
Page 1/20

Altered Temporal-Parietal Morphological Similarity
Networks in Non-Small Cell Lung Cancer Patients
Following Chemotherapy: An MRI Preliminary Study
Gong Chen  (  xiaochengong@126.com )

UESTC: University of Electronic Science and Technology of China https://orcid.org/0000-0002-6275-
9093
Chuan Wu 

Sichuan Cancer Hospital and Research Institute: Sichuan Cancer Hospital and Institute
Yuan Liu 

UESTC: University of Electronic Science and Technology of China
Zengyi Fang 

Sichuan Cancer Hospital and Research Institute: Sichuan Cancer Hospital and Institute
Liping Luo 

Sichuan Cancer Hospital and Research Institute: Sichuan Cancer Hospital and Institute
Xin Lai 

Sichuan Cancer Hospital and Research Institute: Sichuan Cancer Hospital and Institute
Weidong Wang 

Sichuan Cancer Hospital and Research Institute: Sichuan Cancer Hospital and Institute
Li Dong 

UESTC: University of Electronic Science and Technology of China

Research Article

Keywords: Non-small cell lung cancer, Platinum-based chemotherapy, Morphological similarity network,
Graph theory, Chemobrain

Posted Date: February 28th, 2022

DOI: https://doi.org/10.21203/rs.3.rs-1352789/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-1352789/v1
mailto:xiaochengong@126.com
https://orcid.org/0000-0002-6275-9093
https://doi.org/10.21203/rs.3.rs-1352789/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/20

Abstract
Non-small cell lung cancer (NSCLC) accounts for more than 85% of all lung cancer cases, and
chemotherapy-related brain changes (known as “chemobrain”) in NSCLC patients were found in previous
studies. However, the effects of platinum-based chemotherapy on the brain structural networks are still
unclear. Structural magnetic resonance imaging (sMRI) data were collected from 32 NSCLC patients
following platinum-based chemotherapy, 36 NSCLC patients without chemotherapy, and 39 healthy
controls. Clinical physiological indicators of NSCLC patients were collected. Then, morphological
similarity networks were constructed using individual MRI data, and topological properties were
calculated using the graph theory method. Differences between the three groups were investigated using
one-way ANOVA and two-sample t-test, and relations between the topological properties and clinical
physiological indicators were calculated. We found that degree (F(2,104) = 18.367, p < 0.001) and nodal
e�ciency (F(2,104) = 12.546, p < 0.001) in temporal-parietal networks were signi�cantly reduced in NSCLC
patients following platinum-based chemotherapy compared to healthy controls/patients without
chemotherapy. These changes (p < 0.05) were positively correlated with clinical measures, including
thrombocytes, granulocytes and hemoglobin, and were negatively correlated with measures of
triglycerides and cholesterol levels. Network properties including clustering coe�cient (F(2,104) = 41.435,
p < 0.001), number of K-edges (F(2,104) = 40.304, p < 0.001), density of K-edges (F(2,104) = 40.304, p < 
0.001), global e�ciency (F(2,104) = 42.585, p < 0.001) and small-world (F(2,104) = 37.132, p < 0.001) were
also signi�cantly reduced. These results indicate that platinum-based chemotherapy might cause
cerebrovascular damage and clinical indicators’ changes, which then cause the properties of
morphological similarity networks’ changes in the temporal and parietal lobes. This study may help us
better understand the “chemobrain” in NSCLC patients.

