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Purpose: Epidermal growth factor receptor-tyrosine kinase inhibitor (EGFR-TKI) therapy is
the routine treatment for patients with metastatic non-small cell lung cancer (NSCLC)
harboring positive EGFR mutations. Patients who undergo such treatment have reported
cognitive decline during follow-up. This study, therefore, aimed to evaluate brain structural
changes in patients receivingEGFR-TKI to increaseunderstandingof this potential symptom.

Method: Themedical recordsof 75patientswithmetastaticNSCLC (without brainmetastasis
or other co-morbidities) who received EGFR-TKI therapy from 2010 to 2017 were reviewed.
The modified Scheltens Visual Scale and voxel-based morphometry were used to evaluate
changes in white matter lesions (WML) and gray matter volume (GMV), respectively.

Results: The WML scores were higher at the 12-month [8.65 ± 3.86; 95% confidence
interval (CI), 1.60–2.35; p < 0.001] and 24-month follow-ups (10.11 ± 3.85; 95% CI, 2.98–
3.87; p < 0.001) compared to baseline (6.68 ± 3.64). At the 24-month follow-up, the visual
scores were also significantly higher in younger patients (3.89 ± 2.04) than in older patients
(3.00 ± 1.78; p = 0.047) and higher in female patients (3.80 ± 2.04) than in male patients
(2.73 ± 1.56; p = 0.023). Additionally, significant GMV loss was observed in sub-regions of
the right occipital lobe (76.71 voxels; 95% CI, 40.740–112.69 voxels), left occipital lobe
(93.48 voxels; 95% CI, 37.48–149.47 voxels), and left basal ganglia (37.57 voxels; 95%
CI, 21.58–53.57 voxels) (all p < 0.005; cluster-level false discovery rate < 0.05).

Conclusions: An increase in WMLs and loss of GMV were observed in patients with
metastatic NSCLC undergoing long-term EGFR-TKI treatment. This might reflect an
unknown side-effect of EGFR-TKI treatment. Further prospective studies are necessary to
confirm our findings.

Keywords: non-small cell lung cancer, epidermal growth factor receptor-tyrosine kinase inhibitor, white matter
lesion, gray matter, MRI
January 2021 | Volume 10 | Article 5735121

https://www.frontiersin.org/articles/10.3389/fonc.2020.573512/full
https://www.frontiersin.org/articles/10.3389/fonc.2020.573512/full
https://www.frontiersin.org/articles/10.3389/fonc.2020.573512/full
https://www.frontiersin.org/articles/10.3389/fonc.2020.573512/full
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles
http://creativecommons.org/licenses/by/4.0/
mailto:drgongyouling@hotmail.com
https://doi.org/10.3389/fonc.2020.573512
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://doi.org/10.3389/fonc.2020.573512
https://www.frontiersin.org/journals/oncology
http://crossmark.crossref.org/dialog/?doi=10.3389/fonc.2020.573512&domain=pdf&date_stamp=2021-01-06


Yang et al. Structural Brain Changes After EGFR-TKI Therapy
INTRODUCTION

Non-small cell lung cancer (NSCLC) is the leading cause of
cancer death worldwide. About 40–50% of Asian patients with
NSCLC harbor epidermal growth factor receptor (EGFR)
mutations, and distant metastases are observed in nearly 40%
of these patients at initial diagnosis (1). The approval of gefitinib,
the first-generation EGFR tyrosine kinase inhibitor (TKI), led to
the development of molecular targeted therapy for lung cancer
(2). Prospective phase III trials have established that EGFR-TKIs
are superior to chemotherapy for patients harboring an EGFR
mutation (3–6). Therefore, EGFR-TKIs have been recommended
as first-line treatment for such patients in clinical guidelines
(7, 8). Consequently, EGFR-TKI therapy has been routinely
prescribed for patients with EGFR mutations worldwide.

