297 .154 .131614
ACC 732 .040 .166 .06 .059 .791 .131 .24 666 .523 .121 .083 .176| .719 .356 .410 .20p .182 .122 .017 .1
AINS (L) 904 .290 .407 .299 .056 .477 .456 .429 .666 514 <.001 .165 .046| .494 .485 .736 .098B .293 .022 .0886474
S AINS (R) 975 .461 .635 .532 .202 .762 .499 .86 .523 .514 .007 .190 .082| .313 .415 .407 .05/ .197 .060 .141 .4
N RPFC (L 989 479 .728 .734 .188 .794 .133 .p62 .121 <.001 .007 .043 .001] .128 .228 .496 .047 .004 .224 .542642A
RPFC (R 898 .239 671 .61 .206 .668 .193 J082 .083 .165 .190 .043 183 321 481 .260 .17 .059 .223 .349%35
SMG (L) 634 .412 585 .813 .035 .063 .123 .148 .176 .046 .082 .001 .183 370 531 .797 .48p .597 .150 .383 .2
SMG (R) 780 .390 421 .7¢1 .312 .223 .026 .16 .719 .494 313 .128 .321 .370 547 .366 .092 .156 .027 .232 ]
FEF (L) 527 579 774 942 779 .165 .200 .B56 .356 .485 415 .228 .481 .531 .547 238 428 507 .346 .946 .4

2 FEF (R) 432 218 .344 596 .947 .216 .292 p44 410 .736 .407 .496 .260 .7971 .366 .238 293 458 .268 .227 .
N IPS (L) 632 552 .317 594 .356 .101 .076 .p86 .206 .098 .057 .047 .107 .486| .092 .428 .293 092 .224 .652 .J
IPS (R) 745 .410 .301 .313 .462 .402 .324 p97 .182 .293 .197 .004 .059 .59 .156 .507 .458 .092 122 .320 .
LPFC (L) 541 900 .857 911 .974 .044 .130 .j54 .122 .022 .060 .224 223 .150| .027 .346 .268 .224 .122 742688

E PPC (L) 421 419 323 938 .947 .185 .094 31 .017 .088 .141 542 .349 .383 .232 946 .227 .6%2 .320 .742 .
N LPFC (R 897 .661 .633 903 .832 .485 .729 p13 .723 .366 .473 529 524 274 .186 .828 .095 .2P8 .400 .239 .177Z44

PPC (R) 841 .198 278 .780 .322 549 .381 J618 .625 .647 511 .642 435 .43% .379 .764 .014 .3b5 .437 .688 .271

Abbreviations: ACC: Anterior cingula

te cortex, AINS: £nor insula, DAN: Dorsal Attention network, DMN: Default Modetwork, FEF: Frontal eye field, FPN: Fron

Parietal Network, IPS: Intraparietal sulcus, LAT: Lateislial areas, LP: Lateral parietal, LPFC: Lateral prefibcortex, MED: Medial visual areas, MPFC: Medial
prefrontal cortex, OCC: Occipital cortex, PCC: Posteringulate cortex, PPC: Posterior parietal Cortex, RAE&Stral prefrontal cortex, SMG: Supramarginal gyrus, :
Salience network, VN: Visual network.
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Supplementary Table 20.
Summary of p-values of one-tailed t-tests of the healtimtrol group > lesion patients group during stimulatiat wie outer circle.

DMN

VN SN DAN FPN
LP LP LAT LAT AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS |LPFC PPC LPFC PPC
RODIMPEC () ) PCAMEPOCC ) " 0 ® 0 ® O ®|lL ® O R|lL O ® ®
MPFC 789 604 975 .795 .819 .413 .%20 .700 .202 .380 .096 .017 .806| .226 .451 .756 .446 .610 .562 .729 .1
I\a LP (L) .789 257 068 .126 .682 586 .486 .770 .292 .215 .188 .269 .760| .308 .379 .700 .80B .795 .282 .694 .1
N LP (R) .604 .257 128 102 .633 .091 477 .597 .283 .029 .167 .393 .755| .383 .498 .933 .828 .565 .704 .846 .]
PCC 975 .068 .128 155 994 876 .955 .766 .137 .083 .077 .073 .218| .038 .412 .602 .818 .553 .523 .483 .1
MED 795 .126 .102 .155 637 .851 .7180 .966 .495 .886 .193 .122 .765] .544 543 .094 .52p .800 .031 .012 A4
V OocCC .819 .682 .633 .994 .637 011 .25 .749 .710 .309 .676 .698 .710| .861 .473 .967 .635 .701 .650 .589 .3
N| LAT (L) 413 586 .091 .87p .851 .011 A4p5 593 625 561 .783 .972 .899|.976 .865 .983 .680 .985 .603 .201 .2
LAT (R) 520 .686 .777 9595 .780 .025 .455 933 .831 .696 .926 .995 .859]| .987 .867 .968 .88p .999 .694 .28572H
ACC 700 .770 597 .76 .966 .749 593 .933 370 .274 726 .360 .747) .070 .372 .368 .84Pp .688 .992 .992 .4
AINS (L) 202 292 .283 .137 .495 .710 .625 .31 .370 579 683 .934 .617| .180 .403 .011 .284 .188 .512 .844 4
S AINS (R) 380 .215 .029 .043 .886 .309 .561 .p96 .274 579 .703 .888 .595| .716 .777 .147 .09 .549 .729 .382 .4
N RPFC (L 096 .188 .167 .0Y7 .193 .676 .783 .p26 .726 .683 .703 065 .786| .132 .738 .115 .34 .803 .762 .811091
RPFC (R 017 .269 .393 .0¥3 .122 .698 .972 995 .360 .934 .888 .065 884 975 931 .710 909 .968 .724 .788111
SMG (L) 806 .760 .755 218 .765 .710 .899 .859 .747 617 .595 .786 .884 252 569 .110 .54Pp .154 974 .920 .9
SMG (R) 226 .308 .383 .038 .544 .861 .976 .p87 .070 .180 .716 .132 .975 .252 708 .235 909 .806 .976 .860 .
FEF (L) 451 379 .498 .412 543 473 .865 .B67 .372 .403 .777 .738 .931 .569 .708 738 .466 .836 .469 .199 ¢
2 FEF (R) 756 .700 .933 .602 .094 .967 .983 .p68 .368 .011 .147 .115 .710 .11 .235 .738 134 .298 .780 .799
N IPS (L) 446 .808 .828 .818 522 .635 .680 .B82 .849 .284 .093 .364 .909 .549 909 .466 .134 .834 879 .576
IPS (R) 610 .795 565 .5%3 .800 .701 .985 P99 .688 .188 .549 .803 .968 .154 .806 .836 .298 .834 941 509 .
LPFC (L) 562 282 .704 533 .031 .650 .603 .94 992 512 729 762 .724 974 976 .469 .780 .879 .941 .028429
E PPC (L) 729 694 846 483 .012 589 .201 p85 .992 844 .382 .811 .788 .92 .860 .199 .799 576 .509 .028 .
N LPFC (R 161 .120 .120 204 .496 .334 295 [PR72 .649 .603 .647 .415 .869 .964 .959 960 .963 .790 .846 .394 .15@98
PPC (R) 454 504 476 .00 .299 .843 568 [721 .468 .231 .407 .091 .411 .794 .868 .670 .981 .5p3 .717 .429 .480

Abbreviations: ACC: Anterior cingulate cortex, AINS: &nibr insula, DAN: Dorsal Attention network, DMN: Default Modetwork, FEF: Frontal eye field, FPN: Fron

Parietal Network, IPS: Intraparietal sulcus, LAT: Lateislial areas, LP: Lateral parietal, LPFC: Lateral prefibcortex, MED: Medial visual areas, MPFC: Medial
prefrontal cortex, OCC: Occipital cortex, PCC: Posteringulate cortex, PPC: Posterior parietal Cortex, RAE&Stral prefrontal cortex, SMG: Supramarginal gyrus, :
Salience network, VN: Visual network.
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Supplementary Table 21.
Summary of p-values of one-tailed t-tests of the lepatients group > healthy control group during stimulatich e outer circle.

DMN VN SN DAN FPN

LP LP LAT LAT AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS |LPFC PPC LPFC PPC

RODIMPEC () ) PCAMEPOCC ) " 0 ® 0 ® O ®|lL ® O R|lL O ® ®
MPFC 192 340 .128 .250 .101 .171 .257 .657 .864 526 .946 976 .230| .770 .789 .619 .369 .221 .547 .489 .(
I\a LP (L) .192 833 84p .801 .381 .320 .328 .109 .626 .740 .904 .798 .265| .588 .803 .672 .22 .200 .479 .506 .71
N LP (R) .340 .833 900 .794 .303 .638 .086 .397 .796 .972 955 775 .249| .389 .806 .336 .119 .162 .242 .292 .}
PCC 128 .849 .900 795 .002 .044 .55 .317 .887 .874 942 921 .878] .881 .870 .810 .2d5 .482 .382 .592 .
MED 250 .801 .794 .795 276 .346 .438 .095 .709 .283 550 .608 .500] .781 .414 930 .72p .498 975 .977 .1
Vv OocCC 101 .381 .303 .002 .276 972 955 234 526 .788 .498 .368 .173| .101 .261 .041 .185 .163 .487 .608 .4
N| LAT (L) 171 .320 .638 .044 .346 .972 .6p5 .443 .650 .751 .105 .020 .100|.092 .086 .088 .193 .024 .363 .728 .3
LAT (R) 257 .328 .086 .095 .438 .955 .655 .079 .316 .468 .058 .003 .067]| .029 .070 .063 .02# <.001 .268 .581509
ACC 657 .109 .397 .317 .095 .234 .443 .079 606 .772 .281 .585 .435| .966 .440 .636 .51 .601 .029 .016 .
AINS (L) 864 .626 .796 .887 .709 .526 .650 .316 .606 473 222 064 504 .909 .291 .934 .92B .790 .798 .233 .1

S AINS (R) 526 .740 972 .844 .283 .788 .751 .468 .772 .473 206 .084 .406( .450 .081 .705 .988 .435 522 .662 A
N RPFC (L 946 .904 955 942 550 .498 .105 p58 .281 .222 .206 946 .159| .696 .226 .967 .448 .083 .521 .628920Q
RPFC (R 976 .798 .775 .91 .608 .368 .020 J00O3 .585 .064 .084 .946 063 .024 .051 .516 .06 .015 .474 .35590
SMG (L) 230 .265 .249 .848 .500 .173 .100 .p67 .435 504 .406 .159 .063 810 .163 .795 478 .778 .059 .057 .(

SMG (R) 770 588 .389 .881 .781 .101 .092 .p29 966 .909 .450 .696 .024 .810 300 .744 .198 .272 .011 .060

FEF (L) .789 .803 .806 .80 .414 .261 .086 .p70 .440 .291 .081 .226 .051 .163 .300 490 378 .340 .369 .721 .

2 FEF (R) 619 .672 .336 .810 .930 .041 .088 .p63 .636 .934 .705 .967 .516 .799 .744 .490 844 693 .211 .178 .
N IPS (L) 369 221 .119 .25 .722 .185 .193 .p24 511 .923 .988 .478 .066 .478 .188 .378 .844 371 .361 .392 .
IPS (R) 221 .200 .162 .482 .498 .163 .024 <p0O1 .601 .790 .435 .083 .015 .774 .272 .340 .693 .371 138 .450324
LPFC (L) 547 479 242 382 975 .487 .363 .68 .029 .798 522 521 474 .059] .011 .369 .211 .361 .138 .925619

E PPC (L) 489 506 .292 592 977 .608 .728 p81 .016 .233 .662 .628 .352 .05 .060 .721 .178 .392 .450 .925 .
N LPFC (R 633 .790 .780 .800 .736 .528 .340 [p61 .544 718 588 .811 .255 .094 .035 .027 .009 .249 .118 .514 .84904

PPC (R) 200 .193 .308 .744 .621 .308 .495 509 .639 .982 .816 .920 .590 .436 .148 .225 .021 .6b7 .324 .619 .481

Abbreviations: ACC: Anterior cingulate cortex, AINS: &nibr insula, DAN: Dorsal Attention network, DMN: Default Modetwork, FEF: Frontal eye field, FPN: Fron

Parietal Network, IPS: Intraparietal sulcus, LAT: Lateislial areas, LP: Lateral parietal, LPFC: Lateral prefibcortex, MED: Medial visual areas, MPFC: Medial
prefrontal cortex, OCC: Occipital cortex, PCC: Posteringulate cortex, PPC: Posterior parietal Cortex, RAE&Stral prefrontal cortex, SMG: Supramarginal gyrus, :
Salience network, VN: Visual network.

180



Supplementary Table 22.
Summary of p-values of one-tailed t-tests of the healtimtrol group > diffuse tumor growth pattern group during geteration.

DMN SN DAN FPN LN
ROI | MPEC LP LP pcel ace AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS [LPFC PPC LPFC PPC| IFG IFG pSTG pSTG
L R L“v ® O ®&k O O ®& O Rf O ® [ R L ®
MPFC .039 .043 .030 .996 >.999 >.999 >999 >009 .998 |994 .786 .430 .995 .971 .980 .824 .80 .700 .985 .91522§
I\a LP (L) .039 .098 .30B .758 .714 527 821 .944 990 |441 .411 .296 .838| .255 .011 .619 .00 .205 .109 .220 .4
N LP (R) .043 .098 231 370 .816 .865 .963 .847 .617 1987 .210 .338 .453| .724 .824 .189 .07 .779 .918 .898 .Q
PCC .030 .308 .231 504 953 906 .861 .922 .995 |996 .493 .444 990 .996 .917 .751 .043 .781 .954 .513 .4
ACC 996 .758 .370 .504 <.001 <.001 .892 .989 .082 |063 .701 .214 .659( .712 .999 .982 .987 .612 .803 .449 .0
AINS (L) >.999 .714 .816 .953 <.001 <.001 .023 .001 .048 |[027 .127 .067 .189| .213 .834 .826 .46p .266 .748 22K12 .00
s AINS (R)[ >.999 .527 .865 .9(6 <.001 <.001 .043 .015 .005 |038 .008 .002 .076| .280 .964 .520 .986 .668 .87209628.314
N RPFC (L] >.999 .821 .963 .861 .892 .023 .043 .784 .077 [009 .860 .131 .875 .792 .999 .927 .996 .908 .987 .943469
RPFC (R) >.999 .944 .847 .9p2 .989 .001 .015 .784 .005 [.169 .791 .338 .914 .931 .997 .991 >.999 .822 .97746@99.624
SMG (L)] .998 .990 .617 .995 .082 .048 .005 .077 .005 <|001 .621 .104 .829| .024 .811 >.999 .57y .503 .997 .819174
SMG (R)] .994 .441 987 .996 .063 .027 .038 .009 .169 <.001 121 .028 .003|] .379 .934 .801 .894 .998 .962 .828 .(
FEF (L) .786 .411 .210 .493 .701 .127 .008 .860 .791 .621 [.121 379 .018] .032 .950 .999 971 .974 .878 .309 9
2 FEF (R) 430 .296 .338 .444 214 .067 .002 .131 .338 .104 |.028 .379 .028] .050 .572 .439 .94 .538 .247 .505 .(
N IPS (L) 995 838 .453 990 .659 .189 .076 .875 .914 .829 [.003 .018 .028 .001 .859 >999 .790 .933 .908 .57028H
IPS (R) 971 255 724 996 .712 213 .280 .792 .931 .024 |.379 .032 .050 .001 .849 914 697 .993 .937 .766 .1
LPFC (L)) .980 .011 .824 .917 .999 .834 .964 .999 .997 .811 [.934 .950 .572 .859 .849 <.001 .106 .212 .154 .702.69%
E PPC (L) .824 619 .189 .7%1 .982 .826 .520 .927 .991 >.999 |.801 .999 .439 >.999 .914 <.001 <.001 .017 .17656812.043
N LPFC (R .860 .007 .087 .03 .987 .460 .986 .996 >.999 .577 |.894 .971 .984 .75(0 .697 .106 <.001 .001 .63312059.353
PPC (R) .700 .205 .779 .71 .612 .266 .668 .908 .822 .503 |.998 .974 .538 .933 .993 .212 .017 .0p1 463 .626
IFG (L) 985 .109 .918 994 .803 .748 .872 .987 977 .997 |962 .878 .247 .908| .937 .154 .176 .633 .463 .073 .0
L| IFG (R) 915 220 .898 .513 .449 .112 .628 .943 >999 .819 |.828 .309 .505 5700 .766 .702 .112 .9%9 .626 .073 .
N|pSTG (L .098 .623 .017 .493 .022 .226 .096 .107 .460 .999 [.006 .914 .091 .97§ .199 .075 .568 .120 .035 .033 .017
pSTG (R .228 .052 .966 .818 .074 .009 .316 .469 .629 .174 [.995 .419 .531 .2894 .978 .692 .042 .3%3 .719 .416 .029 <.

Abbreviations: ACC: Anterior cingulate cortex, AINS: &nor insula, DAN: Dorsal Attention network, DMN: Default Modetwork,

FEF: Frontal eye field,

FPN: Fronto Parietal Network, IFG: Inferior frontal gyriRS: Intraparietal sulcus, LN: Language network, LP: Lafmdeétal, LPFC: Lateral prefrontal cortex,
MPFC: Medial prefrontal cortex, PCC: Posterior cingutateex, PPC: Posterior parietal Cortex, pSTG: Poststiperior frontal gyrus, RPFC: Rostral prefrontal corte
SMG: Supramarginal gyrus, SN: Salience network.
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Supplementary Table 23.
Summary of p-values of one-tailed t-tests of the diffuseor growth pattern group > healthy control group during gerieration.

DMN SN DAN FPN LN
ROI | MPEC LP LP pcel ace AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS [LPFC PPC LPFC PPC| IFG IFG pSTG pSTG
L R L“v ® O ®&k O O ®& O Rf O ® [ R L ®
MPFC 961 .957 970 .004 <.001 <.001 <.001 <.001 .002 |.006 .214 .570 .005] .029 .020 .176 .140 .300 .015 .085773H
I\a LP (L) .961 902 .69p .242 286 .473 .179 .056 .010 |559 .589 .704 .162| .745 .989 .381 .99B .795 .891 .780 .3
N LP (R) .957 .902 .76 .630 .184 .135 .037 .153 .383 |013 .790 .662 .547| .276 .176 .811 913 .221 .082 .102 .9
PCC 970 .692 .769 496 .047 .094 .139 .078 .005 |004 .507 .556 .010f .004 .083 .249 .947 .219 .046 .487 .§
ACC .004 .242 .630 .496 >999 >999 .108 .011 .918 |937 .299 .786 .341( .288 .001 .018 .013 .388 .197 .551 .9
AINS (L) <.001 .286 .184 .047 >.999 >999 977 999 .952 |[973 .873 .933 .811| .787 .166 .174 .54D .734 .252 77888 .99]
s AINS (R)[ <.001 .473 .135 .094 >.999 >.999 957 .985 .995 1962 .992 .998 .924| .720 .036 .480 .014 .332 .12890372.684
N RPFC (L] <.001 .179 .037 .139 .108 .977 .957 216 .923 [991 .140 .869 .125] .208 .001 .073 .004 .092 .013 .057534H
RPFC (R) <.001 .056 .153 .08 .011 .999 .985 .216 995 [.831 .209 .662 .08¢ .069 .003 .009 <.001 .178 .0235400137]
SMG (L)] .002 .010 .383 .0¢5 .918 .952 .995 .923 .995 >[999 .379 .896 .171| .976 .189 <.001 .423 .497 .003 .181 826
SMG (R)) .006 .559 .013 .004 .937 .973 .962 .991 .831 >.999 879 972 .997] .621 .066 .199 .1(06 .002 .038 .172 .9
FEF (L) .214 589 .790 .5Q7 .299 .873 .992 .140 .209 .379 [.879 .621 .982| .968 .050 .001 .00 .026 .122 .691
2 FEF (R) 570 .704 .662 .5%6 .786 .933 .998 .869 .662 .896 |.972 .621 972] 950 .428 .561 .016 .462 .753 .495 .4
N IPS (L) .005 .162 .547 .0]10 .341 .811 .924 .125 .086 .171 [.997 .982 .972 999 141 <001 .250 .067 .092 .430718
IPS (R) .029 745 276 .004 .288 .787 .720 .208 .069 .976 |.621 .968 .950 .999 151 .086 .303 .007 .063 .234 .§
LPFC (L)) .020 .989 .176 .083 .001 .166 .036 .001 .003 .189 [.066 .050 .428 .141] .151 >999 894 .788 .846 .298.308
E PPC (L) 176 .381 .811 .249 .018 .174 .480 .073 .009 <.001 |.199 .001 .561 <.001 .086 >.999 >.999 .983 .82443888.95§
N LPFC (R 140 .993 .913 .927 .013 .540 .014 .004 <.001 .423 |.106 .029 .016 .25¢0 .303 .894 >.999 999 .36788041.641
PPC (R) 300 .795 221 219 .388 .734 .332 .092 .178 .497 |.002 .026 .462 .067 .007 .788 .983 .9p9 537 374
IFG (L) .015 891 .082 .046 .197 .252 .128 .013 .023 .003 |038 .122 .753 .092| .063 .846 .824 .3q7 .537 927 .9
L| IFG (R) .085 .780 .102 .487 .551 .888 .372 .057 <.001 .181 |.172 .691 .495 .43(0 .234 .298 .888 .041 .374 .927 -9
N|pSTG (L 902 377 .983 .597 978 .774 904 .893 540 .001 [.994 .086 .909 .02 .801 .925 .432 .88%0 .965 .967 .983
pSTG (R 772 948 .034 182 926 .991 .684 531 .371 .826 |[.005 .581 .469 .71§ .022 .308 .958 .617 281 .584 971 >,

Abbreviations: ACC: Anterior cingulate cortex, AINS: &nibr insula, DAN: Dorsal Attention network, DMN: Default Modetwork, FEF: Frontal eye field,

FPN: Fronto Parietal Network, IFG: Inferior frontal gyriRS: Intraparietal sulcus, LN: Language network, LP: Lafmdeétal, LPFC: Lateral prefrontal cortex,
MPFC: Medial prefrontal cortex, PCC: Posterior cingutateex, PPC: Posterior parietal Cortex, pSTG: Poststiperior frontal gyrus, RPFC: Rostral prefrontal corte
SMG: Supramarginal gyrus, SN: Salience network.
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Supplementary Table 24.
Summary of p-values of one-tailed t-tests of the hgaltimtrol group > uniform tumor growth pattern group durindpggneration.

DMN SN DAN FPN LN
ROI | MPEC LP LP pcel ace AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS [LPFC PPC LPFC PPC| IFG IFG pSTG pSTG
L R L“v ® O ®&k O O ®& O Rf O ® [ R L ®
MPFC 131 .014 013 .996 .999 .999 .999 >.999 .999 |981 .944 761 .989| .795 .999 .836 .943 .630 .999 .943 .(
I\a LP (L) 131 .364 .43p .058 .672 .660 .133 .282 .962 |747 .104 .008 .555| .023 .028 .450 .00p .465 .252 .075 .§
N LP (R) .014 .364 26 188 .966 .965 .201 .615 .865 1986 .112 .090 .324| .247 .678 .445 .074 .945 .888 .896 .3
PCC .013 .435 .261 383 .998 .985 522 .681 .995 %999 .660 .041 .998 .852 .823 .857 .03 .946 .958 .614 .1
ACC 996 .058 .188 .3§3 .004 .003 >.999 >.999 .151 |150 .999 .932 .824| .793 >.999 .639 .98 .568 .933 .486 .(
AINS (L) .999 .672 .966 .998 .004 .016 .023 .002 .331 295 .481 .094 .553] .105 .404 .638 .13p .633 .964 .408 .2
s AINS (R)[ .999 .660 .965 .985 .003 .016 .070 .052 .017 (457 .108 .001 .156| .183 .792 .845 .53D .924 .974 .828 .0
N RPFC (L 999 .133 .201 .522 >.999 .023 .070 >999 .057 |.034 >999 .887 .973 .742 >.999 .754 .996 .600909269.005 .06
RPFC (R) >.999 .282 .615 .681 >.999 .002 .052 >.999 .047 ]1.193 >.999 .812 .984 .889 >.999 .940 >.99999816€.999 .219 .42
SMG (L)] .999 .962 .865 .995 .151 .331 .017 .057 .047 <|001 .350 .001 .622| .004 .911 .998 .59 .774 >.999 .959584
SMG (R)] .981 .747 .986 >.999 .150 .295 .457 .034 .193 <.001 .384 .008 .157] .338 .780 .988 .3598 >.999 .982 .988959
FEF (L) 944 104 .112 .640 .999 .481 .108 >.999 >.999 .350 [.384 989 .442| 649 .999 .988 .999 .778 .917 .789.468
2 FEF (R) .761 .008 .090 .041 .932 .094 .001 .887 .812 .001 |.008 .989 .010] .055 .971 .348 .93 .190 .263 .533 .
N IPS (L) 989 555 .324 998 .824 553 .156 973 .982 .622 [.157 .442 .010 .016 .915>999 .771 .908 .991 .680186
IPS (R) 795 .023 .247 .8%2 .793 .105 .183 .742 .889 .004 |.338 .649 .055 .016 927 883 .542 .992 978 .740 .(
LPFC (L)) .999 .028 .678 .823 >.999 .404 .792 >.999 >999 .911 [.780 .999 .971 .91§ .927 .001 .745 .234 .324.03845.42]
E PPC (L) .836 .450 .445 .8%7 .639 .638 .845 .754 .940 .998 |.988 .988 .348 >.999 .883 .001 .004 .010 .309 .109021
N LPFC (R 943 .006 .074 .063 .982 .136 .530 .996 >.999 .592 |.358 .999 .983 .77} .522 .745 .004 <.001 .57506@70.031
PPC (R) .630 .465 945 946 .568 .633 .924 .600 .710 .774 $.999 .778 .190 .908 .992 .234 .010 <.0p1 .589 .567669
IFG (L) 999 252 .888 .998 .933 .964 .974 969 .998 >.999 [982 .917 .263 .991f .978 .324 .309 .545 .589 403 .0
L| IFG (R) 943 075 .896 .614 .486 .408 .828 .902 >.999 .959 |.988 .789 .533 .68(0 .740 .745 .109 .470 .567 .403 .
N|pSTG (L .073 .862 .310 .739 .005 .219 .089 .005 .219 .987 [.191 .942 .028 .587 .072 .036 .036 .0¢0 .113 .009 .002
pSTG (R 306 .470 976 .916 .025 .130 .614 .069 .427 .584 |[.959 .465 .160 .18 .531 .423 .021 .05 .669 .436 .096

Abbreviations: ACC: Anterior cingulate cortex, AINS: &nibr insula, DAN: Dorsal Attention network, DMN: Default Modetwork, FEF: Frontal eye field,

FPN: Fronto Parietal Network, IFG: Inferior frontal gyriRS: Intraparietal sulcus, LN: Language network, LP: Lafmdeétal, LPFC: Lateral prefrontal cortex,

MPFC: Medial prefrontal cortex, PCC: Posterior cingutateex, PPC: Posterior parietal Cortex, pSTG: Poststiperior frontal gyrus, RPFC: Rostral prefrontal corte
SMG: Supramarginal gyrus, SN: Salience network.
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Supplementary Table 25.
Summary of p-values of one-tailed t-tests of the unifarmor growth pattern > healthy control group group during generation.

DMN SN DAN FPN LN
rRol | mPEC LP LP pccl ace AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS |LPFC PPC LPFC PPC| IFG IFG pSTG pSTG
L ® O ® O ®k O | ®’k OO O O ®& E[O ® O ®
MPFC .869 .986 .987 .004 .001 .001 .001 <.001 .001 [019 .056 .239 .011| .205 .001 .164 .07 .370 .001 .057 .9
3 LP (L) .869 .636 .56p .942 .328 .340 .867 .718 .038 |253 .896 .992 .445| .977 .972 550 .99 .535 .748 .925 .1
N LP (R) .986 .636 .739 .812 .034 .035 .799 .385 .135 |014 .888 .910 .676| .753 .322 .555 .926 .055 .112 .104 .6
PCC .987 .565 .739 .617 .002 .015 .478 .319 .005 <4.001 .340 .959 .002| .148 .177 .143 .937 .054 .042 .386 .}
ACC .004 .942 .812 .617 .996 .997 <.001 <.001 .849 |[850 .001 .068 .176| .207 <.001 .361 .01B .432 .067 .514 .9
AINS (L)| .001 .328 .034 .002 .996 .984 977 .998 .669 705 .519 .906 .447] .895 .596 .362 .864f .367 .036 .592 .7
s AINS (R)l .001 .340 .035 .015 .997 .984 .930 .948 .983 [543 .892 .999 .844| .817 .208 .155 .47p .076 .026 .172 .9
N RPFC (L .001 .867 .799 .478 <.001 .977 .930 <.001 .943 [966 <.001 .113 .027| .258 <.001 .246 .04 .40009831.995 .93
RPFC (R) <.001 .718 .385 .3[l9 <.001 .998 .948 <.001 .953 [.807 <.001 .188 .01 .111 <.001 .060 <.00100296.001 .781 .57
SMG (L)] .001 .038 .135 .005 .849 .669 .983 .943 .953 >|999 .650 .999 .378| .996 .089 .002 .40B .226 <.001 .041416
SMG (R)] .019 .253 .014<.001 .850 .705 .543 .966 .807 >.999 .616 .992 .843| .662 .220 .012 .642 <.001 .018 .012044
FEF (L) .056 .896 .888 .340 .001 .519 .892 <.001 <.001 .650 [.616 .011 .558| .351 .001 .012 .001 .222 .083 .211.53H
2 FEF (R) 239 .992 910 .9%9 .068 .906 .999 .113 .188 .999 |.992 .011 .990| .945 .029 .652 .047 .810 .737 .467 .9
N IPS (L) .011 445 676 .0Q2 .176 .447 .844 .027 .018 .378 |.843 .558 .990 .984 .085 <.001 .229 .092 .009 .320814
IPS (R) .205 .977 .753 .148 .207 .895 .817 .258 .111 .996 |.662 .351 .945 .984 .073 .117 .448 .008 .022 .260 .4
LPFC (L) .001 .972 .322 .197 <.001 .596 .208 <.001 <.001 .089 |.220 .001 .029 .08§ .073 999 2595 .766 .676.96255.577
E PPC (L) .164 550 .555 .143 .361 .362 .155 .246 .060 .002 (.012 .012 .652 <.001] .117 .999 996 .990 .691 .891979
N LPFC (R .057 .994 926 .937 .018 .864 .470 .004 <.001 .408 |.642 .001 .017 .229 .478 .255 .996 >.999 .42594630.964
PPC (R) .370 .535 .055 .0p4 .432 .367 .076 .400 .290 .226 ¥.001 .222 .810 .092 .008 .766 .990 >.9p9 411 .4333314
IFG (L) .001 .748 .112 .042 .067 .036 .026 .031 .002 <.001 [018 .083 .737 .009| .022 .676 .691 .445 .411 597 .9
L| IFG (R) .057 925 .104 .346 .514 .592 .172 .098 <.001 .041 |.012 .211 .467 .3200 .260 .255 .891 .530 .433 .597 .9
N [pSTG (L 927 .138 .690 .261 .995 .781 .911 .995 .781 .013 [.809 .058 .972 .413 .928 .964 .964 .940 .887 .991 .998
pSTG (R .694 530 .024 .04 .975 .870 .386 .931 .573 .416 |(.041 .535 .840 .814 .469 .577 .979 .965 .331 .564 .904
Abbreviations:

ACC: Anterior cingulate cortex, AINS: gnior insula, DAN: Dorsal Attention network, DMN: Default Modetwork, FEF: Frontal eye field,
FPN: Fronto Parietal Network, IFG: Inferior frontal gyriRS: Intraparietal sulcus, LN: Language network, LP: Lafmdeétal, LPFC: Lateral prefrontal cortex,
MPFC: Medial prefrontal cortex, PCC: Posterior cingutateex, PPC: Posterior parietal Cortex, pSTG: Poststiperior frontal gyrus, RPFC: Rostral prefrontal corte
SMG: Supramarginal gyrus, SN: Salience network.
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Supplementary Table 26.

Summary of p-values of one-tailed t-tests of the unifarmor growth pattern > diffuse tumor growth pattern group dwamg generation.

DMN SN DAN FPN LN

ROI | MPEC LP LP pcel ace AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS [LPFC PPC LPFC PPC| IFG IFG pSTG pSTG

L R L“v ® O ®&k O O ®& O Rf O ® [ R L ®
MPFC 414 800 .723 .220 .377 .359 .391 535 .287 |561 .167 .185 .532| .810 .050 .441 .27 .567 .057 .373 .4
'a LP (L) 414 222 .38 .987 512 .349 976 .983 .600 |213 .842 .962 .758| .896 .520 .657 .71p .253 .353 .761 .2
N LP (R) .800 .222 S2n 725 170 117 989 724 213 |388 .684 .854 .627| .878 .624 .253 .690 .203 .442 .445 Q
PCC 723 .388 .521 .629 .065 .135 .783 .761 .282 |151 .337 .963 .269| .896 .576 .333 .697 .172 .405 .380 .]
ACC 220 .987 .725 .6749 455 532 .007 .026 .449 1402 .004 .021 .315| .393 .044 .921 .34p .532 .167 .472 .8
AINS (L) .377 .512 .170 .065 .455 .014 593 .558 .153 141 .205 .480 .202] .678 .855 .689 .82p .201 .120 .190 .5
s AINS (R) .359 .349 .117 .135 .532 .014 468 511 .320 (056 .243 .844 .387| .674 .803 .172 .97y .133 .143 .229 §

N RPFC (L 391 976 .989 .783 .007 .593 .468 .001 .620 428 .001 .025 .179| .523 .047 .687 .418 .825 .462 .53393
RPFC (R 535 .983 .724 .7p1 .026 .558 .511 .001 435 [.556 .002 .106 .129 .445 .006 .638 .394 .599 .105 .126678
SMG (L)| .287 .600 .213 .22 .449 .153 .320 .620 .435 480 .747 .987 .693| .805 .318 .427 .47¢ .230 .034 .156 .7
SMG (R)] .561 .213 .388 .1%1 .402 .141 .056 .428 .556 .480 .225 .866 .053| .586 .750 .030 .948 .166 .246 .044 ]
FEF (L) 167 .842 .684 .337 .004 .205 .243 .001 .002 .747 [.225 .004 .043| .025 .125 .795 .0538 .833 .294 .129 A4
2 FEF (R) 185 .962 .854 .963 .021 .480 .844 .025 .106 .987 |.866 .004 .784] 686 .032 .599 .430 .858 .509 .472 .8
N IPS (L) 532 758 .627 .2¢9 .315 .202 .387 .179 .129 .693 [.053 .043 .784 238 362 .476 .461 .559 .220 .390 .9
IPS (R) .810 .896 .878 .896 .393 .678 .674 .523 .445 .805 |.586 .025 .686 .238 377 544 694 587 .200 .498 .§
LPFC (L)) .050 .520 .624 .5Y6 .044 .855 .803 .047 .006 .318 [.750 .125 .032 .362 .377 .634 .044 510 .352 .38175§

E PPC (L) 441 657 .253 .333 .921 .689 .172 .687 .638 .427 |.030 .795 .599 .47q .544 .634 .28 .612 .338 .488 .4
N LPFC (R .267 .710 .650 .6%7 .349 .826 .977 .418 .394 477 |.948 .053 .430 .46] .654 .044 .268 .789 .549 .945934
PPC (R) 567 .253 .203 .12 532 .201 .133 .825 .599 .230 |.166 .833 .858 .559 .587 .510 .612 .7B9 384 547 .
IFG (L) .057 .353 .442 405 .167 .120 .143 .462 .105 .034 |246 .294 .509 .220( .200 .352 .338 .549 .384 130 .7

L[| IFG (R) 373 761 .445 380 .472 .190 .229 533 .126 .156 |.044 .129 472 .390 .498 .381 .488 .945 .547 .130 .9

N|pSTG (L 626 .211 .080 .1¢9 .842 527 .530 .946 .788 .791 |[.108 .401 .859 .92 .810 .685 .959 .7(08 .338 .705 .948
pSTG (R 460 .103 .387 .196 .858 .181 .226 .930 .678 .168 |[.683 .463 .890 .63q .946 .753 .728 .9B6 .524 .499 .412

Abbreviations: ACC: Anterior cingulate cortex, AINS: &nor insula, DAN: Dorsal Attention network, DMN: Default Modetwork,
FPN: Fronto Parietal Network, IFG: Inferior frontal gyriRS: Intraparietal sulcus, LN: Language network, LP: Lafmeeétal, LPFC:

FEF: Frontal eye field,
Lateral prefrontal cortex,

MPFC: Medial prefrontal cortex, PCC: Posterior cingutateex, PPC: Posterior parietal Cortex, pSTG: Poststiperior frontal gyrus, RPFC: Rostral prefrontal corte
SMG: Supramarginal gyrus, SN: Salience network.
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Supplementary Table 27.

Summary of p-values of one-tailed t-tests of the diffuseor growth pattern > uniform tumor growth pattern group durary generation.

DMN SN DAN FPN LN
ROI | MPEC LP LP pcel ace AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS [LPFC PPC LPFC PPC| IFG IFG pSTG pSTG
L R L“v ® O ®&k O O ®& O Rf O ® [ R L ®
MPFC .586 .200 .27/ .780 .623 .641 .609 .465 .713 |439 .833 .815 .468| .190 .950 .559 .733 .433 .943 .627 .3
'a LP (L) .586 778 .61p .013 .488 .651 .024 .017 .400 |787 .158 .038 .242| .104 .480 .343 .29p .747 .647 .239 .7
N LP (R) .200 .778 479 275 .830 .883 .011 .276 .787 |612 .316 .146 .373| .122 .376 .747 .39%0 .797 .558 .555 .9
PCC 277 612 479 371 935 .865 .217 .239 .718 |849 .663 .037 .731| .104 .424 .667 .343 .828 .595 .620 .§
ACC .780 .013 .275 .311 545 468 .993 .974 551 |598 .996 .979 .685| .607 .956 .079 .65 .468 .833 .528 .1
AINS (L) .623 .488 .830 .935 .545 .986 .407 .442 .847 859 .795 .520 .798] .322 .145 .311 .174 .799 .880 .810 .4
s AINS (R)f .641 .651 .883 .85 .468 .986 532 .489 .680 (944 .757 .156 .613| .326 .197 .828 .02 .867 .857 .771 .4
N RPFC (L .609 .024 .011 .217 .993 .407 .532 999 .380 |572 .999 .975 .821| .477 .953 .313 .582 .175 .538 .46707
RPFC (R 465 .017 .276 .2B9 .974 .442 489 999 .565 [.444 .998 .894 .871] .555 .994 .362 .606 .401 .895 .874322
SMG (L)| .713 .400 .787 .718 .551 .847 .680 .380 .565 520 .253 .013 .307] .195 .682 .573 .528 .770 .966 .844 2
SMG (R)] .439 .787 .612 .849 .598 .859 .944 572 444 520 775 134 .947| 414 250 .970 .052 .834 .754 .956 .§
FEF (L) .833 .158 .316 .643 .996 .795 .757 .999 .998 .253 [.775 996 .957| .975 .875 .205 .94/ .167 .706 .871 .§
2 FEF (R) .815 .038 .146 .07 .979 .520 .156 .975 .894 .013 |.134 .996 .216] .314 .968 .401 .50 .142 .491 .528 ]
N IPS (L) 468 242 373 731 .685 .798 .613 .821 .871 .307 [.947 .957 .216 762 638 .524 539 .441 .780 .610 .
IPS (R) 190 .104 .122 104 .607 .322 .326 477 555 .195 |.414 975 .314 .762 .623 456 .346 .413 .800 .502 .1
LPFC (L)) .950 .480 .376 .424 .956 .145 .197 .953 .994 .682 [.250 .875 .968 .638 .623 366 .956 .490 .648 .619243
E PPC (L) 559 .343 .747 .667 .079 .311 .828 .313 .362 .573 |.970 .205 .401 .524 .456 .366 742 .388 .662 .512 (
N LPFC (R 733 .290 .350 .343 .651 .174 .023 .582 .606 .523 |.052 .947 .570 .539 .346 .956 .732 .211 451 .055064
PPC (R) A33 747 797 .8P8 .468 .799 .867 .175 .401 .770 |.834 .167 .142 441 .413 .490 .388 2|1 .616 .453 {
IFG (L) 943 647 558 595 .833 .880 .857 .538 .895 .966 |754 .706 .491 .780| .800 .648 .662 .491 .616 .870 .2
L[| IFG (R) .627 239 555 .640 .528 .810 .771 .467 .874 .844 |.956 .871 .528 .610 .502 .619 .512 .0%5 .453 .870 .q
N|pSTG (L 374 789 .920 .831 .158 .473 .470 .054 212 .209 [.892 .599 .141 .07§ .190 .315 .041 .292 .662 .295 .052
pSTG (R 540 .897 .613 .8p4 .142 819 .774 .070 .322 .832 |.317 .537 .110 .364 .054 .247 .272 .064 .476 .501 .588

Abbreviations: ACC: Anterior cingulate cortex, AINS: &nor insula, DAN: Dorsal Attention network, DMN: Default Modetwork,
FPN: Fronto Parietal Network, IFG: Inferior frontal gyriRS: Intraparietal sulcus, LN: Language network, LP: Lafmeeétal, LPFC:

FEF: Frontal eye field,
Lateral prefrontal cortex,

MPFC: Medial prefrontal cortex, PCC: Posterior cingutateex, PPC: Posterior parietal Cortex, pSTG: Poststiperior frontal gyrus, RPFC: Rostral prefrontal corte
SMG: Supramarginal gyrus, SN: Salience network.
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Supplementary Table 28.
Summary of p-values of one-tailed t-tests of the healtimtrol group > diffuse tumor growth pattern group during mmtogeneration.

DMN SN DAN FPN LN
ROI | MPEC LP LP pcel ace AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS [LPFC PPC LPFC PPC| IFG IFG pSTG pSTG
L R L“v ® O ®&k O O ®& O Rf O ® [ R L ®
MPFC 263 .199 420 .998 >.999 .992 999 >999 .997 |985 .816 .687 .904| .925 .981 .395 .891 .556 .990 .853 .4
I\a LP (L) .263 127 .83 .629 774 265 .606 .628 .948 |317 .632 .011 .939| .212 .076 .803 .00p .090 .754 .388 .9
N LP (R) 199 127 .848 .408 .861 .952 .346 .408 .708 967 .153 .269 .142| .765 .238 .043 .001 .482 .993 .931 .2
PCC 420 .834 .848 419 932 .872 585 .852 .982 [958 .697 .542 995 .999 .553 .624 .112 .950 .986 .879 .§
ACC 998 .629 .408 .419 .002 <.001 .979 .949 .458 ]058 .975 .859 .546| .965 >.999 .953 .990 .565 .899 .803 .
AINS (L) >.999 .774 .861 .932 .002 <.001 .094 .058 .262 (004 .147 .087 .212] .150 .967 .794 .88p .370 .984 .346.002
s AINS (R)[ .992 .265 .952 .872 <.001 <.001 <.001 .001 .020 169 .106 .277 .043| .363 .799 .593 .691 .635 .90200378.38(
N RPFC (L 999 .606 .346 .585 .979 .094 <.001 986 .145 [011 .937 .862 .913] .943 >.999 .795 .81 .244 .98102811.024
RPFC (R) >.999 .628 .408 .8p2 .949 .058 .001 .986 .006 [.030 .932 .975 .79¢0 .976 .999 .923 .998 .697 .960 .944084
SMG (L)| .997 .948 .708 .992 .458 .262 .020 .145 .006 <|001 .450 .186 .293| .030 .932 .989 .81B .753 .966 .913 .8
SMG (R)] .985 .317 .967 .9%8 .058 .004 .169 .011 .030 <.001 185 .552 .002| .489 .821 .784 .795>.999 .799 .99998§
FEF (L) .816 .632 .153 .697 .975 .147 .106 .937 .932 .450 [.185 672 .282| .448 999 979 .99 .863 .165 .541
2 FEF (R) .687 .011 .269 .542 .859 .087 .277 .862 .975 .186 |.552 .672 .101] .504 .951 .402 .990 .927 .287 .841 .
N IPS (L) 904 939 .142 995 .546 .212 .043 913 .790 .293 [.002 .282 .101 <.001 .985>999 .702 .920 .763 .598.15
IPS (R) 925 212 765 .999 .965 .150 .363 .943 .976 .030 |.489 .448 .504 <.00] 928 .766 .838 .997 .510 .97697
LPFC (L)) .981 .076 .238 .583 >999 .967 .799 >.999 999 .932 |.821 .999 .951 .98 .928 .004 .133 .095 .75831432.763
E PPC (L) 395 .803 .043 .624 .953 .794 593 .795 .923 .989 |.784 .979 .402 >.999 .766 .004 .006 .004 .238 .146234
N LPFC (R .891 .006 .001 .112 .990 .889 .691 .871 .998 .813 |.795 .992 .990 .704 .838 .133 .006 .002 .781 .888324
PPC (R) 556 .090 .482 .9p0 .565 .370 .635 .244 697 .753 $.999 .863 .927 .920 .997 .095 .004 .0p2 .852 .707992
IFG (L) 990 .754 993 946 .899 .984 902 .981 .960 .966 |799 .165 .287 .763| .510 .758 .238 .741 .852 022 .2
L[| IFG (R) .853 .388 .931 .819 .803 .346 .978 411 .944 913 |[999 .541 .841 598 .976 .432 .146 .88 .707 .022 .q
N|pSTG (L 632 992 252 805 .058 .211 .003 .028 .097 .845 |.014 .574 .132 .889 .043 .311 .918 .525 .278 .296 .011
pSTG (R 419 252 998 976 .008 .002 .380 .025 .086 .074 (.988 .157 .587 .15 .975 .763 .236 .3p5 .992 .261 .158 <.

Abbreviations: ACC: Anterior cingulate cortex, AINS: &nor insula, DAN: Dorsal Attention network, DMN: Default Modetwork,
FPN: Fronto Parietal Network, IFG: Inferior frontal gyriRS: Intraparietal sulcus, LN: Language network, LP: Lafmeeétal, LPFC:

FEF: Frontal eye field,
Lateral prefrontal cortex,

MPFC: Medial prefrontal cortex, PCC: Posterior cingutateex, PPC: Posterior parietal Cortex, pSTG: Poststiperior frontal gyrus, RPFC: Rostral prefrontal corte
SMG: Supramarginal gyrus, SN: Salience network.