Introduction
Lung cancer ranks �rst in the global cancer morbidity and mortality ranking, accounting for 11.6% and
18.4% of all incidences of cancer in the population, respectively. Lung cancer can be divided into small
cell lung cancer (SCLC) and non-small cell lung cancer (NSCLC), while NSCLC accounts for more than
85% of the total lung cancer cases (Bray et al. 2018). Chemotherapy, radiotherapy, surgery and targeted
therapy are commonly used in the clinical treatment of lung cancer patients (Bray et al. 2018). In recent
years, a number of neuropsychological studies have shown that lung cancer and chemotherapy have
certain negative in�uences on the executive function and cognitive memory function of patients’ brains
(Grosshans et al. 2008; Simo et al. 2013; Simo et al. 2018; Simo et al. 2015; Simo et al. 2016). In previous
studies, short transient cognitive impairment in patients with NSCLC after chemotherapy was found
(Kaasa, Mastekaasa, and Naess 1988; Simo et al. 2016), and nearly 60–90% of patients with SCLC had
cognitive impairment after chemotherapy for 1 to 5 months. Neuroimaging studies have also
demonstrated chemotherapy-related brain structural and functional changes in lung cancer patients
(Simo et al. 2013; Simo et al. 2018; Simo et al. 2015; Simo et al. 2016). However, whether NSCLC and
chemotherapy have a broad effect on brain networks in patients with NSCLC remains unclear.
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Previous studies have shown that lung cancer tumors themselves can lead patients to develop
paraneoplastic neurological syndrome (PNS) (Graus and Dalmau 2012; Honnorat and Antoine 2007;
Leypoldt and Wandinger 2014; Voltz 2002), and cognitive impairment known as “chemobrain” could also
be caused by chemotherapy in cancer patients (Ahles and Saykin 2007; Simo et al. 2013; Zeng et al.
2020). First, PNS causes the nervous system distancing effect, which causes symptoms of damage in
some parts of the central nervous system, leading to cognitive dysfunction in patients (Leypoldt and
Wandinger 2014). The mechanism may be that malignant tumor cells change in�ammatory mediators,
such as cytokines, chemokines, platelets and neutrophils, in the body environment through the
in�ammatory response of the tumor microenvironment during the growth process and promote the
metabolites of tumor cells to cross the blood–brain barrier and affect the brain (Graus and Dalmau 2012;
Leypoldt and Wandinger 2014). Second, drug molecules across the blood–brain barrier react to
neurotoxicity in the brain during the process of chemotherapy, and neurons with oxidative damage, cell
factor disorders and nerve repair and/or plasticity-related genes of individual variation and other factors
may lead to a brain structure in patients with a wide range of morphological changes, functional brain
damage, and cognitive impairment (Ahles and Saykin 2007; Hosseini., Koovakkattu., and Kesler. 2012;
Janelsins et al. 2011; Wefel, Witgert, and Meyers 2008). In addition, chemotherapeutic drug molecules
may induce ischemic lesions, hinder the formation of cerebrovascular blood and reduce cerebrovascular
blood �ow, thus causing local lesion and functional damage to the cerebral cortex of patients (Simo et al.
2013). Third, recent neuroimaging studies have also found changes in the brain structure networks of
lung cancer patients. For example, Liu et al. used diffusion-tensor imaging (DTI) of structural connectivity
to analyze the connection network using the graph theory method and found that the topological
characteristics of the structural network in the brain of patients with NSCLC before chemotherapy were
impaired, the clustering coe�cient of the left hippocampus was signi�cantly reduced, and cognitive
function was reduced (Liu et al. 2020). Using magnetic resonance imaging (MRI), Simo et al. found that
lung cancer patients had speech memory de�cits and extensive white matter damage before
chemotherapy, while reduced gray matter density and impaired white matter integrity showed impaired
visuospatial and verbal �uency after chemotherapy (Simo et al. 2015). Using functional magnetic
resonance imaging (fMRI), Simo et al. also found that cognitive de�cits induced by lung cancer and
chemotherapy resulted in abnormal functional connections related to the default network, left and right
anterior temporal lobe network, and cerebellar network and decreased connectivity (Simo et al. 2018). In
brief, lung cancer patients’ speci�c brain networks, which are involved in various functions, such as
executive function and cognitive memory, seem to be most vulnerable.

