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Abstract.
BACKGROUND: Despite advances in lung cancer treatment, most lung cancers are diagnosed at an advanced stage. Expression
of microRNA10b (miR-10b) and fibrinolytic activity, as reflected by soluble urokinase-type plasminogen activator receptor
(suPAR) and plasminogen activator inhibitor 1 (PAI-1), are promising biomarker candidates.
OBJECTIVE: To assess the expression of miR-10b, and serum levels of suPAR and PAI-1 in advanced stage non-small cell lung
cancer (NSCLC) patients, and their correlation with progression, treatment response and prognosis.
METHODS: The present prospective cohort and survival study was conducted at Dharmais National Cancer Hospital and included
advanced stage NSCLC patients diagnosed between March 2015 and September 2016. Expression of miR-10b was quantified
using qRT-PCR. Levels of suPAR and PAI-1 were assayed using ELISA. Treatment response was evaluated using the RECIST 1.1
criteria. Patients were followed up until death or at least 1 year after treatment.
RESULTS: Among the 40 patients enrolled, 25 completed at least four cycles of chemotherapy and 15 patients died during
treatment. Absolute miR-10b expression > 592,145 copies/µL or miR-10b fold change > 0.066 were protective for progressive
disease and poor treatment response, whereas suPAR levels > 4,237 pg/mL was a risk factor for progressive disease and poor
response. PAI-1 levels > 4.6 ng/mL was a protective factor for poor response. Multivariate analysis revealed suPAR as an
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independent risk factor for progression (ORadj , 13.265; 95% confidence intervals (CI), 2.26577.701; P = 0.006) and poor
response (ORadj , 15.609; 95% CI, 2.221–109.704; P = 0.006), whereas PAI-1 was an independent protective factor of poor
response (ORadj , 0.127; 95% CI, 0.019–0.843; P = 0.033).
CONCLUSIONS: Since miR-10b cannot be used as an independent risk factor for NSCLC progression and treatment response,
we developed a model to predict progression using suPAR levels and treatment response using suPAR and PAI-1 levels. Further
studies are needed to validate this model.

Keywords: miR-10b, plasminogen activator inhibitor 1 (PAI-1), soluble urokinase-type plasminogen activator receptor (suPAR),
non-small cell lung cancer

1. Introduction

Lung cancer is the second most common cancer
worldwide, with estimated 2,094,000 new cases diag-
nosed in 2018 [1]. It is the leading cause of cancer
death globally and has a mortality rate of 18%. In 2020,
approximately 35,000 new cases of lung cancer were
diagnosed in Indonesia. Lung cancer is the most com-
mon cancer in Indonesian males [age-standardized rate
(ASR) of 20.1 per 100,000] and the fourth most com-
mon cancer in Indonesian females (ASR of 6.2). It is
also the third leading cause of cancer-related death in
Indonesia [2]. Majority of lung cancer is non-small
cell lung cancer (NSCLC; 85%), while the remaining
fall into small cell lung cancer group (SCLC; 15%).
The main subtypes of NSCLCs are adenocarcinoma
(40%), squamous cell carcinoma (30%), and large cell
carcinoma (15%) [1,2]. Despite advances in lung can-
cer treatment, most lung cancers are diagnosed at an
advanced stage, conferring poor prognosis.

Many circulating biomarkers have been investigated
to predict treatment response and survival [3]. MicroR-
NAs (miRNAs), which are involved in various biologi-
cal processes, such as cell cycle regulation, prolifera-
tion, apoptosis, and differentiation, are molecular mark-
ers of interest [4]. They play important roles in malig-
nant disease, as either oncogenes or tumor-suppressor
genes [5,6]. Overexpression of microRNA-10b (miR-
10b) was previously reported to promote breast cancer
metastasis in mice [7]. Studies using lung cancer cell
lines showed that miR-10b transfection significantly
increased proliferation, migration, and invasion [8].

On the other hand, coagulation and fibrinolytic sys-
tems have also been associated with the prognosis of
lung cancer patients [9]. Two components of the fibri-
nolytic systems, plasminogen activator inhibitor (PAI-
1) and urokinase-type plasminogen activator receptor
(uPAR), are elevated in cancer tissue and associated
with poor prognosis [10,11]. The binding of uPA to
its receptor (uPAR) converts plasminogen to plasmin,
which activates matrix metalloproteinases, leading to
extracellular matrix degradation and metastasis [12].

Interaction of PAI-1 with other substrates, such as vit-
ronectin, regulates cell adhesion and migration. Ele-
vated uPAR levels have been associated with poor prog-
nosis in breast cancer [11]. Therefore, PAI-1 and uPAR
are also potential predictors of progression in lung can-
cer.

miRNAs are released by cells and found in vari-
ous biofluids, including serum and plasma. Circulat-
ing miRNAs are resistant to enzymatic digestion by
ribonucleases, making them stable in blood [13,14].
Meanwhile, circulating soluble uPAR (suPAR) is de-
rived from uPAR [15] and reflects tissue uPAR lev-
els as it originates from shedding of the uPAR and is
found in various body fluids, including plasma, urine,
and cerebrospinal fluid [15,16]. PAI-1 is also found in
plasma.

