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Background: Existing experimental evidence suggested that the miR-208a expression in tumor tissue from non-small cell lung cancer
(NSCLC) was significantly high after radiotherapy in vitro and in vivo, indicating a potential role for predicting NSCLC progression or
recurrence. However, its prognostic value has not been fully confirmed among patients with NSCLC.

Aim: We explored the association of serum miR-208a level with adverse events including cancer recurrence and/or metastasis and
cancer death during a follow-up for 36 months after radiotherapy.

Methods: We identified the serum level of miR-208a from 46 patients before and after surgical treatment combined with radiotherapy
in NSCLC patients. The association between serum miR-208a and risk for the cancer recurrence and/or metastasis and cancer death
among these patients were examined by Kaplan-Meier and multivariable Cox analysis.

Results: The comprehensive outcomes during the follow-up period for 3 years including cancer recurrence and/or cancer metastasis and
cancer death were 13 (28.3%) and 8 (17.4%), respectively. Kaplan-Meier analysis suggested that a high serum miR-208a level after
radiotherapy tended to have a higher rate of cancer recurrence and/or cancer metastasis and a higher risk of cancer death than those with
alow level of serum miR-208a. Furthermore, our multivariable Cox analysis suggested that elevated serum miR-208a levels were associated
with an increased risk for cancer recurrence and/or cancer metastasis (HR=7.5, 95% CI: 2.5-24.9, P<0.01) and cancer death risk (HR=5.3,
95% CI: 1.7-18.5, P<0.05) after age, gender, smoking, drinking and tumor node metastasis (TNM) stage were controlled for.
Conclusion: This study further provided evidence that elevated serum miR-208a levels after radiotherapy were associated with a high
risk for cancer recurrence and/or metastasis and death among NSCLC patients.

Keywords: radiotherapy, non-small cell lung cancer, microRNAs, recurrence, death

Introduction

Existing data shows that the incidence of lung cancer has been significantly increased for few decades globally.'~ Especially in
developed countries, authoritative statistical data from China reported that lung cancer has become the leading cause of
common malignant tumors, which has surpassed breast cancer as the main cancer death.** Lung cancer was mainly divided
into non-small cell lung cancer (NSCLC) and small cell lung cancer according to its biological characteristics, and the NSCLC
accounts for more than 80% of all lung cancer cases.” Although early detection methods for lung cancer have significantly
improved in recent years, only about 20% of cancer patients can actively undergo surgical resection due to the high
concealment of lung cancer.® When patients experienced symptoms such as coughing and coughing up blood, the cancer
has already progressed to the late stage with distant metastasis.” As an important supplementary treatment, radiotherapy has
been considered as an important role in the clinical management for a post-surgical treatment or inoperable NSCLC,® even
significantly improving the quality of life for those cancer patients. However, radio-resistance is still an important disadvan-
tage that might limit the positive effect of radiotherapy for NSCLC due to some confirmed mechanisms including tumor
hypoxia, DNA-repair ability, P53 mutation, autophagy and others.” The specific molecular mechanisms concerning radiation-
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induced radio-resistance are still poorly understood. Therefore, exploring mechanisms involving in radio-resistance during
cancer therapy still has an important theoretical significance.

MicroRNAs (miRNAs) have been considered to be involved in proliferation and migration of various tumors
including lung cancer by directly regulating gene expression.'®'" The existing evidence has also demonstrated that
miRNAs play a tumor-suppressing or tumor-promoting role in various human cancers according to their different target
genes.'” As a result, mir-208a has been reported to have abnormal expression in lung cancer.'* "> For instance,
a previous basic study was used by miRNA microarray technology to identify miRNAs that were differentially expressed
before and after radiotherapy in lung cancer patients, and they provided evidence that miR-208a can affect the
1."* Another study showed that long
intergenic non-protein-coding RNA p53-induced transcript mediated inhibitory effect on cell proliferation, cell migration

proliferation and radio-sensitivity of human lung cancer cells by targeting p2

and invasion by miR-208a-3p/programmed cell death 4 in NSCLC.'* Importantly, a recent experimental study also
suggested that miR-208a could facilitate cell proliferation and invasion by directly targeting Src kinase signaling
inhibitor 1 in NSCLC."> Although these previous studies have hinted that miR-208a might be a potential biomarker or
therapeutic target for NSCLC, experimental data of which were mostly based on animals and cells in vitro, it has not
been fully validated in clinical patients with NSCLC.

Therefore, the present study was aimed to measure the expression level of miR-208a in serum, and evaluated its
association with tumor recurrence and cancer death among NSCLC patients after radiotherapy.