To date, most studies have focused on exploring the changes in lung cancer patients’ brain networks
through DTI and fMRI connections (Bromis et al. 2017; Liu et al. 2020), while few methods have been
used to construct networks based on the morphological similarities of the gray matter cortex. Cortical
morphological data contain a large amount of brain structural connectivity information, while brain
structure and brain function interact with each other, and the functional state of the brain may come from
the basis of similar brain region structure and morphology (Rubinov and Sporns 2010). The
morphological similarity network is based on the structural similarity between each pair of nodes. The



Page 4/20

nodes represent the cerebral cortex area and are considered to be connected when they are on the cortical
thickness or volume covariant, or when they are shown in a single subject’s structural similarity(Tijms et
al. 2012; Tijms et al. 2013). Morphological similarity may be a measure of the degree of synchronous
development and maturity of brain regions in subjects, re�ecting the synergistic change pattern of brain
regions’ structures; the more similar the structures are, the stronger the connectivity of brain regions is
(Alexander-Bloch, Giedd, and Bullmore 2013; He et al. 2009). At present, most studies de�ne the nodes in
the brain structural network by the brain regions divided by prior templates, but the brain regions as nodes
cannot include more detailed morphological features. Furthermore, the structural network is calculated
based on the population level, so the results of networks are at the group level, while the structural
network changes for a single individual cannot be measured (Liu et al. 2020; Simo et al. 2018; Simo et al.
2015). Therefore, in our work, individual morphological similarity networks of lung cancer patients were
constructed to explore the effects of chemotherapy on patients.

In this study, we �rst hypothesized that there may be chemotherapy-induced brain structural network
changes in patients with NSCLC receiving chemotherapy. The morphological similarity networks (Tijms et
al. 2012) of the gray matter were constructed from the NSCLC patients receiving/not receiving
chemotherapy and healthy control groups. Then, graph-theoretical properties based on the morphological
similarity networks were calculated and compared among the above 3 groups. In addition, relations
between those network characteristics and clinical parameters, including granulocytes and thrombocytes,
were also investigated.

Materials And Methods

Participants and datasets
A total of 68 patients with non-nervous system metastatic NSCLC [including 36 NSCLC patients without
chemotherapy (C-) and 32 NSCLC patients receiving chemotherapy (C+)] and 39 sex-, age- and education-
matched healthy controls (HCs) were recruited from Sichuan Cancer Hospital for the current study (Table
1). Patient blood (granulocytes, lymphocytes, hemoglobin, thrombocytes, cholesterol, triglycerides) and
tumor (anticarcinogenic embryonic antigen, enolase) indicators were also collected to assess patients’
basic metabolism of the immune, digestive and endocrine systems. All patients were diagnosed by the
clinician based on clinical information consistent with NSCL-2 (National Comprehensive Cancer
Network’s clinical practice guidelines in oncology, https://www.nccn.org/guidelines/category_1). The
exclusion criteria for participants were as follows: (1) any treatment with psychotropic medication, (2)
previous history of severe psychiatric disorders, (3) history of hypertension and diabetes, (4) previous
history of any metastatic tumor, (5) any history of neurological disorders, head trauma, stroke or other
central nervous system injury or disease, and (6) substance abuse history. Our study was approved by the
ethical commission of Sichuan Cancer Hospital and written informed consent was obtained from all
participants. 
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Table 1
Demographic information about the study population.

Variables HC (n = 
39)

Without chemotherapy (n = 
36)

Chemotherapy (n = 
32)

p-
value

Age (years) 48.9 ± 
11.9

56.1 ± 8.1 59.1 ± 8.3 0.561†

Sex (male/female) 20/19 24/12 22/10 0.242*

Smoke 6ª (16%) 15  (42%) 17  (53%) 0.003*

Drink 7ª (18%) 6ª (17%) 15  (46%) 0.006*

Chemotherapy drug
type

N/A N/A Cisplatin (75%)

CBP (84.5%)

Taxol (34.4%)

N/A

HC: healthy control; N/A: not applicable; CBP: carboplatin; †p-value obtained by ANOVA model. *p-
value obtained by two-tailed Pearson chi-square test. These are signi�cant differences between
groups ª and .

