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Background: Non-small cell lung cancer (NSCLC) is the leading cause of cancer-related death worldwide. 
Accurate risk stratification is essential for optimizing treatment strategies. A 14-gene RNA-level assay of lung 
cancer, which involves quantitative reverse transcription polymerase chain reaction (qRT-PCR) analysis of 
formalin-fixed paraffin-embedded (FFPE) tissue samples, offers a promising approach. The aim of our study 
was to assess the relationships between risk stratification, as determined by a 14-gene RNA-level assay, and 
various clinical and molecular characteristics.
Methods: We retrospectively collected the preoperative clinical information and molecular testing 
information from 102 resectable non-squamous NSCLC patients. The 14-gene RNA-level assay was 
performed by extracting RNA from FFPE samples, followed by reverse transcription and quantification via 
quantitative polymerase chain reaction (qPCR) to assess the expression levels of 11 cancer-associated genes 
and three housekeeping genes. These gene expression levels were used to calculate a risk score, enabling 
patient stratification into distinct risk groups. Based on the 14-gene risk stratification, we analyzed the 
correlations between the clinical and molecular characteristics across the high-, medium-, and low-risk groups.
Results: A total of 102 patients were included in the study. The mean age was 55.19 years, 67 (65.7%) 
patients were female, and 18 (17.6%) had a smoking history. The 14-gene risk stratification classified patients 
into low-risk (n=63), intermediate-risk (n=25), and high-risk (n=14) groups. No significant differences were 
observed in baseline demographics between the three risk groups. High-risk patients had significantly higher 
mean computed tomography (CT) value (P=0.01) and enhanced CT value (P=0.02) compared to low-risk 
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Introduction

Lung cancer is the leading cause of cancer-related death 
in China and the world, contributing significantly to the 
overall cancer burden (1). Non-small cell lung cancer 
(NSCLC) accounts for the majority (approximately 85%) 

of lung cancer cases, presenting various management and 
prognostic challenges. Lung adenocarcinoma (LUAD) is the 
most common histological subtype of NSCLC, accounting 
for 40% of lung malignancies (2). Early surgical resection 
currently serves as the standard treatment for patients 
with early-stage NSCLC. The postoperative prognosis of 
patients influenced by multiple factors. Evaluating whether 
patients require postoperative adjuvant therapy is crucial 
for improving outcomes. Several risk stratification systems 
have been implemented to predict the prognosis of patients 
with lung cancer, incorporating clinical, histopathological, 
molecular, or integrated factors (3-5). Examples include 
the National Comprehensive Cancer Network (NCCN) 
high-risk factors, tumor-node-metastasis (TNM) staging 
system, and molecular residual disease (MRD) assessment 
(6,7). According to the NCCN guidelines, all stage IA 
patients and selected stage IB patients without risk factors 
do not need to receive adjuvant therapy (8). However, 
in clinical practice, some patients with early-stage lung 
cancer categorized as low risk still experience postoperative 
recurrence and metastasis, as stage I patients have a 5-year 
survival rate ranging from 68% to 92% (9). This indicates 
that traditional risk stratification systems have limitations 
and cannot comprehensively reflect tumor characteristics.

The 14-gene risk stratification of lung cancer incorporates 
11 cancer-related target genes and three reference genes. 
The assay uses quantitative reverse transcription polymerase 
chain reaction (qRT-PCR) to analyze formalin-fixed 

Highlight box

Key findings
•	 The 14-gene risk stratification assay demonstrated a closer 

association with molecular characteristics than traditional risk 
stratification methods and thus may offer more precise patient 
stratification at the molecular level.

•	 Higher computed tomography value correlate with increased risk, 
indicating that higher nodule solidity is associated with higher 14-
gene risk stratification.

What is known and what is new?
•	 Traditional risk stratification systems for lung cancer have 

limitations in accurately predicting patient outcomes.
•	 Based on the 14-gene risk stratification, we analyzed the 

correlations between the clinical and molecular characteristics 
across the high-, medium-, and low-risk groups.

