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Abstract

Background: Cisplatin-based chemotherapy may have neurotoxic effects within the central nervous system. The aims of this
study were 1) to longitudinally investigate the impact of cisplatin-based chemotherapy on whole-brain networks in testicular
cancer patients undergoing treatment and 2) to explore whether possible changes are related to decline in cognitive
functioning.

Methods: Sixty-four newly orchiectomized TC patients underwent structural magnetic resonance imaging (T1-weighted and
diffusion-weighted imaging) and cognitive testing at baseline prior to further treatment and again at a six-month follow-up.
At follow-up, 22 participants had received cisplatin-based chemotherapy (CT) while 42 were in active surveillance (S). Brain
structural networks were constructed for each participant, and network properties were investigated using graph theory and
longitudinally compared across groups. Cognitive functioning was evaluated using standardized neuropsychological tests.
All statistical tests were two-sided.

Results: Compared with the S group, the CT group demonstrated altered global and local brain network properties from
baseline to follow-up as evidenced by decreases in important brain network properties such as small-worldness (P = .04), net-
work clustering (P = .04), and local efficiency (P = .02). In the CT group, poorer overall cognitive performance was associated
with decreased small-worldness (r = -0.46, P = .04) and local efficiency (r =-0.51, P = .02), and verbal fluency was associated
with decreased local efficiency (r = -0.55, P = .008).

Conclusions: Brain structural networks may be disrupted following treatment with cisplatin-based chemotherapy. Impaired
brain networks may underlie poorer performance over time on both specific and nonspecific cognitive functions in patients
undergoing chemotherapy. To the best of our knowledge, this is the first study to longitudinally investigate changes in struc-
tural brain networks in a cancer population, providing novel insights regarding the neurobiological mechanisms of cancer-
related cognitive impairment.

Testicular cancer (TC) accounts for the majority of solid malig- most curable solid tumor (2). Unfortunately, cisplatin-based
nant tumors in young men in developed countries (1). With the chemotherapy has well-known side and late effects including
introduction of cisplatin-based regimens, TC has become the Reynaud-like symptoms, ototoxicity, and neurotoxicity (3,4),

Received: November 29, 2016; Revised: March 1, 2017; Accepted: April 4, 2017

© The Author 2017. Published by Oxford University Press. All rights reserved. For Permissions, please e-mail: journals.permissions@oup.com.

1of7

oY Aq 022558¢€/G80X[P/21/60 1 /3191HE/10Ul/W02 dNO"dlWapEedE WOl papeojumoq

ARTICLE

920¢ 439010 ¢|


mailto:ali@oncology.au.dk
Deleted Text: -
Deleted Text: -
http://www.oxfordjournals.org/

%
=3
0
a
£

20f7 | JNCI] Natl Cancer Inst, 2017, Vol. 109, No. 12

and furthermore, cisplatin may penetrate the brain, with ad-
verse effects on neuronal populations (5). In our own work with
TC patients, we have shown that cisplatin-based chemotherapy
is associated with reduced brain gray matter density in the pre-
frontal cortex, as well as overall cognitive decline (6). Other
studies have also reported cognitive impairment related to
cisplatin-based chemotherapy (7,8). Optimal cognitive function-
ing, however, does not just rely on the integrity of neuronal
cells, but is dependent on the successful processing and integra-
tion of information across the brain (9,10). Cortical and subcorti-
cal structures are highly interconnected by white matter (WM)
pathways consisting of glial cells and myelinated axons forming
a complex, yet highly efficient, structural network that has been
described as a small-world network, which is characterized by
high clustering in local regions while retaining relatively short
path lengths across all brain regions, supporting the notion of
the brain as a functionally segregated yet highly distributed and
efficient system (11,12). Impairment to the structural network
has been demonstrated to have detrimental effects on cognition
(13,14). Furthermore, in breast cancer populations, acute and
long-term impairments in WM integrity, as well as disrupted
structural networks, have been demonstrated to have adverse
effects on cognitive functioning (15-18). To the best of our
knowledge, one cross-sectional study has previously reported
changes in WM microstructure in long-term TC survivors (8).
Clearly, much remains unknown about the effects of cisplatin-
based chemotherapy on brain WM connectivity and networks
in TC populations. The aims of the present prospective study
were, thus, 1) to longitudinally investigate the impact of
cisplatin-based chemotherapy on whole-brain WM networks
and 2) to explore whether possible changes in brain networks
are related to cognitive functioning.