Methods
Study Samples

We obtained samples from circulating blood and tumor tissue of 46 patients with NSCLC in total. These included 26
cases with squamous cell carcinoma, 14 cases with adenocarcinoma and 6 cases with large cell carcinoma at Changzhou
Cancer Hospital between January 2015 and December 2020, who have already experienced surgery combined with
radiotherapy during hospitalization. Tumor node metastasis (TNM) stage for these NSCLC patients was 7 subjects in
stage I, 16 subjects in stages II, 20 subjects in stages III and 3 subjects in stages IV . All patients included underwent
routine blood collection within 24 hours after admission and re-examination before discharge; we collected these stored
blood samples from each individual for measuring the expression level of serum miR-208a. The NSCLC tissue from
some patients was extracted during the operation for evaluating expression level of miR-208a. Postoperative radiotherapy
was then conducted for each patient during hospitalization. After these patients completed treatment and were dis-
charged, we started a 3 year follow-up by phone or the clinic requiring outpatient re-examination. The exclusion criteria
has been detailed in our previous study:'® (1) patients without receiving radiotherapy; (2) patients who have been lost
during the follow-up period; (3) patients who had other severe comorbidities that seriously affected quality of life; (4)
patients receiving targeted therapy before and after surgery.'® Because the present study was a retrospective design,
major patients have lost contact. Thus the study has been applied for exemption from informed consent. The ethics
committee of Changzhou Cancer Hospital approved the implementation of the study design based on the Declaration of
Helsinki guidelines. All patient information was completely confidential in this study.

Measurement for miR-208a Expression in Serum and NSCLC Tissue
The fasting venous blood from each patient on first morning after admission was extracted into centrifuge tube and
supernatants were immediately stored at —80 °C refrigerator for further use.'® The stored samples from serum and
NSCLC tissue for real-time fluorescence quantitative polymerase chain reaction (RT-PCR) analysis was performed to
measure the miR-208a expression, respectively. RNA extraction from these samples was used by a Trizol method, and
the specific RT-PCR primers of miR-208a were designed from GenePharma Co. Ltd (Shanghai).

Follow-up for Adverse Events
The adverse events in our study were mainly contained cancer recurrence and/or metastasis and cancer death among
these NSCLC patients during a follow-up period for 3 years, which was considered the primary endpoint.'® Each NSCLC
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patient was followed up two times each year by telephone or subsequent visit with a doctor after discharge. Cancer
recurrence and/or metastasis was confirmed as the new tumor appeared in lung tissue or enlarged masses reappeared in
the primary site or distant metastases occured in other organs of the patient’s body, detected by examinations including
positron emission tomography/computed tomography (PET/CT), CT, magnetic resonance imaging (MRI), ultrasound or
others.'” The cancer death was confirmed by the deaths being were caused by NSCLC cancer during the follow-up. All
included outcomes were confirmed by attending physician in combination with radiologist.

Statistical Analysis

All statistical data for this study were analyzed by using SPSS 26.0 software (SPSS, Chicago, USA). A Student’s ¢-test
was performed to compare difference of miR-208a expression level from serum and cancer tissue among NSCLC
patients after and before surgery combined with radiotherapy, respectively. Continuously, Kaplan-Meier analysis was
conducted to evaluate the association of serum miR-208a level with risk for adverse outcomes including cancer
recurrence and/or cancer metastasis and cancer death during the follow-up period for 3 years. Furthermore, multivariable
Cox analysis was performed to confirm the associations of serum miR-208a with these adverse outcomes. In multi-
variable models, covariates including age and gender were enrolled into adjusted Model 1. Covariates including age,
gender, smoking, drinking and TNM stage were enrolled into adjusted Model II. In addition, we also added pathology
subtype of NSCLC into adjusted model I and II to further analyze the association between serum miR-208a level and
adverse outcomes, respectively. P value less than 0.05 was defined as being significant.

Results

Baseline Characteristics

As shown in Figure 1A, we identified a significantly elevated serum level of miR-208a among patients after surgery
combined with radiotherapy, compared with the serum level from these patients before the treatment by using RT-PCR
analysis. Similar expression difference did occur in the tumor tissue in these NSCLC patients (Figure 1B). The miR-208a
from NSCLC tissue before surgery combined with radiotherapy was significantly lower than the same patients after the
treatment. This preliminarily indicated that radiotherapy for NSCLC patients increased the miR-208a expression.
Additionally, the clinical features of NSCLC patients were described in Table 1, the mean age was 59.4 years and
male rate was 32 (69.6%). Outcome events during the follow-up period for 3 years including cancer recurrence and/or
cancer metastasis and cancer death were 13 (28.3%) and 8 (17.4%), respectively.
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Figure |1 (A) and (B) GRHL2 expression (mMRNA and protein) from fasting blood on the first morning in NSCLC patients.

