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Abstract
Background: MicroRNAs (miRNAs) play an important regulatory role and serve as biomarkers in various human cancers.

However, their role in the prognosis and predicting response to therapy in Indian lung cancer patients is not fully explored.

Methods: We collected surgically resected tumors and paired adjacent normal lung tissues from 29 early-stage and tissue biop-

sies from 103 locally advanced and metastatic lung cancer patients in this prospective study. We quantified the expression levels of

miR-375-3p, miR-197-3p, and miR-15a-5p using TaqMan Advanced miRNA Assays. We correlated miRNAs expression with

response to therapy and survival outcomes. Results: The median age of lung cancer patients was 60 years. We found significant

overexpression of miR-375-3p and miR-197-3p in the tumors compared to paired normal lung tissues. Higher expression of miR-

375-3p was observed more frequently in responders compared to nonresponders. The expression of miR-375-3p and miR-197-

3p was able to differentiate patients of lung adenocarcinoma from lung squamous cell carcinoma. We did not find any correlation

between miRNAs expression and survival outcomes. Conclusion: Overexpression of miR-375-3p and miR-197-3p might con-

tribute to lung carcinogenesis. The expression of miR-375-3p may assist in predicting therapeutic response. More prospective

studies are warranted to evaluate the potential of miR-375-3p as a predictive biomarker of response to therapy.
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Introduction
Lung cancer constitutes 11.6% of all cancer cases, making it the
most commonly diagnosed cancer globally.1 With 18.6% of all
cancer-related deaths globally, it contributes significantly to
cancer-related mortality.1 In India, lung cancer incidence and
mortality are 5.9% and 8.1%, respectively.1 The most
common histological subtype of lung cancer is nonsmall cell
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lung cancer (NSCLC; ∼85%) and is seen in both smokers and
nonsmokers.2 In contrast, small cell lung cancer (SCLC) is
mostly smoking-related and constitutes ∼15% of all lung
cancer cases.3 Histologically, NSCLC is further categorized
into lung squamous cell carcinoma (LUSC), lung adenocarci-
noma (LUAD), and large cell carcinoma.2 Therapeutic strat-
egies for managing NSCLC depend on the stage, histological
subtype, and the presence or absence of specific driver muta-
tions in their tumors.4–6 The tumors of ∼50% to 60% of
LUAD patients show the presence of molecular alterations in
a few oncogenic driver genes such as EGFR, ALK, ROS1,
BRAF, and MET.4–7 As a result, these patients become eligible
to be treated by driver mutation-specific targeted therapies and
show better objective response rates leading to significant
improvements in their survival outcomes compared to tradi-
tional chemotherapeutic drugs.4–7 In contrast, the majority of
the SCLC and LUSC patients with locally advanced and
metastatic disease and LUAD patients without any targetable
driver mutations are treated with chemotherapy and/or
radiotherapy.4–7 However, the response rate and survival out-
comes in these groups of patients are relatively inferior,
which could be because, at present, there are no effective bio-
markers to predict prognosis and response to therapy.7

MicroRNAs (miRNAs) are small noncoding RNAs involved
in posttranscriptional gene silencing and have emerged as impor-
tant regulators of various biological processes implicated in carci-
nogenesis.8–11 Several studies have evaluated their utility as
diagnostic, prognostic, and predictive biomarkers in various
human cancers.12,13 However, there is insufficient data on the pro-
filing of miRNA expression and their role as prognostic and pre-
dictive biomarkers in lung cancer patients from the Indian
subcontinent.14–19 In our previous study, we performed small
RNA sequencing to identify differentially expressed miRNAs in
the serum of NSCLC patients compared to controls.14 We
observed a significant downregulation of miR-15a-5p in
NSCLC patients compared to controls.14 Further, the expression
of miR-375 was downregulated in LUSC, but not in LUAD
patients, compared to controls.14 We also found differential
expression of miR-197-3p in NSCLC patients using small RNA
sequencing; although, we did not validate its expression in the
larger sample size using qRT-PCR.14 The main limitation of our
previous study was that we did not profile the expression of
miRNAs in tumor tissues. Hence, in this study, we quantified
the expression levels of miR-375-3p, miR-15a-5p, and
miR-197-3p in the tumors and paired normal tissues of early
stage and in the tissue biopsies of locally advanced andmetastatic
lung cancer patients recruited prospectively.

