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Background: The goal of the present study was to explore the influence of whole-brain radiotherapy (WBRT) and intensi-
ty-modulated radiotherapy (IMRT) on serum levels of miR-21 and prognosis for lung cancer that has metasta-
sized to the brain.

Material/Methods: Two hundred patients with lung cancer metastatic to the brain were randomized, half to the control group and
half to the observation group. The observation group received WBRT and reduced-field IMRT (WBRT+RF-IMRT)
and the control group received conventional-field IMRT (CF-IMRT). The total effective rate after treatment was
determined. Serum levels of miR-21 were measured before and after radiotherapy with reverse transcriptase-
polymerase chain reaction. In addition, tumor marker levels were measured with enzyme-linked immunosor-
bent assay. The relationship between miR-21 levels and tumor marker levels was assessed with a Pearson cor-
relation coefficient test. Five-year survival was estimated with Kaplan-Meier curves.

Results: The total effective rate was higher in the observation group (86%) than in the control group (69%). Lower lev-
els of miR-21 and tumor markers were seen in the observation group. Moreover, miR-21 levels were positively
correlated with levels of tumor necrosis factor-o, neuron-specific enolase, SCC-Ag, and carcinoembryonic anti-
gen. Low levels of miR-21 were associated with longer overall survival in patients with lung cancer metastatic
to the brain.

Conclusions: WBRT+RF-IMRT is superior to CF-IMRT for lung cancer metastatic to the brain. MiR-21 may be a marker for pre-
diction of the efficacy of radiotherapy in this disease setting.
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Background

Lung cancer is one of the most dangerous malignancies, and
morbidity and mortality associated with it have rapidly in-
creased. Non-small cell lung cancer (NSCLC) accounts for 85%
of all lung cancer cases. The prognosis is extremely poor, with
a 5-year survival rate of only 15% [1]. Small cell lung cancer
(SCLC) is a highly invasive neuroendocrine tumor. Brain me-
tastasis (BM) frequently occurs in patients with lung cancer.
About 15% of patients with SCLC have BM at diagnosis, and
40% develop it within 1 year after diagnosis. BM is a key fea-
ture of SCLC that significantly limits quality of life (QoL) and
survival in patients [2]. Therefore, methods that effectively pre-
vent and treat BM from lung cancer are of great significance.

Brain metastases from SCLC are usually multiple and easily
lead to brain damage. Whole-brain radiotherapy (WBRT) is the
conventional way to treat BM from SCLC without causing irre-
versible neurocognitive dysfunction [3]. Because of advances
in radiotherapy instruments and technology, three-dimension-
al conformal radiotherapy (3D-CRT) is now being used to en-
hance the radiation dose to the lungs in treatment of stage IV
NSCLC. With it, primary tumor cells can be killed while avoid-
ing radiation-induced lung injuries and complications, thus in-
hibiting distant metastasis as much as possible while improv-
ing QoL [4] for patients. Clinical evidence is lacking, however,
on the therapeutic efficacy of 3D-CRT [5].

Accumulating evidence has proven that microRNAs, (miRNAs)
are vital to almost every aspect of tumor development, in-
cluding growth, differentiation, angiogenesis, and metasta-
sis [7,8]. miRNAs are non-coding RNAs that contain approxi-
mately 22 nucleotides. They regulate target gene expression
through complementary base pairing, which results in mRNA
degradation or inhibition of translation [8,9]. miR-21 is locat-
ed on human chromosome 17¢23.2 [10]. Plasma levels of miR-
21 reportedly are upregulated in patients with chemotherapy-
resistant NSCLC [11] and it also is highly expressed in tumor
tissues [12]. Another study demonstrated that miR-21 levels
are higher in patients with NSCLC who have BM than in those
who do not have BM [13]. The aim of the present study was
to explore the potential influence of miR-21 on assessment
of the therapeutic efficacy and safety of intensity-modulated
radiotherapy (IMRT) for BM from lung cancer.