To investigate these aims, we undertook diffusion tensor im-
aging (DTI) and applied graph theoretical analyses to investigate
the organization of large-scale brain structural networks (see
the Supplementary Methods, available online). The strength of
a graph theoretical approach to the study of brain networks is
that it allows for the quantification and assessment of the entire
brain network. So far, graph theoretical approaches have been
used in cross-sectional studies of survivors of breast cancer and
childhood leukemia, demonstrating chemotherapy-induced al-
terations in both functional and structural brain networks (18-
21). Possible chemotherapy-induced brain network alterations
are yet to be investigated in TC populations, and there are, to the
best of our knowledge, currently no longitudinal studies with
cancer populations using graph analysis to investigate such brain
network changes.

Methods

Participants

Recently orchiectomized TC patients were consecutively re-
cruited from June 2012 to December 2013 at the Department of
Oncology, Aarhus University Hospital (National Committee on
Health Research Ethics trial registration No. 1-10-72-156-12).
Applied exclusion criteria were age younger than 18years, time
since orchiectomy greater than 30 days, previous cancer and
central nervous system diseases, brain metastases, known
mental disorders, inability to read and understand Danish, and
any contraindications for magnetic resonance imaging (MRI).
Informed consent was obtained from all participants upon en-
rollment. The regional scientific ethical committee approved

the study, and data were handled according to The Danish Data
Protection Agency guidelines.

Patients consisted of two groups: 1) a surgery-only group (S)
and 2) a chemotherapy group that, in addition to surgery, re-
ceived three or four cycles of chemotherapy consisting of bleo-
mycin, etoposide, and cisplatin (CT). All patients were
scheduled for two assessments: shortly after orchiectomy but
prior to further treatment (baseline) and approximately six
months later (follow-up), corresponding to approximately three
months after completed chemotherapy for the CT group.
Assessments included a structural MRI scan, blood sampling
(results reported elsewhere [22]), neuropsychological testing,
and a questionnaire package.

Clinical and demographic data were obtained from medical
records and questionnaires.

Magnetic Resonance Imaging

Please refer to Figure 1 and the Supplementary Methods (avail-
able online) for details regarding the scan acquisition, prepro-
cessing, and construction of brain networks.

Neuropsychological Testing

The first author and a trained research assistant undertook all
neuropsychological testing. Participants were tested by the
same test administrator at both time points. A neuropsycholog-
ical test battery, that lasted approximately 1.5hours and con-
sisted of eight standardized tests, was used for the assessment
of different cognitive domains: Reaction time was measured
with the Lafayette reaction time panel (23); attention and work-
ing memory with the Paced Auditory Serial Addition Test and
Wechsler Adult Intelligence Scale, version 4 (WAIS-IV) Digit
Span (24,25); processing speed with WAIS-IV Coding and the
Trail Making Test (TMT)-Part A (24,26); learning and memory
with the Rey Auditory Verbal Learning Test (RAVLT) using the
total learning and retention scores (27); verbal fluency with the
Controlled Oral Word Association Test using the letters F, N,
and S (28); and finally, executive functioning with the TMT-Part
B and the Wisconsin Card Sorting Test (26,29). Premorbid intel-
lectual functioning was estimated with the WAIS-IV Vocabulary
(24). For further details regarding specific test outcomes, please
refer to our previous publication (22).

Statistical Analysis

Group differences were tested with t tests and the Mann-
Whitney test for continuous variables and chi-square tests for
categorical variables. All performed statistical tests were two-
sided, and a P value of less than .05 was considered statistically
significant.

Longitudinal Brain Network Analysis

Longitudinal graph analysis was performed with the Graph
Analysis Toolbox, version 1.4.1 (30), using the following proce-
dure: First, networks were normalized by the mean network
strength, and the following graph measures were quantified for
the normalized networks: characteristic path length (L), net-
work clustering coefficient (C), local and global efficiency. The
small-world organization of each network was assessed by cal-
culating a measure of its small-worldness (SW) defined as
SW =[C/Crandl/[L/Lrana], where Cyang and Lyang are mean values
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Figure 1. Brain structural network construction for longitudinal graph analysis. Postprocessing steps (A-F) to create brain structural networks for longitudinal graph
analysis. A) Diffusion-weighted images were registered to T1-weigthed images. B) An iterative nonlinear tensor estimation process was used to generate fractional an-
isotropy (FA) maps. C) Whole-brain tractography was performed in native space using a deterministic streamline approach. D) The whole-brain tractography was then
parcellated using the Automated Anatomical Labeling atlas, in which the Montreal Neurological Institute brain template is divided into 90 cortical and subcortical re-
gions of interest. E) For each individual, FA-weighted connectivity matrices were created for each time point. F) Longitudinal group-level graph analyses of changes in
brain network measures were performed using the Graph Analysis Toolbox. AAL = Automated Anatomical Labeling; DTI = diffusion-weighted images; FA = fractional

anisotropy; MNI = Montreal Neurological Institute.