187



Supplementary Table 29.
Summary of p-values of one-tailed t-tests of the diffuseor growth pattern group > healthy control group duringrammogeneration.

DMN SN DAN FPN LN

ROI | MPEC LP LP pcel ace AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS [LPFC PPC LPFC PPC| IFG IFG pSTG pSTG

L R L“v ® O ®&k O O ®& O Rf O ® [ R L ®
MPFC .737 .801 .580 .002 <.001 .008 .001 <.001 .003 015 .184 .313 .096| .075 .019 .605 .14J9 .444 .010 .147 g
'a LP (L) 737 873 .16p .371 .226 .735 .394 .372 .052 |683 .368 .989 .061| .788 .924 .197 .99 .910 .246 .612 .0
N LP (R) .801 .873 A5 592 139 .048 .654 592 .292 033 .847 .731 .858| .235 .762 .957 .999 .518 .007 .069 .7
PCC .580 .166 .152 581 .068 .128 .415 .148 .018 |042 .303 .458 .005| .001 .447 .376 .88 .050 .014 .121 .]
ACC .002 .371 .592 .541 998 >.999 .021 .051 .542 |942 .025 .141 .454] .035 <.001 .047 .01p .435 .101 .197 9
AINS (L) <001 .226 .139 .068 .998 >999 906 .942 .738 (996 .853 .913 .788] .850 .033 .206 .11 .630 .016 .654.999
s AINS (R)[ .008 .735 .048 .148 >.999 >.999 >999 999 .980 [831 .894 .723 .957| .637 .201 .407 .309 .365 .098 99022.62(
N RPFC (L .001 .394 .654 .415 .021 .906 >.999 .014 .855 |.989 .063 .138 .087| .057 <.001 .205 .139 .756 .01997889.975
RPFC (R) <.001 .372 .592 .18 .051 .942 .999 .014 994 [.970 .068 .025 .21¢ .024 .001 .077 .002 .303 .040 .056914
SMG (L)] .003 .052 .292 .018 .542 .738 .980 .855 .994 >[999 550 .814 .707| .970 .068 .011 .18f .247 .034 .087 .1
SMG (R)] .015 .683 .033 .042 .942 .996 .831 .989 .970 >.999 .815 .448 .998|] .511 .179 .216 .2(5 <.001 .201 .00101%H
FEF (L) .184 .368 .847 .3Q3 .025 .853 .894 .063 .068 .550 [.815 .328 .718| .552 .001 .021 .008 .137 .835 .459 A4
2 FEF (R) 313 .989 .731 .4%8 .141 913 .723 .138 .025 .814 |.448 .328 .899| 496 .049 .598 .0310 .073 .713 .159 .8
N IPS (L) .096 .061 .858 .0Q5 .454 .788 .957 .087 .210 .707 [.998 .718 .899 >999 .015<.001 .298 .080 .237 .402.8412
IPS (R) .075 .788 .235 .01 .035 .850 .637 .057 .024 .970 |.511 .552 .496 >.999 .072 234 .192 .003 .490 .024025
LPFC (L)) .019 .924 .762 .447 <001 .033 .201 <.001 .001 .068 [.179 .001 .049 .01§ .072 996 .87 .905 .24268968.237

E PPC (L) .605 .197 .957 .36 .047 .206 .407 .205 .077 .011 |.216 .021 .598 <.00] .234 .996 994 996 .762 .85476¢

N LPFC (R 109 994 999 .88 .010 .111 .309 .129 .002 .187 |.205 .008 .010 .294 .162 .867 .994 998 .219 .11267
PPC (R) 444 910 518 .0p0 .435 .630 .365 .756 .303 .247 £.001 .137 .073 .080 .003 .905 .996 .9p8 .148 .293008
IFG (L) .010 .246 .007 .04 .101 .016 .098 .019 .040 .034 |201 .835 .713 .237| .490 .242 .762 .219 .148 978 .7

L[| IFG (R) 147 612 .069 .141 .197 .654 .022 589 .056 .087 |.001 .459 .159 .40 .024 .568 .854 .112 .293 .978 .9

N|pSTG (L 368 .008 .748 .195 .942 789 .997 972 903 .155 |[.986 .426 .868 .111] .957 .689 .082 .45 .722 .704 .989

pSTG (R 581 .748 .002 .024 .992 .998 .620 .975 .914 .926 (.012 .843 .413 .843 .025 .237 .764 .6y5 .008 .739 .842 >.

Abbreviations: ACC: Anterior cingulate cortex, AINS: &nor insula, DAN: Dorsal Attention network, DMN: Default Modetwork,
FPN: Fronto Parietal Network, IFG: Inferior frontal gyriRS: Intraparietal sulcus, LN: Language network, LP: Lafmeeétal, LPFC:

FEF: Frontal eye field,
Lateral prefrontal cortex,

MPFC: Medial prefrontal cortex, PCC: Posterior cingutateex, PPC: Posterior parietal Cortex, pSTG: Poststiperior frontal gyrus, RPFC: Rostral prefrontal corte
SMG: Supramarginal gyrus, SN: Salience network.
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Supplementary Table 30.
Summary of p-values of one-tailed t-tests of the healtimtrol group > uniform tumor growth pattern group duringayin generation.

DMN SN DAN FPN LN

ROI | MPEC LP LP pcel ace AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS [LPFC PPC LPFC PPC| IFG IFG pSTG pSTG

L R L“v ® O ®&k O O ®& O Rf O ® [ R L ®
MPFC 281 462 471 >999 .996 .992 >.999 >999 .970 [988 .924 .882 .984| .901 .992 .743 915 .876 .993 .567 .}
I\a LP (L) .281 454 70B .392 .670 .476 .071 .107 .474 |354 .417 .016 .489| .068 .032 .608 .03p .312 .634 .472 .§
N LP (R) 462 .454 956 993 998 .998 .792 .825 .588 1993 .568 .711 .945| 977 .838 .655 .150 .972 974 .944 4
PCC 471 708 .955 919 979 946 .626 .419 .986 [994 .931 .452 >.999(>999 .727 .670 .193 .955 .993 .617 .8
ACC >999 .392 .993 .919 .001 .002 .999 .985 .208 (169 .999 .673 .713] .948 >.999 .998 .99Pp .995 >.999 >.999 .(
AINS (L) .996 .670 .998 .979 .001 <.001 .164 .008 .353 J052 .169 .005 .126| .094 .992 .972 .64 .924 .997 .886 043
s AINS (R) .992 .476 .998 .946 .002 <.001 .020 .005 .062 [523 .459 .071 .115| .335 .998 .921 .60l .989 .999 .998672
N RPFC (L] >.999 .071 .792 .626 .999 .164 .020 997 129 |.022 >.999 .965 .942] .731 >.999 .922 .986 .49493999.007 .12
RPFC (R) >.999 .107 .825 .49 .985 .008 .005 .997 .001 |.037 >.999 .992 .92 .872 >.999 .945 .9%3 .434 .99200398144
SMG (L)] .970 .474 .588 .946 .208 .353 .062 .129 .001 001 .306 .208 .484| .022 .864 .962 .69 .650 .934 .959 .7
SMG (R)] .988 .354 .993 .994 .169 .052 .523 .022 .037 .001 235 111 .052| .373 .832 .957 .564 >.999 .905 >.999999
FEF (L) 924 417 568 .931 .999 .169 .459 >.999 >.999 .306 [.235 992 .654| .565 .995 .992 >999 .970 .76454634.45(

2 FEF (R) .882 .016 .711 .4%2 .673 .005 .071 .965 .992 .208 |.111 .992 349] 425 .858 .785 .995 .915 510 .803 .
N IPS (L) 984 489 .945>999 .713 .126 .115 .942 926 .484 [.052 .654 .349 .018 .994 >999 991 .999 .996 .767.838
IPS (R) 901 .068 .977>.999 .948 .094 .335 .731 .872 .022 |.373 .565 .425 .018 .885 .965 .899 >.999 .893 .980991%
LPFC (L)) .992 .032 .838 .737 >999 .992 .998 >.999 >999 .864 [.832 .995 .858 .994 .885 .024 620 .298 .999.08882.874
E PPC (L) .743 .608 .655 .670 .998 .972 .921 .922 .945 .962 |.957 .992 .785>.999 .965 .024 214 .025 .940 .22956%
N LPFC (R 915 .030 .150 .193 .999 .643 .601 .986 .953 .693 |.564 >.999 .995 .991] .899 .620 .214 <.001 .98930305.771
PPC (R) 876 .312 972 .95 .995 .924 989 .494 434 .650 $.999 .970 .915 .999 >999 .298 .025 <.0p1 .99907536.994
IFG (L) 993 .634 974 993 >.999 .997 .999 >999 992 .934 [905 .764 .510 .996| .893 .999 .940 .99 .999 .723 528

L| IFG (R) 567 472 944 617 >999 .886 .998 .939 .998 .959 3.999 .634 .803 .767] .980 .982 .229 .85 .736 .723 360

N|pSTG (L 159 846 .439 .8¢0 .014 .442 .109 .007 .001 .776 |[.232 .541 .039 .813 .084 .083 .807 .307 .075 .065 .043
pSTG (R 504 .606 >.999 >999 .754 .043 .672 .128 .144 .263 [.999 .450 .777 .83¢ .997 .878 .565 .7f1 .994 .52800B60 <

Abbreviations: ACC: Anterior cingulate cortex, AINS: &nibr insula, DAN: Dorsal Attention network, DMN: Default Modetwork, FEF: Frontal eye field,
FPN: Fronto Parietal Network, IFG: Inferior frontal gyriRS: Intraparietal sulcus, LN: Language network, LP: Lafmdeétal, LPFC: Lateral prefrontal cortex,
MPFC: Medial prefrontal cortex, PCC: Posterior cingutateex, PPC: Posterior parietal Cortex, pSTG: Poststiperior frontal gyrus, RPFC: Rostral prefrontal corte
SMG: Supramarginal gyrus, SN: Salience network.
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Supplementary Table 31.

Summary of p-values of one-tailed t-tests of the unifarmor growth pattern > healthy control group group duringramh generation.

DMN SN DAN FPN LN

ROI | MPEC LP LP pcel ace AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS [LPFC PPC LPFC PPC| IFG IFG pSTG pSTG

L R L“v ® O ®&k O O ®& O Rf O ® [ R L ®
MPFC .719 .538 .529 <.001 .004 .008 <.001 <.001 .030 012 .076 .118 .016] .099 .008 .257 .0845 .124 .007 .433 .§
I\a LP (L) 719 546 .29p .608 .330 .524 929 .893 .526 |646 .583 .984 .511| .932 .968 .392 .97p .688 .366 .528 .1
N LP (R) .538 .546 .045 .007 .002 .002 .208 .175 .412 |007 .432 .289 .055] .023 .162 .345 .850 .028 .026 .056 .5
PCC 529 .292 .045 .081 .021 .054 .374 .581 .014 |006 .069 .548 <.001|<.001 .273 .330 .8(Q7 .045 .007 .383 .1
ACC <.001 .608 .007 .041 999 998 .001 .015 .792 (831 .001 .327 .287] .052 <.001 .002 .00l .005 <.001 <.001 .9
AINS (L) .004 .330 .002 .021 .999 >999 .836 .992 .647 ]948 .831 .995 .874| .906 .008 .028 .35f¢ .076 .003 .114 953
s AINS (R)[ .008 .524 .002 .054 .998 >.999 980 .995 .938 477 .541 .929 .885| .665 .002 .079 .399 .011 .001 .002 328
N RPFC (L] <.001 .929 .208 .374 .001 .836 .980 .003 .871 |.978 <.001 .035 .058] .269 <.001 .078 .014 .50666001.993 .87
RPFC (R) <.001 .893 .175 .51 .015 .992 .995 .003 999 |[.963 <.001 .008 .074 .128 <.001 .055 .047 .566 .0089990285¢
SMG (L)] .030 .526 .412 .04 .792 .647 .938 .871 .999 999 .694 .792 .516| .978 .136 .038 .30¢ .350 .066 .041 .2
SMG (R)] .012 .646 .007 .006 .831 .948 .477 .978 .963 .999 .765 .889 .948| .627 .168 .043 .436 <.001 .095 <.00100H
FEF (L) .076 .583 .432 .049 .001 .831 .541 <.001 <.001 .694 |[.765 .008 .346| .435 .005 .008 <.0(1 .030 .23645866.55(

2 FEF (R) 118 .984 .289 .548 .327 .995 .929 .035 .008 .792 |.889 .008 .651] .575 .142 .215 .0Q5 .085 .490 .197 .4
N IPS (L) .016 .511 .055<.0q1 .287 .874 .885 .058 .074 .516 [.948 .346 .651 982 .006 <.001 .009 .001 .004 .233.164
IPS (R) .099 932 .023<.001 .052 .906 .665 .269 .128 .978 |.627 .435 .575 .987 115 .035 .141 <.001 .107 .020003%
LPFC (L)) .008 .968 .162 .243 <.001 .008 .002 <.001 <.001 .136 |[.168 .005 .142 .00q .115 976 .30 .702 .001.91018.123

E PPC (L) 257 .392 .345 .330 .002 .028 .079 .078 .055 .038 |.043 .008 .215<.00] .035 .976 786 975 .060 .771433
N LPFC (R .085 970 .850 .8p7 .001 .357 .399 .014 .047 .307 |.436 <.001 .005 .009 .101 .380 .786 >.999 .01169395.224
PPC (R) .124 688 .028 .045 .005 .076 .011 .506 .566 .350 £.001 .030 .085 .001 <.001 .702 .975 >.9P9 .00192264.004
IFG (L) .007 .366 .026 .0(J7 <.001 .003 .001 <.001 .008 .066 [.095 .236 .490 .004{ .107 .001 .060 .011 .001 277 479

L| IFG (R) 433 528 .056 .383 <.001 .114 .002 .061 .002 .041 4.001 .366 .197 .233 .020 .018 .771 .195 .264 .277 649

N|pSTG (L .841 .154 561 .140 .986 .558 .891 .993 .999 .224 |.768 .459 .961 .187 .916 .917 .193 .693 .925 .935 .957
pSTG (R 496 .394 <001 <.0p1 .246 957 .328 .872 .856 .737 [.001 .550 .223 .164 .003 .122 .435 .2p9 .006 .47299%40 >

Abbreviations: ACC: Anterior cingulate cortex, AINS: &nibr insula, DAN: Dorsal Attention network, DMN: Default Modetwork, FEF: Frontal eye field,

FPN: Fronto Parietal Network, IFG: Inferior frontal gyriRS: Intraparietal sulcus, LN: Language network, LP: Lafmdeétal, LPFC: Lateral prefrontal cortex,
MPFC: Medial prefrontal cortex, PCC: Posterior cingutateex, PPC: Posterior parietal Cortex, pSTG: Poststiperior frontal gyrus, RPFC: Rostral prefrontal corte
SMG: Supramarginal gyrus, SN: Salience network.

190



Supplementary Table 32.
Summary of p-values of one-tailed t-tests of the unifarmor growth pattern > diffuse tumor growth pattern group dumiignym generation.

DMN SN DAN FPN LN

ROI | MPEC LP LP pcel ace AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS [LPFC PPC LPFC PPC| IFG IFG pSTG pSTG

L R L“v ® O ®&k O O ®& O Rf O ® [ R L ®
MPFC 545 294 4@/ .055 .510 .431 .068 .372 .685 |463 .334 .284 .130| .435 .324 .208 .447 .148 .310 .730 .§
I\a LP (L) .545 183 .59 .686 579 .314 939 .923 .890 |500 .656 .541 .889| .778 .764 .671 .448 .257 .586 .434 .§
N LP (R) .294 183 204 .011 .039 .122 .145 155 .586 182 .196 .137 .005| .079 .055 .034 .0683 .071 .347 .331 .3
PCC 467 .595 .204 .094 284 .314 .450 .835 .296 [110 .253 .571 .052| .341 .316 .436 .393 .469 .277 .703 .3
ACC .055 .686 .011 .094 497 141 148 .324 .723 |310 .198 .670 .334| .460 .019 .095 .15 .010 .024 .010 .§
AINS (L) .510 .579 .039 .284 .497 .039 .449 .854 .457 [218 .514 .844 .619] .636 .260 .149 .75 .057 .147 .090 .3
AINS (R)| .431 .314 .122 .334 .141 .039 169 290 465 (231 .231 .821 .398| .541 .013 .150 .57p .025 .033 .125 .1

s RPFC (L .068 .939 .145 .4%0 .148 .449 .169 387 .621 |450 .019 .160 .325 .717 .087 .238 .140 .289 .072 .08634

RPFC (R 372 923 155 .885 .324 .854 .290 .387 .876 [.595 .010 .254 .22 .652 .144 .324 712 .717 .246 .10045
SMG (L)] .685 .890 .586 .296 .723 .457 .465 .621 .876 170 .640 .554 .352| .637 .530 .505 .60p .578 .343 .256 .5
SMG (R)] .463 .500 .182 .110 .310 .218 .231 .450 .595 .170 514 879 .248| .594 440 .149 .705 .403 .276 .250 .J
FEF (L) 334 656 .196 .243 .198 .514 .231 .019 .010 .640 |.514 .043 .191| .413 .581 .225 .070 .228 .088 .392 §
2 FEF (R) .284 541 .137 571 .670 .844 .821 .160 .254 .554 |.879 .043 221 577 .625 .141 .399 .479 .315 .469 .1
N IPS (L) .130 .889 .005 .042 .334 .619 .398 .325 .226 .352 [.248 .191 .221 59 225 137 .00 .025 .090 .335 5
IPS (R) 435 778 .079 .341 .460 .636 .541 .717 .652 .637 |.594 .413 .577 .159 511 126 .30d6 .043 .160 .303 .
LPFC (L)) .324 .764 .055 .316 .019 .260 .013 .087 .144 .530 [(.440 .581 .625 .225 .511 339 150 .270 .042 .043239

E PPC (L) 208 .671 .034 .436 .095 .149 .150 .238 .324 .505 |.149 .225 .141 .137 .126 .339 041 .362 .052 .429 .4
N LPFC (R 447 448 .063 .393 .157 .752 576 .140 .772 .602 |.705 .070 .399 .020 .306 .150 .071 .880 .179 .634135

PPC (R) .148 .257 .071 .4p9 .010 .057 .025 .289 .717 .578 |.403 .228 .479 .02% .043 .270 .362 .8B0 .030 .404 .
IFG (L) 310 .586 .347 .277 .024 147 .033 .072 .246 .343 |276 .088 .315 .090( .160 .042 .052 .149 .030 .032 .8

L[| IFG (R) 730 434 331 .73 .010 .090 .125 .086 .100 .256 [.250 .392 .469 .335 .303 .043 .429 .634 .404 .032 4

N|pSTG (L .866 .846 .375 .391 .811 .330 .155 .861 .976 .502 [.169 .515 .787 .57 .519 .811 .648 .7(07 .810 .800 .445
pSTG (R 440 225 157 .02 .015 .250 .257 .346 .451 .283 |.139 .235 .328 .044 .081 .239 .223 .1B5 .312 .265 .342

Abbreviations: ACC: Anterior cingulate cortex, AINS: &nor insula, DAN: Dorsal Attention network, DMN: Default Modetwork,
FPN: Fronto Parietal Network, IFG: Inferior frontal gyriRS: Intraparietal sulcus, LN: Language network, LP: Lafmeeétal, LPFC:

FEF: Frontal eye field,
Lateral prefrontal cortex,

MPFC: Medial prefrontal cortex, PCC: Posterior cingutateex, PPC: Posterior parietal Cortex, pSTG: Poststiperior frontal gyrus, RPFC: Rostral prefrontal corte
SMG: Supramarginal gyrus, SN: Salience network.
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Supplementary Table 33.
Summary of p-values of one-tailed t-tests of the diffuseor growth pattern > uniform tumor growth pattern group duaimgnym generation.

DMN SN DAN FPN LN
ROI | MPEC LP LP pcel ace AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS [LPFC PPC LPFC PPC| IFG IFG pSTG pSTG
L R L“v ® O ®&k O O ®& O Rf O ® [ R L ®
MPFC 455 706 .533 .945 .490 .569 .932 .628 .315 |537 .666 .716 .870| .565 .676 .792 593 .852 .690 .270 .J
'a LP (L) .455 .817 .40p .314 421 .686 .061 .077 .110 |500 .344 .459 .111| .222 .236 .329 .55p .743 .414 566 .1
N LP (R) .706 .817 796 989 .961 .878 .855 .845 .414 1818 .804 .863 .995] .921 .945 966 .937 .929 .653 .669 .6
PCC .533 .405 .796 906 .716 .686 .550 .165 .704 |890 .747 .429 .948| .659 .684 .564 .6(Q7 .531 .723 .297 .4
ACC 945 314 .989 .9(6 503 .859 .852 .676 .277 |690 .802 .330 .666| .540 .981 .905 .84B .990 .976 .990 .1
AINS (L) .490 .421 961 .716 .503 961 551 .146 .543 |[782 .486 .156 .381] .364 .740 .851 .248 .943 .853 .910 .6
s AINS (R)| .569 .686 .878 .686 .859 .961 .831 .710 .535 (769 .769 .179 .602| .459 .987 .850 .424 .975 .967 .875 .§
N RPFC (L 932 .061 .855 .5%0 .852 .551 .831 .613 .379 |550 .981 .840 .675 .283 .913 .762 .840 .711 .928 .914654
RPFC (R .628 .077 .845 .15 .676 .146 .710 .613 124 405 .990 .746 .774 .348 .856 .676 .228 .283 .754 .900549
SMG (L)| .315 .110 .414 .704 .277 .543 535 .379 .124 830 .360 .446 .648| .363 .470 .495 .398 .422 .657 .744 4
SMG (R)] .537 .500 .818 .890 .690 .782 .769 .550 .405 .830 486 .121 .752| .406 .560 .851 .295 .597 .724 .750 .§
FEF (L) .666 .344 .804 .747 .802 .486 .769 .981 .990 .360 [.486 957 .809| .587 .419 .775 930 .772 .912 .608 A4
2 FEF (R) 716 .459 .863 .429 .330 .156 .179 .840 .746 .446 |.121 .957 79| 423 .375 .859 .601 .521 .685 .531 .2
N IPS (L) .870 .111 995 .948 .666 .381 .602 .675 .774 .648 [.752 .809 .779 .841 775 .863 .980 .975 .910 .665 4
IPS (R) 565 .222 921 .6%9 .540 .364 .459 .283 .348 .363 |.406 .587 .423 .841] 489 874 .694 957 .840 .697 4
LPFC (L)) .676 .236 .945 .684 .981 .740 .987 .913 .856 .470 (.560 .419 .375 .775H .489 .661 .850 .730 .958 .957761
E PPC (L) 792 329 966 .564 905 .851 .850 .762 .676 .495 |.851 .775 .859 .863 .874 .661 949 .638 .948 .571 .3
N LPFC (R 553 .552 .937 .607 .843 .248 .424 860 .228 .398 |.295 .930 .601 .98(0 .694 .850 .929 120 .821 .366863
PPC (R) .852 743 929 581 .990 .943 975 711 .283 .422 |.597 .772 521 .97% .957 .730 .638 .1p0 970 .596
IFG (L) .690 414 653 .743 .976 .853 .967 .928 .754 .657 [|724 .912 .685 .910 .840 .958 .948 .841 .970 968 .2
L[| IFG (R) 270 .566 .669 .297 .990 .910 .875 .914 .900 .744 |.750 .608 .531 .665 .697 .957 .571 .366 .596 .968 9
N|pSTG (L 134 154 625 609 .189 .670 .845 .139 .024 .498 |.831 .485 .213 .423 .481 .189 .352 .293 .190 .200 .555
pSTG (R 560 .775 .843 .98 .985 .750 .743 .654 549 717 |.861 .765 .672 .954 .919 .761 .777 .865 .688 .735 .658

Abbreviations: ACC: Anterior cingulate cortex, AINS: &nor insula, DAN: Dorsal Attention network, DMN: Default Modetwork,
FPN: Fronto Parietal Network, IFG: Inferior frontal gyriRS: Intraparietal sulcus, LN: Language network, LP: Lafmeeétal, LPFC:

FEF: Frontal eye field,
Lateral prefrontal cortex,

MPFC: Medial prefrontal cortex, PCC: Posterior cingutateex, PPC: Posterior parietal Cortex, pSTG: Poststiperior frontal gyrus, RPFC: Rostral prefrontal corte
SMG: Supramarginal gyrus, SN: Salience network.
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Supplementary Table 34.
Summary of p-values of one-tailed t-tests of the healtimtrol group > diffuse tumor growth pattern group duringasygeneration.

DMN SN DAN FPN LN

ROI | MPEC LP LP pcel ace AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS [LPFC PPC LPFC PPC| IFG IFG pSTG pSTG

L R L“v ® O ®&k O O ®& O Rf O ® [ R L ®
MPFC 169 1112 .169 .996 >.999 .999 >.999 >9099 977 [993 .963 .798 >.999| .986 .999 .991 .997 .557 .986 .96316Y
3 LP (L) .169 .045 848 .966 .992 .981 .956 .993 .999 11000 .871 .237 .998| .923 .405 .988 .699 .775 .512 .806 .9
N LP (R) 112 .045 863 911 .971 >999 .987 .984 .822 1000 .842 .727 .978] .997 .892 .905 .442 .999 .565 .989 .3
PCC .169 .843 .863 735 978 995 .963 .950 .997 1.000 .766 .871 >.999(>.999 .995 .989 .410 .969 .997 >.999 {
ACC 996 .966 .911 .735 <.001 .002 .929 .985 .325 |131 .873 .942 .929( .935 >.999 .868 .98 .938 .959 .954 .0
AINS (L) >.999 .992 .971 .978 <.001 <.001 .037 .001 .162 |[011 .047 .070 .190| .021 .850 .739 .76p .562 .973 34¥94 .013
s AINS (R)[ .999 .981>.999 .995 .002 <.001 .004 .005 .049 |131 .108 .466 .475| .657 .943 .799 .808 .910 .890 .985.930
N RPFC (L] >.999 .956 .987 .963 .929 .037 .004 964 .194 (014 .983 .993 .963| .812 >.999 .966 .999 .662 .99834599.164
RPFC (R) >.999 .993 .984 .950 .985 .001 .005 .964 .030 [.039 .766 .974 .869 .956 >.999 .883 >.999 .895 .98708896.172
SMG (L)| .977 .999 .822 .997 .325 .162 .049 .194 .030 <|001 .275 .457 >.999| .659 .993 .994 742 .774 >.999 99983.48(
SMG (R)] .993>.999 >.999 >999 .131 .011 .131 .014 .039 <.001 522 480 .553] .897 .981 .910 .835 >.999 .99291099.99
FEF (L) 963 .871 .842 .7¢6 .873 .047 .108 .983 .766 .275 [.522 692 .266] .164 >.999 >.999 .999 >.999 .50156846.687
2 FEF (R) 798 .237 .727 .81 .942 .070 .466 .993 .974 .457 |.480 .692 .011] .649 .974 901 .998 >.999 .336 .809703
N IPS(L)| >.999 .998 .978>9%99 .929 .190 .475 .963 .869 >.999 (.553 .266 .011 021 .999 >.999 .943 >.999.99974.999 .98
IPS (R) 986 .923 997 >999 935 .021 .657 .812 .956 .659 |.897 .164 .649 .02] 970 .945 .985 >.999 .534 .989999
LPFC (L)) .999 .405 .892 .995>.999 .850 .943 >.999 >999 .993 (.981 >.999 .974 .999 .970 .008 .243 .01469800.439 .91
E PPC (L) 991 .988 .905 .989 .868 .739 .799 .966 .883 .994 |.910 >.999 .901 >.999 .945 .008 102 <.001 .44296656.59]
N LPFC (R 997 699 .422 4]0 .987 .762 .808 .999 >999 .742 |.825 .999 .998 .963 .985 .243 .102 .002 .804 .650204
PPC (R) 557 775 999 969 .938 562 910 .662 .895 .774 $.999 >.999 >0999 >999 >.999 .014 <.001 .0p2 75842466 .86
IFG (L) 986 .512 565 .997 .959 .973 .890 .998 .987 >.999 [992 .501 .336 .974 .534 .800 .442 .8(4 .842 .018 .0
L| IFG (R) 963 .806 .989>.999 .954 .194 .985 .999 .996 .983 |.999 .946 .809 >.999 .989 .691 .956 .6%0 .754 .018 278
N|pSTG (L 636 .994 397 996 .045 .344 .095 .345 .088 >.999 [.910 .563 .119 .999 .545 .439 .966 .239 .466 .039 .005001
pSTG (R 165 754 997 >999 .268 .013 .937 .169 .172 .480 [.999 .682 .705 .98% .999 .916 .591 .201 .862 .20/001273 <.

Abbreviations: ACC: Anterior cingulate cortex, AINS: &nor insula, DAN: Dorsal Attention network, DMN: Default Modetwork,
FPN: Fronto Parietal Network, IFG: Inferior frontal gyriRS: Intraparietal sulcus, LN: Language network, LP: Lafmeeétal, LPFC:

FEF: Frontal eye field,
Lateral prefrontal cortex,

MPFC: Medial prefrontal cortex, PCC: Posterior cingutateex, PPC: Posterior parietal Cortex, pSTG: Poststiperior frontal gyrus, RPFC: Rostral prefrontal corte
SMG: Supramarginal gyrus, SN: Salience network.

193



Supplementary Table 35.
Summary of p-values of one-tailed t-tests of the diffuseor growth pattern group > healthy control group duringssygeneration.

DMN SN DAN FPN LN
rRol | mPEC LP LP pccl ace AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS [LPFC PPC LPFC PPC| IFG IFG pSTG pSTG
L R O ® O ®k O RO ®& O O O ®& RO ® L ®
MPFC .831 .888 .831 .004 <.001 .001 <.001 <.001 .023 [007 .037 .202 <.001] .014 .001 .009 .03 .443 .014 .03783H
3 LP (L) .831 .955 .15f .034 .008 .019 .044 .007 .001 <J001 .129 .763 .002| .077 .595 .012 .30 .225 .488 .194 246
N LP (R) .888 .955 137 .089 .029 <.001 .013 .016 .178 €001 .158 .273 .022| .003 .108 .095 .578 .001 .435 .01100%
PCC .831 .157 .137 .265 .022 .005 .037 .050 .003 4.001 .234 .129 <.001{<.001 .005 .011 .590 .031 .003 <.001001
ACC .004 .034 .089 .245 >999 .998 .071 .015 .675 [869 .127 .058 .071| .065 <.001 .132 .013 .062 .041 .046 .9
AINS (L)| <.001 .008 .029 .022 >.999 >999 963 .999 .838 [989 .953 .930 .810| .979 .150 .261 .23B .438 .027 65806 .981
s AINS (R)[ .001 .019<.001 .0Q5 .998 >.999 996 .995 .951 |869 .892 .534 .525( .343 .057 .201 .192 .090 .110 .015.063
N RPFC (L] <.001 .044 .013 .037 .071 .963 .996 .036 .806 [986 .017 .007 .037| .188 <.001 .034 .0Q1 .338 .00265601.831
RPFC (R) <.001 .007 .016 .0p0 .015 .999 .995 .036 970 |.961 .234 .026 .131 .044 <.001 .117 <.001 .105 .01391P204.824
SMG (L)] .023 .001 .178 .0Q3 .675 .838 .951 .806 .970 >[999 .725 .543 <.001| .341 .007 .006 .258 .226 <.00100Q17.52(
SMG (R)] .007 <.001 <.001 <.001 .869 .989 .869 .986 .961 >.999 478 520 .447| .103 .019 .090 .175 <.001 .008092001.00]
FEF (L) .037 .129 .158 .234 .127 .953 .892 .017 .234 .725 |.478 .308 .734| .836 <.001 <.001 .001 <.001 .499430@54.319
2 FEF (R) .202 .763 .273 .129 .058 .930 .534 .007 .026 .543 |.520 .308 989 .351 .026 .099 .0d02 <.001 .664 .19129%
N IPS (L) | <.001 .002 .022<.001 .071 .810 .525 .037 .131 <.001 |.447 .734 .989 .979 .001 <.001 .037 <.001.00026.601 .01
IPS (R) .014 .077 .003<.001 .065 .979 .343 .188 .044 .341 |.103 .836 .351 .979 .030 .055 .015<.001 .466 .01100H4
LPFC (L)} .001 .595 .108 .005 <.001 .150 .057 <.001 <.001 .007 |.019 <.001 .026 .001 .030 992 757 .98630200.561 .08
E PPC(L)] .009 .012 .095 .011 .132 .261 .201 .034 .117 .006 |[.090 <.001 .099 <.00] .055 .992 .898 >.999 .55803044.404
N LPFC (R] .003 .301 .578 .590 .013 .238 .192 .001 <.001 .258 |.175 .001 .002 .034 .015 .757 .898 .998 .196 .350799
PPC (R)] .443 .225 .001 .0B1 .062 .438 .090 .338 .105 .226 §.001 <.001 <.001 <.001 <.001 .986 >.999 .998 .24@458534 .13
IFG (L) .014 .488 .435 .003 .041 .027 .110 .002 .013 <.001 008 .499 .664 .026( .466 .200 .558 .196 .158 982 9
L[| IFG (R) .037 .194 .011<.0Q1 .046 .806 .015 .001 .004 .017 |.001 .054 .191 <.00j .011 .309 .044 .3%50 .246 .982 729
N|pSTG (L) .364 .006 .603 .04 .955 .656 .905 .655 .912 <.001 |.090 .437 .881 .00l .455 .561 .034 .76¢1 .534 .961 .995999
pSTG (R) .835 .246 .003<.0p1 .732 .987 .063 .831 .828 .520 |.001 .318 .295 .013 .001 .084 .409 .79P9 .138 .79309%27 >.
Abbreviations: ACC: Anterior cingulate cortex, AINS: &nibr insula, DAN: Dorsal Attention network, DMN: Default Modetwork, FEF: Frontal eye field,
FPN: Fronto Parietal Network, IFG: Inferior frontal gyriRS: Intraparietal sulcus, LN: Language network, LP: Lafmdeétal, LPFC: Lateral prefrontal cortex,

MPFC: Medial prefrontal cortex, PCC: Posterior cingutateex, PPC: Posterior parietal Cortex, pSTG: Poststiperior frontal gyrus, RPFC: Rostral prefrontal corte
SMG: Supramarginal gyrus, SN: Salience network.
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Supplementary Table 36.
Summary of p-values of one-tailed t-tests of the healtimtrol group > uniform tumor growth pattern group duringasygeneration.

DMN SN DAN FPN LN
ROI | MPEC LP LP pcel ace AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS [LPFC PPC LPFC PPC| IFG IFG pSTG pSTG
L R L“v ® O ®&k O O ®& O Rf O ® [ R L ®
MPFC .228 .001 .002 >.999 >.999 >.999 >999 >999 .851 [.956 .997 .988 .997| .976 >.999 .891 >.999 .55798899.360 .03
I\a LP (L) .228 306 .91B .737 .948 .962 .639 .872 .995 |997 .257 .089 .995| .819 .413 .998 .74l .930 .493 .488 .9
N LP (R) .001 .306 820 .623 .983 .978 .785 .584 .963 >999 .632 .177 .959|>.999 .846 .987 .230 >.999 .878 .452.999
PCC .002 .918 .829 126 .855 917 .169 .209 >.999 3.999 .799 .494 >.999(>.999 .455 >999 .041 >.999 .978 .72199§
ACC >999 .737 .623 .146 <.001 .012 >.999 >.999 .013 |077 .992 .980 .485( .271 >.999 .873 .999 .402 .998 .999007
AINS (L) >.999 .948 .983 .855 <.001 .008 .008 <.001 .020 |037 .088 .017 .018( .003 .738 .709 .31B .676 >.999.00841 .004
s AINS (R)[ >.999 .962 .978 .917 .012 .008 .020 .007 .002 089 .067 .285 .132| .072 .991 .976 .860 .425 >.999 60399.20(
N RPFC (L] >.999 .639 .785 .169 >.999 .008 .020 >.999 <.001 4.001 >.999 .993 .369 .077 >.999 .621 368$.999 >.999 .013 .0
RPFC (R) >.999 .872 .584 .2p9 >.999 <.001 .007 >.999 <.001 £.001 .979 .876 .104 .044 >.999 .662 .99999908.999 .008 .0d
SMG (L)] .851 .995 .963>.999 .013 .020 .002 <.001 <.001 4001 .454 .282 .999| .405 .866 >.999 .536 .997 47899.998 .47
SMG (R)] .956 .997 >.999 >.999 .077 .037 .089 <.001 <.001 <.001 491 267 .445] 777 923 .965 .487 >.99998999.476 .99
FEF (L) 997 257 .632 .799 .992 .088 .067 >.999 .979 .454 |.491 >999 .692| .592 >.999 .991 .996 >.999 .367.23399.48¢
2 FEF (R) 988 .089 .177 .494 980 .017 .285 .993 .876 .282 |.267 >.999 .057| .185 .969 .834 .991 .979 .225 .499299
N IPS (L) 997 995 .959>999 485 .018 .132 .369 .102 .999 [.445 .692 .057 .057 .941 >.999 .803 >.999 .86095450.844
IPS (R) 976 .819>999>0999 .271 .003 .072 .077 .044 .405 |.777 .592 .185 .057% 490 >.999 .448 >.999 .29606385.99]1
LPFC (L)) >.999 .413 .846 .4%5>999 .738 .991 >.999 >999 .866 (.923 >.999 .969 .94) .490 <.001 .918 96&L7.867 .056 .74
E PPC (L) .891 .998 .987 >.999 .873 .709 .976 .621 .662 >.999 |.965 .991 .834 >.999 >.999 <.001 .061 .06665925.970 .70
N LPFC (R] >.999 .741 .230 .041 .999 .313 .860 >.999 .999 .536 |.487 .996 .991 .803 .468 .978 .061 <.00196299.073 .19
PPC (R) 557 .930>.999 >9p9 .402 .676 .425 .365 .100 .997 p.999 >.999 .979 >.999 >999 .017 .066 <.001990 .440 .589 .99
IFG (L) | >.999 .493 .878 .918 .998 >.999 >.999 >.999 >999 >.999 3999 .367 .225 .860 .296 .968 .925 9HYH9 .702 .003 .54
L| IFG (R) 984 488 .452 741 .999 .941 >999 >999 >999 478 |.987 .599 .499 .75(0 .385 .867 .659 .92 .440 .702001 .GOA4
N|pSTG (L 360 .999 .832 .998 .001 .006 .003 .013 .008 .998 [.476 .233 .002 .954 .061 .056 .970 .073 .589 .003 <.001
pSTG (R .039 .824>999 .998 .007 .004 .200 .004 .003 .477 [.997 .488 .299 .84 .997 .744 .702 .195 .992 .569 .004

Abbreviations: ACC: Anterior cingulate cortex, AINS: &nibr insula, DAN: Dorsal Attention network, DMN: Default Modetwork, FEF: Frontal eye field,
FPN: Fronto Parietal Network, IFG: Inferior frontal gyriRS: Intraparietal sulcus, LN: Language network, LP: Lafmdeétal, LPFC: Lateral prefrontal cortex,
MPFC: Medial prefrontal cortex, PCC: Posterior cingutateex, PPC: Posterior parietal Cortex, pSTG: Poststiperior frontal gyrus, RPFC: Rostral prefrontal corte
SMG: Supramarginal gyrus, SN: Salience network.
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Supplementary Table 37.
Summary of p-values of one-tailed t-tests of the unifarmor growth pattern > healthy control group group duringesygeneration.

DMN SN DAN FPN LN
ROI | MPEC LP LP pcel ace AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS [LPFC PPC LPFC PPC| IFG IFG pSTG pSTG
L R L“v ® O ®&k O O ®& O Rf O ® [ R L ®
MPFC 772 999 .998 <.001 <.001 <.001 <.001 <.001 .149 [.044 .003 .012 .003] .024 <.001 .109 <.0Q1 .44304601.640 .96
'a LP (L) 72 .694 .08p .263 .052 .038 .361 .128 .005 |003 .743 .911 .005| .181 .587 .002 .25p .070 .507 .512 .0
N LP (R) 999 .694 A7 377 017 .022 215 416 .037 9001 .368 .823 .041|<.001 .154 .013 .770 <.001 .122 .548.001
PCC 998 .082 .171 .874 145 .083 .831 .791 <.001 4.001 .201 .506 <.001]<.001 .545 <.001 .9%9 <.001 .022 .27900%
ACC <.001 .263 .377 .8%4 >999 .988 <.001 <.001 .987 923 .008 .020 .515( .729 <.001 .127 .001 .598 .002 .001993
AINS (L) <001 .052 .017 .145 >.999 992 992 >999 .980 |963 .912 .983 .982( .997 .262 .291 .68f .324 <.001.99b69 .99¢
s AINS (R)[ <.001 .038 .022 .0§3 .988 .992 980 .993 .998 [911 .933 .715 .868| .928 <.001 .024 .140 .575 <.001.99001.80(
N RPFC (L] <.001 .361 .215 .831 <.001 .992 .980 <.001 >.999 %.999 <.001 .007 .63l .923 <.001 .379 63Wx.001 <.001 .987 .99
RPFC (R) <.001 .128 .416 .7p1 <.001 >.999 .993 <.001 >.999 999 .021 .124 .89§ .956 <.001 .338 .004.0020€.001 .992 .99
SMG (L)] .149 .005 .037<.0q1 .987 .980 .998 >.999 >.999 >1999 546 .718 .001| .595 .134 <.001 .44 .00352201.002 .52
SMG (R) .044 .003 <.001 <.001 .923 .963 .911 >.999 >.999 >.999 509 .733 555 .223 .077 .035 .513 <.00164801.524 .00
FEF (L) .003 .743 .368 .211 .008 .912 .933 <.001 .021 .546 |.509 <.001 .308| .408 <.001 .009 .004 <.001 .633.76401.513
2 FEF (R) .012 911 .823 .506 .020 .983 .715 .007 .124 .718 |.733 <.001 943 815 .031 .166 .0Q9 .021 .775 .50170X
N IPS (L) .003 .005 .041<.01 .515 .982 .868 .631 .898 .001 [.555 .308 .943 943 .059 <.001 .197 <.001 .14004850.154
IPS (R) .024 .181<.001<.001 .729 .997 .928 .923 .956 .595 |.223 .408 .815 .943 .510 <.001 .532 <.001 .704938615.003
LPFC (L)) <.001 .587 .154 .545 <.001 .262 .009 <.001 <.001 .134 (.077 <.001 .031 .059 .510 >999 .042 0383.133 .944 .2§
E PPC (L) 109 .002 .013 <.001 .127 .291 .024 .379 .338 <.001 |.035 .009 .166 <.00] <.001 >.999 939 .93434075.030 .29
N LPFC (R] <.001 .259 .770 .9%9 .001 .687 .140 <.001 .001 .464 |.513 .004 .009 .194 .532 .022 .939 >.99963801.927 .80
PPC (R) 443 .070 <.001 <.0p1 .598 .324 .575 .635 .900 .003 k.001 <.001 .021 <.00] <.001 .983 .934 >.999010 .560 .411 .00
IFG (L) | <.001 .507 .122 .032 .002 <.001 <.001 <.001 <.001 <.001 4.001 .633 .775 .140 .704 .032 .075 €1yl . .298 .997 .43
L| IFG (R) .016 .512 .548 .2{9 .001 .059 <.001 <.001 <.001 .522 |[.013 .401 .501 .25¢0 .615 .133 .341 .038 .560 .298999 .99¢
N|pSTG (L .640 .001 .168 .002 .999 .994 997 .987 .992 .002 [.524 .767 .998 .04 .939 .944 .030 .927 .411 .997 >.999
pSTG (R 961 .176 <001 .0p2 .993 996 .800 .996 .997 .523 [.003 .512 .701 .154 .003 .256 .298 .85 .008 .431 .996

Abbreviations: ACC: Anterior cingulate cortex, AINS: &nibr insula, DAN: Dorsal Attention network, DMN: Default Modetwork, FEF: Frontal eye field,
FPN: Fronto Parietal Network, IFG: Inferior frontal gyriRS: Intraparietal sulcus, LN: Language network, LP: Lafmdeétal, LPFC: Lateral prefrontal cortex,
MPFC: Medial prefrontal cortex, PCC: Posterior cingutateex, PPC: Posterior parietal Cortex, pSTG: Poststiperior frontal gyrus, RPFC: Rostral prefrontal corte

SMG: Supramarginal gyrus, SN: Salience network.
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Supplementary Table 38.
Summary of p-values of one-tailed t-tests of the unifarmor growth pattern > diffuse tumor growth pattern group dusyngax generation.