We decided to evaluate the clinical utility of the miRNAs men-
tioned above in the current study based on their crucial roles in reg-
ulating the expression of an immune checkpoint protein,
programmed death-ligand 1 (PD-L1), in various human
cancers.20–24 Recent evidence suggests that miR-375 can nega-
tively regulate PD-L1 expression indirectly via the JAK2/
STAT3 signaling pathway in head and neck squamous cell carci-
noma and gastric cancer.20,21 Fujita et al22 revealed an essential
role of the miR-197/CKS1B/STAT3 network in regulating

PD-L1 expression, while ectopic overexpression of miR-197 sen-
sitized high PD-L1 expressing drug-resistant NSCLC cells to che-
motherapy. Kao et al23 demonstrated that miR-15a could directly
regulate the expression of PD-L1 in malignant pleural mesotheli-
oma. At the same time, extracellular vesicles overexpressing
miR-15a inhibited the immune evasion of colorectal cancer cells
via the KDM4B/HOXC4/PD-L1 axis.24 Since PD-L1 is highly
expressed in lung tumors25,26 and we recently found differential
expression of PD-L1 regulatory miRNAs in the serum of
NSCLC patients,14 we decided further to analyze their expression
in the lung tumor tissues to ascertain whether these miRNAs have
any clinical utility as prognostic and predictive biomarkers. To
confirm the same, we correlated the expression patterns of the
miRNAs mentioned above with survival outcomes, therapeutic
response, and various clinicopathological parameters, including
clinical stage and histology.

Materials and Methods

Recruitment of Patient and Sample Collection
We recruited 132 consecutive newly diagnosed and treatment
naïve lung cancer patients prospectively between the years 2017
and 2020. The histopathological diagnosis of lung cancer was
established in all the patients by hematoxylin and eosin staining.
In addition, we recorded epidemiological data, including age,
gender, smoking habit, histology, and clinical stage, for all the
patients. The staging was done by computed tomography (CT)
scans of the chest and upper abdomen. If clinically indicated,
radionuclide bone scan and CT or magnetic resonance imaging
of the brain were also performed for staging. The clinical
staging was done according to the recommendations of the
International Association for the Study of Lung Cancer Staging
Committee for NSCLC.27 Institute Ethics Committee approved
this study (Ref. No. IEC-149/07.04.2017, RP-14/2017, and
IEC-308/03.05.2019). We obtained informed written consent
from all the patients before taking their tissue samples. Further,
the identity of all the patients was kept confidential, and all the
patient details were de-identified. The reporting of this study con-
forms to STROBE guidelines.28

We collected surgically resected lung tumors and paired
adjacent normal lung tissue samples (>5 cm away from the
primary tumor) from 29 early-stage NSCLC patients under-
going surgical resection. In addition, tissue biopsies were col-
lected from suspected lung cancer patients while undergoing
fiberoptic bronchoscopy. All the specimens were collected in
RNA stabilization solution (RNAlater, Thermo Fisher
Scientific) and stored at −80 °C after incubation at 2 °C to
8 °C for 24 h.

Quantification of miRNA Expression by qRT-PCR
Total RNA enriched with miRNAs was purified from all the
specimens using mirVana miRNA Isolation kit (Catalogue no.
AM1560, Ambion) and stored at −80 °C until further use.
The quantity and purity of total RNA were checked by Qubit
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RNA broad range assay (Catalogue no. Q10210, Invitrogen)
using Qubit 3 fluorimeter (Invitrogen) and Nanodrop 1000
spectrophotometer (Thermo Fisher Scientific). Total RNA
was converted to cDNA using TaqMan Advanced miRNA
cDNA Synthesis Kit (Catalogue no. A28007, Applied
Biosystems) as per recommended protocol. The resulting
cDNA was used for quantifying the expression levels of
miR-15a-5p (Assay ID: 477858_mir), miR-197-3p (Assay ID:
477959_mir), and miR-375-3p (Assay ID: 478074_mir) using
TaqMan Advanced miRNA Assays (Catalogue no. A25576,
Applied Biosystems) and TaqMan Fast Advanced Master Mix
(Catalogue no. 4444557, Applied Biosystems) on a Light
Cycler 480 II instrument (Roche). The relative expression of
miRNA was calculated by the 2−ΔCt method after normalizing
the expression of target miRNA with the recommended endog-
enous control miR-423-5p assay (Assay ID: 478090_mir).

