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Background: Emotional distress frequently occur in cancer patients following diagnosis. Previous
neuroimaging studies have demonstrated that depression and anxiety are associated with functional and
structural brain abnormalities. However, little is known about the cancer-associated changes of emotional
brain network in non-small cell lung cancer (NSCLC) patients. The aim of this study was to assess the
topological features of brain structural network and emotions in non-nervous system metastatic NSCLC
patients prior to chemotherapy.

Methods: Twenty-four treatment-naive patients with non-nervous system metastatic NSCLC and
25 healthy controls (HC) matched for gender, age and education participated in this study. All subjects
underwent diffusion tensor imaging (DTI), and were assessed with the 17 item hamilton depression rating
scale (HAMD-17) and hamilton anxiety rating scale (HAMA). Properties of brain network were examined by
the method of graph-theoretic analysis. The assessments included small-worldness, clustering coefficient and
shortest path length.

Results: NSCLC patients had higher scores of HAMD-17 and HAMA when compared with HC.
Additionally, we found a small-world topology of brain white matter network in both NSCLC and HC.
NSCLC patients had significantly reduced clustering coefficient compared to healthy controls in the left
hippocampus. Moreover, increased shortest path length were identified in NSCLC patients, which included
the left middle frontal gyrus (orbital part), superior temporal gyrus and right Rolandic operculum, rectus
gyrus, lenticular nucleus (putamen). However, no correlations were found between the impaired brain
regions and HAMD-17, HAMA scores of NSCLC patients.

Conclusions: Our results indicated impaired topological characteristics in the brain structural network of
non-nervous system metastatic NSCLC patients prior to chemotherapy, which might account for the cancer-
related emotional distress. Our findings demonstrated that NSCLC might affect brain regions involved in

the process of emotion, which identified the basis of emotional changes associated with cancer.
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Introduction

Non-small cell lung cancer (NSCLC) is the most prevalent
pathological type of lung cancer (1-4). Cancer patients often
experience depression and anxiety, which have negative
effects on the quality of life and medical treatment of patients
(5-11). Moreover, these psychological problems are not
only concomitant conditions but also risk factors for cancer
occurrence (12). Many cancer patients experience depressive
and anxious symptoms meeting established criterion for
major depression disorder and anxiety diagnosis, which
can change the course of disease of patients with newly
diagnosed cancer (13). In addition, abnormal brain structure
and function were identified in patients with psychological
distress by previous neuroimaging studies (14-16).
Therefore, we assess anxious and depressive symptoms of
NSCLC patients.

A specified group of brain regions exhibit abnormal
functional brain activity and brain structural abnormalities
in depressive and anxious patients, which are implicated
in the affective processing and emotional regulation (17-
23). The impaired brain regions are components of
frontolimbic network including prefrontal cortex, temporal
cortex, cingulate cortex, insula and thalamus (24). Under-
activation of prefrontal regions are found in depressed
subjects especially during the induction of negative affect,
while both positive and negative emotional stimuli can
induce the activation of prefrontal cortex in healthy controls
(25-27). Moreover, the functional or structural
abnormalities of prefrontal regions may lead to secondary
effects on the function of subcortical brain regions (such as
putamen and thalamus) and limbic cortex (hippocampus,
amygdala and other temporal regions), which are associated
with the abnormal appraisal of negative stimuli (28,29).

Previous functional MRI (fMRI) investigations have
revealed that pre-chemotherapy cancer patients had
increased activations in the inferior frontal gyrus, insula
and thalamus during working memory, which may be
associated with the self-reported cognitive deficits of cancer
patients (30,31). Functional connectivity differences are
found between patients before and following chemotherapy
(32,33). Treatment-naive lung cancer patients exhibit
decreased functional connectivity in the posterior cingulate
gyrus, middle temporal gyrus, inferior parietal, precuneus
and middle occipital gyrus, which are associated with the
cancer-related cognitive impairment (32). Lung cancer
patients before chemotherapy have memory deficits and
damaged microstructural architecture of white matter (33).
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Moreover, Cognitive decline is also found in the cancer
patients treated with chemotherapy and disrupted regional
network characteristics are found in the frontal, temporal
and striatal areas in the chemotherapy-treated cancer
patients (34-36).