Material and Methods

Baseline characteristics

Two hundred patients with BM from lung cancer who were
admitted to Jinan Hospital of Integrated Traditional Chinese
and Western Medicine between June 2013 and May 2017 were
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recruited and randomly assigned to control and observation
groups using PEMS3.1 software. The former group included 53
men and 47 women with an average age of 61.54+5.31 years
(range, 52-77 years). The histology of the cases in the control
group was as follows: 23 large-cell carcinomas, 28 squamous
cell carcinomas (SCCs), and 49 adenocarcinomas. Of the pa-
tients in that group, 41 had a single metastasis and 59 had
multiple metastases. The observation group included 51 men
and 49 women with an average age of 62.53+6.91 years (range,
53-80 years). There were 25 cases of large-cell carcinoma, 27
SCCs, and 48 adenocarcinomas. Fifty-five patients in the ob-
servation group had a single metastasis and 55 had multiple
metastases. No significant differences in age, sex, histological
subtype, or number of metastases were found between the
groups (P>0.05) (Schedule 1). Approval was obtained from the
Ethics Committee of Jinan Hospital of Integrated Traditional
Chinese and Western Medicine and informed consent was ob-
tained from the subjects.

Inclusion and exclusion criteria

Patients were included in the study if they: (1) had BM from
lung cancer that was pathologically confirmed with comput-
ed tomography (CT) or magnetic resonance imaging; (2) had
an estimated life expectancy of >3 months; (3) had complet-
ed a course of radiotherapy; and (4) had metastases in oth-
er organs that were relatively stable. Patients were excluded
from the study if they: (1) were younger than age 18 years;
(2) had dysfunction in organs other than the brain, other ma-
lignancies, immune disease, severe infection or mental disor-
ders; (3) had a history of brain radiotherapy or chemothera-
py; or (4) refused treatment.

Therapeutic strategy

Varian 23EX and 600CD linear accelerators were used to deliv-
er radiotherapy. The treatment planning system (TPS) used to
plan 3-dimensional radiotherapy was the 10.0Eclipse 3. With
the patient in the supine position, the patient’s head was
held steady in a thermoplastic mask and scanned with spiral
CT. The simulator was positioned with the Philips Mx8000 CT
scanner. Scanning was done in 3-mm intervals, from the top
of the skull to 5 cm below the skull baseline. Results of scan-
ning were processed with the TPS.

First, WBRT was performed on the observation group. The
planned target volume (PTV) was a 2-mm expansion of the
clinical target volume. The PTV was treated with 3 Gy of radi-
ation per day for 5 days per week, to a total dose of 30 Gy of
WBRT. Reduced-field IMRT (RF-IMRT) subsequently was admin-
istered, based on BM identified in the CT images, at a dose of 2
Gy per day for 5 days per week. The total dose of RF-IMRT ad-
ministered was 50 Gy. Patients in the control group underwent
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conventional-field IMRT (CF-IMRT) targeting BM, at a dose of 2
Gy per day for 5 days per week. The total dose of CF-IMRT ad-
ministered was 56 to 60 Gy. Radiation dosage to organs such
as the spinal cord, eyes, and brain stem was within the range
considered safe. During radiotherapy, patients received treat-
ment for symptoms, including mannitol to prevent dehydration.

Enzyme-linked immunosorbent assay

A 3-mL venous blood sample was taken from each patient in
the morning while still in a fasting state. All the samples were
placed in anticoagulated-coated Eppendorf™ tubes and centri-
fuged at 2000 r/min for 5 min. The upper layer of serum was
purified and stored at -80°C. Relative levels of tumor necrosis
factor (TNF)-o, neuron-specific enolase (NSE), SCC-Ag, and car-
cinoembryonic antigen (CEA) were measured using an enzyme-
linked immunosorbent assay kit (R&D Systems, Minneapolis,
Minnesota, U.S.A.). Briefly, the standard sample was diluted
twice. Samples from the patients were incubated for 30 min
with the diluted standard sample, antibodies, and enzymes.
The samples were then washed and stained in the dark for
10 min and induction was performed with terminate solution.
For 5 to 30 min, all samples were subjected to 450-nm optical
density measurement with an Infinite M200 Pro plate reader
(TECAN, Switzerland). Levels of TNF-c,, NSE, SCC-Ag, and CEA
were assessed relative to standard curves.