of C and L from corresponding random networks. Networks
were considered to have a small-world organization when SW
was greater than 1 (31). A nonparametric permutation test with
2000 repetitions was then used to test the statistical signifi-
cance of between-group differences in changes in graph metrics
(slope) controlling for age, education, and intracranial volume
(19). In each permutation, the calculated regional streamlines of
each participant (at either time point) were randomly assigned
to one of the two groups so that each randomized group had the
same number of subjects as the original groups. The null distri-
bution of between-group differences in graph metric changes
(slope) across time were then calculated. The actual difference
in the slope between groups was compared with the obtained
permutation distribution of difference in slope between ran-

the means of domain-relevant tests as indicated above.
Subsequently, participants with z scores of -1.64 or lower on ei-
ther the GCS-z or on domain-level z scores were classified as
evidencing clinically significant cognitive decline. The applied
cutoff indicates scores that fall in the lowest 5% of the normal
distribution (32). The GCS-z and cognitive domain z scores were
also used to explore possible associations with brain network
changes. For each statistically significant association, a subse-
quent interaction test was performed using a linear regression
model with group, corresponding network measure change var-
iable, and mean-centered group x change interaction variable
entered as predictors.

domized groups in order to obtain a P value for each network Results
metric. In order to investigate possible associations between
decreased network measures and neuropsychological perfor- Participants

mance, as well as demographic variables, change scores for net-
work measures were calculated by subtracting follow-up values
from baseline values.

Neuropsychological Performance and Cognitive Decline

Changes over time in cognitive performance were investigated
using a standardized regression-based (SRB) approach based on
repeated neuropsychological testing of a matched healthy con-
trol group as described in the Supplementary Methods (avail-
able online). Following this approach, a global composite z score
(GCS-z) was calculated capturing overall cognitive performance,
while cognitive domain-level z scores were calculated based on

Of 94 eligible patients, 66 patients (70%) agreed to be enrolled
with no statistically significant differences between participat-
ing and nonparticipating patients regarding histology, cancer
stage, chemotherapy ordination, or occupational status (data
not shown). Of the 66 enrolled participants, two patients were
lost to follow-up (3.0%): One participant stopped attending his
medical consultations and did not respond to our repeated no-
tices, while another did not undergo full MRI assessment and
was excluded from the present study. Mean age for the remain-
ing sample was 36.7 years (SD = 10.8 years), and all participants
were assessed twice with a mean test-retest interval of six
months (SD = 1.2years). The S group consisted of 42
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participants, and the CT group consisted of 22 participants. As
presented in Table 1, no statistical differences were observed
between groups on any of the demographic variables except for
age, where the CT group was, as expected, younger than the S
group (P = .008). On clinical variables, the CT group had greater
disease severity as indicated by cancer stage, metastatic in-
volvement, and cancer histology (all Ps < .001).

Brain Network Analysis

All participants demonstrated a small-world organization as in-
dicated by SW greater than 1. For the entire group, shorter char-
acteristic path length at baseline, which indicates more efficient
network organization, was associated with higher premorbid in-
tellectual functioning as captured by the WAIS-IV vocabulary
subtest (r = -0.26, P = .04; data not shown). At baseline, groups
did not differ in number of reconstructed streamlines (P = .14)
or in any of the network measures (Ps = .18-.94). Results from
the longitudinal graph analysis revealed statistically significant
decreases in brain network measures from baseline to follow-
up in the CT group compared with the S group (Table 2).
Specifically, statistically significant decreases were observed in
local efficiency (P = .02), network clustering (P = .04), and small-
worldness (P = .04).