Blood serum and plasma are relatively easy to ob-
tain noninvasively, making them promising prognos-
tic markers [3]. The present study evaluated the role
of miR-10b, suPAR, and PAI-1 as predictors of non-
small cell lung cancer (NSCLC) treatment response and
progression.

2. Material and methods

2.1. Study design and participants

This prospective cohort and survival study included
patients with advanced stage NSCLC at Dharmais
National Cancer Hospital between March 2015 and
September 2016. The inclusion criteria were: (1) pa-
tients diagnosed with NSCLC based on histopathology,
bronchoscopy, or imaging analysis and (2) had never
received treatment related to NSCLC. The exclusion
criteria were: (1) patients with more than one type of
malignancy; (2) those with metastatic lung cancer; (3)
incomplete follow-up; and (4) refusal to participate in
the study. Patients were enrolled consecutively accord-
ing to the inclusion and exclusion criteria. A total of
40 patients were identified who met the inclusion and
exclusion criteria.
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Patients’ demographic and clinical data were recorded.
Standard treatment consisted of at least four cycles of
platinum-based chemotherapy with or without targeted
therapy. Palliative radiotherapy was administered at the
metastatic sites. Clinical approval was granted from the
Ethical Committee for Medical Research, University of
Indonesia (Letter No. 188/UN.F1/ETIK/2015).

2.2. Blood sampling

Samples of 3–6 mL of venous blood were withdrawn
from each patient and collected into tubes containing
EDTA. Blood was centrifuged at 3,000 rpm for 20 min
at 25◦C and the plasma was then separated into 1.5-
mL tubes, centrifuged at 15,000 rpm for 3 min at 4◦C,
divided into 400-µL aliquots, and stored at−20◦C until
used.

2.3. Measurement of circulating miR-10b expression

Total RNA was isolated using a miRNeasy serum/
plasma kit, (Qiagen, Germany). Successful isolation
was compared with a spike-in control cel-miR-39 and
measured using a Nanodrop (Thermo Fisher Scientific,
USA) at 260 nm and 280 nm wavelengths.

Expression of hsa-miR-10b was analyzed using
quantitative real-time polymerase chain reaction (qRT-
PCR) and was performed using the miScript system
(Qiagen, Germany), consisting of the miScript RT II kit,
miScript preAMP kit, miScript primer assay, and miS-
cript SYBR Green PCR kit according to the manufac-
turer’s protocol. Complementary DNA was synthesized
using miScript reverse transcriptase for preamplifica-
tion. The primer used in miScript primer assay was hsa-
miR-10b-5p 5′UACCCUGUAGAACCGAAUUUGUG.
The housekeeping gene, has-miR-423-5p, was used as
internal control.

Expression of miR10-b was calculated as abso-
lute and relative quantifications. Samples from normal
healthy individuals were used as a comparison. The
number of PCR cycles required to reach the detection
threshold was expressed as cycle threshold (CT ). For
absolute quantification, the mean CT from each partic-
ipant was interpolated on a standard curve and normal-
ized using the exogenous reference gene, cel-miR-39,
and reported as copies/µL. For relative quantification, a
comparative method (∆∆CT) was used. Results were
expressed as fold change (FC), which was calculated as
2−∆∆CT .

2.4. Measurement of suPAR and PAI-1

Both suPAR and plasma PAI-1 activities were mea-
sured using commercial assays (Quantikine uPAR and
Quantikine Serpin-E1/PAI-1, R&D Systems, USA)
based on sandwich enzyme-linked immunosorbent as-
say. Plasma was added into reagent wells coated with
specific antibodies to uPAR or PAI-1, respectively
and incubated in room temperature. uPAR or PAI-1
molecules in samples would bind to the antibodies in the
corresponding wells. After incubation, the wells were
washed, and horseradish peroxidase-labeled secondary
antibody was added and bound to the molecules in the
wells. Substrate was added after washing the wells to
remove excess antibodies. The bound enzyme would
react with the substrate and resulted in color change,
which intensity were then measured to determine the
concentration of the molecule.

2.5. Follow-up assessment

Patients were evaluated for the response and pro-
gression at 4–6 weeks after completing at least four
cycles of therapy. Assessment was performed using Re-
sponse Evaluation Criteria in Solid Tumors (RECIST)
version 1.1 and patients were categorized as complete
response (CR), partial response (PR), progressive dis-
ease (PD), or stable disease (SD) [16]. For statistical
analyses, patients were grouped according to treatment
response and disease progression. Treatment response
was defined as good (CR or PR) or bad (PD, SD, or
died before completing a minimum of four cycles of
therapy), whereas disease progression was defined as
non-progressive (CR, PR, or SD) or progressive (PD
or died before completing a minimum of four cycles of
therapy). Follow-up was continued for at least 1 year
after the last chemotherapy or until the patient died.