International Journal of General Medicine 2025:18 heeps: 6205



Jietal

Table | Baseline Characteristics Among 46 NSCLC

Patients
Variables MeanzSD or N (%)
Age (Year) 59.4 £9.5
Male, n (%) 32 (69.6%)
Hospital stay (days) 16.5+6.8
Smoking, n (%) 31 (67.4)
Drinking, n (%) 26 (56.5)
TNM stage
I, n (%) 7 (15.2)
I, n (%) 16 (34.8)
I, n (%) 20 (43.5)
IV, n (%) 3 (6.5)
Pathology subtypes
Adenocarcinoma, n (%) 14 (30.4)
Squamous cell carcinoma, n (%) 26 (56.5)
Large cell carcinoma, n (%) 6 (13.1)
Outcome events
Death, n (%) 8 (17.4%)
Recurrence and/or metastasis, n (%) 13 (28.3%)

Abbreviations: NSCLC, non-small cell lung cancer; TNM, tumor node
metastasis.

Association of Serum miR-208a with Risk for Outcome Events

Kaplan-Meier curve displayed that a high expression of serum miR-208a among patients with NSCLC after radiotherapy
had a relatively higher rate for cancer recurrence and/or cancer metastasis (Figure 2A) and cancer death (Figure 2B),
compared with those with lower expression of serum miR-208a.

Consistently, compared with patients with a relatively low expression of serum miR-208a (Table 2), our multivariable
Cox analysis suggested that up-expressed miR-208a in serum was positively associated with cancer recurrence and/or
cancer metastasis (HR=7.9, 95% CI: 2.8-26.6, P<0.01) and risk for cancer death (HR=5.7, 95% CI: 1.8-18.8, P<0.05) in
adjusted Model I after age and gender were controlled for. The associations of serum miR-208a level with cancer
recurrence and/or cancer metastasis (HR=7.5, 95% CI: 2.5-24.9, P<0.01) and cancer death risk (HR=5.3, 95% CI:
1.7-18.5, P<0.05) has hardly changed in adjusted Model II after smoking, drinking and TNM stage were further
controlled for. In addition, sensitivity analysis was also performed to support a similar relation of serum miR-208a
with these outcome events by using ‘pathology subtype’ as additional covariate into these adjusted multivariable Cox
models (Table 3).

High expression for miR-208a
1Low expression for miR-208a )

" High expression for miR-208a
1Low expression for miR-208a

P=0.002
P=0.009

Cumulative risk for recurrence and/or metastasis
Survival risk (%)

0 10 2 £ 40
[ 10 2 0 )

Followed up for 36 months Followed up for 36 months

Figure 2 (A) and (B) Kaplan-Meier analysis for composite endpoint risk on NSCLC patients.
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Table 2 The Association of Serum miR-208a Level with Risk for Outcome
Events Among Patients with NSCLC

Outcome Events
Death Recurrence and/or Metastasis
Adjusted Model |
Serum miR-208a 5.7 (1.8-18.8), <0.05 7.9 (2.8-26.6), <0.01
Adjusted Model Il
Serum miR-208a 5.3 (1.7-18.5), <0.05 7.5 (2.5-24.9), <0.01

Notes: Model I: Adjusted for age and gender. Model II: Adjusted for age, gender, smoking, drinking
and TNM stage.
Abbreviations: NSCLC, non-small cell lung cancer; TNM, tumor node metastasis.

Table 3 Sensitivity Analysis

Outcome Events
Death Recurrence and/or Metastasis
Adjusted Model |
Serum miR-208a 5.3 (1.7-16.4), <0.05 7.6 (2.5-24.8), <0.01
Adjusted Model 1l
Serum miR-208a 5.1 (1.6-15.9), <0.05 7.2 (2.3-23.7), <0.01

Notes: Model I: Adjusted for age, gender and pathology subtype. Model II: Adjusted for age,
gender, smoking, drinking, TNM stage and pathology subtype.
Abbreviations: NSCLC: non-small cell lung cancer; TNM: tumor node metastasis.