Statistical Analysis
All the analyses were performed using GraphPad v 8.0 and
Stata v.11.1 (Texas, USA). Continuous variables were pre-
sented as the mean (± standard deviation) and compared
using the Student’s t-test. Categorical variables were presented
as a frequency (percentage) and compared using the Chi-square
test. We compared the relative expression levels of miRNAs in
different biological samples using Mann-Whitney U-test. We
used the Kaplan-Meier method for survival analysis. In addi-
tion, we performed the univariate and multivariate analyses
by Cox regression models to evaluate prognostic significance.
Overall survival (OS) was calculated from the date of diagnosis
to death or last follow-up. Progression-free survival (PFS) was
calculated from the date of diagnosis to the date of progression,
relapse, or death. We also performed receiver operating charac-
teristic (ROC) curve analysis (tumor vs paired normal tissue)
for each miRNA to calculate the area under the curve (AUC),
sensitivity, specificity, and likelihood ratio. The data were cen-
sored on July 31, 2021. The significance level was set at P < .05.

Results

Epidemiological and Clinical Characteristics
The demographic and clinical characteristics of 132 patients
with lung cancer are summarized in Table 1. The median age
of our patients was 60 years (range: 33-81 years). The majority
of our patients were male (82.6%), smokers (78.8%), and with
clinical-stage III-IV disease (73.2%). Histologically, the vast
majority of patients were NSCLC (90.9%), with LUSC being
the most common type (57.5%). We detected mutations in the
EGFR (exon 19 deletion or L858R point mutation) in 11 out
of 31 LUAD patients (35.5%; Table 1). Out of 132, 29 early
stage-lung cancer patients underwent curative surgical resection
(22%), while 48 patients (36.3%) received first-line chemother-
apy or targeted therapy. The vast majority of patients (30 of 48;
62.5%) were given paclitaxel/gemcitabine+ carboplatin, while
12.5% (6 of 48) of patients were given cisplatin/carboplatin+

pemetrexed. The patients of SCLC (n= 7) were given cis-
platin/carboplatin+ etoposide, while EGFR mutation-positive
LUAD patients (n= 5) received gefitinib, a tyrosine kinase
inhibitor. Therapeutic responses were defined following
RECIST v. 1.1 criteria and were categorized as complete
response (CR), partial response (PR), stable disease (SD), and
progressive disease (PD).29 Almost 57% (37 of 65) of the
patients who achieved CR/PR/SD were categorized as respond-
ers, while the remaining patients who had PD were categorized
as nonresponders (Table 1).

miR-375-3p and miR-197-3p are Overexpressed
in Lung Tumors
A total of 161 tissue samples, including 29 paired tumor and
normal lung tissues and 103 tissue biopsies, from 132 lung
cancer patients were used for quantifying the expression
levels of miR-375-3p, miR-197-3p, and miR-15a-5p using
TaqMan Advanced miRNA Assays (Thermo Fisher
Scientific). We found a significantly higher expression of

Table 1. Baseline Characteristics of Lung Cancer Patients (n= 132).

Clinicopathological variables Number of patients (%)

Age (years)
Median (range) 60 (33-81)
Gender
Male 109 (82.6)
Female 23 (17.4)
Histology
SCLC 12 (9.1)
NSCLC 120 (90.9)
LUAD 43/120 (35.8)
LUSC 69/120 (57.5)
NSCLC-NOS 08/120 (6.7)
EGFR mutations
Negative 20/31 (64.5)
Positive (L858R and Exon 19 deletions) 11/31 (35.5)
ALK fusion
Negative 31/32 (96.9)
Positive 01/32 (3.1)
Stage
I-II 29/108 (26.8)
III-IV 79/108 (73.2)
Smoking status
Smoker 104 (78.8)
Nonsmoker 28 (21.2)
Treatment received
No treatment 55/132 (41.7)
Surgery 29/132 (22)
Chemotherapy/targeted therapy 48/132 (36.3)
Therapeutic response
Responders 37/65 (56.9)
Nonresponders 28/65 (43.1)

Abbreviations: SCLC, small cell lung cancer; NSCLC, nonsmall cell lung
cancer; LUAD, lung adenocarcinoma; LUSC, lung squamous cell carcinoma;
NSCLC-NOS, NSCLC not specified; EGFR, epidermal growth factor receptor,
ALK, anaplastic lymphoma kinase.
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miR-375-3p (Figure 1A) and miR-197-3p (Figure 1B) in the
surgically resected tumors compared to paired normal tissues
(P= .0009 and P= .0056, respectively; Table 2). These findings
are consistent with the data reported in The Cancer Genome
Atlas (TCGA)-LUAD datasets for the expression of miR-375
(Supplemental Figure S1A) and in TCGA-LUAD and
TCGA-LUSC datasets for the expression of miR-197
(Supplemental Figures S1A and S1D). Further, the expression
of miR-375-3p was significantly higher in the tissue biopsies
than in unpaired normal lung tissue samples (P= .007;

