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Background: Circular RNA has been revealed as a potential biomarker in multiple malignancies. However, 
few studies have focused on its potential to be prognostic markers in lung squamous cell carcinoma (LSCC). 
In this work, we aimed to build a prognostic model of resected LSCC based on circular RNA pyruvate 
dehydrogenase kinase 1 (circPDK1) and other clinicopathological factors.
Methods: circPDK1 was identified via next-generation sequencing. Three hundred two cases of LSCC 
tissue and their adjacent normal lung tissues were obtained from multiple medical centers and divided into 
study cohort (n=232) and validation cohort (n=70). The expression of circPDK1 was detected for analyzing 
its potential prognostic value for recurrence-free survival (RFS) and overall survival (OS) in LSCC. Finally, 
combined with circPDK1, T staging, lymph nodes (LN) metastasis status, age, and serum squamous cell 
Carcinoma Antigen (SCCAg), we built a prognostic model by nomograms method and confirmed it in the 
validation cohort.
Results: CircPDK1 was identified to be overexpressed (P<0.01) in LSCC. Through analysis in study 
cohort, circPDK1low patients (less than the mean expression, n=124) showed more lymph nodes metastasis 
(P=0.025), more vascular invasion (VI) (P=0.047), more visceral pleural invasion (VPI) (P=0.015) and poorer 
prognosis (P=0.003) than circPDK1high ones (n=108). Univariate and multivariate analysis showed that 
circPDK1, T staging, LN status, age, and SCCAg were significant prognostic factors for RFS and OS. The 
prognostic model based on these factors showed the concordance index (C-index) of 0.8214 and 0.8359 for 
predicting 5-year RFS and OS, respectively. Finally, the calibration curves were performed in the study 
cohort and a validation cohort to evaluate the model’s efficiency.
Conclusions: circPDK1 was identified as a potential biomarker of resected LSCC. The prognostic 
model including circPDK1, T staging, LN status, age, and SCCAg could effectively predict prognosis of 
resected LSCC.
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Introduction

Lung squamous cell carcinoma (LSCC) is the second most 
common pulmonary malignancy worldwide, accounting 
for 20–30% of non-small cell lung cancer (NSCLC) cases 
(1,2). Although the poor prognosis of LSCC has raised the 
concern of researchers for decades, it was still unable to be 
predicted accurately by now (3). 

Serum tumor markers have long been investigated as 
prognostic factors because they are simple parameters 
to measure. The used lung cancer markers for diagnosis 
and prognosis include carcinoembryonic antigen (CEA), 
Cytokeratin 19 fragment (CK19), Carbohydrate antigen 
125 (CA125), Serum gastrin-releasing peptide precursor 
(ProGRP), SCCAg and Neuron-specific enolase (NSE)  
(4-9). However, the sensitivity and specificity of theses 
markers were always too low to predict lung malignancies. 
Besides, the serum level of these markers fluctuates in 
different duration of disease. Therefore, more stable, and 
accurate biomarkers were needed for LSCC.

Circular RNAs are a group of circular-stated transcripts 
associated with the progression of multiple human 
malignancies and diseases (10). Compared with linear 
mRNAs, these circular products are highly stable in vivo 
and more suitable as biomarkers (11). So far, circular RNA 
has been revealed as a potential biomarker in multiple 
malignancies, including gastric, colorectal, pancreatic and 
breast cancer (12-16). However, few studies have revealed 
the relationship between LSCC and circular RNAs. 

In this work, we identified a circular RNA, circPDK1, 
which is overexpressed in LSCC and associated with 
good prognosis of resected LSCC patients. We aimed to 
build a prognostic model including circPDK1 and other 
clinicopathological factors, thereby revealing its potential as 
a prognostic biomarker for LSCC.

Methods

Next-generation sequencing

Ten cases of LSCC tumor tissues and their adjacent normal 
tissues were collected intraoperatively for transcriptome-
wide associated sequencing. The sequencing was performed 
by BioMarker Technologies (Beijing, China). 