Although previous research has found functional and
structural changes in patients with lung cancer, topological
properties damage of the whole brain structural networks
associated with cancer patients before chemotherapy are
still less clear. Moreover, how these brain areas interact
during tumorigenesis and whether these brain areas are
coordinated with other particular brain regions involved
in the process of emotion remain unclear. The graph
theoretical analysis used in our study can overcome the
limitations of seed-based approaches used in previous
neuroimaging studies and can provide a unique framework
for measuring topological characteristics of the brain
networks.

This is the first study to document brain structural
network changes in a cohort of NSCLC patients before
chemotherapy. Based on previous research, we aimed
to examine the emotions and topological characteristics
of brain white matter network in newly diagnosed non-
nervous system metastatic NSCLC patients prior to
chemotherapy by the method of graph-theoretic analysis.
Since previous neuroimaging studies have demonstrated
that the brain function and structure were disrupted in the
lung cancer patients after chemotherapy, we hypothesized
the cancer may also have effects on the brain network of
NSCLC patients.

We present the following article in accordance with the
STROBE Reporting Checklist (available at http://dx.doi.
org/10.21037/tler-20-273).

Methods
Participants

Twenty-four patients with non-nervous system metastatic
(identified by structural MRI) NSCLC prior to chemotherapy
and 25 gender-, age- and education-matched healthy controls
(HC) volunteered in the current study. Patients prior to
chemotherapy were recruited from the inpatients at Jiangsu
Cancer Hospital after a histologic diagnosis of NSCLC. All
participants were aged 18 to 70 years old, right-handed and
the years of education are more than 9 years. This study was
approved by the ethical commission of the Affiliated Cancer
Hospital of Nanjing Medical University (No. ZM201923),
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Table 1 Demographic and clinical characteristics of all subjects

1103

Variables NSCLC (n=24) HC (n=25) t/y? value P value
Age (years) 60.08+4.15 58.36+3.30 1.61 0.11%
Sex (M/F) 13/11 12/13 1.18 0.67°
Education (years) 12.88+1.39 13.28+1.40 -1.01 0.32%
Depression

HAMD-17 score 13.71+5.339 3.72+1.21 9.14 0.00*
Anxiety

HAMA score 12.50+3.90 2.76+1.42 11.70 0.00"

NSCLC, non-small cell lung cancer; HC, health controls; HAMD-17, the 17 item hamilton depression rating scale; HAMA, hamilton anxiety
rating scale. °, P value was based on the independent sample t-test. ®, P value was based on the Pearson chi-square test. P value was

significant at <0.05.

conducted in accordance with the Declaration of Helsinki (as
revised in 2013). Additionally, written informed consents were
obtained from all participants. A summary for the detailed
demographic and clinical characteristics of all participants were
presented in Zable 1.

Exclusion criterion for participants were as follows: (I)
previous history of any metastatic tumor; (II) any history of
neurological disorders, head trauma, stroke or other central
nervous system injury or disease; (III) previous history
of severe psychiatric disorders; (IV) any treatment with
psychotropic medication; (V) substance abuse history.

Emotion evaluation

The anxious and depressive symptoms were assessed by the
17 item Hamilton Depression Rating Scale (HAMD-17) (37)
and Hamilton Anxiety Rating Scale (HAMA) (38).

MRI acquisition parameters

All participates were imaged on a 3.0 T Philips Aachieva
scanner. T'1-weighted images were acquired under the
following conditions: repetition time (TR), 9 ms; echo
time (TE), 2.48 ms, slice thickness, 1 mm. Diffusion tensor
imaging (DTI) images were acquired with the following
scanning parameters: TR, 6,600 ms; TE, 93 ms; slice
thickness, 3 mm; non-linear directions, 32; b (noncollinear
directions), 1,000 s/mm’.

MRI post-processing

Imaging data were preprocessed using FMRIB’s Software
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Library (https://www.fMRIb.ox.ac.uk/fsl). After eddy
currents and motion artifacts, the diffusion tensor matrix
was calculated using the Stejskal and Tanner equation.
Then fractional anisotropy (FA) maps were calculated.
Finally, individual datasets were normalized to the Montreal
neurological institute 152 (MNI-152) space.