Figure 1A and Table 2). Interestingly, the expression levels of
miR-197-3p were significantly higher in surgically resected
tumors of early-stage lung cancer patients than tissue biopsies
of locally advanced and metastatic lung cancer patients (P=
.0065; Figure 1B and Table 2). We did not find any significant
differences in the expression levels of miR-15a-5p between
various sample types (Figure 1C and Table 2). In contrast, the
expression of miR-15a was significantly higher in the
TCGA-LUAD (Supplemental Figure S1E), while significantly
lower in the TCGA-LUSC tumors than controls

Figure 1. The expression of miR-375-3p and miR-197-3p is upregulated in lung tumors. The column scatter plots showing relative expression of
(A) miR-375-3p, (B) miR-197-3p, and (C) miR-15a-5p in surgically resected lung tumors (n= 29), paired adjacent normal lung tissue samples
(n = 29), and tissue biopsies (n= 103) of lung cancer patients. ROC curves were generated to assess the diagnostic potential of (D) miR-375-3p,
(E) miR-197-3p, and (F) miR-15a-5p for lung cancer (tumor vs paired normal lung tissue). The expression of the miRNAs mentioned above was
measured by TaqMan advanced miRNA assays (Thermo Fisher Scientific) and was normalized with that of miR-423-5p expression. ** P< .001;
*** P< .0001; ns: not significant; AUC: area under the receiver operating characteristic curve.

Table 2. Comparison of Relative Expression Levels of miRNAs in Different Biological Samples of Lung Cancer Patients Along With Their
Diagnostic Performance Using ROC Curve Analysis.

miR-375-3p miR-197-3p miR-15a-5p

P value* (tumor vs paired normal) .0009 .0056 .5392
P value* (biopsy vs normal) .007 .5072 .2726
P value* (tumor vs biopsy) .433 .0065 .0783
AUC± SE (95% CI) (tumor vs
normal)

0.7491± 0.0683
(0.6152-0.8830)

0.7099± 0.0680 (0.5765–
0.8432)

0.5476± 0.0767
(0.3972-0.6979)

Sensitivity % (CI) 72.41% (54.28-85.30) 79.31% (61.61-90.15) 72.41% (54.28-85.30)
Specificity % (CI) 82.76% (65.45-92.40) 51.72% (34.43-68.61) 44.83% (28.41-62.45)
Likelihood ratio 4.2 1.643 1.313

Abbreviations: ROC, receiver operating characteristic curve; AUC: area under the ROC curve; SE, standard error; CI, confidence interval.
*Mann-Whitney U-test.
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(Supplemental Figure S1F). In addition, we checked the diag-
nostic performance of all 3 miRNAs (tumor vs paired normal)
using ROC curve analysis (Figure 1D to F), which revealed
that miR-375-3p exhibited the best AUC of 0.7491 with a sen-
sitivity and specificity of 72.41% and 82.76%, respectively
(Table 2 and Figure 1D). The miR-15a-5p showed a very low
AUC (0.5476) and specificity (44.83%), indicating that it may
not be a good diagnostic biomarker (Table 2 and Figure 1F).

We also established correlations between the expression of
various miRNAs using Pearson’s correlation coefficient. We
found a weak positive correlation between the expression of
miR-375-3p and miR-197-3p (r= .2412, P= .0021),
miR-375-3p and miR-15a-5p (r= .1635, P= .0383), and a
moderate positive correlation between the expression of
miR-197-3p and miR-15a-5p (r= .4034, P < .001).

The Expression of miR-375-3p is Correlated
With the Therapeutic Response
All lung cancer patients were categorized into high miRNA
expression group and low miRNA expression group based on
the median ΔCt of individual miRNA expression (Table 3).
For correlating miRNA expression with therapeutic responses,

lung cancer patients were categorized into 2 groups: (i) res-
ponders (those with CR/PR/SD) and (ii) nonresponders (those
with PD). Interestingly, higher expression of miR-375-3p was
observed more frequently in responders than nonresponders
(P= .046; Table 3). On the other hand, the expression of
miR-197-3p and miR-15a-5p did not correlate with response
to therapy (Table 3). We also correlated the expression of
miRNAs with various clinicopathological parameters.
Interestingly, the expression of miR-375-3p was significantly
higher, while miR-197-3p was significantly lower in LUAD
patients (P< .001 and P= .009, respectively; Table 3). We
also found a significant correlation of miR-197-3p expression
with gender (P= .039) and smoking status (P= .011), while
the expression of miR-15a-5p was significantly correlated
with the stage of lung cancer patients (P= .031; Table 3).