DMN SN DAN FPN LN
ROI | MPEC LP LP pcel ace AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS [LPFC PPC LPFC PPC| IFG IFG pSTG pSTG
L R L“v ® O ®&k O O ®& O Rf O ® [ R L ®
MPFC 418 901 949 .182 .676 .252 .274 .390 .770 |759 .085 .141 .690| .604 .063 .872 .195 .498 .071 .326 .1
'a LP (L) 418 179 .38¢ .807 .677 .613 .847 .852 596 |655 .938 .683 .562| .688 .497 .290 .44 .223 .515 .799 .2
N LP (R) 901 .179 506 .786 .384 .878 .875 .940 .182 344 .676 .901 .539| .298 .537 .114 .684 .198 .143 .974 .1
PCC 949 .384 .505 931 .752 .786 .973 .972 .241 |607 .470 .792 .186| .407 .973 .134 .897 .092 .638 .982 .3
ACC 182 .807 .786 .931 463 .329 .053 .110 .934 |639 .150 .259 .881| .951 .012 .351 .08p .900 .054 .032 .9
AINS (L)| .676 .677 .384 .792 .463 .036 .702 .703 .883 345 .517 .774 .866] .712 .619 .513 .851 .391 .059 .012 .9
s AINS (R)[ .252 .613 .878 .786 .329 .036 303 444 921 (720 .742 .697 .822| .947 .149 .094 .424 .866 .007 .009 .9
N RPFC (L 274 847 .875 973 .053 .702 .303 .039 .991 |897 .127 .426 .935 .963 .051 .871 .34 .721 .260 .29594
RPFC (R 390 .852 .940 .9y2 .110 .703 .444 .039 952 [.963 .136 .667 .96 .995 .034 .700 .5%6 .984 .128 .209949
SMG (L)] .770 .596 .182 .241 .934 .883 .921 .991 .952 499 .351 .678 .549| .697 .774 .094 .656 .038 .227 .954 4
SMG (R)] .759 .655 .344 .67 .639 .345 .720 .897 .963 .499 530 .710 .592| .674 .642 .184 .78§8 .242 .030 .640 .§
FEF (L) .085 .938 .676 .4{0 .150 .517 .742 .127 .136 .351 [.530 .001 .130| .164 .576 .605 .66/ .266 .643 .851 .7
2 FEF (R) 141 683 .901 .792 .259 .774 .697 .426 .667 .678 |.710 .001 .392| .843 .444 471 595 .890 .680 .776 .4
N IPS (L) .690 .562 .539 .186 .881 .866 .822 .935 .966 .549 [.592 .130 .392 401 .890 .086 .81f1 .031 .779 .983 .7
IPS (R) .604 .688 .298 .407 .951 .712 947 963 .995 .697 |.674 .164 .843 .401] 933 .051 9794 .053 .720 .973 .
LPFC (L)) .063 .497 .537 .93 .012 .619 .149 .051 .034 .774 |.642 .576 .444 .89( .933 925 025 .647 .227 .265673
E PPC (L) 872 .290 .114 .134 .351 .513 .094 .871 .700 .094 |.184 .605 .471 .084q .051 .925 .63 .074 .085 .858 .1
N LPFC (R 155 443 .684 .897 .080 .851 .424 .314 556 .656 |.788 .667 .575 .811] .974 .025 .663 .981 .010 .110564
PPC (R) 498 223 .198 .0p2 900 .391 .866 .721 .984 .038 |.242 .266 .890 .031 .053 .647 .074 .91 .041 751 ;
IFG (L) .071 515 .143 .638 .054 .059 .007 .260 .128 .227 |030 .643 .680 .779| .720 .227 .085 .0J0 .041 .011 .8
L[| IFG (R) 326 .799 974 982 .032 .012 .009 .295 .209 .954 |.640 .851 .776 .983 .973 .265 .858 .110 .751 .011 9
N|pSTG (L 732 296 .122 314 949 985 .929 944 852 .462 |.877 .784 .952 .78 .926 .886 .538 .7¢2 .400 .845 .984
pSTG (R 759 432 292 524 940 .619 .968 .946 .949 .502 |.478 .653 .846 .84Q .591 .673 .382 .564 .111 .196 .988

Abbreviations: ACC: Anterior cingulate cortex, AINS: &nor insula, DAN: Dorsal Attention network, DMN: Default Modetwork,
FPN: Fronto Parietal Network, IFG: Inferior frontal gyriRS: Intraparietal sulcus, LN: Language network, LP: Lafmeeétal, LPFC:

FEF: Frontal eye field,
Lateral prefrontal cortex,

MPFC: Medial prefrontal cortex, PCC: Posterior cingutateex, PPC: Posterior parietal Cortex, pSTG: Poststiperior frontal gyrus, RPFC: Rostral prefrontal corte
SMG: Supramarginal gyrus, SN: Salience network.
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Supplementary Table 39.
Summary of p-values of one-tailed t-tests of the diffuseor growth pattern > uniform tumor growth pattern group duwsymjax generation.

DMN SN DAN FPN LN
ROI | MPEC LP LP pcel ace AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS [LPFC PPC LPFC PPC| IFG IFG pSTG pSTG
L R L“v ® O ®&k O O ®& O Rf O ® [ R L ®
MPFC .582 .099 .091 .818 .324 .748 .726 .610 .230 |241 .915 .859 .310| .396 .937 .128 .845 .502 .929 .674 .4
'a LP (L) .582 .821 .61p .193 .323 .387 .153 .148 .404 |345 .062 .317 .438| .312 .503 .710 .55) .777 .485 .201 .7
N LP (R) .099 .821 496 214 616 .122 .125 .060 .818 |656 .324 .099 .461] .702 .463 .886 .316 .802 .857 .026 .8
PCC .051 .616 .495 .069 .248 .214 .027 .028 .759 |393 .530 .208 .814| .593 .027 .866 .1(03 .908 .362 .018 .4
ACC .818 .193 .214 .049 537 671 .947 .890 .066 |361 .850 .741 .119| .049 .988 .649 .92D .100 .946 .968 .0
AINS (L) .324 .323 .616 .2 .537 964 298 .297 .117 |655 .483 .226 .134].288 .381 .487 .14 .609 .941 .988 .0
s AINS (R)| .748 .387 .122 .234 .671 .964 .697 556 .079 (280 .258 .303 .178| .053 .851 .906 .57p .134 .993 .991 .0
N RPFC (L 726 .153 .125 .027 .947 .298 .697 961 .009 103 .873 .574 .065 .037 .949 .129 .646 .279 .740 .705054
RPFC (R .610 .148 .060 .0P8 .890 .297 .556 .961 .048 [.037 .864 .333 .034 .005 .966 .300 .444 .016 .872 .791051]
SMG (L)] .230 .404 .818 .799 .066 .117 .079 .009 .048 501 .649 .322 .451| .303 .226 .906 .344 .962 .773 .046 .§
SMG (R)] .241 .345 .656 .393 .361 .655 .280 .103 .037 .501 470 .290 .408| .326 .358 .816 .212 .758 .970 .360 .J
FEF (L) 915 .062 .324 530 .850 .483 .258 .873 .864 .649 [.470 999 .870| .836 .424 .395 .333 .734 .357 .149 2
2 FEF (R) .859 .317 .099 .218 741 226 .303 .574 .333 .322 |.290 .999 .608| .157 .556 .529 .425 .110 .320 .224 (
N IPS (L) 310 .438 461 .814 .119 .134 .178 .065 .034 .451 [.408 .870 .608 599 110 914 .1§9 .969 .221 .017 .2
IPS (R) 396 .312 .702 593 .049 .288 .053 .037 .005 .303 |.326 .836 .157 .599 .067 949 .046 .947 .280 .027 .(
LPFC (L)) .937 .503 .463 .0327 .988 .381 .851 .949 .966 .226 (.358 .424 .556 .110| .067 .075 975 .353 .773 .735327
E PPC (L) 128 .710 .886 .816 .649 487 906 .129 .300 .906 |.816 .395 .529 .914 .949 .075 337 926 915 .142 4
N LPFC (R .845 557 .316 .103 .920 .149 .576 .686 .444 .344 |.212 .333 .425 .189 .026 .975 .337 .019 .990 .890434
PPC (R) 502 777 .802 .9p8 .100 .609 .134 .279 .016 .962 |.758 .734 .110 .969 .947 .353 .926 .O[L9 959 249 ({
IFG (L) 929 485 .857 .3¢2 .946 .941 993 .740 .872 .773 |970 .357 .320 .221| .280 .773 .915 .990 .959 .989 .
L[| IFG (R) .674 201 .026 .018 .968 .988 .991 .705 .791 .046 [|.360 .149 .224 .017] .027 .735 .142 .890 .249 .989 .q
N|pSTG (L .268 .704 .878 .686 .051 .015 .071 .056 .148 .538 [.123 .216 .048 .21 .074 .114 .462 .238 .600 .155 .016
pSTG (R 241 568 .708 .476 .060 .381 .032 .054 .051 .498 |.522 .347 .154 .16 .409 .327 .618 .46 .889 .804 .012

Abbreviations: ACC: Anterior cingulate cortex, AINS: &nor insula, DAN: Dorsal Attention network, DMN: Default Modetwork,
FPN: Fronto Parietal Network, IFG: Inferior frontal gyriRS: Intraparietal sulcus, LN: Language network, LP: Lafmeeétal, LPFC:

FEF: Frontal eye field,
Lateral prefrontal cortex,

MPFC: Medial prefrontal cortex, PCC: Posterior cingutateex, PPC: Posterior parietal Cortex, pSTG: Poststiperior frontal gyrus, RPFC: Rostral prefrontal corte
SMG: Supramarginal gyrus, SN: Salience network.
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Supplementary Table 40.

DMN

Summary of p-values of one-tailed t-tests of the healtimtrol group > diffuse tumor growth pattern group duringHafid movement for left hemispheric tumors.
SMN

SN DAN FPN

LP LP Lat Lat AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS |LPFC PPC LPFC PPC

ROIMPFE ) ® Pl ® ™[0 ®m 0 ® O RO R O E|lOL O ® ®
MPFC 024 044 329 927 .804 492 405 957 .993 906 .986 .957| .932 .518 .718 928 .872 945 717 .99
3 LP (L) .024 420 878 >.999 942 99 612 .876 .906 .697 .867 .997|.963 .797 515 994 .999 .286 .693 .85
N LP (R) .044 .420 204 618 901 .824 .343 .482 952 399 .013 .795|.783 .040 .151 .71 .973 .895 .987 .58
PCC 329 878 .204 973 757 .103 .140 .640 .623 .201 .194 .813]| .772 .026 .102 .719 .849 944 .789 .39
S| Lat(L) 927 >999 .618 .973 013 .1p8 .095 .247 .001 509 .276 .372|.021 .006 .047 .349 .320 .937 .798 .86
M| Lat (R) 804 942 901 .77 .013 22 269 295 .701 .096 .567 .063].498 .001 .060 .019 .814 956 .782 .84
N Sup 492 979 824 703 .158 .252 240 .012 .037 .447 150 .073| .160 .283 .691 .054 .448 577 .609 .31
ACC 405 612 .343 .140 .095 .269 .340 001 .013 1916 .930 .011]|.216 .009 .143 .10 .897 .981 .326 .85
AINS (L) 957 876 .482 .640 .247 .295 .012 .001 126 .006 .284 .022 |.105 .028 .039 .012 .046 .138 .027 .22
AINS (R) 993 906 .952 643 .001 .701 .37 .013 .126 .002 .053 .003]|.085 .005 .115 .003 .175 .212 .047 .04
lﬁ RPFC (L 906 .697 .399 .201 .509 .096 447 916 .006 .002 .695 .115| .063 .123 .144 .461 .769 .815 .256 .8}
RPFC (R 986 .867 .013 .1p4 276 .567 .JI50 .930 .284 .053 .695 .093| .239 .107 .155 .07p .070 .645 .193 .0}
SMG (L) 957 997 .795 .813 .372 .063 .73 .011 .022 .003 .115 .093 017 .030 .018 .039 .090 .563 .666 .33
SMG (R) 932 963 .783 .712 .021 .498 .160 .216 .105 .085 .063 .239 .017 005 .034 .009 .242 226 .163 .29
FEF (L) 518 797 .040 .036 .006 .001 .283 .009 .028 .005 .123 .107 .030] .005 .019 .001 .018 .141 .115 .34
2 FEF (R) 718 515 .151 .102 .047 .060 .91 .143 .039 .115 .144 .155 .018| .034 .019 019 .080 .749 .140 .34
N IPS (L) 928 998 .710 .719 .349 .019 .054 .107 .012 .002 .461 .070 .039] .009 .001 .019 104 825 .966 .74
IPS (R) 872 999 973 .849 .320 .814 448 .897 .046 .175 .769 .070 .090| .242 .018 .080 .104 876 .840 .24
LPFC (L) 945 286 .895 .944 937 956 .B77 .981 .138 .212 815 .645 .563| .226 .141 .749 .82p .876 185 .94
E PPC (L) 717 .693 .987 .7I9 798 .782 609 .326 .027 .047 256 .193 .666| .163 .115 .140 .96p .840 .185 .74

N LPFC (R 997 859 586 .385 .865 .844 .B56 .858 .229 .044 876 .078 .330| .297 .320 .397 .76p .297 928 .746
PPC (R) 594 727 988 9441 969 991 .pP53 .773 .133 .318 .443 .351 .611 .970 .317 .181 1950 .976 .706 .808 .2
ADDreviations: ALL . Anterior cingulate cortex, AINS. Insula, . | W s mlﬁ]mwork, FEF. Frontal eye Tield,

FPN: Fronto Parietal Network, IPS: Intraparietal sulcas; Lateral Sensorimotor Cortex, LP: Lateral paridtBE-C: Lateral prefrontal cortex,
MPFC: Medial prefrontal cortex, PCC: Posterior cingutaigex, PPC: Posterior parietal Cortex, RPFC: Roptedtontal cortex, SMG: Supramarginal gyrus, SMN:
Sensorimotor network, SN: Salience network, Sup: Sup8gasorimotor Cortex.
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Supplementary Table 41.

Summary of p-values of one-tailed t-tests of the healtimtrol group > diffuse tumor growth pattern group during rigindd movement for left hemispheric tumors.

DMN SMN SN DAN FPN

LP LP Lat Lat AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS |LPFC PPC LPFC PPC

ROIMPFE ) ® Pl ® ™[0 ®m 0 ® O RO R O E|lOL O ® ®
MPFC 040 .006 294 729 887 .445 458 969 .998 723 .769 .868| .923 .643 .472 923 .715 .708 .834 .84
3 LP (L) .040 049 45F 989 558 9p9 .431 930 .950 541 951 .889|.913 .403 .828 .941) .885 .047 .624 .49
N LP (R) .006 .049 6B 745 777 681 424 880 .864 659 662 .771|.685 .058 .732 .972 952 292 .746 .59
PCC 294 457 163 886 771 .136 .064 .728 .567 .319 .078 .798]| .646 .043 547 .768 .791 .669 .689 .17
S| Lat(L) 729 989 .745 .886 002 .0p9 .004 .001 .002 .236 .061 .261].017 .001 .137 .6471 .039 912 .923 .56
M| Lat (R) .887 558 777 .71 .002 001 .168 .013 .271 .267 .182 .010] .438 .008 .038 .021 .125 .741 .814 .87
N Sup 445 969 .681 .736 .009 .001 .056 .008 <.001 .469 .001 .001|<.001 .161 .734 .038 .106 .966 .777 .74
ACC 458 431 424 044 .004 .168 .056 002 .003 .379 .718 .063].103 .209 .629 .164 .241 .818 .292 .6]
AINS (L) 969 .930 .880 .728 .001 .013 .008 .002 131 .000 .055 .133|.024 .009 .145 .083 .025 .242 .085 .27
AINS (R) 998 950 .864 .547 .002 .271 <.QO01 .003 .131 .002 .001 .027|.009 .022 .043 .004 .011 .821 .084 .5C
lﬁ RPFC (L 723 541 659 .319 .236 .267 .469 .379 .000 .002 481 .033] .060 .280 .394 281 .694 .718 .049 .69
RPFC (R 769 951 .662 .0y8 .061 .182 .p01 .718 .055 .001 481 .097| .015 .419 .259 .24p .244 876 .350 .8
SMG (L) 868 .889 .771 .798 .261 .010 .01 .063 .133 .027 .033 .097 .004 <.001 .028 .002 .006 .432 .780 .84
SMG (R) 923 913 .685 .646 .017 .438 <.001 .103 .024 .009 .060 .015 .004 035 .094 .017 .096 .801 .378 .94
FEF (L) .643 .403 .058 .043 .001 .008 .161 .209 .009 .022 .280 .419 <.001] .035 198 .001 .012 464 .271 .80
2 FEF (R) 472 828 .732 547 137 .038 .¥Y34 .629 .145 .043 .394 259 .028| .094 .198 003 .033 .560 .141 .54
N IPS (L) 923 941 972 .78 .647 .021 .38 .162 .083 .004 .281 .245 .002] .017 .001 .003 .043 .733 977 .60
IPS (R) 715 885 952 791 .039 .125 .106 .241 .025 .011 .694 .244 .006| .096 .012 .033 .04pB 517 707 .43
LPFC (L) 708 .047 .292 .649 912 .741 966 .818 .242 .821 .718 .876 .432] .801 .464 .560 .73B .517 .019 5§
E PPC (L) 834 624 .746 .689 923 814 Y77 .292 .085 .084 .049 .350 .780| .378 .271 .141 97y .707 .019 .0]

N LPFC (R 823 490 .593 .128 560 .822 .¥Y98 .615 .276 501 .694 .830 .844| .945 .801 .598 .604 .433 556 .014
PPC (R) 485 686 .966 .8p3 .332 920 ./91 .360 .027 .077 .155 190 .954 .702 .664 551 999 986 .710 .313 .2
ADDreviations: ALL . Anterior cingulate cortex, AINS. Insula, . | W s mlﬁ]mwork, FEF. Frontal eye Tield,

FPN: Fronto Parietal Network, IPS: Intraparietal sulcas; Lateral Sensorimotor Cortex, LP: Lateral paridtBE-C: Lateral prefrontal cortex,
MPFC: Medial prefrontal cortex, PCC: Posterior cingutaigex, PPC: Posterior parietal Cortex, RPFC: Roptedtontal cortex, SMG: Supramarginal gyrus, SMN:
Sensorimotor network, SN: Salience network, Sup: Sup8gasorimotor Cortex.
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Supplementary Table 42.

DMN

SMN

Summary of p-values of one-tailed t-tests of the healtimtrol group > diffuse tumor growth pattern group duringftedt movement for left hemispheric tumors.

SN DAN FPN
LP LP Lat Lat AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS |LPFC PPC LPFC PPC
ROIMPFE ) ® Pl ® ™[0 ®m 0 ® O RO R O E|lOL O ® ®

MPFC 343 308 366 .988 .780 .H19 905 .958 .970 .988 .712 .962| .627 .774 .311 998 .717 923 .786 .99
3 LP (L) .343 369 87F 966 776 .7p4 529 811 .677 .867 503 .972|.855 .497 .302 924 .582 570 .673 .57
N LP (R) .308 .369 854 441 608 468 .103 .260 .274 .336 .004 .643|.325 .162 .166 .392 .209 .144 .202 .18
PCC 366 .877 .854 197 460 142 .027 .189 .236 .215 .038 .610| .783 .026 .156 .292 .346 .318 .370 .21
S| Lat(L) 988 966 .441 .197 .002 <.0p1 <.001 .135 .052 .077 .146 .156].438 .004 .093 .004 .027 .724 .821 .40
M| Lat (R) 780 776 .608 .440 .002 002 .001 .028 .065 .017 .486 .021) .622 .008 .113 .018 .682 .463 .618 .24
N Sup 519 754 468 .142 <.001 .002 .063 .009 .052 .018 .178 .010]| .139 .543 .783 .038 .247 547 585 .42
ACC 905 529 .103 .047 <.001 .001 .Q63 <.001 <.001 .054 470 .012|.008 .076 .111 .01Q9 .017 .166 .165 .29
AINS (L) 958 .811 .260 .189 .135 .028 .009 <.001 .020 .012 .135 .0361/.185 .001 .076 .00 .016 .285 .368 .06
AINS (R) 970 677 .274 .236 .052 .065 .52 <.001 .020 .013 .087 .019|.031 .049 .142 .01 .006 .398 .191 .09
lﬁ RPFC (L 988 867 .336 .215 .077 .017 .18 .054 .012 .013 .353 .016] .093 .065 .183 <.001r .011 .506 .407 .21
RPFC (R 712 503 .004 .0B8 .146 .486 .78 .470 .135 .087 .353 1121 .361 .259 531 .134 .240 .164 .199 5
SMG (L) 962 972 .643 .610 .156 .021 .Q10 .012 .036 .019 .016 .112 .360 .005 .070 .001 .016 .596 .876 .31
SMG (R) 627 855 .325 .73 .438 622 .139 .008 .185 .031 .093 .361 .360 158 .079 .262 .038 .147 .215 .1(
FEF (L) A74 497 162 .036 .004 .008 .43 .076 .001 .049 .065 .259 .005] .158 351 .07¢ .118 .421 .343 .69
2 FEF (R) 311 .302 .166 .1%6 .093 .113 .¥83 .111 .076 .142 .183 .531 .070| .079 .351 257 .616 .278 .386 .64
N IPS (L) 998 922 .392 292 .004 .018 .38 .010 .002 .010 <.001 .134 .001) .262 .076 .257 .035 583 .759 .34
IPS (R) 717 582 .209 .346 .027 .682 .p47 .017 .016 .006 .011 .240 .016| .038 .118 .616 .03p .048 .055 .0}
LPFC (L) 923 570 .144 .318 .724 463 347 .166 .285 .398 506 .164 .596| .147 .421 .278 .58B .048 .051 .45
E PPC (L) 786 673 .202 .30 .821 .618 .85 .165 .368 .191 .407 .199 .876| .215 .343 .386 .759 .055 .051 .04

N LPFC (R 964 575 .187 .214 401 .245 427 .265 .062 .092 277 559 .315/ .100 .696 .624 .36pb .012 .450 .045
PPC (R) 647 738 .631 960 549 777 454 511 .267 .270 .411 652 .71 .573 .389 .413 .66 .489 .134 .059 .0

ADDreviations: ALL . Anterior cingulate cortex, AINS. Insula, . | W s mlﬁ]mwork, FEF. Frontal eye Tield,

FPN: Fronto Parietal Network, IPS: Intraparietal sulcas; Lateral Sensorimotor Cortex, LP: Lateral paridtBE-C: Lateral prefrontal cortex,
MPFC: Medial prefrontal cortex, PCC: Posterior cingutaigex, PPC: Posterior parietal Cortex, RPFC: Roptedtontal cortex, SMG: Supramarginal gyrus, SMN:
Sensorimotor network, SN: Salience network, Sup: Sup8gasorimotor Cortex.
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Supplementary Table 43.

DMN

SMN

Summary of p-values of one-tailed t-tests of the healtimtrol group > diffuse tumor growth pattern group during right movement for left hemispheric tumors.

SN DAN FPN
LP LP Lat Lat AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS |LPFC PPC LPFC PPC
ROIMPFE ) ® Pl ® ™[0 ®m 0 ® O RO R O E|lOL O ® ®

MPFC 150 259 246 622 877 156 354 873 .860 .797 961 .667|.731 .619 .340 .66% .531 937 .517 .99
3 LP (L) .150 370 93B 569 .847 2B8 .147 .620 .758 446 723 .838|.622 .299 .175 .847W .758 .652 542 .76
N LP (R) 259 .370 773 .609 .685 .0/8 .094 .319 .473 .361 .142 .176| .473 .074 .127 .217 .163 .162 .683 .35
PCC 246 933 773 443 546 144 006 .698 .461 .183 .263 .395| .287 .087 .055 553 .633 .773 .816 .26
S| Lat(L) 622 569 .609 .443 098 .1p7 .185 .680 .531 .262 .272 .304]|.503 .335 .001 .544 .667 .692 .540 .55
M| Lat (R) 877 .847 .685 .546 .098 020 .348 .128 .548 .112 .021 .013]|.723 .136 .046 .103 .305 .188 .404 .31
N Sup 156 .238 .078 .144 127 .020 378 .326 .163 .580 .445 .058| .038 .621 .829 .263 .702 .294 531 .24
ACC 354 147 094 .06 .185 .348 .378 049 050 544 806 .040].049 .396 .619 .089 .502 .491 .022 .79
AINS (L) 873 .620 .319 .698 .680 .128 .326 .049 576 .058 .085 .460 |.635 .044 .209 .07 .134 .002 .054 .04
AINS (R) 860 .758 .473 .441 531 548 .163 .050 .576 .057 .146 .243|.604 .052 .118 .07 .223 .050 .226 .01
lﬁ RPFC (L 797 446 .361 .183 .262 .112 .80 .544 .058 .057 .645 .063| .061 .222 .744 .081 .328 .014 .007 .7(
RPFC (R 961 723 .142 .263 272 .021 445 806 .085 .146 .645 .138| .242 150 .777 .02 .081 .011 .164 .2
SMG (L) 667 .838 .176 .395 .304 .013 .058 .040 .460 .243 .063 .138 167 .436 .190 .274 .125 447 .218 .66
SMG (R) 731 .622 473 287 503 .723 .038 .049 635 .604 .061 .242 .167 075 .242 .063 .067 .165 .424 .27}
FEF (L) 619 .299 074 .087 .335 .136 .621 .396 .044 .052 222 .150 .436] .075 489 .01% .282 .051 .126 .08
2 FEF (R) 340 .175 .127 .0% .001 .046 .829 .619 .209 .118 .744 777 .190| .242 .489 A45% 905 121 .039 .23
N IPS (L) 665 .847 217 543 544 .103 .263 .085 .076 .075 .081 .026 .274] .063 .015 .455 360 .123 .593 .03
IPS (R) 531 .758 .163 .633 .667 .305 .02 502 .134 .223 .328 .081 .125| .067 .282 .905 .36pD 191 .600 .1§
LPFC (L) 937 .652 .162 .743 .692 .188 .294 .491 .002 .050 .014 .011 .447] .165 .051 .121 .12 .191 173 .35
E PPC (L) 517 542 .683 .816 .540 .404 H31 .022 .054 .226 .007 .164 .218| .424 .126 .039 598 .600 .173 .24

N LPFC (R 924 760 .354 269 556 .312 .p68 .763 .046 .016 .702 .202 .663| .271 .054 .234 .03 .184 .356 .244
PPC (R) 350 .399 .765 .6y9 .717 .820 .B62 .012 .100 .292 .048 .284 .468 .999 .123 .191 .61 .754 .030 .039 .0

ADDreviations: ALL . Anterior cingulate cortex, AINS. Insula, . | W s mlﬁ]mwork, FEF. Frontal eye Tield,

FPN: Fronto Parietal Network, IPS: Intraparietal sulcas; Lateral Sensorimotor Cortex, LP: Lateral paridtBE-C: Lateral prefrontal cortex,
MPFC: Medial prefrontal cortex, PCC: Posterior cingutaigex, PPC: Posterior parietal Cortex, RPFC: Roptedtontal cortex, SMG: Supramarginal gyrus, SMN:
Sensorimotor network, SN: Salience network, Sup: Sup8gasorimotor Cortex.
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Supplementary Table 44.

DMN

SMN

Summary of p-values of one-tailed t-tests of the healtimtrol group > diffuse tumor growth pattern group during tomgoeement for left hemispheric tumors.

SN DAN FPN
LP LP Lat Lat AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS |LPFC PPC LPFC PPC
ROIMPFE ) ® Pl ® ™[0 ®m 0 ® O RO R O E|lOL O ® ®

MPFC 057 .068 59 .845 854 410 .972 997 .999 998 970 .979| 931 .614 536 .892 .566 .819 .973 .74
3 LP (L) .057 104 23p 921 .207 .7B5 .184 941 574 389 .419 .895|.465 .816 .067 .954 .388 .108 .933 .30
N LP (R) .068 .104 384 .180 429 H37 .217 .474 643 .367 .258 .404| .788 .203 .614 .413 .607 .675 .919 .13
PCC 596 239 .384 675 542 130 .032 .787 .458 .039 .091 .469]| .559 <.001 .116 .628 .690 .865 .870 .07
S| Lat(L) 845 921 .180 .675 004 .0p4 .074 .272 .073 .100 .053 .860]|.066 .033 .064 .901 .292 .400 .840 .44
M| Lat (R) 854 207 .429 542 .004 208 .499 .067 .925 491 .329 .072).807 .001 .884 .00 .605 960 .362 .97
N Sup 410 735 537 .730 .054 .208 496 .024 211 447 301 .130| .337 .332 957 .179 .427 976 .992 .06}
ACC 972 .184 217 .032 .074 .499 496 223 397 938 975 .052].139 .066 .550 .013 .434 980 .222 .81
AINS (L) 997 .941 474 787 272 .067 .024 .223 .040 .021 .078 .010 |.007 .006 .077 .003 .013 .265 .530 .29
AINS (R) 999 574 .643 .488 .073 .925 411 .397 .040 .000 .011 .030]|.093 .038 .678 .003 .287 .582 .266 .30
lﬁ RPFC (L 998 .389 .367 .039 .100 .491 447 938 .021 .000 973 .006| .003 .417 .836 .12% .480 .965 .190 .8(
RPFC (R 970 .419 258 .0p1 .03 .329 BO1 .97/5 .078 .011 .973 .004| .007 549 .752 .02p .319 950 .124 .7
SMG (L) 979 895 .404 .449 .860 .072 .130 .052 .010 .030 .006 .004 032 .231 .314 .15 .052 .470 .943 .24
SMG (R) 931 .465 .788 .5%9 .066 .807 .337 .139 .007 .093 .003 .007 .032 017 .715 .04 .598 .839 .488 .3(
FEF (L) .614 816 .203 <.001 .033 .001 .332 .066 .006 .038 .417 .549 .231] .017 170 026 .060 .789 .511 .35
2 FEF (R) 536 .067 .614 .116 .064 .884 957 550 .077 .678 .836 .752 .314| .715 .170 042 .740 .621 .026 .4]
N IPS (L) 892 954 413 648 901 .005 .170 .013 .003 .003 .122 .025 .156] .040 .026 .042 .050 .657 .999 .3§
IPS (R) 566 .388 .607 .690 .292 605 427 .434 .013 .287 .480 .319 .052| .598 .060 .740 .05Dp .818 .829 .44
LPFC (L) 819 .108 .675 .845 .400 .960 .976 .980 .265 .582 965 .950 .470| .839 .789 .621 .65f¢ .818 .009 .68
E PPC (L) 973 933 919 .8Y0 .840 .362 992 222 530 .266 .190 .124 943| .488 .511 .026 .999 .829 .009 .14

N LPFC (R 729 302 .123 .0f1 .440 .923 .12 .819 .299 .308 .804 .787 .247| .308 .356 .412 .38 .469 .689 .147
PPC (R) 967 495 800 .8p6 .307 .807 .Ff43 .321 .024 .045 .118 .018 .059 .303 .306 .674 .60 .9/5 .67 593 .2

ADDreviations: ALL . Anterior cingulate cortex, AINS. Insula, . | W s mlﬁ]mwork, FEF. Frontal eye Tield,

FPN: Fronto Parietal Network, IPS: Intraparietal sulcas; Lateral Sensorimotor Cortex, LP: Lateral paridtBE-C: Lateral prefrontal cortex,
MPFC: Medial prefrontal cortex, PCC: Posterior cingutaigex, PPC: Posterior parietal Cortex, RPFC: Roptedtontal cortex, SMG: Supramarginal gyrus, SMN:
Sensorimotor network, SN: Salience network, Sup: Sup8gasorimotor Cortex.
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Supplementary Table 45.

DMN

SMN

Summary of p-values of one-tailed t-tests of the diffuseor growth pattern group > healthy control group durirtghiehd movement for left hemispheric tumors.

SN DAN FPN
LP LP Lat Lat AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS |LPFC PPC LPFC PPC
ROIMPFE ) ® Pl ® ™[0 ®m 0 ® O RO R O E|lOL O ® ®

MPFC 976 956 671 .073 .196 .508 .595 .043 .007 .094 .014 .043| .068 .482 .282 .07%2 .128 .055 .283 .0(Q
3 LP (L) 976 580 .12p <.001 .058 .0p1 .388 .124 .094 .303 .133 .003|.037 .203 .485 .004 .001 .714 .307 .14
N LP (R) 956 .580 79 .382 .099 .1fr6 .657 .518 .048 .601 .987 .205|.217 .960 .849 .29 .027 .105 .013 .41
PCC 671 122 796 027 243 297 .860 .360 .377 .799 .806 .187] .228 .974 .898 .281 .151 .056 .211 .6}
S| Lat(L) 073 <.001 .382 .037 987 842 905 .753 999 491 724 .628|.979 .994 953 .651 .680 .063 .202 .13
M| Lat (R) 196 .058 .099 .243 .987 M8 731 705 .299 904 433 .937)| .502 .999 940 .981 .186 .044 .218 .15
N Sup 508 .021 .176 .297 842 .748 760 .988 963 553 .850 .927| .840 .717 .309 .94¢ 552 423 .391 .04
ACC 595 388 .657 .8d0 .905 .731 .160 999 987 084 .070 .989|.784 991 .857 .893 .103 .019 .674 .14
AINS (L) .043 .124 518 .360 .753 .705 .988 .999 874 994 716 .978 |.895 .972 .961 .98 .954 .862 .973 .77
AINS (R) 007 .094 .048 .347 .999 .299 963 .987 .874 998 947 997 |.915 995 .885 .99 .825 .788 .953 .95
lﬁ RPFC (L 094 303 .601 .799 491 .904 553 .084 .994 .998 305 .885| .937 .877 .856 539 .231 .185 .744 .12
RPFC (R 014 .133 .987 .89p6 .724 .433 B50 .070 .716 .947 .305 907 .761 .893 .845 .93p .930 .355 .807 .91
SMG (L) .043 .003 .205 .17 .628 .937 927 .989 978 .997 .885 .907 983 .970 .982 .961 .910 .437 .334 .67
SMG (R) .068 .037 .217 .228 979 502 .840 .784 .895 915 937 .761 .983 995 966 .991 .758 774 .837 .7(
FEF (L) 482 .203 960 .94 994 999 .y17 991 972 .995 877 .893 .970] .995 981 999 1982 .859 .885 .68
2 FEF (R) 282 485 .849 898 953 .940 .B09 .857 .961 .885 .856 .845 .982| .966 .981 981 .920 .251 .860 .6(
N IPS (L) 072 .002 290 .281 .651 .981 .946 .893 .988 .998 539 .930 .961] .991 .999 .981 896 .175 .034 .23
IPS (R) 128 .001 .027 .1%1 .680 .186 .p52 .103 .954 825 231 .930 .910| .758 .982 .920 .89p 124 160 .7(
LPFC (L) 055 714 .105 .046 .063 .044 423 .019 .862 .788 .185 .355 .437| .774 859 .251 .17p .124 .815 .04
E PPC (L) 283 .307 .013 .211 .202 .218 .B91 .674 973 .953 .744 807 .334| .837 .885 .860 .03¢ .160 .815 .24

N LPFC (R .003 .141 .414 615 .135 .156 .p44 .142 771 956 .124 922 .670| .703 .680 .603 .23p .703 .072 .254
PPC (R) 406 273 .012 .0p9 .031 .009 .p47 .227 .867 .682 557 649 .389 .030 .683 .819 .090 .024 294 .192 .7

ADDreviations: ALL . Anterior cingulate cortex, AINS. Insula, . | W s mlﬁ]mwork, FEF. Frontal eye Tield,

FPN: Fronto Parietal Network, IPS: Intraparietal sulcas; Lateral Sensorimotor Cortex, LP: Lateral paridtBE-C: Lateral prefrontal cortex,
MPFC: Medial prefrontal cortex, PCC: Posterior cingutaigex, PPC: Posterior parietal Cortex, RPFC: Roptedtontal cortex, SMG: Supramarginal gyrus, SMN:
Sensorimotor network, SN: Salience network, Sup: Sup8gasorimotor Cortex.
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Supplementary Table 46.

DMN

SMN

Summary of p-values of one-tailed t-tests of the diffuseor growth pattern group > healthy control group during tigind movement for left hemispheric tumors.

SN DAN FPN

LP LP Lat Lat AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS |LPFC PPC LPFC PPC

ROIMPFE ) ® Pl ® ™[0 ®m 0 ® O RO R O E|lOL O ® ®
MPFC 960 994 706 .271 .113 B55 542 031 .002 277 .231 .132| .077 .357 528 .077 .285 .292 .166 .11
I\Ij LP (L) .960 951 548 011 .442 0B1 569 .070 .050 .459 .049 .111|.087 .597 .172 .059 .115 953 .376 .51
N LP (R) 994 951 837 255 223 319 576 .120 .136 .341 .338 .229| .315 .942 .268 .028 .048 .708 .254 .4AdQ
PCC 706 543 .837 114 229 464 936 .272 433 .681 .922 .202] .354 957 .453 232 .209 .331 .311 .87%
S| Lat(L) 271 011 .255 .114 998 9P1 996 .999 998 .764 939 .739]1.983 999 .863 .353 961 .088 .077 .44
M| Lat (R) 113 442 223 239 998 999 832 987 729 733 .818 .990)| .562 .992 962 979 .875 .259 .186 .17
N Sup 555 031 .319 264 991 999 944 992 >999 531 999 .999([>999 .839 .266 .96 .894 034 .223 .2(
ACC 542 569 576 .936 .996 .832 .944 998 997 621 .282 .937|.897 .791 .371 .83 .759 .182 .708 .38
AINS (L) 031 .070 .120 .272 .999 .987 .992 .998 869 >999 945 867 |.976 .991 .855 911 .975 .758 .915 .72
AINS (R) 002 .050 .136 .433 .998 .729 >.999 .997 .869 998 999 .973]|.991 .978 .957 .99 .989 .179 .916 .49
lﬁ RPFC (L 277 459 341 681 .764 733 .31 .621 >.999 .998 519 .967| 940 .720 .606 .719 .306 .282 .951 .3(
RPFC (R 231 .049 .338 .9p2 939 .818 .p99 .282 .945 999 519 903| .985 581 .741 .75p .756 .124 .650 .1]
SMG (L) 132 111 229 202 .739 990 .999 .937 .867 .973 .967 .903 996 >999 972 998 .994 568 .220 .15
SMG (R) 077 .087 .315 .3%4 983 562 >999 .897 .976 .991 940 .985 .996 965 .906 .983 .904 .199 .622 .0H
FEF (L) 357 597 942 97 999 992 839 .791 .991 .978 .720 .581 >.999| .965 802 999 988 536 .729 .19
2 FEF (R) 528 172 .268 .4%3 .863 .962 .p66 .371 .855 .957 606 .741 .972| .906 .802 997 .967 .440 .859 .44
N IPS (L) 077 .059 .028 .232 .353 .979 .962 .838 .917 .996 .719 .755 .998| .983 .999 .997 957 .267 .023 .39
IPS (R) 285 115 .048 209 961 875 .894 .759 975 .989 .306 .756 .994| .904 .988 .967 .95 483 .293 .54
LPFC (L) 292 953 .708 .331 .088 .259 .34 .182 .758 .179 .282 .124 .568] .199 536 .440 .26y .483 981 .44
E PPC (L) 166 376 .254 311 077 .186 .223 .708 .915 916 951 .650 .220| .622 .729 .859 .02B .293 .981 .98

N LPFC (R 177 510 .407 .8Y2 .440 .178 .202 .385 .724 .499 306 .170 .156| .055 .199 .402 .39 .567 .444 .986
PPC (R) 515 314 .034 .1p7 .668 .080 .p09 .640 .973 .923 .845 810 .04 .298 .336 .449 .001 .014 .290 .687 .7
ADDreviations: ALL . Anterior cingulate cortex, AINS. Insula, . | W s mlﬁ]mwork, FEF. Frontal eye Tield,

FPN: Fronto Parietal Network, IPS: Intraparietal sulcas; Lateral Sensorimotor Cortex, LP: Lateral paridtBE-C: Lateral prefrontal cortex,
MPFC: Medial prefrontal cortex, PCC: Posterior cingutaigex, PPC: Posterior parietal Cortex, RPFC: Roptedtontal cortex, SMG: Supramarginal gyrus, SMN:
Sensorimotor network, SN: Salience network, Sup: Sup8gasorimotor Cortex.
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Supplementary Table 47.

Summary of p-values of one-tailed t-tests of the diffuseor growth pattern group > healthy control group duririgfdeit movement for left hemispheric tumors.

DMN SMN SN DAN FPN

LP LP Lat Lat AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS |LPFC PPC LPFC PPC

ROIMPFE ) ® Pl ® ™[0 ®m 0 ® O RO R O E|lOL O ® ®
MPFC 657 .692 634 .012 220 .481 .095 .042 .030 .012 .288 .038| .373 .226 .689 .002 .283 .077 .214 .07
3 LP (L) .657 631 .12B .034 .224 246 471 .189 .323 .133 .497 .028|.145 .503 .698 .074 .418 .430 .327 .42
N LP (R) .692 631 146 559 392 532 .897 .740 .726 .664 996 .357| .675 .838 .834 .608 .791 .856 .798 .81
PCC 634 .123 .146 803 540 .58 .973 .811 .764 .785 .962 .390]| .217 .974 844 .708 .654 .682 .630 .79
S| Lat(L) .012 .034 559 .803 998 >9pP9 >999 865 .948 923 .854 844 |.562 .996 .907 .994¢ .973 .276 .179 .59
M| Lat (R) 220 .224 392 540 .998 998 999 972 935 983 514 979)| .378 .992 .887 .982 .318 537 .382 .75
N Sup 481 246 532 .8%8 >.999 998 937 991 948 982 .822 .990| .861 .457 .217 .96 .753 .453 415 .57
ACC 095 471 .897 .973 >.999 .999 .937 >000 >9099 946 530 .988|.992 924 .889 .990 .983 .834 .835 .73
AINS (L) 042 .189 .740 .81j1 .865 .972 .991 >.999 980 .988 .865 .964|.815 .999 924 998 .984 .715 .632 .93
AINS (R) 030 .323 .726 .74 .948 935 .948 >.999 .980 987 913 .981|.969 .951 .858 .990 .994 .602 .809 .9C
lﬁ RPFC (L 012 .133 .664 .785 923 983 .982 946 .988 .987 .647 .984| .907 .935 .817 >.999 .989 494 593 .71
RPFC (R 288 .497 996 962 .854 514 B22 530 .865 .913 .647 .888| .639 .741 .469 .86p .760 .836 .801 .44
SMG (L) 038 .028 .357 .390 .844 979 990 .988 .964 981 984 .888 640 .995 930 .999 .984 .404 .124 .68
SMG (R) 373 .145 675 .217 562 .378 .861 992 815 .969 907 .639 .640 842 921 .738 .962 .853 .785 .9(
FEF (L) 226 503 .838 .94 996 .992 457 924 999 951 935 .741 .995| .842 649 924 882 579 .657 .30
2 FEF (R) 689 698 .834 .844 907 .887 .p17 .889 .924 858 .817 .469 .930| .921 .649 748 .384 722 .614 3]
N IPS (L) 002 .078 .608 .78 .996 .982 962 .990 .998 .990 >.999 .866 .999| .738 .924 .743 965 417 .241 .63
IPS (R) 283 418 .791 .6%4 973 318 .f53 .983 .984 .994 989 .760 .984| .962 .882 .384 .96p 952 .945 9§
LPFC (L) 077 430 .856 .682 276 537 453 .834 .715 .602 494 836 .404| .853 579 .722 .41y .952 949 5§
E PPC (L) 214 327 .798 .630 .179 .382 415 .835 .632 .809 593 .801 .124| .785 .657 .614 244 .945 949 .94

N LPFC (R 036 425 .813 .786 599 755 573 735 .938 .908 .723 .441 .685| .900 .304 .376 .634 .988 550 .955
PPC (R) 353 .262 .369 .00 .451 .223 .b46 .489 .733 .730 .589 .348 .284 .427 .611 587 .34 511 866 .941 .9
ADDreviations: ALL . Anterior cingulate cortex, AINS. Insula, . | W s mlﬁ]mwork, FEF. Frontal eye Tield,

FPN: Fronto Parietal Network, IPS: Intraparietal sulcas; Lateral Sensorimotor Cortex, LP: Lateral paridtBE-C: Lateral prefrontal cortex,
MPFC: Medial prefrontal cortex, PCC: Posterior cingutaigex, PPC: Posterior parietal Cortex, RPFC: Roptedtontal cortex, SMG: Supramarginal gyrus, SMN:
Sensorimotor network, SN: Salience network, Sup: Sup8gasorimotor Cortex.
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Supplementary Table 48.

DMN

SMN

Summary of p-values of one-tailed t-tests of the diffuseor growth pattern group > healthy control group during fight movement for left hemispheric tumors.

