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Article 
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Simple Summary: Lung nodules detected by computed tomography (CT) often require invasive procedures 
for definitive diagnosis. With the increasing use of CT, incidental lung nodules has increased significantly. An 
adjunctive blood-based biomarker test that predicts lung cancer risk could reduce unnecessary interventions 
and focus diagnostic efforts on high-risk patients. This study introduces a blood-based biomarker test that 
predicts lung cancer risk in CT-detected nodules with a sensitivity of 78.4% (95% CI: 75.7-81.1) and a specificity 
of 93.1% (95% CI: 90.0-96.3). 

Abstract: Lung nodules detected by chest computed tomography (CT) often require invasive biopsies for 
definitive diagnosis, leading to unnecessary procedures for benign lesions. A blood-based biomarker test that 
predicts lung cancer risk in CT-detected nodules could help stratify patients and direct invasive diagnostics 
toward high-risk individuals. In this multicenter, single-blinded clinical trial, we evaluated a test measuring 
plasma levels of p53, anti-p53 autoantibody, CYFRA 21-1, and anti-CYFRA 21-1 autoantibody in patients with 
CT-detected lung nodules. Sensitivity, specificity, positive predictive value (PPV), and negative predictive 
value (NPV) were calculated, and subgroup analyses by gender, age, and smoking status were performed. A 
total of 1,132 patients who had CT-detected lung nodules, including 885 lung cancer cases and 247 benign 
lesions, were enrolled from two academic hospitals in South Korea. The test demonstrated a sensitivity of 78.4% 
(95% CI: 75.7-81.1) and specificity of 93.1% (95% CI: 90.0-96.3) in predicting lung cancer in CT-detected nodules. 
The PPV was 97.6%, and the NPV was 54.6%. Performance was consistent across gender (sensitivity 79.3% in 
men and 76.8% in women) and age groups, with a specificity of 93.4% in men and 92.7% in women. Stage I 
lung cancer was detected with a sensitivity of 80.6%. The lung cancer test based on 9G technology presented 
here offers a non-invasive method for stratifying lung cancer risk in patients with CT-detected nodules. Its 
integration into clinical practice could reduce unnecessary interventions and foster earlier detection. 

Keywords: lung nodule; chest CT; biomarker; 9G technology; lung cancer 
 

1. Introduction 

Lung cancer remains the leading cause of cancer-related deaths worldwide [1–3]. Many patients 
get diagnosed at advanced stages, worsening the challenge of effective treatment and a meager 5-
year survival rate [4,5]. Patients diagnosed at early stages (stage 1) exhibit markedly higher survival 
rates compared to those diagnosed in the locally advanced and metastasized stages (54.8% vs. 27.4% 
vs. 4.2%, respectively) [6,7]. This underscores the critical importance of lung cancer diagnosis at stage 
1 in a population-based screening to significantly improve patient outcomes and save lives. Lung 
cancer screening initiatives targeting stage 1 hold immense potential for reducing mortality and 
increasing the 5-year survival rates associated with lung cancer [8].  

National Lung Screening Trials (NLST) have documented that implementing low-dose 
computed tomography (LDCT) in lung cancer screening can lower lung cancer mortality by 
approximately 20% [9,10]. The screening studies have underscored various drawbacks linked to the 
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LDCT, such as invasive work-up and treatment of benign nodules and morbidity [11,12]. The 
distinction of low-risk from high-risk lung cancer patients is necessary for nodules detected on low-
dose chest CT as they may experience more harm than benefit [13,14]. Serial LDCT based Lung 
Computed Tomography Screening Reporting and Data System (Lung-RADS) has been 
recommended in many studies to standardize reporting and management of screening findings [15]. 
Lung-RADS lacks the accuracy to discriminate between benign nodules and early stage malignant 
cancer leading to a high rate of false-positive results (96.4%) [16]. Targeted approaches that allow to 
identify the individuals at high risk of lung cancer after LDCT screening can reduce the overall 
burden and focus the treatment efforts on these individuals [17]. 