In addition, the tractography of white matter was
conducted using the diffusion toolkit (http://trackvis.
org/dtk/). The streamline was propagated using Fiber
Assignment by Continuous Tracking (FACT) algorithm.

Network construction

The whole-brain was parcellated 90 cortical and subcortical
regions by the automated anatomical labeling (AAL)
template (39). The regions were defined as nodes of the
brain network. Additionally, anatomical connections
between regions made up edges of the graph. More details
about the procedures can be found in previous studies

(40,41).

Grapbh theory analyses

Human brain functional and structural networks exhibit
economical small-world properties, which are characterized
by densely local connections and few long connections (42).
Previous studies showed that the small-world properties
of brain networks were affected by depressive disorder and
other psychiatric disorders (43,44).

The topological features of brain network may
characterize one or several aspects of global and local
brain connectivity, which can detect aspects of functional
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Figure 1 Small-world properties of brain networks in both NSCLC and HC. * indicated statistically significant. NSCLC, non-small cell

lung cancer; HC, health controls; C,.,, the clustering coefficient of the brain network; L,.,, the shortest path length of the brain network;

C.uno, the clustering coefficient of the random network; L,,,4, the shortest path length of the random network.

integration and segregation. We estimated the topological
properties of the white matter brain networks using
graph theory (40). The clustering coefficient (Cnet) and
shortest path length (Lnet) of the brain networks have been
proposed to quantify the small-world properties of the brain
network (42). The clustering coefficient is used to estimate
the fraction of the node's neighbors that are also neighbors
of each other, which can reflect the level of functional
segregation (local efficiency) of the brain network (40).
Functional segregation of brain is the ability for specialized
processing to occur within densely interconnected groups
of brain areas. The shortest path length is proposed as a
measure of functional integration (global efficiency) of the
brain network (40). Functional integration of brain is the
ability to rapidly combine specialized information from
distributed brain areas. Moreover, the evaluation of small-
world properties requires 100 random networks (The
clustering coefficient of random network, Crand and the
shortest path length of random network, Lrand), which
should preserve the same number of nodes and edges with
the brain network (44). The brain network is considered a
small-world property (small-worldness=Cnrmal/Lnrmal)
if it meets the following conditions: Cnrmal=Cnet/
Crand>>1 and Lnrmal=Lnet/Lrand=1. More details about
the measures of brain networks can be found in previous

studies (43).

Statistical analysis

In the present study, two-sample 7-test was used to compare
the age, education and emotional scores, while chi-square
test was used to compare the gender of NSCLC patients
and HC. In addition, we performed two-sample #-test to

© Translational Lung Cancer Research. All rights reserved.

compare the differences of the measures of brain networks
between NSCLC patients and HC. The method of false
discovery rate (FDR) was used to adjust the multiple
comparisons. Moreover, the associations between the
altered measures of brain regions and the scores of HAMD-
17 and HAMA were assessed by the method of Pearson
correlation. The significance level was set at P<0.05.

Results
Increased scores of HAMD-17 and HAMA of NSCLC

Compared with HC, NSCLC patients showed increased
scores of HAMD-17 (¢=9.14, P=0.00) and HAMA (#=11.70,
P=0.00), which suggested that NSCLC patients had

depressive and anxious emotion (7able I).

Small-world properties of brain networks in both NSCLC
and HC

Both NSCLC patients and HC had small-world properties
of the white matter brain networks (C,./C,,,»>>1 and L./
Lima=1) (Figure 1A4,B). Decreased Cnet (r=-2.12, P=0.039)
and Lnet (#=2.17, P=0.035) were found in NSCLC patients
when compared with HC (Figure 1C). However, there was
no differences of small-worldness between groups (¢=-1.08,
P=0.29) (Figure 1C).