The Expression of miR-375-3p, miR-197-3p, and
miR-15a-5p is not Correlated With Survival Outcomes
The median OS and PFS were 274 days (range: 1-1265 days) and
251.5 days (range: 1-1265 days), respectively. We performed the
univariate and multivariate analyses by Cox regression model to
find the correlation of miRNAs expression and various

Table 3. Correlation of miRNA Expression With Various Clinicopathological Parameters of Lung Cancer Patients.

Characteristics
miR-375-3p expressiona miR-197-3p expressiona miR-15a-5p expressiona

High
expression

Low
expression P valueb

High
expression

Low
expression P valueb

High
expression Low expression P valueb

Age (years)
34 (50.7%)
32 (49.2%)

.862≤ 60 37 (55.2%) 30 (44.8%) .297 31 (46.3%) 36 (53.7%) .384 33 (49.3%)
> 60 30 (46.2%) 35 (53.8%) 35 (53.8%) 30 (46.2%) 33 (50.8%)
Gender

56 (51.4%)
10 (43.5%)

.491Male 52 (47.7%) 57 (52.3%) .127 59 (54.1%) 50 (45.9%) .039 53 (48.6%)
Female 15 (65.2%) 08 (34.8%) 07 (30.4%) 16 (69.6%) 13 (56.5%)
Histology
SCLC

08 (66.7%) 04 (33.3%) .248 09 (75%) 03 (25%) .069 08 (66.7%)
04 (33.3%)
62 (51.7%)

.226
NSCLC 59 (49.2%) 61 (50.8%) 57 (47.5%) 63 (52.5%) 58 (48.3%)
NSCLC

20 (46.5%)
38 (55.1%)

.378LUAD 31 (72.1%) 12 (27.9%) <.001 14 (32.6%) 29 (67.4%) .009 23 (53.5%)
LUSC 24 (34.8%) 45 (65.2%) 40 (58%) 29 (42%) 31 (44.9%)
Smoking status

11 (39.3%)
55 (52.9%)

.201Nonsmoker 18 (64.3%) 10 (35.7%) .107 08 (28.6%) 20 (71.4%) .011 17 (60.7%)
Smoker 49 (47.1%) 55 (52.9%) 58 (55.8%) 46 (44.2%) 49 (47.1%)
Stage

09 (31%)
43 (54.4%)

.031I+ II 17 (58.6%) 12 (41.8%) .614 18 (62.1%) 11 (37.9%) .160 20 (69%)
III+ IV 42 (53.2%) 37 (46.8%) 37 (46.8%) 42 (53.2%) 36 (45.6%)
EGFR

10 (50%)
05 (45.4%)

.809No mutation 15 (75%) 05 (25%) .505 03 (15%) 17 (85%) .408 10 (50%)
Mutation 07 (63.6%) 04 (36.4%) 03 (27.3%) 08 (72.7%) 06 (54.6%)
Therapeutic response

13 (35.1%)
15 (53.6%)

.137Responders 25 (67.6%) 12 (32.4%) .046 21 (56.8%) 16 (43.2%) .798 24 (64.9%)
Nonresponders 12 (42.9%) 16 (57.1%) 15 (53.6%) 13 (46.4%) 13 (46.4%)

Abbreviations: SCLC, small cell lung cancer; NSCLC, nonsmall cell lung cancer; LUAD, lung adenocarcinoma; LUSC, lung squamous cell carcinoma.
aPatients were divided into high and low miRNA expression groups based on median ΔCt value (mean Ct of target miRNA–mean Ct of control miRNA) of
miR-375-3p or miR-197-3p or miR-15a-5p.
bChi-square test.
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clinicopathological variables with OS and PFS (Tables 4 and 5).
We did not find any correlation between the expression of any
of the miRNAs and OS (Figure 2A to C) or PFS (Figure 2D to
F) of lung cancer patients (Tables 4 and 5). The expression of
miR-375 did not correlate with the OS in TCGA-LUAD and
TCGA-LUSC datasets (Supplemental Figures S2A and S2B,
respectively). Similarly, the expression of miR-197 and miR-15a
did not correlate with the OS in the TCGA-LUAD datasets
(Supplemental Figures S3A and S4A, respectively). In contrast,
higher expression of miR-197 and lower expression of miR-15a
significantly correlated with inferior OS in the TCGA-LUSC
dataset (Supplemental Figures S3B and S4B, respectively).