Cognitive Decline

Frequencies of cognitive decline by group are presented in
Table 3. As reported in our previous publication (6), a trend to-
ward a greater frequency of overall cognitive decline was ob-
served in the CT group (63.6%) compared with the S group
(38.1%, P = .07). Furthermore, a marginally greater frequency of
decline was observed in the cognitive domain of verbal learning
and memory in the CT group compared with the S group (7.5%
vs 28.6%, respectively, P = .05).

Associations Between Changes in Brain Network
Measures and Cognitive Performance

Lower premorbid intellectual functioning was statistically sig-
nificantly associated with decreased local and global efficiency
(both rs = -0.44, Ps = .04) and decreased clustering (r =-0.45, P =
.03) in the CT group, but not in the S group (all Ps > .10), al-
though all associations were in similar directions for this group
too (data not shown). In the CT group, greater decreases in net-
work local efficiency (r = -0.51, P = .02) and network small-
worldness (r = -0.46, P = .04) were associated with poorer overall
cognitive performance across time, as captured by the GCS-z. In
the S group, no statistically significant associations were ob-
served. However, formal tests of group x change interactions
did not reach statistical significance levels (local efficiency: g =
-0.35, P = .07; small-worldness: = -0.38, P = .05). Furthermore,
greater decrease in local efficiency was associated with poorer
verbal fluency in the CT group but not in the S group (r = -0.55,
P = .008). Again, a formal group x change interaction test was
not statistically significant (f = -0.31, P = .07).

Discussion

To the best of our knowledge, this is the first study to longitudi-
nally investigate changes in structural networks in a cancer
population. Using this approach, we found that TC patients who

Table 1. Demographic and clinical characteristics of participant
groups

Surgery+
Surgery only chemotherapy

Characteristic (n=42) (n=22) p*
Demographics

Age, mean (SD), y 39.2 (10.5) 31.9 (9.4) .008

Education, mean (SD) 14.2 (2.5) 14.1 (1.8) 75

Premorbid cognitive 10.2 (1.9) 10.1(2.3) .85

functioning, mean (SD)t

Ethnicity, No. (%) -

Caucasian 42 (100.0) 22 (100.0)
Occupational status, No. (%) a1

Unemployed 1(2.4) 3(13.6)

Occupationally engaged 41 (97.6) 19 (86.4)

Annual income (in 100 000 4.0(1.9) 3.8(2.2) .68
DKK), mean (SD)
Marital status, No. (%) 24

Married or cohabiting 33(78.6) 14 (63.3)

Single 9 (21.4) 8(36.4)

Clinical variables
Histology, No. (%) <.001

Seminoma 33(78.6) 4(18.2)

Nonseminoma 9 (21.4) 18 (81.8)

Cancer stage, No. (%) <.001

1 40 (95.2) 4(18.2)

i 2(4.8) 15 (68.2)

il - 3(13.6)
Orchiectomy (unilateral), 42 (100.0) 22 (100.0) -
No. (%)

Type of anesthesia, No. (%) -

General 42 (100.0) 22 (100.0)
Metastatic involvement, No. 0(0.0) 22(100.0)  <.001
(%)

Chemotherapy, No. (%) -

BEP x 3 - 20 (90.9)

BEP x 4 - 2(9.1)
Radiotherapy, No. (%) 4(9.5) 1(4.5) .65

*Group differences tested with two-sided t tests or the Mann-Whitney test for
continuous variables and chi-square tests for the categorical variables. BEP =
bleomycin, etoposide, cisplatin; DKK = Danish Krone.

tVocabulary subtest from Wechsler Adult Intelligence Scale, version 4.

received cisplatin-based chemotherapy evidenced changes in
both global and local network measures compared with patients
who did not receive such treatment. Specifically, network local
efficiency, small-worldness, and clustering, all important mea-
sures of optimal network organization, were decreased at three
months after completing chemotherapy. Network efficiency in-
dicates how efficiently information may be exchanged across
the entire network (33) and has been shown to be important for
optimal cognitive functioning (34). Local efficiency, which is a
measure of the average of local subgraphs in a network, may re-
veal how tolerant a network is to local failures (33). These re-
sults indicate that treatment with cisplatin-based
chemotherapy may result in large-scale brain network changes.
The nature of these changes may be characterized by a more
random organization, which may result in reduced brain func-
tional specificity and segregation with implications for cognitive
functions.

