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1.1. SUPPLEMENTARY FIGURES

Supplementary figure 1 Observed differences in WM microstructure at trend level. Trends for the
effects in Error! Reference source not found. are visualized at prwe<.1, using connectivity-based fixel
enhancement! with family-wise-error correction. All results are rendered with 200000 streamlines (as
described earlier?), mapped on 10mm interval slices and coloured with conventional directional colour

encoding. FCS: fibre cross-section. FDC: Fibre density and cross-section.
A: Lower FDC in children born to cancer-complicated pregnancies (n=42) compared to matched controls.




1.2. SUPPLEMENTARY TABLES

Supplementary table 1: Image quality metrics. All metrics are calculated on the groups after exclusion
criteria were applied: n=42 per group for rs-fMRI and diffusion images and n=38 per group for T1
images. rs-fMRI: resting-state functional MRI. Q1: first quartile. Q3: third quartile.

Study Group Control group
Median Ql Q2 Median Q2 Q3
T1-weighted
Contrast-to-noise ratio 5.25 5.07 5.42 5.18 5.04 5.44
Coefficient of joint variation | 0.230 0.221 0.241 0.229 0.201 0.238
Entropy focus criterion | 0.604  0.586 0.671 0.622 0.562 0.739
rs-fMRI
Mean framewise displacement (mm) | 0.215 0.164 0.275 0.197 0.164 0.264
Temporal signal-to-noise ratio 61.6 51.7 74.4 60.4 49.7 76.0
Diffusion
Mean translation between slices (mm) | 0.302 0.273 0.350 0.297 0.278 0.342
Mean rotation between slices (degrees) | 0.243 0.221 0.294 0.248 0.220 0.283
Outlier ratio 0.079 0.058 0.100 0.076 0.060 0.092

Supplementary table 2: Global brain volumes. Brain volumes are expressed

assessed at p<.05.

in ml. Significance is

Study group Parameter Study group  Control group p
Mean SD Mean SD Group GA  Group
by GA
All cancers (n=38)  Total brainvolume | 1205 113 1239 85 .143  .898 .666
All cancers (n=38) Grey matter | 732 68 755 49 .090 .650 .947
All cancers (n=38) White matter | 473 48 483 41 298  .751 .374
Chemo (n=27)  Total brain volume | 1208 123 1238 90 315 467  .933
Chemo (n=27) Grey matter | 737 73 754 51 310 .836 .744
Chemo (n=27) White matter | 471 52 483 43 355 167  .526

1.3. DATA ANALYSIS

All images were processed by combining publicly available toolboxes and in-house

developed scripts (using bash and Matlab v2018b). Unless otherwise mentioned, standard

settings were used. Prior to processing, all images were converted to the Brain Imaging Data

Structure (BIDS)? and visually inspected for issues. Quantitative quality parameters of the T1-

weighted images and rs-fmri were calculated using MRIQC (v0.14.2)* and using shardrecon®

for the diffusion-weighted images. For the T1-weighted images, the following quality



parameters are reported: contrast-to-noise ratio (CNR)®, coefficient of joint variation (CJV)’
and entropy focus criterion (EFC)®. For rs-fMRI mean framewise displacement (FD)° and
temporal signal-to-noise ratio (tSNR)° are reported. For diffusion images mean Euclidean
framewise translation and rotation, as well as the outlier ratio (OR) were used, all using the

estimates from the SHARD-recon motion correction®>. The OR was defined as 1—

Y slice weights

Total mumber of slices: Image quality metrics are provided in Supplementary table 1. Further

visual checks of data quality were performed at multiple steps of the data processing.

1.3.1. CORTICAL AND SUBCORTICAL MORPHOMETRY

Cortical and subcortical grey matter features were extracted from the T1-weighted images
using Mindboggle (v1.3.8)!%. This analysis hybridizes parcellations of the Freesurfer (v6.0.0)*?
and ANTs (v2.3.1) cortical thickness'** pipelines. While this method corrects for
underestimation of GM on the outside of the brain, it might be prone to misclassification of
dura matter as GM. For this reason, the standard brain mask in Freesurfer was replaced in this
analysis by a mask generated by HD-BET*>. Similarly, this brain mask was applied to the ANTs
segmentation. N4 biasfield correction (ANTs v2.3.1)!2 was applied on the initial T1-weighted

image prior to Freesurfer parcellation.