RI data acquisition
T1-weighted images of all the participants were acquired on a 3.0 T MRI scanner (SIEMENS-AVANTO,
Germany). The scanning parameters were as follows: 192 sagittal slices, repetition time (TR) = 1160 ms,
echo time (TE) = 4.24 ms, inversion time (TI) = 600 ms, �eld of view (FOV) = 256×256 mm2, �, p angle
(FA) = 15°, data matrix = 256×256, and voxel size = 1.0×1.0×1.0 mm3.

Brain segmentation
A total of 107 structural brain volumes were segmented into gray matter (GM), white matter (WM), and
cerebrospinal �uid (CSF) using the hidden Markov random �eld (HMRF) model available in CAT12
software (CAT12 release, www.dbm.neuro.uni-jena.de/CAT12/). To normalize the morphological
similarity networks of subjects, masks of gray matter images (voxels greater than the mean value of all
nonzero voxels) were �rst generated to obtain denoised gray matter images. Since the network properties
may change with the network’s size, an intersecting mask was then generated to retain the gray matter
image. Therefore, each subject network had the same number of gray matter voxel points, which ensured
no difference in the size of networks for each subject.

Morphological similarity networks
Individual morphological similarity networks were extracted from gray matter images using the method
proposed by Tijms et al.(Tijms et al. 2012; Tijms et al. 2013). Figure 1 shows the �owchart of analysis.
First, the GM segmentation of an individual brain was divided into 3×3×3 mm3 voxels, which was the
minimum spatial resolution that still captures cortical folding that has been shown to be 3 mm (Kiselev,

https://www.nccn.org/guidelines/category_1
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Hahn, and Auer 2003), and a cube size of 3×3×3 voxels corresponding to a cluster size of 9×9×9 mm3

was used to obtain a total of 2348 cubes. Each cube represents a node v of each individual network, and
each edge represents the morphological similarity of gray matter volume between each pair of cubes. The
structural morphological similarity between two cubes vi and vj was quanti�ed by the correlation
coe�cient rij (Batalle et al. 2013; Tijms et al. 2012):

where rik is the kth element in n voxels of cube vi, and -vi is the average value of all voxels in cube vi.
Given that the gray matter cortex is a curved structure, two similar cubes may be at the same angle, which
may reduce their similarity value. Therefore, we rotated the cube vi by an angle θ with multiples of 45°

around the seed cube vj and re�ected on all axes to �nd the maximum correlation value with the
target cube vm:

Next, the similarity network matrices were binarized based on the signi�cance of correlations after
determining a threshold for each individual graph with a permutation-based method to ensure a chance
of spurious correlations < 5% (SD = 0.002) between cubes. Only the positive similarity values survived this
threshold.

Network properties
For the brain network under the sparsity threshold of each individual, we calculated nodal and global
network properties. Nodal network properties included connectivity degree, intermediate centrality and
nodal e�ciency (Boccaletti et al. 2006). The connectivity degree evaluates the number of connections
between adjacent nodes, and a node with connections to more adjacent nodes indicates that the function
of information interaction is stronger (He, Chen, and Evans 2007). Nodal e�ciency evaluates the ability of
modular information processing of the network, and a high value indicates that the nodal information
exchanges faster (Achard and Bullmore 2007).

Global network properties included the number of K-edges, the density of K-edges, minimum and average
path length, clustering coe�cient, small-world networks and global e�ciency. The number of K-edges is
the sum of all nodes in the network, and the density of K-edges is the ratio of the sum of all nodes in the
networks to all possible edges, which re�ects the path e�ciency of network information transmission
(Batalle et al. 2013). The minimum average path length is the average of all shortest path lengths
between network node pairs, which re�ects the information transmission rate of the network. The smaller
the value is, the faster the transmission will be (Watts and Strogatz 1998). The clustering coe�cient is
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equal to the ratio of the actual number of connecting edges and the maximum number of connecting
edges among the neighbors of the node. The overall clustering coe�cient is the average of all node
clustering coe�cients, re�ecting the possibility of establishing relationships among nodes. The small-
world network re�ects the ability of topological structure separation and integration of the network, which
makes the network distinguishable from regular networks and random networks. The larger the value is,
the stronger the integration of network information �ow is (Humphries, Gurney, and Prescott 2006).
Global e�ciency re�ects the information exchange mode of the overall brain network; the higher the value
is, the larger the information exchange of the brain network is and the more active the neuron cell’s
activity is (Latora and Marchiori 2001).

