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Cognitive function of patients receiving whole
brain radiotherapy for brain metastases from
lung cancer and guidance strategies based on

intelligent software

Kognitivni funkce pacientt pri celomozkovém ozafovani pro mozkové
metastazy karcinomu plic a strategie fizeni radioterapie pomoci

inteligentniho softwaru

Abstract

Aim: The aim of this study was to investigate cognitive functions of patients receiving whole
brain radiotherapy (WBRT) for brain metastases (BM) from lung cancer, and to analyze guidance
strategies based on intelligent software. Methods: The clinical data of 146 patients with BM from
lung cancer were collected for retrospective analysis, and they were assigned to group A (N = 95,
presence of neurological symptoms) and group B (N = 51, absence of neurological symptoms).
Multivariate logistic regression analysis was employed to explore the risk factors for cognitive
decline, and a prediction model was constructed and evaluated. Results: After WBRT, the Mini-
Mental State Examination (MMSE) score of group A increased significantly (P < 0.05), the highest
was in the 4" month and then decreased slightly. In contrast, the MMSE score of group B was
lowered after WBRT, the lowest was in the 4" month and rose thereafter. Logistic analysis indicated
that chemotherapy > 3 cycles, simultaneous integrated boost, irradiation dose > 30 Gy and
absence of hippocampal avoidance were independent risk factors for cognitive decline (P < 0.05).
Conclusion: WBRT has obvious therapeutic effects on BM from lung cancer, but it influences the
cognitive functions, which is the most noticeable in the 4" month.

Souhrn

Cil: Cilem této studie bylo sledovéni kognitivnich funkci u pacientl pfi celomozkovém ozafovanf
(whole brain radiotherapy; WBRT) pro mozkové metastazy (brain metastases; BM) karcinomu plic
a analyza strategif fizenf radioterapie pomocf inteligentniho softwaru. Metody: Byla provedena
retrospektivni analyza klinickych dat 146 pacientl s BM karcinomu plic, pficemz pacienti byli
rozdéleni do skupiny A (n = 95, pacienti s neurologickymi symptomy) a skupiny B (n = 51, pacienti
bez neurologickych symptom). Byla provedena multivaria¢ni logisticka regresni analyza s cilem
prozkoumat rizikové faktory pro zhorseni kognitivnich funkci a byl zkonstruovén a zhodnocen
predikéni model. Vysledky: Po WBRT se ve skupiné A vyrazné zvysilo skére tzv. kratkého testu
kognitivnich funkci (Mini-Mental State Examination; MMSE) (p < 0,05), které bylo nejvyssi ve
4. mésici a pak doslo k mirnému poklesu. Naproti tomu ve skupiné B doslo po WBRT ke snizenf
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skore, pficemz nejnizsi bylo ve 4. mésici a pak doslo k jeho zvyseni. Logisticka analyza ukazala,
Ze nezavislymi rizikovymi faktory pro zhorsen{ kognitivnich funkci byla chemoterapie podavana
ve > 3 cyklech se simultdnnim integrovanym boostem, ozafeni v davce > 30 Gy a absence
hipokampus Setfici techniky ozafovani (p < 0,05). Zdvér: Technika WBRT ma na BM karcinomu
plic zfetelné terapeutické ucinky, ale ovliviuje kognitivni funkce, coz je nejvic patrné ve
4. mésici lécby.