Study population and follow-up

Three hundred two cases of LSCC samples and their 
adjacent normal tissues were collected from four Chinese 

medical centers during October 2013 and December 2014. 
All the individuals were primary lung squamous cell cancer 
patients underwent R0 resection and systematic lymph node 
dissection. The patients who had received preoperative 
radiotherapy, chemotherapy, or other adjuvant therapies, or 
those with recurrence and distant metastasis were excluded. 
Normal lung tissues were collected from a distance more 
than 5 cm from the tumor margin and used as negative 
controls. All collected tissue samples were immediately 
stored at −80 ℃ until use. The clinicopathological 
information of the patients was retrospectively collected 
from the electronic medical records. The serum levels of 
tumor markers (CEA, SCCAg, NSE, CK19, CA125, and 
ProGRP) were routinely measured preoperatively. The 
cutoff value of these tumor markers were set according to 
other literatures: CEA, 5.5 ng/mL; SCCAg, 1.5 ng/mL; 
NSE, 16.3 U/mL, CK19, 3.3 ng/mL; CA125, 35 U/mL; 
ProGRP, 50 pg/mL (8,17,18). These cutoff values were also 
following the values showed in Survival status was collected 
via outpatient clinic revisit records or telephone call. The 
mean follow-up period of the patients was 62.2 months 
(range, 56–70 months). The patient loss to follow-up was 
excluded. For all patients, the postsurgical pathological 
staging was determined according to the eighth edition 
TNM classification. Individuals were divided into study 
cohort (n=232) and validation cohort (n=70) randomly. The 
baseline information and clinicopathologic characteristics 
of the two cohorts were seen in Table 1. Informed consents 
have been obtained from all the patients or their families.

RNA extraction and quantitative real-time polymerase 
chain reaction (QRT-PCR)

Total RNA was extracted from tissues with TRIZOL 
reagent (Solarbio, China). The SuperScript® III First-Strand 
Synthesis System for RT-PCR (Thermo Fisher Scientific, 
USA) was used to reverse-transcribe RNA into cDNA. 
QRT-PCR was performed on an Applied Biosystems 
7500 Real-Time PCR system (Applied Biosystems, 
USA) with SYBR® Green PCR Master Mix (Thermo 
Fisher Scientific, USA). The primers were as follows: 
circPDK1 forward: 5'-TCGAAAACACATTGGAAGCA 
and reverse :  3 '-TGCCGCAGAAACATAAATGA. 
Relative RNA levels were calculated with 2–ΔCT [where 
ΔCt = Ct(gene) – Ct(β-actin)]. mRNA PDK1 forward: 
5'-CAGCAGTCCTTGGCATTTGT and reverse: 
3'-ATACGTCTCAGGCTCTGCTC. Additionally, the 
fold change of RNA expression in tumor tissues vs. adjacent 
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Table 1 Clinicopathologic characteristics according to the circPDK1 expression in the study and validation cohorts

Characteristics

Study cohort Validation cohort

Total (n=232),  
n (%)

CircPDK1
low 

(n=124), n (%)
CircPDK1

high
 

(n=108), n (%)
P value

Total (n=70),  
n (%)

CircPDK1
low 

(n=36), n (%)
CircPDK1

high
 

(n=34), n (%)
P value

Gender 0.610 0.411

Male 223 (96.1) 118 (95.2) 105 (97.2) 67 (95.7) 36 (100.0) 31 (91.2)

Female 9 (3.9) 6 (4.8) 3 (2.8) 3 (4.3) 0 (0.0) 3 (8.8)

Age 0.561 1.000

≤65 116 (50.0) 60 (48.4) 56 (51.9) 35 (50.0) 18 (50.0) 17 (50.0)

>65 116 (50.0) 64 (51.6) 52 (48.1) 35 (50.0) 18 (50.0) 17 (50.0)

Smoking 0.106 0.112

Former/current 204 (87.9) 118 (95.2) 86 (79.6) 60 (85.7) 34 (94.4) 26 (76.5)