A recent cross-sectional study also demonstrated reduced
brain structural network efficiency in response to a simulated
neurodegeneration in breast cancer survivors receiving
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Table 2. Brain network measures from baseline to follow-up in each group

Surgery only, mean (95% CI) (n =42)

Surgery+chemotherapy, mean (95% CI) (n = 22)

Brain network measure Baseline (T1)

Follow-up (T2)

Baseline (T1) Follow-up (T2) p*

Reconstructed streamlines 11767 (11026 to 12564) 11649 (10894 to 12447) 10852 (10178 to 11 600) 11253 (10421 to 12113) .16
Small-worldness 1.88 (1.81 to 1.95) 1.89 (1.83 to 1.95) 1.96 (1.87 to 2.04) 1.85 (1.78 t0 1.92) 04
Characteristic path length 1.09 (1.08 to 1.10) 1.09 (1.08 to 1.10) 1.09 (1.08 to 1.10) 1.09 (1.08 to 1.11) .68
Clustering coefficient 2.05 (1.98 to 2.11) 2.05 (1.99 to 2.11) 2.13 (2.04 t0 2.22) 2.02 (1.95 to 2.08) .04
Local efficiency 0.049 (0.047 to 0.050) 0.048 (0.047 to 0.049) 0.050 (0.048 t0 0.051) 0.047 (0.046 to 0.048) 02
Global efficiency 0.055 (0.054 to 0.056) 0.056 (0.054 to 0.056) 0.056 (0.055 to 0.057) 0.055 (0.054 to 0.056) 18

*Group differences in changes in graph metrics were tested with two-sided nonparametric permutation tests controlling for age, education, and intracranial volume.

CI = confidence interval.

Table 3. Frequency of patients with decline on cognitive domains

Surgery +
Surgery only = chemotherapy
Cognitive domain No. (%) No. (%) p*
Reaction time 2(5.1) 1(4.5) 1.00
Processing speed 2(4.8) 4(18.2) 17
Attention and working 5(12.5) 3(14.3) 1.00
memory
Learning and memory 3(7.5) 6 (28.6) .05
Verbal fluency 11(26.2) 3(13.6) .35
Executive functions 5(13.2) 3(13.6) 1.00
Overall cognitive decline 16 (38.1) 14 (63.6) .07

*A two-sided Fisher’s exact test was used to calculate the P values.

chemotherapy compared with healthy controls (18). In the sur-
vivors, lower network attack tolerance was associated with
greater cognitive impairment. Another recent cross-sectional
study revealed atypical structural brain networks associated
with chemotherapy as evidenced by reduced small-worldness
and clustering in young survivors of childhood leukemia.
Furthermore, poorer network organization was found to be as-
sociated with greater cognitive impairment (21). Although the
chemotherapy regimens used in the above-mentioned popula-
tions differ from those administered to TC patients, these cross-
sectional studies, together with the findings reported here, indi-
cate that changes to the brain’s structural network may be an
important neurobiological pathway of chemotherapy-induced
cognitive impairment.

We have previously shown evidence of morphological
changes in cerebral gray matter in the present sample of TC pa-
tients both related and unrelated to cisplatin-based chemother-
apy (6). Chemotherapy-induced decreases in gray matter
density were observed in prefrontal areas including the right
paracingulate gyrus and the right frontal pole. Furthermore,
these changes were associated with poorer overall cognitive
performance. In the present study, we expand on these results
by investigating chemotherapy-induced alterations in whole-
brain WM structural networks, and, as in our previous publica-
tion, we observed a marginally higher frequency of overall cog-
nitive decline in the CT group compared with the S group (6). In
the present paper, we investigated the frequency of domain-
level cognitive decline by combining test outcomes belonging to
a given cognitive domain.

Cognitive impairment frequencies are often found to be
higher when assessed at the test level compared with

frequencies obtained by using domain- or global-level compos-
ite scores (35). However, individual test-level outcomes tend to
be more variable than domain scores, especially among those
with an absence of neurological disorders (36), and may artifi-
cially inflate cognitive impairment frequencies. Applying do-
main- and global-level composite scores in order to assess
group differences in impairment frequencies may, thus, be a
more robust approach than simply using individual test-level
outcomes.

Consistent with this, the previously reported decline fre-
quencies on individual test-level outcomes of verbal learning
and memory in the S group (namely RAVLT total and delayed
scores) were twice the frequency of the domain-level frequency
reported in the present study (7.5%) (6). For the CT group, how-
ever, this was not the case, which may demonstrate that the
learning and memory decline observed in this group are more
consistent across individual test outcomes. Accordingly, our
results revealed a marginally higher frequency of learning and
memory decline in the CT group (28.6%) compared with the S
group (7.5%), which was not detected in our previous
publication.