SN DAN FPN

LP LP Lat Lat AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS |LPFC PPC LPFC PPC

ROIMPFE ) ® Pl ® ™[0 ®m 0 ® O RO R O E|lOL O ® ®
MPFC 850 .741 754 378 .123 .844 646 .127 .140 .203 .039 .333| .269 .381 .660 .33% .469 .063 .483 .01
3 LP (L) .850 630 .06 .431 .153 .7p2 .853 .380 .242 554 277 .162|.378 .701 .825 .153 .242 .348 .458 .24
N LP (R) 741 .630 227 391 315 922 906 .681 527 .639 .858 .824| .527 926 .873 .783 .837 .838 .317 .64
PCC 754 067 .227 b557 454 d56 .994 302 .539 817 .737 .605| .713 .913 .945 447 .367 227 .184 .73
S| Lat(L) 378 .431 .391 .5§57 902 83 .815 .320 .469 .738 .728 .696|.497 .665 .999 .45 .333 .308 .460 .44
M| Lat (R) 123 .153 315 .44 902 980 .652 .872 .452 888 979 .987| .277 .864 .954 891 .695 .812 .596 .69
N Sup 844 762 922 .8%6 .873 .980 622 674 837 .420 555 .942| .962 .379 .171 737 .298 .706 .469 .73
ACC 646 .853 906 .994 .815 .652 .422 951 950 456 .194 960].951 .604 .381 .91 .498 509 .978 .23
AINS (L) 127 .380 .681 .302 .320 .872 .974 .951 424 942 915 540 |.365 .956 .791 .924 .866 .998 .946 .95
AINS (R) 140 242 527 539 .469 452 437 .950 .424 943 854 .757]|.396 .948 .882 928 .777 950 .774 .98
lﬁ RPFC (L 203 554 639 .817 .738 .888 .420 .456 .942 .943 355 .937| 939 .778 .256 .919 .672 .986 .993 .24
RPFC (R 039 .277 .858 .7B7 .728 979 .pb55 .194 915 .854 355 .862| .758 .850 .223 974 .919 989 .836 .7
SMG (L) 333 .162 .824 605 .696 .987 .942 960 .540 .757 937 .862 833 564 .810 .72 .875 553 .782 .33
SMG (R) 269 .378 .b527 713 497 277 962 951 .365 .396 939 .758 .833 925 .758 937 .933 .835 .576 .74
FEF (L) 381 .701 926 913 .665 .864 .379 .604 956 .948 .778 .850 .564| .925 511 .98% .718 949 874 .94
2 FEF (R) 660 .825 .873 945 999 954 171 .381 .791 .882 .256 .223 .810| .758 .511 545 095 .879 .961 .74
N IPS (L) 335 .153 .783 .447 456 .897 {37 .915 924 925 919 .974 .726| .937 .985 .545 640 .877 .407 .94
IPS (R) 469 242 837 .367 .333 .695 P98 498 .866 .777 .672 919 .875 .933 .718 .095 .64p .809 .400 .81
LPFC (L) 063 .348 .838 .237 .308 .812 .706 .509 .998 .950 .986 .989 .553] .835 .949 .879 .87y .809 .827 .64
E PPC (L) 483 458 .317 .184 460 596 469 .978 .946 .774 993 .836 .782| 576 .874 .961 .40 .400 .827 7

N LPFC (R 076 240 .646 .731 444 688 .¥Y32 .237 .954 984 298 .798 .337| .729 946 .766 .96 .816 .644 .756
PPC (R) 650 .601 .235 .3p1 .283 .180 .p38 .988 .900 .708 .952 .716 .5324 .001 .877 .809 .349 .246 970 .961 .9
ADDreviations: ALL . Anterior cingulate cortex, AINS. Insula, . | W s mlﬁ]mwork, FEF. Frontal eye Tield,

FPN: Fronto Parietal Network, IPS: Intraparietal sulcas; Lateral Sensorimotor Cortex, LP: Lateral paridtBE-C: Lateral prefrontal cortex,
MPFC: Medial prefrontal cortex, PCC: Posterior cingutaigex, PPC: Posterior parietal Cortex, RPFC: Roptedtontal cortex, SMG: Supramarginal gyrus, SMN:
Sensorimotor network, SN: Salience network, Sup: Sup8gasorimotor Cortex.
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Supplementary Table 49.
Summary of p-values of one-tailed t-tests of the diffuseor growth pattern group > healthy control group during@ermovement for left hemispheric tumors.
DMN SMN SN DAN FPN

LP LP Lat Lat AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS |LPFC PPC LPFC PPC
ROl |MPFC PCC Sup | ACC

L R L R i O ® O ® O FKO &K O RO O ® R
MPFC 943 932 404 .155 .146 590 .028 .003 .001 .002 .030 .021|.069 .386 .464 .10% .434 .181 .027 .27

3 LP (L) .943 .896 .76 .079 .793 .2p5 .816 .059 426 .611 581 .105|.535 .184 .933 .04q .612 .892 .067 .69
N LP (R) 932 .896 616 .820 .571 463 .783 .526 .357 .633 .742 .596|.212 .797 .386 .587 .393 .325 .081 .87
PCC 404 761 .616 325 458 470 968 .213 542 961 .909 .531]| .441 >999 .884 .372 .310 .135 .130 .92

S| Lat (L) 155 .079 .820 .325 996 .96 926 .728 .927 900 .947 .140|.934 .967 .936 .099 .708 .600 .160 .56
M| Lat (R) 146 793 571 .48 .996 .92 501 .933 .075 .509 .671 .928|.193 .999 .116 .99 .395 .040 .638 .01
N Sup 590 .265 .463 .20 .946 .792 504 976 .789 553 699 .870| .663 .668 .043 .83( .573 .024 .008 .3§
ACC .028 .816 .783 .998 .926 .501 .3504 777 603 .062 .025 .948|.861 .934 .450 .98 .566 .020 .778 .18
AINS (L)] .003 .059 .526 .23 .728 .933 976 .777 960 979 .922 .990 [.993 .994 923 .997 .987 .735 .470 .70
AINS (R)] .001 .426 .357 .542 927 .075 .{89 .603 .960 1.000 .989 .970| .907 .962 .322 .997 .713 .418 .734 .69

s RPFC (L .002 .611 .633 .9¢1 .900 .509 .%53 .062 .979 1.000 027 .994| .997 .583 .164 .87 .520 .035 .810 .1§
RPFC (R .030 .581 .742 9p9 .947 671 .p99 .025 .922 .989 .027 .996| .993 .451 .248 .97 .681 .050 .876 .2
SMG (L)] .021 .105 .596 .531 .140 .928 .§70 .948 .990 .970 .994 .996 968 .769 .686 .844 .948 530 .057 .79
SMG (R)] .069 535 .212 .441 934 .193 .63 .861 .993 .907 .997 .993 .968 983 .285 960 .402 .161 .512 .69
FEF (L) 386 .184 .797 >999 .967 .999 .68 .934 .994 962 .583 .451 .769| .983 .830 .974 .940 211 .489 .64

2 FEF (R) 464 933 .386 .84 .936 .116 .p43 .450 .923 .322 164 .248 .686| .285 .830 958 .260 .379 .974 .58
N IPS (L) .108 .046 .587 .3{2 .099 995 .§30 .987 .997 .997 .878 .975 .844| 960 .974 .958 950 .343 .001 .61

IPS (R) 434 612 393 310 .708 .395 .B73 .566 .987 .713 520 .681 .948| .402 .940 .260 .95
LPFC (L)) .181 .892 .325 .135 .600 .040 .024 .020 .735 .418 .035 .050 .530| .161 .211 .379 .34
P PPC (L) .027 .067 .081 .130 .160 .638 .p0O8 .778 .470 .734 810 .876 .057| .512 .489 .974 .00L .171 991 .84
N LPFC (R 271 698 .877 929 560 .077 .B88 .181 .701 .692 .196 .213 .753| .692 .644 .588 .61p .531 .311 .853
PPC (R) .033 505 .200 .1p4 .693 .193 .p57 .679 .976 .955 .882 .982 .941 .697 .694 .326 .40 .025 .333 .407 .7

182 171 .53
.182 991 .31

O = WO

Abbreviations. ACC: ANMETNOr cmgulate coriex, AINS. nsulg, : [ WOTK, DMN: Defaul Modetwork, FEF. Frontal eye ferd,
FPN: Fronto Parietal Network, IPS: Intraparietal sulcas; Lateral Sensorimotor Cortex, LP: Lateral paridtBE-C: Lateral prefrontal cortex,
MPFC: Medial prefrontal cortex, PCC: Posterior cingutaigex, PPC: Posterior parietal Cortex, RPFC: Roptedtontal cortex, SMG: Supramarginal gyrus, SMN:
Sensorimotor network, SN: Salience network, Sup: Sup8gasorimotor Cortex.
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Supplementary Table 50.

DMN

SMN

Summary of p-values of one-tailed t-tests of the healbimtrol group > uniform tumor growth pattern group duringhahd movement for left hemispheric tumors.

SN DAN FPN
LP LP Lat Lat AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS |LPFC PPC LPFC PPC
ROIMPFE ) ® Pl ® ™[0 ®m 0 ® O RO R O E|lOL O ® ®

MPFC 096 .006 .32 .695 .606 .313 .410 .861 .820 .778 .B582 .929| .780 .655 .235 77T 574 579 .149 6]
3 LP (L) .096 227 31p 917 570 .0p7 523 651 .672 .393 .634 597 |.477 .491 .312 .74 .350 .638 .447 .7H
N LP (R) .006 .227 481 765 .345 103 .383 .887 .877 779 774 .863|.701 .763 .131 .857 .678 .863 .430 .93
PCC 325 316 .481 984 539 .08 .759 .769 514 384 437 .551| .487 550 .286 .764 .544 902 .930 .89
S| Lat(L) 695 917 .765 .984 046 .1B1 .407 .643 .128 .348 .069 .502].191 .056 .229 .3271 .091 .991 .908 .92
M| Lat (R) 606 570 .345 539 .046 687 .017 .881 .618 .257 .035 .328| .563 .177 .183 .066 .174 .665 .441 .49
N Sup 313 .007 .103 .18 .131 .687 297 647 961 553 .153 .524| .811 .334 .775 .11$ 423 .685 .647 .53
ACC 410 523 .383 .79 .407 .017 .4397 288 .152 978 .789 .428|.209 .075 .382 .18 048 945 .262 .83
AINS (L) 861 .651 .887 .769 .643 .881 .647 .288 410 233 561 .165 |.025 .354 .737 .08 103  .010 .186 .40
AINS (R) 820 .672 .877 514 .128 .618 .961 .152 .410 460 615 .142 | .278 .429 .804 .11 359 .318 .322 55§
lﬁ RPFC (L 778 393 779 .384 .348 257 .53 978 .233 .460 728 .228| .047 .210 .847 .15 001 .884 .631 .67
RPFC (R 582 .634 .774 .487 069 .035 .[I53 .789 561 .615 .728 .318| .321 .287 .875 .23B .142 911 .670 .94
SMG (L) 929 597 .863 531 502 .328 .H24 428 .165 .142 228 .318 084 .731 .654 .273 .099 .642 .871 .99
SMG (R) 780 477 701 .47 .191 563 .811 .209 .025 .278 .047 .321 .084 197 568 .092 .212 .120 .353 .27}
FEF (L) 655 491 .763 540 .056 .177 .334 .075 .354 .429 210 .287 .731] .197 543 .031 .240 .148 .336 .64
2 FEF (R) 235 312 .131 286 .229 .183 .Y75 .382 .737 .804 847 .875 .654| .568 .543 461 491 679 .080 .8(
N IPS (L) 777 740 .857 .74 327 .066 .118 .181 .088 .112 .158 .238 .273] .092 .031 .461 .029 .896 .894 .84
IPS (R) 574 350 .678 544 091 .174 423 .048 .103 .359 .001 .142 .099| .212 .240 .491 .02p 489 750 .44
LPFC (L) 579 638 .863 .92 991 .665 .85 .945 .010 .318 .884 911 .642] .120 .148 .679 .89p .489 459 .99
E PPC (L) 149 447 430 .980 .908 .441 647 .262 .186 .322 631 .670 .871] .353 .336 .080 .89¢4 .750 .459 43

N LPFC (R 615 752 934 899 921 491 B37 .839 .404 552 677 .941 992 .270 .621 .809 .82B .491 997 .420
PPC (R) 427 544 773 9D1 994 542 .B38 .871 .134 .662 .716 .857 .95 529 .658 .940 .895 .715 .210 .167 .0

ADDreviations: ALL . Anterior cingulate cortex, AINS. Insula, . | W s mlﬁ]mwork, FEF. Frontal eye Tield,

FPN: Fronto Parietal Network, IPS: Intraparietal sulcas; Lateral Sensorimotor Cortex, LP: Lateral paridtBE-C: Lateral prefrontal cortex,
MPFC: Medial prefrontal cortex, PCC: Posterior cingutaigex, PPC: Posterior parietal Cortex, RPFC: Roptedtontal cortex, SMG: Supramarginal gyrus, SMN:
Sensorimotor network, SN: Salience network, Sup: Sup8gasorimotor Cortex.
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Supplementary Table 51.

DMN

SMN

Summary of p-values of one-tailed t-tests of the healtimtrol group > uniform tumor growth pattern group duringtrigind movement for left hemispheric tumors.

SN DAN FPN
LP LP Lat Lat AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS |LPFC PPC LPFC PPC
ROIMPFE ) ® Pl ® ™[0 ®m 0 ® O RO R O E|lOL O ® ®

MPFC 040 935 892 981 952 862 .653 .856 .727 791 577 .770| 540 .962 .993 990 .958 .034 .236 .69
3 LP (L) .040 361 .37 945 997 9p6 .872 .494 297 459 410 .705|.424 948 976 .98 .953 .044 .076 .11
N LP (R) 935 .361 b51p 833 830 .864 .874 903 .735 969 .688 .826| .684 .178 .645 .752 953 .394 503 .31
PCC 892 372 512 994 995 .d47 .878 960 .831 979 .842 .870| .646 .376 .528 .992 .984 258 .231 .21
S| Lat(L) 981 945 .833 .994 004 2B6 .811 .862 .353 .960 .479 .899|.220 .113 .142 .171] .326 .786 .614 .92
M| Lat (R) 952 997 830 995 .004 2831 673 .627 533 742 191 .475) .466 .135 .027 .039 .284 536 .304 .77
N Sup 862 996 .864 .647 .236 .231 370 .075 .034 450 .012 .369| .002 .718 .764 52% .430 .682 .540 .54
ACC 653 .872 874 .848 .811 .673 .370 174 034 820 .292 .316].004 .390 .258 .854 679 .489 .185 .58
AINS (L) 856 .494 903 .960 .862 .627 .75 .174 .041 343 .202 .072 |.035 .346 .215 .58 .434 .456 .207 .91
AINS (R) 727 297 735 .831 .353 533 .034 .034 .041 .308 .105 .192|.149 544 336 .379 .354 .260 .016 .53
lﬁ RPFC (L 791 459 969 .979 .960 .742 450 .820 .343 .308 718 .045] .173 .701 .369 .928 .707 .809 .237 .74
RPFC (R 577 .410 .688 .842 479 .191 .p12 .292 .202 .105 .718 .342| .258 .248 .284 59p .400 .653 .260 .7
SMG (L) 770 705 .826 .840 .899 475 .369 .316 .072 .192 .045 .342 062 595 465 .759 .381 .699 .267 .71
SMG (R) 540 424 684 .646 .220 .466 .002 .004 .035 .149 173 .258 .062 404 192 227 .195 238 .008 .25
FEF (L) 962 .948 .178 .36 .113 .135 118 .390 .346 .544 701 .248 .595| .404 187 271 .362 .644 403 4%
2 FEF (R) 993 976 .645 528 .142 .027 .Y64 .258 .215 .336 .369 .284 .465| .192 .187 A50 195 947 908 .24
N IPS (L) 990 .987 .752 992 .171 .039 /825 .854 582 .379 923 599 .759| .227 .271 .150 255 845 .782 .70
IPS (R) 958 953 953 984 326 .284 430 .679 .434 .354 707 .400 .381| .195 .362 .195 .25p 784 .099 .74
LPFC (L) 034 .044 394 248 .786 .536 .82 .489 456 .260 .809 .653 .699| .238 .644 .947 .84p .784 514 .94
E PPC (L) 236 .076 .503 .231 .614 .304 .40 .185 .207 .016 .237 .260 .267| .008 .403 .908 .78 .099 514 .44

N LPFC (R 693 114 .318 .217 929 724 H41 587 914 534 761 .753 .717| .256 .470 .297 .70b .793 921 .490
PPC (R) 332 279 .684 .1p9 .844 831 .p65 .347 .264 .063 535 .153 .457 .300 .294 .384 690 579 654 .136 .2

ADDreviations: ALL . Anterior cingulate cortex, AINS. Insula, . | W s mlﬁ]mwork, FEF. Frontal eye Tield,

FPN: Fronto Parietal Network, IPS: Intraparietal sulcas; Lateral Sensorimotor Cortex, LP: Lateral paridtBE-C: Lateral prefrontal cortex,
MPFC: Medial prefrontal cortex, PCC: Posterior cingutaigex, PPC: Posterior parietal Cortex, RPFC: Roptedtontal cortex, SMG: Supramarginal gyrus, SMN:
Sensorimotor network, SN: Salience network, Sup: Sup8gasorimotor Cortex.
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Supplementary Table 52.

DMN

Summary of p-values of one-tailed t-tests of the healbimtrol group > uniform tumor growth pattern group duringf@t movement for left hemispheric tumors.
SMN

SN DAN FPN
LP LP Lat Lat AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS |LPFC PPC LPFC PPC
ROIMPFE ) ® Pl ® ™[0 ®m 0 ® O RO R O E|lOL O ® ®
MPFC 069 .169 .05 937 .801 .H16 .962 929 .865 .824 .679 .938| .973 .943 .983 .942 .373 .68 .450 .71
3 LP (L) .069 142 338 900 .828 5p9 471 912 781 615 .758 .955|.843 .840 .148 964 .663 .206 .398 .10
N LP (R) 169 142 154 884 651 307 .072 .712 657 .303 590 .749|.779 .833 .021 958 559 .070 .069 .25
PCC .056 .333 .154 699 693 .4d75 .158 .811 .591 655 .743 .773] .863 .968 .108 .973 .900 .410 .913 .44
S| Lat(L) 937 900 .884 .699 311 2p1 .203 .045 .164 .458 568 .118].041 .028 .638 .54 .794 .781 .735 .90
M| Lat (R) 801 .828 .651 .693 .311 G775 .192 121 .276 .338 .442 .066| .581 .260 .581 .18¢1 .843 .794 .698 .84
N Sup 516 559 .307 .65 .251 .675 712 .298 538 500 512 .311| .503 .877 .997 59% .658 .974 .750 .84
ACC 962 471 072 .148 .203 .192 112 189 .107 .836 .650 .262|.005 .958 .778 .55Q0 .153 678 .207 .53
AINS (L) 929 912 .712 .81]1 .045 .121 .298 .189 343 284 403 .062 |.002 .361 .417 .10 .023 .841 .956 .95
AINS (R) 865 .781 .657 591 .164 .276 .38 .107 .343 433 622 .037].153 .082 .502 .309 .420 .914 .905 .98
lﬁ RPFC (L 824 615 .303 .6%5 .458 .338 .500 .836 .284 .433 632 .684| .171 .146 .565 .44% 568 .671 .331 .53
RPFC (R 679 .758 590 .743 568 .442 pbl12 .650 .403 .622 .632 977 .301 .260 .482 .39 .795 851 .526 .6
SMG (L) 938 955 749 743 .118 .066 .311 .262 .062 .037 .684 977 .043 587 .619 .294 .201 .911 .942 .99
SMG (R) 973 .843 .779 .863 .041 581 .%03 .005 .002 .153 .171 .301 .043 110 .262 .309 .377 .233 .098 .21
FEF (L) 943 840 .833 .948 .028 .260 .77 .958 .361 .082 .146 .260 .587] .110 .738 .04% .893 .726 .760 .74
2 FEF (R) 983 .148 .021 .108 .638 581 997 .778 .417 502 565 .482 .619| .262 .738 81% .974 760 .196 .44
N IPS (L) 942 962 .958 .93 542 .187 .95 550 .105 .309 445 391 .294| .309 .045 .815 728 939 915 .95
IPS (R) 373 663 559 900 .794 .843 .58 .153 .023 .420 .568 .795 .201| .377 .893 .974 .72B 695 .713 .8}
LPFC (L) 686 .206 .070 .410 .781 .794 974 678 .841 .914 671 .851 .911] .233 .726 .760 .93p .695 131 .23
E PPC (L) 450 .398 .069 913 .735 .698 .Y50 .207 .956 .905 .331 526 .942| .098 .760 .196 .91p .713 .131 .0]
N LPFC (R 719 105 .256 .466 902 .845 825 534 953 .981 538 .608 .996| .214 .765 .486 .95D .810 .239 .019
PPC (R) 426 253 .373 .880 .667 .631 58 .197 .721 .998 .335 .433 572 .350 626 461 910 .658 .016
ADDreviations: ALL Anterior cingulate cortex, /-\||\|b mﬁ_m . .

FPN: Fronto Parietal Network, IPS: Intraparietal sulcas; Lateral Sensorimotor Cortex, LP: Lateral parldIBFC Lateral prefrontal cortex,

MPFC: Medial prefrontal cortex, PCC: Posterior cingutaigex, PPC: Posterior parietal Cortex, RPFC: Roptedtontal cortex, SMG: Supramarginal gyrus, SMN:
Sensorimotor network, SN: Salience network, Sup: Sup8gasorimotor Cortex.
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Supplementary Table 53.

DMN

SMN

Summary of p-values of one-tailed t-tests of the healtimtrol group > uniform tumor growth pattern group duringtright movement for left hemispheric tumors.

SN DAN FPN
LP LP Lat Lat AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS |LPFC PPC LPFC PPC
ROIMPFE ) ® Pl ® ™[0 ®m 0 ® O RO R O E|lOL O ® ®

MPFC 051 .096 .101 .923 961 .79 .326 .914 909 402 919 966\ .944 .634 .227 967 .941 .400 .456 .21
3 LP (L) .051 106 494 864 .893 .6p4 .296 .951 927 242 990 .976|.912 .721 .398 954 .967 .434 435 .25
N LP (R) .096 .106 23 936 900 .795 .761 990 .939 .406 .978 .953|.941 .851 .517 977 .940 524 500 .44
PCC 101 494 232 788 794 4d25 .205 955 932 .335 950 .946]| .885 .727 276 .986 .915 .601 .650 .19
S| Lat(L) 923 .864 .936 .798 214 4p9 275 .090 .273 .428 .234 .088].101 .709 .678 .230 .326 .887 .841 .92
M| Lat (R) 961 .893 900 .794 214 385 173 031 .168 .789 .230 .053 | .207 .656 .632 .153 .117 920 .798 .94
N Sup 779 664 .795 .625 409 .385 458 107 .289 593 300 .142| .092 928 .727 .332 959 831 .756 .93
ACC 326 296 .761 .25 .275 .173 458 347 231 979 957 .748|.848 .380 .523 .987 .788 935 .919 .82
AINS (L) 914 951 990 .95 .090 .031 .107 .347 334 506 .226 .380(.179 .113 .274 .197 .082 .606 .436 .80
AINS (R) 909 927 939 932 .273 .168 .489 .231 .334 331 .114 .014 | .057 .246 .276 .123 .105 .615 .488 .80
lﬁ RPFC (L 402 242 406 .35 .428 .789 .93 979 506 .331 910 .710| 575 .330 .961 .5683 .916 .998 .981 .7}
RPFC (R 919 990 .978 .90 .234 .230 .BOO .957 .226 .114 910 .098| .066 .564 .946 .10p .261 .642 535 9
SMG (L) 966 976 .953 946 .088 .053 .142 .748 .380 .014 .710 .098 .068 .467 589 .13Q .108 .522 .617 .81
SMG (R) 944 912 941 885 .101 .207 .092 .848 .179 .057 575 .066 .068 233 .633 .038 .018 .484 .472 .94
FEF (L) 634 721 .851 .737 .709 .656 .928 .380 .113 .246 .330 .564 .467] .233 762 451 .713 .889 .926 .94
2 FEF (R) 227 .398 .b17 276 .678 .632 .Y27 523 .274 276 961 .946 .589| .633 .762 706 .653 592 .288 .71
N IPS (L) 967 952 977 986 .230 .153 .332 .987 .197 .123 563 .102 .130] .038 .451 .706 413 644 .690 .93
IPS (R) 941 967 .940 915 .326 .117 959 .788 .082 .105 916 .261 .108| .018 .713 .653 .41B 673 .593 .94
LPFC (L) 400 434 524 601 .887 .920 .31 .935 .606 .615 998 .642 .522| .484 .889 .592 .644 .673 .079 .90
E PPC (L) 456 435 500 .650 .841 .798 .56 .919 436 .488 981 535 .617| .472 926 .288 .690 .593 .079 78

N LPFC (R 272 253 404 .183 921 967 .931 .822 .806 .808 .770 .999 .811| .967 .926 .773 .93B .967 902 .782
PPC (R) 288 .321 423 441 934 967 .p50 .972 .666 .713 .804 .844 .804 .868 .967 .598 .90J1 .900 .743 .745 .3

ADDreviations: ALL . Anterior cingulate cortex, AINS. Insula, . | W s mlﬁ]mwork, FEF. Frontal eye Tield,

FPN: Fronto Parietal Network, IPS: Intraparietal sulcas; Lateral Sensorimotor Cortex, LP: Lateral paridtBE-C: Lateral prefrontal cortex,
MPFC: Medial prefrontal cortex, PCC: Posterior cingutaigex, PPC: Posterior parietal Cortex, RPFC: Roptedtontal cortex, SMG: Supramarginal gyrus, SMN:
Sensorimotor network, SN: Salience network, Sup: Sup8gasorimotor Cortex.
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Supplementary Table 54.

Summary of p-values of one-tailed t-tests of the hgaltimtrol group > uniform tumor growth pattern group duringgtenmovement for left hemispheric tumors.

DMN

SMN

SN

DAN FPN

mprc F

ROI L

LP
(R)

PCC

Lat
L)

Lat

R) Sup

ACC

AINS AINS RPFC RPFC SMG SMG

(L)

(R)

L ® O ®

FEF FEF IPS
L ® O

IPS

R[WL L ([

LPFC PPC LPFC PPC

(R)

LP (L) - -

z<Z 0O

MPFC - -

LP (R) . s
PCC : :

Lat (L) - -

Z<w»m

Lat (R) - -
Sup - -

ACC - -
AINS (L) - -
AINS (R) - -

RPFC (R -
SMG (L) - -

RPFC (L - -

SMG (R) - -

FEF (L) - -
FEF (R) - -
IPS (L) - -
IPS (R) - -

LPFC (L) - -
PPC (L) - -
LPFC (R - -
PPC (R) - -

ADD

eviations: ACC. Anterior Ci

gulate cortex, AINS:

u

I Wi )

VN DeTault ModetworK, FEF: Frontal eye Tielq,

FPN: Fronto Parietal Network, IPS: Intraparietal sulcas; Lateral Sensorimotor Cortex, LP: Lateral paridtBE-C: Lateral prefrontal cortex,
MPFC: Medial prefrontal cortex, PCC: Posterior cingutaigex, PPC: Posterior parietal Cortex, RPFC: Roptedtontal cortex, SMG: Supramarginal gyrus, SMN:
Sensorimotor network, SN: Salience network, Sup: Sup8gasorimotor Cortex.
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Supplementary Table 55.

DMN

SMN

Summary of p-values of one-tailed t-tests of the unifarmor growth pattern group > healthy control group durifidhend movement for left hemispheric tumors.

SN DAN FPN
LP LP Lat Lat AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS |LPFC PPC LPFC PPC
ROIMPFE ) ® Pl ® ™[0 ®m 0 ® O RO R O E|lOL O ® ®

MPFC 904 994 675 .305 .394 .687 .590 .139 .180 222 .418 .071| .220 .345 .765 .223 .426 .421 .851 .39
3 LP (L) 904 773 684 083 .430 .9P3 .477 .349 .328 .607 .366 .403|.523 .509 .688 .26 .650 .362 .553 .24
N LP (R) 994 773 519 235 655 .897 .617 .113 .123 .221 226 .137| .299 .237 .869 .143 .322 .137 570 .04
PCC 675 .684 519 016 .461 .992 .241 231 .486 .616 .563 .449] 513 .450 .714 .23¢ .456 .098 .070 .1(
S| Lat(L) 305 .083 .235 .0%16 954 8p9 593 .357 872 652 931 .498|.809 .944 771 .673 .909 .009 .092 .07
M| Lat (R) 394 430 .655 441 954 313 983 119 .382 743 965 .672)| .437 .823 .817 .934 .826 .335 .559 .5(Q
N Sup 687 993 .897 .892 869 .313 703 .353 .039 .447 847 .476| .189 .666 .225 .88%2 577 .315 .353 .44
ACC 590 477 617 .241 593 .983 .103 712 848 022 211 572|.791 .925 618 .819 .952 055 .738 .16
AINS (L) 139 .349 113 .231 .357 .119 .3v3 .712 590 767 439 .835|.975 .646 .263 .91 .897 .990 .814 .59
AINS (R) 180 .328 .123 .486 .872 .382 .39 .848 .590 540 385 .858|.722 571 .196 .888 .641 .682 .678 .44
lﬁ RPFC (L 222 607 .221 .616 .652 743 447 .022 .767 .540 272 772] 953 .790 .153 .84? 999 .116 .369 .32
RPFC (R 418 .366 .226 563 931 .965 B47 .211 439 .385 272 .682| .679 .713 .125 .76p .858 .089 .330 .0
SMG (L) 071 .403 .137 .449 498 .672 476 572 .835 .858 .772 .682 916 .269 .346 .7240 .901 .358 .129 .00
SMG (R) 220 523 .299 513 .809 .437 .189 .791 1975 .722 953 .679 .916 803 .432 908 .788 .880 .647 .73
FEF (L) 345 509 .237 .40 944 823 .66 .925 646 .571 .790 .713 .269] .803 457 969 .760 .852 .664 .3%
2 FEF (R) 765 .688 .869 .714 771 .817 .225 .618 .263 .196 .153 .125 .346| .432 .457 539 509 .321 .920 .14
N IPS (L) 223 .260 .143 .236 .673 .934 .§82 .819 .912 .888 .842 .762 .727]| .908 .969 .539 971 .104 .106 .14
IPS (R) 426 650 .322 .4%6 909 .826 .77 952 .897 .641 999 .858 .901| .788 .760 .509 .97 511 250 .5(
LPFC (L) 421 362 .137 .098 .009 .335 .315 .055 990 .682 .116 .089 .358] .880 .852 .321 .104 .511 541 .00
E PPC (L) 851 553 570 .00 .092 559 .B53 .738 .814 .678 .369 .330 .129| .647 .664 .920 .10p .250 .541 .58

N LPFC (R 385 .248 .066 .101 .079 509 463 .161 .596 .448 .323 .059 .008| .730 .379 .191 .17y .509 .003 .580
PPC (R) 573 456 .227 .09 .006 .458 .62 .129 .866 .338 .284 .143 .04 .471 .342 .060 .15 .285 .790 .833 .9

ADDreviations: ALL . Anterior cingulate cortex, AINS. Insula, . | W s mlﬁ]mwork, FEF. Frontal eye Tield,

FPN: Fronto Parietal Network, IPS: Intraparietal sulcas; Lateral Sensorimotor Cortex, LP: Lateral paridtBE-C: Lateral prefrontal cortex,
MPFC: Medial prefrontal cortex, PCC: Posterior cingutaigex, PPC: Posterior parietal Cortex, RPFC: Roptedtontal cortex, SMG: Supramarginal gyrus, SMN:
Sensorimotor network, SN: Salience network, Sup: Sup8gasorimotor Cortex.
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Supplementary Table 56.

Summary of p-values of one-tailed t-tests of the unifarmor growth pattern group > healthy control group durigigtthand movement for left hemispheric tumors.
SMN

DMN

SN DAN FPN
LP LP Lat Lat AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS |LPFC PPC LPFC PPC
ROIMPFE ) ® Pl ® ™[0 ®m 0 ® O RO R O E|lOL O ® ®
MPFC 960 .065 .108 .019 .048 .138 .347 .144 273 .209 .423 .230| .460 .038 .007 .010 .042 966 .764 .3(
3 LP (L) .960 639 628 .055 .003 .0p4 .128 506 .703 541 590 .295|.576 .052 .024 .013 .047 956 .924 .88
N LP (R) .065 .639 488 167 170 136 .126 .097 .265 .031 .312 .174| .316 .822 .355 .248 .047 .606 .497 .68
PCC 108 .628 .488 006 .005 .353 .122 .040 .169 .021 .158 .130]| .354 .624 .472 .008 .016 .742 .769 .79
S| Lat(L) .019 .055 .167 .006 996 .7p4 .189 .138 .647 .040 521 .101]|.780 .887 .858 .829 .674 .214 .386 .07
M| Lat (R) .048 .003 .170 .05 .996 B9  .327 373 .467 258 .809 525|.534 .865 .973 961 .716 .464 .696 .27
N Sup 138 .004 .136 .3%3 .764 .769 630 925 966 550 .988 .631| .998 282 .236 .47% 570 .318 .460 .45
ACC 347 128 126 .142 .189 .327 .430 826 966 .180 .708 .684|.996 .610 .742 .144 .321 511 .815 .41
AINS (L) 144 506 .097 .040 .138 .373 .925 .826 959 657 .798 .928 |.965 .654 .785 .41 .566 .544 .793 .08
AINS (R) 273 703 .265 .149 .647 .467 .966 .966 .959 .692 895 .808|.851 .456 .664 .621 .646 .740 .984 .44
lﬁ RPFC (L 209 541 .031 .021 .040 .258 .B50 .180 .657 .692 282 955| .827 .299 .631 .07fY .293 .191 .763 .23
RPFC (R 423 590 .312 .18 521 .809 .p88 .708 .798 .895 .282 .658| .742 752 .716 .40 .600 .347 .740 .24
SMG (L) 230 295 174 .130 .101 525 .31 .684 .928 .808 .955 .658 938 .405 535 .241 619 .301 .733 .28
SMG (R) 460 576 .316 .3%4 780 534 998 996 .965 .851 827 .742 .938 596 .808 .773 .805 .762 .992 .74
FEF (L) 038 .052 .822 .634 .887 .865 .282 .610 .654 .456 .299 .752 .405] .596 813 729 .638 .356 .597 .53
2 FEF (R) .007 .024 355 472 .858 .973 .236 .742 .785 .664 631 .716 .535/ .808 .813 850 .805 .053 .092 .7¢
N IPS (L) 010 .013 .248 .08 .829 .961 475 .146 .418 .621 .077 .401 .241| .773 .729 .850 745 155 .218 .29
IPS (R) 042 047 .047 .06 .674 .716 570 .321 566 .646 .293 .600 .619| .805 .638 .805 .74p 216 901 .2¢
LPFC (L) 966 956 .606 .742 214 .464 .318 511 544 .740 .191 .347 .301] .762 .356 .053 .15p .216 486 .04
E PPC (L) 764 924 497 769 .386 .696 460 .815 .793 .984 763 .740 .733| .992 597 .092 .21B .901 .486 5]
N LPFC (R 307 .886 .682 .783 .071 .276 459 413 .086 .466 .239 247 .283| .744 530 .703 .294 .207 .079 .510
PPC (R) 668 .721 .316 .8p1 .156 .169 .p35 .63 .736 .937 .465 .847 .543 .700 .706 .616 .310 .421 .346
ADDreviations: ALL . Anterior cingulate cortex, AINS. Insula, . | W . u W .

FPN: Fronto Parietal Network, IPS: Intraparietal sulcas; Lateral Sensorimotor Cortex, LP: Lateral

paridtBE-C: Lateral prefrontal cortex,

MPFC: Medial prefrontal cortex, PCC: Posterior cingutaigex, PPC: Posterior parietal Cortex, RPFC: Roptedtontal cortex, SMG: Supramarginal gyrus, SMN:
Sensorimotor network, SN: Salience network, Sup: Sup8gasorimotor Cortex.
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Supplementary Table 57.
Summary of p-values of one-tailed t-tests of the unifarmor growth pattern group > healthy control group durifigdet movement for left hemispheric tumors.

DMN

SMN SN DAN FPN

LP LP Lat Lat AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS |LPFC PPC LPFC PPC

ROIMPFE ) ® Pl ® ™[0 ®m 0 ® O RO R O E|lOL O ® ®
MPFC 931 831 94 063 .199 484 .038 .071 .135 .176 .321 .062| .027 .057 .017 .05 .627 .314 550 .29
3 LP (L) 931 .858 .66 .100 .172 441 529 .088 .219 .385 .242 .045]|.157 .160 .852 .034 .337 .794 .602 .89
N LP (R) .831 .858 846 116 .349 693 .928 .288 .343 .697 .410 .251| .221 .167 .979 .042 .441 930 .931 .74
PCC 944 667 .846 301 307 .325 .842 .189 .409 .345 .257 .227] .137 .032 .892 .027 .100 .590 .087 .51
S| Lat(L) .063 .100 .116 .31 689 749 797 955 836 542 432 .882|.959 972 .362 .45 .206 .219 .265 .09
M| Lat (R) 199 172 349 .37 .689 3P5 808 .879 .724 662 558 .934)| .419 .740 .419 .813 .157 .206 .302 .15
N Sup 484 441 693 .325 749 325 288 .702 .462 500 .488 .689| .497 .123 .003 .40% .342 .026 .250 .1}
ACC 038 529 928 .842 .797 .808 .488 811 .893 .164 350 .738].995 .042 222 .45Q .847 .322 .793 .44
AINS (L) .071 .088 .288 .189 955 879 .7102 .811 657 716 597 .938 |.998 .639 583 .895 .977 .159 .044 .04
AINS (R) 135 219 .343 .409 .836 .724 462 .893 .657 567 378 .963|.847 .918 .498 .691 .580 .086 .095 .01
lﬁ RPFC (L 176 .385 .697 .345 542 662 .00 .164 .716 .567 368 .316| .829 .854 .435 55% .432 .329 .669 .44
RPFC (R 321 .242 410 .2b7 432 558 488 .350 .597 .378 .368 .023| .699 .740 .518 .60p .205 .149 .474 3
SMG (L) 062 .045 251 247 .882 .934 .489 .738 .938 .963 .316 .023 957 .413 .381 .70 .799 .089 .058 .00
SMG (R) 027 .157 .221 .137 959 419 497 995 998 .847 .829 .699 .957 890 .738 .691 .623 .767 .902 .79
FEF (L) 057 .160 .167 .032 972 .740 .123 .042 .639 .918 .854 .740 .413] .890 262 .95% 107 .274 .240 .23
2 FEF (R) 017 .852 979 .892 .362 .419 .03 .222 .583 .498 435 518 .381| .738 .262 .18% .026 .240 .804 5]
N IPS (L) .058 .038 .042 .037 .458 .813 405 .450 .895 .691 555 .609 .706] .691 .955 .185 272 .061 .085 .0§
IPS (R) 627 337 .441 .100 .206 .157 .B42 847 977 .580 .432 205 .799| .623 .107 .026 .27p 305 .287 .14
LPFC (L) 314 794 930 590 .219 .206 .026 .322 .159 .086 .329 .149 .089| .767 .274 .240 .06 .305 .869 .74
E PPC (L) b550 602 931 .087 .265 .302 .P50 .793 .044 .095 .669 .474 .058| .902 .240 .804 .08p .287 .869 .98

N LPFC (R 281 .895 .744 534 .098 .155 175 .466 .047 .019 462 .392 .004| .786 .235 .514 .05Dp .190 .761 .981
PPC (R) 574 747 627 .1p0 .333 .369 .B42 .803 .279 .002 .665 567 .428 .650 .374 539 .090 .342 984 960 .8
ADDreviations: ALL . Anterior cingulate cortex, AINS. Insula, . | W s mlﬁ]mwork, FEF. Frontal eye Tield,

FPN: Fronto Parietal Network, IPS: Intraparietal sulcas; Lateral Sensorimotor Cortex, LP: Lateral paridtBE-C: Lateral prefrontal cortex,
MPFC: Medial prefrontal cortex, PCC: Posterior cingutaigex, PPC: Posterior parietal Cortex, RPFC: Roptedtontal cortex, SMG: Supramarginal gyrus, SMN:
Sensorimotor network, SN: Salience network, Sup: Sup8gasorimotor Cortex.

216



Supplementary Table 58.

DMN

Summary of p-values of one-tailed t-tests of the unifarmor growth pattern group > healthy control group durigigt oot movement for left hemispheric tumors.
SMN

SN DAN FPN

LP LP Lat Lat AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS |LPFC PPC LPFC PPC

ROIMPFE ) ® Pl ® ™[0 ®m 0 ® O RO R O E|lOL O ® ®
MPFC 949 904 899 .077 .039 221 674 086 .091 598 .081 .034| .06 .366 .773 .033 .059 .600 .544 .79
3 LP (L) 949 894 50p .136 .107 .3B6 .704 .049 .073 .758 .010 .024|.088 .279 .602 .044 .033 .566 .565 .74
N LP (R) 904 .894 768 .064 .100 .205 .239 .010 .061 594 022 .047| .059 .149 .483 .023 .060 .476 .500 .59
PCC 899 506 .768 212 206 .75 .795 .045 .068 .665 .050 .054] .115 .273 .724 .014 .085 .399 .350 .81
S| Lat(L) 077 .136 .064 .232 786 5p1 725 910 .727 572 .766 .9121].899 .291 .322 .77q .674 .113 .159 .07
M| Lat (R) 039 .107 .100 .26 .786 615 .827 969 .832 211 .770 .947)| .793 .344 .368 .847 .883 .080 .202 .0F
N Sup 221 336 .205 .35 591 .615 542 893 711 .407 .700 .858| .908 .072 .273 .668 .041 .169 .244 .04
ACC 674 704 239 795 .725 .827 H42 653 .769 021 .043 .252|.152 .620 .477 .013 .212 .065 .081 .17
AINS (L) .086 .049 .010 .045 910 .969 .893 .653 666 494 774 .620|.821 .887 .726 .803 .918 .394 564 .19
AINS (R) .091 .073 .061 .08 .727 .832 .411 .769 .666 .669 886 .986|.943 .754 .724 874 .895 .385 .512 .19
lﬁ RPFC (L 598 758 .594 665 572 211 407 .021 .494 .669 090 .290]| .425 .670 .039 .43f .084 .002 .019 .24
RPFC (R .081 .010 .022 .00 .766 .770 OO .043 .774 .886 .090 902 .934 436 .054 898 .739 .358 .465 .0
SMG (L) 034 024 .047 .04 912 947 .858 .252 .620 .986 .290 .902 932 533 411 .87 .892 .478 .383 .18
SMG (R) 056 .088 .059 .115 .899 .793 .908 .152 .821 .943 425 934 .932 767 .367 .962 .982 516 .528 .03
FEF (L) 366 .279 .149 .23 .291 .344 (72 .620 .887 .754 670 .436 .533| .767 238 549 287 .111 .074 .04
2 FEF (R) 773 602 .483 .724 322 .368 .273 477 .726 .724 039 .054 .411| .367 .238 294 .347 408 .712 .23
N IPS (L) 033 .048 .023 .014 .770 .847 .68 .013 .803 .877 .437 .898 .870] .962 549 .294 587 .356 .310 .04
IPS (R) 059 .033 .060 .085 .674 .883 .041 .212 918 .895 .084 .739 .892| .982 .287 .347 587 327 .407 .03
LPFC (L) 600 566 .476 .399 .113 .080 .169 .065 .394 .385 .002 .358 .478] .516 .111 .408 .35p .327 921 .09
E PPC (L) 544 565 500 .3%0 .159 .202 .244 .081 .5564 512 .019 .465 .383| .528 .074 .712 .31p .407 .921 2]

N LPFC (R 728 747 596 .817 .079 .033 .069 .178 .194 .192 230 .001 .189| .033 .074 .227 .06 .033 .098 .218
PPC (R) 712 679 577 59 .066 .033 .p50 .028 .334 .287 .196 .156 .19 .132 .033 .402 .099 .100 .257 .255 .6
ADDreviations: ALL . Anterior cingulate cortex, AINS. Insula, . | W s mlﬁ]mwork, FEF. Frontal eye Tield,

FPN: Fronto Parietal Network, IPS: Intraparietal sulcas; Lateral Sensorimotor Cortex, LP: Lateral paridtBE-C: Lateral prefrontal cortex,
MPFC: Medial prefrontal cortex, PCC: Posterior cingutaigex, PPC: Posterior parietal Cortex, RPFC: Roptedtontal cortex, SMG: Supramarginal gyrus, SMN:
Sensorimotor network, SN: Salience network, Sup: Sup8gasorimotor Cortex.
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Supplementary Table 59.

Summary of p-values of one-tailed t-tests of the unifrmor growth pattern group > healthy control group durimgte movement for left hemispheric tumors.

