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Abstract: Objective: To investigate the risk factors of brain metastases and its influence on the prognosis of pa-
tients with complete resected non-small cell lung cancer (NSCLC). Methods: The clinical data of 190 patients with
completely resected NSCLC were retrospectively analyzed. The effect of brain metastasis on prognosis in patients
with NSCLC after complete resection was investigated. The identification of risk factors for brain metastases was
conducted by single-factor and Cox multivariate regression analysis. Results: Among 190 patients, 9 patients were
lost to follow up. Finally, 181 patients were included in this study. The median survival time of brain metastases
patients (64 cases) was 700 days. At 1 year, 3 years, and 5 years after surgery, the survival rates of patients with
brain metastases were 62.5%, 28.13% and 7.81% respectively. Compared with those in patients without brain
metastases, significant differences were found for median survival time and survival rates (P < 0.05). The Single-
factor and multivariate Cox regression analysis indicated that the level of preoperative carcinoembryonic antigen
(CEA), the lymph node ratio (= 30%) and non-squamous carcinoma type were risk factors for brain metastasis (P
< 0.05). Conclusions: Brain metastasis is a risk factor for mortality in NSCLC patients after complete resection.
Preoperative CEA levels, lymph node ratio (= 30%), and type of non-squamous cell carcinoma were risk factors for
brain metastases.
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Introduction

In recent years, both the incidence and mortal-
ity of lung cancer have been on the rise, and
NSCLC is the most common type [1]. The cur-
rent treatment methods of local non-small cell
lung cancer include surgery, chemotherapy,
radiotherapy and other comprehensive treat-
ment [2]. An operation with complete resection
of the tumor is considered as a significantly
effective method. It is reported that the median
survival time of completely resected NSCLC in
patients is up to 25 months and the 2-year sur-
vival rate is up to 66% [3]. However, patients
with NSCLC after comprehensive treatment still
face local recurrence and distant metastasis
[4]. Several clinical studies have confirmed that
the brain has become one of the most common
metastatic sites in NSCLC patients with postop-
erative treatment failure [5, 6]. Long-term fol-
low-up studies for patients with completely

resected NSCLC have found that the incidence
rate of brain metastases is as high as 54%,
and it is generally more than 15% [7]. Brain
metastasis has an obvious impact on survival
and prognosis of completely resected NSCLC
patients. It is necessary to strengthen research
on brain metastases [8]. So far, it is not clear
regarding the risk factors for brain metastases
and the relationship between brain metastasis
and mortality in patients with completely
resected NSCLC. Therefore, the purpose of this
study was to analyze the risk factors for brain
metastases and investigate its influence on
prognosis in patients with completely resected
NSCLC.

Materials and methods
Subjects

The clinical data of 190 patients with NSCLC
who received complete resection of lung tumors
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in our hospital from January 2011 to December
2012 were retrospectively analyzed. The inclu-
sion criteria was as follows: the pathological
diagnosis was non-small cell lung cancer;
patients received surgery for complete resec-
tion for the first time, preoperative brain, chest,
abdomen CT or MRI examinations and bone
scan were performed to exclude extrapulmo-
nary metastasis; the hilar and mediastinal
lymph nodes during operation were cleared
away; the postoperative follow up continued for
more than 5 years; postoperative adjuvant che-
motherapy were performed using cisplatin if
needed; postoperative Radiotherapy was per-
formed as follows: 6MVX rays were applied,
each time was 2 Gy, there was 5 application
times in each week, the total dose was 40~50
Gy if needed. The exclusion criteria were: his-
tory of other cancer; severe liver and kidney
dysfunction; history of psychiatric illness;
patients receiving radiotherapy and chemo-
therapy before operation; patients who died of
surgical complications early after operation.
This study was approved by the Ethics
Committee of our hospital and all the selected
patients and their families signed the informed
consent.

Follow-up

After surgery, the patients were examined by
chest X-ray, abdominal ultrasound brain CT or
MRI every year, the time of follow-up was at
least five years or until death. The patient’s
clinical data, telephone follow-up, previous
medical records and other information were
collected. Brain metastasis was confirmed by
imaging examinations [9].