Interestingly, NSCLC patients had significantly better OS
compared to SCLC patients (HR= 0.49, P= .033; Figure 3A
and Table 4), while patients of stages III and IV had signifi-
cantly poorer OS as compared to those with stages I and II
disease (HR= 6.12, P< .001; Figure 3B). Also, nonresponders
had significantly poorer OS compared to responders (HR=

5.32, P< .001; Table 4 and Figure 3C). In multivariate analysis,
higher stage (HR= 4.64; P= .019) and poor response to therapy
(HR= 5.02; P= 0.001) emerged as independent prognostic
factors of inferior OS (Table 4). We also found a significant cor-
relation between gender and PFS (HR= 0.28; P= .039;
Figure 3D), histology and PFS (HR= 0.25; P= .004;
Figure 3E), stage and PFS (HR= 8.25; P < .001; Figure 3F),
and response to therapy and PFS (HR= 13.8; P< .001;
Figure 3G). In multivariate analysis, higher stage (HR=
17.17; P< .001) and poor response to therapy (HR= 42.63;
P < .001) emerged as independent prognostic factors of inferior
PFS (Table 5).

Discussion
Identification of cancer biomarkers for prognosticating the long-
term outcomes and predicting response to anti-cancer therapies
is one of the biggest challenges in improving the survival

Table 4. Univariate and Multivariate Analysis of Various Factors for OS.

Variables
Univariate analysis Multivariate analysis

HR± SE (95% CI) P value HR± SE (95% CI) P value

Age (> 60 years vs ≤ 60 years) 1.02± 0.24 (0.65-1.63) .905 - -
Gender (female vs male) 0.82± 0.25 (0.45-1.5) .528 - -
Histology (NSCLC vs SCLC) 0.49± 0.16 (0.26-0.95) .033 0.84± 0.64 (0.18-3.79) .816
NSCLC histology (LUSC vs LUAD) 1.65± 0.47 (0.95-2.87) .077 - -
Smoking (smoker vs nonsmoker) 1.57± 0.48 (0.86-2.86) .139 - -
Stage (III+ IV vs I + II) 6.12± 2.87 (2.44-15.34) <.001 4.64± 3.02 (1.29-16.7) .019
Therapeutic response (nonresponders vs responders) 5.32± 2.24 (2.32-12.16) <.001 5.02± 2.49 (1.9-13.28) .001
miR-375-3p expressiona 0.92± 0.21 (0.58-1.45) .723 0.72± 0.34 (0.28-1.82) .483
miR-197-3p expressiona 0.89± 0.20 (0.56-1.4) .611 0.71± 0.37 (0.26-1.96) .509
miR-15a-5p expressiona 0.73± 0.17 (0.46-1.14) .170 1.84± 1.17 (0.53-6.39) .339

Abbreviations: SCLC, small cell lung cancer; NSCLC, nonsmall cell lung cancer; LUAD, lung adenocarcinoma; LUSC, lung squamous cell carcinoma; HR, hazard
ratio; SE, standard error; CI, confidence interval.
aPatients were divided into high and low miRNA expression groups based on median ΔCt value (mean Ct of target miRNA–mean Ct of control miRNA) of
miR-375-3p or miR-197-3p or miR-15a-5p.

Table 5. Univariate and Multivariate Analysis of Various Factors for PFS.