Klicova slova
mozkové metastazy — kognitivni funkce -
karcinom plic — celomozkové ozéfeni
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Introduction
Brain metastases (BM) mainly present with
intracranial hypertension and localized hea-
dache at early clinical stage [1,2]. If these
patients develop diffuse headache, con-
comitant symptoms (including vomiting,
cognitive disorders, fatigue, or even hemi-
plegia and sensory loss) may occur. In the
medical field, BM from malignancies have
always been considered an end-stage indi-
cation [3]. As therapeutic technology con-
tinuously advances, radiotherapy, new
chemotherapeutic agents and targeted
drugs have achieved better curative effects.
Statistics show that the proportion of BM
from lung cancer accounts for about 70—
80% of all patients with BM [4]. It has been re-
ported that the median survival time of pa-
tients with BM from lung cancer is no more
than 3 months if they receive symptomatic
and supportive treatment only [5].
Currently, whole brain radiotherapy
(WBRT) is the standard method commonly
used to treat BM [6]. Relevant studies have
shown that after WBRT, the median sur-
vival time of patients with < 3 BM from lung

cancer and those with > 3 BM can be ex-
tended to 10 and 4 months, respectively. It
has been that WBRT possibly reduces cog-
nitive functions and quality of life, which
are also associated with patients’ conditions
and lesions [7]. However, relevant research
has rarely been reported in China. At pre-
sent, intelligent software is available to con-
struct prediction models on the basis of nu-
merous clinical information and data [8],
which is superior to traditional statistical
methods in predictive accuracy and clinical
value.

Hence, this study aimed to explore the
cognitive functions of patients receiving
WBRT for BM from lung cancer and ana-
lyze guidance strategies based on intelligent
software, so as to provide references for clin-
ical treatment and diminish the impact of
WBRT on patients’' cognitive functions.

Patients and methods

General data

A total of 146 patients with BM from lung
cancer admitted to the Department of Ra-
diotherapy in our hospital from January

Tab. 1. Clinical efficacy of whole brain radiotherapy.
Patients with brain -,
L Composition
Clinical efficacy metastases from lung ratio
cancer (N = 146)
effective complete remission 57 39.04
partial remission 67 45.89
ineffective  unobvious changes of the lesion 14 9.59
progression of the lesion 8 548
N — number

2019 to February 2021 were selected as re-
search subjects. According to the presence
or absence of neurological symptoms (in-
cluding memory loss, lethargy, headache,
dizziness, sensory or motor abnormalities,
epileptic seizures, cognitive or speech dis-
orders), these patients were categorized
into group A (N = 95, presence of neuro-
logical symptoms) and group B (N = 51, ab-
sence of neurological symptoms). In group
A, there were 54 males and 41 females aged
35-80 (5841 + 9.30) years, of whom 54 pa-
tients had received < 12 years of educa-
tion (high school and below) and 45 pa-
tients had received > 12 years of education
(undergraduate and above). In group B,
there were 26 males and 25 females aged
34-78 (56.37 + 8.82) years, of whom 22 pa-
tients had received < 12 years of education
and 29 patients had received > 12 years of
education.

Inclusion criteria were as follows:

1) patients definitely diagnosed with BM
from lung cancer by MRI for the first time;

2) those who received WBRT and had no
history of other brain radiotherapy or
surgery;

3) those who had no severe diseases and
could cooperate with radiotherapy;

4) those who were able to complete the
questionnaire either on their own or with
the aid of others.

Exclusion criteria were as follows:

1) patients with dementia;

2) those with cognitive decline induced by
other causes;

3) those with an expected survival time of
< 3 months.

Tab. 2. MMSE scores before and after WBRT.
Clinical feature Group A (N =95) Group B (N =51) t P
MMSE score before WBRT (point) 25.03 + 147 29.16 + 1.62 15.614 <0.001
MMSE score after WBRT (point) / /
1 month 26.52 £1.35° 28.52 £ 1.50° 8.207 < 0.001
2 months 2716 + 1412 28.08 + 1.49° 3.685 <0.001
3 months 2739 £142° 26.59 + 1.38° 3.277 0.001
4 months 2799 + 146 27.89 £ 1.41° 0.399 0.690
5 months 2731 +140° 28.54+1.55 4.874 <0.001
6 months 2723 +£1.38° 2861 +£1.57 5487 <0.001

°P < 0.05 vs. before WBRT

MMSE — Mini Mental State Examination; N — number; WBRT — whole brain radiotherapy
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Tab. 3. Clinical data of patients in the two groups.