2.6. Statistical analyses

Death due to lung cancer was set as the failure event
whenever it occurred during treatment or until 1 year
after the last treatment. Independent predictors of treat-
ment responses or disease progression were analysed
using logistic regression. Survival curve analyses were
performed using the Kaplan–Meier estimation curves
with log-rank and Wilcoxon’s tests. P -values < 0.05
were considered significant. Hazard ratios (HRs) and
95% confidence intervals (CIs) were calculated from
selected predictors using the Cox regression model. Nu-
merical data were grouped in multivariate analyses and
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cut-off points were selected using the receiver operating
characteristic curve (ROC), which gave the best com-
bination of sensitivity, specificity, and area under the
curve (AUC). All statistical analyses were performed
using SPSS statistical software version 17.0 (SPSS Inc.,
Chicago, Illinois, USA).

3. Results

3.1. Characteristics of the study participants

Among the 40 NSCLC patients enrolled, the mean
age was 58.5 years and 67.5% were male. Most patients
(77.5%) had stage IV cancer and the most common
histopathological subtype was adenocarcinoma (80%)
(Table 1). Among patients with adenocarcinoma, there
were more females than males (85% vs. 78%) and more
non-smokers than smokers (90% vs. 70%). The high
proportion of patients diagnosed in the advanced stage
was mainly due to the disease being clinically asymp-
tomatic until it reached an advanced stage. Twenty-
five (62.5%) patients completed at least four cycles of
chemotherapy and 15 (37.5%) died before completing
treatment. Thus, 25 patients underwent treatment re-
sponse evaluation using the RECIST 1.1 criteria. None
of the patients showed CR (Table 1).

The median survival of patients with progression was
3.3 months, whereas the median survival of patients
with non-progression was not reached after 12 months
(Fig. 1). The median survival for patients who died
before completion of treatment and evaluation using the
RECIST criteria was 2.3 months. The median survival
for good response was not reached, whereas the median
survival for poor response was 3.7 months (Fig. 2).
Significant differences in median survival were found
for disease progression and treatment response (log-
rank P < 0.001), respectively.

3.2. Analysis of association between miR-10b, suPAR,
and PAI-1 and clinicopathological characteristics

Statistical analysis on the correlation between Mir-
10b, SuPAR, PAI-1 and clinicopathological features
such as age, gender, histologic type and clinical stage
were performed. There were no correlation between
absolute miR-10b and age (R = 0.036; P = 0.826),
mir-10b FC and age (R = −0.208; P = 0.198), suPAR
and age (R = 0.298; P = 0.062), and PAI-1 and age
(R = −0.133; P = 0.414) (Fig. 3). There were also
no significant difference in the levels of mir-10b, Su-
PAR, PAI-1 between male and female, adenocarcinoma
and squamous cell carcinoma, and also across different
clinical stages (Figs 4–6).

Table 1
Baseline characteristics of the study participants

Characteristics n (40) %
Sex

Male 27 67.5
Female 13 32.5

Smoker
Yes 20 50.0
No 20 50.0

Histopathology type
Adenocarcinoma 32 80.0
Squamous cell carcinoma 8 20.0

Staging
IIIA 2 5.0
IIIB 7 17.5
IVA 12 30.0
IVB 19 47.5

Therapy types
Platinum-based chemotherapy 14 35.0
Other chemotherapy 3 7.5
Targeted therapy only 10 25.0
External radiation only 4 10.0
External radiation + platinum-based

chemotherapy
3 7.5

External radiation + surgery 1 2.5
Not receiving any therapy yet 5 12.5

Response
PR 15 60.0
SD 4 16.0
PD 6 24.0

PD, progressive disease; PR, partial response; SD, stable disease.

3.3. Analysis of association between miR-10b, suPAR,
and PAI-1 and disease progression and treatment
response

Based on disease progression, miR-10b expression
and PAI-levels tended to be higher in non-progressive
than PD (P = 0.072 and P = 0.156, respectively).
Meanwhile, suPAR levels were significantly higher
in patients with progressive compared with non-PD
(P = 0.005) (Table 2; Figs 7–10). Analysis of treat-
ment response subgroups showed that miR-10b expres-
sion tended to be higher in patients with a good re-
sponse (P = 0.096), whereas suPAR levels were signif-
icantly lower (P = 0.015) and PAI-levels were signifi-
cantly higher in good responders (P = 0.015) (Table 3;
Figs 11–14).