What is the implication, and what should change now?
•	 Independent of traditional clinical, pathological, and molecular 

markers, the 14-gene risk stratification provides RNA-level insights 
into risk stratification for non-squamous non-small cell lung cancer 
patients.

patients. Genomic profiling of 89 patients revealed specific mutations that were significantly associated with 
the higher-risk groups. Tumor mutational burden (TMB) was higher in higher-risk groups (P=0.007). In 
clinically low-risk patients (n=85) as recognized by the NCCN guidelines, the 14-gene risk stratification 
model reclassified 30 out from the 85 clinically low-risk patients, with 19 placed in the medium-risk group 
and 11 in the high-risk group, while the remaining samples were still classified as low-risk. Additionally, we 
found that three patients who were not recommended for adjuvant therapy by the Multiple-gene INdex to 
Evaluate the Relative benefit of Various Adjuvant therapies (MINERVA) model were classified as high risk 
and 13 as intermediate risk. 
Conclusions: Our results indicate that 14-gene RNA-level assay is correlated with specific genetic 
mutations, including TP53, KRAS, and LRP1B. These insights provide a stronger foundation for integrating 
molecular risk assessment with clinical and imaging data, offering more comprehensive information to guide 
more targeted and effective adjuvant therapy strategies in the future management of lung cancer.
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paraffin-embedded (FFPE) tissue samples, which are 
readily available and highly stable (10). It is designed for 
precise risk stratification of recurrence in patients with 
early-stage non-squamous NSCLC and for predicting the 
benefits of postoperative adjuvant therapy. The 14-gene 
risk stratification encompasses a variety of crucial processes 
that are not reflected by current clinical indicators, such 
as apoptosis, DNA repair, cell cycle regulation, cell 
proliferation and survival, cell migration and invasion, 
immune cell regulation, and key signaling pathways (11-13).  
The assay was initially developed at the University of 
California San Francisco (UCSF) using a training cohort 
of samples from 361 patients with non-squamous NSCLC, 
and calculates a risk score based on the expression of the  
14 genes and stratifies patients with lung cancer treated with 
surgical resection into low-, medium-, and high-mortality 
risk categories (10,14).

The Kaiser Permanente Division of Research evaluated 
the prognostic impact of this risk stratification on stage I 
non-squamous NSCLC patients, demonstrating significant 
differences in 5-year overall survival (OS) among the low-,  
medium-, and high-risk groups based on the 14-gene risk 
stratification, the high-risk group was associated with worse 
prognosis (10). Additionally, some studies indicated that the 
14-gene RNA-level assay can predict recurrence in early-stage 
NSCLC, with a significant difference in 5-year disease-free 
survival (DFS) between the low-risk and high-risk groups (15).  
Among stage I–IIA patients, high-risk individuals may benefit 
from adjuvant therapy (16). Therefore, the 14-gene RNA-
level assay demonstrated the ability to improve upon the 
existing risk categories set by NCCN.

Although previous studies have demonstrated the 
prognostic utility of the 14-gene risk stratification model 
in both Western and Chinese populations, the associations 
between the 14-gene risk groups and detailed clinical, 
radiological, and genetic characteristics, as well as the 
concordance and differences between this model and 
traditional risk stratification approaches, remain unclear. 
Here, we present real-world data from 102 postoperative 
patients across two clinical centers in China. Comprehensive 
clinical information, along with imaging and DNA-level 
next-generation sequencing (NGS) analyses, was collected 
for all samples. Based on the 14-gene risk stratification, we 
analyzed the correlations between clinical and molecular 
characteristics across the high-, intermediate-, and low-
risk groups. We present this article in accordance with 
the STROBE reporting checklist (available at https://tlcr.
amegroups.com/article/view/10.21037/tlcr-24-913/rc).

Methods

Study population

We included a total of 102 patients with resectable non-
squamous NSCLC who had undergone radical resection 
at the Peking Union Medical College Hospital and 
Chinese PLA General Hospital between 2020 and 2022. 
All patients had their tissue samples subjected to molecular 
risk stratification by the 14-gene prognostic assay, which 
involves qRT-PCR analysis of FFPE tissue samples. And 
genomic profiling was performed using NGS. For each 
patient, we retrospectively collected preoperative clinical 
information, including gender, age, smoking history, 
pathological subtype, pathological stage, maximum 
standardized uptake value (SUVmax), imaging findings, 
etc. The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study was 
approved by the ethics committee of Peking Union Medical 
College Hospital (No. K4171) and informed consent was 
taken from all the patients. Chinese PLA General Hospital 
was informed and agreed with this study.