Outcome measures

The effect of postoperative radiotherapy or
chemotherapy on the 5-year survival rate in
advanced NSCLC patients after complete
resection was observed. The comparison of
median survival time and survival rate between
completely resected NSCLC patients with brain
metastases and those without brain metasta-
ses was performed. The single factors and mul-
tivariate Cox regression analysis were per-
formed for risk factors of brain metastases in
patients with completely resected NSCLC.

Statistical treatment

SPSS 22.0 software was used to analyze all the
data. The measurement data was expressed as
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Mean + Standard Deviation (SD). Comparison
between the two groups was performed with
independent t-test. The x? test was used for
comparison of the count data between the two
groups. The risk factors for brain metastases of
patients were analyzed by methods of single
factor and Cox multivariate regression analysis.
The risk factors that showed marked differenc-
es between groups by means of single factor
analysis were included in Cox multivariate
regression analysis. P < 0.05 represented sta-
tistical significance.

Results
The baseline information of patients

Among 190 patients, 9 were lost to follow up.
The successful follow-up rate was 95.3%. At
last, 181 patients were included in this study.
The basic information of these patients was
shown in Table 1.

The effect of postoperative chemotherapy on
the 5-year survival rate in patients

The results showed that the 5-year survival rate
of patients with and without postoperative
adjuvant chemotherapy was 28.24% (37/131)
and 12% (6/50), respectively. There was a sig-
nificant statistical difference between the
groups (x> = 5.272, P = 0.022), as seen in
Figure 1.

The effect of postoperative radiotherapy on
the 5-year survival rate in patients

The 5-year survival rate of patients with
and without postoperative radiotherapy was
26.32% (20/76) and 20.95% (22/105), respec-
tively. A statistical difference was not found
between groups (x2 = 0.712, P = 0.399), as
seen in Figure 2.

Comparison of survival rate between patients
with brain metastases and without brain me-
tastases

At 1 year, 3 years, and 5 years after surgery,
the survival rate of patients was 72.93%
(132/181), 38.67% (70/181) and 23.20%
(42/181) respectively. Sixty-four patients
(35.36%) had brain metastases with a median
survival time of 700 days. At 1 year, 3 years,
and 5-years after surgery, the survival rate of
patients with brain metastases were 62.5%
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Table 1. Comparison of general information between patients with brain metastases and without

brain metastases (cases)

Characteristics Brain metastases Non-brain X2 value P value
group metastases group

Sex 1.442 0.230
Male 41 85
Female 23 32

Age (years) 0.196 0.658
<60 36 65
>60 26 54

Smoking history 0.740 0.390
Smoking 38 77
Non-smoking 26 40

Preoperative serum CEA levels 5.164 0.023
Normal 20 57
Increased 44 60

Preoperative serum LDA levels 0.640 0.424
Normal 58 96
Increased 8 19

Surgery 0.722 0.396
Lobectomy 56 107
Pneumonectomy 8 10

T stage 0.001 0.975
T1-T2 stage 48 88
T3 stage 16 29

Pathological pattern 96.760 <0.001
Squamous carcinoma 13 108
Non-squamous carcinoma 51 9

Differentiated degree 0.087 0.769
Poorly differentiated 33 63
Middle and high differentiated 31 54

Numbers of Lymphatic metastasis 0.688 0.407
<3 24 65
>3 30 62

Lymph node ratio (%) 5.918 0.015
>30 40 51
<30 24 66

Postoperative chemotherapy 0.651 0.420
Yes 44 87
No 20 30

Postoperative radiotherapy 2.356 0.125
Yes 22 54
No 42 63

(40/64), 28.13% (18/64) and 7.81% (5/64),
respectively. There were 117 patients (64.64%)
without brain metastases. The median survival
time of these patients was 930 days. At 1 year,
3 years, and 5-years after surgery, the survival
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rate of patients without brain metastases was
78.63% (92/117), 44.44% (52/117) and
31.62% (37/117), respectively. We showed that
there was a significant statistical difference for
the median survival time and survival rates
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Figure 1. Effect of postoperative chemoradiotherapy
on b5-year survival rate of patients, compared with
that of patients without chemotherapy after opera-
tion, *P < 0.05.

between the brain metastasis group and the
non-brain metastasis group (P < 0.001), as
shown in Tables 2 and 3. Logistic univariate
analysis showed that brain metastases was a
risk factor for the prognosis of patients with
completely resected non-small cell lung cancer
(OR = 1.564, 95% CI: 1.164-2.541, P = 0.041).