3.4. Cut-off point Analysis of Absolute miR-10b,
miR-10b FC, suPAR, and PAI-1

Cut-off analysis with ROC curve was performed and
yielded an area under curve (AUC) of 0.659 (P =
0.096) at absolute miR-10b concentration of 592,145
copies/µL, with 66.7%, sensitivity and 68.0% speci-
ficity for prediction of good response (Fig. 15). Cut-off
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Table 2
Expression of miR-10b, suPAR, and PA-I levels based on disease progression

Parameter Non-progressive (n = 19) Progressive (n = 21) P -value
miR-10b

Absolute miR-10b 1,064,134.5 226,851.3 0.072
(copies/mL) (79,575.9–32,279,674.0) (65,514.9–10,846,092.7)

miR-10b FC 0.189 (0.003–2.305) 0.041 (0.014–5.637) 0.065
suPAR (pg/mL) 2,461 (2,276–8,379) 4,792 (2,278–19,646) 0.005
PAI-1 (ng/mL) 4.63 (0.72–9.96) 2.38 (0.45–19.72) 0.156

Table 3
Subgroup analysis of miR-10b, suPAR, and PAI-I based on treatment response

Parameter Good response (= 15) Poor response (n = 25) P -value
miR-10b

Absolute miR-10b 1,064,134.5 228,125.6 0.096
(copies/mL) (79,575.9–32,279,674.0) (65,514.9–10,846,092.7)

miR-10b FC 0.189 (0.03–2.305) 0.048 (0.014–5.637) 0.128
suPAR (pg/mL) 2,452 (2,276–8,379) 4,709 (2,278–19,646) 0.015
PAI-1 (ng/mL) 4.81 (1.24–9.69) 2.47 (0.45–19.72) 0.015

Fig. 1. Kaplan–Meier curve of overall survival according to disease progression.

Fig. 2. Kaplan–Meier curve of overall survival according to treatment response.
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Fig. 3. Scatter plots of association between miR-10b, SuPAR, and PA-I with age. (A) Scatter plot for Absolute miR-10b showing R = 0.036; P =
0.826. (B) Scatter plot for miR-10b FC showing R = −0.208 and P = 0.198. (C) Scatter plot for suPAR showing R = 0.298; P = 0.062. (D)
Scatter plot for PAI-1 showing R = −0.133; P = 0.414.

Fig. 4. Scatter plots of association between miR-10b, SuPAR, and PA-I with gender. (A) Scatter plot for Absolute miR-10b showing a median of
395,953.4 in male vs 293,889.5 in female (P = 1.000). (B) Scatter plot for miR-10b FC showing a median of 0.066 in male vs 0.050 in female
(P = 1.000). (C) Scatter plot for suPAR showing a median 4,313 in male vs 4,665.6 in female (P = 1.000). (D) Scatter for PAI-1 showing a
median of 2.4768 in male vs 4.6000 in female (P = 0.500).
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Fig. 5. Scatter plots of association between miR-10b, SuPAR, and PA-I with histopathology characteristics. (A) Scatter plot for Absolute miR-10b
showing a median of 444,582.65 in adenocarcinoma vs 319,691.9 in SCC (P = 0.693). (B) Scatter plot for miR-10b FC showing a median of
0.059 in adenocarcinoma vs 0.105 in SCC (P = 0.693). (C) Scatter plot for suPAR showing a median 4,307.0 in adenocarcinoma vs 4,682.3 in
SCC (P = 0.693). (D) Scatter plot for PAI-1 showing a median of 3.1113 in adenocarcinoma vs 4.620 in SCC (P = 0.236).

Fig. 6. Association between miR-10b, SuPAR, and PA-I with clinical stage.
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Fig. 7. Level of Absolute miR-10b based on disease progression. (The
horizontal line indicated either the mean [for normally distributed
data] or median [for non-normally distributed data] of the data).

Fig. 8. Level of miR-10b FC based on disease progression. (The
horizontal line indicated either the mean [for normally distributed
data] or median [for non-normally distributed data] of the data).

analysis with ROC curve also performed in miR-10b FC
and yielded an area under curve (AUC) of 0.672 (P =
0.064) at miR-10b FC of 0.066 with 68.4% sensitivity
and 66.7% specificity for prediction of non-progression
(Fig. 16).

Meanwhile, cut-off level determination for prediction
of progression yielded an AUC of 0.819 (P = 0.001)
at suPAR concentration of 4,237 pg/ mL with 84.0%
sensitivity and 73.3% specificity (Fig. 17). Lastly, cut-
off level for PAI-1 for the prediction of treatment re-
sponse yielded an AUC of 0,733 (P = 0.015) at PAI-1
level of 4.6 ng/ mL, with 80.0% sensitivity and 68.0%
specificity (Fig. 18).

Fig. 9. Level of suPAR based on disease progression. (The horizon-
tal line indicated either the mean [for normally distributed data] or
median [for non-normally distributed data] of the data).

Fig. 10. Level of PAI-1 based on disease progression. (The horizon-
tal line indicated either the mean [for normally distributed data] or
median [for non-normally distributed data] of the data).

3.5. Prediction model association with disease
progression and treatment response

3.5.1. Bivariate analysis
Bivariate analysis of factors associated with disease

progression and treatment response was conducted us-
ing logistic regression analysis. Absolute miR-10b ex-
pression > 592,145 copies/µL or miR-10b FC > 0.066
were protective for PD and poor response, whereas su-
PAR levels > 4,237 pg/mL was a risk factor for PD and
poor response. PAI-1 levels > 4.6 ng/mL was found
to be a protective factor for poor response but showed
no association with disease progression (Tables 4 and
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Fig. 11. Level of Absolute miR-10b based on treatment response. (The
horizontal line indicated either the mean [for normally distributed
data] or median [for non-normally distributed data] of the data).