The known side effects of targeted therapy with EGFR-TKIs
include rashes, diarrhea, hepatic impairment, mucositis, and
interstitial pneumonia (9). However, during routine follow-ups,
patients with NSCLC undergoing EGFR-TKI treatment in our
department, the Oncology Department of West-China Hospital,
have reported cognitive decline after starting EGFR-TKI treatment,
a side effect that has not previously been reported. Meanwhile, a
recent study evaluated the neuropsychological performance of
patients with NSCLC who underwent targeted therapy and
reported that depression and/or anxiety were correlated with the
treatment, but details regarding drug utilization in this study were
not clear (10). Potential reasons for these neuropsychiatric
symptoms remain unknown.

Many studies have reported that epidermal growth factor (EGF)
is involved in the main biological pathway of neurodevelopment
and repair of nerve injury by promoting the proliferation,
regeneration, and development of neurons (11–13). Thus, the
inhibition of the EGF pathway caused by EGFR-TKIs could
negatively influence the differentiation, maturation, and
rehabilitation of neural cells, which may lead to chronic cognitive
function impairments. In this context, exploring structural changes
in patients’ brains before and after EGFR-TKI treatment could help
in determining the causes of cognitive decline.

It has been reported that white matter lesions (WMLs) are an
indication of cognitive impairment, especially in the elderly and
patientswith specific comorbidities (14, 15). The loss of graymatter
volume (GMV) has also been associated with mild cognitive
impairment, including memory loss and attention and language
dysfunction (16, 17). MRI-based studies have confirmed that
WMLs and gray matter atrophy (GMA) could be the primary
imaging correlates of early dementia and mild cognitive
impairment in several chronic diseases, including Parkinson’s
disease, diabetes mellitus, and Alzheimer’s disease, among others
(18–20).

Patients with metastatic NSCLC who undergo EGFR-TKI
treatment at our hospital receive routine MRIs. This allowed us
Abbreviations: EGFR-TKI, Epidermal growth factor receptor-tyrosine kinase
inhibitor; NSCLC, Non-small cell lung cancer; WML, white matter lesion;
GMV, gray matter volume; MRI, magnetic resonance imaging; GMA, gray
matter atrophy; VBM, voxel-based morphometry; FDR, false discovery rate;
FLAIR, fluid attenuated inversion recovery.
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to investigate the potential impact of long-term EGFR-TKI
therapy on patients’ brains, which has not yet been evaluated.
Thus, for the first time, we collected brain MRI images of patients
with NSCLC to investigate changes in WMLs and GMV.
MATERIALS AND METHODS

This retrospective study was approved by the ethics committee at
WestChinaHospital, SichuanUniversity andwas in full accordance
with the International Conference ofHarmonizationGoodClinical
Practice Guidelines. Informed consent was obtained during follow-
up, and for those who were lost to follow-up (e.g., death,
emigration), we were granted permission by the ethics committee
at West China Hospital, Sichuan University for an informed
consent waiver.

Patients with pathologically-confirmed metastatic NSCLC
between 2010 and 2017 in West China Hospital, Sichuan
University were included. The inclusion criteria were as follows:
a) positive for EGFRmutation (19 exon deletion or 21 exon L858R
mutation detected by amplification refractory mutation system,
differential display-polymerase chain reaction, or next generation
sequencing), b) received first-generation EGFR-TKIs (gefitinib,
erlotinib, or icotinib, according to the Chinese Food and Drug
Administration’s approval); and c) brainMRI data available during
follow-up at our hospital. Exclusion criteria were as follows: a)
suffering from a neurological or psychiatric disease; b) presence of
comorbidities that might influence the patient’s brain structure
(e.g., type 2 diabetes, hypertension, chronic kidney disease); c)
identificationofbrainmetastasesduringMRIatbaseline oranytime
during the evaluation period; d) substantial abuse including alcohol
or narcotics; and e) any other concurrent systematic therapy (e.g.,
chemotherapy, anti-angiogenetic therapy, or immunotherapy).