Lung cancer test based on 9G technology [18] is a lateral flow strip membrane test that detects 
and measures the CYFRA 21-1, CYFRA 21-1-Anti-CYFRA 21-1 autoantibody complex, p53, and p53-
Anti-p53 autoantibody complex [19,20]. The autoantibodies show 5–10 times higher levels in cancer 
patients than in healthy individuals [21–23] and can be detected in blood up to 3–4 years before 
symptomatic presentation in patients with solid tumors [24,25]. In a previously reported clinical 
study spanning 244 lung cancer patients and 359 healthy individuals, the Lung Cancer test has shown 
a specificity of 97.3% and sensitivity of 75.0% [19]. This paper reports the results of a multicenter, 
single-blinded, retrospective, clinical performance study (n = 1399) to evaluate the performance of 
Lung Cancer test to classify patients with a confirmed nodule on chest CT findings into high-risk or 
low-risk categories of lung cancer. 

2. Materials and Methods 

2.1. Study Design 

This multicenter, single-blinded study evaluated the performance of a blood-based diagnostic 
test for predicting lung cancer risk in patients with CT-detected lung nodules. The primary objective 
was to determine the test’s sensitivity in detecting lung cancer by measureing plasma levels of cancer 
proliferation markers (p53, p53-anti-p53 autoantibody complex) and lung cancer-specific markers 
(CYFRA 21-1, CYFRA 21-1-anti-CYFRA 21-1 autoantibody complex). Secondary objectives included 
determining the positive and negative predictive values, and evaluating the test’s performance across 
different stages and histological classifications. 

Data from in vitro diagnostic devices and multi-marker tests show sensitivities typically range 
from 37% to 77%, averaging 62.2%, and specificities between 80% and 91%, averaging 84.7% [26–29]. 
Based on these benchmarks, the minimum performance criteria for this test were set at 62% sensitivity 
and 85% specificity. A previous study reported a sensitivity of 75.0% and specificity of 97.3% [19]. 
For this trial, the target performance was set at 69% sensitivity (minimum 62%) and 92% specificity 
(minimum 85%), with a significance level of 2.5% and statistical power of 98%. To achieve these 
targets, the required sample size was calculated using equations Eq. S1 and Eq. S2. The calculated  
sample sizes for lung cancer cases and benign cases were 704 and 196, respectively. A 20% buffer for 
dropout was included, resulting in a final recruitment target of 1,050 lung cancer cases and 349 benign 
cases.  

The study was conducted at two academic hospitals in South Korea, including Seoul National 
University Hospital and Konkuk University Hospital. The study protocols were approved by the 
institutional review boards at Seoul National University Hospital (No. D-2210-098-1370) and Konkuk 
University Hospital (No. 2022-10-061-003). Archived samples with written informed consent for 
future research use were used. 

2.2. Study Population 

Patients aged 50 to 79 years with CT-detected lung nodules between 2009 and 2020 were eligible 
for inclusion. Patients with unanalyzable blood samples or insufficient clinical data were excluded 
AJCC cancer staging manual (8th version) was followed for staging of NSCLC samples [30]. 

2.3. Laboratory Methods 
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2.3.1. Blood Sample Storage and Processing Method 

The whole blood sample was collected into an anticoagulant tube, treated with EDTA (lavender 
topped). Samples were then centrifuged for 10 min in refrigerated centrifuge at 1000-2000 x g to 
separate blood cells from plasma (Platelet depletion can occur if the centrifugation at 2000 x g extends 
for 15 min). Samples were then separated into 0.5 mL aliquots and stored at 2-8 °C for immediate use 
or at -20 °C or below for later use. Multiple freeze-thaw cycles were avoided to retain the validity of 
test results. Samples that are hemolyzed, lipemic or icteric were not used as they may impact the test 
results. Blood samples were randomly assigned into two groups, with each group analyzed by 
independent teams blinded to clinical information during this research. 