Images scoring in the worst 20 percentile of CJV,CNR or EFC (n=30) were visually rated by a
trained radiologist (AR) into bad (n=1), doubtful (n=16) or good (n=23) quality'®. Images of
initially doubtful quality were in-depth re-assessed after surface reconstruction was
performed, those with initial bad quality (n=1), were rejected. For each image with doubtful
quality, parcellated images were again rated for errors by the same neuroradiologist (AR), and
either accepted or rejected for morphometrical analysis. All other surface reconstructions and

parcellations were evaluated for major issues, using 4mm interleaved axial slices. Participants



who were matched to children excluded from the morphometrical analysis, were re-matched
to one another when meeting the matching criteria. All reconstructions were deemed of
sufficient quality for use in the connectome analyses (including those excluded from the

morphometrical analysis).

The corrected Freesurfer Desikan-Killiany parcellations **® were used for region-based
statistical analysis. GM (subcortical+cortical), WM and total brain (GM+WM) volumes were
compared between groups, as well as the volume of the different subcortical structures?é.
Different mean cortical features of each region were investigated: mean thickness
(Freesurfer), surface area, mean travel depth and mean curvature. Statistical analysis was
performed within Matlab, using the ‘anovan’ function. The Benjamini-Hochberg procedure was
used to control for multiple comparisons of cortical features in 62 regions and subcortical
volumes in 16 regions. For subcortical volume analyses, total brain volume was included as a

covariate.

1.3.2. WHITE MATTER MICROSTRUCTURE
White matter microstructure was examined using a fixel-based analysis on the multi-shell
diffusion-weighted images, which was performed using MRtrix'® (v3.0). Pre-processing
consisted of the following steps: denoising?®, Gibbs ringing removal?!, distortion correction??
(FSL v5.0.11 topup, between b0 and reversed phase image, using prior AP padding with 30
voxels), motion correction® (SHARD-recon, SH basis per shell=0,4,6, reduced basis=2,0,

reg=0.005, zreg=0.001), biasfield correction (ANTs v2.3.1 N4 correction'?, shrink factor 1, mesh



resolution=150mm, spline order 3, maximum iterations=500x500, convergence threshold=0.0)

and upsampling to an isotropic voxel size of 1.3mm.

Group-average response functions were calculated for WM, GM and CSF. Next, fibre
orientation distributions (FOD) were calculated in each voxel using constrained spherical
deconvolution (CSD) and Joint bias field correction and intensity normalization was performed.
All FOD images were registered to an unbiased population template, which was calculated
using data from 15 randomly selected children from both study and control group. Fixel-based
parameters of fibre density (FD), fibre cross-section (FCS) and their combined metric of fibre

density and cross-section (FDC) were calculated as described elsewhere?.

Whole-brain tractography was performed on the template FOD (iFOD2,20 million fibres,
maximum angle=22.5, minimum/maximum length=10/250mm, power=1.0, FOD cut-off=.06)
and reduced to 2 million fibres using Spherical-deconvolution informed filtering of tractograms
(SIFT)?. Differences in FD, FCS (logarithmically scaled) and FDC were assessed at each
individual fixel using connectivity-based fixel enhancement?® (CFE). Only fixels where more than
150 streamlines pass through were included in the final analysis. This resulted in the final
analysis mask containing 316424 fixels (61% of the original fixel mask). ICV was calculated by
back-transforming the group mask to subject-space, as described earlier by Pannek et al.?.
normalized ICV was used as a covariate in analyses of FCS and FDC?. Significance was inferred
at p<.05, corrected for multiple corrections using family-wise error correction within the CFE

framework?.

Structural connectomes were generated for each participant. First, the T1-weighted image
and corrected Freesurfer parcellation!” of each participant were registered to first volume

of the normalized WM FOD images (ANTSs rigid Inter modality Intra subject registration). Next,



Whole-brain tractography was performed on normalized WM FOD images (iFOD2, 10 million
fibres, minimum/maximum length=5/300mm, dynamic seeding), using anatomically
constrained tractography (ACT, based on the parcellations, including amygdalae and
hippocampi as subcortical GM) and SIFT2 re-weighting of streamlines?®. Finally, weighted
undirected connectomes were generated based on SIFT2 re-weighted streamlines and

corrected Freesurfer parcellation, with edge values normalized to the maximum edge weight.