Risk stratification using a 14-gene assay

Total RNA was isolated from FFPE samples using the 
RNeasy FFPE Kit (Qiagen, Hilden, Germany), following 
the manufacturer’s guidelines. Extraction yield (ng) 
and RNA purity (A260/280 and A260/230 ratios) were 
measured with a Nanodrop spectrophotometer (Thermo 
Fisher Scientific, Waltham, MA, USA). The RNA was then 
reverse-transcribed into cDNA, followed by quantitative 
polymerase chain reaction (qPCR) using TaqMan assays, 
as previously described (17). Specifically, we quantified 
the expression levels of 11 cancer-associated genes (BAG1, 
BRCA1, CDC6, CDK2AP1, ERBB3, FUT3, IL11, LCK, 
RND3, SH3BGR, WNT3A) and three housekeeping genes 
(ESD, TBP, YAP1). Relative expression for each gene was 
calculated using the comparative cycle threshold (Ct) 
method. Based on the expression levels of the 11 target 
genes, a continuous risk score was generated for each 
individual using a pre-established model. Patients were 
then categorized into low-, medium-, and high-risk groups 
according to predetermined cutoffs and risk scores (10).

DNA isolation and capture-based targeted DNA sequencing

DNA isolation and targeted sequencing were conducted at 
the College of American Pathologists (CAP)-accredited and 
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Clinical Laboratory Improvement Amendments (CLIA)-
certified laboratory of Burning Rock Biotech (Guangzhou, 
China). The main experimental workflow included several 
key steps (17,18). Firstly, tumor DNA was extracted from 
FFPE samples using the QIAamp DNA FFPE Tissue Kit 
(Qiagen). Subsequently, the extracted DNA was sheared 
into 200–400 bp fragments and purified using the Agencourt 
AMPure XP Kit (Beckman Coulter, Brea, CA, USA). Next, 
target capture was performed using a commercial 520-gene 
panel (OncoScreen Plus, Burning Rock Biotech), which 
covered 1.86 megabases of the human genome. The DNA 
fragments were hybridized with capture probe baits, followed 
by magnetic bead selection and amplification. Following this, 
the quality and size of the DNA fragments were evaluated 
using a High Sensitivity DNA Kit with the Bioanalyzer 2100 
(Agilent Technologies, Santa Clara, CA, USA). The indexed 
samples were then subjected to paired-end sequencing using 
the Illumina NextSeq 500 system (San Diego, CA, USA), 
with an average sequencing depth of 1,000× for tumor tissue 
samples. Finally, leukocyte DNA served as the germline 
control and was processed using the same methods as tumor 
DNA, with a sequencing depth of 300×.

Analysis of sequence data

The genomic analysis workflow for cancer samples was 
conducted by first aligning sequence data to the reference 
human genome (hg19) using the Burrows-Wheeler Aligner 
(BWA) version 0.7.10. (19). Local realignment, duplicate 
marking, and somatic variant calling were subsequently 
performed using Genome Analysis Tool Kit (GATK) version 
3.2 and VarScan version 2.4.3, with leukocyte DNA used as 
a matched normal control to distinguish somatic mutations 
from germline variants (20,21). Variants were then filtered 
using the VarScan fpfilter pipeline, with loci having a read 
depth of less than 100 removed. For tissue samples, single 
nucleotide variants (SNVs) required at least 8 supporting 
reads, while insertions and deletions (Indels) required 2 and 
5 supporting reads, respectively. Variants with a population 
frequency greater than 0.1% in the ExAC, 1000 Genomes, 
dbSNP, or ESP6500SI-V2 databases were classified as 
single nucleotide polymorphisms (SNPs) and excluded from 
further analysis. The remaining variants were annotated 
using ANNOVAR (release dated February 1, 2016) and 
SnpEff version 3.6. Structural variants (SVs) were analyzed 
using Factera version 1.4.3, and copy number variations 
(CNVs) were assessed based on the depth of coverage across 
captured intervals, correcting for sequencing bias due to GC 

content and probe design. Coverage data were normalized 
across samples to comparable scales by using the average 
coverage of all capture regions. CNV determination was 
made by calculating the ratio of the tumor sample’s depth of 
coverage to the average coverage across an adequate number 
(n>50) of control samples without CNVs for each captured 
interval, with regions showing significant quantitative and 
statistical differences compared to controls designated as 
CNVs. CNV thresholds were set at 1.5 for deletions and 
2.64 for amplifications. The microsatellite instability (MSI) 
status of tumor samples was determined using a previously 
established read count distribution-based method (22,23).