DMN

SMN

SN

DAN FPN

mprc F

ROI L

LP
(R)

PCC

Lat
L)

Lat

R) Sup

ACC

AINS AINS RPFC RPFC SMG SMG

(L)

(R)

L ® O ®

FEF FEF IPS
L ® O

IPS

R[WL L ([

LPFC PPC LPFC PPC

(R)

LP (L) - -

z<Z 0O

MPFC - -

LP (R) . s
PCC : :

Lat (L) - -

Z<w»m

Lat (R) - -
Sup - -

ACC - -
AINS (L) - -
AINS (R) - -

RPFC (R -
SMG (L) - -

RPFC (L - -

SMG (R) - -

FEF (L) - -
FEF (R) - -
IPS (L) - -
IPS (R) - -

LPFC (L) - -
PPC (L) - -
LPFC (R - -
PPC (R) - -

ADD

eviations: ACC. Anterior Ci

gulate cortex, AINS:

u

I Wi )

VN DeTault ModetworK, FEF: Frontal eye Tielq,

FPN: Fronto Parietal Network, IPS: Intraparietal sulcas; Lateral Sensorimotor Cortex, LP: Lateral paridtBE-C: Lateral prefrontal cortex,
MPFC: Medial prefrontal cortex, PCC: Posterior cingutaigex, PPC: Posterior parietal Cortex, RPFC: Roptedtontal cortex, SMG: Supramarginal gyrus, SMN:
Sensorimotor network, SN: Salience network, Sup: Sup8gasorimotor Cortex.
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Supplementary Table 60.
Summary of p-values of one-tailed t-tests of the unifarmor growth pattern group > diffuse tumor growth pattern gohurmg left hand movement for left hemispheric

tumors.
DMN SMN SN DAN FPN
LP LP Lat Lat AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS |LPFC PPC LPFC PPC
ROIMPFE ) ® Pl ® ™[0 ®m 0 ® O RO R O E|lOL O ® ®
MPFC 321 281 82 621 .758 .39 259 657 .695 812 .832 .293|.733 .160 .638 .681 .843 .826 .768 .37
3 LP (L) 321 343 758 992 955 9P9 553 496 .729 915 640 .968|.983 .650 .548 963 .998 .219 .885 .30
N LP (R) 281 .343 630 .392 981 973 .679 .183 .678 592 .083 .550|.910 .100 .606 .483 .942 .130 .910 .04
PCC 826 .753 .630 b558 950 .998 .469 515 945 805 .468 .673] .907 .681 .819 509 .881 .194 .449 .2}
S| Lat(L) 621 992 .392 .5598 614 847 .028 .333 .075 .466 .441 .857|.767 .670 .662 .481 .703 .366 .435 .02
M| Lat (R) 758 955 981 950 .614 243 605 .032 .378 .198 .650 .680) .502 .333 590 .849 .620 .898 .967 .57
N Sup 359 999 973 998 .847 .243 490 131 .023 .214 470 .818| .261 .728 .297 .97% .810 .820 .919 .74
ACC 259 553 679 .4d9 .028 .605 .490 305 .340 .074 505 .250(|.709 .899 427 .299 .873 .200 .267 .14
AINS (L) .657 .496 .183 515 .333 .032 .131 .305 425 389 534 590 |.767 .187 .319 .313 .353 .197 .315 .00
AINS (R) 695 729 678 945 075 .378 .23 .340 .425 .090 .178 .309] .460 .116 .342 .20Q .175 .241 .431 .07
lﬁ RPFC (L 812 915 592 805 .466 .198 .214 .074 .389 .090 297 .519| .237 960 .479 .621 .567 .702 .585 .5§
RPFC (R 832 .640 .083 .4p8 441 .650 470 505 534 .178 .297 252| .498 .845 592 .19p .386 .110 .046 .0
SMG (L) 293 968 .B550 .643 .857 .680 .8418 .250 .590 .309 519 252 595 575 .384 .403 .794 .249 .404 .01
SMG (R) 733 .983 .910 .97 .767 502 .261 .709 .767 .460 .237 .498 .595 356 .652 450 .089 526 .635 .63
FEF (L) 160 .650 .100 .681 .670 .333 .128 .899 .187 .116 .960 .845 .575] .356 453 8664 .650 .873 .477 .29
2 FEF (R) 638 548 .606 .819 .662 590 .97 .427 .319 .342 479 592 .384| .652 .453 514 .489 .813 .515 .61
N IPS (L) 681 .963 .483 509 .481 .849 975 .299 .313 .200 .621 .190 .403] .450 .866 .514 827 227 527 .03
IPS (R) 843 998 942 881 .703 .620 .810 .873 .353 .175 567 .386 .794| .089 .650 .489 .82/ 558 .852 .34
LPFC (L) 826 .219 .130 .194 .366 .898 .20 .200 .197 .241 .702 .110 .249] .526 .873 .813 .22y .558 405 .14
E PPC (L) 768 .885 910 .449 435 967 .919 .267 .315 .431 585 .046 .404| .635 .477 515 52¢ .852 .405 .44
N LPFC (R 377 .306 .074 .215 .029 529 .¥f56 .144 .006 .075 584 .058 .011| .637 .297 .679 031 .361 .129 .499
PPC (R) 540 791 725 6f7 .291 .843 .b53 .078 .085 .092 .030 .013 .13 .634 .077 .070 .091 .434 226 .831 .1
ADDreviations: ALL . Anterior cingulate cortex, AINS. Insula, . | W s mlﬁ]mwork, FEF. Frontal eye Tield,

FPN: Fronto Parietal Network, IPS: Intraparietal sulcas; Lateral Sensorimotor Cortex, LP: Lateral paridtBE-C: Lateral prefrontal cortex,
MPFC: Medial prefrontal cortex, PCC: Posterior cingutaigex, PPC: Posterior parietal Cortex, RPFC: Roptedtontal cortex, SMG: Supramarginal gyrus, SMN:
Sensorimotor network, SN: Salience network, Sup: Sup8gasorimotor Cortex.
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Supplementary Table 61.
Summary of p-values of one-tailed t-tests of the unifarmor growth pattern group > diffuse tumor growth pattern gohurmg right hand movement for left hemispheric

tumors.
DMN SMN SN DAN FPN
LP LP Lat Lat AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS |LPFC PPC LPFC PPC
ROIMPFE ) ® Pl ® ™[0 ®m 0 ® O RO R O E|lOL O ® ®
MPFC 542 046 288 425 556 147 .320 .360 .591 394 442 477| .671 .151 .004 .322 .134 738 .662 .24
3 LP (L) 542 574 394 446 .107 219 .088 .616 .301 .359 .725 .288|.584 .050 .305 .404 .270 .730 .960 .49
N LP (R) .046 574 0O51 .052 .169 370 .030 .112 .313 .028 .080 .285| .624 .263 .066 .879 .429 .479 .781 .04
PCC 288 .394 .051 104 050 .62 .036 .136 .226 .008 .046 .350| .912 .221 .186 .559 .176 .862 .885 .0
S| Lat(L) 425 446 052 .104 367 .6p0 .027 .299 .189 .050 .256 .225|.772 .309 .594 .3971 .036 .511 .741 .05
M| Lat (R) 556 .107 .169 .040 .367 3P5 203 420 565 .163 921 .612).828 .131 .590 578 .297 .828 .903 .29
N Sup 147 219 .370 .62 .600 .325 361 712 .305 .419 340 .302| .822 .269 .651 .374 558 .473 .309 .3}
ACC 320 .088 .030 .036 .027 .203 .361 315 568 .115 .687 .088|.320 .433 517 .154 .114 .668 .631 .52
AINS (L) .360 .616 .112 .136 .299 .420 ./M12 .315 551 168 .724 .810 |.600 .529 .811 .544 .229 527 559 .49
AINS (R) 591 301 .313 .246 .189 565 .305 .568 .551 132 548 .345|.384 .204 .811 .17 .165 571 .217 .67
lﬁ RPFC (L 394 359 .028 .08 .050 .163 .419 .115 .168 .132 420 .050| .150 .418 .572 .040 .099 .873 .745 .74
RPFC (R 442 725 080 .046 .256 .921 B40 .687 .724 548 .420 539| .252 .763 .584 55 .492 500 .619 .7}
SMG (L) 477 .288 .285 .30 .225 612 .302 .088 .810 .345 .050 .539 621 .354 622 .08 .164 .731 .843 .52
SMG (R) 671 584 .624 912 772 .828 .822 .320 .600 .384 .150 .252 .621 405 .620 .69¢ .828 950 .950 .95
FEF (L) 151 .050 .263 .231 .309 .131 .269 .433 529 .204 .418 .763 .354] .405 443 418 114 506 .400 .34
2 FEF (R) 004 .305 .066 .186 .594 590 .51 517 .811 .811 572 584 .622| .620 .443 666 .458 217 .159 .43
N IPS (L) 322 .404 879 549 397 578 .374 .156 544 175 .040 555 .086| .696 .418 .666 568 .647 .913 .50
IPS (R) 134 270 429 .16 .036 .297 .B58 .114 .229 .165 .099 492 .164| .828 .114 .458 .56B 358 .767 .1§
LPFC (L) 738 730 .479 .842 511 .828 473 .668 527 571 .873 500 .731] .950 .506 .217 .64y .358 180 .14
E PPC (L) 662 960 .781 .885 .741 903 .B09 .631 .559 217 745 619 .843| .950 .400 .159 918 .767 .180 .04
N LPFC (R 247 490 .069 .091 .058 .286 .B79 522 497 .622 767 .724 522| 958 .368 .438 .50p .186 .109 .059
PPC (R) 344 381 .463 .3B3 .168 .404 P18 .696 .706 .645 .868 .661 .9824 .918 .389 .446 995 .900 .273 575 .1
ADDreviations: ALL . Anterior cingulate cortex, AINS. Insula, . | W s mlﬁ]mwork, FEF. Frontal eye Tield,

FPN: Fronto Parietal Network, IPS: Intraparietal sulcas; Lateral Sensorimotor Cortex, LP: Lateral paridtBE-C: Lateral prefrontal cortex,
MPFC: Medial prefrontal cortex, PCC: Posterior cingutaigex, PPC: Posterior parietal Cortex, RPFC: Roptedtontal cortex, SMG: Supramarginal gyrus, SMN:
Sensorimotor network, SN: Salience network, Sup: Sup8gasorimotor Cortex.
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Supplementary Table 62.
Summary of p-values of one-tailed t-tests of the unifarmor growth pattern group > diffuse tumor growth pattern gohurmg left foot movement for left hemispheric

tumors.
DMN SMN SN DAN FPN
LP LP Lat Lat AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS |LPFC PPC LPFC PPC
ROIMPFE ) ® Pl ® ™[0 ®m 0 ® O RO R O E|lOL O ® ®
MPFC A73 412 587 477 .087 .02 .264 621 .609 558 .499 .793| .650 .325 .153 .800 .399 617 .423 .01
3 LP (L) A73 240 23F 518 .462 2p0 .374 690 .625 518 .179 .804|.748 .114 .169 .37 .282 .314 .119 .04
N LP (R) 412 240 98 .319 814 674 671 .676 .669 .618 589 .610| .467 .141 .370 .43(0 .600 .544 440 .19
PCC 587 237 .982 514 900 .H48 506 .663 .625 513 .613 .572] .892 .095 .321 .3183 .437 .358 .150 .11
S| Lat(L) A77 518 .319 514 059 0p4 .079 .881 .742 563 .28 .711]|.765 .290 .275 .5171 .150 .584 .760 .13
M| Lat (R) 087 .462 .814 .90 .059 065 .096 .475 .347 152 .786 .100)| .569 .099 .237 .179 .390 .161 .607 .13
N Sup 202 .260 .674 .548 .064 .065 354 170 .310 .251 .326 .152| .249 .670 .178 .182 .200 .299 .500 .34
ACC 264 374 671 506 .079 .096 .354 152 597 035 .333 .063]|.300 .195 .062 .364 .802 .048 .469 .43
AINS (L) 621 .690 .676 .663 .881 .475 .70 .152 481 724 333 .726 |.768 .186 .308 .65 .426 .541 534 41
AINS (R) 609 625 .669 .645 .742 347 .310 597 .481 .793 423 .692 | .698 .695 .408 558 .280 .823 .834 .74
lﬁ RPFC (L 558 518 .618 513 .563 .152 251 .035 .724 .793 111 .323| 503 545 241 .144 365 .492 .871 .52
RPFC (R 499 179 589 .63 .286 .786 .B26 .333 .333 .423 .111 .001| .675 .422 517 .20p .687 .045 .006 .4
SMG (L) 793 .804 .610 542 .711 .100 .152 .063 .726 .692 .323 .001 447 .088 .298 .131 .109 .446 .755 .60
SMG (R) 650 .748 .467 .892 .765 569 .249 300 .768 .698 503 .675 .447 310 .384 .353 .346 .637 .843 .91
FEF (L) 325 114 .141 .095 .290 .099 .70 .195 .186 .695 545 422 .088] .310 302 .658 .236 .244 .334 .63
2 FEF (R) 153 169 .370 .321 .275 .237 .178 .062 .308 .408 .241 517 .298| .384 .302 188 565 .196 .481 .24
N IPS (L) 800 .375 .430 .313 517 .179 .182 .364 .652 .558 .144 .200 .131] .353 .658 .188 124 667 .747 .59
IPS (R) 399 282 .600 .437 .150 .390 .200 .802 .426 .280 .365 .687 .109| .346 .236 .565 .124 057 .172 .13
LPFC (L) 617 314 544 3948 584 .161 .299 .048 541 .823 .492 .045 .446] .637 .244 .196 .66y .057 293 .34
E PPC (L) 423 119 440 .1%0 .760 .607 .00 .469 534 834 .871 .006 .755| .843 .334 .481 .74f¢ .172 .293 .34
N LPFC (R .054 041 .192 .111 .138 .137 .B97 .436 .412 .740 523 .480 .609| .916 .620 .291 .59 .127 .345 .368
PPC (R) 214 .138 .318 .62 .341 .860 .422 910 .202 .783 .690 .838 .749 .893 .211 .069 .545 .818 .308
ADDreviations: ALL . Anterior cingulate cortex, AINS. Insula, . | W s . u W .

FPN: Fronto Parietal Network, IPS: Intraparietal sulcas; Lateral Sensorimotor Cortex, LP: Lateral

paridtBE-C: Lateral prefrontal cortex,

MPFC: Medial prefrontal cortex, PCC: Posterior cingutaigex, PPC: Posterior parietal Cortex, RPFC: Roptedtontal cortex, SMG: Supramarginal gyrus, SMN:
Sensorimotor network, SN: Salience network, Sup: Sup8gasorimotor Cortex.
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Supplementary Table 63.
Summary of p-values of one-tailed t-tests of the unifarmor growth pattern group > diffuse tumor growth pattern gohurmg right foot movement for left hemispheric

tumors.
DMN SMN SN DAN FPN
LP LP Lat Lat AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS |LPFC PPC LPFC PPC
ROIMPFE ) ® Pl ® ™[0 ®m 0 ® O RO R O E|lOL O ® ®
MPFC 198 357 237 .184 675 .352 .869 .289 375 906 .944 568| .831 .150 .772 .24¢ .493 .286 .180 .6(
3 LP (L) .198 123 126 509 313 744 459 653 .482 961 .713 .962|.818 .075 .103 .939q .773 .421 .800 .11
N LP (R) 357 .123 A8B3 512 259 367 .044 .703 566 .820 .305 .895| .629 .031 .155 .68 .416 .039 .317 .03
PCC 237 126 .183 591 563 .166 .224 638 .678 .985 .861 .765| .755 .203 .367 .842 .789 .291 .440 .11
S| Lat(L) 184 509 512 591 128 .1p0 .336 .676 .172 .388 .364 .592|.636 .250 .042 .31 .298 .255 .393 .01
M| Lat (R) 675 .313 .259 543 .128 069 416 572 533 222 172 .436)|.683 .138 .092 .218 .301 .007 .266 .04
N Sup 352 744 367 .76 .160 .069 312 584 311 .325 .183 .924| .284 239 .437 .350 .138 .102 532 .21
ACC 869 459 044 2244 .336 .416 .312 444 655 260 .642 .101|.087 .352 .498 .034 .283 .252 .007 .90
AINS (L) 289 .653 .703 .638 .676 .572 584 .444 .638 449 580 .465|.716 .605 .583 .5271 .452 .306 .679 .20
AINS (R) 375 .482 566 .648 .172 533 .311 .655 .638 .697 617 .793]|.899 .461 .543 564 .439 .130 .925 5]
lﬁ RPFC (L 906 .961 .820 .985 .388 .222 .B25 .260 .449 .697 241 .338| .301 .438 .436 .054 .191 .355 .884 .84
RPFC (R 944 713 .305 .81 .364 .172 .[183 .642 580 .617 .241 506| .479 518 .287 .16p .139 .015 .326 .9]
SMG (L) 568 962 .895 .75 592 436 924 .101 465 .793 .338 .506 492 771 243 .70 .456 .766 .813 .55
SMG (R) 831 .818 .629 .75 636 .683 .284 .087 .716 .899 301 .479 .492 208 .188 .564 .411 .399 .717 .0§
FEF (L) 150 .075 .031 .23 .250 .138 .239 .352 .605 .461 .438 .518 .771] .208 229 .167 .355 .088 .063 .13
2 FEF (R) 772 .103 .155 .367 .042 .092 437 .498 .583 543 436 .287 .243| .188 .229 .07 221 .028 .042 .02
N IPS (L) 246 936 .688 .842 .316 .218 .350 .034 527 .562 .054 .162 .706] .564 .167 .078 298 353 .694 .14
IPS (R) 493 773 416 789 298 301 .138 .283 .452 .439 191 .139 .456| .411 .355 .221 .29 125 418 .2}
LPFC (L) 286 421 039 .291 255 .007 .102 .252 .306 .130 .355 .015 .766] .399 .088 .028 .35 125 .230 .03
E PPC (L) 180 .800 .317 .440 .393 .266 .p32 .007 .679 .925 884 .326 .813| .717 .063 .042 .69 418 .230 .0]
N LPFC (R 601 .118 .035 .110 .014 .048 .215 907 .209 .518 .891 .975 .559| .057 .135 .024 .14 278 .031 .011
PPC (R) 307 .340 .267 .347 .243 342 |88 .199 .847 .913 559 563 .747] .988 .069 .114 450 .009
ADDreviations: ALL . Anterior cingulate cortex, AINS. Insula, . | W s . u W . Y

FPN: Fronto Parietal Network, IPS: Intraparietal sulcas; Lateral Sensorimotor Cortex, LP: Lateral

paridtBE-C: Lateral prefrontal cortex,

MPFC: Medial prefrontal cortex, PCC: Posterior cingutaigex, PPC: Posterior parietal Cortex, RPFC: Roptedtontal cortex, SMG: Supramarginal gyrus, SMN:
Sensorimotor network, SN: Salience network, Sup: Sup8gasorimotor Cortex.
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Supplementary Table 64.
Summary of p-values of one-tailed t-tests of the unifarmor growth pattern group > diffuse tumor growth pattern gohuimg tongue movement for left hemispheric

tumors.
DMN SMN SN DAN FPN
LP LP Lat Lat AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS |LPFC PPC LPFC PPC
ROIMPFE ) ® Pl ® ™[0 ®m 0 ® O RO R O E|lOL O ® ®
MPFC 441 462 582 666 .830 .326 .731 .794 .867 .748 920 .930| .799 .638 .642 .92¢ .720 .429 .018 .09
3 LP (L) 441 142 04p .708 .465 0B6 .359 860 .684 312 .162 521 |.746 .643 .392 .844 509 .079 .110 .0H
N LP (R) 462 142 67 512 757 230 513 .821 .811 .349 452 .379|.906 .425 605 .731 .819 .117 .101 .04
PCC 582 .046 .167 704 716 434 .380 .798 .640 .218 .203 .290| .854 .199 508 .77¢ .694 .054 .157 .11
S| Lat(L) 666 .708 512 .704 090 .2p3 .057 .212 .038 .126 .115 .899|.177 .269 .818 .799 .371 .608 .851 .71
M| Lat (R) 830 .465 .757 .716 .090 722 145 012 .176 .330 .429 .358)] .451 .086 .812 .151 570 .980 .565 .99
N Sup 326 .036 .230 .234 293 .722 600 552 666 .407 .429 .340| .837 537 .751 .701 .953 421 .149 .24
ACC 731 .359 513 .30 .057 .145 .400 .030 .149 490 916 .122|.065 .390 .991 .24 .487 .793 .273 .90
AINS (L) 794 860 .821 .798 .212 .012 .552 .030 .053 117 .280 .690 |.058 .167 .795 .383 .322 .743 .819 .88
AINS (R) 867 .684 .811 .640 .038 .176 .466 .149 .053 .095 .201 .314].041 .002 .927 .04 .203 .969 .671 .99
lﬁ RPFC (L 748 312 .349 .218 .126 .330 .407 .490 .117 .095 675 .288]| .141 .352 .986 .419 474 .894 .466 .8
RPFC (R 920 .162 452 .23 .115 .429 429 916 .280 .201 .675 .160| .400 .393 .988 .12y .263 .837 .248 .9
SMG (L) 930 521 .379 .290 .899 .358 .340 .122 .690 .314 .288 .160 440 .057 425 .353 .217 .297 .630 .50
SMG (R) 799 746 906 .8%4 177 .451 .837 .065 .058 .041 .141 .400 .440 005 .606 .06 .177 .978 .769 .91
FEF (L) 638 .643 425 .199 .269 .086 .37 .390 .167 .002 .352 .393 .057] .005 606 .049 .103 .439 .370 .33
2 FEF (R) 642 392 .605 508 .818 .812 .¥f51 .991 .795 .927 986 .988 .425| .606 .606 .14P 594 814 .353 .8]
N IPS (L) 926 .844 731 .746 .799 .151 .J01 .247 .383 .046 .419 .127 .353] .060 .049 .142 112 640 .986 .71
IPS (R) 720 509 .819 .694 371 570 .953 .487 .322 .203 474 263 .217| .177 .103 .594 .11p 775 .676 .7§
LPFC (L) 429 079 .117 .044 .608 .980 421 .793 .743 .969 .894 .837 .297| .978 .439 .814 .64p .775 .028 .20
E PPC (L) .018 .110 .101 .1%7 .851 565 .149 .273 .819 .671 .466 .248 .630| .769 .370 .353 .98 .676 .028 .0]
N LPFC (R 093 .051 .066 .134 .715 981 .p98 .907 .888 .998 .881 .909 .504| .919 .334 .812 .71 .750 .208 .015
PPC (R) 135 365 .610 .62 .620 .897 .69 .487 .313 .811 .614 .776 .635 .958 .218 .729 .740 .983 .321 .373 .1
ADDreviations: ALL . Anterior cingulate cortex, AINS. Insula, . | W s mlﬁ]mwork, FEF. Frontal eye Tield,

FPN: Fronto Parietal Network, IPS: Intraparietal sulcas; Lateral Sensorimotor Cortex, LP: Lateral paridtBE-C: Lateral prefrontal cortex,
MPFC: Medial prefrontal cortex, PCC: Posterior cingutaigex, PPC: Posterior parietal Cortex, RPFC: Roptedtontal cortex, SMG: Supramarginal gyrus, SMN:
Sensorimotor network, SN: Salience network, Sup: Sup8gasorimotor Cortex.
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Supplementary Table 65.
Summary of p-values of one-tailed t-tests of the diffusaor growth pattern group > uniform tumor growth pattern giaunng left hand movement for left hemispheric

tumors.
DMN SMN SN DAN FPN
LP LP Lat Lat AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS |LPFC PPC LPFC PPC
ROIMPFE ) ® Pl ® ™[0 ®m 0 ® O RO R O E|lOL O ® ®
MPFC 679 719 174 379 242 641 741 .343 .305 .188 .168 .707| .267 .840 .362 .319 .157 .174 .232 .64
3 LP (L) 679 657 .24f 008 .045 .0p1 .447 504 .271 .08 .360 .032|.017 .350 .452 .034 .002 .781 .115 .69
N LP (R) 719 .657 370 .608 .019 .07 .321 .817 .322 .408 917 .450|.090 .900 .394 517 .058 .870 .090 .97
PCC 74 247 370 442 050 .J02 531 .485 .055 .195 532 .327] .093 .319 .181 .491 .119 .806 .551 .79
S| Lat(L) 379 .008 .608 .442 386 .1p3 972 .667 .925 534 559 .143].233 .330 .338 .519 .297 .634 .565 .97
M| Lat (R) 242 .045 .019 .040 .386 b7 395 968 .622 .802 .350 .320] .498 .667 .410 .151 .380 .102 .033 .47
N Sup 641 .001 .027 .02 .153 .757 510 .869 977 .786 530 .182| .739 .272 .703 .02% .190 .180 .081 .24
ACC 741 447 321 531 972 .395 H10 695 660 926 495 .7501].291 .101 573 .70} .127 .800 .733 .85
AINS (L) .343 504 817 .485 .667 .968 .869 .695 575 611 466 .410 |.233 .813 .681 .6871 .647 .803 .685 .99
AINS (R) 305 271 .322 .085 925 .622 977 .660 .575 910 .822 .691|.540 .884 .658 .80Q0 .825 .759 .569 .97
lﬁ RPFC (L 188 .085 .408 .195 534 802 .86 .926 .611 .910 703 .481| .763 .040 .521 .379 .433 .298 .415 .4}
RPFC (R 168 .360 .917 582 559 350 .b30 .495 466 .822 .703 .748| .502 .155 .408 .81p .614 .890 .954 .94
SMG (L) 707 .032 .450 .347 .143 .320 .182 .750 .410 .691 481 .748 405 425 616 .59 .206 .751 .596 .98
SMG (R) 267 .017 .090 .093 .233 .498 .7T39 .291 .233 540 .763 502 .405 644 .348 550 .911 474 .365 .34
FEF (L) 840 .350 .900 .319 .330 .667 .272 .101 .813 .884 .040 .155 .425| .644 547 134 350 .127 523 .70
2 FEF (R) 362 452 .394 .181 .338 .410 .Y03 573 .681 .658 .21 .408 .616| .348 .547 486 511 .187 .485 .34
N IPS (L) 319 .037 517 491 519 .151 .25 .701 .687 .800 .379 .810 .597| .550 .134 .486 173 773 473 .94
IPS (R) 157 002 .058 .119 .297 .380 .190 .127 .647 .825 433 .614 .206| .911 .350 .511 .17B 442 148 .63
LPFC (L) 174 781 .870 .86 .634 .102 .180 .800 .803 .759 298 .890 .751)| .474 127 .187 778 .442 595 .87
E PPC (L) 232 115 090 5%1 565 .033 .081 .733 .685 .569 415 954 596| .365 .523 .485 .478 .148 .595 5
N LPFC (R 623 694 926 .78 971 471 .44 856 .994 925 416 942 989 .363 .703 .321 96Pp .639 .871 .501
PPC (R) 460 209 .275 .3p3 .709 .157 p47 922 915 908 970 .987 .865 .366 .923 .930 909 566 .774 .169 .8
ADDreviations: ALL . Anterior cingulate cortex, AINS. Insula, . | W s mlﬁ]mwork, FEF. Frontal eye Tield,

FPN: Fronto Parietal Network, IPS: Intraparietal sulcas; Lateral Sensorimotor Cortex, LP: Lateral paridtBE-C: Lateral prefrontal cortex,
MPFC: Medial prefrontal cortex, PCC: Posterior cingutaigex, PPC: Posterior parietal Cortex, RPFC: Roptedtontal cortex, SMG: Supramarginal gyrus, SMN:
Sensorimotor network, SN: Salience network, Sup: Sup8gasorimotor Cortex.
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Supplementary Table 66.
Summary of p-values of one-tailed t-tests of the diffuseor growth pattern group > uniform tumor growth pattern gaunng right hand movement for left hemispheric

tumors.
DMN SMN SN DAN FPN
LP LP Lat Lat AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS |LPFC PPC LPFC PPC
ROIMPFE ) ® Pl ® ™[0 ®m 0 ® O RO R O E|lOL O ® ®

MPFC 458 954 712 575 444 853 .680 .640 .409 606 558 .523|.329 .849 996 .67 .866 .262 .338 .71
3 LP (L) 458 426 60p 554 893 .7B1 912 384 699 641 .275 .712|.416 950 .695 599 .730 .270 .040 .51
N LP (R) 954 426 940 948 831 .630 .970 .888 .687 .972 920 .715|.376 .737 934 .121 571 521 .219 .93
PCC 712 606 .949 896 950 .338 964 .8064 .774 992 954 .650| .088 .779 .814 .441 .824 .138 .115 .9(
S| Lat(L) 575 554 948 .896 633 4p0 973 .701 .811 950 .744 .7751].228 .691 .406 .603 .964 .489 .259 .94
M| Lat (R) 444 893 .831 .90 .633 G7/5 .797 580 .435 837 .079 .388]|.172 .869 .410 .422 .703 .172 .097 .71
N Sup 853 .781 .630 .338 .400 .675 639 .288 695 581 .660 .698| .178 .731 .349 .62¢ .442 527 .691 .64
ACC 680 912 970 .94 973 .797 .439 685 432 885 313 912 |.680 .567 .483 .844 886 .332 .369 .47
AINS (L) .640 .384 .888 .864 .701 .580 .288 .685 449 832 276 .190 |.400 .471 .189 .45 .771 473 .441 .50
AINS (R) 409 699 .687 .744 .811 .435 .95 .432 .449 .868 452 .655|.616 .796 .189 .82 .835 429 .783 .37
lﬁ RPFC (L 606 .641 972 992 950 .837 .581 .885 .832 .868 580 .950| .850 .582 .428 960 .901 .127 .255 .23
RPFC (R 558 275 920 .9b4 744 079 .p60 .313 .276 .452 580 461| .748 237 .416 .44p 508 500 .381 .2}
SMG (L) 523 712 715 630 .775 .388 .98 .912 .190 .655 950 .461 379 .646 .378 .914 .836 .269 .157 .47
SMG (R) 329 416 .376 .08 .228 .172 .178 .680 .400 .616 .850 .748 .379 595 .380 .304 .172 .050 .050 .04
FEF (L) 849 950 .737 749 .691 .869 Y31 .567 .471 .796 582 .237 .646] .595 557 582 .886 .494 .600 .63
2 FEF (R) 996 .695 934 814 .406 .410 .B49 .483 .189 .189 428 .416 .378| .380 .557 334 542 783 .841 .54
N IPS (L) 678 596 .121 .441 603 .422 626 .844 456 .825 960 .445 914| .304 582 .334 432 353 .087 .49
IPS (R) 866 .730 571 824 964 .703 442 886 .771 .835 901 508 .836| .172 .886 .542 .43p 642 .233 .8}
LPFC (L) 262 270 521 .138 .489 .172 /%27 .332 .473 .429 127 500 .269] .050 .494 .783 .35B .642 .820 .89
E PPC (L) 338 .040 .219 .115 .259 .097 .91 .369 .441 .783 .255 .381 .157| .050 .600 .841 .08¢ .233 .820 .94

N LPFC (R 753 510 .931 909 942 714 621 .478 .503 .378 .233 .276 .478| .042 .632 .562 .49 .814 891 .941
PPC (R) 656 .619 537 .6lL7 .832 596 .p82 .304 .294 .355 .132 .339 .01 .082 .611 554 .005 .100 .727 .425 .8

ADDreviations: ALL . Anterior cingulate cortex, AINS. Insula, . | W s mlﬁ]mwork, FEF. Frontal eye Tield,

FPN: Fronto Parietal Network, IPS: Intraparietal sulcas; Lateral Sensorimotor Cortex, LP: Lateral paridtBE-C: Lateral prefrontal cortex,
MPFC: Medial prefrontal cortex, PCC: Posterior cingutaigex, PPC: Posterior parietal Cortex, RPFC: Roptedtontal cortex, SMG: Supramarginal gyrus, SMN:
Sensorimotor network, SN: Salience network, Sup: Sup8gasorimotor Cortex.
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Supplementary Table 67.
Summary of p-values of one-tailed t-tests of the diffuseor growth pattern group > uniform tumor growth pattern gahunng left foot movement for left hemispheric

tumors.
DMN SMN SN DAN FPN
LP LP Lat Lat AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS |LPFC PPC LPFC PPC
ROIMPFE ) ® Pl ® ™[0 ®m 0 ® O RO R O E|lOL O ® ®
MPFC 527 588 413 523 913 .798 .736 .379 .391 442 501 .207| .350 .675 .847 .200 .601 .383 .577 .94
3 LP (L) 527 760 .76B 482 538 .740 .626 .310 .375 .482 .821 .196|.252 .886 .831 .62 .718 .686 .881 .95
N LP (R) 588 .760 018 .681 .186 .36 .329 .324 .331 .382 411 .390| .533 .859 .630 .57 .400 .456 .560 .80
PCC 413 763 .018 486 100 .452 494 337 .375 .487 .387 .428] .108 .905 .679 .687 .563 .642 .850 .89
S| Lat(L) 523 .482 .681 .486 941 9B6 921 .119 .258 437 714 .289|.235 .710 .725 .483 .850 .416 .240 .86
M| Lat (R) 913 538 .186 .10 .941 935 904 525 .653 .848 .214 .900) .431 .901 .763 .821 .610 .839 .393 .84
N Sup 798 740 .326 .4%2 936 .935 646 .830 .690 .749 674 .848| .751 .330 .822 .818 .800 .701 .500 .6e(
ACC 736 .626 .329 .494 921 904 .446 848 403 965 667 .937|.700 .805 .938 .639 .198 952 531 .56
AINS (L) 379 .310 .324 .337 .119 525 .830 .848 519 276 .667 .274 |.232 .814 .692 .34 574 .459 .466 .58
AINS (R) 391 375 .331 .315 .258 .653 .490 .403 .519 207 577 .308|.302 .305 .592 443 .720 .177 .166 .24
lﬁ RPFC (L 442 482 .382 .487 437 .848 .f49 965 .276 .207 .889 .677| .497 .455 .759 .856 .635 .508 .129 .4}
RPFC (R 501 .821 411 .387 714 214 p74 667 .667 .577 .889 .999| .325 578 .483 .80p .313 .955 .994 5]
SMG (L) 207 .196 .390 .448 .289 900 .448 937 .274 .308 .677 .999 553 912 .702 .869 .891 554 245 .39
SMG (R) 350 .252 533 .108 .235 431 .51 .700 .232 .302 .497 .325 553 690 .616 .64T7 .654 .363 .157 .09§
FEF (L) 675 .886 .859 .95 .710 .901 .330 .805 .814 .305 .455 578 .912] .690 698 .342 .764 .756 .666 .38
2 FEF (R) 847 831 .630 .69 .725 .763 .22 .938 .692 592 759 483 .702| .616 .698 812 .435 .804 .519 .7¢
N IPS (L) 200 .625 570 .687 .483 .821 .18 .636 .348 .442 856 .800 .869| .647 .342 .812 876 .333 .253 .40
IPS (R) 601 .718 .400 .563 .850 .610 .B00 .198 .74 .720 .635 .313 .891| .654 .764 .435 .87p 943 .828 .8}
LPFC (L) 383 686 .456 .642 416 .839 .701 .952 459 .177 508 955 .554| .363 .756 .804 .33B .943 .707 .65
E PPC (L) 577 .881 .560 .80 .240 .393 500 .531 .466 .166 .129 .994 245 .157 .666 .519 .258 .828 .707 .63
N LPFC (R 946 959 .808 .889 .862 .863 .603 .564 .588 .260 477 520 .391| .084 .380 .709 400 .873 .655 .632
PPC (R) .786 .862 .682 .38 .659 .140 .b78 .090 .798 .217 .310 .162 .251 .107 .789 .931 .45 .182 .692 .801 .8
ADDreviations: ALL . Anterior cingulate cortex, AINS. Insula, . | W s mlﬁ]mwork, FEF. Frontal eye Tield,

FPN: Fronto Parietal Network, IPS: Intraparietal sulcas; Lateral Sensorimotor Cortex, LP: Lateral paridtBE-C: Lateral prefrontal cortex,
MPFC: Medial prefrontal cortex, PCC: Posterior cingutaigex, PPC: Posterior parietal Cortex, RPFC: Roptedtontal cortex, SMG: Supramarginal gyrus, SMN:
Sensorimotor network, SN: Salience network, Sup: Sup8gasorimotor Cortex.
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Supplementary Table 68.

Summary of p-values of one-tailed t-tests of the diffuseor growth pattern group > uniform tumor growth pattern gaunng right foot movement for left hemispheric
tumors.

DMN SMN SN DAN FPN
LP LP Lat Lat AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS |LPFC PPC LPFC PPC
ROIMPFE ) ® Pl ® ™[0 ®m 0 ® O RO R O E|lOL O ® ®

MPFC 802 643 763 .816 .325 .648 .131 .711 .625 .094 .056 .432| .169 .850 .228 .754 507 .714 .820 .39
3 LP (L) .802 877 874 491 687 .2p6 541 .347 518 .039 .287 .038].182 .925 .897 .064 .227 579 .200 .88
N LP (R) .643 .877 817 .488 .741 633 .956 .297 .434 .180 .695 .105|.371 .969 .845 .312 584 961 .683 .94
PCC 763 874 817 409 437 434 776 .362 .322 .015 .139 .235]| .245 .797 .633 .15$ 211 709 560 .89
S| Lat(L) 816 .491 .488 .409 872 840 .664 .324 828 .612 .636 .408|.364 .750 .958 .68 702 745 .607 .98
M| Lat (R) 325 .687 .741 437 .872 931 584 428 .467 778 .828 .564| .317 .862 .908 .78 699 993 .734 .95
N Sup 648 256 .633 .234 840 .931 688 .416 .689 675 .817 .076| .716 .761 .563 .65 862 .898 .468 .74
ACC 131 541 956 .76 .664 584 .488 556 .345 740 358 .899|.913 .648 502 9649 .717 .748 .993 .09
AINS (L) 711 .347 297 .362 .324 .428 416 .556 362 551 420 535 |.284 .395 417 .473 548 .694 .321 .79
AINS (R) 625 518 .434 .342 .828 .467 .89 .345 .362 .303 .383 .207|.101 .539 .457 438 .561 .870 .075 .48
lﬁ RPFC (L 094 039 .180 .015 .612 .778 .75 .740 .551 .303 759 .662| .699 562 .564 946 .809 .645 .116 .1(
RPFC (R 056 .287 .695 .1B9 .636 .828 .B17 .358 .420 .383 .759 4941 521 482 .713 .838B .861 .985 .674 .0}
SMG (L) 432 038 .105 .235 .408 564 .76 .899 535 .207 .662 .494 508 .229 757 .294 544 234 .187 .44
SMG (R) 169 .182 371 .245 .364 317 .716 913 .284 .101 .699 521 .508 792 .812 43¢ .589 601 .283 .94
FEF (L) 850 .925 969 .797 .750 .862 .161 .648 .395 .539 562 .482 .229| .792 771 833 .645 912 937 .84
2 FEF (R) 228 .897 .845 .633 .958 .908 .63 .502 .417 .457 564 .713 .757| .812 .771 92p 779 972 .958 .97
N IPS (L) 754 064 .312 .148 .684 .782 .50 .966 .473 .438 946 .838 .294| .436 .833 .922 .702 .647 .306 .85
IPS (R) 507 227 584 211 .702 699 862 .717 .548 561 .809 .861 .544| 589 .645 .779 .70p 875 582 .73
LPFC (L) 714 579 961 .79 .745 993 .98 .748 .694 .870 .645 .985 .234| .601 912 .972 .64y .875 770 .94
E PPC (L) 820 .200 .683 560 .607 .734 468 .993 .321 .075 .116 .674 .187| .283 .937 .958 .30p .582 .770 .98

N LPFC (R 399 882 965 .890 .986 952 .¥85 .093 .791 .482 .109 .025 .441| .943 .865 .976 .851 .722 969 .989
PPC (R) 693 .660 .733 .6b3 .757 .658 .B12 .801 .153 .087 .441 437 .253 .012 931 886 .35 550 .991 .921 .9

ADDreviations: ALL . Anterior cingulate cortex, AINS. Insula, . | W s mlﬁ]mwork, FEF. Frontal eye Tield,

FPN: Fronto Parietal Network, IPS: Intraparietal sulcas; Lateral Sensorimotor Cortex, LP: Lateral paridtBE-C: Lateral prefrontal cortex,
MPFC: Medial prefrontal cortex, PCC: Posterior cingutaigex, PPC: Posterior parietal Cortex, RPFC: Roptedtontal cortex, SMG: Supramarginal gyrus, SMN:
Sensorimotor network, SN: Salience network, Sup: Sup8gasorimotor Cortex.
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Supplementary Table 69.

DMN

SMN

Summary of p-values of one-tailed t-tests of thediffusedr growth pattern group > uniform tumor growth pattern groumgltlongue movement for left hemispheric tumc

SN DAN FPN
LP LP Lat Lat AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS |LPFC PPC LPFC PPC
ROIMPFE ) ® Pl ® ™[0 ®m 0 ® O RO R O E|lOL O ® ®

MPFC 559 538 418 .334 .170 .74 .269 .206 .133 .252 .080 .070| .201 .362 .358 .074 .280 571 .982 .91
3 LP (L) .559 858 954 292 535 9p4 .641 .140 .316 .688 .838 .479|.254 .357 .608 .154 .491 921 .890 .94
N LP (R) 538 .858 833 .488 .243 .70 .487 .179 .189 651 548 .621|.094 575 .395 269 .181 .883 .899 .93
PCC 418 954 833 296 284 166 .620 .202 .360 .782 .797 .710] .146 .801 .492 224 .306 .946 .843 .86
S| Lat(L) 334 292 488 .296 910 .7p7 943 .788 962 874 .885 .101].823 .731 .182 .201] .629 .392 .149 .28
M| Lat (R) 170 535 243 284 910 278 .855 .988 .824 670 571 .642) .549 914 .188 .849 .430 .020 .435 .01
N Sup 674 964 770 .7¢6 .707 .278 400 448 334 593 571 .660| .163 .463 .249 299 .047 579 .851 .7¢
ACC 269 641 .487 .640 .943 .855 .400 970 851 510 .084 .878].935 .610 .009 .753 513 .207 .727 .09
AINS (L) 206 .140 .179 .202 .788 .988 .448 .970 947 883 .720 .310|.942 .833 .205 .61 .678 .257 .181 .11
AINS (R) 133 .316 .189 .340 .962 .824 .334 .851 .947 905 .799 .686].959 .998 .073 .954 797 .031 .329 .00
lﬁ RPFC (L 252 688 .651 .782 .874 .670 .593 510 .883 .905 325 .712| .859 .648 .014 581 .526 .106 .534 .11}
RPFC (R .080 .838 .548 .7p7 .885 571 b7l .084 .720 .799 .325 .840| .600 .607 .012 .87 .737 .163 .752 .0
SMG (L) 070 479 .621 .710 .101 .642 .460 .878 .310 .686 .712 .840 560 .943 575 .64 .783 .703 .370 .49
SMG (R) 201 254 094 .146 .823 549 .163 935 942 959 859 .600 .560 995 .394 940 .823 .022 .231 .09
FEF (L) 362 357 575 801 .731 .914 463 .610 .833 .998 .648 .607 .943] .995 394 951 .897 561 .630 .64
2 FEF (R) 358 .608 .395 .492 .182 .188 .249 .009 .205 .073 .014 .012 .575| .394 .394 858 .406 .186 .647 .14
N IPS (L) 074 156 .269 .234 201 .849 .299 .753 .617 .954 581 .873 .647]| .940 .951 .858 .888 .360 .014 .28
IPS (R) 280 491 .181 .36 .629 .430 .47 513 .678 .797 b26 .737 .783| .823 .897 .406 .88B 225 .324 2§
LPFC (L) 571 921 .883 .946 .392 .020 .79 .207 .257 .031 .106 .163 .703] .022 561 .186 .36p .225 972 .79
E PPC (L) 982 890 .899 .843 .149 435 851 .727 .181 .329 B34 752 .370| .231 .630 .647 .01 .324 972 .98

N LPFC (R 907 .949 1934 866 .285 .019 .02 .093 .112 .002 .119 .091 .496| .081 .666 .188 .288 .250 .792 .985
PPC (R) .865 .635 .390 .348 .380 .103 .p31 513 .687 .189 .386 .224 .365 .042 .782 .271 .20 .017 .679 .627 .8

ADDreviations: ALL . Anterior cingulate cortex, AINS. Insula, . | W s mlﬁ]mwork, FEF. Frontal eye Tield,

FPN: Fronto Parietal Network, IPS: Intraparietal sulcas; Lateral Sensorimotor Cortex, LP: Lateral paridtBE-C: Lateral prefrontal cortex,
MPFC: Medial prefrontal cortex, PCC: Posterior cingutaigex, PPC: Posterior parietal Cortex, RPFC: Roptedtontal cortex, SMG: Supramarginal gyrus, SMN:
Sensorimotor network, SN: Salience network, Sup: Sup8gasorimotor Cortex.
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Supplementary Table 70.

Summary of p-values of one-tailed t-tests of the healtimtrol group > diffuse tumor growth pattern group duringHafid movement for right hemispheric tumors.
SMN

DMN

SN DAN FPN

LP LP Lat Lat AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS |LPFC PPC LPFC PPC

ROIMPFE ) ® Pl ® ™[0 ®m 0 ® O RO R O E|lOL O ® ®
MPFC 125 119 642 263 565 299 .095 917 .949 064 .601 .885| .847 .743 .988 908 .880 .965 .644 .99
3 LP (L) .125 521 76p 502 .891 .7p0 .165 .493 963 .621 510 .898|.710 .876 .781 .83 .794 820 .935 .83
N LP (R) 119  b21 808 .163 572 547 041 .064 .357 .470 .135 .695| .593 .415 611 .829 575 .630 .969 .48
PCC 642 766 .808 355 252 487 .010 .036 .406 .070 .004 .671| .777 .561 .248 .758 .348 537 .992 .6}
S| Lat(L) .263 502 .163 .355 <001 .3P1 .205 .038 .012 .770 .382 .152]|.042 .082 .243 .4049 .191 973 .950 .64
M| Lat (R) 565 .891 572 .252 <.001 047 200 .003 .009 .443 .368 .064| .284 .386 .064 .006 .469 .963 .954 .87
N Sup 299 790 .547 .4$7 .321 .047 483 .185 267 .224 055 .137| .284 .645 .139 .619 .915 913 934 .71
ACC 095 .165 .041 .00 .205 .200 .483 <.001 <.001 .673 .433 .430]|.463 .175 .135 .624 .447 .785 .186 .53
AINS (L) 917 .493 .064 .036 .038 .003 .185 <.001 .013 .063 .002 .002|.004 .039 .073 .073 .020 .210 .191 .15
AINS (R) 949 963 .357 .406 .012 .009 .467 <.001 .013 .015 .002 .013]|.011 .171 .149 .01 .026 .231 .584 .35
li RPFC (L 064 621 .470 .070 .770 .443 .24 673 .063 .015 218 .242| 404 066 .051 .661 .293 .930 .967 .8f
RPFC (R 601 .510 .135 .0p4 .382 .368 .p55 .433 .002 .002 .218 .188| .183 .027 .024 .024 .023 .864 .733 .8
SMG (L) 885 .898 .695 .641 .152 .064 137 .430 .002 .013 .242 .188 031 .043 .003 .03 .005 .765 .999 .88
SMG (R) 847 710 .593 717 .042 284 284 463 .004 .011 .404 .183 .031 363 .058 .107 .096 .459 .901 .29
FEF (L) 743 876 .415 541 .082 .386 .45 .175 .039 .171 .066 .027 .043] .363 .031 .009 .176 .906 .988 .51
2 FEF (R) 988 .781 .611 .248 .243 .064 .139 .135 .073 .149 .051 .024 .003| .058 .031 .00 .009 .307 .123 .2}
N IPS (L) 908 .830 .829 .748 .403 .006 .19 .625 .073 .018 .661 .024 .035] .107 .009 .003 .002 584 .998 .43
IPS (R) 880 .794 575 .348 .191 .469 915 447 .020 .026 .293 .023 .005| .096 .176 .009 .00p 251 .928 .0§
LPFC (L) 965 .820 .630 .537 973 963 .913 .785 .210 .231 930 .864 .765| .459 906 .307 .58 .251 297 .53
E PPC (L) 644 935 969 992 950 954 934 .186 .191 584 967 .733 .999| .901 .988 .123 .998 .928 .297 .34

N LPFC (R 981 .838 .482 611 .642 .837 .Y16 533 .151 .352 .889 .801 .881| .281 .510 .211 .434 .056 .525 .365
PPC (R) 116 .881 .653 .8p2 255 908 .p93 .010 .002 .487 535 204 .87 .973 .860 .631 .890 .946 .669 .699 .0
ADDreviations: ALL . Anterior cingulate cortex, AINS. Insula, . | W s mlﬁ]mwork, FEF. Frontal eye Tield,

FPN: Fronto Parietal Network, IPS: Intraparietal sulcas; Lateral Sensorimotor Cortex, LP: Lateral paridtBE-C: Lateral prefrontal cortex,
MPFC: Medial prefrontal cortex, PCC: Posterior cingutaigex, PPC: Posterior parietal Cortex, RPFC: Roptedtontal cortex, SMG: Supramarginal gyrus, SMN:
Sensorimotor network, SN: Salience network, Sup: Sup8gasorimotor Cortex.
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Supplementary Table 71.
Summary of p-values of one-tailed t-tests of the healtimtrol group > diffuse tumor growth pattern group during tiglrid movement for right hemispheric tumors.