Statistical analysis
In the present study, one-way analysis of variance (ANOVA) for age comparison and the chi-square test
for sex, smoking, and alcohol consumption comparison were used between NSCLC patients and the HC
group. One-way ANOVA was also used to determine the signi�cant differences (p < 0.001) among network
characteristics of the C+, C- and HC groups, and then a two sample t-test was performed to obtain the
signi�cant differences (p < 0.001) between pairs of two groups. Finally, relations between clinical
measures (e.g., routine blood, biochemical and tumor marker indices) and network properties in altered
regions were investigated using partial correlation analysis. Variables including age, sex, smoking,
alcohol consumption and cortical total volume were added as covariates in all statistical analyses.

Results

Patient characteristics
No signi�cant differences in age (F(2,104) = 3.357, p = 0.561) or sex (χ²(2) = 2.840, p = 0.242) were found
among the three groups. There were signi�cant differences in smoking (χ²(2) = 11.829, p = 0.003) and
drinking (χ²(2) = 10.148, p = 0.006) between the NSCLC patients and the HC group, but there were no
signi�cant differences in the patients. Carboplatin and cisplatin combined with other drugs were used in
32 NSCLC patients receiving chemotherapy. The proportion of the number of patients receiving
chemotherapy is shown in Table 1, and details of the drug regimen for each patient are shown in
supplementary materials Table S2.

Group differences in nodal network measures
Compared with the HC and C- groups, the degrees of the C + group were decreased (F(2,104) = 18.367, p < 
0.001, cluster size = 100, Fig. 2) mainly in the temporal lobe (right inferior temporal gyrus, ITG; bilateral
middle temporal gyrus, MTG; right superior temporal gyrus, STG; right temporal pole middle temporal
gyrus, TPOmid), right parietal lobe (supramarginal gyrus, SMG; supramarginal and angular gyri of the
inferior parietal lobe, IPL; postcentral gyrus, PoCG), as well as a part of the right frontal lobe (orbital part
of middle frontal gyrus, ORBmid; orbital part of the inferior frontal gyrus, ORBinf). Signi�cantly decreased
(F(2,104) = 12.546, p < 0.001, cluster size = 100, Fig. 3) nodal e�ciency was located in the right temporal
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lobe (superior temporal gyrus, STG), right parietal lobe (superior marginal gyrus, SMG), left temporal lobe
(inferior temporal gyrus, ITG; middle temporal gyrus, MTG; superior temporal gyrus, STG), left frontal lobe
(orbital inferior frontal gyrus, ORBinf), left angular gyrus (ANG) and left middle occipital gyrus (MOG), and
details of anatomical regions are shown in the supplementary materials Table S1.

Group differences in global network measures
The global network properties based on morphological similarity networks were further analyzed. All the

gray matter structural networks had a small-world 
 Compared with HC and C- patients, clustering coe�cient (p < 0.001, F(2,104)=41.435), number of K-edges
(p < 0.001, F(2,104) = 40.304), density of K-edges (p < 0.001, F(2,104) = 40.304), global e�ciency (p < 
0.001, F(2,104) = 42.585), and small-world (p < 0.001, F(2,104)=37.132) were signi�cantly decreased in C+
patients, and minimum and average path (p < 0.001, F(2,104)=37.561) was signi�cantly increased in C+
patients (Fig. 4). There was no signi�cant difference in global network properties between the C- group
and the HC group.