Fig. 12. Level of miR-10b FC based on treatment response. (The
horizontal line indicated either the mean [for normally distributed
data] or median [for non-normally distributed data] of the data).

5). Variables with P -values 6 0.25 were selected for
multivariate analysis.

3.5.2. Multivariate analysis
Multivariate analysis of disease progression showed

that suPAR levels > 4,237 pg/mL were the only inde-
pendent risk factor for disease progression [adjusted
odds ratio (ORadj) = 13.265; 95% CI = 2.265–77.701;
P = 0.006] (Table 6).

However, in the final model, we include miR-10b FC
(ORadj ; 0.343; 95% CI, 0.073–1.601; P = 0.173) as
an important biomarker. The linear regression equation
used to predict disease progression was as follows:

Fig. 13. Level of suPAR based on treatment response. (The horizon-
tal line indicated either the mean [for normally distributed data] or
median [for non-normally distributed data] of the data).

Fig. 14. Level of PAI-1 based on treatment response. (The horizon-
tal line indicated either the mean [for normally distributed data] or
median [for non-normally distributed data] of the data).

y = −1.114− 1.070 miR10b + 2.585 suPAR

The probability to predict progression was as follows:

Pr =
1

1 + e−(−1.114−1.070 miR10b+2.585 suPAR)

where Pr represents probability of progression, miR-
10b represents miR-10b FC, and suPAR represents lev-
els of suPAR (pg/mL).

ROC curve analysis (Fig. 19) of the prediction model
identified an AUC value of 0.833 (95% CI, 0.701–
0.966). Hosmer–Lemeshow goodness-of-fit test ob-
tained a P -value of 0.202, indicating the suitability of
this model to predict disease progression. However, the



146 L. Setiawan et al. / Circulating miR-10b, SuPAR, and PAI-1 as predictors of NSCLC progression and treatment response

Table 4
Factors associated with disease progression

Variable
Non-progressive

(n = 19)
Progressive
(n = 21) P -value OR 95% CI

Absolute miR-10b
< 592,145 copies/µL 7 (31.8%) 15 (68.2%) 0.028 0.233 0.062–0.881
> 592,145 copies/µL 12 (66.7%) 6 (33.3%)

miR-10b FC
< 0.066 6 (31.6%) 14 (67.7%) 0.027 0.231 0.061–0.869
> 0.066 13 (68,4%) 7 (33,3%)

suPAR levels
< 4,237 pg/mL 12 (85.7%) 2 (14.3%) < 0.001 16.286 2.888–91.833
> 4,237 pg/mL 7 (26.9%) 19 (73.1%)

PAI-1 levels
< 4.6 ng/mL 8 (34.8%) 15 (65.2%) 0.061 0.291 0.078–1.082
> 4.6 ng/mL 11 (64.7%) 6 (35.3%)

OR, odds ratio.

Table 5
Factors associated with treatment response

Variable
Good response

(n = 15)
Poor response

(n = 25) P -value OR 95% CI

Absolute miR-10b
< 592,145 copies/µL 5 (22.7%) 17 (77.3%) 0.033 0.235 0.060–0.920
> 592,145 copies/µL 10 (55.6%) 8 (44.4%)

miR-10b FC
< 0.066 4 (20.0%) 16 (80.0%) 0.022 0.205 0.050–0.834
> 0.066 11 (55.0%) 9 (45.0%)

suPAR levels
< 4,237 pg/mL 11(78.6%) 3 (21.4%) < 0.001 20.167 3.824–106.353
> 4,237 pg/mL 4 (15.4%) 22 (84.6%)

PAI-1 levels
< 4.6 ng/mL 4 (17,.4%) 19 (82.6%) 0.002 0.115 0.026–0.498
> 4.6 ng/mL 11 (64.7%) 6 (35.3%)

OR, odds ratio.

Table 6
Multivariate analysis to predict independent factor of disease progression

Variable B SE β/SE OR CI 95% P -value
miR-10b FC −1.070 0.786 −1.361 0.343 0.073–1.601 0.173
suPAR levels (pg/mL) 2.585 0.902 2.866 13.265 2.265–77.701 0.006
Constant −1.114

OR, odds ratio.

extent to which this model can be applied to predict
disease progression in the present study population was
low (Cox and Snell R2 = 0.320 and Nagelkerke R2 =
0.428)

Multivariate analysis showed that miR-10b expres-
sion could not be used as an independent predictor
of treatment response. On the other hand, suPAR was
an independent risk factor for poor response (ORadj),
15.609; 95% CI, 2.221–109.704; P = 0.006), and PAI-
1 was an independent protective factor for poor re-
sponse (ORadj), 0.127; 95% CI, 0.019–0.843; P =
0.033) (Table 7).