Never 28 (12.1) 6 (4.8) 22 (20.4) 10 (14.3) 2 (5.6) 8 (23.5)

Surgery 0.456 0.608

Lobectomy 141 (60.8) 72 (58.1) 69 (63.9) 37 (52.9) 20 (55.6) 17 (50.0)

Bilobectomy 16 (6.9) 7 (5.6) 9 (8.3) 10 (14.3) 4 (11.1) 6 (17.6)

Pneumonectomy 24 (10.3) 14 (11.3) 10 (9.3) 12 (17.1) 6 (16.7) 6 (17.6)

Bronchial sleeve resection 49 (21.1) 29 (23.4) 20 (18.5) 11 (15.7) 6 (16.7) 5 (14.7)

Adjuvant therapies 0.253 0.203

Chemotherapy or others 56 (24.1) 32 (25.8) 24 (22.2) 21 (30.0) 14 (38.9) 7 (20.6)

None 120 (51.7) 55 (44.4) 65 (60.2) 33 (47.1) 14 (38.9) 19 (55.9)

Unknown 56 (24.1) 37 (29.8) 29 (26.9) 16 (22.9) 8 (22.2) 8 (23.5)

Tumor size (cm) 0.477 0.238

0–3 80 (34.5) 37 (29.8) 43 (39.8) 18 (25.7) 8 (22.2) 10 (29.4)

3–5 93 (40.1) 48 (38.7) 45 (41.7) 26 (37.1) 16 44.4) 10 (29.4)

5–7 41 (17.7) 20 (16.1) 21 (19.4) 17 (24.3) 7 (19.4) 10 (29.4)

>7 18 (7.8) 11 (8.9) 7 (6.5) 9 (12.9) 5 (13.9) 4 (11.8)

Mean ± SD 5.73±2.22 5.83±2.51 5.52±2.31 0.464 5.62±2.31 5.67±2.38 5.59±2.46 0. 643

Lymph nodes metastasis 0.011 0.043

Positive 79 (36.2) 62 (50.0) 17 (15.7) 27 (38.6) 18 (50.0) 9 (26.5)

Negative 153 (63.8) 62 (50.0) 91 (84.3) 43 (61.4) 18 (50.0) 25 (73.5)

Pathologic T stage 0.275 0.622

1 58 (25.0) 27 (21.8) 31 (28.7) 14 (20.0) 7 (19.4) 7 (20.6)

2 100 (43.1) 57 (46) 43 (39.8) 28 (40.0) 16 (44.4) 12 (35.3)

3 44 (19.0) 21 (16.9) 23 (21.3) 17 (24.3) 8 (22.2) 9 (26.5)

4 34 (14.7) 19 (15.3) 11 (10.2) 11 (15.7) 5 (13.9) 6 (17.6)

Pathologic N stage 0.025 0.022

0 153 (63.8) 62 (50.0) 91 (84.3) 43 (61.4) 18 (50.0) 25 (73.5)

1 33 (14.2) 25 (20.2) 8 (7.4) 9 (12.9) 5 (13.9) 4 (11.8)

2 46 (19.8) 37 (29.8) 9 (8.3) 18 (25.7) 13 (36.1) 5 (14.7)

Table 1 (continued)
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Table 1 (continued)

Characteristics

Study cohort Validation cohort

Total (n=232),  
n (%)

CircPDK1
low 

(n=124), n (%)
CircPDK1

high
 

(n=108), n (%)
P value

Total (n=70),  
n (%)

CircPDK1
low 

(n=36), n (%)
CircPDK1

high
 

(n=34), n (%)
P value

TNM staging 0.124 0.168

I 70 (30.2) 36 (29) 34 (31.5) 19 (27.1) 8 (22.2) 11 (32.4)

II 83 (35.8) 28 (22.6) 55 (50.9) 24 (34.3) 8 (22.2) 16 (47.1)

III 79 (34.1) 60 (48.4) 19 (17.6) 27 (38.6) 20 (55.6) 7 (20.6)

Grading 0.087 0.355

G1-2 88 (37.9) 37 (29.8) 51 (47.2) 26 (37.1) 12 (33.3) 14 (41.2)