2.3.2. Diagnostic Test 

The 9G testTM Cancer/Lung test (Biometrix Technology Inc., Chuncheon, South Korea) was used 
to detect the lung-cancer related biomarkers, including p53 (CS-2), p53-anti-p53 autoantibody 
complex (CS-1), CYFRA 21-1 (LS-2), and CYFRA 21-1-anti-CYFRA 21-1 autoantibody complex (LS-
1) by following the manuscfacturers protocol. A 20 µL of plasma from each patient was introduced 
into four separate reaction tubes containing reagents specific to each biomarker. The biomarkers were 
detected through bio-complex formation between target molecules in the plasma and monoclonal 
antibodies linked to Fluorobeads (FD) and Latexbeads (LD).  

For CS-1 detection, the reaction involved Fluorobeads conjugated with monoclonal human IgG 
and Latexbeads conjugated with monoclonal p53 capture antibody, which formed a bio-complex p53-
anti-p53 autoantibody complex with p53 in the plasma. CS-2 detection involved the reaction between 
Fluorobeads conjugated with monoclonal p53 detection antibody and Latexbeads conjugated with 
p53 capture antibody, which forms a biocomplex with free p53 present in the plasma. For LS-1 
detection, the reaction targeted CYFRA 21-1-anti-CYFRA 21-1 autoantibody complex using 
Fluorobeads conjugated with human IgG and Latexbeads conjugated with monoclonal CYFRA 21-1 
capture antibody. For LS-2 detection involved the reaction between Fluorobeads conjugated with 
monoclonal CYFRA 21-1 detection antibody and Latexbeads conjugated with CYFRA 21-1 capture 
antibody, which forms a biocomplex with free CYFRA 21-1 protein in the plasma. 

Each reaction was processed by the automated 9G-1000 system, which loads the samples, 
performs the washing steps with a buffer solution, and automatically calculates the signal for each 
marker (supporting information Link S1 for video guide). After the reactions, the respective values 
CS-1, CS-2, LS-1, and LS2 were recorded and used for the determination of a Index value [31] using 
Eq. S3. 

2.4. Statistical Analysis 

Continuous variables were reported as mean ± standard deviation (SD), and categorical 
variables as frequencies and percentages. Test performance was assessed by calculating sensitivity, 
specificity, positive predictive value (PPV), and negative predictive value (NPV), all with 95% 
confidence intervals (CI). Statistical comparisons were performed using the chi-square test for 
categorical variables, Fisher’s exact test when appropriate, and the Student’s t-test or Wilcoxon rank-
sum test for continuous variables. Statistical analysis was performed using MedCalc version 17.4.4 
(MedCalc Software, Mariakerke, Belgium). 

3. Results 

A total of 1,132 patients (885 lung cancer and 247 benign) were included (Figure 1). 1,399 samples 
comprising 1,050 cancer and 349 benign samples were initially recruited for this study. 2/1,050 cancer 
samples that showed metastasis to other organs and 163/1,050 cancer samples from individuals with 
age <50 and >79 were excluded from this study. Similarly, 102/349 benign samples were excluded 
from this study based on age criteria (<50 Age >79). 1,132 remaining samples (Cancer, n=885; benign, 
n=247) were then tested using Lung Cancer test. All samples were discreetly analyzed by blinding 
the information of the origin and types of the samples. 
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Figure 1. A flow chart indicates the recruitment of samples for evaluating the clinical performance of 
the Lung Cancer test. 