Reduced clustering coefficient in NSCLC

NSCLC patients showed reduced clustering coefficient in
the left hippocampus (survived FDR correction) (Table 2;
Figure 2A4,B). Reduced clustering coefficient was also found
in the left middle frontal gyrus (orbital part), inferior frontal
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Table 2 Significantly reduced clustering coefficient of NSCLC compared with HC
Brain regions NSCLC HC t value P value
Fontal
ORBmid.L 0.18+0.053 0.22+0.057 -2.60 0.012
IFGoperc.L 0.16+0.033 0.18+0.037 -2.12 0.039
REC.R 0.11+0.081 0.16+0.075 -2.12 0.039
Temporal
HIP.L 0.083+0.015 0.11+0.023 -3.99 0.00023*
HES.R 0.14+0.060 0.20+0.10 -2.30 0.026
TPOsup.R 0.091+0.031 0.12+0.055 -2.37 0.022
ITG.R 0.13+0.040 0.16+0.029 -3.14 0.0030
Parietal
PoCG.L 0.092+0.018 0.11+0.027 -2.33 0.024
Subcortical
INS.L 0.084+0.016 0.097+0.022 -2.49 0.016
CAU.L 0.11+0.031 0.13+0.034 -2.11 0.040
PUT.R 0.13+0.028 0.12+0.023 2.43 0.019

P<0.05 was considered statistically significant. * survived false discovery rate (FDR) correction. NSCLC, non-small cell lung cancer; HC,
health controls; ORBmid.L, left middle frontal gyrus (orbital part); IFGoperc.L, left inferior frontal gyrus (opercular part); REC.R, right rectus
gyrus; HIP.L, left hippocampus; HES.R, right heschl gyrus; TPOsup.R, right superior temporal gyrus (temporal pole); ITG.R, right inferior
temporal gyrus; PoCG.L, left postcentral gyrus; INS.L, left insula; CAU.L, left caudate nucleus; PUT.R, right lenticular nucleus (putamen).

gyrus (opercular part), postcentral gyrus, insula, caudate
nucleus and right rectus gyrus, Heschl’s gyrus, superior
temporal gyrus (temporal pole), inferior temporal gyrus,
lenticular nucleus (putamen), however, the differences of
these brain regions did not survive FDR correction (Table 2;
Figure 2A4,B).

Increased shortest path length in NSCLC

Increased shortest path length was found in the left middle
frontal gyrus (orbital part), superior temporal gyrus and
right Rolandic operculum, rectus gyrus, lenticular nucleus
(putamen) of NSCLC patients (Table 3; Figure 2C,D).
NSCLC patients also showed increased shortest path length
in the left inferior frontal gyrus (triangular part), inferior
frontal gyrus (orbital part), rectus gyrus, posterior cingulate
gyrus, inferior parietal (but supramarginal and angular gyri),
lingual gyrus, Heschl’s gyrus and right olfactory cortex,
calcarine fissure and surrounding cortex, inferior occipital
gyrus, Heschl’s gyrus, superior temporal gyrus (temporal
pole), inferior temporal gyrus, however, the differences of

© Translational Lung Cancer Research. All rights reserved.

these brain regions did not survive FDR correction (Table 3;
Figure 2C,D).

Associations between altered measures and scores of
HAMD-17 and HAMA

For all the impaired measures of the brain network of
NSCLC patients, there were correlations were found
between the measures and scores of HAMD-17 and HAMA
(Table 4).

Discussion

This study investigated the emotions and small-world
properties of brain structural networks in non-nervous
system metastatic NSCLC patients prior to chemotherapy.
We found that NSCLC patients had emotional distress
including depression and anxiety. In addition, brain
networks exhibited economical small-world topology in
both NSCLC patients and HC groups. However, reduced
clustering coefficient and increased shortest path length
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Figure 2 Reduced clustering coefficient and shortest path length in NSCLC. Pale blue dots and * indicated brain regions survived false
discovery rate (FDR) correction. Purplish red dots indicated brain regions did not survive FDR correction. NSCLC, non-small cell lung
cancer; HC, health controls; ORBmid.L, left middle frontal gyrus (orbital part); IFGtriang.L, left inferior frontal gyrus (triangular part);
ORBInf.L, left inferior frontal gyrus (orbital part); ROL.R, right Rolandic operculum; OLER, right olfactory cortex; REC.L, left rectus
gyrus; REC.R, right rectus gyrus; PCG.L, left posterior cingulate gyrus; IPL.L, left inferior parietal (but supramarginal and angular gyri);
CALL.R, right calcarine fissure and surrounding cortex; LING.L, left lingual gyrus; IOG.R, right inferior occipital gyrus; PUT.R, right
lenticular nucleus (putamen); HES.L, left heschl gyrus; HES.R, right heschl gyrus; STG.L, left superior temporal gyrus; TPOsup.R, right

superior temporal gyrus (temporal pole); ITG.R, right inferior temporal gyrus.