Risk factors analysis for brain metastasis

The single factor and Cox prognosis multivari-
ate regression analysis showed that, the preop-
erative serum CEA levels, a lymph node ratio of
more than 30%, and non-squamous cell carci-
noma were risk factors for brain metastasis,
with statistical significance (P < 0.05); as shown
in Tables 4 and 5.

Discussion

The retrospective analysis performed in this
study showed that in 181 patients with com-
plete resection of NSCLC, the 1, 3 and 5-year
survival rates were 72.93%, 38.67% and
23.20% respectively. Some studies have
reported that the 5-year survival rate of patients
with non-small cell lung cancer was 22.00%
[10, 11], which is similar with the results of this
study. In recent years, significant progress has
been made in the comprehensive treatment of
NSCLC [12]. However, in this study 35.26% of
patients with non-small cell lung cancer still
had brain metastases, and this is basically the
same with the results of Ceresoli et al's study
[13]. In recent years, with the improvement of
local and extracranial control of non-small cell
lung cancer, the prevention of brain metasta-
ses is becoming more and more important. The
median survival time of patients with brain
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Figure 2. Effect of postoperative radiotherapy on
5-year survival rate of patients.

metastases in this study was 700 days and the
median survival time in patients without brain
metastases was 930 days. The statistical anal-
ysis indicated that brain metastases in patients
with non-small cell lung cancer after complete
resection could be considered as a risk factor
for death. Based on these results, finding risk
factors and assessing the effects of brain
metastases on prognosis in completely resect-
ed NSCLC in patients is of great practical sig-
nificance for taking active and effective treat-
ment and improving patient survival.

At present, most scholars are trying to find the
risk factors of brain metastasis in patients with
NSCLC after complete resection, such as age,
sex, histological type, clinical stage, etc., in
order to take effective control of extracranial
distance [14, 15]. Among these risk factors,
CEA is widely used to assess the prognosis of
lung cancer patients and has been confirmed
by many studies [16, 17]. It is reported that in
NSCLC patients preoperative serum CEA levels
were significantly elevated and closely associ-
ated with invasion or metastasis of the lym-
phatic system and peripheral nerves [18]. In
this study, univariate and Cox prognostic multi-
variate regression analysis showed that high
levels of preoperative serum CEA increased the
risk of brain metastases, compared with
patients with normal preoperative CEA levels.
These results are similar with the results of
Muley et al’ study [19].

Ma et al [20] retrospectively analyzed the clini-
cal data of 352 patients with totally resected
non-small cell lung cancer and reported that
the incidence of brain metastases in two years
for patients with adenocarcinoma and squa-
mous cell carcinoma was 25% and 10%,
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Table 2. Comparison of median survival time between patients with brain metastases and without
brain metastases

Median survival time 95% Cl
Groups SE - -
(Days) Lower limit Upper limit
Brain metastasis group 700 50.7 597.5 803.4
Non-brain metastasis group 930 64.8 798.6 1061.6

Table 3. The comparison of survival rate between patients with brain metastases and without brain
metastases [cases (%)]

Groups Cases 1-year survival rate 3-year survival rate 5-year survival rate
Brain metastases 64 40 (62.5) 18 (28.13) 5(7.81)
Non-brain metastases 117 92 (78.63) 52 (44.44) 37 (31.62)

X2 value 5.454 4.646 13.165

P value 0.020 0.031 0.000

Table 4. Single-factor analysis for risk factors of brain metastasis

Cases of brain metastasis

Characteristics P value
[n (%)]

Sex Male 41 (32.54) 0.230
Female 23 (41.82)

Age (years) <60 36 (35.64) 0.658
>60 26 (32.50)

Smoking history Smoking 38 (33.04) 0.390
Non-smoking 26 (39.39)

Preoperative serum CEA levels Normal 20 (25.97) 0.023
Increased 44 (42.31)

Preoperative serum LDA levels Normal 58 (37.66) 0.424
Increased 8(29.63)

Surgery Lobectomy 56 (34.36) 0.396
Pneumonectomy 8 (44.44)

T stage T1-T2 stage 48 (35.29) 0.975
T3 stage 16 (35.56)

Pathological pattern Squamous carcinoma 13 (21.67) 0.007
Non-squamous carcinoma 51 (42.15)