Univariate analysis Multivariate analysis

Variables HR±SE (95% CI) P value HR±SE (95% CI) P value

Age (>60 years vs ≤ 60 years) 0.63± 0.23 (0.30-1.30) .211 - -
Gender (female vs male) 0.28± 0.17 (0.86-0.94) .039 0.49± 0.36 (0.12-2.04) .326
Histology (NSCLC vs SCLC) 0.25± 0.12 (0.09-0.65) .004 4.63± 3.83 (0.92-23.37) .063
NSCLC histology (LUSC vs LUAD) 1.33± 0.57 (0.58-3.07) .494 - -
Smoking (smoker vs nonsmoker) 1.89± 0.86 (0.77-4.61) .162 - -
Stage (III+ IV vs I + II) 8.25± 3.77 (3.37-20.23) <.001 17.17± 11.31 (4.72-62.45) <.001
Therapeutic response (nonresponders vs responders) 13.8± 6.96 (5.13-37.1) <.001 42.63± 31.41 (10.06-180.73) <.001
miR-375-3p expressiona 0.6± 0.22 (0.3-1.22) .165 2.81± 1.53 (0.96-8.19) .059
miR-197-3p expressiona 0.82± 0.3 (0.4-1.67) .589 0.65± 0.29 (0.27-1.56) .332
miR-15a-5p expressiona 0.68± 0.25 (0.33-1.38) .282 3.02± 1.77 (0.96-9.5) .059

Abbreviations: SCLC, small cell lung cancer; NSCLC, nonsmall cell lung cancer; LUAD, lung adenocarcinoma; LUSC, lung squamous cell carcinoma; HR, hazard
ratio; SE, standard error; CI, confidence interval.
aPatients were divided into high and low miRNA expression groups based on median ΔCt value (mean Ct of target miRNA–mean Ct of control miRNA) of
miR-375-3p or miR-197-3p or miR-15a-5p.
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Figure 2. The expression of miR-375-3p, miR-197-3p, and miR-15a-5p does not correlate with OS and PFS of lung cancer patients.
Kaplan-Meier curves for correlating the expression of miR-375-3p, miR-197-3p, and miR-15a-5p with OS (A-C) and PFS (D-F) of lung cancer
patients. Patients were divided into high and low miRNA expression groups based on median ΔCt value (mean Ct of target miRNA–mean Ct of
control miRNA) of miR-375-3p or miR-197-3p or miR-15a-5p.

Figure 3. The correlation of various clinicopathological parameters with OS and PFS of lung cancer patients. Kaplan-Meier curves for
correlating (A) histology, (B) stage, and (C) response to therapy with OS of lung cancer patients. Lung cancer patients of NSCLC histology,
stages I and II disease, and those who responded to the therapy have significantly better OS than those with SCLC, stages III and IV disease, and
nonresponders, respectively. Kaplan-Meier curves for correlating (D) gender, (E) histology, (F) stage, and (G) response to therapy with PFS of
lung cancer patients. Lung cancer patients of the female gender, NSCLC histology, stages I and II disease, and those who responded to the therapy
have significantly better PFS than those with male gender, SCLC, stages III and IV disease, and nonresponders, respectively.

Kumar et al 7



outcomes of cancer patients. Towards this goal, several studies
have evaluated the role of miRNAs as diagnostic, prognostic,
and predictive biomarkers in various human cancers, including
lung cancer.12,13 This study found significant overexpression of
miR-375-3p and miR-197-3p in the tumors compared to paired
normal lung tissues of early-stage lung cancer patients.
Furthermore, when we correlated the miRNA expression with
response to therapy, we found that higher expression of
miR-375-3p was observed more frequently in responders than
nonresponders, which suggests that miR-375-3p may have
some potential as a biomarker to predict therapeutic responses.
Unfortunately, miRNA expression did not correlate with
survival outcomes meaning that miR-375-3p, miR-197-3p, and
miR-15a-5p may not have any clinical relevance as prognostic
biomarkers in lung cancer.

Apart from tumor tissues derived from early-stage lung
cancer patients, miR-375-3p was also significantly overex-
pressed in the tissue biopsies of locally advanced and metastatic
lung cancer patients. Overexpression of miR-375 is also
reported in the TCGA-LUAD datasets. However, there are
few conflicting reports on the expression of miR-375 in
various human cancers, including lung cancer. The published
evidence suggests the dual role of miR-375 as an oncomiR
and a tumor suppressor miRNA in carcinogenesis depending
upon the cellular and biological contexts of tumors.30–32 Few
studies have reported lower expression of miR-375 in the
tissue and plasma of NSCLC patients.33,34 We previously
reported no significant differences in the expression levels of
miR-375 in the serum of NSCLC patients compared to con-
trols.14 Interestingly, we found a significant downregulation
of miR-375 expression in the serum of LUSC patients,14

which is consistent with the present study in which lower
expression of miR-375-3p was more frequently observed in
LUSC compared to LUAD tumors. Lower expression of
miR-375 has also been observed in the TCGA-LUSC tumors
compared to normal tissues, although the difference could not
reach statistical significance. Another study reported a higher
expression of miR-375 in SCLC compared with NSCLC.35