Clinical feature GroupA(N=95) GroupB (N=51) t P
age; N (%) 1.124 0.289
<60 years 66 (69.47) 31 (60.78) / /
> 60 years 29 (30.53) 20(39.22) / /
sex; N (%) 0460 0497
male 54 (56.84) 26 (50.98) / /
female 41 (43.16) 25 (49.02) / /
years of education; N (%) 1197 0.274
< 12 (high school and below) 50 (52.63) 22 (43.14) / /
> 12 (undergraduate and above) 45 (47.37) 29 (56.86) / /
underlying diseases affecting cognitive functions; N (%) 0.276 0.600
yes 10 (10.53) 4(7.84) / /
no 85 (89.47) 47 (92.16) / /

pathology of the primary lesion; N (%) / /
non-small cell lung cancer 56 (58.95) 35 (68.63) 1324 0.250
small cell lung cancer 32(33.68) 17 (33.33) 0.002 0.966
adenocarcinoma 41 (43.16) 24 (47.06) 0.204 0.651
squamous cell carcinoma 12 (12.63) 7(13.73) 0.035 0.851
other 2 (2.11) 2 (392 0411 0.522
number of intracranial metastases; N (%) 0.029 0.865
<3 33 (34.74) 17 (33.33) / /
>3 62 (65.26) 34 (66.67) / /
lesion volume; N (%) 4.054 0.256
<20cm? 15 (15.79) 14 (27.45) / /
20-39cm? 28(29.47) 17 (33.33) / /
40-60 cm? 34 (35.79) 13 (25.49) / /
> 60 cm? 18 (18.95) 7 (13.73) / /
lesion location; N (%) 2900 0.089
left cerebral hemisphere 55 (57.89) 22 (43.14) / /
right cerebral hemisphere 40 (42.11) 29 (30.53) / /
chemotherapy cycle; N (%) 4.299 0.038
<3 65 (68.42) 26 (50.98) / /
>3 30 (31.58) 25 (49.02) / /
simultaneous integrated boost; N (%) 4.695 0.030
yes 31(32.63) 26 (50.98) / /
no 64 (67.37) 25 (49.02) / /
irradiation dose; N (%) 9.992 0.002
<30Gy 80 (84.21) 31 (60.78) / /
> 30 Gy 15 (15.79) 20 (39.22) / /
hippocampus avoidance 10.259 0.001
yes 70 (73.68) 24 (47.06) / /
no 25(26.32) 27 (52.94) / /
N — number
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Variable

Tab. 4. Results of multivariate logistic regression analysis.

B SE Wald 2

OR (95% Cl) P

chemotherapy > 3 cycles
simultaneous integrated boost
irradiation dose > 30 Gy

absence of hippocampal avoidance

Cl - confidence interval; OR - odds ratio

0.526 0.225
0.679 0.260
0933 0.266
1127 0.250

4.676
5.223
7015
9.016

1.692 (1.314-2.482) 0.042
1.971 (1.479-2.720) 0.034
2.543 (1.729-3.168) 0.0Mm
3.087 (2.074-3.793) 0.005

29 -

28 1

27 4

MMSE score (point)

26 4

251

= group A

group B

before T month 2 month
WBRT after after
WBRT WBRT

3 month

4month  5month 6 month
after after after
WBRT WBRT WBRT

after
WBRT

time

Specifically, the patient was in a supine po-
sition with hands on both sides of the body
and the head was fixed with a thermoplas-
tic mask. CT simulation system was used for
positioning (upper boundary: cranial vault;
lower boundary: lower edge of C1). Accord-
ing to CT images, the target region and the
hippocampal region (hippocampus and
5mm region around the hippocampus)
were delineated layer by layer. The irradia-
tion dose was set as DT30 Gy (3.0 Gy/time,
5x/week) or DT40 Gy (2.0 Gy/time,
5x/week).