1.3.3. FUNCTIONAL CONNECTIVITY
All rs-fMR images were pre-processed using fmriprep (v20.0.1)%’, with following non-
standard settings: no Freesurfer surface reconstruction, using a fieldmap-less approach for
correcting EPI distortion artefacts?®, calculating motion confounds using ICA-AROMA?%
(aggressive setting) and using the anatomical image as output space. Next, nuisance regression
and temporal band pass filtering (.009-.1Hz) was applied using the denoiser toolbox

(https://github.com/arielletambini/denoiser). This nuisance regression was applied using the

following parameters from the fmriprep output: CSF (1 parameter) and WM (1 parameter)
signal, framewise translations (3 parameters) and (3 parameters) rotations, ICA-AROMA
motion confounds (variable number of parameters) and signal drift (6 parameters). Further
analysis was conducted using the CONN toolbox (v19.b)3C. Within this toolbox, images were
segmented (GM, WM and CSF) and normalized to MNI. Next, a Gaussian smoothing kernel of
6mm isotropic was applied to the functional images. Based on the a priori hypothesis of
possible impact of chemotherapy on executive functioning, nodes of the default mode (DMN),
fronto-parietal (FPN), dorsal attention (DAN) and salience networks (SN) were selected from
the CONN (v19.b)*° network atlas. This resulted in a total of 17 regions included in this analysis.

ROI-to-ROI functional coherence between these regions was estimated using bivariate


https://github.com/arielletambini/denoiser

correlations. Significance was assessed at p<.05, false discovery rate corrected for comparing

171 connections.

Undirected weighted functional connectomes were generated using absolute bivariate
correlations between regions of the corrected Freesurfer parcellation'!’ in the mean
timeseries of the pre-processed functional images (upsampled to match the anatomical

image).

1.3.4. WHOLE-BRAIN CONNECTOMICS

Graph theory analysis was performed using in-house developed MATLAB scripts and the
Brain Connectivity toolbox (v2019-03-03). Self-connections were removed from all
connectomes. Whole-brain graph theory measures of characteristic path length, global and
local efficiency and clustering coefficient3! were calculated. Characteristic path length and
global efficiency were calculated using Dijkstra’s algorithm, with the connection-length matrix
defined by the inverse edge weights (except for self-connections which have a zero length).
Clustering coefficient and local efficiency measures were calculated as recommended by Wang
et al.?! For each connectome, 100 random graphs were calculated by randomly permuting the
edges, while keeping the connectome symmetry, the zero-weight of the self-connections and
excluding graphs with disconnected nodes. Normalized graph measures were calculated by
dividing the original graph measures of the connectome by the mean of the graph measures
of equivalent random graphs. Statistical comparison of graph measures was performed using
standard parametric testing, using SPSS (v19.0) univariate GLM. A Bonferroni correction was
introduced for comparing 2 types of graphs. No correction of multiple comparisons was

introduced for the number of global graph measures as these are highly interdependent.

1.4.NEUROLOGICAL ABNORMALITIES



Four children presented neurological abnormalities on the MRI, as rated by a clinical
neuroradiologist, and had to be excluded from this study. Two children were born to a mother
with cancer during pregnancy, with both mothers receiving chemotherapy during pregnancy.
The first child, a girl born at 31 weeks of gestation, presented a white matter lesion at the head
of right caudate, which could be traced back to a perinatal subependymal bleeding. However,
as the child was born at a GA of 31 weeks, and this is a common pathology in preterm children,
this cannot be directly related to the maternal cancer treatment. The second child, a boy born
at 38 weeks of gestation, was diagnosed with a focal cortical dysplasia in the left medial
parieto-occipital sulcus. This is a pathology of neuronal migration, which most likely is due to a
fetal impact at a GA of 3-5 months32. However, as the first chemotherapy cycle was
administered at a GA of 29 weeks a link between this therapy and the development of the focal

cortical dysplasia is unlikely.

In the control group incidental findings were observed in two children. One girl, born at a
GA of 36 weeks, presented bilateral parietal and frontal periventricular leukomalacia. A second

girl, born at a GA of 39 weeks, had a left temporo-insular subependymal cyst.
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