There were 885 lung cancer cases and 247 benign cases in our study. Tables 1 and S1 show the 
characteristics of samples included in this study. Sample specimens were collected from about 703 
(62.1%) men and 429 (37.9%) women. The average age of patients with lung cancer and with benign 
diagnosis were 67.0 years (range: 50.0-79.0 years) and 66.7 years (range: 50.0-79.0 years), respectively. 
Smoking history was checked in both cancer patients and patients with benign diseases. Among the 
885 cancer cases, 62.8% were identified as smokers, and 37.2% of patients never smoked. Whereas in 
patients with benign disease, 50.6% of cases were identified as smokers, and 49.4% of patients never 
smoked. Among the 885 cancer patients, 757 (85.5%) and 128 (14.5%) patients were diagnosed with 
non-small cell lung cancer (NSCLC) and small cell lung cancer (SCLC), respectively. Among the 757 
NSCLC cases, lung cancer stages were identified as Stage I (408, 53.9%), Stage II (142, 18.8%), Stage 
III (146, 19.3%), and Stage IV (61, 8.1%). The 128 SCLC cases were identified as limited disease (57, 
44.5%) and extensive disease (71, 55.5%). 

Table 1. Characteristics of lung cancer and benign cases analyzed by the Lung Cancer test. 

Parameter 
Cancer 

(N = 885) 
Benign 

(N = 247) 
Overall 

(N = 1,132) 
Gender, n (%)    

a man 566 (63.9) 137 (55.5) 703 (62.1) 
a woman 319 (36.1) 110 (44.5) 429 (37.9) 

Age (years)    
N 885 247 1,132 

means 67.0 ± 7.35 65.7 ± 8.31 66.7 ± 7.58 
median 67.0 66.0 67.0 

min~max 50.0 ~ 79.0 50.0 ~ 79.0 50.0 ~ 79.0 
Age category, n (%)    

50 ~ 59 153 (17.3) 75 (30.4) 228 (20.1) 
60 ~ 69 380 (42.9) 72 (29.2) 452 (39.9) 
70 ~ 79 352 (39.8) 100 (40.5) 452 (39.9) 

Smoking history, n (%)    
Smoker 556 (62.8) 125 (50.6) 681 (60.2) 

Never smoker 329 (37.2) 122 (49.4) 451 (39.8) 
Histological classification, n (%)    

Non-Small Cell Lung Cancer (NSCLC) 757 (85.5) - 757 (85.5) 
Small Cell Lung Cancer (SCLC) 128 (14.5) - 128 (14.5) 

Stage of lung cancer - † for NSCLC, n (%)    
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Stage I 408 (53.9) - 408 (53.9) 
Stage II 142 (18.8) - 142 (18.8) 
Stage III 146 (19.3) - 146 (19.3) 
Stage IV 61 (8.06) - 61 (8.06) 

Stage of lung cancer - ‡ for SCLC, n (%)    
Limited Disease (LD) 57 (44.5) - 57 (44.5) 

Extensive Disease (ED) 71 (55.5) - 71 (55.5) 
N, Number of samples included in the analysis for each group; n, Number of samples used in the actual analysis 
for each group; SD, Standard Deviation; †, AJCC cancer staging manual (8th version) was followed for staging 
of NSCLC samples; ‡, Among cancers, SCLC samples were analyzed as the standard (denominator). 

All of these 1,132 samples were tested discreetly using Lung Cancer test to determine the levels 
of CS-1, CS-2, LS-1, and LS-2 as shown in Figure 2a,b. It is clear from Figure 2 that the levels of these 
four markers alone do not allow efficient discrimination between the lung cancer and benign patients. 
However, as shown in Figure 2C, an ROC curve of the Index values calculated using the levels of 
these four biomarkers can efficiently differentiate between the lung cancer and benign patients. The 
ROC analyses of the two ratios (CS-1/CS-2 and LS-1/LS-2) and the Index values are presented in 
Figure 2c. The cut-off Index value of 3.5 was aimed at the area under the curve (AUC) of 0.928. Thus, 
an Index value of 3.5 was selected to discriminate the patients between high-risk (Index > 3.5) and 
low-risk (Index ≤ 3.5) of lung cancer. The cut-off of 3.5 achieved sensitivity of 78.4% (95% CI: 75.7-
81.1) and specificity of 93.1% (95% CI: 90.0-96.3) for diagnosing all lung cancer stages (I–IV). These 
results are in accordance with the results in recent report, where a cut-off of 3.60 achieved 81.0% 
sensitivity and 95.0% specificity for diagnosing all LC stages (I–IV) [32]. 