G3-4 102 (44.0) 64 (51.6) 38 (35.2) 33 (47.1) 19 (52.8) 14 (41.2)

Unknown 42 (18.1) 23 (18.5) 19 (17.6) 11 (15.7) 5 (13.9) 6 (17.6)

Vascular invasion 0.047 0.202

Present 172 (74.1) 100 (80.6) 72 (66.7) 41 (58.6) 23 (63.9) 18 (52.9)

Absent 60 (25.9) 24 (19.4) 36 (33.3) 29 (41.4) 13 (36.1) 16 (47.1)

Visceral pleural invasion 0.015 0.011

Present 134 (57.8) 95 (76.6) 39 (36.1) 41 (58.6) 30 (83.3) 11 (32.4)

Absent 98 (42.2) 29 (23.4) 69 (63.9) 29 (41.4) 6 (16.7) 23 (67.6)

Serum CEA (ng/mL) 0.124 0.242

≤5.5 147 (63.4) 68 (54.8) 69 (63.9) 46 (65.7) 21 (58.3) 25 (73.5)

>5.5 85 (36.6) 56 (45.2) 29 (26.9) 24 (34.3) 15 (41.7) 9 (26.5)

Serum SCCAg (ng/mL) 0.264 0.377

≤1.5 74 (31.9) 46 (37.1) 38 (35.2) 20 (28.6) 12 (33.3) 8 (23.5)

>1.5 158 (68.1) 78 (62.9) 80 (74.1) 50 (71.4) 24 (66.7) 26 (76.5)

Serum CK19 (ng/mL) 0.033 0.042

≤3.3 111 (47.8) 52 (41.9) 69 (63.9) 35 (50) 13 (36.1) 22 (64.7)

>3.3 121 (52.2) 72 (58.1) 39 (36.1) 35 (50) 23 (63.9) 12 (35.3)

Serum CA125 (U/mL) 0.156 0.231

≤35 207 (89.2) 108 (87.1) 99 (91.7) 62 (88.6) 29 (80.6) 33 (97.1)

>35 25 (10.8) 16 (12.9) 9 (8.3) 8 (11.4) 7 (19.4) 1 (2.9)

Serum NSE (U/mL) 0.318 0.419

≤16.3 80 (34.5) 46 (37.1) 34 (31.5) 19 (27.1) 9 (25) 10 (29.4)

>16.3 152 (61.2) 78 (62.9) 74 (68.5) 51 (72.9) 27 (75) 24 (70.6)

Serum ProGRP (pg/mL) 0.261 0.748

≤50 211 (90.9) 111 (89.5) 100 (92.6) 65 (92.9) 33 (91.7) 32 (94.1)

>50 21 (9.1) 13 (10.5) 8 (7.4) 5 (7.1) 3 (8.3) 2 (5.9)

Adjuvant therapies include postoperative chemotherapy (neoadjuvant and adjuvant ones), radiotherapy or target therapy.

http://www.baidu.com/link?url=XwgT7sIGtMX5LhOl2uxrGgSDjO2WUur5YAfkZHsqrI3C4d5gKGw52x1j4KnJCuKEyOPGDNNXDUH2ThZSKcfLOa
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normal tissues was calculated with the 2–ΔΔCT method. 
GAPDH was used as an internal control. 

Prognostic analysis

Overall survival (OS) was defined as the period from after 
operation to patient death or the last follow-up. Relapse-
free survival (RFS) was defined as the period from surgery 
to tumor recurrence or patient death from a non-cancerous 
cause. The univariate and multivariate survival analyses were 
performed by Cox proportional hazards regression models 
to analyze the potential prognostic factors. The 5-year 
survival was analyzed with Kaplan-Meier plotter (K-M plot) 
survival curve. The prognostic model was built based on the 
results of multivariate analysis. Nomograms (19) was built 
to calculate the 5-year RFS and OS. C-index and calibration 
curves were used to achieve internal validation. External 
validation was performed in the validation cohort. 