Relationships between network and clinical measures
Partial correlations between the network and clinical measures were calculated. Positive correlations
between the number of granulocytes and degrees were found in TPOmid. R (r = 0.433, p = 0.021), MTG. R
(r = 0.488, p = 0.008), ORBinf. R (r = 0.411, p = 0.03), ORBmid. R (r = 0.566, p = 0.002), STG. R (r = 0.501, p = 
0.007), SMG. R (r = 0.393, p = 0.038), PoCG. L (r = 0.47, p = 0.012), and negative correlations between
cholesterol concentration and degrees were found in TPOmid. R (r=-0.395, p = 0.038), MTG. R (r=-0.396, p 
= 0.037). Negative correlations between triglyceride concentration and degrees were located in the ITG. R
(r=-0.521, p = 0.005) and PoCG. L (r=-0.385, p = 0.043), and a positive correlation between the number of
hemoglobin and degrees was found in the MTG. R (r = 0.502, p = 0.006) (see Fig. 5A). Figure 5B shows
that there were signi�cant positive correlations between nodal e�ciencies and the number of
thrombocytes (STG. L, r = 0.372, p = 0.017)/number of hemoglobin (MTG. L, r = 0.317, p = 0.043), and
negative correlations between nodal e�ciencies and triglyceride concentration (ORBinf. L, r=-0.317, p = 
0.043; STG. L, r=-0.311, p = 0.048). In addition, signi�cant partial correlations between clinical measures
and AAL template-based morphological similarity networks were also found in the C + groups (see Fig. S3
in the supplementary materials).

Discussion
To our knowledge, this study describes for the �rst time the use of individual morphological similarity
networks extracted from GM using standard T1-weighted MRI acquisitions in NSCLC patients. We
demonstrated that chemotherapy would induce an altered network topology in NSCLC patients, and those
changed network properties may be associated with changes in clinical physiological indicators in
NSCLC patients.

Differences of nodal network measures
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In the present study, we found that the connectivity degree and nodal e�ciency of local nodes in the right
temporal-parietal-frontal and left temporal-parietal areas were signi�cantly reduced in the C + group
compared with the C- group (p < 0.001) (Fig. 2). Similar results were also found in the AAL-based
morphologic similarity network analysis (Fig. S2). The connectivity degree re�ects the number of
connections between local nodes, and the nodal e�ciency re�ects the modular information processing
e�ciency or fault tolerance of the network. It is possible that the reduction in both the connectivity degree
and nodal e�ciency indicated that the information interaction function between nodes may be weakened
(Achard and Bullmore 2007; He, Chen, and Evans 2007; He et al. 2009). In addition, signi�cant relations
between the nodal network and clinical measures were found in patients (Fig. 5, Figs. S3 and S4).
Cisplatin and carboplatin combined with paclitaxel were used as multi-cycle chemotherapy in our study.
On the one hand, cisplatin can signi�cantly inhibit angiogenesis (Kirchmair et al. 2005), and paclitaxel, as
an anti-angiogenesis drug, may hinder cerebral vascular formation and reduce cerebral vascular blood
�ow (Simo et al. 2013). In animal models of cisplatin-induced neuropathy, cerebral nerve blood �ow and
neurovascular levels were signi�cantly reduced, accompanied by signi�cant endothelial cell apoptosis,
leading to severe peripheral neuropathy characterized by focal axonal degeneration (Kirchmair et al.
2005). Stewagen et al. found that cisplatin chemotherapy in testicular cancer survivors showed increased
vascular damage and accelerated vascular aging with age (Stelwagen et al. 2020). At the same time,
studies have shown that platinum drugs may have a slight toxic effect in blood, such that 2–50% of
patients have cisplatin-induced platelet reduction, and 0–50% of patients have cisplatin-induced
granulocyte reduction (Mckeage 1995). Thrombocytopenia may inhibit neural stem cells from multiplying
and developing into neurons (Leiter et al. 2019). Sas et al. found that some neutrophils promote neuronal
survival and retinal ganglion cell axon regeneration, and a reduction in the number of neutrophils may
inhibit network regeneration (Sas et al. 2020). Our results might imply that in lung cancer patients,
thrombocytes, hemoglobin and granulocyte counts were signi�cantly decreased by chemotherapy drugs
to inhibit angiogenesis. The cerebral cortex caused reduced blood �ow and thus, loss of the oxygen-
carrying capacity of hemoglobin, local cortex neuron cell regeneration, and morphological structural
damage in the local area. These impacts may be the reason that the local regional connectivity,
connectivity e�ciency and strength of the temporal-parietal region were signi�cantly reduced.