DMN

SMN SN DAN FPN

LP LP Lat Lat AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS |LPFC PPC LPFC PPC

ROIMPFE ) ® Pl ® ™[0 ®m 0 ® O RO R O E|lOL O ® ®
MPFC 093 .009 224 995 998 .908 .893 >.999 >999 998 .998 .996| .999 .924 956 >.999 >.999 .899 .095 .94
3 LP (L) .093 009 47p 686 .842 5Pp1 502 694 972 730 .926 .971|.907 .866 .384 .913 .921 .605 .191 .87
N LP (R) .009 .009 454 526 792 43 260 .721 984 935 .809 .925|.848 .760 .517 .71 .734 .807 .189 .81
PCC 224 472 454 990 999 H74 981 .986 >.999 924 925 .999| 993 .880 .754 99?2 935 810 .881 .96
S| Lat(L) 995 686 .526 .990 <001 .886 .614 .144 .002 .758 .461 .003 k.001 .138 .358 .353 .061 .324 .652 .93
M| Lat (R) 998 .842 .792 .999 <.001 486 393 012 .001 .717 .415 <.001k.001 .081 .294 .003 .012 .449 544 78H
N Sup 908 591 423 574 886 .486 .833 403 .184 .096 .095 .112| .020 .211 .088 .597 .553 .863 .990 .9}
ACC 893 502 .260 .991 .614 .393 .433 111 .008 980 .850 .195].049 .093 .155 530 .183 .899 .812 .98
AINS (L)| >.999 .694 .721 .986 .144 .012 .403 .111 .030 .015 .141 <.001 |.008 .004 .050 .00 <.001 .109 .464 A~32
AINS (R)| >.999 .972 .984 >999 .002 .001 .184 .008 .030 135 .045 <.001 k.001 .010 .092 <.001 <.001 .299 .5m3B33 .25%
lﬁ RPFC (L 998 730 935 924 758 717 .96 .980 .015 .135 .811 .075]| .005 .010 .002 .046 .001 .793 .810 .99
RPFC (R 998 .926 .809 .9p5 461 .415 P95 .850 .141 .045 811 .056| .045 .017 .020 .01p .001 .222 549 5
SMG (L) 996 971 925 999 .003 <.001 .112 .195 <.001 <.001 .075 .056 <.001 .001 .053 <.001 <.001 .544 764®9 .92§
SMG (R) 999 907 .848 .993 <.001 <.001 .20 .049 .008 <.001 .005 .045 <.001 .001 .003 <.001L <.001 .592 75863 .994
FEF (L) 924 866 .760 .80 .138 .081 .211 .093 .004 .010 .010 .017 .001) .001 .006 .001 .002 .203 .830 .51
2 FEF (R) 956 .384 517 .7%4 .358 .294 (088 .155 .050 .092 .002 .020 .053| .003 .006 006 .034 .208 .294 .74
N IPS(L) | >999 .913 .710 .992 .353 .003 .97 .530 .007 <.001 .046 .010 <.001|<.001 .001 .006 005 .300 .994 .99
IPS(R)| >.999 .921 .734 935 .061 .012 .553 .183 <.001 <.001 .001 .001 <.001}<.001 .002 .034 .005 278 21835 .997%
LPFC (L) 899 .605 .807 .810 .324 .449 863 .899 .109 .299 793 222 b44| 592 .203 .208 .30p .278 .063 .35
E PPC (L) 095 .191 .189 .881 .652 544 990 .812 .464 .353 .810 .549 .869| .763 .830 .294 994 .935 .063 .53

N LPFC (R 964 873 .813 969 932 673 974 980 .745 553 983 504 .760| .758 .518 .765 .90p .213 .352 .535
PPC (R) .086 .112 .214 .63 .797 .785 P85 548 .532 .253 476 .365 .925 .992 .949 899 992 997 .239 .101 .0
ADDreviations: ALL . Anterior cingulate cortex, AINS. Insula, . | W s mlﬁ]mwork, FEF. Frontal eye Tield,

FPN: Fronto Parietal Network, IPS: Intraparietal sulcas; Lateral Sensorimotor Cortex, LP: Lateral paridtBE-C: Lateral prefrontal cortex,
MPFC: Medial prefrontal cortex, PCC: Posterior cingutaigex, PPC: Posterior parietal Cortex, RPFC: Roptedtontal cortex, SMG: Supramarginal gyrus, SMN:
Sensorimotor network, SN: Salience network, Sup: Sup8gasorimotor Cortex.
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Supplementary Table 72.
Summary of p-values of one-tailed t-tests of the healtimtrol group > diffuse tumor growth pattern group duringftest movement for right hemispheric tumors.

DMN SMN SN DAN FPN

LP LP Lat Lat AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS |LPFC PPC LPFC PPC

ROIMPFE ) ® Pl ® ™[0 ®m 0 ® O RO R O E|lOL O ® ®
MPFC 708 .191 900 .480 586 .315 .436 .141 .280 .852 920 .461| 519 .611 .929 .61% .862 .417 .136 .54
3 LP (L) .708 740 98p 457 .312 546 .081 .082 .085 .125 .288 .395|.545 .601 .772 .60q .757 .051 .068 .19
N LP (R) 191 .740 663 .058 .639 .702 578 .254 .302 587 .676 .571|.563 .846 .997 904 .765 .158 .219 .34
PCC 900 .986 .663 027 .073 .041 .127 .312 .255 .040 .366 .213| 546 .259 .617 .089 .468 556 .556 .5]
S| Lat(L) 480 457 .058 .047 010 .4p5 .082 .716 .240 .242 291 .233]|.006 .251 .187 .38 .302 .799 .646 .32
M| Lat (R) 586 .312 .639 .043 .010 223 .070 .243 .244 179 .614 .048)] .316 .167 .198 .118 .877 .168 .048 .50
N Sup 315 546 .702 .041 425 223 244 611 099 .086 .004 .053| .031 .260 .029 .631 .374 521 .791 .34
ACC 436 .081 578 .147 .082 .070 .344 .032 .100 .777 963 .145|.079 .248 .494 .014 .082 .413 .164 .57
AINS (L) 141 .082 254 312 .716 .243 .11 .032 456 066 435 .226 |.008 .128 .037 .114 .095 .116 .104 .17
AINS (R) 280 .085 .302 .25 .240 .244 .(Q99 .100 .456 .010 .184 .470]|.079 .011 .131 .094 .051 .116 .415 .13
lﬁ RPFC (L 852 125 587 .040 .242 .179 .086 .777 .066 .010 859 .142] .121 .007 .085 .02 .019 .360 .159 .64
RPFC (R 920 .288 .676 .3p6 .291 .614 .p04 963 .435 .184 .859 136 .211 .001 .054 .01B .093 .482 .168 .9
SMG (L) 461 395 571 213 .233 .048 .53 .145 226 .470 .142 .136 112 .030 .028 .074 .017 .761 .957 .49
SMG (R) 519 545 563 546 .006 .316 .031 .079 .008 .079 .121 .211 .112 002 .064 .059 .041 594 .538 .44
FEF (L) 611 .601 .846 .249 251 .167 .260 .248 .128 .011 .007 .001 .030] .002 .002 .019 .003 .730 .972 .23
2 FEF (R) 929 772 997 .617 .187 .198 .029 .494 .037 .131 .085 .054 .028| .064 .002 <.001 <.001 .092 .244 .2]
N IPS (L) 615 .606 .904 .049 .380 .118 .31 .014 .116 .097 .022 .013 .074] .059 .019 <.001 .009 .833 .960 .24
IPS (R) 862 757 .765 .468 .302 877 .B74 .082 .095 .051 .019 .093 .017| .041 .003 <.001 .00P 506 .430 .0}
LPFC (L) 417 051 .158 546 .799 .168 521 .413 .116 .116 .360 .482 .761] .594 .730 .092 .83B .506 .078 .45
E PPC (L) 136 .068 .219 5%6 .646 .048 .¥91 .164 .104 .415 159 .168 .957| .538 .972 .244 96D .430 .078 .17

N LPFC (R 527 .198 .363 516 .320 507 .B63 577 .173 .134 633 .904 .495| .490 .232 .278 .240 .07/76 .457 .113

PPC (R) 440 260 .449 9I1 .039 .073 .p93 .177 .010 .064 .113 .257 .04 .134 .414 .376 .494 .367 .279 .076 .1

ADDTEVIATIONS. ACT, ANTETOr T guTate cortex, AINS, nsuma, : | WOTK, mﬁmmwork, FEF. Frontal eye Teld,
FPN: Fronto Parietal Network, IPS: Intraparietal sulcas; Lateral Sensorimotor Cortex, LP: Lateral paridtBE-C: Lateral prefrontal cortex,

MPFC: Medial prefrontal cortex, PCC: Posterior cingutaigex, PPC: Posterior parietal Cortex, RPFC: Roptedtontal cortex, SMG: Supramarginal gyrus, SMN:

Sensorimotor network, SN: Salience network, Sup: Sup8gasorimotor Cortex.
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Supplementary Table 73.
Summary of p-values of one-tailed t-tests of the healbimtrol group > diffuse tumor growth pattern group during right movement for right hemispheric tumors.

DMN SMN SN DAN FPN

LP LP Lat Lat AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS |LPFC PPC LPFC PPC

ROIMPFE ) ® Pl ® ™[0 ®m 0 ® O RO R O E|lOL O ® ®
MPFC 185 .018 001 .770 .608 .142 .487 .869 .886 .076 .917 .659| 563 .626 .584 .212 .508 569 .105 .84
3 LP (L) .185 .086 .348 .185 .092 .1p9 .175 .173 .720 .011 .358 .316|.272 .134 .614 .02 .069 .184 .284 .50
N LP (R) .018 .086 060 .021 .018 .019 .019 .053 .403 .032 .235 .030}|.2112 .032 .170 .00¢ .126 .177 .428 .64
PCC .001 .343 .060 264 325 437 .470 .071 .846 .344 635 .712) .870 .536 .770 .27% .643 294 428 .79
S| Lat(L) 770 .185 .021 .24 <.001 .0p6 .109 .242 .047 .656 .009 .062].041 .098 .006 .2494 .012 .460 .353 .02
M| Lat (R) .608 .092 .018 .335 <.001 A58 599 073 .086 .300 .205 .065| .203 .395 .031 .07% .115 .106 .031 .01
N Sup 142 159 .019 .237 .056 .158 699 487 .754 692 392 .198| .335 509 .015 .089 .362 .321 .402 .71
ACC 487 175 019 4740 .109 .599 .499 252 300 .839 978 .689]|.369 .338 .024 .293 .367 .098 .039 .26
AINS (L) 869 .173 .053 .07/1 .242 .073 .487 .252 691 856 .821 .418 |.056 .120 <.001 .04 .056 .190 .128 .25
AINS (R) 886 .720 .403 .846 .047 .086 .454 .300 .691 .816 .480 .348 | .152 .264 .146 .441 .349 .028 .055 .04
lﬁ RPFC (L 076 .011 .032 .344 .656 .300 .692 .839 .856 .816 986 .799| .235 .267 .311 .504 .362 .188 .045 .34
RPFC (R 917 .358 .235 .6B5 .009 .205 .B92 .978 .821 .480 .986 568 .260 .053 .120 .23p .182 .236 .035 .44
SMG (L) 659 316 .030 .712 .062 .065 .198 .689 .418 .348 .799 .568 189 .350 .009 .27Q .124 461 477 .27
SMG (R) 563 272 211 .870 .041 .203 .335 .369 .056 .152 235 .260 .189 118 .062 .15 .203 .195 .643 .14
FEF (L) 626 .134 .032 536 .098 .395 309 .338 .120 .264 .267 .053 .350] .118 .057 .001 .020 .079 .076 .11
2 FEF (R) 584 614 .170 .770 .006 .031 .p15 .024 <.001 .146 .311 .120 .009| .062 .057 <.00L .011 .239 .021 .37
N IPS (L) 212 .025 .006 .25 .243 .075 .089 .293 .045 .441 504 .230 .270] .150 .001 <.001 .018 .292 525 .04
IPS (R) 508 .069 .126 .643 .012 .115 .B62 .367 .056 .349 362 .182 .124| .203 .020 .011 .01B 123 .187 .0}
LPFC (L) 569 .184 177 .294 460 .106 .321 .098 .190 .028 .188 .236 .461)] .195 .079 .239 .29p .123 .014 .04
E PPC (L) 105 284 428 428 353 .031 402 .039 .128 .0655 .045 .035 .477| .643 .076 .021 52p .187 .014 .14

N LPFC (R 845 505 .665 .798 .028 .051 .¥Y13 .261 .252 .041 .358 .445 .271| .126 .118 .375 .04p .016 .069 .199
PPC (R) 232 413 761 .8b3 .018 .047 .p92 .034 .082 .025 .041 .077 .195 .829 .502 .301 .305 .506 .093 .243 .1
ADDreviations: ALL . Anterior cingulate cortex, AINS. Insula, . | W s mlﬁ]mwork, FEF. Frontal eye Tield,

FPN: Fronto Parietal Network, IPS: Intraparietal sulcas; Lateral Sensorimotor Cortex, LP: Lateral paridtBE-C: Lateral prefrontal cortex,
MPFC: Medial prefrontal cortex, PCC: Posterior cingutaigex, PPC: Posterior parietal Cortex, RPFC: Roptedtontal cortex, SMG: Supramarginal gyrus, SMN:
Sensorimotor network, SN: Salience network, Sup: Sup8gasorimotor Cortex.
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Supplementary Table 74.
Summary of p-values of one-tailed t-tests of the healtimtrol group > diffuse tumor growth pattern group during tomgaeement for right hemispheric tumors.

DMN SMN SN DAN FPN
LP LP Lat Lat AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS |LPFC PPC LPFC PPC
ROIMPFE ) ® Pl ® ™[0 ®m 0 ® O RO R O E|lOL O ® ®

MPFC 971 976 484 912 363 .069 .138 .056 .023 .040 .016 .688| .326 .054 .005 .049 .008 .182 .645 <.0q
3 LP (L) 971 936 .42p 978 .880 .41 .142 405 .355 .061 .137 .231|.425 .599 572 .43)] .526 .282 .193 .07
N LP (R) 976 .936 710 939 456 .604 .430 .757 .369 .037 .101 .255| .174 224 921 .41¢ .487 .300 .317 .07
PCC 484 425 710 880 885 .105 .015 526 .389 .014 .222 .031] .279 .298 .855 574 .443 448 .288 .23
S| Lat(L) 912 978 .939 .890 982 4p2 577 553 877 .200 .474 .858].401 912 .313 .269 .608 .608 .545 .50
M| Lat (R) 363 .880 .456 .85 .982 769 765 .888 .333 640 .754 951).260 .961 .611 .841 .771 .829 .594 .69
N Sup 069 471 .604 .75 .452 769 380 .718 456 .310 .630 .594| .747 .487 907 .198 .193 .655 .296 .74
ACC 138 142 430 .05 577 .765 .380 >0099 994 109 551 .900]|.973 .872 .853 .390 .922 .028 .008 .57
AINS (L) .056 .405 .757 526 553 .888 .718 >.999 958 974 989 952 1.976 .976 .991 .929 .997 .680 .601 .99
AINS (R) 023 355 .369 .39 .877 .333 .456 .994 958 .621 929 .912|.950 .788 .638 .809 .894 .131 .032 .85
lﬁ RPFC (L .040 .061 .037 .014 .200 .640 .B10 .109 .974 .21 729 580| 554 .783 .991 438 .941 .025 .085 .44
RPFC (R 016 .137 .101 .2p2 474 754 pB30 551 .989 .929 729 .802| .962 .946 .993 .874 .957 .060 .070 .5}
SMG (L) 688 231 255 031 .858 .951 .94 900 .952 912 580 .802 965 .950 .953 .78 .946 .264 .017 .48
SMG (R) 326 425 174 279 401 .260 .T47 973 976 950 554 962 .965 823 .659 900 .931 .157 .007 .81
FEF (L) 054 599 224 298 912 961 487 .872 976 .788 .783 .946 .950| .823 826 983 .998 .612 .258 .89
2 FEF (R) 005 572 921 8% .313 .611 907 .853 .991 .638 .991 .993 .953| .659 .826 978 971 952 .506 .99
N IPS (L) 049 431 .416 544 .269 .841 .198 .390 .929 .809 438 .874 .786] .900 .983 .973 934 596 .070 .74
IPS (R) 008 526 .487 .443 .608 .771 .193 .922 997 .894 941 957 .946| .931 .998 .971 .934 612 .130 .93
LPFC (L) 182 .282 .300 .448 .608 .829 .655 .028 .680 .131 .025 .060 .264| .157 .612 .952 596 .612 .890 .34
E PPC (L) 645 193 .317 .288 545 594 P96 .008 .601 .032 .08 .070 .017| .007 .258 .506 .07p .130 .890 .34

N LPFC (R} <.001 .075 .023 .29 .508 .680 .144 578 .997 .853 .469 .522 .489| .813 .898 .985 .724 .936 .343 .323
PPC (R) 666 .169 .189 .185 .320 571 .p31 .836 .999 .883 .775 .63 .027 .089 .009 .388 .090 .143 476 .386 .7

ADDreviations: ALL . Anterior cingulate cortex, AINS. Insula, . | W s mlﬁ]mwork, FEF. Frontal eye Tield,

FPN: Fronto Parietal Network, IPS: Intraparietal sulcas; Lateral Sensorimotor Cortex, LP: Lateral paridtBE-C: Lateral prefrontal cortex,
MPFC: Medial prefrontal cortex, PCC: Posterior cingutaigex, PPC: Posterior parietal Cortex, RPFC: Roptedtontal cortex, SMG: Supramarginal gyrus, SMN:
Sensorimotor network, SN: Salience network, Sup: Sup8gasorimotor Cortex.
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Supplementary Table 75.
Summary of p-values of one-tailed t-tests of the diffuseor growth pattern group > healthy control group duririghiehd movement for right hemispheric tumors.

DMN

SMN

SN DAN FPN
LP LP Lat Lat AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS |LPFC PPC LPFC PPC
ROIMPFE ) ® Pl ® ™[0 ®m 0 ® O RO R O E|lOL O ® ®
MPFC 875 881 358 .737 .435 .701 905 .083 .051 936 .399 .115]| .153 .257 .012 .092 .120 .035 .356 .01
3 LP (L) .875 A79 234 498 .109 .20 .835 507 .037 .379 .490 .102|.290 .124 .219 .17d .206 .180 .065 .16
N LP (R) .881 .479 A9 837 428 453 959 936 .643 530 .865 .305| .407 585 .389 .171 .425 370 .031 .51
PCC 358 234 .192 645 748 H13 990 .964 594 930 .996 .329]| .223 .439 .752 242 652 .463 .008 .39
S| Lat(L) 737 .498 .837 .645 >9099 69 .795 962 .988 230 .618 .848].958 .918 .757 .59 .809 .027 .050 .35
M| Lat (R) 435 109 .428 .748 >.999 953 .800 .997 .991 557 .632 .936| .716 .614 936 .994 531 .037 .046 .14
N Sup 701 210 .453 513 .679 .953 517 815 .733 .776 945 .863| .716 .355 .861 .381 .085 .087 .066 .2§
ACC 905 835 959 990 .795 .800 .H17 >9099 >999 327 567 .570|.537 .825 .865 .37 553 .215 .814 .46
AINS (L) .083 507 .936 .964 .962 .997 .815 >.999 987 937 998 .998 1.996 .961 .927 .9271 .980 .790 .809 .84
AINS (R) .051 .037 .643 594 988 .991 .433 >.999 .987 985 998 .987|.989 .829 .851 .9832 .974 .769 .416 .64
lﬁ RPFC (L 936 .379 530 .90 .230 .B557 .Yr6 327 .937 .985 782 .758| 596 .934 .949 .339 .707 .070 .033 .11}
RPFC (R 399 490 .865 .96 .618 .632 P45 567 .998 .998 .782 .812| .817 .973 .976 .97p .977 .136 .267 .1
SMG (L) 115 102 .305 .349 .848 936 .63 570 .998 .987 .758 .812 969 957 997 .96 .995 235 .001 .11
SMG (R) 153 290 .407 .223 958 .716 .716 537 996 .989 596 .817 .969 637 .942 .893 .904 541 .099 .73}
FEF (L) 257 124 585 .439 918 .614 .355 .825 961 .829 934 973 .957| .637 969 991 824 .094 .012 .49
2 FEF (R) 012 219 .389 .7%2 .757 936 .61 .865 .927 .851 .949 976 .997| .942 .969 99fY 991 .693 .877 .74
N IPS (L) 092 170 .171 .242 597 994 381 .375 .927 .982 .339 .976 .965| .893 .991 .997 998 416 .002 .54
IPS (R) 120 206 425 .6%2 .809 531 .085 553 .980 .974 707 977 995 .904 .824 .991 .998 749 072 .94
LPFC (L) 035 .180 .370 .443 .027 .037 .087 .215 .790 .769 .070 .136 .235] .541 .094 .693 .41p .749 703 .47
E PPC (L) 356 .065 .031 .0I8 050 .046 .p66 .814 .809 .416 .033 .267 .001| .099 .012 .877 .00p .072 .703 .63
N LPFC (R 019 .162 .518 .389 .358 .163 .284 467 .849 .648 .111 .199 .119| .719 490 .789 .56p .944 475 .635
PPC (R) 884 119 .347 .1p8 .745 .092 .pPO7 .990 .998 513 .465 .796 .12 .027 .140 .369 .110 .054 .331
ADDreviations: ALL . Anterior cingulate cortex, AINS. Insula, . | W . u W .

FPN: Fronto Parietal Network, IPS: Intraparietal sulcas; Lateral Sensorimotor Cortex, LP: Lateral

paridtBE-C: Lateral prefrontal cortex,

MPFC: Medial prefrontal cortex, PCC: Posterior cingutaigex, PPC: Posterior parietal Cortex, RPFC: Roptedtontal cortex, SMG: Supramarginal gyrus, SMN:
Sensorimotor network, SN: Salience network, Sup: Sup8gasorimotor Cortex.
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Supplementary Table 76.

Summary of p-values of one-tailed t-tests of the diffuseor growth pattern group > healthy control group during ihgind movement for right hemispheric tumors.

DMN

SMN SN DAN FPN

LP LP Lat Lat AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS |LPFC PPC LPFC PPC

ROIMPFE ) ® Pl ® ™[0 ®m 0 ® O RO R O E|lOL O ® ®
MPFC 907 991 . 776 .005 .002 .092 .107 <.001 <.001 .002 .002 .004| .001 .076 .044 <.001 <.001 .101 .905 .0f
3 LP (L) .907 991 528 .314 .158 .4p9 .498 .306 .028 270 .074 .029|.093 .134 .616 .084 .079 .395 .809 .12
N LP (R) 991 991 546 474 208 H77 740 .279 .016 .065 .191 .075| .152 .240 .483 .290 .266 .193 .811 .18
PCC 776 528 .546 010 .001 426 .019 .014 <001 .076 .075 .001] .007 .120 .246 .00 .065 .190 .119 .04
S| Lat(L) .005 .314 .474 .010 >009 114 .386 .856 .998 242 539 .997 p.999 .862 .642 .64 .939 676 .348 .06
M| Lat (R) .002 .158 .208 .0Q1 >.999 H14 607 .988 .999 283 .585 >.999[.999 919 .706 .997 .988 .551 .456 21H
N Sup 092 409 577 .4%26 .114 514 167 597 816 .904 905 .888| .980 .789 912 .403 .447 .137 .010 .04
ACC 107 498 740 .09 .38 .607 .167 889 992 020 .150 .805].951 .907 .845 .47Q .817 .101 .188 .02
AINS (L)| <.001 .306 .279 .014 .856 .988 .97 .889 970 985 859 >999|.992 996 .950 .993 >.999 .891 .536 428
AINS (R)] <.001 .028 .016 <.0Q1 .998 .999 .816 .992 .970 .865 .955 >999 .999 .990 .908 >.999 >.999 .701 .44647 .741
lﬁ RPFC (L 002 270 .065 .0f6 .242 .283 .904 .020 .985 .865 189 .925| 995 .990 .998 .954 999 207 .190 .0}
RPFC (R 002 .074 .191 .0Y5 539 .585 P05 .150 .859 .955 .189 9441 955 983 .980 .99p .999 778 .451 4
SMG (L) 004 .029 .075 .001 .997 >.999 .88 .805 >.999 >999 925 .944 > 000 .999 .947 >.999 >.999 456 2431 .071
SMG (R) .001 .093 .152 .007 >.999 >999 .980 .951 .992 >999 995 955 >.999 999 997 >.999 >.999 408 24287 .009
FEF (L) 076 .134 .240 .130 .862 .919 .189 .907 .996 .990 .990 .983 .999] .999 994 999 998 .797 .170 .48
2 FEF (R) .044 616 .483 .246 .642 .706 .912 .845 .950 .908 .998 .980 .947| .997 .994 994 966 .792 .706 .23
N IPS (L) | <001 .087 .290 .008 .647 .997 .403 .470 .993 >.999 .954 .990 >.999(>.999 .999 .994 995 700 .006 .00H
IPS(R)| <.001 .079 .266 .065 .939 .988 .447 .817 >.999 >.999 .999 .999 >.999 >.999 .998 .966 .995 722 7865 .003
LPFC (L) 101 395 193 .190 .676 551 137 .101 .891 .701 .207 .778 .456] .408 .797 .792 .70 .722 937 .64
E PPC (L) 905 .809 .811 .119 .348 .456 .10 .188 .536 .647 .190 .451 .131| .237 .170 .706 .00p .065 .937 .44

N LPFC (R 036 .127 .187 .081 .068 .327 .26 .020 .255 .447 017 .496 .240| .242 .482 .235 .094 .787 .648 .465
PPC (R) 914 888 .786 .347 .203 .215 .p15 452 .468 .747 524 635 .07 .008 .051 .101 .08 .003 .761 .899 .9
ADDreviations: ALL . Anterior cingulate cortex, AINS. Insula, . | W s mlﬁ]mwork, FEF. Frontal eye Tield,

FPN: Fronto Parietal Network, IPS: Intraparietal sulcas; Lateral Sensorimotor Cortex, LP: Lateral paridtBE-C: Lateral prefrontal cortex,
MPFC: Medial prefrontal cortex, PCC: Posterior cingutaigex, PPC: Posterior parietal Cortex, RPFC: Roptedtontal cortex, SMG: Supramarginal gyrus, SMN:
Sensorimotor network, SN: Salience network, Sup: Sup8gasorimotor Cortex.
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Supplementary Table 77.
Summary of p-values of one-tailed t-tests of the diffuseor growth pattern group > healthy control group durirtgfideit movement for right hemispheric tumors.

DMN SMN

SN DAN FPN
LP LP Lat Lat AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS |LPFC PPC LPFC PPC
ROIMPFE ) ® Pl ® ™[0 ®m 0 ® O RO R O E|lOL O ® ®
MPFC 292 809 .100 520 414 685 564 .859 .720 .148 .080 .539| .481 .389 .071 .38% .138 .583 .864 .47
3 LP (L) .292 260 .014 543 .688 .4p4 919 918 1915 875 .712 .605|.455 .399 .228 .394 .243 949 932 .80
N LP (R) .809 .260 337 942 361 .298 422 746 .698 413 .324 .429| .437 .154 .003 .09¢ .235 .842 .781 .63
PCC 100 .014 .337 973 927 959 873 .688 .745 960 .634 .787| .454 741 .383 .911 .532 444 444 .49
S| Lat(L) 520 543 942 973 990 55 918 .284 .760 .758 .709 .767]1.994 749 .813 .62 .698 .201 .354 .68
M| Lat (R) 414 688 .361 .937 .990 77 930 757 756 .821 .386 .952| .684 .833 .802 .882 .123 .832 .952 .49
N Sup 685 454 298 .9%9 575 777 756 .389 901 914 996 .947| .969 .740 971 .369 .626 .479 .209 .63
ACC 564 919 422 843 .918 930 .156 968 900 .223 .037 .855].921 .752 506 .9849 .918 587 .836 .42
AINS (L) 859 918 .746 .688 .284 .757 .389 .968 544 934 565 774 |.992 .872 .963 .884 .905 .884 .896 .82
AINS (R) 720 915 .698 .745 .760 .756 .901 .900 .544 990 .816 .530].921 .989 .869 .903 .949 .884 .585 .84
lﬁ RPFC (L 148 875 .413 960 .758 .821 .914 223 .934 .990 141 .858| .879 .993 .915 978 981 .640 .841 .34
RPFC (R 080 .712 .324 684 .709 .386 .p96 .037 .565 .816 .141 .864| .789 .999 .946 .98f .907 518 .832 .0
SMG (L) 539 605 429 .7847 .767 952 947 855 .774 530 .858 .864 .888 .970 .972 .92 .983 .239 .043 .50
SMG (R) 481 455 437 4%4 994 684 969 921 992 921 879 .789 .888 998 .936 .941 .959 406 .462 .5}
FEF (L) 389 .399 .154 741 749 .833 .f40 .752 .872 .989 993 .999 .970] .998 998 981 .997 270 .028 .74
2 FEF (R) 071 .228 .003 .383 .813 .802 .971 .506 .963 .869 915 .946 .972| .936 .998 >099 >999 908 .756 .7
N IPS (L) 385 .394 096 911 620 .882 .369 .986 .884 .903 .978 .987 .926] .941 .981 >.999 991 .167 .040 .75
IPS (R) 138 243 235 532 .698 .123 .26 .918 .905 .949 981 .907 .983| .959 .997 >.999 .991 494 570 .97
LPFC (L) 583 .949 842 .444 201 .832 479 587 .884 .884 .640 .518 .239] .406 .270 .908 .16y .494 922 54
E PPC (L) 864 932 .781 .444 354 952 P09 .836 .896 .585 .841 .832 .043| .462 .028 .756 .04p .570 .922 .84
N LPFC (R 473 802 .637 .484 680 .493 .37 .423 .827 .866 .367 .096 .505| .510 .768 .722 .759 .924 543 .887
PPC (R) 560 .740 551 .0B9 .961 927 .A07 .823 990 .936 .887 .743 .958 .866 586 624 546 633 .721
ADDreviations: ALL . Anterior cingulate cortex, AINS. Insula, . | W . .

FPN: Fronto Parietal Network, IPS: Intraparietal sulcis; Lateral Sensorimotor Cortex, LP: Lateral parldIBFC Lateral prefrontal cortex,
MPFC: Medial prefrontal cortex, PCC: Posterior cingutaigex, PPC: Posterior parietal Cortex, RPFC: Roptedtontal cortex, SMG: Supramarginal gyrus, SMN:
Sensorimotor network, SN: Salience network, Sup: Sup8gasorimotor Cortex.
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Supplementary Table 78.
Summary of p-values of one-tailed t-tests of the diffuseor growth pattern group > healthy control group during fimdit movement for right hemispheric tumors.

DMN

SMN SN DAN FPN

LP LP Lat Lat AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS |LPFC PPC LPFC PPC

ROIMPFE ) ® Pl ® ™[0 ®m 0 ® O RO R O E|lOL O ® ®
MPFC 815 982 999 230 .392 .858 513 .131 .114 924 .083 .341| .437 .374 .416 .783% .492 431 .895 .14
3 LP (L) .815 914 65 .815 .908 811 .825 827 .280 989 .642 .684|.728 .866 .386 .97 .931 .816 .716 .49
N LP (R) 982 914 940 979 982 981 .981 .947 597 968 .765 .970|.789 .968 .830 .994 874 .823 572 .33
PCC 999 657 .940 736 675 .163 530 .929 .154 656 .365 .288] .130 .464 .230 .72% .357 .706 .572 .2(
S| Lat(L) 230 .815 979 .736 >009 944 891 .758 .953 .344 991 .938].959 .902 994 .751 .988 540 .647 .97
M| Lat (R) 392 908 .982 .65 >.999 842 401 927 914 700 .795 935| .797 .605 969 .92% .885 .894 .969 .94
N Sup 858 .841 .981 .763 .944 842 301 513 246 .308 .608 .802| .665 .491 .985 .911 .638 .679 .598 .2§
ACC 513 825 981 530 .891 .401 .301 748 .700 .161 .022 .311|.631 .662 .976 .700 .633 902 .961 .73
AINS (L) 131 .827 947 929 758 927 H13 .748 309 144 179 582 1.944 .880 >999 955 .944 810 .872 .74
AINS (R) 114 280 .597 .184 953 914 446 .700 .309 .184 520 .652|.848 .736 .854 559 .651 972 .945 95
lﬁ RPFC (L 924 989 968 .6%6 .344 700 .B08 .161 .144 .184 .014 .201| .765 .733 .689 .49¢ .638 .812 .955 .64
RPFC (R 083 .642 .765 .35 .991 .795 .p08 .022 .179 .520 .014 432 .740 947 .880 .77p .818 .764 .965 5
SMG (L) 341 684 970 .288 .938 .935 .02 .311 .582 652 .201 .432 811 .650 .991 .73Q .876 .539 523 .72
SMG (R) 437 728 .789 .130 959 797 .665 .631 .944 848 .765 .740 .811 .882 .938 .850 .797 .805 .357 .87%
FEF (L) 374 866 .968 .444 902 .605 491 .662 .880 .736 .733 .947 .650| .882 943 999 980 .921 924 .88
2 FEF (R) 416 386 .830 .280 .994 969 .985 976 >.999 .854 .689 .880 .991| .938 .943 >099 989 .761 .979 .6]
N IPS (L) 788 975 994 735 757 925 911 .707 955 559 496 .770 .730] .850 .999 >.999 982 .708 .475 .95
IPS (R) 492 931 874 .3%7 .988 .885 .38 .633 .944 651 .638 .818 .876| .797 .980 .989 .98p 877 .813 .9§
LPFC (L) 431 816 .823 .76 540 .894 .79 .902 .810 .972 .812 .764 .539] .805 .921 .761 .708 .877 986 .93
E PPC (L) 895 716 572 572 647 969 598 .961 .872 .945 955 965 .b23| .357 .924 979 .47p .813 .986 .8(

N LPFC (R 155 495 335 202 972 949 P87 .739 .748 .959 642 555 .729| .874 .882 .625 951 .984 931 .801
PPC (R) 768 587 .239 .147 982 953 .B0O8 .966 .918 .975 959 923 .805 .171 .498 .699 .695 .494 907 .757 .8
ADDreviations: ALL . Anterior cingulate cortex, AINS. Insula, . | W s mlﬁ]mwork, FEF. Frontal eye Tield,

FPN: Fronto Parietal Network, IPS: Intraparietal sulcas; Lateral Sensorimotor Cortex, LP: Lateral paridtBE-C: Lateral prefrontal cortex,
MPFC: Medial prefrontal cortex, PCC: Posterior cingutaigex, PPC: Posterior parietal Cortex, RPFC: Roptedtontal cortex, SMG: Supramarginal gyrus, SMN:
Sensorimotor network, SN: Salience network, Sup: Sup8gasorimotor Cortex.
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Supplementary Table 79.
Summary of p-values of one-tailed t-tests of the diffuseor growth pattern group > healthy control group duringaermovement for right hemispheric tumors.

DMN SMN SN DAN FPN
LP LP Lat Lat AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS |LPFC PPC LPFC PPC
ROIMPFE ) ® Pl ® ™[0 ®m 0 ® O RO R O E|lOL O ® ®

MPFC 029 024 516 .088 .637 .931 .862 .944 977 960 .984 .312| .674 .946 .995 951 .992 818 .355 >.99
3 LP (L) .029 064 57p .022 .120 5p9 .858 595 645 939 .863 .769|.575 .401 .428 569 .474 718 .807 .92
N LP (R) .024 .064 290 .061 544 396 570 .243 631 963 .899 .745| .826 .776 .079 584 513 .700 .683 .91
PCC 516 575 .290 120 115 295 985 474 611 986 .778 .969]| .721 .702 .145 .42¢ .B557 552 712 .76
S| Lat(L) .088 .022 .061 .120 .018 548 423 .447 .123 .800 526 .142].599 .088 .687 .731 .392 .392 455 49
M| Lat (R) 637 .120 544 1315 .018 2831 235 112 .667 .360 .246 .049)| .740 .039 .389 .159 .229 .171 .406 .37
N Sup 931 529 .396 .295 548 .231 620 .282 544 690 .370 .406| .253 513 .093 .802 .807 .345 .704 .2§
ACC 862 .858 570 .985 .423 .235 .420 <.001 .006 .891 .449 .100]|.027 .128 .147 .61Q .078 .972 .992 .42
AINS (L) 944 595 243 4714 447 112 .282 <.001 042 026 .011 .048 |.024 .024 .009 .071 .003 .320 .399 .00
AINS (R) 977 645 631 .611 .123 .667 .544 .006 .042 .379 .071 .088|.050 .212 .362 .191 .106 .869 .968 .14
lﬁ RPFC (L 960 .939 963 986 .800 .360 .90 .891 .026 .379 271 .420]| .446 .217 .009 562 .059 975 .915 .53
RPFC (R 984 863 .899 .7Y8 526 .246 .B70 .449 .011 .071 .271 .198| .038 .054 .007 .12 .043 .940 .930 .4
SMG (L) 312 769 745 .949 .142 .049 .406 .100 .048 .088 .420 .198 035 .050 .047 .214 .054 .736 .983 .51
SMG (R) 674 575 .826 .721 599 .740 .253 .027 .024 .050 .446 .038 .035 177 .341 100 .069 .843 .993 .19
FEF (L) 946 401 .776 .72 .088 .039 %13 .128 .024 .212 217 .054 .050]| .177 174 .017 .002 .388 .742 .10
2 FEF (R) 995 428 .079 .145 .687 .389 .093 .147 .009 .362 .009 .007 .047| .341 .174 027 .029 .048 .494 .0}
N IPS (L) 951 569 584 .436 .731 .159 .§02 .610 .071 .191 562 .126 .214| .100 .017 .027 .066 .404 930 .24
IPS (R) 992 474 513 5%7 .392 229 807 .078 .003 .106 .059 .043 .054| .069 .002 .029 .06p .388 .870 .04
LPFC (L) 818 .718 .700 .52 .392 .171 .345 972 .320 .869 975 .940 .736] .843 .388 .048 .404 .388 110 .65
E PPC (L) 355 807 .683 .712 455 406 .f04 992 .399 .968 915 .930 .983| .993 .742 .494 93p .870 .110 .61

N LPFC (R} >.999 925 .977 .761 .492 .320 .256 .422 .003 .147 531 .478 .511] .187 .102 .015 .276 .064 .657 .677
PPC (R) 334 831 .811 .815 .680 .429 .[69 .164 .001 .117 .225 347 973 .911 991 .612 950 .857 524 614 .2

ADDreviations: ALL . Anterior cingulate cortex, AINS. Insula, . | W s mlﬁ]mwork, FEF. Frontal eye Tield,

FPN: Fronto Parietal Network, IPS: Intraparietal sulcas; Lateral Sensorimotor Cortex, LP: Lateral paridtBE-C: Lateral prefrontal cortex,
MPFC: Medial prefrontal cortex, PCC: Posterior cingutaigex, PPC: Posterior parietal Cortex, RPFC: Roptedtontal cortex, SMG: Supramarginal gyrus, SMN:
Sensorimotor network, SN: Salience network, Sup: Sup8gasorimotor Cortex.
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Supplementary Table 80.
Summary of p-values of one-tailed t-tests of the hgaltimtrol group > uniform tumor growth pattern group duringhHahd movement for right hemispheric tumors.

DMN

SMN SN DAN FPN

LP LP Lat Lat AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS |LPFC PPC LPFC PPC

ROIMPFE ) ® Pl ® ™[0 ®m 0 ® O RO R O E|lOL O ® ®
MPFC 036 .311 479 945 985 987 .206 .772 .864 808 .892 .740| .431 .510 .368 .911 .943 .855 .059 .81
3 LP (L) .036 330 .20B 903 .999 9p4 .001 .257 900 .304 670 .940|.853 .692 .759 954 971 742 357 .74
N LP (R) 311 .330 S513 295 518 187 .024 .012 .266 .057 .155 .304| .657 556 .603 .349 564 .447 .765 .50
PCC 479 208 513 956 995 990 .062 .166 .812 .338 .878 .994| 531 516 .398 989 .999 772 451 9]
S| Lat(L) 945 903 .295 .956 116 .2p4 315 426 .182 .103 .308 .385].302 .440 .014 .39 543 .884 .978 .92
M| Lat (R) 985 999 518 995 .116 A2 704 .083 .140 402 .214 .194)| .220 .498 .024 .336 .591 938 .992 .84
N Sup 987 964 .187 990 .294 452 966 .261 .250 .684 .332 .316| .337 .582 .140 .499 .606 .959 .983 .94
ACC 206 .001 .024 .042 .315 .704 966 005 .115 727 968 .385|.244 .755 614 959 934 954 .860 .97
AINS (L) 772 .257 .012 .166 .426 .083 .261 .005 466 <.001 .041 .027 |.001 .342 .499 .250 .134 .169 .344 .13
AINS (R) 864 900 .266 .812 .182 .140 .450 .115 .466 .013 .020 .085]|.022 .322 .345 .363 .138 .691 .929 .69
lﬁ RPFC (L 808 .304 .057 .338 .103 .402 .684 .727 <.001 .013 555 .003| .032 .385 .846 .328 .285 973 .940 .99
RPFC (R 892 .670 .155 .8Y8 .308 .214 .B32 .968 .041 .020 .555 .102| .102 .654 .740 .11p .002 .850 .827 .5¢
SMG (L) 740 940 .304 994 .385 .194 316 .385 .027 .085 .003 .102 .038 .072 529 .181 .107 .019 .699 .94
SMG (R) 431 .853 .657 531 .302 .220 .337 .244 001 .022 .032 .102 .038 318 .487 .45% .667 671 .928 .94
FEF (L) 510 .692 556 516 .440 .498 882 755 .342 .322 .385 .654 .072] .318 046 242 459 728 .894 .94
2 FEF (R) 368 .759 .603 .398 .014 .024 .140 .614 .499 .345 846 .740 .529| .487 .046 172 314 708 .984 .94
N IPS (L) 911 954 349 989 .395 .336 499 .959 250 .363 .323 .111 .181)| .4A55 242 .172 013 673 .996 .79
IPS (R) 943 971 564 999 543 591 606 .934 .134 .138 .285 .002 .107| .667 .459 .314 .01B 583 973  .3(
LPFC (L) 855 742 447 742 884 938 .959 954 .169 .691 973 .850 .019] .671 .728 .708 .67 .583 378 .94
E PPC (L) 059 357 .765 .4%1 978 992 983 .860 .344 929 940 .827 .699| .928 .894 .984 .99 .973 .378 .83

N LPFC (R 819 747 508 .912 926 .847 929 977 .134 .698 994 565 .949| .943 966 .994 .79 .300 .945 .837
PPC (R) .013 .162 .463 .1B9 .780 .930 .91 .373 .065 523 .697 587 .909 .945 .850 .999 987 .994 411 .027 .2
ADDreviations: ALL . Anterior cingulate cortex, AINS. Insula, . | W s mlﬁ]mwork, FEF. Frontal eye Tield,

FPN: Fronto Parietal Network, IPS: Intraparietal sulcas; Lateral Sensorimotor Cortex, LP: Lateral paridtBE-C: Lateral prefrontal cortex,
MPFC: Medial prefrontal cortex, PCC: Posterior cingutaigex, PPC: Posterior parietal Cortex, RPFC: Roptedtontal cortex, SMG: Supramarginal gyrus, SMN:
Sensorimotor network, SN: Salience network, Sup: Sup8gasorimotor Cortex.
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Supplementary Table 81.
Summary of p-values of one-tailed t-tests of the healtimtrol group > uniform tumor growth pattern group duringtrighnd movement for right hemispheric tumors.
DMN SMN SN DAN FPN

LP LP Lat Lat AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS |LPFC PPC LPFC PPC
RODIMPEC 'y m Pl ® ™[0 ® O ® O Rl ® O el O ® ®

MPFC 945 491 72 666 .795 .55 .909 .925 964 .651 .875 .598| .851 .262 .789 .57% .757 .693 .112 .57

3 LP (L) .945 498 53f .854 961 .7p5 .280 .653 .973 .673 .982 .362|.689 .387 .226 .544 .684 .742 .281 .81
N LP (R) 491 498 229 614 776 455 .027 719 .720 .070 .222 .321|.512 .437 .454 414 .491 641 .299 .59
PCC 722 537 .229 668 .766 .80 .235 550 .841 361 .725 .298| .574 .279 510 .28% .493 .584 .404 .82

S| Lat (L) .666 .854 .614 .648 .010 .2p2 .142 .118 .004 .312 .344 .300]|.153 .287 .005 .304 .172 .399 .945 .91
M| Lat (R) 795 961 .776 .766 .010 A58 200 .161 .018 .235 240 .182|.047 .351 .021 .08 .056 .430 .844 .99
N Sup .655 705 .455 .60 .252 .158 155 .026 .003 .054 .233 .622| .097 .509 .003 .09% .105 .304 .940 .93
ACC 909 .280 .027 .235 .142 .200 .155 .011 .005 .100 .358 .039|.011 .096 .086 .01 .229 .342 .732 .63
AINS (L)] .925 .653 .719 550 .118 .161 .026 .011 346 .016 .127 .071 |.023 .013 .021 .03q .108 .208 .384 .86
AINS (R)] .964 .973 .720 .841 .004 .018 .JO3 .005 .346 .035 .005 .060]|.002 .008 .085 .004 .012 .394 .299 .70

s RPFC (L .651 .673 .070 .3¢1 .312 .235 .054 .100 .016 .035 957 .126| .273 .024 .086 .082 .570 .618 .877 .94
RPFC (R 875 .982 222 .7p5 .344 240 .p33 .358 .127 .005 .957 3091 .131 415 .216 .12p .272 .877 .911 .74
SMG (L)] .598 .362 .321 .298 .300 .182 .22 .039 .071 .060 .126 .309 .004 .209 .396 .02Q .068 .066 .666 .39
SMG (R)] .851 .689 .512 574 .153 .047 .Q97 .011 .023 .002 .273 .131 .004 139 .090 .081 .240 .457 .863 .64
FEF (L) 262 .387 437 .2{9 .287 .351 .509 .096 .013 .008 .024 .415 .209( .139 .038 .057 .550 .193 .931 .89

2 FEF (R) 789 .226 .454 510 .005 .021 .p0O3 .086 .021 .085 .086 .216 .396| .090 .038 .00 .016 .492 .997 .9]
N IPS (L) 578 546 416 .285 .304 .088 .95 .013 .036 .002 .082 .126 .020| .081 .057 .003 .058 .296 .989 .93
IPS (R) 757 684 491 493 172 056 .105 .229 .108 .012 570 .272 .068| .240 .550 .016 .05 568 .979 .8]
LPFC (L)) .693 .742 .641 .584 .399 430 .304 .342 .208 .394 .618 .877 .066| .457 .193 .492 .29 .568 111 .87

E PPC (L) A12 281 299 404 945 844 940 .732 .384 .299 877 911 .666| .863 .931 .997 .98 .979 111 iy

N LPFC (R 522 818 .590 .826 .913 .930 .926 .635 .862 .705 941 .748 .364| .668 .890 .976 .93p .876 .870 .471
PPC (R) 059 638 .711 .1p7 .964 951 P26 .620 .636 .529 .626 .623 .472 .844 932 .993 .9q7 .977 923 .185 4

N O © O [m®

Abbreviations. ACC: ANMETNOr cmgulate coriex, AINS. nsulg, : [ WOTK, DMN: Defaul Modetwork, FEF. Frontal eye ferd,
FPN: Fronto Parietal Network, IPS: Intraparietal sulcas; Lateral Sensorimotor Cortex, LP: Lateral paridtBE-C: Lateral prefrontal cortex,
MPFC: Medial prefrontal cortex, PCC: Posterior cingutaigex, PPC: Posterior parietal Cortex, RPFC: Roptedtontal cortex, SMG: Supramarginal gyrus, SMN:
Sensorimotor network, SN: Salience network, Sup: Sup8gasorimotor Cortex.
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Supplementary Table 82.
Summary of p-values of one-tailed t-tests of the healtimtrol group > uniform tumor growth pattern group duringft movement for right hemispheric tumors.
DMN SMN SN DAN FPN

LP LP Lat Lat AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS |LPFC PPC LPFC PPC
RODIMPEC 'y m Pl ® ™[0 ® O ® O Rl ® O el O ® ®

MPFC 147 582 502 992 999 .987 .898 .846 .984 696 .969 .476|.819 .990 .633 .93% .985 .980 .669 .9(

3 LP (L) 147 348 .84 721 .880 .90 .493 .864 .960 .545 946 .507|.694 .891 .554 .824 .974 905 .793 .95
N LP (R) .582 .348 819 .667 .897 244 .104 .717 .673 .323 552 .502| .507 .560 .783 .494 .543 615 .210 .53
PCC 502 .847 .819 .892 879 .47 .564 825 872 710 .796 .834| 924 752 .871 .73] .944 637 .893 .7§

S| Lat (L) 992 721 .667 .892 .616 .4y0 .042 .078 .046 .092 .222 .002|.182 .142 .304 .074 .260 .564 .918 .91
M| Lat (R) 999 .880 .897 .8Y9 .616 503 .094 366 .471 .306 .323 .046|.968 .193 .139 .20§ .549 949 958 .99
N Sup 987 910 .244 .847 .470 .503 119 283 341 .082 .223 .163| .587 .546 .164 .257 .308 579 .667 .99
ACC .898 493 .104 .54 .042 .094 .119 274 684 588 .383 .020|.114 .133 .577 .014 .104 470 .830 .90
AINS (L)] .846 .864 .717 .82 .078 .366 .283 .274 453 294 133 .186 |.090 .423 .454 .11§ .367 .221 .242 .19
AINS (R)] .984 .960 .673 .82 .046 .471 .341 .684 .453 .621 .079 .053|.099 .468 .156 .024 .088 .339 .437 .87

lﬁ RPFC (L 696 545 323 .710 .092 .306 .0p82 .588 .294 .621 .648 .429] 560 .169 .256 .33 .582 .675 .681 .96
RPFC (R 969 946 552 .7P6 .222 .323 .p23 .383 .133 .079 .648 .045] .015 .445 .360 .07 .174 550 .882 .8
SMG (L)| .476 507 .502 .834 .002 .046 .163 .020 .186 .053 .429 .045 .004 .316 .758 .11Q .042 .231 .573 .54
SMG (R)] .819 .694 .507 .924 .182 968 .%87 .114 .090 .099 .560 .015 .004 A73 629 241 874 222 .186 .1(
FEF (L) 990 .891 .560 .792 .142 193 .%46 .133 .423 .468 .169 .445 .316| .473 .049 .123 .255 .643 .881 .85

2 FEF (R) .633 .554 783 .871 .304 .139 .164 577 .454 .156 .256 .360 .758| .629 .049 315 276 568 .927 .9(
N IPS (L) 935 .822 .494 737 .074 .208 .257 .016 .113 .022 .333 .073 .110| .241 .123 .315 .083 437 .968 .74

IPS (R) 985 974 543 944 260 .549 .B08 .104 .367 .088 .582 .174 .042| .874 .255 .276 .08B 387 719 .44
LPFC (L)) .980 .905 .615 .637 .564 949 579 .470 .221 .339 .675 .550 .231| .222 .643 .568 .43 .387 460 .95

P PPC (L) .669 .793 .210 .893 .918 .958 .67 .830 .242 .437 .681 .882 .573| .186 .881 .927 .968 .719 .460 7]
8

4

N LPFC (R 909 957 632 .7%2 912 995 955 905 .199 .824 961 .853 .540| .104 .852 .907 .76 .465 .950 .715
PPC (R) 307 549 206 .3p8 .991 >999 P22 .988 .998 .976 .960 .582 .988 .928 .704 .847 .97 878 .652 .090 .1

Abbreviations. ACC: ANMETNOr cmgulate coriex, AINS. nsulg, : [ WOTK, DMN: Defaul Modetwork, FEF. Frontal eye ferd,
FPN: Fronto Parietal Network, IPS: Intraparietal sulcas; Lateral Sensorimotor Cortex, LP: Lateral paridtBE-C: Lateral prefrontal cortex,
MPFC: Medial prefrontal cortex, PCC: Posterior cingutaigex, PPC: Posterior parietal Cortex, RPFC: Roptedtontal cortex, SMG: Supramarginal gyrus, SMN:
Sensorimotor network, SN: Salience network, Sup: Sup8gasorimotor Cortex.
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Supplementary Table 83.