Statistical analysis 

All data were analyzed with the statistical package SPSS 
22.0 (SPSS Inc., Chicago, IL, USA) and R language 
(version 3.5.1, the “survival” and “rms” packages). Data are 
presented as mean ± SD. Graphs were made with GraphPad 
Prism 6 (GraphPad Software, CA, USA). Student’s t-test, 
chi-square test, multiple logistic regression, and Pearson 
correlation analysis were used. P values <0.05 were 
considered statistically significant. 

Results

CircPDK1 was identified as a prognostic biomarker of 
LSCC

Through next-generation sequencing, we identified 
a unique circular RNA, circPDK1, which was highly 
expressed in LSCC tissues but was scarcely detected in 
normal tissues (Figure 1A,B). 

Next, we detected the relative expression of circPDK1 
in each LSCC specimen. The results of qRT-PCR proved 
that circPDK1 was significantly higher in LSCC tissues 
than that in normal tissues (5.05 folds change, P<0.01)  
(Figure 1C). However, the expression of circPDK1 
fluctuated among different patients. 

To explore the correlation between circPDK1 and 
5-year RFS/OS of LSCC patients, we divided the cases 
into circPDK1high and circPDK1low groups according to its 

mean expression (2–ΔΔCT =3.7), then, K-M plot analysis was 
performed in the study cohort. The OS of circPDK1low and 
circPDK1high was 29.0% and 48.2%, respectively (P=0.0003, 
median survival time (MST) was 26 and 55 months)  
(Figure 1D). The RFS of circPDK1low and circPDK1high was 
17.7% and 25.9%, respectively [P=0.0034, median survival 
time (MST) was 23 and 45 months] (Figure 1E). To our 
data, elevated circPDK1 indicated better RFS and OS of 
resected LSCC.

Correlations between circPDK1 expression and 
clinicopathological characteristics

The study cohort included 223 males and 9 females with a 
median age of 65 years old (range, 47–82). Most patients 
had a smoking history (204 patients; 87.9%). According 
to the 8th TNM staging, 70 patients (30.2%) were in stage 
I, 83 ones (35.8%) were in stage II, and 79 ones (34.1%) 
were in stage III. The number of patients who underwent 
lobectomy, bilobectomy, pneumonectomy, and bronchial 
sleeve resection was 141 (60.8%), 16 (6.9%), 24 (10.3%) and 
49 (21.1%), respectively. Fifty-six patients (24.1) received 
adjuvant therapies postoperatively, while 120 ones (51.7%) 
were not. The detail clinicopathological features among the 
enrolled patients are listed in Table 1.

In the study cohort, circPDK1low showed more lymph 
nodes metastasis (50.0% vs. 15.7%, P=0.025), more VI 
(80.6% vs. 66.7%, P=0.047), more VPI (76.6% vs. 36.1%, 
P=0.015) and more cases with serum CK19 higher than  
2.2 ng/mL (58.1% vs. 36.1%, P=0.033) than circPDK1high. 
In the validation cohort, the results were similar, except for 
VI (P=0.202) (Table 1).

Survival analysis in the study cohort

According to univariate analysis in study cohort with the 
Cox proportional hazards regression model, we found 
multiple clinicopathologic factors were significant to both 
RFS and OS, including older than 65 years (P=0.021 and 
0.014, respectively), larger tumor size (P=0.008 and 0.012, 
respectively), more advanced pathologic stage (P<0.001, 
respectively), more advanced pathologic T stage (P<0.001, 
respectively), more advanced pathologic N stage (P<0.001, 
respectively), LN metastasis status (P<0.001, respectively), 
higher tumor grading (P=0.017 and 0.008, respectively), 
presence of VPI (P=0.004 and 0.001, respectively), less 
circPDK1 expression in tumor (P=0.001 and 0.002, 
respectively), higher level of serum CEA (P=0.011 and 
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0.004, respectively) and SCCAg (P=0.003 and 0.023, 
respectively). Also, the presence of VI was significantly 
associated with RFS (P=0.012) but not to OS (P=0.220). At 
the multivariate analysis, age 65 years or older (P=0.029 and 
0.011, respectively), pathologic T stage III and IV (P=0.001 
and 0.007, respectively), LN metastasis status (P=0.008 
and 0.014, respectively), SCCAg >1.5 ng/mL (P=0.032 
and 0.023, respectively) and relative circPDK1 expression 
>3.7 (P=0.015 and 0.031, respectively) were significant 
independent predictors for shorter DFS and OS (Table 2).