Regarding the associations between chemotherapy-induced
brain network changes and cognitive performance, we observed
that decreased small-worldness and local efficiency was related
to poorer overall cognitive performance across time, while de-
creased local efficiency was also associated with poorer verbal
fluency. In healthy populations, more efficiently organized net-
works have been related to better cognitive functioning and
higher intelligence (37), supporting the notion of optimal cogni-
tive processes being dependent on an effective network organi-
zation characterized by both high segregation and high system-
level integration across brain regions (38). In accordance with
this, we found that shorter characteristic path length, but not
other network measures, was associated with higher levels of
premorbid intellectual functioning for the entire TC group at
baseline. Our results also indicated that lower premorbid intel-
lectual functioning, a proxy for cognitive reserve, was associ-
ated with more drastic longitudinal changes in brain network
organization in patients receiving chemotherapy. This lends
support to the notion of cognitive reserve as a protective factor
against chemotherapy-induced cognitive decline (39). Cognitive
reserve refers to the brain’s capacity to cope with cerebral dam-
age, and evidence indeed suggests a relationship between brain
structure and cognitive reserve proxies in both healthy and
pathological aging (40). In this regard, individuals with greater
cognitive reserve have a higher tolerance level for neuropatho-
logical effects before clinical manifestations may become
evident.
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Although the underlying molecular and cellular mecha-
nisms of cerebral damage following cisplatin-based chemother-
apy are still relatively unknown, both direct effects, through the
penetration of the blood-brain barrier (5,41), and indirect neuro-
inflammatory effects, through chronically activated brain
microglia, have been suggested as possible pathways (42).
Recent evidence has demonstrated decreases in brain WM in-
tegrity and reduced dendritic spine density and neuronal abori-
zation, as well as cognitive dysfunction, in mice treated with
cisplatin (43). Specifically, coherency of myelin basic protein fi-
ber was suggested as the possible mechanism of the observed
decrease in WM integrity. In contrast to a neuroinflammatory
account of cisplatin-induced neuronal damage, the group did
not observe microglial activation in cisplatin-treated mice (43).
Of particular interest, the group also demonstrated that admin-
istration of the drug metformin, a common drug to treat type 2
diabetes, had protective effects against cisplatin-induced cogni-
tive dysfunction and peripheral neuropathy although the causal
mechanisms remain unknown. In another recently published
study, the effects of cisplatin on neurotransmitter release were
investigated at the cell level using single-cell amperometry (44).
This study revealed that cisplatin, at both low and high concen-
trations, regulates the exocytotic ability of cells, resulting in im-
paired neural communication at the neurotransmitter level.
Despite such novel findings, much research is still needed be-
fore the molecular and cellular mechanisms of cisplatin-
induced cerebral damage are clearly understood.

In summary, we report the first longitudinal evidence of brain
structural network alteration in TC patients receiving chemother-
apy, providing novel insights regarding both the neurobiological
change mechanisms of cancer-related cognitive impairment and
further evidence of chemotherapy-induced cognitive impairment
in testicular cancer patients. Our results may be used to create
more awareness in health care professionals about the risk of
brain and cognitive changes following cisplatin-based chemo-
therapy with the potential to improve patient decision-making
processes, as well as potentially guiding future treatment and re-
habilitation efforts in this understudied population.

Strengths of the present study include a cancer control
group with similar demographic characteristics, a longitudinal
design with repeated MRI assessment with the application of a
longitudinal graph theoretical approach to analyze structural
brain networks, and domain-level analyses of cognitive testing.
Recruitment levels were satisfactory (70%), with a low dropout
rate at the follow-up assessment (3%).

The main limitations of the present study are related to uncor-
rected multiple testing of exploratory associations between
changes in network metrics and behavioral outcomes.
Furthermore, unequal group sizes may have reduced our ability to
detect associations with equal statistical power for both groups.
However, given that most of the observed statistically significant
results were found in the smaller CT group, this limitation may not
necessarily apply. Finally, intrinsic clinical differences between TC
groups (ie, cancer type, stage, and metastatic involvement) could
potentially confound chemotherapy-specific results. Future larger
longitudinal studies, preferably with long-term follow-ups, are re-
quired to replicate these results and to investigate the trajectory
and potential reversibility of cisplatin-induced changes.
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