We found a similar trend in our study; however, the analysis
did not reach statistical significance, most probably due to the
lower number of SCLC patients in the present study. In our
study, we could not find any prognostic utility of
miR-375-3p, which is in contrast to other studies which
reported that lower expression of miR-375 significantly corre-
lated with poor survival outcomes in patients with NSCLC.34

Lower expression of miR-375 in tissue and serum or plasma
is associated with poor prognosis in most human cancers.30 In
contrast, overexpression of miR-375 was associated with
local recurrence in breast cancer36 and local relapse in prostate
cancer.37 Interestingly, in our study, overexpression of
miR-375-3p was observed more frequently in responders than
nonresponders. To the best of our knowledge, none of the
other studies has reported the potential utility of tumor
miR-375 expression in predicting response to therapy.
However, our observations should be interpreted with caution
since patients in which response was assessed were treated

with different therapeutic regimens based on their histologies
and the targetable driver mutations, which can also influence
the therapeutic response.

The multifaceted role of miR-197 in regulating diverse bio-
logical processes in various human cancers is well estab-
lished.38 We found overexpression of miR-197-3p in the
surgically resected tumors compared to paired normal tissues
of early-stage lung cancer patients as well as tissue biopsies
of locally advanced and metastatic lung cancer patients.
Overexpression of miR-197 is also observed in the
TCGA-LUAD and TCGA-LUSC datasets. Our findings are
consistent with other reports, which support that miR-197 func-
tions as an oncomiR in lung cancer.39–42 The overexpression of
miR-197 is also seen in the serum of NSCLC patients compared
to controls.43 We did not find any correlation of miR-197-3p
expression with OS, PFS, and response to therapy. In contrast,
higher expression of miR-197 was associated with poor progno-
sis in gallbladder cancer44 and NSCLC.45 We found a signifi-
cantly lower expression of miR-197-3p in LUAD tumors
compared with LUSC tumors, a finding consistent with
another study in NSCLC.45

The miR-15a/16 gene cluster, which includes miR-15a,
miR-15b, miR-16-1, miR-16-2, miR-195, and miR-497, func-
tions as a tumor suppressor in various human cancers.46,47 In
our study, we did not find any significant differences in the
expression levels of miR-15a-5p in the tumors and paired
normal tissues of lung cancer patients. In contrast, various
studies have reported downregulation of miR-15a in tumor
tissues and serum/plasma of NSCLC patients.46–50 We also
did not find any prognostic utility of miR-15a-5p in the
present study. In contrast, many studies have reported that
lower expression of miR-15a correlates with poor prognosis
in many types of cancer.51 A meta-analysis of 10 studies con-
taining 1616 patients of 7 cancer types concluded that lower
expression of miR-15a significantly predicted adverse OS.51

The main strength of our study is that we measured miRNA
expression in early stage and locally advanced and metastatic
tumors of lung cancer patients. We also correlated the
miRNA expression with OS, PFS, and response to therapy.
Our study is the first such report from the Indian sub-continent
to the best of our knowledge. Unfortunately, we could not find
any prognostic relevance of miRNAs evaluated in the present
study, which could be possible due to the small sample size
and short follow-up time. Further, our study may be underpow-
ered since we did not perform sample size calculations to assess
the utility of studied miRNAs as prognostic and predictive bio-
markers. These are the main limitations of our study.

Conclusion
In conclusion, we found significant overexpression of
miR-375-3p and miR-197-3p in the tumors compared to
paired normal lung tissues of lung cancer patients. The expres-
sion of miR-375-3p and miR-197-3p could differentiate
patients of lung adenocarcinoma from lung squamous cell car-
cinoma. Furthermore, the overexpression of miR-375-3p was
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observed more frequently in responders than nonresponders
suggesting that miR-375-3p may be used as a predictive bio-
marker. However, our conclusions should be interpreted with
caution since patients were treated with different therapeutic
regimens based on their clinical stage, histologies, and target-
able driver mutations, all of which can influence the therapeutic
response and survival outcomes. Hence, more prospective
studies are warranted to evaluate the role of miR-375-3p and
other miRNAs as biomarkers for predicting response to specific
therapies, including chemotherapy and targeted therapy. It
would also be clinically relevant to evaluate further their role
as predictive biomarkers for immunotherapy responses since
these miRNAs are known to directly or indirectly regulate the
expression of PD-L1, which is an established predictive bio-
marker for anti-PD-1/PD-L1-based immune checkpoint
inhibitors.
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