The prognostic value of circPDK1 has been proved 
via K-M plot analysis before (Figure 1D,E). The survival 
rates according to the presence of other four independent 
predictors were analyzed by K-M plot, either. To the 
results, patients older than 65 years showed significantly 
poorer OS and RFS than the patients 65 years old or 

younger (P<0.001, respectively) (Figure 2A,B). While to 
the patients with higher serum SCCAg (>1.5 ng/mL), a 
significantly lower curve was observed in RFS (P=0.0424), 
but not in OS (P=0.0640) (Figure 2C,D). Furthermore, T3-4 
patients had a significantly poorer OS and RFS than T1-2 
ones (P<0.0001, respectively) (Figure 2E,F). Finally, the LN 
positive patients also showed significantly poorer OS and 
RFS than negative ones (P=0.0321 and 0.0385, respectively) 
(Figure 2G,H). 

A prognostic model based on circPDK1 and multiple 
clinicopathological characteristics

According to the outcomes of the multivariate analysis, a 
prognostic model was built with circPDK1, T staging, LN 
status, age, and SCCAg. The nomograms were performed 

Figure 1 CircPDK1 overexpressed in LSCC tissues and led to a better prognosis. (A) In RNA expression volcano map, circPDK1 was 
pointed out by the arrow. (B) Expression profile of circPDK1 in LSCC tumor and normal tissues [Tumor (n=10) vs. Normal (n=10), detected 
by the next-generation sequencing]. (C) CircPDK1 expression in LSCC tumor tissues and their adjacent normal tissues detected with qRT-
PCR (n=232). (D) 5-year OS of the circPDK1-low group [circPDK1 expression ≤3.50 (the mean value), n=124] and the circPDK1-high 
group (circPDK1 >3.5, n=108). (E) 5-year RFS of the two groups.
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Figure 2 Kaplan-Meier survival analysis of OS and RFS according to the age, serum SCCAg level, T descriptor according to TNM 8th 
edition and lymph nodes metastasis in the study cohort. (A) OS in patients ≤65 years old (n=116) vs. patients >65 years old (n=116). (B) RFS 
of the patients younger than 65 vs. the patients older than 65. (C) OS in patients with low level of serum SCCAg (≤1.5 ng/mL, n=114) vs. 
patients with high SCCAg (>1.5 ng/mL, n=118). (D) RFS in patients with low SCCAg vs. those with high SCCAg. (E) OS in T1-2 patients 
(n=158) vs. T3-4 ones (n=74). (F) RFS in T1-2 patients vs. T3-4 ones. (G) OS in patients with lymph nodes positive (n=79) vs. lymph nodes 
negative (n=153). (H) RFS in patients with lymph nodes positive vs. lymph nodes negative.
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to predict the 5-year RFS and OS (Figure 3). The internal 
validation of the accuracy to predict RFS and OS has been 
shown with calibration curves (Figure 4A,B). According 
to the curves, there was a great correlation between the 
nomogram-estimated prediction and the actual observed 
result. The C-index of our model to 5-year RFS and OS 
was 0.8214 and 0.8359, respectively.

Predictive accuracy of the model in the validation cohort

To perform external validation, the predictive accuracy of 
this prognostic model to 5-year OS and RFS of resected 

LSCC was evaluated in the validation cohort, either. In the 
validation cohort, the C-index of our model for predicting 
5-year RFS and OS was 0.8098 and 0.7924, respectively, 
which showed the excellent discriminative ability of 
prognosis. Finally, the nomograms were confirmed in the 
validation cohort, and the calibration curves proved high 
accuracy of prognosis prediction (Figure 4C,D).