Calculation of tumor mutational burden (TMB)

TMB is determined by calculating the ratio between the total 
number of detected nonsynonymous mutations and the size 
of the panel’s coding region. The mutations counted include 
nonsynonymous SNVs and indels found within the coding 
regions, as well as within the upstream or downstream ±2 base  
pair regions. It excluded hot mutation events, CNVs, SVs, 
and germline SNPs. Only mutations with an allele frequency 
(AF) of at least 2% are included in the TMB calculation. 
Additionally, the maximum AF (maxAF) in tissue samples 
must be at least 5% to ensure adequate sample quality. TMB 
is computed using the following formula:

( )mutation count except for CNV, SV, SNPs, and hot mutations
TMB

coding region size
= [1]

Statistical analysis

The statistical analyses were conducted using R version 
4.2.3 (The R Foundation for Statistical Computing, Vienna, 
Austria). Categorical variables with multiple groups, such 
as pathological subtypes or staging, were analyzed using 
the Fisher exact test. The Kruskal-Wallis test was used to 
test for differences in continuous variables, such as age, 
maximum tumor diameter (MTD), computed tomography 
(CT) value, and SUVmax, when risk groups were divided 
into three or more groups. When risk groups were divided 
into two groups, the Wilcoxon rank-sum test was used 
instead. The P value of less than 0.05 was considered 
indicative of a statistically significant difference.

The relationship between risk score and CT value, SUVmax, 
MTD, and TMB was evaluated using the cor.test() function 
in R. The choice of correlation coefficient was determined 
based on the distributional characteristics of the variables. 
Pearson correlation coefficients were used for variables with 
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a normal distribution, Spearman correlation coefficients 
were used for variables with a nonnormal distribution. The 
plots were created using the “ggplot2” package in R.

Results

Patient characteristics

A total of 102 patients were included in the study (Table 1). 

The mean age was 55.19 years, 67 (65.7%) patients were 
female, and 18 (17.6%) had a smoking history. The majority 
of patients (n=76, 74.4%) were diagnosed with stage IA 
adenocarcinoma, one patient had atypical adenomatous 
hyperplasia (AAH), six patients had adenocarcinoma in situ 
(AIS), one had stage IIB disease, and two had stage IIIA 
disease. The 14-gene prognostic assay classified 63 patients 
as low risk, 25 as intermediate risk, and 14 as high risk.

Table 1 Clinical and pathological characteristics of patients with different risk stratifications

Characteristics Low risk Medium risk High risk Overall Significance

Total 63 25 14 102

Sex NS

Male 18 (28.6) 9 (36.0) 8 (57.1) 35 (34.3)

Female 45 (71.4) 16 (64.0) 6 (42.9) 67 (65.7)

Age (years) 54.08 58.92 53.29 55.19 NS

Smoking history NS

Yes 7 (11.1) 6 (24.0) 5 (35.7) 18 (17.6)

No 52 (82.5) 19 (76.0) 9 (64.3) 80 (78.4)

Unknown 4 (6.3) 0 (0.0) 0 (0.0) 4 (3.9)

Pulmonary fibrosis NS

Yes 1 (1.6) 0 (0.0) 1 (7.1) 2 (2.0)

No 62 (98.4) 25 (100.0) 13 (92.9) 100 (98.0)

COPD NA

No 63 (100.0) 25 (100.0) 14 (100.0) 102 (100.0)

TB NS

Yes 0 (0.0) 0 (0.0) 1 (7.1) 1 (1.0)

No 63 (100.0) 25 (100.0) 13 (92.9) 101 (99.0)

Stage NS

AAH 1 (1.6) 0 (0.0) 0 (0.0) 1 (1.0)