 
Figure 2. Graph representing the raw values of a) CS-1 (p53-anti-p53 autoantibody complex) and CS-
2 (p53), b) LS-1 (CYFRA 21-1-anti-CYFRA 21-1 autoantibody complex) and LS-2 (CYFRA21-1) in 
cancer and benign patient samples. c) ROC curve analyses comparing two ratios CS-1/CS-2, LS-1/LS-
2, and the index value for distinguishing lung cancer from benign cases. 

As shown in Table 2 (Figure S1), about 694 (78.4%) cancer patients were identified as high-risk 
of lung cancer cases, and 191 (21.6%) cancer patients were identified as low-risk of lung cancer cases. 
Based on these results, the sensitivity and specificity of the Lung Cancer test for lung cancer diagnosis 
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were 78.4% and 93.1%, respectively. Positive and negative predictive values were found to be 97.6% 
and 54.6%, respectively, with an overall concordance value of 81.6%. 

Table 2. Sensitivity and specificity of Lung Cancer test for identification of risk of lung cancer based 
on Index value. 

Parameter High-risk of lung 
cancer (Index > 3.5) 

Low-risk of lung 
cancer (Index ≤ 3.5) 

Sensitivity (%) 
(95% CI) 

Specificity (%) 
(95% CI) 

  

Cancer 
(N = 885) 

694 (78.4%) 191 (21.6%) 78.4 
(75.7, 81.1) 

93.1 
(90.0, 96.3) 

  

Benign 
(N = 247) 17 (6.98%) 230 (93.1%) - -   

N, Number of samples included in analysis for each group. 

The obtained data was also analyzed to determine the gender-specific sensitivity and specificity 
of the Lung Cancer test to identify the risk of lung cancer. As shown in Table S2 (Figure S2), out of 
566 men, about 449 (79.3%) cancer patients were identified as high-risk of lung cancer cases, and 117 
(20.7%) cancer patients were identified as low-risk of lung cancer cases. Whereas, out of 319 women, 
about 245 (76.8%) cancer patients were identified as high-risk of lung cancer cases, and 74 (23.2%) 
cancer patients were identified as low-risk of lung cancer cases. Thus, at the specificity of 93.4%, the 
sensitivity of the Lung Cancer test for identification of men at a high-risk of lung cancer was found 
to be 79.3%. Similarly, the Lung Cancer test demonstrated 76.8% sensitivity and 92.7% specificity for 
identifying women at a high-risk of lung cancer. 

As shown in Table S3 (Figure S3), the ability of the Lung Cancer test for age-specific 
identification of the risk of lung cancer was evaluated. Lung Cancer test demonstrated the sensitivity 
(specificity) values of 78.4% (94.7%), 79.5% (93.1%), and 77.8% (92.0%) for the identification of 
individuals at a high-risk of lung cancer in the age groups of 50 – 59 years, 60 – 69 years, and 70 – 79 
years, respectively. Smoking-history specific sensitivity (specificity) of Lung Cancer test for 
identification of individuals at a high-risk of lung cancer among smokers and never-smokers was 
found to be 78.8% (94.4%) and 77.8% (91.8%), respectively, as shown in Table S4 (Figure S4). 

As mentioned earlier, 757/885 cancer patients were diagnosed with NSCLC. Whereas, 128/885 
(14.5%) cancer patients were diagnosed with SCLC. We analyzed the Index values in these two 
categories to estimate the sensitivity and specificity of the Lung Cancer test for histology-specific 
identification of individuals at a high-risk of lung cancer. As shown in Table S5 (Figure S5), the tumor 
tissue histology-based sensitivity and specificity of Lung Cancer test for identification of high-risk 
lung cancer patients were 78.1% and 93.1% for patients with NSCLC. In SCLC patients, the sensitivity 
and specificity of the Lung Cancer test were 80.5% and 93.1%. 