Discussion

In this work, we identified a circular RNA, circPDK1, 
which is overexpressed in LSCC tumor tissues and exhibited 
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Figure 3 Nomograms for 5-year RFS and OS in the study cohort. (A) Nomogram of 5-year RFS. (B) Nomogram of 5-year OS. In the 
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Figure 4 Calibration curves of the nomograms for 5-year RFS and OS in the study and validation cohorts. (A) The calibration curve for 
the prediction of 5-year RFS in the study cohort. (B) The calibration curve for the prediction of 5-year OS in the study cohort. (C) The 
calibration curve for the prediction of 5-year RFS in the validation cohort. (D) The calibration curve for the prediction of 5-year OS in the 
validation cohort. 

well susceptibility and specificity for LSCC prognosis. 
Eventually, a new prognostic model was built with 
circPDK1 and several clinicopathologic factors (T staging, 
LN status, age, and SCCAg) and verified to be efficient for 
5-year RFS/OS prediction of resected LSCC patients. 

Nomograms model were used to calculate the probability 
of 5-year OS and RFS in this work, which has been 
validated as a reliable method for prognostic prediction (19).  
Our model consisted of five factors: circPDK1, T staging, 
LN status, age, and SCCAg that were independent 
prognostic factors according to the multivariate analysis. 
According to the hazard ratio (HR) of multivariate analysis, 
we integrated these clinicopathologic factors into the 
nomograms, thereby providing an individualized prognostic 
assessment for each individual. For example, a 68-year-old 
LSCC patient who underwent R0 resection and systematic 
LN dissection showed the clinicopathologic features of T3 
without mediastinal LN metastasis; his preoperative serum 
SCCAg concentration is 1.3 ng/mL; the relative expression 

of circPDK1 in his tumor tissues is 2.7. The nomograms 
demonstrate that his 5-year RFS and OS is 67% and 72%, 
respectively. It is indicated that after 5 years, the recurrence 
risk of this patient is 33%, and the cancer-related mortality 
risk is 28%. C-index shows the probability that the 
predicted results are consistent with the observed ones, 
which is always used to assess the predictive capability of 
the prognostic model (19). In the study cohort, the C-index 
of the nomograms for RFS and OS was 0.8214 and 0.8098, 
respectively. While in the validation cohort, the C-index for 
RFS and OS was 0.8359 and 0.7924, respectively. Hence, 
our model that based on circPDK1, T staging, LN status, 
age, and SCCAg could accurately predict the 5-year RFS 
and 5-year OS of resected LSCC. 

Similar methods have been used in other studies. In the 
year 2015, Pilotto et al. built a risk stratification model 
with age, T staging, LN metastasis and tumor grading for 
prognostic prediction of resected LSCC and performed the 
external multicenter validation of their model in the year 
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2017. Moreover, Wang et al. exhibited their nomograms 
model based on CEA, CK19, TNM staging, and Karnofsky 
performance status (KPS) for 1-, 3-, and 5-year OS of 
resected LSCC in 2018. Recently, Liu et al. verified the 
prognostic value of the tumor spread through air spaces 
(STAS) in lung adenocarcinoma (LUAD) and then set up a 
prognostic model based on STAS, VPI, VI, and histological 
subtype (8,20-22). Compared with those studies, there 
were more clinicopathological characteristics in our data, 
such as postoperative adjuvant therapies and multiple 
serum tumor markers. Besides, our model firstly included 
a circular RNA, which exhibited excellent potential to be 
a prognostic marker of LSCC. In considering the stability 
and abundance in tissues and blood serum, circular RNAs 
would become the clinical frequently-used biomarkers in 
the future.