The linear regression equation to predict poor re-

sponse was:

y = 0.391 + 2.748 suPAR− 2.067 PAI

The probability of poor response after treatment was
calculated as:

Pr =
1

1 + e−(0.391+2.748 suPAR−2.067 PAI)

where Pr represents the probability of having poor re-
sponse, suPAR represents suPAR (pg/mL), and PAI-1
represents plasma PAI-1 levels (ng/mL).

The ROC curve analysis (Fig. 20) showed that the
prediction model had a high accuracy, with an AUC
of 0.915 (95% CI, 0.824–1.000). Hosmer–Lemeshow
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Table 7
Multivariate analysis to predict independent factors of poor treatment response

Variable B SE β/SE OR CI 95% p

miR-10b FC −1,187 0.940 −1.263 0.305 0,048–1,926 0.207
suPAR levels (pg/mL) 2.748 0.995 2.762 15.609 2.221–109.704 0.006
PAI-1 levels (ng/mL) −2.067 0.968 2.135 0.127 0.019–0.843 0.033
Constant 0.391

Fig. 15. ROC curve to determine cut-off points of absolute miR-10b.

Fig. 16. ROC curve to determine cut-off points of miR-10b FC.

Fig. 17. ROC curve to determine cut-off points of suPAR.

Fig. 18. ROC curve to determine cut-off points of PAI-1.
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Fig. 19. ROC curve of the model to predict disease progression..

Fig. 20. ROC curve to predict treatment response..

goodness-of-fit test obtained a P -value of 0.593, in-
dicating the suitability of this model to predict treat-
ment response. However, the extent to which this model
could be applied to predict treatment response in this
study population was moderate (Cox and Snell R2 =

0.493 and Nagelkerke R2 = 0.598).

3.6. Factors associated with survival and mortality

Kaplan–Meier survival analysis and Cox’s propor-
tional hazard test were conducted to evaluate the use
of the model as predictor for survival in NSCLC. The
median survival in participants with high absolute miR-
10b expression was significantly longer than those with
low absolute miR-10b expression levels (12.7 vs. 3.7
months). Cox proportional hazard regression analysis
yielded an HR of 0.411 (95% CI, 0.179–0.943; P =
0.036), suggesting that NSCLC patients with high ab-
solute miR-10b expression levels had a protective factor
and a lower risk of death than those with low abso-
lute miR-10b expression levels (Table 8). Furthermore,
the median survival in participants with a high miR-
10b FC was significantly longer than those with a low
miR-10b FC (12.2 vs. 3.0 months). High miR-10b FC
was a protective factor for death (HR, 0.357; 95% CI,
0.157–0.809; P = 0.014; Table 8).

Kaplan–Meier survival analysis showed that the me-
dian survival for patients with suPAR levels > 4,237
pg/mL was 3.7 months compared with > 12 months for
those with low suPAR levels (P < 0.001). Cox’s pro-
portional hazard regression analysis showed that high
suPAR levels were a risk factor for death (HR, 5.311;
95% CI, 1,790–15,752; P < 0.003; Table 9). The me-
dian survival was lower in patients with PAI-1 levels
< 46 ng/mL (4.2 months) compared with those with
PAI-1 levels > 4.6 ng/mL (8.2 months), but this did
not reach statistical significance (HR, 0.679; CI 95%,
0.290–1.590; P = 0.373; Table 8).

Cox’s regression analysis was performed to deter-
mine prognostic factors and showed that miR-10b FC
> 0.066 was a protective factor for mortality, whereas
high suPAR levels (> 4,237 pg/mL) was a risk factor
for death (Table 9).

4. Discussion

Detection of circulating miRNA in cancer still faces
technical difficulties and inconsistent results have been
reported. Clinically, circulating miRNA may fluctuate
because of treatment, diet, and other factors that may
affect its analysis. Lymphoid and myeloid cells may
affect miRNA levels and viral infection has also been
reported to affect endogenous miRNA expression [18].
miRNA expression changes more rapidly in blood than
tissue, and traumatic venipuncture also potentially af-
fects results. A disadvantage of absolute quantification
is that it is dependent on RNA quality and is, therefore,
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Table 8
Factors associated with mortality and survival

Variable Alive (n = 16) Death (n = 24) Pˆ HRˆ CI 95%ˆ
Absolute miR-10b
< 592,145 copies/µL 7 (31.8%) 15 (68.2%) 0.036 0.411 0.179–0.943
> 592,145 copies/µL 9 (50.0%) 9 (50.0%)

miR-10b FC
< 0.066 6 (30.0%) 14 (70.0%) 0.014 0.357 0.157–0.809
> 0.066 10 (50.0%) 10 (50.0%)

suPAR levels
< 4,237 pg/mL 10 (71.4%) 4 (28.6%) 0.003 5.311 1.790–15.752
> 4,237 pg/mL 6 (23.1%) 20 (76.9%)

PAI-1 levels
< 4.6 ng/mL 7 (30.4%) 16 (69.6%) 0.373 0.679 0.290–1.590
> 4.6 ng/mL 9 (52.9%) 8 (47.1%)

ˆ Cox’s proportional hazard test.