Differentiated degree Poorly differentiated 33(34.38) 0.769
Middle and high differentiated 31(36.47)

Numbers of Lymphatic metastasis <3 24 (26.97) 0.407
>3 30 (32.61)

Lymph node ratio (%) >30 40 (43.96) 0.015
<30 24 (26.67)

Postoperative chemotherapy Yes 44 (33.59) 0.420
NO 20 (40.00)

Postoperative radiotherapy Yes 22 (28.95) 0.125
No 42 (40.00)

respectively. The incidence of postoperative nificantly higher than that in patients with squa-

brain metastases in NSCLC patients was sig- mous cell carcinoma, which may be due to the
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Table 5. Multivariate regression analysis for risk factors of brain metastasis

Factors B SE Wald OR 95% ClI P value
Increased levels of preoperative serum CEA levels 0.758 0.309 6.074 2145 1.165-3.945 0.001
Lymph node ratio more than 30% -0.912 0.401 5.362 0.401 0.187-0.864 0.000
Non-squamous carcinoma 0.716 0.382 3.845 2.051 0.986-4.046 0.000

invasive growth of adenocarcinoma. Adeno-
carcinoma is prone to hematogenous metasta-
sis and has a poor prognosis. In this study, the
incidence of brain metastases for NSCLC
patients was also significantly more than that in
patients with squamous cell carcinomas, which
is similar with results of previous studies [21].

The lymph node ratio is closely related with the
risk of brain metastases. Some studies have
reported that the lymph node ratio could be an
important indicator of postoperative prognosis
in NSCLC patients, and that lymph node ratio
could be used as a differentiator for the risk of
brain metastases [22]. The results of single-
factor and Cox prognosis multivariate regres-
sion analysis in this study indicated that a
lymph node ratio of more than 30% is a risk fac-
tor for patients with complete resection of non-
small cell lung cancer.

For patients with completely resected NSCLC,
postoperative adjuvant chemotherapy is one of
the effective measures that could control and
eliminate residual cancer or micrometastasis
and significantly reduce the occurrence of
extrahepatic metastasis. Because of the blood-
brain barrier blocking chemotherapy drugs, it
does not significantly reduce brain metastases.
Churilla et al [23] reported that increasing local
control effects and induction of radiotherapy
treatment helped to reduce the incidence of
brain metastases. Postoperative brain radio-
therapy may help reduce brain metastases in
patients with non-small cell lung cancer after
complete resection. Clinical scholars tend to
apply postoperative brain radiotherapy for
patients with non-small cell lung cancer [24,
25]. Enders et al [26] reported that postopera-
tive brain irradiation could significantly reduce
or delay brain metastases, and it has an effect
on the survival of patients. So it is important
that postoperative brain radiotherapy should
be performed for patients with high-risk of
brain metastases. As chemotherapy drugs are
hard to penetrate the blood-brain barrier, it is
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difficult to effectively control and eliminate
micro-metastases in the brain. With the prolon-
gation of survival and the development of
micro-metastases in the brain, more and more
patients have brain metastases. Based on the
above views, the main reason of postoperative
adjuvant chemotherapy increasing brain
metastasis is to prolong survival. For patients
who did not receive postoperative adjuvant
chemotherapy, it is more likely for them to have
extracerebral metastasis or local recurrence. In
this study, the survival of postoperative adju-
vant chemotherapy patients was significantly
better than that of patients without postopera-
tive adjuvant chemotherapy. These results
were in accordance with those reported by
Watanabe et al [27]. However, there was no sig-
nificant difference between patients with and
without postoperative radiotherapy. This may
be related to a small sample size.

In summary, brain metastasis is a risk factor for
the prognosis of patients with completely
resected non-small cell lung cancer. Preo-
perative serum CEA levels, a lymph node ratio
of more than 30%, and type of non-squamous
cell carcinoma are risk factors for brain metas-
tases. However, there are some limitations in
this study such as analysis occurring in a single
center, a limited number of patients, need for a
longer follow-up intervals, no subgroup analysis
stratified by number and size of brain metasta-
ses, and so on. In order to provide more scien-
tific results, we will perform a multi-centered,
randomized control, and longer-time follow up
study.

Disclosure of conflict of interest

None.