AIS 5 (7.9) 0 (0.0) 1 (7.1) 6 (5.9)

IA1 19 (30.2) 5 (20.0) 3 (21.4) 27 (26.5)

IA2 21 (33.3) 10 (40.0) 4 (28.6) 35 (34.3)

IA3 10 (15.9) 3 (12.0) 1 (7.1) 14 (13.7)

IB 7 (11.1) 6 (24.0) 3 (21.4) 16 (15.7)

IIB 0 (0.0) 0 (0.0) 1 (7.1) 1 (1.0)

IIIA 0 (0.0) 1 (4.0) 1 (7.1) 2 (2.0)

Data are expressed as n, n (%), or mean. NS, no significance; COPD, chronic obstructive pulmonary disease; NA, not applicable; TB, 
tuberculosis; AAH, atypical adenomatous hyperplasia; AIS, adenocarcinoma in situ.
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Correlation of clinical and pathological characteristics with 
the 14-gene risk stratification

We did not observe significant differences in age, sex, smoking 
history-, family tumor history, or other benign pulmonary 
diseases between the three risk groups (Table 1). Regarding 
pathological features, the 14-gene risk stratification revealed 
no significant association with TNM staging, pathological 
subtype, or the presence of micropapillary or solid (MP/S)  
subtype (P=0.94) (Figure 1A,1B). No correlation was observed 
between risk stratification and MTD (Figure 1C). Patients 
classified as high risk showed a significantly higher mean CT 
value (P=0.01), reflecting the solidity of pulmonary nodules, 
compared with low-risk patients (Figure 1D). Similarly, 
high- and medium-risk patients also showed significantly 
higher mean enhanced CT value than did low-risk patients 
(P=0.02 and P=0.008, respectively) (Figure 1E). The SUVmax 
as assessed by 18F-fluorodeoxyglucose positron emission 
tomography-CT (18FDG-PET/CT) and reflecting intratumor 
cellular glucose metabolic activity did not show significant 

differences between the three risk groups (Figure S1).  
Additionally, the 14-gene prognostic assay generated a raw 
score, and we conducted correlation analyses between the 
raw risk score and various clinical characteristics. We found 
significant statistical correlations between the risk score and 
MTD, mean CT value, maximum CT value, enhanced CT 
value, SUVmax, and TMB (Figure 2).

Relevance between risk stratification and molecular features

Genomic profiling also was conducted for 89 patients in 
the cohort. EGFR (n=62, 70%) was the most frequently 
mutated gene, followed by TP53  (n=26, 29%). To 
analyze the association between these mutations and risk 
stratification, we selected the 10 genes with the highest 
mutation frequencies, excluding genes with synonymous 
mutations and classic driver mutations in lung cancer. The 
molecular risk stratification had a significant association 
with TP53 mutations (P=0.03), KRAS mutations (P=0.005), 
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Figure 1 The relationship between risk groups and clinical characteristics. (A) A stacked bar char, depicting the relationship between risk 
stratification and TNM staging. (B) The association between risk stratification and the presence or absence of pathological MP/S types. 
(C) A violin plot depicting the relationship between risk stratification and MTD. (D) A violin plot depicting the association between risk 
stratification and the average CT value. (E) A violin plot depicting the relationship between risk stratification and the average enhanced CT 
value. AAH, atypical adenomatous hyperplasia; AIS, adenocarcinomas in situ; MP/S, micropapillary or solid; CT, computed tomography; 
HU, Hounsfield unit; enCT, enhanced CT; TNM, tumor-node-metastasis; MTD, maximum tumor diameter.
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Figure 2 A scatter plot showing the correlation between different clinical features and risk scores. (A) The correlation between risk scores 
and the MTD. (B) The correlation between risk scores and mean CT value. (C) The correlation between risk scores and maximum CT 
value. (D) The correlation between risk scores and mean enhanced CT value. (E) The correlation between risk scores and SUVmax. (F) The 
correlation between risk scores and TMB. CT, computed tomography; HU, Hounsfield unit; enCT, enhanced CT; SUVmax, maximum 
standardized uptake value; TMB, tumor mutational burden; MTD, maximum tumor diameter.
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and LRP1B (P=0.03) mutations but not with EGFR 
mutation (P=0.14) (Figure 3). The TMB in the lower-risk 
group was significantly lower than that in the higher-risk 
group (P=0.007) (Figure S1).

