
INTRODUCTION
• There are nearly 1.6 million lung nodules identified as incidental findings on CT scans each year in 

the U.S., and approximately 5% will prove to be a lung cancer.¹ Increased implementation of low dose 

CT screening will lead to increased numbers of both benign and malignant nodules that will require 

effective management. In the National Lung Screening Trial (NLST), 96.4% of nodules identified proved 

ultimately to be benign, whereas 3.6% were found to be a cancer.² 

• The primary goals of management in these patients are the prompt identification and treatment 

of those with cancer and the avoidance of unnecessary diagnostic procedures in those without 

cancer. Current guidelines from the American College of Chest Physicians recommend an initial 

assessment of the risk of malignancy, with the result dictating subsequent management. CT 

surveillance is recommended for patients at “very low risk” (<5%); non-surgical biopsy or surgical 

resection (dependent on the results of positron emission tomography) is recommended for patients at 

intermediate risk (“low to moderate risk”, 5 – 65%); and surgical resection or other ablative therapy is 

recommended for patients deemed “high risk” (>65%).³

• We have previously shown that genomic changes associated with cancer can be detected in the cells 

from the nasal epithelium in current and former smokers, utilizing the “field of injury” principle.⁴ We 

further demonstrated that a nasal genomic-clinical classifier developed using whole-transcriptome 

RNA sequencing and advanced machine learning has the potential to serve as a non-invasive tool for 

lung cancer risk assessment in patients with pulmonary nodules.⁵

• We now report the multi-center, pivotal clinical validation results of our locked nasal swab classifier 

that combines both genomic and clinical features to risk stratify lung nodules in ever-smokers to aid in 

the diagnosis of lung cancer.

METHODS
• Brushings of the nasal epithelium were prospectively collected in patients with lung nodules from 

multiple cohorts.

• All patients were current or former smokers with a lung lesion on chest CT.  

• Patients were followed for up to one year or until a final diagnosis of lung cancer or benign disease 

was made.

• Purified RNA was analyzed using RNA whole-transcriptome sequencing.

• The final nasal classifier uses gene expression as well as clinical factors (age, pack-years, years since-

quit, nodule size and nodule spiculation). 

• The nasal classifier was developed from a training set consisting of over 1100 patients.

• Two decision boundaries were chosen: one for low risk stratification with > 95% sensitivity to ensure 

high NPV; and one for high risk stratification with > 90% specificity to ensure high PPV.

• A novel PCA-based normalization method effectively controls technical variability and  

cell-type composition.
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METHODS—CONT’D.

CONCLUSIONS
• A nasal classifier was developed using machine learning from RNA whole transcriptome sequencing 

and clinical features. It was locked and validated on an independent test set of n=249 patients. 

• By utilizing two decision boundaries, a lower cut-off to stratify low vs. intermediate risk and a second, 

higher cut-off to stratify intermediate vs. high risk, the classifier is able to optimize NPV to rule-out 

cancer for the low risk category while optimizing PPV to rule-in cancer for the high risk category.

• The nasal classifier identifies > 40% (41.7% Specificity) of true benign patients as low risk with 96.3% 

sensitivity, resulting in 97.1% NPV in a population with 25% cancer prevalence. Thus the risk of 

malignancy for patients called low risk by the classifier is < 3% (1-NPV) where guidelines recommend 

surveillance.

• The nasal classifier identifies ~60% (58.2% sensitivity) of true malignant patients as high risk with 

90.4% specificity, resulting in 67.0% PPV in a population with 25% cancer prevalence. Thus the risk 

of malignancy for patients called high risk by the classifier is 67.0%, exceeding the current guideline 

threshold for consideration of surgical resection or other ablative therapy if a staging evaluation 

confirms early-stage disease.

• Patients who do not meet the stringent cut-offs for low or high risk are identified as intermediate 

risk. In a population with 25% cancer prevalence, the prevalence of malignancy for patients called 

intermediate risk would be 20.7%, consistent with guidelines which provide a range for intermediate 

risk patients as between 5-65% for whom diagnostic biopsy is recommended.

• By increasing confidence in the accuracy of the initial risk assessment with statistical significance 

over clinical risk models, physicians may be more likely to adhere to the current guidelines for lung 

nodule management.

• Genomic indices (gender, current vs. former smoker and smoking duration) were developed and actively 

incorporated in the final classifier. 