Address correspondence to: Jinlei Li, Department of
Oncology, Jincheng People’s Hospital, No. 456,
Wenchang East Street, Jincheng 048026, Shanxi
Province, China. Tel: +86-0356-2024091; Fax: +86-
0356-2065201; E-mail: lijinlei_jc@163.com

Am J Transl Res 2022;14(1):406-413


mailto:lijinlei_jc@163.com

Risk factors for brain metastases in patients with NSCLC

References

(1]

(2]

(3]

(4]

(5]

(6]

[7]

(8]

(9]

(10]

[11]

412

Jonna S and Subramaniam DS. Molecular di-
agnostics and targeted therapies in non-small
cell lung cancer (NSCLC): an update. Discov
Med 2019; 27: 167-170.

Yang H, Lin Y and Liang Y. Treatment of lung
carcinosarcoma and other rare histologic sub-
types of non-small cell lung cancer. Curr Treat
Options Oncol 2017; 18: 54.

Akhoundova D, Hiltbrunner S, Mader C, Forster
R, Kraft J, Schwanhausser B, Bankel L, Kollias
S, Treyer V, Rushing EJ, Lee SY, Andratschke N,
Hullner M and Curioni-Fontecedro A. 18F-FET
PET for diagnosis of pseudoprogression of
brain metastases in patients with non-small
cell lung cancer. Clin Nucl Med 2020; 45: 113-
117.

Cho S, Yum S, Kim K and Jheon S. Prognostic
factors for post-recurrence survival in patients
with completely resected Stage Il (N2) non-
small-cell lung cancer. Eur J Cardiothorac Surg
2018; 54: 554-559.

Singh R, Lehrer EJ, Ko S, Peterson J, Lou Y, Por-
ter AB, Kotecha R, Brown PD, Zaorsky NG and
Trifiletti DM. Brain metastases from non-small
cell lung cancer with EGFR or ALK mutations: a
systematic review and meta-analysis of multi-
disciplinary approaches. Radiother Oncol
2020; 144: 165-179.

Patil S and Rathnum KK. Management of lep-
tomeningeal metastases in non-small cell lung
cancer. Indian J Cancer 2019; 56: S1-S9.
Ernani V and Stinchcombe TE. Management of
brain metastases in non-small-cell lung can-
cer. J Oncol Pract 2019; 15: 563-570.

Nishino M, Soejima K and Mitsudomi T. Brain
metastases in oncogene-driven non-small cell
lung cancer. Transl Lung Cancer Res 2019; 8:
S$298-S307.

De Wever W, Bruyeer E, Demaerel P, Wilms G,
Coolen J and Verschakelen J. Staging of lung
cancer. Do we need a diagnostic CT of the
brain after an integrated PET/CT for the detec-
tion of brain metastases? JBR-BTR 2010; 93:
71-76.

Magnuson WJ, Lester-Coll NH, Wu AJ, Yang TJ,
Lockney NA, Gerber NK, Beal K, Amini A, Patil
T, Kavanagh BD, Camidge DR, Braunstein SE,
Boreta LC, Balasubramanian SK, Ahluwalia
MS, Rana NG, Attia A, Gettinger SN, Contessa
JN, Yu JB and Chiang VL. Management of brain
metastases in tyrosine kinase inhibitor-naive
epidermal growth factor receptor-mutant non-
small-cell lung cancer: a retrospective multi-
institutional analysis. J Clin Oncol 2017; 35:
1070-1077.

Park JH, Kim YJ, Lee JO, Lee KW, Kim JH, Bang
SM, Chung JH, Kim JS and Lee JS. Clinical out-

[12]

(14]

(15]

[17]

(18]

(19]

[20]

(21]

[22]

(23]

comes of leptomeningeal metastasis in pa-
tients with non-small cell lung cancer in the
modern chemotherapy era. Lung Cancer 2012;
76: 387-392.

An N, Jing W, Wang H, Li J, LiuY, Yu J and Zhu
H. Risk factors for brain metastases in patients
with non-small-cell lung cancer. Cancer Med
2018; 7: 6357-6364.

Ceresoli GL, Reni M, Chiesa G, Carretta A, Schi-
pani S, Passoni P, Bolognesi A, Zannini P and
Villa E. Brain metastases in locally advanced
nonsmall cell lung carcinoma after multimo-
dality treatment: risk factors analysis. Cancer
2002; 95: 605-612.