Risk stratification among patients who do not require 
postoperative adjuvant therapy

Eighty-five patients who did not qualify for adjuvant 
therapy based on current cl inical  consensus were 
categorized clinically low-risk group (Table 2). This group 
included all stage IA disease and stage IB patients without 
high-risk features as recognized by the NCCN guidelines, 
such as poorly differentiated tumors, vascular invasion, 
pleural invasion, and unknown lymph node status. However, 
the 14-gene risk stratification model reclassified 30 out 
from the 85 clinically low-risk patients, with 19 placed in 
the medium-risk group and 11 in the high-risk group, while 

the remaining samples were still classified as low-risk.
We further investigated the differences among clinical, 

imaging, pathological, and molecular features according to 
risk groups. Our results showed that in the clinically low-
risk group, solid nodules were more common in the high-
risk group as assessed by the 14-gene prognostic assay 
(P=0.02) (Figure 4A). Higher 14-gene risk levels were 
associated with increased mean CT values (P=0.02) and 
mean enhanced CT values (P=0.02) (Figure S2). Notably, 
no correlation was observed between risk stratification 
and MTD or SUVmax (Figure S2), which may indicate 
that these changes in early-stage lung cancer are not yet 
reflected in PET/CT imaging.

Comparison of 14-gene risk stratification with the 
MINERVA model in EGFR-mutated patients

The presence of EGFR mutation is a significant factor in 

https://cdn.amegroups.cn/static/public/TLCR-24-913-Supplementary.pdf
https://cdn.amegroups.cn/static/public/TLCR-24-913-Supplementary.pdf
https://cdn.amegroups.cn/static/public/TLCR-24-913-Supplementary.pdf
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Figure 3 The relationship between risk groups and molecular features. (A) A stacked bar chart depicting the association between risk 
stratification and the TP53 mutation. (B) A stacked bar chart depicting the association between risk stratification and the LRP1B mutation. 
(C) A stacked bar chart depicting the association between risk stratification and the KRAS mutation. (D) A stacked bar chart depicting the 
association between risk stratification and the EGFR mutation.

guiding the choice of adjuvant therapy in clinical practice. 
In our study, 62 patients harbored EGFR mutations. 
Among them, 35 were classified as low risk by the 14-gene  
prognostic assay, 19 as medium risk, and eight as high 
risk. The Multiple-gene INdex to Evaluate the Relative 
benefit of Various Adjuvant therapies (MINERVA), a 
genomic signature-based predictive model derived from the 
ADJUVANT (CTONG1104) trial (24), can be used to guide 
the choice of adjuvant therapy (chemotherapy vs. targeted 
therapy) in resected patients with EGFR-mutant NSCLC. 
We stratified EGFR-mutant patients into chemotherapy 
(n=2), targeted therapy (n=16), and no adjuvant therapy (n=44) 
groups according to the NCCN guidelines and MINERVA 
scores. Among these, three patients classified as high risk and 
13 patients as intermediate risk were not recommended for 
postoperative adjuvant therapy; meanwhile, seven patients 
classified as low risk were recommended for postoperative 

adjuvant therapy (Figure 4B).

Discussion

Our study investigated the correlation between 14-gene 
risk stratification and clinical and molecular characteristics, 
potentially aiding clinicians in formulating subsequent 
treatment strategies for patients.

Our results indicated no significant differences in basic 
demographic characteristics between the different risk groups, 
suggesting that the 14-gene risk stratification is not influenced 
by patients’ baseline characteristics. Although pathological 
subtypes or TNM staging are often considered important 
prognostic indicators, Kratz et al. demonstrated that the  
14-gene risk stratification has superior prognostic predictive 
value for patients with stage I–III NSCLC (10). Compared 
to the use of NCCN risk stratification and traditional 
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Table 2 Characteristics of patients with different risk stratifications in the clinically low-risk group

Characteristics Low risk Medium risk High risk Overall Significance

Total 55 19 11 85

Sex NS

Male 14 (25.5) 6 (31.6) 7 (63.6) 27 (31.8)