Statistical analysis

SPSS 23.0 (IBM, Armonk, NY, USA) software
was used for statistical analysis. Measure-
ment data conforming to normal distribu-
tion were expressed as mean + standard
deviation (y + s) and analyzed by two inde-
pendent sample t-tests for comparison be-
tween the groups. Non-normally distributed
measurement data were expressed as the
median [M (Q1, Q3)] and analyzed using the
Mann-Whitney U test for comparison be-
tween groups. Enumeration data were ex-
pressed as frequency (%) and analyzed using
the y? test for comparison between groups.
Besides, logistic regression analysis was used
to analyze independent risk factors for cog-
nitive decline. A back propagation (BP) neu-

Fig. 1. Forest plot of influencing factors for cognitive decline.

MMSE — Mini Mental State Examination; WBRT — whole brain radiotherapy
Obr. 1. Graf faktor( ovliviujicich pokles kognitivnich funkci.

MMSE — Mini Mental State Examination; WBRT — ozafovani celého mozku

ral network model was constructed, and re-
peated cross-validation was employed to
verify the number of hidden layer nodes.

General data collection

Clinical data were gathered from each eligi-
ble subject, including 1) clinical efficacy of
WBRT [5]; 2) Mini-Mental State Examination
(MMSE) scores before and after WBRT [5];
3) age, sex, underlying diseases affecting
cognitive functions, lesion volume, lesion lo-
cation, chemotherapy cycle, simultaneous
integrated boost, irradiation dose, years of

education, number of intracranial metasta-
ses, hippocampal avoidance, and pathology
of the primary lesion.

Whole brain radiotherapy

Chemotherapy was administered during
WBRT. WBRT was applied using the PRIMUS-
H linear accelerator (Siemens, Munich, Ger-
many) with an X-ray beam energy of 6 MV.

The predictive accuracy and validity of the
model were evaluated by calibration curve
and clinical decision curve. The significance
level was set as . = 0.05.

Results

Clinical efficacy of WBRT

Among the 146 patients, WBRT was clinically
effective in 124 cases (84.93%) (complete and
partial remission) and ineffective in 22 cases
(15.07%) (unobvious changes and progres-
sion of the lesion) (Tab. 1).

492

Cesk Slov Neurol N 2022; 85/118(6): 489-495




COGNITIVE FUNCTION OF PATIENTS RECEIVING WHOLE BRAIN RADIOTHERAPY FOR BRAIN METASTASES FROM LUNG CANCER

MMSE scores before and after WBRT
Before WBRT, group A showed a lower MMSE
score than group B (P < 0.05). After WBRT, as
the treatment time went by (1-6 months),
the MMSE score in group A significantly in-
creased (P < 0.05), and it was the highest in
the 4" month and then declined slightly.
In contrast, the MMSE score was lower
in group B, and it was the lowest in the
4™ month and rose thereafter (Tab. 2).

Clinical data of patients

Clinical data of patients were compared be-
tween the two groups to explore the influ-
encing factors for cognitive decline after
WBRT (< 4 months). Compared with group
A, the proportions of patients with chemo-
therapy > 3 cycles, simultaneous integrated
boost, irradiation dose > 30 Gy and absence
of hippocampal avoidance were statistically
significantly higher in group B (P < 0.05). The
differences in remaining clinical data were
not statistically significantly different be-
tween the two groups (P > 0.05) (Tab. 3).

Results of multivariate logistic
regression analysis

Multivariate logistic regression analysis was
conducted with cognitive decline as a de-
pendent variable and indicators with sta-
tistically significant difference between
the two groups in Tab. 3 (P < 0.05) as inde-
pendent variables. The results revealed that
chemotherapy > 3 cycles, simultaneous in-
tegrated boost, irradiation dose > 30 Gy and
absence of hippocampal avoidance were in-
dependent risk factors for cognitive decline
(P < 0.05) (Tab. 4 and Fig. 1).