Treatment and Follow-Up
After EGFR-TKI treatment initiation, objective assessments of all
the eligible patients were recorded every 3 months according to
the RESIST criteria (21). The patients underwent a brain MRI
every 6 months when no neural symptoms or physical signs were
observed; otherwise, a brain MRI was performed immediately to
rule-out brain metastasis. The EGFR-TKI dose was modified
according to the instructions specific to each drug. The duration
of the follow-up period was ≥ 24 months.
Image Acquisition
Image datawere retrospectively collected fromour hospital’s PACS
(Picture Archiving and Communication System). Since there are
multipleMRI scanners at our hospital, T2-FLAIR (fluid attenuated
inversion recovery) images for WML assessments were acquired
using different scanners from two different manufacturers (GE and
Siemens) andwith varyingmagneticfield intensities (1.5-T, n = 154
person-time; and 3.0-T, n = 82 person-time). Since the WML
diagnostic features were high signal spots in the T2-FLAIR
sequence, the evaluation of visual scores were not affected by the
different scanners. A high resolutionT1WI (1.0mm/slice)MRIwas
not routinely used for all the patients due to its extra charge;
January 2021 | Volume 10 | Article 573512
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however, we screened the image data for available high resolution
T1WI MRIs before and after about 1-year treatment, which were
obtained by the same 3.0 T MRI system. The images of 21 patients
(13 by Siemens scanners; 8 by GE scanners) were determined to be
suitable for GMV analysis.
Definitions and Acquisition of White Matter
Lesion and Gray Matter Volume
WMLs are regions of white matter that have an abnormal white
matter fiber tract, which present as hyperintense regions on MRI
T2-FLAIR sequence images with different shapes categorized as:
periventricular caps, rims, or halos; subcortical multiple punctuates
or patchy lesions; and partially or completely confluent lesions.
They are often divided into two broad categories, namely,
periventricular WMLs (attached to the ventricular system) and
deep WMLs (located at the subcortical white matter area) (22, 23).

WMLs from axial T2-FLAIR images were evaluated using the
modified Scheltens Visual Scale (SVS; Supplementary Material,
Section A), with which periventricular and white matter
hyperintensities are semi-quantitively rated. The modified SVS is
used to rate WMLs in the periventricular region on a 7-point scale
(0–6) and those in the subcortical region on a 25-point scale (0–24)
according to the size and number of lesions (24, 25). The modified
SVS was used to evaluate the WMLs seen on T2-FLAIR images at
baseline and after 12 months and 24 months of EGFR-TKI therapy
(one representative patient is shown in Supplementary Material,
Section B).

Gray matter is a major component of brain parenchyma and
consists of neuronal cell bodies, neuropils (dendrites and axons),
glial cells, and capillaries. It is distinguished from white matter in
that it contains numerous neuronal cell bodies and relatively few
myelinated axons. GMV is determined using optimized voxel-
based morphometry (VBM) (26), a computational neuroanatomy
method that measures the number of voxels of gray matter after
separating them from white matter using T1WI.

In this study, the GMV analysis was performed using the
Statistical Parametric Mapping Package (SPM8) (http://www.fil.
ion.ucl.ac.uk/spm/), with the VBM-based diffeomorphic
anatomical registration using the exponentiated lie algebra
(VBM-DARTEL) toolbox (27). First, the high-resolution images
of all the patients before and after treatment were segmented into
gray matter, white matter, and cerebrospinal fluid. Second, the
segmented gray matter was smoothed to create the primary
DARTAL template. After 18 iterative operations with raw
segmented gray matter images, six templates were created and the
sixth template, which is considered to havemaximumaccuracy and
sensitivity (28), was registered to the Montreal Neurological
Institute space. All the patients’ GMVs before and after treatment
were obtained for further statistical analysis.
Statistical Analysis
The normality of the WML SVS scores was tested using the
Shapiro-Wilk test. Paired sample t-tests were used to test
differences in the WML scores before and after treatment.
Independent sample t-tests were used to evaluate variations in
Frontiers in Oncology | www.frontiersin.org 3
WMLs from baseline according to sex, age, type of mutation, and
type of TKI therapy.