were found in the brain of NSCLC patients. The results
revealed that nodal measures were profoundly affected
at several regions of prefrontal, temporal and subcortical
brain regions, which were considered to be involved in
the process and regulation of emotion. These findings
indicated that widely distributed structural brain networks
were altered in treatment-naive NSCLC patients with
abnormal emotion, thus providing further evidences for the
pathological neuromechanisms associated with cancer.
Previous neuroimaging studies have demonstrated that
human brain networks have small-world configuration
(41,43,44). We also observed that treatment-naive NSCLC
patients had small-world architecture in the white matter
brain networks, which provided further supports for the
opinion that the small-world property had the ability
of displaying tolerance to the brain diseases. The brain

© Translational Lung Cancer Research. All rights reserved.

networks with small-world features often have higher
clustering coefficient (high efficiency of parallel information
transfer) and lower shortest path length (low cost) when
compared with random networks (40,41). Therefore, the
brain networks have economical properties with maximized
cost efficiency of parallel information processing, consistent
with previous functional and structural MRI studies (41,42).

Although NSCLC patients had economical small-
world properties, reduced clustering coefficient and
increased shortest path length were found in NSCLC
group when compared to HC group. The global efficiency
of information processing is often affected by the long
range path lengths in the brain network (40). The reduced
clustering coefficient and increased shortest path length of
NSCLC patients suggested a tendency of decreased local
and global efficiency of the brain networks (40). In addition,
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Table 3 Increased shortest path length of NSCLC compared with HC
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Brain regions NSCLC HC t value P value
Fontal
ORBmid.L 10.90+2.48 9.64+1.53 2.15 0.037
IFGtriang.L 9.27+1.05 8.34+0.68 3.71 0.00055*
ORBInf.L 10.48+1.82 9.04+1.09 3.37 0.0015
ROL.R 10.34+1.47 9.10+0.82 3.68 0.00060*
OLF.R 9.44+1.61 8.53+1.40 2.10 0.041
REC.L 9.45+1.00 8.83+1.047 213 0.039
REC.R 11.01+2.13 9.092+1.37 3.77 0.00046*
Parietal
PCG.L 7.79+1. 60 6.90+1.04 2.32 0.025
IPL.L 10.05+1.60 8.94+1.33 2.65 0.011
Occipital
CAL.R 8.52+1.88 7.44+1.32 2.34 0.024
LING.L 9.08+1.13 8.37+1.11 2.24 0.030
I0G.R 11.12+2.19 1.00+1.41 2.14 0.038
Subcortical
PUT.R 8.00+0.88 7.25+0.84 3.06 0.0037*
Temporal
HES.L 10.58+2.078 9.24+1.40 2.65 0.011
HES.R 10.91+2.12 9.56+1.63 2.51 0.015
STG.L 9.39+1.59 8.07+1.01 3.47 0.0011*
TPOsup.R 11.25+1.90 10.08+1.53 2.40 0.020
ITG.R 11.10+1.25 10.14+1.41 2.53 0.015

NSCLC, non-small cell lung cancer; HC, health controls; ORBmid.L, left middle frontal gyrus (orbital part); IFGtriang.L, left inferior frontal
gyrus (triangular part); ORBInf.L, left inferior frontal gyrus (orbital part); ROL.R, right Rolandic operculum; OLFR, right olfactory cortex;
REC.L, left rectus gyrus; REC.R, right rectus gyrus; PCG.L, left posterior cingulate gyrus; IPL.L, left inferior parietal (but supramarginal and
angular gyri); CAL.R, right calcarine fissure and surrounding cortex; LING.L, left lingual gyrus; IOG.R, right inferior occipital gyrus; PUT.R,
right lenticular nucleus (putamen); HES.L, left heschl gyrus; HES.R, right heschl gyrus; STG.L, left superior temporal gyrus; TPOsup.R,
right superior temporal gyrus (temporal pole); ITG.R, right inferior temporal gyrus. P<0.05 was considered statistically significant. *,

survived false discovery rate (FDR) correction.

the decreased clustering coefficient indicated the lower level
of fault tolerance of the brain networks during external
attacks (41). We thus suspected that the lower values of
global and local efficiency might be related to the depressive
and anxious emotion of NSCLC patients.