Construction of BP neural network
model

The number of hidden layer nodes was de-
termined via repeated cross-validation. The
root mean square error of cross-validation

P value
chemotherapy cycle 0.042
synchronized increase 0.034
radiation dose 0.011
hippocampus protection 0.005

OR (95% Cl) '
]
i
]
1
[
[
:
1692 (1.314,2482) 1 #—ili—s
]
i
-
i
:
1971 (1.479, 2.720) ' ——
-
]
I
-
2.543(1.729,3.168) | —_—
i
1
Ll
:
i
3.087 (2.074,3.793) N S—
M T T T T
00 10 20 30
OR (95%CI)

Fig. 2. Determination of the number of hidden layer nodes via cross-validation.

Cl - confidence interval; OR - odds ratio

Obr. 2. Uréeni poctu uzll skrytych vrstev pomoci kfizové validace.

Cl —interval spolehlivosti; OR — odds ratio

was the smallest when the number of hid-
den layer nodes was 3 (Fig. 2). The 4 influ-
encing factors for patients’ cognitive de-
cline were incorporated into the BP neural
network model, which was the input layer,
and cognitive decline status in patients was
the output layer. Based on these, a BP neu-
ral network model was constructed (Fig. 3).

Model evaluation
The calibration curve and clinical decision
curve were utilized to evaluate the accuracy

and validity of the BP neural network model
in predicting cognitive decline in patients.
The calibration curve illustrated that the pre-
dicted probability of the model fitted well
with the actual probability, and Hosmer-
Lemeshow goodness-of-fit test showed no
statistically significant difference (y* = 1.859;
P = 0.126), suggesting that the accuracy of
the model was relatively high (Fig. 4). The
clinical decision curve denoted that when
the threshold probability of the model was
within the range of 0.01-0.84, the net ben-

chemotherapy cycle
synchronized increase
radiation dose

hippocampus protection

— risk of cognitive decline

—— no risk of cognitive decline

input layer || hidden layer || output layer

Fig. 3. Brain metastases neural network model.
Obr. 3. Model neuronové sité mozkovych metastaz.
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Fig. 4. Calibration curve of the model.
BP — brain metastases

Obr. 4. Kalibra¢ni kfivka modelu.
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Fig. 5. Clinical decision curve of the model.
BP — brain metastases

Obr. 5. Klinicka rozhodovaci kiivka modelu.
BP — mozkové metastazy

efit rate was > 0, indicating that the validity
of the model was relatively favorable (Fig. 5).

Discussion

Lung, liver, brain, bone and adrenal gland are
the five organs that easily develop metasta-
ses from malignancies. Currently, it has been
proven that BM are among the most com-
mon intracranial tumors [9]. Intracranial me-
tastases from malignant tumors are mainly
transmitted through blood, lymph and di-
rect invasion, of which blood transmission is
the most common. The route and location
of metastasis are relevant to the primary le-
sion site. Forinstance, lung cancer and breast
cancer are prone to blood metastases, while
gastrointestinal cancer is prone to lymph
metastases. Statistics show that about 20-
40% of malignant tumors may be compli-
cated by BM as the illness progresses [10,11].
Particularly, over 90% of lung adenocarci-
noma metastasizes to cerebral tissue, mostly
presenting as multiple lesions at the gray-
white matter border and distribution area
of cerebral arteries. In general, the pres-
ence of BM from tumors indicates that the
disease has developed into advanced stage,
i.e, if not treated promptly and effectively,
the illness will be exacerbated rapidly, and
the expected median survival time is about
3 months. At present, BM are mainly treated
by controlling tumor growth, alleviating
pain and protecting cognitive functions,
so as to prolong survival time and improve
quality of life. As a dominant treatment mo-
dality, WBRT has achieved favorable efficacy
in both primary lesions and multiple BM [12].
Nonetheless, long-term radiotherapy possi-
bly causes damage to cerebral white mat-
ter, vascular endothelial cells and cognitive
functions, tremendously affecting patients’
quality of life.