As shown in Table S6 (Figure S6), the Index cut-off value of 3.5 allows the Lung Cancer test to 
identify patients at high risk of cancer at stages I, II, III, IV, LD, and ED with sensitivities of 80.6%, 
73.2%, 74.0%, 82.0%, 82.5%, and 78.9%, respectively, at a specificity of 93.1%. 

4. Discussion 

Even though lung cancer screening plays a crucial role in detecting lung cancer at stages (Stage 
I – II), the prevalence of false positives, which lead to overdiagnosis, remains a significant concern in 
cancer screening programs [33,34]. Traditionally, chest X-rays (CXR) and sputum cytology have been 
the standard procedures for screening lung tumors. Yet, these traditional methods fail to identify 
lung cancer effectively during its initial stages [35,36]. On the contrary, LDCT has emerged as a highly 
effective method for mass screening lung cancer, offering a significant improvement in detecting 
early-stage lung tumors [37]. The Early Lung Cancer Action Project (ELCAP) findings indicated that 
LDCT scans were six-fold more precise and sensitive than CXR [38]. The utilization of LDCT in large-
scale screenings has been instrumental in identifying lung cancers at stages 1, thereby enhancing the 
five-year survival rates among patients [39,40]. Clinical trials have confirmed that LDCT-based 
screening can lead to a 20% decrease in lung cancer mortality and a 7% reduction in overall mortality 
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compared to CXR, establishing LDCT as the superior method currently available for lung cancer 
screening [10,41]. 

Despite its advantages, the major limitation of LDCT lies in its high rate of false positives, with 
96% of positive results being non-cancerous upon further investigation through biopsy [41]. These 
facts underscore the need for a test to complement LDCT and help distinguish between true and false 
positives. While biopsy remains the definitive method for cancer diagnosis, it is impractical to 
perform on a large scale due to the sheer volume of positive LDCT results. Therefore, a non-invasive 
blood-based biomarker test is greatly sought to accompany LDCT in lung cancer screening [22,42,43]. 
Lung Cancer test, a non-invasive blood-based biomarker test, can enhance the diagnostic process and 
significantly reduce the rate of false positives associated with LDCT [44–46], making it a valuable tool 
in the early detection and management of lung cancer. 

The results of our multicenter, single-blinded clinical performance study provide compelling 
evidence for the efficacy of the Lung Cancer test in identifying individuals at a high-risk of lung 
cancer. The study’s findings are particularly significant given the urgent need for effective screening 
tools to distinguish between low-risk individuals and those who may benefit most from further 
diagnostic evaluation. The Lung Cancer test presented here demonstrated a sensitivity of 78.4% and 
a specificity of 93.1%, indicating a high degree of accuracy in detecting lung cancer among patients 
with confirmed nodules on chest CT findings. These performance metrics are strengthened by the 
positive predictive value of 97.6% and a negative predictive value of 54.6%, underscoring its potential 
as a valuable adjunct to LDCT screening in community settings.  

The gender-specific analysis revealed that the test maintains a high specificity of 93.4% in men 
and 92.7% in women, with sensitivities of 79.3% and 76.8%, respectively. These results suggest that 
the Lung Cancer test is equally effective across genders, which is crucial for its application in a diverse 
population. The age-specific evaluations of the Lung Cancer test further support its robustness, with 
sensitivity and specificity remaining consistent across different age groups. This consistency is 
essential for the in vitro diagnostic test and its utility in population-based screening programs, which 
often encompass a wide age range. 