• A layered structure was utilized to handle cohort diversity and accurately stratify patients to low, 

intermediate and high risk per guideline definitions.

• A total of 502 genes were used in the classifier.

• The performance of the classifier was evaluated in an independent, pivotal clinical validation set from the 

AEGIS and Lahey combined cohorts consisting of a total of 249 patients.

TABLE 2. 
Classifier Performance
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FIGURE 1. 
Consort Diagram of Training and Validation Sets

TABLE 1. 
Patient and Nodule Characteristics 

Total 
(n=249)

Low Risk 
(n=53)

Intermediate Risk 
(n=107)

High Risk 
(n=89)

Low Risk Performance*
(intermediate + high as positive)

High Risk Performance
(low + intermediate as negative)

Benign 
(n=115)

48 56 11
Specificity = 41.7% 

(33.1%-50.9%)
Specificity = 90.4% 
(83.68%-94.57%)

Malignant 
(n=134)

5 51 78
Sensitivity = 96.3% 

(91.6%-98.4%)
Sensitivity = 58.2% 
(49.74%-66.22%)

Cancer 
Prevalence

5/53 = 9.4% 51/107 = 47.7% 78/89 = 87.6% Prevalence Extrapolated to 25% Prevalence Extrapolated to 25%

Classifier  
Performance

NPV=90.6% --- PPV=87.6% NPV=97.1% PPV=67.0%

* Comparison to clinical risk model (VA/Gould) resulted in p-value of 0.019 for low-risk classification, demonstrating significantly better performance by the proposed nasal swab classifier

FIGURE 2. 
Data-driven, guideline-adherent management of current or former smokers with screen detected or 
incidental lung nodules (at an estimated cancer prevalence of 25%)

Unevaluable Patients 
n=34

Failed QC

Allocated to Validation 
n=133 Patients

Evaluable Patients 
n=344

Prior Cancer Exclusion 
n=36 Patients

Validation Set 
n=90 Patients

Allocated to Validation 
n=491 Patients

Validation Set 
n=159 Patients

AEGIS Cohort 
n=1723 Patients

Evaluable Patients 
n=1400

Lahey Cohort 
n=378 Patients

Unevaluable Patients 
n=323 

Failed QC 
Inadequate Sample 

No Diagnosis 
Never Smoker

Nodule Size Exclusion 
n=7 Patients

Prior Cancer Exclusion 
n=102 Patients

Nodule Size and 
Shipping Exclusions 

n=230 Patients

Validation Set 
n=249 Patients

Allocated to Training 
n=211 Patients

Allocated to Training 
n=909 Patients

• Ever smokers

• No prior or concurrent cancers

• Nodule size ≤ 30mm

Category Sub-category
Benign 
n=115

Malignant 
n=134

Total 
n=249

Age Median 63 66 65

Sex 
n (%)

M 66 (57.4%) 85 (63.4%) 151 (60.6%)

F 49 (42.6%) 49 (36.6%) 98 (39.4%)

Smoking 
n (%)

Current 46 (40.0%) 65 (48.5%) 111 (44.6%) 

Former 69 (60.0%) 69 (51.5%) 138 (55.4%)

Pack – Years Median 36 50 43

Nodule Size (cm)  
n (%)

< 1 71 (61.7%) 20 (14.9%) 91 (36.6%)

1 - 2 31 (27.0%) 56 (41.8%) 87 (34.9%)

> 2 - 3 13 (11.3%) 58 (43.3%) 71 (28.5%)

Spiculation 
n (%)

Yes 9 (7.8%) 40 (29.9%) 49 (19.7%)

No 106 (92.2%) 94 (70.1%)  200 (80.3%)

Nodule Location  
n (%)

Upper lobe 34 (29.5%) 75 (56.0%) 109 (43.8%)

Non-upper lobe 63 (54.8%) 48 (35.8%) 111 (44.6%)

Unknown 18 (15.7%) 11 (8.2%) 29 (11.6%)

Histology 
 n (%)

SCLC 19 (14.2%)

NSCLC 102 (76.1%)

Other/Unknown 13 (9.7%)

NSCLC Type 
n (%)

Adenocarcinoma 51 (50.0%)

Squamous Cell 36 (35.3%)

Large Cell  2 (2.0%)

Other/Unknown 13 (12.7%)

Validation Set, Combined Cohorts

RESULTS

RESULTS—CONT’D.