Changes in GMV before and after EGFR-TKI therapy were
tested using paired sample t-tests (uncorrected p value < 0.001),
and corrected using a false discovery rate (FDR) of p < 0.05 at
cluster level and peak level. A cluster level test takes into account
the size of the cluster that consists of adjacent voxels as test
objects, and a cluster size above the voxel’s threshold has a
statistical significance suitable for small samples. For the peak
level test, each voxel is regarded as an independent test subject,
meaning a much stricter FDR is required for viability.
RESULTS

Patient Characteristics
The median age of all 75 patents with NSCLC was 60 years (range,
38–71 years) and the majority were women (49/75, 65.3%). Forty-
one (54.7%) and 34 (45.3%) patients were positive for EGFR 19
exon deletion and 21 exon L858R transformation, respectively. The
median duration of intracranial progression-free survival was 32.0
months (range, 23.0–89.0 months). For the 21 patients included in
the GMV analysis, the median age was 59 years (range, 43–70
years) and the majority were female (12/21, 57.1%) (Table 1).
Changes in White Matter Lesions
The SVS scores of the WMLs at baseline varied between 0 and
17.00, and increased at the 12-month and 24-month follow-ups
(Figure 1A). Compared to baseline (6.68 ± 3.64), the scores were
significantly higher at the 12-month [8.65 ± 3.86; 95% confidence
interval (CI) 1.56–2.35, p < 0.001] and 24-month (10.11 ± 3.85;
95% CI 2.98–3.87, p < 0.001) follow-ups (Figure 1B).

Sub-group analyses showed that the SVS scores at baseline were
significantly higher in older patients (> 60 years) than in younger
patients (≤ 60 years) (7.62 ± 3.56 vs. 5.67 ± 3.49, respectively; p =
0.019). Compared to older patients, the younger patients also
showed significantly higher SVS scores at the 24-month follow-
TABLE 1 | Baseline characteristics of patients in present study.

Baseline
characteristics

Patients for WML
analysis, number

Patients for GMV
analysis, number

Age (years) 60 (range of 38–71) 59 (range of 43–70)
Sex (%)
Male 26 (34.7) 9 (42.9)
Female 49 (65.3) 12 (57.1)
ECOG performance status (%)
0 38 (50.7) 10 (47.6)
1 37 (49.3) 11 (52.4)
EGFR mutation (%)
19 del 41 (54.7) 12 (57.1)
21L858R 34 (45.3) 9 (42.9)
EGFR-TKI (%)
Gefitinib 30 (40) 13 (61.9)
non-Gefitinib 45 (60) 8 (38.1)
Progression-free survival (months) 32 (range of 23-89)
J
anuary 2021 | Volume
Data are median (IQR) or number (%); ECOG, Eastern Cooperative Oncology Group;
EGFR, epidermal growth factor receptor; TKI, tyrosine kinase inhibitor.
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up (3.00 ± 1.78 vs. 3.89 ± 2.04, respectively; p = 0.047) but not at the
12-month (2.19 ± 1.69 vs. 1.77 ± 1.56, respectively; p = 0.266)
follow-up (Figure 1C). For the SVS scores at baseline, no significant
differences were found between female and male patients (6.27 ±
3.37 vs. 7.46 ± 4.05, respectively; p = 0.177). However, SVS scores
were significantly higher for female patients than male patients at
Frontiers in Oncology | www.frontiersin.org 4
the 12-month (2.31 ± 1.66 vs. 1.35 ± 1.44, respectively; p = 0.015)
and 24-month (3.80 ± 2.04 vs. 2.73 ± 1.56, respectively; p = 0.023)
follow-ups (Figure 1D). No significant differences in SVS scores
were observed according to the different EGFRmutations orEGFR-
TKI treatments at baseline or at the 12-month or 24-month follow-
ups (all p > 0.05; Figures 1E, F).
A B