Table 9
Cox regression analysis to predict prognostic factor

Variable B SE HR 95% CI P -value
miR-10b FC −0.819 0.423 0.441 0.192–1.010 0.053
suPAR levels (pg/mL) 1.542 0.561 4.672 1.555–14.038 0.006

only reliable in good quality RNA samples [19]. We
expected that the use of a standardized procedure and
reagents in the present study would yield useful results
highlighting the application of miRNA, PAI-1, and su-
PAR as biomarkers for prediction of treatment response
and progression in NSCLC patients.

In the present study, both absolute and relative quan-
tification of miRNA expression was performed. Relative
quantification is the most common approach used by
researchers, especially in tissue specimens, as it allows
direct comparisons between studies. Absolute quantifi-
cation is usually not recommended since it heavily de-
pends on the quality of RNA [14]. Nevertheless, abso-
lute quantification of circulating miRNA, if performed
using a standardized method that is shown to be reli-
able, is more applicable in clinical practice and allows
quantitative monitoring of the disease.

The role of miR-10b in cancer remains controversial
partly due to the heterogeneity of circulating miR-10b
expression in tumor cells [20]. miR-10b was initially
identified as a tumor-suppressor gene with lower ex-
pression in primary breast tumors than normal breast
tissue [21]. Further studies showed that miR-10b was
associated with metastasis in advanced breast cancer,
implying a dual function of miR-10b [22,23]. miR-10b
has also been shown to be involved in breast cancer
metastasis and its overexpression was associated with
tumor cell invasiveness. However, the association be-
tween miR-10b expression and metastasis is not al-
ways observed in other types of malignancy. In renal
clear cell carcinoma, lower expression of miR-10b was
associated with worse prognosis [24].

We found higher absolute miR-10b expression in
NSCLC patients than healthy individuals. On the other
hand, relative miR-10b expression was low in NSCLC
patients as well as healthy individuals, although this
was lower in healthy individuals. The overexpression
of miR-10b observed in NSCLC patients was consis-
tent with other studies. Roghayeh et al. found a signifi-
cant increase in miR-10b expression in the plasma of
NSCLC patients (P < 0.001), which showed significant
upregulation in stages I to IV of NSCLC [25].

Bivariate analysis of our prediction model showed
that both absolute (> 592,145 copies/µL) and relative
(> 0.066) miR-10b expression were protective for PD
and poor response. However, miR-10b expression could
not be used as an independent predictor of disease pro-
gression and treatment response in the multivariate anal-
ysis. Kaplan–Meier survival analysis showed a signifi-
cantly higher median survival in participants with high
absolute (> 592,145 copies/µL) and relative miR-10b
expression (FC > 0.066) (12.7 vs. 3.7 months; 12.2 vs.
3.0 months, respectively). High absolute and relative
miR-10b expression were also protective factors for
death.

The findings of the present study are inconsistent
with the findings from other studies that showed that
high miR-10b expression was associated with advanced
clinical stage of cancer, lymph node metastasis, distant
metastasis, and poorer survival, and was a risk factor
for prognosis in advanced NSCLC patients [8,26,27].
Huang et al. and Pan et al. found that miR-10b increased
cell proliferation and inhibited apoptosis by targeting
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Klotho protein [28,29]. Liu et al. found that miR-10b
acted as an oncomir by positively targeting KLF4 and
consequently promoting proliferation and invasion of
the A549 NSCLC cell line [8].

The findings of the present study results may differ
from those of previous studies since miR-10b expres-
sion tended to be lower in progressive patients or poor
responders. It is unclear whether the low circulating
miR-10b expression was due to increased activities in
cancer tissue or cells that caused decreased apoptosis
and active secretion of proapoptotic and proangiogenic
miRNAs into the circulation. Another possible cause of
the difference is that processing of plasma by double
centrifugation, which aimed to reduce cellular contam-
ination, may have resulted in the exosomal miRNAs
being omitted from the analysis.

uPAR and PAI-1 are components of the fibrinolytic
system that have been associated with prognosis of
NSCLC. They are involved in extracellular matrix
degradation and tissue remodeling, which are prerequi-
sites for cancer cell invasion and metastasis.

Under normal conditions, cells and tissues exhibit
limited uPAR expression. However, uPAR expression
is greatly increased in most types of cancer, includ-
ing NSCLC. uPAR is released from the plasma mem-
brane via cleavage of its glycosylphosphatidylinositol
anchor as suPAR, which is found at high levels in blood,
urine, and cerebrospinal fluid [30]. Previous studies
have shown that suPAR reflects membrane-bound uPAR
expression in tissue and is a more reliable biomarker
than uPAR [31,32]. High suPAR levels were signifi-
cantly correlated with NSCLC status [33,34], disease
progression, and poorer prognosis [35,36,37].