In this study, the results denoted that
WBRT had a better clinical efficacy, with
a total effective rate of 84.93%. In respect of
cognitive functions, group A had a markedly
increased MMSE score after WBRT, and it was
the highest in the 4" month and then de-
clined slightly, whereas the MMSE score in
group B was decreased after WBRT, it was
the lowest in the 4" month and rose thereaf-
ter. The findings suggested that WBRT influ-
enced cognitive functions of BM patients
to a certain extent, i.e, it can improve the
cognitive functions of patients with neuro-
logical symptoms before WBRT, but causes
the decline of cognitive functions of pa-
tients without neurological symptoms be-

494

Cesk Slov Neurol N 2022; 85/118(6): 489-495




COGNITIVE FUNCTION OF PATIENTS RECEIVING WHOLE BRAIN RADIOTHERAPY FOR BRAIN METASTASES FROM LUNG CANCER

fore treatment. The reasons are as follows.
Since patient’s condition is effectively con-
trolled and even the lesions are diminished
after WBRT, the cognitive functions of pa-
tients, which are also affected by BM, may
improve after treatment. However, in the ab-
sence of neurological symptoms, radiation
can directly or indirectly cause chronic cere-
bral cortical and structural damage [13] lead-
ing to cognitive impairment.

Multivariate logistic regression analysis
showed that chemotherapy = 3 cycles, si-
multaneous integrated boost, irradiation
dose > 30 Gy and absence of hippocam-
pal avoidance were independent risk fac-
tors for cognitive decline after WBRT. Specif-
ically, brain regions are sensitive to external
stimuli, particularly radiation, so brain tissue
and cognitive impairment may be induced
by long-term WBRT and simultaneous inte-
grated boost or irradiation dose > 30 Gy. In
addition, the hippocampus is located be-
tween the cerebral thalamus and the me-
dial temporal lobe and is a component of
the limbic system. Hippocampus is dom-
inantly responsible for storage, conver-
sion and orientation of short-term memory,
which is relevant to higher nervous activ-
ity such as emotions, learning and memory,
and the cells in the subgranular zone of the
hippocampus are sensitive to radiation. War-
rington et al [14] reported that post-WBRT
cognitive dysfunction may be related to cell
damage in the subgranular zone of the hip-
pocampus. Thus, hippocampal-avoidance
WBRT is capable of effectively relieving cog-
nitive decline.

In the field of artificial intelligence, intelli-
gent assistance software is a relatively novel
method that can integrate and analyze data
in the massive datasets obtained from clin-
ical practice using automatically improved
computer algorithms, thereby providing
new insights and approaches for precise
clinical prediction [15]. In this study, there-
fore, the relevant influencing factors for cog-
nitive decline were incorporated into multi-
variate logistic regression analysis, followed

by construction of BP neural network pre-
diction model. The number of hidden layer
nodes in the BP neural network model was
3, and the calibration curve and clinical deci-
sion curve illustrated that the model had fa-
vorable predictive accuracy and validity. This
method not only avoids the drawbacks of
traditional methods, such as excessive data,
complex operation and limitations, but also
provides references for clinical diagnosis and
risk prediction.

In summary, chemotherapy > 3 cycles, si-
multaneous integrated boost, irradiation
dose > 30 Gy and absence of hippocampal
avoidance are independent risk factors for
cognitive decline in patients with BM from
lung cancer receiving WBRT. The BP neural
network model has favorable predictive ac-
curacy and validity. Based on these, chem-
otherapy cycle, irradiation dose and hippo-
campal avoidance should be taken into
account according to the patient’s situa-
tion when WBRT is utilized by clinicians for
treatment of BM, to strengthen the protec-
tion of patients’ brain regions and cognitive
functions.
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