Discussion
The existing clinical and basic evidence have been confirmed that abnormal expression of miRNAs displays important
functions on the occurrence and development of NSCLC.'®!'? Exploring the association of miRNAs expression with
NSCLC progression has significant clinical implications for the identification of potential predictive or therapeutic
biomarkers to monitor tumor progression or treatment efficacy among NSCLC patients.?® In fact, there was also a lot of
evidence that has confirmed the abnormal expression of mir-208a in lung cancer. A previous basic study reported that mir-
208a was up-regulated in the serum of NSCLC patients after radiation treatment, and the overexpression of miR-208a could
promote cell proliferation and induced radio-resistance via targeting p21 with activation of the AKT/mTOR pathway in
lung cancer cells, whereas knock-down of miR-208a caused the opposite effects.'® Another basic experiment also showed
that activated miR-208a-3p/programmed cell death 4 mediated inhibitory effect on cell proliferation, cell cycle, cell
migration and invasion in NSCLC cells."* A recent study further suggested that mir-208a was significantly upregulated
in cancer tissues of NSCLC and cell lines than non-cancerous controls, and elevated miR-208a expression was significantly
associated with adverse TNM stage and lymph node metastasis, promoting the cell proliferation and invasion of NSCLC
cancer by directly activating Src kinase signaling inhibitor 1.'* This relatively small evidence exerted a potential value of
miR-208a as a novel biomarker or target on predicting the progression or recurrence of NSCLC. However, these previous
conclusions have not been fully validated in NSCLC patients. In the present study, we collected clinical data and tumor
samples from 46 NSCLC patients after surgery combined with radiotherapy to further analyze the relationship between
serum level of miR-208a expression and risk for cancer recurrence and/or metastasis and cancer death. We observed that
a higher miR-208a expression in serum and NSCLC tissue occurred after radiotherapy compared to before the treatment,
and elevated serum miR-208a level contributed to a higher risk for cancer recurrence and/or cancer metastasis and cancer
death. This further supported previous results that overexpression of miR-208a could induce radio-resistance and promote
tumor growth, ultimately leading to a poor prognosis after radiotherapy.'?

Interestingly, mir-208a has also been confirmed to be involved in various human cancers.'’*'* For example, mir-
208a has been reported with a high expression in hepatocellular carcinoma, and the knock-down of mir-208a could
inhibit proliferation and metastasis of hepatoma cell in vitro.?! A study also showed that mir-208a was highly expressed
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in esophageal cancer tissue and cell lines, and overexpression of mir-208a promoted cell proliferation and tumorigenicity
of the cancer cell.* Furthermore, mir-208a was found to be highly expressed in gastric cancer, and overexpressed mir-
208a could promote tumor cell proliferation and attenuate cell apoptosis in vivo.?® Liu et al even found that mir-208a
might be involved in the cell migration and invasion in pancreatic cancer.'” Accordingly, the previous evidence suggested
the overexpression of mir-208a could promote progression of various tumors, which further supported the advantageous
predictive role of mir-208a in cancer recurrence and death of NSCLC patients.

There is a key advantage that needs to be emphasized in our study. This was one of few studies to further validate the
predictable value of mir-208a from collecting serum and tumor sample on adverse clinical events among NSCLC
patients. We observed for the first time that mir-208a has a significantly predictive role for monitoring cancer recurrence
and death risk in NSCLC patients after surgery combined with radiotherapy, which might provide strong support for
further promoting serum mir-208a as a clinical biomarker for the prognosis of NSCLC. On the contrary, this study also
had several limitations. This was a single-center retrospective study, and a small sample of patients might lead to bias for
patient selection. The cohort only included 46 patients with 13 experiencing recurrence/metastasis and 8 cancer deaths.
While our hazard ratios are significant, the wide confidence intervals suggested limited precision, restraining the
generalizability of the results. Then, we compared the serum mir-208a levels of NSCLC patients before and after
radiotherapy, but did not compare the difference of mir-208a with general populations without NSCLC. Furthermore, the
follow-up period of three years was relatively short, and some endpoints including cancer recurrence, metastasis and
cancer death might occur after 3 years, which may result in bias for our results in this study. Finally, NSCLC is
characterized by a heterogeneous mutational landscape, including key driver mutations such as EGFR, ALK, KRAS, and
others, which have well-established prognostic and predictive implications. The absence of patient genetic profile data in
the multivariable analysis may introduce bias or confounding for our results.

Conclusion

Briefly, we evaluated serum mir-208a levels from NSCLC patients after radiotherapy. Our findings provided evidence to
support that serum miR-208a may be considered as a novel predictive biomarker for monitoring prognosis among
NSCLC patients after radiotherapy. Of course, more multi-enter and large-sample cohort studies are needed to further
support our results.
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