On the other hand, abnormal metabolism of blood lipids in patients may aggravate morphological and
structural damage in the brain. In our study, the concentrations of cholesterol and triglycerides
signi�cantly increased in the C + group. Boulware et al. found that breast cancer patients who received
platinum drugs showed persistent hypercholesterolemia and triglyceride metabolism disorder, leading to
elevated blood lipid levels after chemotherapy (Boulware, Kent, and Frick 2012). Meanwhile, Yin et al.
found that sustained high cholesterol and triglyceride levels may lead to language dysfunction (Yin et al.
2012). In our study, abnormal metabolism of blood lipids in patients after chemotherapy may act on local
areas of the temporal-parietal region to signi�cantly reduce its connectivity attributes.

The temporal-parietal network is involved in executive control, language processing, episodic memory
encoding and declarative memory processing (Eichenbaum, Yonelinas, and Ranganath 2007; Liu et al.
2020; Smith et al. 2009). Previous studies have also examined the in�uence of platinum drugs on the
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temporal-parietal network of patients (Cole and Schneider 2007; Davidson et al. 2008; Hosseini.,
Koovakkattu., and Kesler. 2012; Mckeage 1995). McKeage et al. showed that cisplatin may induce
irreversible hearing loss in the speech range of cancer patients and speculated that the platinum-induced
vasospastic response may lead to impaired blood supply to the corresponding brain regions concentrated
in the left temporal lobe and reduced blood �ow (Mckeage 1995). Hosseini et al. found that the temporal
lobe was less e�cient after platinum chemotherapy in breast cancer patients, suggesting that the
temporal lobe was more susceptible to chemotherapy drugs (Hosseini., Koovakkattu., and Kesler. 2012).
Our results were consistent with these �ndings, suggesting that platinum chemotherapy may lead to
abnormal changes in the attributes of the temporal-parietal network, which may affect related cognitive
functions. In addition, we found a reduction in connectivity strength and node e�ciency in the
orbitofrontal region. We speculated that platinum-based drugs may have an effect on other higher
cognitive functions associated with the frontal lobe (Dumais et al. 2018; Li et al. 2015).

Differences in global network measures
In this study, the morphological similarity network of all groups had small-world characteristics relative to
the random network. Compared with the normal group and patients without chemotherapy (p < 0.001),
patients receiving chemotherapy demonstrated decreased clustering coe�cient, small-world
characteristics, number of K-edges, density of K-edges and global e�ciency and increased minimum and
average path length of the morphologic similarity network (see Fig. 4). These results suggested that lung
cancer patients receiving platinum-based chemotherapy were associated with weaker small-world
characteristics and lower clustering coe�cients. Global e�ciency re�ects integrated information
processing between remote regions of the brain and is mainly related to long-distance connections
(Latora and Marchiori 2001). The reduction in global e�ciency indicated that the brain network of
chemotherapy patients had impaired information transmission, exchange and processing functions at
the local and global levels, and its morphologically similar brain network was more random. Hosseini et
al. found that the global clustering coe�cient, small-world attributes and global e�ciency of the brain
network decreased in breast cancer patients receiving platinum chemotherapy, and the shortest path
length of the temporal lobe and frontal lobe increased, suggesting that multiple brain regions may be
impacted by chemotherapy drugs (Hosseini., Koovakkattu., and Kesler. 2012). Kesler et al., using
structural neuroimaging provided at the population level analysis, demonstrated the presence of diffuse
atrophy and changes in morphological structural network coordination patterns in the gray matter volume
of breast cancer patients after chemotherapy (Kesler, Watson, and Blayney 2015). Our results were
consistent with these studies and implied that patients with lung cancer who received drug chemotherapy
perhaps induced diffuse atrophy of gray matter, which may account for the changes in the overall brain
network topographies.