The Lung Cancer test demonstrated the ability to identify the patients that are at a high-risk of 
cancer irrespective of histological cancer types, including NSCLC and SCLC, indicated by the 
sensitivities of 78.1% and 80.5%, respectively, at a specificity of 93.1%. The high sensitivity and 
specificity Lung Cancer test, adds another layer of precision to its diagnostic capabilities. Moreover, 
the Index cut-off value of 3.5 effectively stratifies patients into high-risk and low-risk categories, 
facilitating targeted intervention for those most likely to benefit from it. The Lung Cancer test’s high 
sensitivity across smoker and never-smoker groups indicates that it can correctly identify patients 
with a high risk of lung cancer.  

Early-stage detection of lung cancer is a critical component in the fight against lung cancer. It 
involves identifying cancer at stage 1 when it is still localized and has not spread to other parts of the 
body, which is paramount in improving patient outcomes. The Lung Cancer test allows the detection 
of NSCLC stage I and stage II lung cancers with a sensitivity of 80.6% and 73.2%, respectively, at a 
specificity of 93.1%. Whereas ED, categorized as SCLC based on histology, was detected with a 
sensitivity of 82.5% at a specificity of 93.1%.  

Notably, the Lung Cancer test facilitated the early-stage detection of both NSCLC and SCLC, 
with high sensitivity and specificity. Integration of this test into lung cancer screening protocols along 
with LDCT holds potential to significantly advance the early-stage lung cancer detection and 
significantly reduce the false positive rate which is crucial to transform the landscape of lung cancer 
management. 

5. Conclusions 

In conclusion, the results of our clinical performance study provide compelling evidence for the 
efficacy of the Lung Cancer test in identifying individuals at a high-risk of lung cancer. With a 
sensitivity of 78.4% and a specificity of 93.1%, the test demonstrates high accuracy in detecting lung 
cancer. The sensitivities for the detection of NSCLC and SCLC were 78.1% and 80.5%, respectively. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 15 October 2024 doi:10.20944/preprints202410.0991.v1

https://doi.org/10.20944/preprints202410.0991.v1


 8 

 

The sensitivities for the detection of Stage I, Stage II, Stage III, and Stage IV lung cancers were 80.6%, 
73.2%, 74.0%, and 82.0%, respectively, at the specificity of 93.1%. Gender-specific analysis revealed 
consistent effectiveness across genders, while age-specific evaluations demonstrated consistency 
across different age groups, which is essential for its application in diverse populations. Therefore, 
we believe that integrating the Lung Cancer test presented here into lung cancer screening protocols 
can significantly advance early-stage lung cancer detection and potentially transform the landscape 
of lung cancer management. 

Supplementary Materials: The following supporting information can be downloaded at: 
www.mdpi.com/xxx/s1, Eq. S1. Equation for calculating the number of samples required for intended sensitivity 
of the test; Eq. S2. Equation for calculating the number of samples required for intended specificity of the test; 
Link S1. 9G test™ Lung Cancer Kit user guide; Eq. S3. Equation for calculation of Index Value; Table S1. Clinical 
samples (n=1399) collected at Konkuk University Hospital (n=388, 27.7%), and Seoul National University 
Hospital (1011, 72.3%); Figure S1. Sensitivity, Specificity, PPV and NPV of Lung Cancer test for identification of 
risk of lung cancer; Table S2. Gender-specific sensitivity and specificity of 9G testTM Cancer/Lung test for 
identification of risk of lung cancer; Figure S2. Gender specific sensitivity and specificity of Lung Cancer test for 
identification of risk of lung cancer; Table S3. Sensitivity and specificity of the 9G testTM Cancer/Lung test for 
identifying the risk of lung cancer in various age groups; Figure S3. Age-group specific sensitivity and specificity 
of Lung Cancer test for identification of risk of lung cancer; Table S4. Smoking-history specific sensitivity and 
specificity of Lung Cancer test for identification of risk of lung cancer; Figure S4. Smoking-history specific 
sensitivity and specificity of Lung Cancer test for identification of risk of lung cancer; Table S5. Tumor tissue 
histology based sensitivity and specificity of Lung Cancer test for identification of risk of lung cancer; Figure S5. 
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