Quantitative real-time polymerase chain reaction

The TRIzol™ protocol (Invitrogen, Carlsbad, California, U.S.A))
was used to isolate RNA from the serum samples. Through re-
verse transcription of RNA using an avian myeloblastosis vi-
rus reverse transcriptase (AMV) kit (Takara, Kusatsu, Japan),
the extracted complementary deoxyribose nucleic acid (cDNA)
was used for polymerase chain reaction (PCR) detection with
the 2xSYBR® Green PCR Master Mix (Takara, Kusatsu, Japan).
A quantitative real-time PCR (qRT-PCR) system was prepared,
using the SYBR® Premix DimerEvaser and including 10.0 pL
of deoxynucleoside triphosphate, 0.4 pL of forward primer
(10.0 pmol/L), 0.4 pL of reverse primer (10.0 pmol/L), 2.0 pL
of cDNA, 0.4 pL of ROX, and 6.8 pL of double-distilled water.
The system was subjected to qRT-PCR at 94°C for 5 min be-
fore denaturation, followed by 40 cycles at 94°C for 10 s for
denaturation, 58°C for 30 s for annealing, and 72°C for an ad-
ditional 30 s. Relative levels in each sample were determined
using the ABI7900 Fast Real-Time System (Applied Biosystems,
Massachusetts, U.S.A.) and calculated using the 24T meth-
od and normalized to the internal reference U6. Sequences of
miR-21 and U6 were as follows:

miR-21: 5-TGCGGAGGCGGGGCGCCGCGGG-3’ (forward) and
5’-CAGTGCAGGGTCCGAGGT-3’ (reverse) and

U6: 5’-GGCTGGTAAGGATGAAGG-3’ (forward) and
5’-TGGAAGGAGGTCATACGG-3’ (reverse).

CLINICAL RESEARCH

Evaluation of tumor efficacy

RECIST1.1 was used to evaluate solid tumor efficacy, based on
tumor size calculated as the product of the maximum diame-
ter and maximum vertical diameters [14]. Tumor response was
divided into 4 categories: (1) complete response (CR), defined
as complete disappearance of tumor that was sustained for
>1 month; (2) partial response (PR), defined as tumor shrink-
age of >50%; (3) stable disease (SD), defined as tumor shrink-
age from 25% to <50%; and (4) progressive disease (PD), de-
fined as tumor shrinkage of 225% and >1 new tumor lesion.
The total effective rate=(case numbers of CR, PR, and SD)/to-
tal case numberx100%.

Follow-up

Monthly telephone calls, outpatient visits, inpatient testing,
and other methods were used to follow up patients. Overall
survival (0S), defined as the time from the first treatment to
death from any cause, was recorded. Follow-up was terminat-
ed at death or at the end of 5 years.

Statistical analysis

Statistical Product and Service Solutions (SPSS) 19.0 software
(IBM, Armonk, New York, U.S.A.) was used for all statistical
analyses. Data were expressed as means+SD (standard devi-
ation). A t test and chi-square test were conducted to analyze
data from measurements and counting, respectively. The rela-
tionship between miR-21 levels and tumor marker levels was
assessed with a Pearson correlation coefficient test. Kaplan-
Meier survival curves were created and a log-rank test was
performed to compare OS between groups. P<0.05 was con-
sidered statistically significant.

Results

Comparison of Tumor Efficacy

In the control group, 11 patients had CRs, 22 had PRs, 17 had
SD, and 19 had PD. In the observation group, 20 patients had
CRs, 35 had PRs, 21 had SD, and 10 had PD. The total effective
rate was significantly higher in the observation group (86%)
than in the control group (69%) (x?><=8.287, P=0.006, Table 1).
That suggests that WBRT+RF-IMRT was superior to RF-IMRT
in treatment of BM from lung cancer.

Serum Levels of miR-21, TNF-o, NSE, SCC-Ag, and CEA
miR-21 levels were comparable between groups before radio-

therapy (P>0.05) and markedly lower after treatment (P<0.05).
The decline was more pronounced in the observation group
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Table 1. Comparison of tumor efficacy.

Observation (n=100)

Curative effect Control (n=100)

Complete response (n) 20 11 3.092 0.117
Partialresponse () 3 2 a147 o006
Stable disease () 21 17 49 0049
Progressive disease®) 10 19 32 o107
Totalefficiency®d 8 69 87 0006

Table 2. Serum levels of miR-21, TNF-o, NSE, SCC-Ag and CEA.

Control (n=100)

Variable

Before treatment After treatment

MiR-21 4.33+£2.01 2.81+1.18 4.08+1.84 1.66+0.79***
CTNFapgm) 26876792 22124548° 25564701  1698:432°%
CNSE(gm) 2513:534  1687£321° 26884568  885:296"
sccaggmy) 2406:698  17.97:377° 2423401  1099:246"
CCcEA(gm) 9945:2086 82.64:13.97" 97.53:18.66 54.69+8.53""*

* P<0.05: before treatment vs. after treatment; ** P<0.05: observation group vs. control group.