Our results support previous findings that the median
suPAR expression in NSCLC patients was increased
compared with the normal range. In terms of the clinical
value of suPAR in predicting treatment response, we
found significant differences in suPAR levels across
the treatment response groups, with patients with non-
PD showing low suPAR expression and PD patients
showing high suPAR levels (P = 0.005). This suggests
the potential use of suPAR as a biological indicator of
effective treatment.

Bivariate analysis of our prediction model showed
that suPAR levels > 4,237 pg/mL were a risk factor
for PD and poor response. Multivariate analysis also
showed that suPAR levels were an independent risk
factor for treatment response and disease progression.
Furthermore, Kaplan–Meier survival analysis showed
that the median survival in patients with high suPAR
levels was significantly lower (3.7 vs. 12 months, P <

0.001). High suPAR levels were a risk factor for death
(HR, 5.311; 95% CI, 1,790–15,752; P < 0.003).

uPAR has been shown to be involved in the regula-
tion of cell adhesion, migration, proliferation, chemo-
taxis, and survival via crosstalk with other transmem-
brane receptors, such as integrins, G protein-coupled
chemotaxis receptors, and tyrosine kinase receptors [38,
39]. Chen et al. showed that uPAR was significantly
correlated with lymph node metastasis and vascular
involvement [40].

Binding of uPA to uPAR triggers the conversion of
plasminogen to plasmin that degrades extracellular ma-
trix/basement membranes and release of active metal-
loproteinases, which facilitate tumor cell invasion and
metastasis. uPA–uPAR interaction also elicits signals
that stimulate cell proliferation/survival and the expres-
sion of tumor-promoting genes, thus assisting tumor
development [10,40,41]. Furthermore, the interaction
of uPAR with vitronectin drives the transmigration of
cancer cells from the blood to tissues and promotes
cancer metastasis [11,38]. Nevertheless, high suPAR
levels were associated with PD and poorer prognosis.

The proteolytic functions of uPAR are negatively
regulated by PAI-1 [43]. PAI-1 binds to uPA–uPAR to
form a complex that is then internalized and undergoes
endocytosis (i.e., is degraded) followed by partial re-
cycling of the free form of uPAR from the endocytic
compartment to the plasma membrane [44,45].

Based on the mechanism of action of PAI-1 as an
inhibitor of uPA, high PAI-1 levels should inhibit tumor
migration and progression; however, previous studies
have shown that high PAI-1 expression in tissues is as-
sociated with poor prognosis. Various mechanisms have
been proposed to explain this paradox. PAI-1 enhances
angiogenesis via its interaction with vitronectin and in-
hibition of proteases. Changes in the uPA/PAI-1 bal-
ance regulates cell signaling via a protease-independent
mechanism [46]. Another mechanism is the inhibition
of apoptosis, which was demonstrated in vitro by adding
recombinant PAI-1 to tumor cells, resulting in PAI-1-
induced inhibition of cytotoxic drug-induced apopto-
sis [47].

In contrast to previous studies, our study using
plasma PAI-1 levels showed that patients with PR
tended to have higher median PAI-1 levels. Further-
more, patients with a good treatment response also had
a higher PAI-1 levels than those with poor response
(P = 0.015).

Bivariate analysis of our prediction model showed
that PAI-1 levels > 4.6 ng/mL were protective factors
for poor response and there was no association with
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disease progression, although PAI-1 levels tended to be
higher in the non-progression group. Multivariate anal-
ysis of our prediction model also showed that high PAI-
1 levels were an independent protective factor for treat-
ment response. Kaplan–Meier survival analysis showed
a higher median survival in patients with high PAI-1
levels (8.2 vs. 4.2 months), although this did not reach
statistical significance.

PAI-1 is expressed in almost all types of cells in
the body and its transcription is regulated by various
signals generated in response to stimuli. Inflammatory
cytokines, including TNF-α and IL-1, growth factors,
including TGF-β1, EGF, and FGF, hypoxia-inducible
factor, and reactive oxygen species have been shown
to act as regulators of PAI-1 gene transcription that are
related to the pathophysiology of cancer [48].

The discrepancy between our findings and tissue-
based findings may be due to the fact that PAI-1 is pro-
duced by many types of cells and is released from the
alpha-granules of platelets [48], thus plasma PAI-1 may
not necessarily reflect tumor PAI-1 expression levels.
There are many factors involved in cancer pathophys-
iology and the immune system is likely to contribute
to the treatment response by modulating PAI-1 activ-
ity, thereby increasing its levels in patients with a good
treatment response [49].

4.1. Research limitations

The present study was limited by the small number of
participants. Clinical data in the medical records were
often incomplete, especially the clinical characteristics
data. Furthermore the participants’ characteristics were
heterogeneous, which may contribute as a confounding
factor.

5. Conclusion

The findings of the present study indicate that miR-
10b cannot be used as an independent risk factor to
predict NSCLC progression and treatment response.
Plasma suPAR levels can be used to predict progres-
sion and treatment response, whereas plasma PAI-1 lev-
els may be used to predict treatment response. Further
studies are required to validate these prediction models.
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