Limitations
First, in the present study, the network characteristics of lung cancer patients in the non-chemotherapy
group and the HC group were not signi�cantly changed. The effects of cancer on the brain were
previously reported in mostly breast cancer studies (Hosseini., Koovakkattu., and Kesler. 2012; Boulware,
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Kent, and Frick 2012; Feng et al. 2019). However, whether and how lung cancer impacts the cerebral
cortex needs to be further explored. Second, as a retrospective data study, our work lacks behavioral data
of patients, so it is di�cult to assess the abnormal effects of chemotherapy on the cognitive functions of
patients in the brain. Further evaluation is required in subsequent studies. Third, clinical indicators were
routinely measured in patients and did not include measures of brain-derived neurotrophic factors (BDNF)
(Rana et al. 2021), which can re�ect neuronal injury. In subsequent studies, the types and content of
antibodies in the cerebrospinal �uid of patients will be collected to demonstrate our �ndings in the
present work. Fourth, the sample size is limited. In the next study, more modalities, such as functional
MRI and EEG, and more samples will be collected.

Conclusions
In this work, individual morphologically similar brain networks were used to investigate the changes in the
structural brain network in patients with NSCLC after chemotherapy. Our results suggested that platinum-
based chemotherapy in NSCLC patients might cause cerebrovascular damage and changes in clinical
indicators, and then cause changes in the properties of morphological similarity brain networks in the
temporal and parietal lobes. This may provide imaging evidence to help us better understand the
“chemobrain” in NSCLC patients.
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Figure 1

The �owchart of constructing individual morphological similarity networks. (1) Each brain volume was
segmented into GM, WM, and CSF. (2) An intersecting gray mask of all 107 subjects was then generated
to retain the gray matter image. (3) The gray matter was divided into 3×3×3 voxel cubes. The red arrows
point to 2 example cubes  and . (4) The similarities among all cubes (M=2348) were computed using the
maximum correlation coe�cient, storing the result in a matrix with 1 to M rows and columns. (5)
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Similarity matrices were binarized, with a threshold that ensured a 5% chance of spurious connections for
all individuals (corresponding to a signi�cance level of p < 0.05 corrected for multiple comparisons by an
FDR technique using an empirical null distribution). (6) The topological properties of the networks were
calculated. (7) The topological properties of the networks were compared.

Figure 2

Signi�cant differences between the degrees of C+, C- and HC groups. The signi�cance of F-test is set as
p<0.001, uncorrected, F(2,104)=18.367, cluster size=100; * represents signi�cance of two sample t-test
p<0.001; C+: NSCLC patients receiving chemotherapy; C-: NSCLC patients without chemotherapy; HC,
healthy controls.

Figure 3

Signi�cant differences between the nodal e�ciency of the C+, C- and HC groups. The signi�cance of F-
test is set as p<0.001, uncorrected, F(2,104)=12.546, cluster size=100; * represents signi�cance of two
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sample t-test p<0.001; C+: NSCLC patients receiving chemotherapy; C-: NSCLC patients without
chemotherapy; HC, healthy controls.

Figure 4

Signi�cant differences in clustering coe�cient (Clustering C), minimum and average path length, number
of K-edges (K), density of K-edges (density of K), global e�ciency and small-world among the 3 groups.
NSCLC, non-small-cell lung cancer; C+: NSCLC patients receiving chemotherapy; C-: NSCLC patients
without chemotherapy; HC, healthy controls. * represents p<0.001.



Page 19/20

Figure 5

(A) Partial correlations between clinical measures and degrees in the patient group; (B) Partial
correlations between clinical measures and nodal e�ciency in the patient group. Red line: all patients;
blue line: C+ group; green line: C- group.
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