Female 41 (74.5) 13 (68.4) 4 (36.4) 58 (68.2)

Age (years) 54.33 59.89 53.55 55.47 NS

Smoking history NS

Yes 7 (12.7) 3 (15.8) 4 (36.4) 14 (16.5)

No 48 (87.3) 16 (84.2) 7 (63.6) 71 (83.5)

Pulmonary fibrosis NS

Yes 1 (1.8) 0 (0.0) 1 (9.1) 2 (2.4)

No 54 (98.2) 19 (100.0) 10 (90.9) 83 (97.6)

COPD NA

No 55 (100.0) 19 (100.0) 11 (100.0) 85 (100.0)

TB NS

Yes 0 (0.0) 0 (0.0) 1 (9.1) 1 (1.2)

No 55 (100.0) 19 (100.0) 10 (90.9) 84 (98.8)

Stage NS

AAH 1 (1.8) 0 (0.0) 0 (0.0) 1 (1.2)

AIS 5 (9.1) 0 (0.0) 1 (9.1) 6 (7.1)

IA1 17 (30.9) 5 (26.3) 3 (27.3) 25 (29.4)

IA2 21 (38.2) 10 (52.6) 4 (36.4) 35 (41.2)

IA3 9 (16.4) 3 (15.8) 1 (9.1) 13 (15.3)

IB 2 (3.6) 1 (5.3) 2 (18.2) 5 (5.9)

Data are expressed as n, n (%), or mean. NS, no significance; COPD, chronic obstructive pulmonary disease; NA, not applicable; TB, 
tuberculosis; AAH, atypical adenomatous hyperplasia; AIS, adenocarcinoma in situ.

TNM staging alone, the combined use of the 14-gene risk 
stratification enables the more accurate identification of 
prognostic risks. Similarly, our analysis showed no significant 
association between the 14-gene risk stratification and 
traditional pathological features such as TNM staging and 
histological subtypes. This indicates that the 14-gene risk 
stratification is independent of these traditional methods.

Additionally, we observed no statistically significant 
difference between risk stratification and tumor diameter. 
There was a correlation between risk stratification and 
radiological classification, with a higher proportion of mixed-
solid ground-glass nodules and pure-solid nodules observed 
in the medium-to-high-risk group. This correlation suggests 

that radiological features can support risk stratification, 
aiding in the early identification of more aggressive tumors 
and facilitating more proactive management of patients.

Regarding genetic characteristics, we found that EGFR 
mutation was not associated with the risk stratification 
determined by the 14-gene assay (25). The molecular profiling 
revealed significant correlations between the 14-gene assay 
risk groups and specific gene mutations, notably TP53, KRAS, 
and LRP1B, previous studies have reported that TP53 and 
KRAS mutations were more prevalent in the high-risk group, 
supporting the notion that patients with these mutations have 
a poorer prognosis (26-28). Enhanced postoperative adjuvant 
therapy might potentially benefit patients with these gene 
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mutations.
Additionally, in our study, some patients in the subgroup 

assessed as low risk by the NCCN were classified as 
intermediate or high risk. We found that three high-risk 
and 13 intermediate-risk patients classified by the 14-gene 
risk stratification were not recommended for adjuvant 
therapy by the MINERVA model. Previous large-scale 
study suggests that these patients might benefit from such 
treatment (10).

Our study involved several limitations which should 
be addressed. The brief follow-up period prevented us 
from accurately assessing recurrence statistics for these 
patients. Thus, the scope of this study was limited to the 
association between the 14-gene-based risk stratification 
and conventional clinical and genetic characteristics. We 
present these preliminary results to complement this 14-gene 
risk stratification model and to analyze the RNA-level risk 
stratification from a clinical standpoint. Once the authentic 
prognostic data mature, additional findings will be presented, 
and the RNA dimension assessment will be compared to 
other clinical or genetic prognostic models.

Conclusions

Our results indicate that 14-gene RNA-level assay is 
correlated with specific genetic mutations, including TP53, 

KRAS, and LRP1B. These insights provide a stronger 
foundation for integrating molecular risk assessment with 
clinical and imaging data, offering more comprehensive 
information to guide more targeted and effective adjuvant 
therapy strategies in the future management of lung cancer.
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