Table 3. Correlation between miR-21 level and tumor markers.

Variable r Value 4
TNF-o: (pg/mL) 0.531 0.018
CNSE(ng/ml) 0773 0005
scoagng/m) 0406 0033
CCEA(g/m) o783 w0001

(P<0.05). Before radiotherapy, no significant differences in se-
rum levels of TNF-o, NSE, SCC-Ag, or CEA were found between
the groups (P>0.05). All of the levels were downregulated af-
ter treatment (P<0.05), especially in the observation group
(Table 2). WBRT+RF-IMRT was more effective than RF-IMRT in
reducing expression of miR-21 and tumor markers.

Correlation between miR-21 levels and tumor markers

The relationship between miR-21 levels and tumor marker lev-
els was assessed with a Pearson coefficient correlation test.
MiR-21 levels were positively correlated with levels of TNF-o
(r=0.531), NSE (r=0.773), SCC-Ag (r=0.406), and CEA (r=0.783)
(P<0.05, Table 3).

Comparison of 0S

Kaplan-Meier survival curves were created based on the 5-year
follow-up data. OS was much longer in the observation group

than in the control group (hazard ratio [HR]=5.550, P=0.0185,
Figure 1A). IMRT improved OS in BM from lung cancer. To fur-
ther explore the influence of miR-21 levels on 0S, 200 patients
with BM from lung cancer were broken into 2 groups based on
median level of miR-21 after radiotherapy. Prognosis was poor
in patients with tumors that had high levels of miR-21 expres-
sion (HR=8.471, P=0.0372, Figure 1B). As a result, miR-21 was
unfavorable as a marker of survival in BM from lung cancer.

Discussion

Lung cancer is the leading cause of death from cancer and BM
is the main reason for the disease’s high mortality rate [15].
BMs reportedly are seen in 50% to 60% of patients with lung
cancer [16]. They cause severe damage to the central nervous
system and significantly decrease QoL for patients [17,18]. Use
of WBRT to treat BM from lung cancer is now common [19,20].
In recent years, use of 3D-CRT has become more popular [5],
but its efficacy has not been validated in clinical trials.

TNF-o is a proinflammatory cytokine that is involved in inflam-
matory and immune responses of living organisms. It facili-
tates the growth and metastasis of cancer cells [21]. Serum
NSE is ubiquitous in nerve cells and can be used to diagnose
neuroendocrine tumors and predict their likelihood of recur-
rence [22]. SCC-Ag is a cytoplasmic glycoprotein seen spe-
cifically in SCC that can be used as a specific marker for the
disease [22,23]. CEA is a tumor marker used in lung cancer
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Figure 1. Comparison of overall survival (OS) in patients with brain metastasis (BM) from lung cancer treated with whole-brain
radiotherapy (WBRT) or intensity-modulated radiotherapy (IMRT). (A) Higher OS rates were seen in patients with BM from
lung cancer treated with IMRT than in those treated with WBRT (hazard ratio [HR]=5.550, P=0.0185). (B) Higher OS rates also
were seen in patients with BM from lung cancer that expressed low levels of miR-21 (HR=8.471, P=0.0372).

to evaluate treatment efficacy, monitor disease, and predict
prognosis [24]. Our findings showed declines in the previous-
ly described tumor markers after radiotherapy, especially in
the observation group, which suggests that WBRT+RF-IMRT
has significant efficacy in treatment of BM from lung cancer.

miR-21 is upregulated in many malignant tumors [25]. In one
study, upregulation of the marker was reported in patients with
but not without BM from NSCLC. MiR-21 has diagnostic and
prognostic values in BM from NSCLC. Receiver operating char-
acteristic curves showed that the sensitivity and specificity of
miR-21 in diagnosing BM from NSCLC were 92.3% and 60.7%,
respectively. In vitro findings suggest that knockdown of miR-
21 in A549 cells significantly suppresses proliferation, metas-
tasis, and angiogenesis, and induces apoptosis. Therefore, si-
lencing miR-21 may be a promising strategy for treatment of
BM from NSCLC [13]. This is consistent with our finding that
serum levels of miR-21 were downregulated after radiothera-
py in BM from lung cancer, especially in patients treated with
IMRT. Moreover, miR-21 levels were positively correlated with
tumor marker levels. Kaplan-Meier curves indicated that low
expression of miR-21 was favorable for survival in patients
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