C D

E F

FIGURE 1 | Baseline and changes of WML visual scores in all patients. (A) During the treatment of EGFR-TKI, the patient’s WML visual scores increased
progressively. (B) Comparing to the baseline scores, the scores were significantly changed at the 12-months’ point and changed more obviously at the 24-months’
point. (C) Sub-group analysis: the baseline WML visual score was significantly higher in elder patients. The WML visual scores increased more significantly at the 24-
month point in younger patients than elder patients. (D) There was no difference between the baseline WML visual scores among female and male patients, while the
visual scores increased more significantly in female patients at the 12-month’s point and 24-month’s point than that in the male patients. (E, F) No significant
differences of the WML visual scores was observed between EGFR mutation types or EGFR-TKIs the patients receiving.
January 2021 | Volume 10 | Article 573512
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Changes in Gray Matter Volume
The total GMV of patients was 673.8 ± 58.5 cm3 and 667.6 ± 60.3
cm3 at baseline and the 12-month follow-up, respectively.
Uncorrected GMV loss (p < 0.001) was identified in brain MRIs
(Figure 2). The total voxel values were clearly lower after EGFR-
TKI treatment than at baseline in three main clusters: the sub-
regionsof themiddle and inferior occipital cortex (1,697voxels); the
right middle and inferior occipital cortex extending to the lingual
gyrus and entorhinal cortex (1,660 voxels); and the left lentiform
nucleus, which included the putamen and pallidum (1,145 voxels)
Frontiers in Oncology | www.frontiersin.org 5
(Table 2).MildGMV loss was observed in the left precentral gyrus,
which included part of Brodmann area 6 (321 voxels); two
independent clusters at the right lentiform nucleus (142 and 125
voxels), both of which included parts of the putamen and pallidum;
and the right insula extending to the superior temporal gyrus
(269 voxels).

After the cluster-level FDR was corrected to p < 0.05,
significant GMV loss remained in three main clusters: the right
middle and inferior occipital cortex extending to the lingual and
entorhinal gyrus, the left lentiform nucleus, and the middle and
FIGURE 2 | Differences in gray matter volume before and after EGFR-TKI treatment. Significant differences were identified using voxel-based paired sample T-test.
January 2021 | Volume 10 | Article 573512
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inferior occipital cortex (p = 0.012, p = 0.003, and p = 0.003,
respectively) (Table 3, Figure 3). The peak-level FDR-corrected
analysis showed no significant difference between GMV
atrophies at baseline and the 12-month follow-up in these
three main clusters (p = 0.054, p = 0.653, and p = 0.885,
respectively). The other four clusters were not significant after
cluster-level or peak-level FDR correction (all p > 0.05).
DISCUSSION

Previous studies have revealed that the most common adverse
effects of EGFR-TKI therapy are skin rashes (31.4%), diarrhea
(14.2%), pruritus (6.7%), and hepatic toxicity (3.8%) (9). For the
first time, using a series of brain MRIs, significant worsening of
WMLs and GMA were observed among patients with advanced-
stage NSCLC receiving long-term EGFR-TKI treatment.

The existing literature suggests that EGF is expressed in the
cortical plate during neural development, promoting the neurite
outgrowthof cortical neurons (11), and the EGFRpathway is linked
to multiple nerve cell events, such as proliferation, differentiation,
and apoptosis (12). Recently, an EGFR pathway-regulating
compound (yhhu-3792) was reported to induce cognitive
impairment in mice by inhibiting neural pathways in the
hippocampus (29). This microvascular anomaly is believed to be
one the principle causes of WMLs, as EGFR and vascular EGF
pathways are closely related and share common downstream
signaling pathways (30). Therefore, long-term EGFR-TKI therapy
could potentially induce WMLs and GMA.