Uzunalli G, Dieterly AM, Kemet CM, Weng HY,
Soepriatna AH, Goergen CJ, Shinde AB, Wendt
MK and Lyle LT. Dynamic transition of the
blood-brain barrier in the development of non-
small cell lung cancer brain metastases. Onco-
target 2019; 10: 6334-6348.

Muniz TP, de Jesus VHF, Sousa VAR, Barbosa
MVDR and de Lima VCC. A modified recursive
partitioning analysis for predicting overall sur-
vival in patients with non-small cell lung can-
cer and central nervous system metastases. J
Thorac Dis 2019; 11: 3909-3919.

Shintani T, Matsuo Y, lizuka Y, Mitsuyoshi T,
Mizowaki T and Hiraoka M. Prognostic signifi-
cance of serum CEA for non-small cell lung
cancer patients receiving stereotactic body ra-
diotherapy. Anticancer Res 2017; 37: 5161-
5167.

Grunnet M and Sorensen JB. Carcinoembry-
onic antigen (CEA) as tumor marker in lung
cancer. Lung Cancer 2012; 76: 138-143.

Foa P, Fornier M, Miceli R, Seregni E, Santam-
brogio L, Nosotti M, Cataldo |, Sala M, Caldiera
S and Bombardieri E. Tumour markers CEA,
NSE, SCC, TPA and CYFRA 21.1 in resectable
non-small cell lung cancer. Anticancer Res
1999; 19: 3613-3618.

Muley T, Dienemann H and Ebert W. CYFRA
21-1 and CEA are independent prognostic fac-
tors in 153 operated stage | NSCLC patients.
Anticancer Res 2004; 24: 1953-1956.

Ma C, Lv Y, Jiang R, Li J, Wang B and Sun L.
Novel method for the detection and quantifica-
tion of malignant cells in the CSF of patients
with leptomeningeal metastasis of lung can-
cer. Oncol Lett 2016; 11: 619-623.

Soffietti R, Pellerino A and Ruda R. Strategies
to prevent brain metastasis. Curr Opin Oncol
2019; 31: 493-500.

Yu X and Fan Y. Real-world data on prognostic
factors for overall survival in EGFR-mutant
non-small-cell lung cancer patients with brain
metastases. J Cancer 2019; 10: 3486-3493.
Churilla TM and Weiss SE. Emerging trends in
the management of brain metastases from

Am J Transl Res 2022;14(1):406-413



[24]

[25]

413

Risk factors for brain metastases in patients with NSCLC

non-small cell lung cancer. Curr Oncol Rep
2018; 20: 54.

Sperduto PW, Yang TJ, Beal K, Pan H, Brown
PD, Bangdiwala A, Shanley R, Yeh N, Gaspar
LE, Braunstein S, Sneed P, Boyle J, Kirkpatrick
JP, Mak KS, Shih HA, Engelman A, Roberge D,
Arvold ND, Alexander B, Awad MM, Contessa J,
Chiang V, Hardie J, Ma D, Lou E, Sperduto W
and Mehta MP. Estimating survival in patients
with lung cancer and brain metastases: an up-
date of the graded prognostic assessment for
lung cancer using molecular markers (Lung-
molGPA). JAMA Oncol 2017; 3: 827-831.
Chung SY, Chang JH, Kim HR, Cho BC, Lee CG
and Suh CO. Optimal dose and volume for
postoperative radiotherapy in brain oligome-
tastases from lung cancer: a retrospective
study. Radiat Oncol J 2017; 35: 153-162.

[26] Enders F, Geisenberger C, Jungk C, Bermejo JL,

(27]

Warta R, von Deimling A, Herold-Mende C and
Unterberg A. Prognostic factors and long-term
survival in surgically treated brain metastases
from non-small cell lung cancer. Clin Neurol
Neurosurg 2016; 142: 72-80.

Watanabe S|, Nakagawa K, Suzuki K, Takamo-
chi K, Ito H, Okami J, Aokage K, Saji H, Yoshio-
ka H, Zenke Y, Aoki T, Tsutani Y and Okada M;
Lung Cancer Surgical Study Group (LCSSG) of
the Japan Clinical Oncology Group (JCOG).
Neoadjuvant and adjuvant therapy for stage Il
non-small cell lung cancer. Jpn J Clin Oncol
2017; 47: 1112-1118.

Am J Transl Res 2022;14(1):406-413