DMN

Summary of p-values of one-tailed t-tests of the healtimtrol group > uniform tumor growth pattern group duringtrigbt movement for right hemispheric tumors.
SMN

SN DAN FPN
LP LP Lat Lat AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS |LPFC PPC LPFC PPC
ROIMPFE ) ® Pl ® ™[0 ®m 0 ® O RO R O E|lOL O ® ®

MPFC 026 .023 664 931 .852 .85 .752 938 .886 .752 .829 .774| .877 .970 552 908 .874 678 .125 .83
3 LP (L) .026 010 578 912 952 8p1 520 .852 .811 971 936 .826|.883 .932 .756 .894 .793 .420 .207 .70
N LP (R) .023 .010 657 912 956 .830 .398 .815 535 .680 .821 .670|.887 .953 .646 .78% .883 .436 .251 .67
PCC 664 578 .657 414 363 .71 .331 .230 .536 .897 .712 .364| .855 .867 .464 .449 .404 400 .736 .86
S| Lat(L) 931 912 1912 .414 013 .3p1 525 .187 .135 .638 .262 .242|.150 .224 .220 .469 .164 .927 .936 .59
M| Lat (R) 852 952 956 .33 .013 201 452 118 .071 .696 .148 .154| .152 .106 .306 .46 .175 987 .973 .7
N Sup 865 .851 .830 .771 .361 .201 336 .324 072 .487 .080 .066| .050 .903 .448 .439 556 .955 .968 .91
ACC 752 520 .398 .331 525 452 .336 193 .048 587 541 .382|.351 .485 987 574 246 984 .985 .90
AINS (L) 938 .852 .815 .230 .187 .118 .324 .193 .098 .097 .165 .001 |.028 .370 .565 .129 .033 .550 .900 .68
AINS (R) 886 811 535 536 .135 .071 .Q72 .048 .098 .149 001 .032|.019 .036 .060 .13 .272 .324 .921 .80
lﬁ RPFC (L 752 971 .680 .897 .638 .696 487 587 .097 .149 908 .045| .240 5552 .782 .784 515 .981 .983 .99
RPFC (R 829 936 .821 .712 .262 .148 P80 .541 .165 .001 .908 .059|<.001 .293 .404 .15p .083 .988 .991 .9
SMG (L) 774 826 .670 .34 .242 .154 .(Q66 .382 .001 .032 .045 .059 035 .058 .142 .12 .007 .040 .823 .10
SMG (R) 877 .883 .887 .8%5 .150 .152 .50 .351 .028 .019 .240 <.001 .035 109 493 388 .011 930 .983 .74
FEF (L) 970 .932 953 847 .224 .106 .903 .485 .370 .036 .Bb52 .293 .058] .109 259 343 .796 574 954 .68
2 FEF (R) 552 756 .646 .464 220 .306 .448 .987 .565 .060 .782 .404 .142| .493 .259 40% 414 838 .896 .94
N IPS (L) 908 .894 .785 .449 469 .467 439 574 129 .136 .784 .156 .125| .388 .343 .405 132 684 994 54
IPS (R) 874 793 .883 .404 .164 .175 .56 .246 .033 .272 515 .083 .007| .011 .796 .414 .13p 530 .855 .2}
LPFC (L) 678 420 .436 .40 927 987 955 .984 550 .324 981 .988 .040] .930 574 .838 .68# .530 784 .63
E PPC (L) 125 207 251 786 936 .973 968 .985 900 .921 983 .991 .823| .983 .954 .896 .994 .855 .784 .29

N LPFC (R 832 .700 .676 .864 594 703 .913 904 .689 .803 .998 .993 .102| .760 .681 .968 .54 .272 .626 .296
PPC (R) .059 .125 195 416 928 .945 P96 .973 990 .863 .931 956 .919 .998 .831 .965 998 .948 .677 .138 .3

ADDreviations: ALL . Anterior cingulate cortex, AINS. Insula, . | W s mlﬁ]mwork, FEF. Frontal eye Tield,

FPN: Fronto Parietal Network, IPS: Intraparietal sulcas; Lateral Sensorimotor Cortex, LP: Lateral paridtBE-C: Lateral prefrontal cortex,
MPFC: Medial prefrontal cortex, PCC: Posterior cingutaigex, PPC: Posterior parietal Cortex, RPFC: Roptedtontal cortex, SMG: Supramarginal gyrus, SMN:
Sensorimotor network, SN: Salience network, Sup: Sup8gasorimotor Cortex.
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Supplementary Table 84.

DMN

SMN

Summary of p-values of one-tailed t-tests of the hgaltimtrol group > uniform tumor growth pattern group duringytenmovement for right hemispheric tumors.

SN DAN FPN
LP LP Lat Lat AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS |LPFC PPC LPFC PPC
ROIMPFE ) ® Pl ® ™[0 ®m 0 ® O RO R O E|lOL O ® ®

MPFC 256 539 780 .882 .643 H7/0 .477 956 .903 .630 .944 .830| .953 .762 905 .64% .854 719 .172 .74
3 LP (L) .256 523 798 .027 .012 .4p9 .066 .100 .549 159 411 .755|.546 .624 .815 .099 .430 .328 .435 .6YH
N LP (R) 539 523 90 .029 .334 511 .030 .117 .278 .072 .317 .644| .369 .066 .372 .079 .306 .283 .598 .54
PCC 780 .793 .902 061 .141 H98 .183 .152 .296 .478 .349 .813]| .985 .677 .560 .229 .494 581 .834 .76
S| Lat(L) 882 .027 .029 .041 040 .3B2 539 .806 .193 .343 .191 .2911].179 .45 0912 .16 .325 .668 .651 .48
M| Lat (R) 643 .012 .334 .141 .040 A7 394 341 280 .079 544 .082) .937 .182 .856 .02% .684 .139 .591 .33
N Sup 570 469 511 598 332 .157 720 .878 574 766 .754 .185| .427 .487 .632 .418 502 .920 .900 .84
ACC A77 .066 .030 .13 539 .394 120 222 301 909 989 .860].439 .287 .846 .699 .603 .729 .043 .96
AINS (L) 956 .100 .117 .152 .806 .341 .78 .222 154 038 .041 503 |.178 .736 .642 .167 .175 .186 .187 .30
AINS (R) 903 549 278 .296 .193 .280 .74 .301 .154 .065 .009 .293|.012 .197 .389 .01 .005 .685 .279 .2A4
lﬁ RPFC (L 630 .159 .072 .478 .343 .079 .fe6 .909 .038 .065 .800 .409| .209 .608 .828 .278 .112 .637 .335 .94
RPFC (R 944 411 317 .349 191 544 |54 989 .041 .009 .800 .140| .137 517 .674 .16 .160 571 .643 .91}
SMG (L) 830 .755 .644 813 .291 .082 .185 .860 .503 .293 .409 .140 313 .811 .868 .214 .371 477 .844 .27
SMG (R) 953 546 .369 985 .179 937 427 439 .178 .012 .209 .137 .313 724 570 .353 521 322 .779 .14
FEF (L) 762 .624 066 .647 545 .182 487 .287 .736 .197 .608 .517 .811| .724 454 266 .219 .987 976 .71
2 FEF (R) 905 .815 .372 560 912 856 .632 .846 .642 .389 .828 .674 .868| .570 .454 852 671 .928 .939 .97
N IPS (L) 645 099 .079 .239 .166 .025 418 .699 .167 .010 .278 .161 .214| .353 .266 .852 174 831 .962 .54
IPS (R) 854 430 .306 .494 325 .684 .02 .603 .175 .005 .112 .160 .371| .521 .219 .671 .174 174 963 .17
LPFC (L) 719 328 .283 581 .668 .139 920 .729 .186 .685 .637 571 .477| .322 987 .928 .83L .174 139 .51
E PPC (L) 172 435 598 884 651 591 900 .043 .187 .279 .335 .643 .844| .779 .976 .939 .96 .963 .139 .34

N LPFC (R 760 654 541 .7¢8 .485 .339 825 .968 .305 .263 967 .928 .272| .199 .775 .973 54 .17/75 511 .364
PPC (R) 564 576 902 998 .788 .999 P97 .494 .239 .364 478 .710 .94 .917 .893 .770 .81 .889 .097 .023 .5

ADDreviations: ALL . Anterior cingulate cortex, AINS. mm@mwom, FEF. Frontal eye Tield,

FPN: Fronto Parietal Network, IPS: Intraparietal sulcas; Lateral Sensorimotor Cortex, LP: Lateral paridtBE-C: Lateral prefrontal cortex,
MPFC: Medial prefrontal cortex, PCC: Posterior cingutaigex, PPC: Posterior parietal Cortex, RPFC: Roptedtontal cortex, SMG: Supramarginal gyrus, SMN:
Sensorimotor network, SN: Salience network, Sup: Sup8gasorimotor Cortex.
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Supplementary Table 85.

DMN

SMN

Summary of p-values of one-tailed t-tests of the unifarmor growth pattern group > healthy control group durifigiend movement for right hemispheric tumors.

SN DAN FPN
LP LP Lat Lat AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS |LPFC PPC LPFC PPC
ROIMPFE ) ® Pl ® ™[0 ®m 0 ® O RO R O E|lOL O ® ®

MPFC 964 689 521 055 .015 .013 .794 228 .136 .192 .108 .260| .569 .490 .632 .089 .057 .145 941 .19
3 LP (L) 964 670 .79 .097 .001 .0B6 .999 .743 .100 .696 .330 .060|.147 .308 .241 .04q .029 .258 .643 .25
N LP (R) .689 .670 487 705 482 813 976 .988 .734 943 845 .696| .343 .444 397 .651 .436 553 .235 .49
PCC 521 792 .487 .044 005 .0J10 .938 .834 .188 .662 .122 .006]| .469 .484 .602 .011 .001 .228 .549 .09
S| Lat(L) .055 .097 .705 .044 884 .7p6 .685 574 818 .897 .692 .615]|.698 560 .986 .60 .457 .116 .022 .07
M| Lat (R) 015 .001 .482 .05 .884 M8 296 917 .860 598 .786 .806|.780 .502 .976 .664 .409 .062 .008 .15
N Sup .013 .036 .813 .010 .706 .548 034 739 .750 .316 .668 .684| .663 .418 .860 .501 .394 .041 .017 .0}
ACC 794 999 976 .938 .685 .296 .034 995 885 273 .032 .615|.756 .245 .386 .041] .066 .046 .140 .02
AINS (L) 228 743 988 .83 574 917 .4139 .995 534 >999 959 973 [1.999 .658 501 .750 .866 .831 .656 .86
AINS (R) 136 100 .734 .188 .818 .860 .450 .885 .534 987 980 .915]|.978 .678 .655 .634 .862 .309 .071 .30
li RPFC (L 192 696 .943 662 .897 .598 .B16 .273 >.999 .987 445 997| 968 .615 .154 .67Y .715 .027 .060 .0(
RPFC (R 108 .330 .845 .1p2 692 .786 .p68 .032 .959 980 .445 .898| .898 .346 .260 .88p .998 .150 .173 4
SMG (L) 260 .060 .696 .006 .615 .806 .484 .615 .973 .915 997 .898 962 .928 471 .819 .893 .981 .301 .08
SMG (R) 569 147 .343 469 .698 .780 .663 .756 .999 .978 968 .898 .962 .682 .513 .54% .333 .329 .072 .0§
FEF (L) 490 .308 .444 484 560 502 418 .245 .658 .678 .615 .346 .928] .682 954 758 541 272 .106 .03
2 FEF (R) 632 241 .397 602 .98 .976 .60 .386 .501 .655 .154 .260 .471] .513 .954 828 .686 .292 .016 .0¢
N IPS (L) 089 .046 .651 .011 .605 .664 501 .041 .750 .637 .677 .889 .819| .545 .758 .828 987 .327 .004 .20
IPS (R) 057 .029 .436 .001 .457 .409 .B394 .066 .866 .862 .715 .998 .893| .333 .541 .686 .987 417 .027 .7
LPFC (L) 145 258 553 248 .116 .062 .41 .046 .831 .309 .027 .150 .981| .329 272 .292 .32y .417 .622 .0§
E PPC (L) 941 643 .235 549 022 .008 .p17 .140 .656 .071 .060 .173 .301| .072 .106 .016 .00 .027 .622 .14

N LPFC (R 181 253 492 .088 .074 .153 .71 .023 .866 .302 .006 .435 .051| .057 .034 .006 .20p .700 .055 .163
PPC (R) 987 .838 .537 .81 .220 .070 .p09 .627 .935 477 .303 .413 .091 .055 .150 .001 .03 .006 .589 973 .7

ADDreviations: ALL . Anterior cingulate cortex, AINS. Insula, . | W s mlﬁ]mwork, FEF. Frontal eye Tield,

FPN: Fronto Parietal Network, IPS: Intraparietal sulcas; Lateral Sensorimotor Cortex, LP: Lateral paridtBE-C: Lateral prefrontal cortex,
MPFC: Medial prefrontal cortex, PCC: Posterior cingutaigex, PPC: Posterior parietal Cortex, RPFC: Roptedtontal cortex, SMG: Supramarginal gyrus, SMN:
Sensorimotor network, SN: Salience network, Sup: Sup8gasorimotor Cortex.
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Supplementary Table 86.

DMN

SMN

Summary of p-values of one-tailed t-tests of the unifarmor growth pattern group > healthy control group durigigt thand movement for right hemispheric tumors.

SN DAN FPN
LP LP Lat Lat AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS |LPFC PPC LPFC PPC
ROIMPFE ) ® Pl ® ™[0 ®m 0 ® O RO R O E|lOL O ® ®

MPFC 055 509 278 .334 205 .345 .091 .075 .036 .349 .125 .402]| .149 .738 .211 .422 .243 .307 .888 .47
3 LP (L) .055 502 468 .146 .039 .2p5 .720 .347 .027 .327 .018 .638|.311 .613 .774 .454 .316 .258 .719 .18
N LP (R) 509 502 g7 386 224 H45 973 .281 .280 930 .778 .679| .488 563 .546 .584 509 .359 .701 .41
PCC 278 463 771 332 234 320 .765 .450 .159 639 .275 .702] .426 .721 .490 .71% .507 .416 .596 .17%
S| Lat(L) 334 .146 .386 .332 990 .748 .858 .882 996 .688 .656 .700].847 .713 .995 .69 .828 .601 .055 .08
M| Lat (R) 205 .039 .224 234 990 842 800 .839 982 765 .760 .818) .953 .649 .979 912 .944 570 .156 .07
N Sup 345 295 545 320 .748 .842 845 974 997 946 .767 .378| .903 .491 997 .90% .895 .696 .060 .07
ACC 091 .720 973 .7d5 .858 .800 .445 989 995 900 .642 .961]|.989 .904 914 98791 .771 658 .268 .36
AINS (L) 075 .347 .281 .450 .882 .839 .974 .989 .654 984 873 .929 |.977 .987 .979 .964 .892 .792 .616 .13
AINS (R) 036 .027 .280 .19 .996 .982 997 .995 .654 965 995 940].998 .992 915 998 .988 .606 .701 .29
li RPFC (L 349 327 930 .639 .688 .765 .946 .900 .984 .965 .043 .874| .727 .976 .914 918 .430 .382 .123 .0§
RPFC (R 125 .018 .778 .2V5 .656 .760 .67 .642 .873 .995 .043 .691| .869 585 .784 874 .728 .123 .089 .2
SMG (L) 402 638 .679 .702 .700 .818 .378 .961 929 940 .874 .691 996 .791 .604 .98Q .932 .934 .334 .63
SMG (R) 149 311 .488 .426 .847 953 903 .989 977 .998 .727 .869 .996 861 .910 .919 .760 543 .137 .33
FEF (L) 738 613 563 .731 713 .649 491 904 .987 .992 976 .585 .791] .861 962 943 450 .807 .069 .11
2 FEF (R) 211 774 546 490 995 979 997 .914 979 915 914 .784 .604| .910 .962 997 .984 508 .003 .04
N IPS (L) 422 454 584 715 .696 .912 905 .987 .964 .998 918 .874 .980| .919 .943 .997 942 704 .011 .04
IPS (R) 243 316 509 507 .828 944 895 .771 .892 .988 430 .728 .932| .760 .450 .984 .94p 432 .021 .13
LPFC (L) 307 .258 .359 .416 .601 570 .696 .658 .792 .606 .382 .123 .934| .543 .807 .508 .704 .432 .889 .13
E PPC (L) .888 719 .701 596 .055 .156 .60 .268 .616 .701 .123 .089 .334| .137 .069 .003 .01p .021 .889 .53

N LPFC (R 478 .182 .410 .174 .087 .070 .74 .365 .138 .295 059 .252 .636| .332 .110 .024 .06p .124 130 .529
PPC (R) 941 362 .289 .8¥3 .036 .049 .p74 .380 .364 .471 374 377 .52 .156 .068 .007 .033 .023 .077 .815 .5

ADDreviations: ALL . Anterior cingulate cortex, AINS. Insula, . | W s mlﬁ]mwork, FEF. Frontal eye Tield,

FPN: Fronto Parietal Network, IPS: Intraparietal sulcas; Lateral Sensorimotor Cortex, LP: Lateral paridtBE-C: Lateral prefrontal cortex,
MPFC: Medial prefrontal cortex, PCC: Posterior cingutaigex, PPC: Posterior parietal Cortex, RPFC: Roptedtontal cortex, SMG: Supramarginal gyrus, SMN:
Sensorimotor network, SN: Salience network, Sup: Sup8gasorimotor Cortex.
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Supplementary Table 87.

DMN

Summary of p-values of one-tailed t-tests of the unifarmor growth pattern group > healthy control group durifigdet movement for right hemispheric tumors.
SMN

SN DAN FPN
LP LP Lat Lat AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS |LPFC PPC LPFC PPC
ROIMPFE ) ® Pl ® ™[0 ®m 0 ® O RO R O E|lOL O ® ®

MPFC 853 .418 498 .008 .001 .013 .102 .154 .016 .304 .031 .524| .181 .010 .367 .06% .015 .020 .331 .09
3 LP (L) .853 652 .158 .279 .120 .0p0 .507 .136 .040 .455 054 .493|.306 .109 .446 .174 .026 .095 .207 .04
N LP (R) 418 .652 A81 .333 .103 .76 .896 .283 .327 .677 448 .498| .493 .440 .217 .50¢ .457 .385 .790 .44
PCC 498 153 .181 108 121 453 436 .175 .128 290 .204 .166]| .076 .248 .129 .263 .056 .363 .107 .24
S| Lat(L) .008 .279 .333 .108 384 B5B0 .958 .922 954 908 .778 .998|.818 .858 .696 .92 .740 .436 .082 .08
M| Lat (R) 001 .120 .103 .131 .384 497 906 .634 529 694 677 .954) .032 .807 .861 .792 .451 .051 .042 .00
N Sup 013 .090 .756 .1%3 530 .497 .881 .717 659 918 777 .837| .413 454 836 .743 .692 .421 .333 .04
ACC 102 507 .896 .436 .958 906 .§81 726 .316 412 617 980 |.886 .867 .423 984 .896 530 .170 .09
AINS (L) 154 136 .283 .17 922 .634 /7 .726 547 706 .867 .814 |.910 .577 546 .887 .633 .779 .758 .80
AINS (R) 016 .040 .327 .148 .954 529 .59 .316 .547 379 921 947 | .901 532 .844 978 .912 .661 .563 .17
lﬁ RPFC (L 304 455 677 .290 .908 .694 918 412 .706 .379 352 571)| .440 .831 .744 667 .418 .325 .319 .04
RPFC (R 031 .054 .448 .24 778 .677 .[Yr7r7vr .617 .867 .921 .352 955 .985 555 .640 .92y .826 .450 .118 .14
SMG (L) 524 493 498 .146 .998 954 437 .980 .814 947 571 955 996 .684 .242 .89(Q .958 .769 .427 .48
SMG (R) 181 .306 .493 .06 .818 .032 .413 .886 .910 .901 .440 .985 .996 527 371 759 .126 .778 .814 .89
FEF (L) 010 .109 .440 .248 .858 .807 .454 867 577 .532 .831 .555 .684| .527 951 871 .745 357 .119 .14
2 FEF (R) 367 446 217 .129 .696 .861 .36 .423 .546 .844 744 640 .242| .371 .951 68% .724 432 .073 .04
N IPS (L) 065 .178 506 .23 926 .792 743 984 .887 .978 .667 .927 .890| .759 .877 .685 917 563 .032 .23
IPS (R) 015 .026 .457 .0%6 .740 .451 .92 .896 .633 .912 418 .826 .958| .126 .745 .724 91y 613 .281 .53
LPFC (L) 020 .095 .385 .3g3 .436 .051 421 530 .779 .661 .325 450 .769| .778 .357 .432 .56B .613 540 .0§
E PPC (L) 331 .207 .790 .107 .082 .042 .B33 .170 .758 .563 .319 .118 .427| .814 .119 .073 .03 .281 .540 .28

N LPFC (R 091 .043 .468 .248 .088 .005 .45 .095 .801 .176 .039 .147 .460| .896 .148 .093 .23 .535 .050 .285
PPC (R) 693 451 .704 .6B2 .009 <.001 .p78 .012 .002 .024 .040 .418 .012 .072 .296 .153 .0246 .122 .348 .910 .8

ADDreviations: ALL . Anterior cingulate cortex, AINS. Insula, . | W s mlﬁ]mwork, FEF. Frontal eye Tield,

FPN: Fronto Parietal Network, IPS: Intraparietal sulcas; Lateral Sensorimotor Cortex, LP: Lateral paridtBE-C: Lateral prefrontal cortex,
MPFC: Medial prefrontal cortex, PCC: Posterior cingutaigex, PPC: Posterior parietal Cortex, RPFC: Roptedtontal cortex, SMG: Supramarginal gyrus, SMN:
Sensorimotor network, SN: Salience network, Sup: Sup8gasorimotor Cortex.
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Supplementary Table 88.

DMN

SMN

Summary of p-values of one-tailed t-tests of the unifarmor growth pattern group > healthy control group durigigt ioot movement for right hemispheric tumors.

SN DAN FPN
LP LP Lat Lat AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS |LPFC PPC LPFC PPC
ROIMPFE ) ® Pl ® ™[0 ®m 0 ® O RO R O E|lOL O ® ®

MPFC 974 977 336 .069 .148 135 .248 .062 .114 248 .171 .226| .123 .030 .448 .092 .126 .322 .875 .14
3 LP (L) 974 990 .42p .088 .048 .149 .480 .148 .189 .029 .064 .174|.117 .068 .244 .104 .207 580 .793 .30
N LP (R) 977 .990 343 .088 .044 .10 .602 .185 .465 .320 .179 .330| .113 .047 .354 .21% .117 564 .749 .33
PCC 336 .422 .343 586 637 429 669 .770 .464 .103 .288 .636]| .145 .133 536 .551 .596 .600 .264 .11
S| Lat(L) .069 .088 .088 .586 987 6B9 475 .813 865 .362 .738 .758].850 .776 .780 .531] .836 .073 .064 .40
M| Lat (R) 148 .048 .044 .637 .987 799 548 882 929 304 .852 .846).848 .894 694 533 .825 .013 .027 .29
N Sup 135 149 170 .229 639 .799 664 676 .928 513 920 .934| .950 .097 .552 561 .444 .045 .032 .0§
ACC 248 480 .602 .649 .475 548 .464 807 952 413 459 .618|.649 515 .013 .429 .754 016 .015 .09
AINS (L) 062 .148 .185 .770 .813 .882 .76 .807 902 903 .835 .999 |.972 .630 .435 .871 .967 .450 .100 .31
AINS (R) 114 189 465 .444 .865 .929 928 952 .902 851 999 968 .981 .964 .940 .864 .728 .676 .079 .19
lﬁ RPFC (L 248 .029 .320 .1¢3 .362 .304 513 .413 .903 .851 092 .955| .760 .448 .218 .216 .485 .019 .017 .0(
RPFC (R 171 .064 179 .288 .738 .852 P20 .459 835 .999 .092 .9411>.999 .707 .596 .844 917 .012 .009 .0
SMG (L) 226 174 330 .636 .758 .846 .934 .618 .999 .968 955 .941 965 .942 858 .87 .993 960 .177 .89
SMG (R) 123 117 113 145 .850 .848 950 .649 972 981 .760 >.999 .965 891 .507 .61%2 .989 .070 .017 .24
FEF (L) 030 .068 .047 .133 .776 .894 .97 515 .630 .964 .448 .707 .942] .891 741 657 .204 426 .046 .31
2 FEF (R) 448 244 354 536 .780 .694 B52 .013 .435 940 .218 .596 .858| .507 .741 59% 586 .162 .104 .03
N IPS (L) 092 .106 .215 541 531 533 .61 .426 .871 .864 .216 .844 .875| .612 .657 .595 .868 .316 .006 .45
IPS (R) 126 207 117 596 .836 .825 444 754 967 .728 .485 917 .993| .989 .204 .586 .86B 470 145 .73
LPFC (L) 322 580 .564 .60 .073 .013 .045 .016 .450 .676 .019 .012 .960] .070 .426 .162 .31p .470 216 .31
E PPC (L) 875 793 .749 264 .064 .027 .32 .015 .100 .079 .017 .009 .177| .017 .046 .104 .00p .145 .216 TG

N LPFC (R 168 .300 .324 .136 .406 .297 087 .096 .311 .197 .002 .007 .898| .240 .319 .032 .45p .728 .374 .704
PPC (R) 941 875 .805 584 .072 .055 .po4 .027 .010 .137 .069 .044 .081 .002 .169 .035 .02 .052 .323 .862 .6

ADDreviations: ALL . Anterior cingulate cortex, AINS. Insula, . | W s mlﬁ]mwork, FEF. Frontal eye Tield,

FPN: Fronto Parietal Network, IPS: Intraparietal sulcas; Lateral Sensorimotor Cortex, LP: Lateral paridtBE-C: Lateral prefrontal cortex,
MPFC: Medial prefrontal cortex, PCC: Posterior cingutaigex, PPC: Posterior parietal Cortex, RPFC: Roptedtontal cortex, SMG: Supramarginal gyrus, SMN:
Sensorimotor network, SN: Salience network, Sup: Sup8gasorimotor Cortex.
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Supplementary Table 89.

Summary of p-values of one-tailed t-tests of the unifarmor growth pattern group > healthy control group durimgte movement for right hemispheric tumors.
SMN

DMN

SN DAN FPN
LP LP Lat Lat AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS |LPFC PPC LPFC PPC
ROIMPFE ) ® Pl ® ™[0 ®m 0 ® O RO R O E|lOL O ® ®

MPFC 744 461 220 .118 357 430 523 .044 .097 .370 .056 .170| .047 .238 .095 .35% .146 .281 .828 .24
I\Ij LP (L) 744 A77 20 973 .988 5B1 934 900 451 841 589 .245|.454 376 .185 .90) .570 .672 .565 .34
N LP (R) 461 477 098 971 666 .489 970 .883 .722 928 .683 .356|.631 .934 .628 .921 .694 717 .402 .45
PCC 220 .207 .098 939 859 402 .817 .848 .704 522 651 .187] .015 .323 .440 .771 .506 .419 .166 .23
S| Lat(L) 118 973 971 .939 960 .6p8 .461 .194 807 .657 .809 .709].821 .455 .088 .834 .675 .332 .349 .51
M| Lat (R) 357 .988 .666 .849 .960 843 606 .659 .720 921 .456 .918) .063 .818 .144 97% .316 .861 .409 .64
N Sup 430 531 .489 .4(02 .668 .843 280 .122 426 .234 246 .815| .573 513 .368 .58 .498 .080 .100 .1}
ACC 523 934 970 .817 .461 .606 .480 778 699 091 .011 .140]|.561 .713 .154 .3013 .397 .271 .957 .03
AINS (L) .044 900 .883 .848 .194 .659 122 .778 846 962 959 497 |.822 .264 .358 .833 .825 .814 .813 .69
AINS (R) 097 451 722 .704 .807 .720 .426 .699 .846 935 991 .707].988 .803 .611 .99Q .995 .315 .721 .73
li RPFC (L 370 .841 928 522 657 .921 .234 .091 .962 .935 200 .591| .791 .392 .172 .72% .888 .363 .665 .03
RPFC (R 056 .589 .683 .6b1 .809 .456 .p46 .011 .959 991 .200 .860| .863 .483 .326 .83p .840 .429 .357 .0
SMG (L) 170 245 356 .17 .709 .918 .415 .140 .497 .707 .591 .860 687 .189 .132 .78 .629 523 .156 .72
SMG (R) 047 454 631 .015 .821 .063 .%73 561 .822 988 .791 .863 .687 276 .430 .64T7 .479 678 .221 .8(
FEF (L) 238 376 .934 .333 455 818 .13 .713 .264 .803 .392 .483 .189] .276 546 734 .781 .013 .024 .24
2 FEF (R) 095 .185 .628 .440 .088 .144 .368 .154 .358 .611 .172 .326 .132| .430 .546 148 329 .072 .061 .04
N IPS (L) 355 901 921 .741 .834 975 .82 .301 .833 .990 .722 .839 .786| .647 .734 .148 826 .169 .038 .45
IPS (R) 146 570 .694 506 .675 .316 498 .397 .825 .995 .888 .840 .629| .479 .781 .329 .82pb .826 .037 .83
LPFC (L) 281 .672 .717 .4319 332 .861 .080 .271 .814 .315 .363 .429 .523| .678 .013 .072 .16 .826 .861 .48
E PPC (L) 828 565 .402 .166 .349 409 .100 .957 .813 .721 .65 .357 .156| .221 .024 .061 .03 .037 .861 .63

N LPFC (R 240 346 459 232 515 661 .175 .032 .695 .737 .033 .072 .728| .801 .225 .027 .454 .825 .489 .636
PPC (R) 436 424 098 .0p2 .212 .001 .p0O3 506 .761 .636 .522 290 .05 .083 .107 .230 .149 .111 903 .977 4

ADDreviations: ALL . Anterior cingulate cortex, AINS. Insula, . | W s mlﬁ]mwork, FEF. Frontal eye Tield,

FPN: Fronto Parietal Network, IPS: Intraparietal sulcas; Lateral Sensorimotor Cortex, LP: Lateral paridtBE-C: Lateral prefrontal cortex,
MPFC: Medial prefrontal cortex, PCC: Posterior cingutaigex, PPC: Posterior parietal Cortex, RPFC: Roptedtontal cortex, SMG: Supramarginal gyrus, SMN:
Sensorimotor network, SN: Salience network, Sup: Sup8gasorimotor Cortex.
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Supplementary Table 90.
Summary of p-values of one-tailed t-tests of the unifarmor growth pattern group > diffuse tumor growth pattern gohurmg left hand movement for right hemispheric

tumors.
DMN SMN SN DAN FPN
LP LP Lat Lat AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS |LPFC PPC LPFC PPC
ROIMPFE ) ® Pl ® ™[0 ®m 0 ® O RO R O E|lOL O ® ®
MPFC 826 .807 .12 .080 .066 .026 .231 576 .366 .096 .246 .522| .954 442 849 .33% .148 415 770 .74
3 LP (L) .826 742 80p .002 .006 .22 .320 .219 .274 427 175 .340|.371 .119 .624 .074 .088 575 .803 .49
N LP (R) .807 .742 923 .135 .097 .643 504 514 259 480 .110 .795| .675 .492 835 530 .261 560 .385 .04
PCC 125 802 .923 012 .003 .155 .080 .268 .221 .217 .019 .618] .911 .458 .481 .452 .039 .361 .862 .19
S| Lat(L) .080 .002 .135 .032 117 384 777 .047 .186 981 .898 .831].362 .307 .974 .459 .195 .282 .157 .29
M| Lat (R) 066 .006 .097 .03 .117 2b7 584 121 .278 .809 .806 .787)|.734 .726 .901 .32% .345 203 .134 .29
N Sup 026 .212 .643 .1%5 .344 257 030 .757 .767 .136 .133 .625| .957 .624 .466 .56$ 976 .071 .489 .15
ACC 231 .320 .504 .00 .777 .584 .Q30 582 .059 315 .719 .656|.725 .189 .193 .24 367 .166 .171 .74
AINS (L) 576 .219 514 268 .047 .121 .7/57 .582 246 .849 604 .140|.345 .184 573 .17 472 371 .456 .65
AINS (R) 366 274 259 .241 .186 .278 .467 .059 .246 355 309 .531]|.486 .501 .737 .44 685 .467 .560 .58
lﬁ RPFC (L 096 427 .480 .217 .981 .809 .136 .315 .849 .355 533 .743| .619 .162 .123 .48 407  .126 .138 .22
RPFC (R 246 .175 .110 .09 .898 .806 .I33 .719 .604 .309 533 .695| .411 .201 .155 .29 648 425 .308 .6]
SMG (L) 522 340 .795 618 .831 .787 .25 .656 .140 531 .743 .695 765 .344 432 .66 552 935 .958 .29
SMG (R) 954 371 .675 911 .362 .734 957 725 .345 486 .619 .411 .765 720 .513 .b2 311 505 .745 .01}
FEF (L) 442 119 492 .48 307 .726 .624 .189 .184 .501 .162 .201 .344)] .720 654 299 .780 .241 .286 .24
2 FEF (R) 849 624 835 481 974 901 466 .193 573 .737 .123 .155 .432| 513 .654 377 .320 .761 .709 2§
N IPS (L) 335 .077 530 .42 456 .325 568 .241 .179 .441 486 .296 .665| .528 .299 .377 739 .020 .414 .04
IPS (R) 148 .088 .261 .089 .195 .345 976 .367 .472 .685 .407 .648 .552| .311 .780 .320 .73P 133 .390 .0}
LPFC (L) 415 575 560 .3¢1 .282 .203 .071 .166 .371 .467 .126 425 935] 505 .241 .761 .02p .133 .307 .48
E PPC (L) 770 .803 .385 .862 .157 .134 489 .171 .456 560 .138 .308 .958| .745 .286 .709 .414 .390 .307 .34
N LPFC (R 746 495 063 .180 .292 285 .150 .740 .654 583 .229 .626 .295| .016 .266 .254 .06Pp .074 .483 .365
PPC (R) 594 810 .410 .70 .B587 .738 .p28 .436 .23 .765 .302 .248 .722 821 365 348 .654 505
ADDreviations: ALL . Anterior cingulate cortex, AINS. Insula, . | W .

FPN: Fronto Parietal Network, IPS: Intraparietal sulcis; Lateral Sensorimotor Cortex, LP: Lateral parldIBFC Lateral prefrontal cortex,
MPFC: Medial prefrontal cortex, PCC: Posterior cingutaigex, PPC: Posterior parietal Cortex, RPFC: Roptedtontal cortex, SMG: Supramarginal gyrus, SMN:
Sensorimotor network, SN: Salience network, Sup: Sup8gasorimotor Cortex.
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Supplementary Table 91.

Summary of p-values of one-tailed t-tests of the unifarmor growth pattern group > diffuse tumor growth pattern gohurmg right hand movement for right hemispheric
tumors.

DMN SMN SN DAN FPN

LP LP Lat Lat AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS |LPFC PPC LPFC PPC
RODIMPEC 'y m Pl ® ™[0 ® O ® O Rl ® O el O ® ®

MPFC 583 578 .238 914 681 .898 .674 .830 .804 .758 .897 .776|.838 .837 .976 .964 .939 488 .530 .8(
3 LP (L) .583 508 .08p .373 .366 .72 .649 .274 437 216 .262 .647|.550 .789 .804 .61 .478 .293 .735 .02
N LP (R) .578 .508 634 483 716 662 .709 .173 599 .704 .750 .684| .664 .899 .937 .613 .653 .880 .727 .20
PCC 238 .085 .634 900 .973 .901 914 832 .864 462 543 .959| .826 .883 .751 .95] .825 373 .492 2§
S| Lat (L) 914 373 .483 .900 311 .6p5 .794 .300 .311 904 .447 .326|.086 .735 .940 .883 .356 .324 .333 .61
M| Lat (R) .681 .366 .716 .93 .311 A79 794 420 .686 971 .863 .400|.854 .736 .986 .673 .716 .846 .548 .48
N Sup .898 712 .662 .901 .625 .479 679 .870 .933 520 .259 .486| .554 .292 575 .794 .700 .848 .903 .71
ACC 674 649 .709 914 .794 .794 479 761 .626 .948 393 .771|.419 520 .895 .864 .398 .861 .452 .96
AINS (L)] .830 .274 .173 832 .300 .420 .g470 .761 .166 .687 .386 .024 |.149 .777 .895 .22 .134 .124 .368 .25
AINS (R)] .804 .437 .599 .84 .311 .686 .933 .626 .166 877 764 .172|.512 .947 .839 .604 .491 .207 .414 .4}
s RPFC (L 758 .216 .704 462 904 971 .%20 .948 .687 .877 .245 .701| .040 .338 .852 .42% .123 .737 .189 .7}
RPFC (R 897 .262 .750 .5#3 .447 863 .p59 .393 .386 .764 .245 .353| .262 .098 .686 .43 .206 .265 .104 .7
SMG (L)| .776 647 .684 959 .326 .400 .486 .771 .024 .172 .701 .353 .266 .048 .607 .28 .266 .708 .582 .3§
SMG (R)] .838 .550 .664 .826 .086 .854 .%54 419 .149 512 .040 .262 .266 302 185 027 .131 446 .217 .14
FEF (L) .837 .789 .899 .883 .735 .736 .492 .520 .777 .947 338 .098 .048( .302 401 .602 .210 .770 .831 .25
2 FEF (R) 976 .804 .937 .7%1 .940 .986 .b75 .895 .895 .839 .852 .686 .607| .185 .401 872 .704 908 .456 .71
N IPS (L) 964 .618 .613 991 .883 .672 .94 .864 .220 .607 .422 431 .285| .027 .602 .872 312 512 739 .47
IPS (R) 939 478 .653 .85 .356 .716 .f0O0O .398 .134 .491 123 .206 .266| .131 .210 .704 .31p .705 .480 .21
LPFC (L) .488 .293 .880 .393 .324 .846 .848 .861 .124 .207 .737 .265 .708| .446 .770 .908 .51p .705 .601 .15
E PPC (L) 530 735 727 492 333 .548 .903 .452 .368 .414 189 .104 .582| .217 .831 .456 .73Pp .480 .601 .33

N LPFC (R .801 .028 .204 .2%0 .612 .486 .f71 .968 .251 .415 776 .735 .357| .165 .252 .710 .42p .219 .159 .336

PPC (R) 639 535 .396 .8p4 .099 .313 .B89 516 .091 .105 .429 .280 .72Q00 .435 .716 .856 .4715 .899 .395
u Wi .

Abbreviations. ACC: ANMETNOr cmgulate coriex, AINS. nsulg, : [ WOTK, .

FPN: Fronto Parietal Network, IPS: Intraparietal sulcas; Lateral Sensorimotor Cortex, LP: Lateral paridtBE-C: Lateral prefrontal cortex,

MPFC: Medial prefrontal cortex, PCC: Posterior cingutaigex, PPC: Posterior parietal Cortex, RPFC: Roptedtontal cortex, SMG: Supramarginal gyrus, SMN:
Sensorimotor network, SN: Salience network, Sup: Sup8gasorimotor Cortex.
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Supplementary Table 92.

Summary of p-values of one-tailed t-tests of the unifarmor growth pattern group > diffuse tumor growth pattern gohuimg left foot movement for right hemispheric
tumors.