Abnormal nodal measures were found in several brain
regions, involving the left middle frontal gyrus (orbital part),
superior temporal gyrus, hippocampus and right Rolandic

© Translational Lung Cancer Research. All rights reserved.

operculum, rectus gyrus, lenticular nucleus (putamen).
The prefrontal cortex is associated with the emotional
regulation of human (21,45). Previous neuroimaging
studies have found that depressive and anxious emotion is
associated with the dysfunction and structural abnormalities
of prefrontal cortex in depression and anxiety (21,46). The
reduced clustering coefficient and increased shortest path
length in the prefrontal regions suggested the abnormalities
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Table 4 Correlations between the impaired assessments and

HAMD-17, HAMA scores of NSCLC

HAMD HAMA
Topological features
r P r P
Clustering coefficient
Cret 0.28 0.19 0.075 0.73
HIPL -0.24 0.26 -0.34 0.10
Shortest path length
Lt 0.023 0.91 0.12 0.57
IFGtriang.L 0.038 0.86 -0.14 0.52
ROL.R —-0.0051 0.98 0.14 0.50
REC.R -0.39 0.063 -0.13 0.56
STG.L -0.030 0.89 -0.0043 0.98
PUT.R -0.049 0.82 0.043 0.84

NSCLC, non-small cell lung cancer; HC, health controls; HAMD-
17, the 17 item hamilton depression rating scale; HAMA,
hamilton anxiety rating scale; C,,, the average clustering
coefficient of brain network; L., the average shortest path
length of brain network; HIP.L, left hippocampus; IFGtriang.L,
left inferior frontal gyrus (triangular part); ROL.R, right Rolandic
operculum; REC.R, right rectus gyrus; PUT.R, right lenticular
nucleus (putamen); STG.L, left superior temporal gyrus. P value
was based on the Pearson correlation. P<0.05 was considered
statistically significant.

of emotional regulation in NSCLC patients prior to
chemotherapy. In addition, several regions belonging
to temporal and subcortical cortices were also found to
have aberrant topological properties, which might also be
associated with the cancer-related depression and anxiety of
NSCLC patients.

The functions of hippocampus and putamen are
known to be related to emotional perception (47,48).
Previous studies indicated that both hippocampus (limbic
structures) and putamen (striatal areas) played a key role
in the pathophysiology of depression (49). Individuals
diagnosed with anxiety and depression were found to be
characterized by structural and functional abnormalities in
the hippocampus and putamen, which were conceptualized
as a central component of affective processing (18,50). In
addition, the hippocampus and putamen are considered
to receive multimodal inputs from different cortices,
which involve in the depression-related memory bias (51).
Therefore, the impaired hippocampus and putamen are
associated with increased memory sensitivity for negative

© Translational Lung Cancer Research. All rights reserved.
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materials, which may lead to the development of depression
and anxiety (51). These findings suggest that cancer-induced
emotional distress of treatment-naive NSCLC patients may
be associated with the abnormal topological properties of
the prefrontal, temporal and subcortical brain regions of
patients.

Conclusions

In summary, this study reveals abnormal emotion and
impaired topological properties of brain structural networks
in non-nervous system metastatic NSCLC patients prior to
chemotherapy using the method of graph-theoretic analysis.
Our results provide further supports for the cancer-induced
depression and anxiety of NSCLC patients, which may be
associated with the abnormal topological properties of the
prefrontal, temporal and subcortical brain regions. These
findings enhance our understanding of the underlying
pathophysiology of cancer-related negative emotion of
NSCLC patients.
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