In earlier studies, many serum lung cancer markers 
have been showed the prognostic value in LSCC (7-9,23). 
However, the views about the biomarkers’ prediction 
efficiency were inconsistent. In the year 2013, Nagashima  
et al. (24) proposed that older age, high serum CEA level, 
and nodal metastasis are significant prognostic factors to 
LSCC. While in 2014, Kinoshita et al. (17) reported that 
high serum SCCAg (>5.5 ng/mL) indicated the poorer 
prognosis of early-stage LSCC when combined with VPI 
status and VI status. However, the prognostic role of 
CEA was not observed in the latter study. One hand, the 
cut off values of tumor markers in different studies were 
inconsistent, that had a significant impact on the diagnostic 
usability of the test results (4,9,25-27). In our institution, 
the standard cut off values of CEA, SCCAg, NSE, CK19, 
CA125, ProGRP were 3.4 ng/mL, 1.5 ng/mL, 17 ng/mL,  
3.3 ng/mL, 35 U/mL and 63 pg/mL, respectively. 
However, to enhance the rigor and persuasiveness of this 
work, we set the cut off values according to several pieces 
of authoritative literature similar to our study (CEA,  
5.5 ng/mL; NSE, 16.3 U/mL and ProGRP, 50 pg/mL)  
(8,17,18). In the other hand, there were inevitable 
confounding factors in retrospective data that lead to 
statistical bias. CEA and pathologic stage have been 
reported as independent risk factors of LSCC by multiple 
studies. To our data, no statistical significances were 
observed in CEA (RFS and OS: P=0.138 and 0.152, 
respectively) and pathologic stage (RFS and OS: P=0.156 
and 0.093, respectively) to the multivariate analysis. In 
considering that the P values of these items were close 
to 0.05; thus, the outcomes might be interfered by some 
confounding factors.

According to the next-generation sequencing data, 
circPDK1 was transcribed by pyruvate dehydrogenase kinase 1  
(PDK1) gene (28). The function of this circular RNA 
has never been revealed in NSCLC before. To our data, 
elevated circPDK1 was associated with fewer lymph 
nodes metastasis, less VI and VPI presence and lower 
serum concentration of CK19. These results indicated 
an antitumor function of it in LSCC. However, although 
transcribed from the same gene, linear PDK1 and 
circPDK1 exert distinct functions in lung cancer. According 
to previous studies, PDK1 promotes cancer malignant 
behaviors, whereas inhibition of PDK1 increases the 
anti-cancer effect of EGFR tyrosine kinase inhibitors in 
non-small cell lung cancer (29). We also detected the 
expression of mRNA PDK1 in LSCC, while there was no 
significant difference between the tumor and normal tissues  
(Figure S1A). In addition, we observed a negative correlation 
between circPDK1 and linear PDK1 in p-LSCC (r=−0.71, 
P=0.009; Figure S1B). We assumed that, when more 
circPDK1 was transcribed, the production of linear PDK1 
decreased. We have also analyzed the role of linear RNA 
PDK1 in LSCC in public database (Data source: K-M plot 
database, http://kmplot.com), and found that its association 
with LSCC prognosis was not as strong as that of circPDK1 
(Figure S1C,D,E). All these findings were worthy of further 
studies.

This study has some limitations. First, although it is 
a multicenter study, the sample size was still small for a 
prognostic model. However, to detect the expression of 
circPDK1, we must get well-preserved LSCC tissues of all 
the study objects, while most of the LSCC specimens were 
poor preserved or not collected 5 years ago. Second, the 
function of circPDK1 in LSCC has never been reported 
by previous studies. Hence, it is unconvincing to build a 
prognostic model with this RNA. However, in our analysis, 
we have confirmed its potential as a prognostic marker 
in LSCC. We should reveal the function of circPDK1 
in LSCC and further explore its underling molecular 
biological mechanisms in next work.
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Supplementary

Figure S1 Correlation between linear PDK1 and lung cancer. (A) Relative expression of mRNA PDK1 in LSCC tumor and normal tissues. (B) 
Correlation between the expression of circPDK1 and PDK1. (C) The association between PDK1 and lung cancer (n=964 vs. 962). (D) The 
association between PDK1 and LSCC (n=262 vs. 262). (E) The association between PDK1 and LUAD (n=360 vs. 360).
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