DMN SMN SN DAN FPN

LP LP Lat Lat AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS |LPFC PPC LPFC PPC
RODIMPEC 'y m Pl ® ™[0 ® O ® O Rl ® O el O ® ®

MPFC .892 576 .749 .152 231 .011 .751 .232 .106 .842 .347 .459| .533 .062 .556 .07¢ .279 .240 .038 .19

3 LP (L) .892 .885 .50p .715 .654 .2pP8 774 .206 .344 424 241 .466]|.766 .070 .331 .119 .713 486 .197 .09
N LP (R) .576 .885 236 482 886 .691 .979 .229 .733 482 527 .420|.799 551 .410 .59% .795 306 .138 .20
PCC 749 502 .235 153 272 470 575 198 497 .056 .179 .234| 435 .212 .052 .107 .433 .625 .151 .0f

S| Lat (L) 152 715 482 .193 .011 .1p1 .154 .609 .060 .112 .250 .792|.030 .447 .236 .12 .050 .778 .547 .48
M| Lat (R) .231 .654 .886 .22 .011 .036 .103 .187 .080 .051 .687 .525|.380 .214 .300 .063 .413 .330 .229 .57
N Sup 011 228 .691 .10 .111 .036 .008 .295 .040 .139 .156 .496| .078 .346 .279 .532 .106 .438 .734 .3§
ACC 751 774 979 5795 .154 .103 .Q08 194 097 .388 .586 .277|.210 .385 .521 .01§ .091 .881 .443 .42
AINS (L)] .232 .206 .229 .198 .609 .187 .295 .194 355  .104 .682 .424 |.011 .364 .438 .03§ .064 .665 .924 .73
AINS (R)|] .106 .344 .733 .497 .060 .080 .Q40 .097 .355 101 579 .746|.174 .158 .938 .1141 .090 .601 .968 .67

s RPFC (L 842 424 482 .0% .112 .051 .139 .388 .104 .101 317 .090| .043 .210 .670 .006 .005 .747 .243 .4}
RPFC (R 347 .241 527 .19 .250 .687 .JI56 .586 .682 .579 .317 .338| .610 .168 .849 .14p .671 .353 .159 .74
SMG (L)| .459 466 .420 .234 .792 525 .496 .277 .424 746 .090 .338 .706 .766 .261 .233 .215 .873 .980 .83
SMG (R)] .533 .766 .799 .435 .030 .380 .¢78 .210 .011 .174 .043 .610 .706 390 .670 .079 .021 .901 .990 .9}
FEF (L) .062 .070 .551 .212 447 214 .346 .385 .364 .158 .210 .168 .766( .390 182 .71¢ .349 .685 .693 .34

2 FEF (R) 556 .331 410 .0%2 .236 .300 .279 .521 .438 .938 .670 .849 .261| .670 .182 151 .306 .280 .121 .6]
N IPS (L) .070 .119 .595 .1Q97 .126 .062 .%32 .018 .033 .117 .006 .142 .232| .079 .716 .151 210 633 .739 .34

IPS (R) 279 713 795 433 .050 .413 .106 .091 .064 .090 .005 .671 .215] .021 .349 .306 .21
LPFC (L)) .240 .486 .306 .635 .778 .330 .438 .881 .665 .601 .747 .353 .873| .901 .685 .280 .63
P PPC (L) .038 .197 .138 .1%1 547 229 .Y34 .443 .924 968 .243 .159 .980| .990 .693 .121 .73p .892 .371 .19
N LPFC (R 130 .096 .205 .05 .486 .523 .B50 .420 .736 .676 .479 .749 .830| .917 .347 .674 .36/ .834 .106 .191
PPC (R) 391 801 .403 .7p4 198 311 .B95 .288 .020 .592 .016 .834 .2221 516 .683 .419 .428 .515 499 .889 5

588 .892 .8
.588 371 .1d

N © WO

Abbreviations. ACC: ANMETNOr cmgulate coriex, AINS. nsulg, : [ WOTK, DMN: Defaul Modetwork, FEF. Frontal eye ferd,
FPN: Fronto Parietal Network, IPS: Intraparietal sulcas; Lateral Sensorimotor Cortex, LP: Lateral paridtBE-C: Lateral prefrontal cortex,
MPFC: Medial prefrontal cortex, PCC: Posterior cingutaigex, PPC: Posterior parietal Cortex, RPFC: Roptedtontal cortex, SMG: Supramarginal gyrus, SMN:
Sensorimotor network, SN: Salience network, Sup: Sup8gasorimotor Cortex.
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Supplementary Table 93.

Summary of p-values of one-tailed t-tests of the unifarmor growth pattern group > diffuse tumor growth pattern gohuimg right foot movement for right hemispheric
tumors.

DMN SMN SN DAN FPN

LP LP Lat Lat AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS |LPFC PPC LPFC PPC
RODIMPEC 'y m Pl ® ™[0 ® O ® O Rl ® O el O ® ®

MPFC .651 .439 073 .495 .716 .13 421 .395 .243 326 .525 .482|.168 .086 .656 .11¢ .237 .559 .056 .39

3 LP (L) .651 .746 .08 .114 .083 .148 .110 .153 .433 .028 .080 .201].279 .081 .650 .024 .126 .054 .108 .41
N LP (R) 439 746 A7/ 051 050 .059 .080 .209 .576 .086 .132 .081|.337 .002 .859 .05¢ .107 .086 .315 .39
PCC .073 .085 .171 656 .902 .35 .291 .619 .922 121 .241 .844] 698 .085 .705 .374 .650 .037 .018 .18

S| Lat (L) 495 114 051 .696 .000 .0B7 .136 .726 .361 .612 .448 .433|.121 .226 .036 .204 .062 .025 .289 .12
M| Lat (R) .716 .083 .050 .902 .000 H23 767 .669 .693 375 .789 .380|.773 .553 .290 .06Q .705 <.001 .008 .01
N Sup 113 148 .059 .635 .087 .523 594 652 .881 .702 .882 .905| .977 .463 .193 .28 .583 .034 .367 .49
ACC 421 110 .080 .291 .136 .767 .594 953 .987 .343 .754 .823|.305 .338 .032 .304 .719 .057 .003 .07
AINS (L)] .395 .153 .209 .619 .726 .669 .52 .953 958 944 974 .906 |.650 .560 .128 .79§ .717 .118 .176 .28
AINS (R)] .243 .433 576 .942 .361 .693 .481 .987 .958 978 990 .950]|.556 .413 .888 .731 .632 .289 .435 .53

lﬁ RPFC (L 326 .028 .086 .121 .612 .375 .Y02 .343 .944 978 558 .909] .295 .243 .233 .490 .612 .045 .001 .0O(
RPFC (R 525 .080 .132 .21 .448 789 .B82 .754 974 .990 .558 .962| .668 .162 .326 .89p .851 .051 .038 .1
SMG (L)] .482 .201 .081 .844 433 .380 .905 .823 .906 .950 .909 .962 .827 968 .621 .434 779 492 .262 .5)
SMG (R)] .168 .279 .337 .698 .121 773 977 .305 .650 .556 .295 .668 .827 .852 529 .67 .912 .007 .205 .0}
FEF (L) .086 .081 .002 .085 .226 .553 .463 .338 .560 .413 .243 .162 .968| .852 .600 .381 .094 153 .113 .24

2 FEF (R) .656 .650 .859 .7¢05 .036 .290 .193 .032 .128 .888 .233 .326 .621| .529 .600 .031 .309 .160 .128 .18
N IPS (L) 116 .024 .056 .3{4 .202 .060 .288 .307 .798 .737 .490 .899 .434| 678 .381 .031 522 020 .236 .14

IPS (R) 237 126 .107 .6%0 .062 .705 .%83 .719 .717 .632 .612 .851 .779| .912 .094 .309 .52p 017 .181 .13
LPFC (L)) .559 .054 .086 .037 .025 <.001 .034 .057 .118 .289 .045 .051 .492| .007 .153 .160 .02p .017 .019 .02
P PPC (L) .056 .108 .315 .018 .289 .008 .B67 .003 .176 .435 .001 .038 .262| .205 .113 .128 .23p .181 .019 A
N LPFC (R 397 415 335 .10 .120 .076 438 .078 .282 .534 .006 .181 .510f .019 .247 .183 .16/ .129 .022 .400
PPC (R) .658 702 .834 .847 .015 .043 .p29 .015 .047 .317 .049 .166 .104 .198 .128 .101 .095 .188 .022 .187 .4

Abbreviations. ACC: ANMETNOr cmgulate coriex, AINS. nsulg, : [ WOTK, DMN: Defaul Modetwork, FEF. Frontal eye ferd,
FPN: Fronto Parietal Network, IPS: Intraparietal sulcas; Lateral Sensorimotor Cortex, LP: Lateral paridtBE-C: Lateral prefrontal cortex,
MPFC: Medial prefrontal cortex, PCC: Posterior cingutaigex, PPC: Posterior parietal Cortex, RPFC: Roptedtontal cortex, SMG: Supramarginal gyrus, SMN:
Sensorimotor network, SN: Salience network, Sup: Sup8gasorimotor Cortex.
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Supplementary Table 94.
Summary of p-values of one-tailed t-tests of the unifarmor growth pattern group > diffuse tumor growth pattern gohuimg tongue movement for right hemispheric

tumors.
DMN SMN SN DAN FPN
LP LP Lat Lat AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS |LPFC PPC LPFC PPC
ROIMPFE ) ® Pl ® ™[0 ®m 0 ® O RO R O E|lOL O ® ®
MPFC 225 166 .41 326 .742 7835 567 .287 .861 554 905 .398| 566 .426 .248 .701 .945 646 .231 .91
3 LP (L) 225 702 63p .789 874 9B4 971 671 .626 557 .769 .731]|.868 .509 .762 .764 .516 .651 .867 .85
N LP (R) 166  .702 A90 877 730 839 921 .723 613 930 .755 .608| .865 .898 .593 .769 .400 914 .642 .98
PCC 415 635 .190 441 345 463 .910 .339 .404 511 575 .299| .337 .255 222 .362 .235 .829 .615 .76
S| Lat(L) 326 .789 .877 .44 842 8pP1 259 .044 656 .223 438 .130]|.730 .090 .041 .749 .766 .299 .687 .67
M| Lat (R) 742 874 730 .345 842 862 587 .345 .861 .713 .146 .291| 517 .738 .405 .714 221 .686 .688 .65
N Sup 735 934 839 .663 .801 .862 531 .488 466 .348 .806 .322| .702 .464 .791 .879 .988 578 .877 .84
ACC 567 971 921 930 .259 587 331 .053 .388 536 .198 .281|.606 .361 .042 .724 .729 916 .981 .34
AINS (L) 287 671 .723 .339 .044 .345 488 .053 465 061 .128 .445 |.877 .100 .017 .21 .310 .121 .580 .03
AINS (R) 861 .626 .613 .404 .656 .861 .466 .388 .465 446 383 472 )| .964 .769 .791 934 .947 752 .997 .25
lﬁ RPFC (L 554 557 930 511 .223 713 .348 536 .061 .446 111 .486| .827 .292 .014 58)p .801 .670 .882 .04
RPFC (R 905 .769 .755 55 438 .146 .B06 .198 .128 .383 .111 .186| .228 .344 .038 .37f .329 .710 .778 .04
SMG (L) 398 731 .608 .299 .130 .291 322 .281 .445 472 486 .186 222 .290 .142 .089 .239 .308 .852 .12
SMG (R) 566 .868 .865 .337 .730 517 .702 .606 .877 .964 827 .228 .222 572 552 .44%2 474 687 .900 .34
FEF (L) 426 509 .898 .25 .090 .738 464 .361 .100 .769 .292 .344 .290| .572 426 6717 901 .316 .879 .44
2 FEF (R) 248 762 593 222 .041 .405 .¥Y91 .042 .017 .791 .014 .038 .142| 552 .426 199 632 .017 .509 .04
N IPS (L) 701 762 .769 .32 .746 .714 .§79 .724 210 .937 .B580 .377 .087| .442 677 .192 747 .348 773 .44
IPS (R) 945 516 .400 .285 .766 .221 988 .729 .310 .947 .801 .329 .239| .474 901 .632 .74y 921 .851 .8§
LPFC (L) 646 651 914 839 299 .686 .78 .916 .121 .752 670 .710 .308] .687 .316 .017 .348 .921 819 .74
E PPC (L) 231 .867 .642 615 .687 .688 .77 .981 580 .997 .882 .778 .852| .900 .879 .509 .778 .851 .819 .84
N LPFC (R 905 856 .984 .76¢4 674 656 .41 .341 .030 .251 .034 .047 .128| .343 .469 .049 .47p .850 .742 .850
PPC (R) 106 544 085 .20 .863 .174 .B21 .396 .338 .599 425 490 .593 .299 828 575 .76 .662 590 .584 4
ADDreviations: ALL . Anterior cingulate cortex, AINS. mm@mwom, FEF. Frontal eye Tield,

FPN: Fronto Parietal Network, IPS: Intraparietal sulcas; Lateral Sensorimotor Cortex, LP: Lateral paridtBE-C: Lateral prefrontal cortex,
MPFC: Medial prefrontal cortex, PCC: Posterior cingutaigex, PPC: Posterior parietal Cortex, RPFC: Roptedtontal cortex, SMG: Supramarginal gyrus, SMN:
Sensorimotor network, SN: Salience network, Sup: Sup8gasorimotor Cortex.
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Supplementary Table 95.
Summary of p-values of one-tailed t-tests of the diffuseor growth pattern group > uniform tumor growth pattern gaunng left hand movement for right hemispheric

tumors.
DMN SMN SN DAN FPN
LP LP Lat Lat AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS |LPFC PPC LPFC PPC
ROIMPFE ) ® Pl ® ™[0 ®m 0 ® O RO R O E|lOL O ® ®
MPFC 174 193 87 920 934 974 769 424 634 904 754 478 .046 558 .151 .66% .852 585 .230 .2§
3 LP (L) 174 258 198 998 994 .7B8 .680 .781 .726 573 .825 .660|.629 .881 .376 .923 .912 425 .197 .50
N LP (R) 193 .258 077 .865 903 .357 .496 .486 .741 520 .890 .205|.325 508 .165 .47 .739 .440 .615 .93
PCC 875 .198 .077 988 997 .45 920 .732 779 .783 .981 .382] .089 .542 519 548 .961 .639 .138 .84
S| Lat(L) 920 .998 .865 .998 883 .6p6 .223 .953 .814 .019 .102 .169]|.638 .693 .026 .544 805 .718 .843 .70
M| Lat (R) 934 994 903 .997 .883 M3 416 879 .722 191 .194 .213)| .266 .274 .099 .67% .655 .797 .866 .71
N Sup 974 788 .357 .845 656 .743 970 .243 233 .864 .867 .375| .043 .376 .534 .43%2 .024 929 511 .8%
ACC 769 680 .496 .940 .223 .416 .970 418 941 685 281 .344|.275 .811 .807 .759 .633 .834 .829 .26
AINS (L) 424 781 .486 .732 953 .879 .243 .418 .754 151 .396 .860 |.655 .816 .427 .821 .528 .629 544 .34
AINS (R) 634 726 741 749 .814 722 433 .941 .754 645 691 469 | .514 .499 .263 559 .315 533 .440 .41
lﬁ RPFC (L 904 573 520 .783 .019 .191 .864 .685 .151 .645 467 .257| .381 .838 .877 .514 593 .874 .862 .7}
RPFC (R 754 825 .890 .981 .102 .194 B67 .281 .396 .691 .467 .305| .589 .799 .845 .704 .352 575 .692 .3]
SMG (L) 478 660 .205 .32 .169 .213 .375 .344 860 .469 .257 .305 235 .656 568 .33 .448 .065 .042 .70
SMG (R) 046 629 .325 .09 .638 .266 .043 .275 .655 514 381 589 .235 280 .487 .47%2 .689 495 .255 9§
FEF (L) 558 881 508 542 693 .274 376 .811 .816 .499 .838 .799 .656] .280 346 .701 .220 .759 .714 .73
2 FEF (R) 151 .376 .165 519 .026 .099 534 .807 .427 .263 .877 .845 .568| .487 .346 .62 .680 .239 .291 .74
N IPS (L) 665 .923 470 .548 544 675 432 .759 .821 559 514 704 .335| .472 .701 .623 261 .980 .586 .93
IPS (R) 852 912 739 961 .805 .655 .24 .633 .528 .315 593 352 .448| .689 .220 .680 .26/ .867 .610 .97
LPFC (L) 585 425 440 .639 .718 .797 929 .834 .629 .533 .874 575 .065| .495 .759 .239 .98p .867 .693 .51
E PPC (L) 230 .197 .615 .138 .843 .866 .11 .829 544 440 .862 .692 .042| .255 .714 .291 586 .610 .693 .63
N LPFC (R 254 505 937 .820 .708 .715 850 .260 .346 .417 771 .374 .705| .984 .734 .746 931 .926 517 .635
PPC (R) 406 190 .590 .210 .413 .262 P72 564 477 .235 .698 .752 278 .284 .179 .635 .62 .346 .495 .07/5 .9
ADDreviations: ALL . Anterior cingulate cortex, AINS. mm@mwom, FEF. Frontal eye Tield,

FPN: Fronto Parietal Network, IPS: Intraparietal sulcas; Lateral Sensorimotor Cortex, LP: Lateral paridtBE-C: Lateral prefrontal cortex,
MPFC: Medial prefrontal cortex, PCC: Posterior cingutaigex, PPC: Posterior parietal Cortex, RPFC: Roptedtontal cortex, SMG: Supramarginal gyrus, SMN:
Sensorimotor network, SN: Salience network, Sup: Sup8gasorimotor Cortex.
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Supplementary Table 96.
Summary of p-values of one-tailed t-tests of the diffuseor growth pattern group > uniform tumor growth pattern gaunng right hand movement for right hemispheric

tumors.
DMN SMN SN DAN FPN
LP LP Lat Lat AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS |LPFC PPC LPFC PPC
ROIMPFE ) ® Pl ® ™[0 ®m 0 ® O RO R O E|lOL O ® ®
MPFC 417 422 762 086 .319 102 .326 .170 .196 242 103 .224| .162 .163 .024 03¢ .061 512 .470 .19
3 LP (L) 417 492 91p 627 .634 2B8 .351 .726 563 .784 738 .353|.450 .211 .196 .384 .522 .707 .265 .97
N LP (R) 422 492 366 517 .284 338 .291 .827 .401 .296 .250 .316| .336 .101 .063 .387 .347 .120 .273 .79
PCC 762 915 .366 100 027 .0J99 .086 .168 .136 .538 .457 .041) .174 117 .249 .049 .175 .627 .508 .7H
S| Lat(L) .086 .627 .517 .1Q0 689 35 .206 .700 .689 .096 553 .674].914 .265 .060 .111 .644 .676 .667 .38
M| Lat (R) 319 634 .284 .037 .689 H21 206 580 .314 .029 .137 .600] .146 .264 .014 .328 .284 .154 452 51
N Sup 102 288 .338 .099 375 521 321 .130 .067 .480 .741 .514| .446 .708 .425 .20¢6 .300 .152 .097 .24
ACC 326 .351 .291 .086 .206 .206 .321 239 374 052 607 .229]|.581 .480 .105 .139 .602 .139 .548 .03
AINS (L) 170 726 .827 .168 .700 .580 .130 .239 834 313 614 976 |.851 .223 .105 .780 .866 .876 .632 .74
AINS (R) 196 563 .401 .136 .689 .314 .(Q67 .374 .834 123 236 .828 | .488 .053 .161 .393 .509 .793 .586 .58
lﬁ RPFC (L 242 784 296 538 .096 .029 480 .052 .313 .123 755 .299| 960 .662 .148 .57 877 .263 .811 .22
RPFC (R 103 .738 .250 .457 553 .137 .41 .607 .614 .236 .755 .647| .738 .902 .314 .56 794 735 .896 .2f
SMG (L) 224 353 .316 .041 674 .600 .14 229 1976 .828 .299 .647 734 952 .393 .71 734 292 .418 .64
SMG (R) 162 450 .336 174 914 146 446 581 .851 .488 960 .738 .734 .698 .815 .97 869 554 783 .89
FEF (L) 163 211 .101 .137 .265 .264 .f08 .480 .223 .053 .662 .902 .952| .698 .599 .391 790 .230 .169 .74
2 FEF (R) 024 .196 .063 .249 .060 .014 425 .105 .105 .161 .148 .314 .393| .815 .599 12 296 .092 544 .24
N IPS (L) 036 .382 .387 .049 .117 .328 .206 .136 .780 .393 578 .569 .715] .973 .398 .128 .688 .488 .261 .58
IPS (R) 061 522 .347 .175 .644 284 .B0O0O .602 .866 .509 .877 .794 .734| .869 .790 .296 .68B 295 520 .78
LPFC (L) 512 707 .120 .637 .676 .154 152 .139 .876 .793 .263 .735 .292| 554 230 .092 .488 .295 .399 .84
E PPC (L) 470 265 .273 508 .667 .452 (097 548 .632 586 .811 .896 .418| .783 .169 .544 .26 .520 .399 .64
N LPFC (R 199 972 796 .7%0 .388 514 P29 .032 .749 585 224 265 .643| .835 .748 .290 580 .781 .841 .664
PPC (R) .361 .465 .604 .1y6 901 .687 .11 .484 909 .895 571 .720 .2800 565 .284 .144 525 .101 .605 .618 .7
ADDreviations: ALL . Anterior cingulate cortex, AINS. Insula, . | W s mlﬁ]mwork, FEF. Frontal eye Tield,

FPN: Fronto Parietal Network, IPS: Intraparietal sulcas; Lateral Sensorimotor Cortex, LP: Lateral paridtBE-C: Lateral prefrontal cortex,
MPFC: Medial prefrontal cortex, PCC: Posterior cingutaigex, PPC: Posterior parietal Cortex, RPFC: Roptedtontal cortex, SMG: Supramarginal gyrus, SMN:
Sensorimotor network, SN: Salience network, Sup: Sup8gasorimotor Cortex.
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Supplementary Table 97.
Summary of p-values of one-tailed t-tests of the diffuseor growth pattern group > uniform tumor growth pattern gaunng left foot movement for right hemispheric

tumors.
DMN SMN SN DAN FPN
LP LP Lat Lat AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS |LPFC PPC LPFC PPC
ROIMPFE ) ® Pl ® ™[0 ®m 0 ® O RO R O E|lOL O ® ®

MPFC 108 424 251 .848 769 989 249 .768 .894 158 .653 .541| .467 .938 .444 930 .721 .760 .962 .87
3 LP (L) .108 115 498 285 346 .72 .226 .794 656 576 .759 534 |.234 930 .669 .881] .287 514 .803 .90
N LP (R) 424 115 .76b 518 .114 309 .021 .771 .267 .518 .473 .580| .201 .449 590 .40 .205 .694 862 .79
PCC 251 498 .765 847 728 .30 .425 802 .503 .944 821 .766| .565 .788 .948 .8983 .567 .375 .849 .97
S| Lat(L) .848 .285 518 .847 989 8B9 .846 .391 940 .888 .750 .208|.970 553 .764 .874 950 .222 .453 .51
M| Lat (R) 769 346 .114 738 .989 964 897 .813 .920 .949 313 .475).620 .786 .700 .938 .587 .670 .771 .47
N Sup 989 772 .309 .830 .889 .964 992 705 960 .861 .844 .504| .922 .654 .721 .468 .894 562 .266 .04
ACC 249 226 .021 425 .846 .897 .992 806 .903 .612 414 .723|.790 .615 .479 984 909 .119 .557 .58
AINS (L) 768 .794 771 .802 .391 .813 .7105 .806 645 896 .318 .576|.989 .636 .562 .9671 .936 .335 .076 .26
AINS (R) 894 656 .267 .503 .940 .920 .960 .903 .645 .899 421 .254|.826 .842 .062 .883 .910 .399 .032 .37
lﬁ RPFC (L 158 576 .518 944 888 949 861 .612 .896 .899 .683 .910| .957 .790 .330 .994 995 253 .757 .52
RPFC (R 653 759 473 .81 .750 .313 .B44 414 318 .421 .683 .662| .390 .832 .151 .85B .329 .647 .841 .2
SMG (L) 541 534 580 .76 .208 .475 K04 .723 576 .254 910 .662 294 234 739 .76 .785 .127 .020 .17
SMG (R) 467 234 201 565 970 .620 .922 790 .989 .826 .957 .390 .294 610 .330 .921 .979 .099 .010 .09
FEF (L) 938 930 .449 .748 553 .786 .54 .615 .636 .842 790 .832 .234] .610 818 .284 .651 .315 .307 .65
2 FEF (R) 444 669 590 .948 .764 700 .¥Y21 .479 562 .062 .330 .151 .739| .330 .818 849 694 720 .879 .34
N IPS (L) 930 .881 .405 .893 .874 .938 .468 .982 967 .883 .994 858 .768| .921 .284 .849 .790 .367 .261 .63
IPS (R) 721 287 .205 .567 .950 587 .894 909 .936 .910 995 .329 .785| .979 .651 .694 .79D 412 .108 .14
LPFC (L) 760 514 .694 .315 .222 .670 .62 .119 .335 .399 253 647 .127] .099 .315 .720 .36y .412 .629 .89
E PPC (L) 962 803 .862 .849 453 771 .p66 557 .076 .032 .757 .841 .020| .010 .307 .879 .26 .108 .629 .8(

N LPFC (R 870 904 .795 925 514 477 650 580 .264 .324 521 251 .170| .083 .653 .326 .63 .166 .894 .809
PPC (R) 609 .199 597 .26 .802 .689 .pO5 .712 .980 .408 .984 .166 .778 .484 .317 581 5712 .485 501 .111 .4

ADDreviations: ALL . Anterior cingulate cortex, AINS. Insula, . | W s mlﬁ]mwork, FEF. Frontal eye Tield,

FPN: Fronto Parietal Network, IPS: Intraparietal sulcas; Lateral Sensorimotor Cortex, LP: Lateral paridtBE-C: Lateral prefrontal cortex,
MPFC: Medial prefrontal cortex, PCC: Posterior cingutaigex, PPC: Posterior parietal Cortex, RPFC: Roptedtontal cortex, SMG: Supramarginal gyrus, SMN:
Sensorimotor network, SN: Salience network, Sup: Sup8gasorimotor Cortex.
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Supplementary Table 98.
Summary of p-values of one-tailed t-tests of the diffuseor growth pattern group > uniform tumor growth pattern gaunng right foot movement for right hemispheric

tumors.
DMN SMN SN DAN FPN
LP LP Lat Lat AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS |LPFC PPC LPFC PPC
ROIMPFE ) ® Pl ® ™[0 ®m 0 ® O RO R O E|lOL O ® ®
MPFC 349 561 927 505 284 .887 579 .605 .757 674 475 518 .832 .914 .344 884 .763 .441 944 .6(Q
3 LP (L) .349 254 91p .886 .917 .8p2 .890 .847 567 972 920 .799|.721 919 .350 .97 .874 946 .892 .58
N LP (R) 561 .254 820 949 950 M1 920 .791 424 914 868 .919| .663 .998 .141 944 893 .914 .685 .64
PCC 927 915 .829 344 098 .365 .709 .381 .078 .879 .759 .156] .302 .915 295 626 .350 .963 .982 .84
S| Lat(L) 505 .886 .949 .344 >9099 913 .864 .274 .639 .388 552 567|.879 .774 964 .799 .938 975 .711 .88
M| Lat (R) 284 917 .950 .098 >.999 A77 233 .331 .307 .625 .211 .620| .227 .447 710 .940 .295 >999 .992 .99
N Sup 887 .852 941 .3¢5 913 477 406 .348 119 .298 .118 .095| .023 537 .807 .712 .417 966 .633 .54
ACC 579 890 .920 .79 .864 .233 406 047 .013 657 .246 .177]|.695 .662 .968 .693 .281 .943 .997 .92
AINS (L) 605 .847 .791 .31 .274 331 .348 .047 .042 056 .026 .094 |.350 .440 .872 .204 .283 .882 .824 .71
AINS (R) 757 567 .424 .048 .639 .307 .119 .013 .042 .022 .010 .050]| .444 587 .112 .263 .368 .711 .565 .44
lﬁ RPFC (L 674 972 914 .89 .388 .625 .298 657 .056 .022 442 091]| .705 .757 .767 510 .388 .955 .999 .99
RPFC (R 475 920 .868 .79 552 211 .18 .246 .026 .010 .442 .038| .332 .838 .674 .10 .149 949 .962 .8
SMG (L) 518 799 919 .16 567 .620 .95 .177 .094 .050 .091 .038 173 .032 .379 .564 .221 508 .738 .49
SMG (R) 832 721 .663 .302 .879 .227 .023 .695 .350 .444 705 .332 .173 148 471 .32%2 .088 993 .795 .99
FEF (L) 914 919 .998 915 774 447 /B37 .662 .440 .587 .757 .838 .032] .148 400 619 906 .847 .887 .75
2 FEF (R) 344 350 .141 295 964 .710 .807 .968 .872 .112 767 .674 .379| .471 .400 969 .691 .840 .872 .8]
N IPS (L) 884 976 .944 636 .798 .940 .712 .693 .202 .263 510 .101 .566] .322 .619 .969 478 980 .764 .83
IPS (R) 763 874 .893 .3%50 .938 .295 417 .281 .283 .368 .388 .149 .221| .088 .906 .691 .47B 983 .819 .8}
LPFC (L) 441 946 914 943 975 >999 966 .943 .882 .711 955 949 .508] .993 .847 .840 .98p .983 981 .97
E PPC (L) 944 892 .685 982 711 992 633 .997 824 565 999 962 .738| .795 .887 .872 .764 .819 .981 .6(
N LPFC (R 603 585 .665 .820 .880 .924 %562 .922 .718 .466 994 819 .490| .981 .753 .817 .83 .871 .978 .600
PPC (R) 342 298 .166 .13 985 957 .71 .985 .953 .683 .951 .834 .896 .872 899 5 .812 .978
ADDreviations: ALL . Anterior cingulate cortex, AINS. Insula, . | W .

FPN: Fronto Parietal Network, IPS: Intraparietal sulcis; Lateral Sensorimotor Cortex, LP: Lateral parldIBFC Lateral prefrontal cortex,
MPFC: Medial prefrontal cortex, PCC: Posterior cingutaigex, PPC: Posterior parietal Cortex, RPFC: Roptedtontal cortex, SMG: Supramarginal gyrus, SMN:
Sensorimotor network, SN: Salience network, Sup: Sup8gasorimotor Cortex.
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Supplementary Table 99.
Summary of p-values of one-tailed t-tests of thediffuseor growth pattern group > uniform tumor growth pattern groumgltiongue movement for right hemispheric

tumors.
DMN SMN SN DAN FPN
LP LP Lat Lat AINS AINS RPFC RPFC SMG SMG| FEF FEF IPS IPS |LPFC PPC LPFC PPC
ROIMPFE ) ® Pl ® ™[0 ®m 0 ® O RO R O E|lOL O ® ®
MPFC 775 834 58 674 258 265 .433 .713 .139 446 .095 .602| .434 574 .752 299 .055 .354 .769 .09
3 LP (L) 775 298 .36 .211 .126 .0p6 .029 .329 .374 443 231 .269|.132 .491 .238 .234 .484 .349 .133 .14
N LP (R) .834 .298 810 .123 270 .11 .079 .277 .387 .070 .245 .392|.135 .102 .407 .231 .600 .086 .358 .01
PCC 585 .365 .810 b559 655 .337 .090 .661 .596 .489 425 .701) .663 .745 778 .638 .765 .171 .385 .23
S| Lat(L) 674 211 .123 .599 158 .1p9 741 956 .344 777 562 .870].270 .910 .959 .254 234 701 .313 .32
M| Lat (R) 258 .126 .270 .65 .158 38 413 655 .139 287 .854 .709)| .483 .262 595 286 .779 .314 .312 .34
N Sup 265 .066 .161 .337 .199 .138 469 512 534 652 .194 .678| .298 536 .209 .121 .012 422 .123 .1§
ACC 433 .029 079 .090 .741 .413 469 947 612 464 802 .719].394 .639 .958 .274 .271 .084 .019 .65
AINS (L) 713 .329 277 .661 956 .655 H12 .947 b35 939 872 555 (.123 .900 .983 .790 .690 .879 .420 .97
AINS (R) 139 374 .387 596 .344 139 H334 612 .535 554 617 .528|.036 .231 .209 .063 .053 .248 .003 .74
lﬁ RPFC (L 446 443 070 .489 777 .287 .652 .464 939 554 .889 .514| .173 .708 .986 .420 .199 .330 .118 .94
RPFC (R 095 .231 .245 .4p5 562 .854 .[194 .802 .872 .617 .889 .814| .772 .656 .962 .62B .671 .290 .222 9
SMG (L) 602 269 .392 .701 .870 .709 .478 .719 .b555 528 514 814 778 .710 .858 .913 .761 .692 .148 .87
SMG (R) 434 132 135 663 .270 .483 .298 .394 123 .036 .173 .772 .778 428 .448 558 526 .313 .100 .65
FEF (L) 574 491 .102 .745 910 .262 .36 .639 .900 .231 .708 .656 .710] .428 574 323 .099 .684 .121 .53
2 FEF (R) 752 .238 .407 .7Y8 959 595 P09 .958 .983 .209 986 .962 .858| .448 .574 808 .368 .983 .491 .94
N IPS (L) 299 238 .231 .638 254 286 .121 .276 .790 .063 .420 .623 .913] .558 .323 .808 253 .652 .227 .53
IPS (R) 055 484 .600 .7¢5 .234 779 012 271 .690 .053 .199 .671 .761| .526 .099 .368 .25B .079 .149 .15
LPFC (L) 354 349 086 .11 .701 .314 422 .084 .879 .248 .330 .290 .692| .313 .684 .983 .65p .079 181 .25
E PPC (L) 769 133 .358 .385 .313 .312 .123 .019 .420 .003 .118 .222 .148| .100 .121 .491 .22 .149 .181 .14
N LPFC (R 095 .144 016 .286 .326 .344 159 .659 970 .749 966 953 .872| .657 531 .951 53D .150 .258 .150
PPC (R) .894 456 915 .70 .137 .826 .79 .604 .662 .401 575 510 .407 .701 .172 .425 214 .338 .410 .416 .5
ADDreviations: ALL . Anterior cingulate cortex, AINS. Insula, . | W s mlﬁ]mwork, FEF. Frontal eye Tield,

FPN: Fronto Parietal Network, IPS: Intraparietal sulcas; Lateral Sensorimotor Cortex, LP: Lateral paridtBE-C: Lateral prefrontal cortex,
MPFC: Medial prefrontal cortex, PCC: Posterior cingutaigex, PPC: Posterior parietal Cortex, RPFC: Roptedtontal cortex, SMG: Supramarginal gyrus, SMN:
Sensorimotor network, SN: Salience network, Sup: Sup8gasorimotor Cortex.
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movement for left hemispheric tumors.

Supplementary Table 66. Summary of p-values of one-tailed t-tests of thes(
tumor growth pattern group > uniform tumor growth pattern group during right
movement for left hemispheric tumors.

Supplementary Table 67. Summary of p-values of one-tailed t-tests of thes(
tumor growth pattern group > uniform tumor growth pattern group during left
movement for left hemispheric tumors.

Supplementary Table 68. Summary of p-values of one-tailed t-tests of thes
tumor growth pattern group > uniform tumor growth pattern group during right
movement for left hemispheric tumors.

Supplementary Table 69. Summary of p-values of one-tailed t-tests of thec
tumor growth pattern group > uniform tumor growth pattern group during to
movement for left hemispheric tumors.

Supplementary Table 70. Summary of p-values of one-tailed t-tests ofahiyr
control group > diffuse tumor growth pattern group during left hand moveme
right hemispheric tumors.

Supplementary Table 71. Summary of p-values of one-tailed t-tests ofahlsyr
control group > diffuse tumor growth pattern group during right hand moveme
right hemispheric tumors.

Supplementary Table 72. Summary of p-values of one-tailed t-tests ofahilsyr
control group > diffuse tumor growth pattern group during left foot movemer
right hemispheric tumors.

Supplementary Table 73. Summary of p-values of one-tailed t-tests ofahlyr
control group > diffuse tumor growth pattern group during right foot movemer

right hemispheric tumors.
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Supplementary Table 74. Summary of p-values of one-tailed t-tests ofahlyr
control group > diffuse tumor growth pattern group during tongue movement fol
hemispheric tumors.

Supplementary Table 75. Summary of p-values of one-tailed t-tests of thes(
tumor growth pattern group > healthy control group during left hand moveme
right hemispheric tumors.

Supplementary Table 76. Summary of p-values of one-tailed t-tests of thes
tumor growth pattern group > healthy control group during right hand moveme
right hemispheric tumors.

Supplementary Table 77. Summary of p-values of one-tailed t-tests of thes
tumor growth pattern group > healthy control group during left foot movemer
right hemispheric tumors.

Supplementary Table 78. Summary of p-values of one-tailed t-tests of thes(
tumor growth pattern group > healthy control group during right foot movemel
right hemispheric tumors.

Supplementary Table 79. Summary of p-values of one-tailed t-tests of thes
tumor growth pattern group > healthy control group during tongue movement fo
hemispheric tumors.

Supplementary Table 80. Summary of p-values of one-tailed t-tests ofahiyr
control group > uniform tumor growth pattern group during left hand movemel
right hemispheric tumors.

Supplementary Table 81. Summary of p-values of one-tailed t-tests ofahlyr
control group > uniform tumor growth pattern group during right hand moveme
right hemispheric tumors.

Supplementary Table 82. Summary of p-values of one-tailed t-tests bédtiby
control group > uniform tumor growth pattern group during left foot movemer
right hemispheric tumors.

Supplementary Table 83. Summary of p-values of one-tailed t-tests ofahilsyr
control group > uniform tumor growth pattern group during right foot movemer
right hemispheric tumors.

Supplementary Table 84. Summary of p-values of one-tailed t-tests ofahlyr
control group > uniform tumor growth pattern group during tongue movemel

right hemispheric tumors.
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Supplementary Table 85. Summary of p-values of one-tailed t-teste ointform
tumor growth pattern group > healthy control group during left hand moveme
right hemispheric tumors.

Supplementary Table 86. Summary of p-values of one-tailed t-tedte ainiform
tumor growth pattern group > healthy control group during right hand moveme
right hemispheric tumors.

Supplementary Table 86. Summary of p-values of one-tailed t-tegte aintform
tumor growth pattern group > healthy control group during right hand moveme
right hemispheric tumors.

Supplementary Table 88. Summary of p-values of one-tailed t-teste ointform
tumor growth pattern group > healthy control group during right foot movemel
right hemispheric tumors.

Supplementary Table 89. Summary of p-values of one-tailed t-tegte aiiform
tumor growth pattern group > healthy control group during tongue movement fo
hemispheric tumors.

Supplementary Table 90. Summary of p-values of one-tailed t-tegte aintform
tumor growth pattern group > diffuse tumor growth pattern group during left
movement for right hemispheric tumors.

Supplementary Table 91. Summary of p-values of one-tailed t-tegte ointform
tumor growth pattern group > diffuse tumor growth pattern group during right
movement for right hemispheric tumors.

Supplementary Table 92. Summary of p-values of one-tailed t-tedte aihiform
tumor growth pattern group > diffuse tumor growth pattern group during left
movement for right hemispheric tumors.

Supplementary Table 93. Summary of p-values of one-tailed t-tegte aintform
tumor growth pattern group > diffuse tumor growth pattern group during right
movement for right hemispheric tumors.

Supplementary Table 94. Summary of p-values of one-tailed t-tegte ointform
tumor growth pattern group > diffuse tumor growth pattern group during to
movement for right hemispheric tumors.

Supplementary Table 95. Summary of p-values of one-tailed t-tests of thes
tumor growth pattern group > uniform tumor growth pattern group during left

movement for right hemispheric tumors.
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Supplementary Table 96. Summary of p-values of one-tailed t-tests of thes(
tumor growth pattern group > uniform tumor growth pattern group during right
movement for right hemispheric tumors.

Supplementary Table 97. Summary of p-values of one-tailed t-tests of thes(
tumor growth pattern group > uniform tumor growth pattern group during left
movement for right hemispheric tumors.

Supplementary Table 98. Summary of p-values of one-tailed t-tests of thes
tumor growth pattern group > uniform tumor growth pattern group during right
movement for right hemispheric tumors.

Supplementary Table 99. Summary of p-values of one-tailed t-tests of thee
tumor growth pattern group > uniform tumor growth pattern group during to

movement for right hemispheric tumors.

255

256

257

258

270



11 ACKOWLEDGMENTS

| would like to express my sincere thanks to all those who have supportedvareus ways

during the preparation and realization of this thesis.

First of all, I would like to thank Prof. Dr. med. Christina Wendl for her trusf@amgroviding
me with the topic. Her continuous, supportive and competent supervigibfed me to grow
together with this thesis and to develop my full potential. | couldhawe wished for a better

mentor and role model.

| would also like to thank Prof. Christian Stroszczynski and Prof. Mark W. Greenlteior
mentorship and continuous support during the course of this dissertation.

Furthermore, | would like to thank Dr. phil. Katharina Rosengarth for her support through
inspiring discussions as well as constructive criticism during the prepaieit conference

presentations, publications and this thesis.

My greatest thanks go to my Mum, my Sister and my Grandma Rita for their endless love and

unconditional support throughout my entire course of studies.

271



12 CURRICULUM VITAE

272



273



13 PUBLICATIONS

First autor

Hense, K, Plank, T., Wendl, C., Dodoo-Schittko, F., Bumes, E., Greenlee, M. W., ... &
Rosengarth, K. (2021). fMRI Retinotopic Mapping in Patients with Brain Tumors and-Space
Occupying Brain Lesions in the Area of the Occipital Lobe. Cancers, 13(10), 2439.

Impact Factor: 6.639

Deuter, D.*,Hense, K¥, Kunkel, K., Vollmayr, J., Schachinger, S., Wendl, C., Schicho, A.,
Fellner, C., Salzberger, B., Hitzenbichler, F., Zeller, J., Vielsmeier, ¥dob-Schittko, F.,
Schmidt, N. O., & Rosengarth, K. (2022). SARS-CoV2 evokes structural brain changes
resulting in declined executive function. Submitted to Journal of Neurology

Impact Factor: 6.682

* shared authorship

Co-author

Rosengarth, K., Pai, D., Dodoo-Schittko, Hense, K, Tamm, T., Ott, C., ... & Doenitz, C.
(2021). A Novel Language Paradigm for Intraopertianguage Mapping: Feasibility and
Evaluation. Journal of Clinical Medicine, 10(4), 655.

Impact Factor: 4.241

Conference presentations

Rosengarth, K. *, Schinhammer, Hgnse, K, Jirka, G., Menhart, K., Wendl, C., Hellwig, D.,
Schmidt, N. O., Hau, P. (2021). Local and global effects of F-18-fluorethyltyrosih) (FE
positive brain tumors on language associated B(lood)O(xygen)L(level)D(ependent) signal

Oral presentation European Association of Neurosurgical Societies Conference 2021.
Hense, K. *, Rosengarth, K., Wendl, C., Schmidt, N. O. (2021). Threedimensional

reconstruction of individual brain anatomy in patients with glioblast Oral presentation

European Association of Neurosurgical Societies Conference 2021.

274



Rosengarth, K.*Hense, K, Plank, T., Greenlee, M. W., Wendl, C., Proescholdt, M., Schmidt,
N. O. (2021). CNTM-03. Functional connectivity networks in patients witmkdranors and
vascular lesions in the occipital cortex. Neuro-Oncology, 23(Supplement_6), vi224-vi225.

Hense, K.*, Forster, L., Wendl, C., Schmidt, N. O., Rosengarth, K. (2022). Analysis of
functional neuroplastic changes in patients with different glioblastamartgrowth patterns.

73. Jahrestagung der Deutschen Gesellschaft flr Neurochirurgie.

Forster, L., Wagner, T., Deuter, Hense, K, Wendl, C., Schmidt, N. O., Rosengarth, K *.
(2022). White matter differences in neurogenic egin patients with GBMta voxel-based
morphometric study. Abstract submitted to 73. Jahrestagung der DeutscledisoBal fur

Neurochirurgie.

Deuter, D. *Hense, K, Vollmayr, J., Schachinger, S., Schmidt, N. O., Rosengarth, K. (2022).
Acute and long-term neuroplastic white matter changes related to CO8/IAbstract

submitted to 73. Jahrestagung der Deutschen Gesellschatft fur Neurochirurgie.

Conference poster presentations

Frank, S. M. *, Otto, A. H., Forster, LHense, K, Sasaki, Y., Tse, P. U., Greenlee, M. W.,
Watanabe, T. Transfer of tactile perceptual learning scales ththspatial resolution of
untrained sensory receptors. Program No. 085.12. 2018 Neuroscience Meeting Planner. San

Diego, CA: Society for Neuroscience, 2018. Online.

Rosengarth, K. *Hense, K, Wiesinger, I., Ott, C., Doenitz, C., Brawanski, A., Wendl, C.
(2019a). Die Integritat von sprachassoziiertem (b)lood-(0)xygen-(l)evel)-(d)apedidmal in
Abhangigkeit von Tumornahe und radiolgischem Tumor-Wachstumsmuster iggit&aimit
Glioblastomen. Poster session presented at the 70. Jahrestagung deeDd&besetischaft fir

Neurochirurgie.

Rosengarth, K.Hense, K.*, Wiesinger, |., Ott, C., Doenitz, C., Brawanski, A., Wendl, C.
(2019b). The correlation of (b)lood-(0)xygen- (I)evel)-(d)ependent signal andlagidal
defined tumor growth patterns in patients with glioblastoma. Posteosgsssented at the 54.

Jahrestagung der Deutschen Gesellschaft fur Neuroradiologie.

275



Rosengarth, K. *Hense, K, Ott, C., Doenitz, C., Brawanski, A., Plank, T., Greenlee, M. W.,
Wendl, C., Proescholdt, M. (2020) Retinotopic mapping in patients with space-occupying
lesions in the occipital cortex. Poster session presented &t tlahrestagung der Deutschen

Gesellschaft fir Neurochirurgie.

Rosengarth, K. *Hense, K, Plank, T., Wendl, C., Greenlee, M. W., Proescholdt, M., Schmidt,
N. O. (2021). Functional connectivity networks in patients with space-occuggions in the
occipital cortex. Poster session presented at the 72. Jahrestagung dehddeGissellschaft

fur Neurochirurgie.

Hense, K. *, Rosengarth, K., Wendl, C., Schmidt, N. O. (2021). Threedimensional
reconstruction of individual brain anatomy in patients with glioblastoRwster session

presented at the 72. Jahrestagung der Deutschen Gesellschaft flr Neurochirurgie.

Hense, K.*, Wendl, C., Schmidt, N. O., Rosengarth, K. (2022). Comparison of functional MRI
data between SPM12 and FreeSurfer using a customized anatomicalPadtess session

presented at the 73. Jahrestagung der Deutschen Gesellschaft flir Neurochirurgie.

Hense, K.*, Deuter, D., Vollmayr, J., Schachinger, S., Schmidt, N. O., Rosengarth, K. (2022).
Does grey matter? Anosmia and dysgeusia related to COVID-19: What abaulfattory
cortex? Poster session presented at the 73. Jahrestagung der Deutssbkésthaft fur

Neurochirurgie.

Ott, C. *, Dodoo-Schittko, F., Vollmayr, Hense, K, Deuter, D., Forster, L., Schmidt, N. O.,
Rosengarth, K. (2022). The influence of fMRI-language paradigm design and brain tumor
localisation on language laterality assessment. Poster session presdrgetBaJahrestagung

der Deutschen Gesellschaft fir Neurochirurgie.

* presenting author

276



SELBSTANDIGKEITSERKLARUNG

Ich, Hense, Katharina, geboren am 26.01.1990 in Geseke erklare hiermitichiade
vorliegende Arbeit ohne unzulédssige Hilfe Dritter und ohne Benutzung andereteal
angegebenen Hilfsmittel angefertigt habe. Die aus anderen Quetkkt dder indirekt
Ubernommenen Daten und Konzepte sind unter Angabe der Quelle gekennzeichnet.
Insbesondere habe ich nicht die entgeltliche Hilfe von Vermittlungs- bzwtuBgsgliensten
(Promotionsberater oder andere Personen) in Anspruch genommen.

Die Arbeit wurde bisher weder im In- noch im Ausland in gleicher adlaficher Form einer

anderen Prufungsbehorde vorgelegt.

Ort, Datum Unterschrift

277