GMA and WMLs are reportedly associated with a rapid or
excessive decline in global cognitive performance, executive
Frontiers in Oncology | www.frontiersin.org 6
function, and processing efficiency (17, 31, 32). Furthermore,
structural changes in the brain are strongly correlated with a
patient’s cognitive status (17, 33, 34). In the present study, the
reduction in gray matter was nearly 0.92% after 12 months of
EGFR-TKI treatment, while a large cross-sectional study (479
healthy participants) using SPM8 to measure age-related changes
in GMV reported a global loss of 0.57% per year (35). Even though
directly comparing these two studies is not sufficient evidence, it
may be used to some extent to demonstrate the difference between
patients receivingEGFR-TKI therapy andhealthy people, especially
given the difficulty in collecting longitudinal image data of healthy
people along aging. Physical frailty-related GMV loss has been
observed in the bilateral frontal and occipital cortices, while
cognitive impairment-related GMV loss has been observed in the
bilateral frontal, occipital, and temporal cortices (17). Similarly, we
observed significantGMVlossmainly in sub-regionsof the bilateral
occipital lobes and the left basal ganglia.Unfortunately, nocognitive
function tests (e.g., Wechsler adult intelligence scale-III, mini-
mental state examination, color trails test, etc.) were performed
on the patients who received EGFR-TKI treatment at baseline or
during follow-up. We could not, therefore, analyze possible
cognitive impairments caused by the changes in brain structure in
the patients.

Previous studies on healthy elderly populations have reported
either no significant progression ofWMLs associated with age (36),
or amild increaseof 0.2 to 0.4%per year (37), In this study,however,
we observed significant deterioration of WMLs in patients with
NSCLCwho receivedEGFR-TKI therapy. The baselineWML score
was significantly higher in older patients than in younger patients
(p = 0.019), which is in accordance with recent reported findings
(14, 22). At the 24-month follow-up, however, the WML scores
TABLE 2 | Sub-regions with GMV atrophy of patients treated with EGFR-TKIs.

Cluster Total voxels Main brain sub-regions

Region1 Voxels Region2 Voxels Region3 Voxels

1 1697 Occipital_Mid_L 1153 Occipital_Inf_L 377 – –

2 1660 Occipital_Inf_R 705 Occipital_Mid_R 573 Fusiform_R 247
3 1145 Lentiform Nucleus_L 782 Putamen_L 604 Pallidum_L 174
4 321 Precentral Gyrus_L 211 Brodmann area 6 96 – –

5 269 Insula_R 109 Temporal_Sup_R 84 – –

6 142 Lentiform Nucleus_R 115 Putamen_R 106 Pallidum_R 9
7 125 Lentiform Nucleus_R 123 Putamen_R 79 Pallidum_R 45
January 2021
 | Volume 10 | Article
GMV, gray mater volume.
TABLE 3 | Statistic information of sub-regions with GMV reduction in patients treated with EGFR-TKIs.

Cluster Cluster-level Peak-level X (mm) Y (mm) Z (mm)

Equivk p (un-corr) p (FDR-corr) T p (uncorr) p (FDR-corr)

1 1145 0.001 0.012 6.88 0.000 0.054 −29 −17 −2
2 1660 0.000 0.003 4.84 0.000 0.653 35 −86 −11
3 1697 0.000 0.003 3.78 0.001 0.885 −39 −83 0
4 321 0.06 0.387 3.83 0.001 0.885 −44 −12 65
5 142 0.194 0.825 4.09 0.000 0.885 29 −18 5
6 125 0.222 0.825 3.69 0.001 0.885 26 −5 2
7 269 0.082 0.424 3.50 0.001 0.885 41 −33 17
GMV, gray matter volume; EGFR, epidermal growth factor receptor; TKI, tyrosine kinase inhibitor; Equivk, equivalent voxels k; Corr, corrected; FDR, false discovery rate; X, Y, Z, x,y and z
axis. respectively.
573512
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were significantly higher in younger patients than older ones (p =
0.047), indicating that the younger patients were more sensitive to
therapy. This could be explained by the higher proliferation rate of
neural stem and progenitor cells in younger compared to older
people, leading to a higher chance they would be affected by EGFR-
TKI therapy. Women reportedly have significantly more WMLs
relative towhitematter volume thanmen (2.8 vs. 2.4%, respectively;
p < 0.001) (38), and a greater marked progression of subcortical
WML and incident lacunar infarcts than men (39). Similarly, the
changes in WML scores in this study were more significant in
female patients than in male patients at the 12-month and 24-
month follow-ups.However, therewere no significantdifferences in
WML scores based on the type of EGFR mutation or EGFR-TKI
therapy received.

For dementia research, visual rating scores from routine brain
MRIs, which are recognized as a practical and inexpensive way to
Frontiers in Oncology | www.frontiersin.org 7
improve diagnostic accuracy, are recommended for assessing
cognitive impairment. Prior to the application of more advanced
image analysis techniques in clinical practice, visual rating scales
were widely used and recommended for evaluating patients
clinically with suspected dementia and was considered a
diagnostic criterion for numerous types of dementia (22, 23, 40).
Compared to several other visual rating scales, including the
Fazekas scale (41), Rotterdam Scan Study (RSS) scale (37),
modified SVS (24), Koedam posterior atrophy (PA) scale (42),
and Prins scale (25), which were developed specifically to rate the
vulnerability of brain regions to atrophy in different types of
dementias, the SVS has been recommended for observing
longitudinal changes in WMLs for chronic diseases and their
relationship to clinical variables (43–45). GMV changes have
been evaluated using the VBM-toolbox on SPM8, and the
reliability of extracting quantitative brain metrics, such as GMV,
FIGURE 3 | The three main clusters with reduced gray matter volume. The three clusters were showed in axial, sagittal, and coronal positions: (A) the right middle
and inferior occipital cortex, (B) the left lentiform nucleus, and (C) the middle and inferior occipital cortex.
January 2021 | Volume 10 | Article 573512
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in clinical-quality MRIs has been justified (46). Uncorrected voxel-
based statistics increase the sensitivity as FDR increases (28). In this
study, the FDR-corrected analysis was performed tominimize bias.
Thus, the theoretical foundation andMRIanalysis performed in the
present study were relatively robust and have been validated by a
large number of studies worldwide.

However, this study also had some limitations. First, the
retrospective nature and relatively limited sample size of this
study restricts its value in routine practice. Additionally, since a
cognitive analysis was not conducted, interpreting the potential
relationship between changes in the brain structure and
cognition could not be assessed, even though significant
worsening of the brain structure was observed. Second, data on
mental status (depression or anxiety) before and during follow-
up were not available, and subtle mental symptoms are difficult
for patients to detect themselves. However, concomitant
neuropsychiatric symptoms, such as depression or anxiety, in
patients with NSCLC who undergo target therapy may exist, as
reported previously (10). Third, systemic chemotherapy might
have affected patients’ cognitive function (47, 48). Previous
evaluations of cognition and brain structure changes in
patients with lung cancer have demonstrated cognitive
impairments after chemotherapy (49). Consequently, patients
with lung cancer who undergo chemotherapy could not be used
as controls. Additionally, no healthy volunteers were analyzed as
controls in this retrospective setting. Therefore, the brain
alterations observed in the present study should be interpreted
cautiously unless they are validated by prospective data sets.
CONCLUSION

This retrospective structural analysis of a series of brain MRIs
showed significant worsening of WMLs and GMA in patients
with advanced-stage NSCLC undergoing chronic EGFR-TKI
treatment, which may indicate that this could be an unknown
side-effect of EGFR-TKI treatment. Further prospective studies
are being designed to more definitively determine the effects of
long-term EGFR-TKI treatment on cognitive ability.
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