
222 AEGIS patients with low or intermediate 
pretest probability of lung cancer

23 patients diagnosed with 
malignancy at bronchoscopy

199 patients with an inconclusive index 
bronchoscopy procedure

188 patients with follow-up diagnostic 
procedures data available

11 patients with no diagnostic 
procedure data available

35 patients diagnosed 
with lung cancer

153 patients with 
benign diagnoses

BACKGROUND
Suspicious lesions on chest imaging present a unique diagnostic challenge. Incidental 
lung lesions are increasingly common [1], and with the recent evidence from the National 
Lung Screening Trial for utility of low-dose CT screening for lung cancer [2] a significant 
increase in the identification of patients with suspicious lung lesions that require diagnostic 
evaluation will continue to increase. The sensitivity of bronchoscopy for smaller, peripherally 
located lesions is limited leading to diagnostic ambiguity when bronchoscopy is 
inconclusive. Physicians must balance the risks of invasive procedures in patients who may 
have a benign lesion versus the possibility of a delayed lung cancer diagnosis [3].

Recently a bronchial genomic classifier, based on analysis of gene expression measured in 
cytologically normal appearing bronchial epithelial cells, was validated in two prospective 
multicenter studies and was shown to significantly improve the sensitivity of bronchoscopy 
[4, 5].  Here we present an examination of the rate of invasive diagnostic procedures 
observed in the those studies and also model the ability of the classifier to reduce the 
rate of invasive procedures in patients ultimately diagnosed with benign disease after an 
inconclusive bronchoscopy. 

METHODS
The prospective, multicenter (28 centers) Airway Epithelial Gene Expression in the Diagnosis 
of Lung Cancer (AEGIS) trials (NCT01309087 and NCT00746759) have been previously 
described [5]. A previously validated 23-gene expression classifier [4, 5] (Percepta; Veracyte, 
Inc.) was used to classify patients as low risk (<10%) or intermediate risk (10-60%). 

Prior to bronchoscopy, the treating physician assessed each patient’s pretest probability of 
cancer which was binned as either low (< 10%), intermediate (10% to 60%), or high (> 60%). 
This study includes the 222 patients (24%) in the AEGIS trials, with a low or intermediate 
pretest probability (i.e., < 60%) and who had a negative classifier score. When bronchoscopy 
was inconclusive the additional procedures used to render a diagnosis were recorded. 
Procedures were categorized as either invasive (including repeat bronchoscopy, TTNB, and 
surgical biopsy) or non-invasive.   

RESULTS
Of 222 patients with a low or intermediate pre-test probability of cancer, 188 (85%) had an 
inconclusive index bronchoscopy and follow-up diagnostic procedure performed (Figure 1), 
which consisted of 35 diagnosed with lung cancer and 153 with benign diagnoses.

Seventy-seven (41%) of the 188 patients underwent an additional 99 additional invasive 
procedures, including 15 patients with low pre-test probability and 81 procedures in 62 
patients with intermediate probability (Table 1). Forty-two (55%) of the 77 patients in the 
combined low and intermediate probability categories who underwent additional invasive 
testing were ultimately diagnosed with benign disease. Among patients with intermediate 
probability who underwent a subsequent procedure, 29 (47%) of 62 patients were diagnosed 
with benign disease, compared with 13 (87%) of 15 patients with low probability who were 
found to have benign disease (Fig 2). Among the 77 patients who underwent subsequent 
invasive testing, 40 (52%) had a surgical lung biopsy, of which half were performed in patients 
with benign disease (20 of 40 patients), (Fig 2).

Patients with an inconclusive bronchoscopy who had a negative classifier result (leading to 
<10% posttest probability of cancer) could potentially avoid subsequent invasive procedures 
assuming that a negative classifier score would result in a decision to use surveillance 
imaging only. Among the 153 total patients with benign disease 83 (54%) had a negative 
classifier result (Fig 3). Of the 153, 42 (27%) with benign disease underwent additional 
invasive procedures and with 21 (50%), the classifier was negative (i.e., true-negatives). In 
total 46% (24 of 52) of all invasive procedures performed in patients with benign disease 
could have been avoided relying on the classifier results. Among 35 patients with an 
inconclusive index bronchoscopy who were diagnosed with lung cancer, there were 4 
patients with a negative classifier result (false-negative rate of 11%) which could lead to a 
delay in diagnosis (Fig 4). Using standard clinical practice, in the AEGIS studies, 27 of the 35 
(80%) patients with lung cancer had a diagnosis established within 3 months of the index 
bronchoscopy, whereas 8 (20%) had a delay in their diagnosis of between 3 and 12 months. 

FIGURE 2.

Subsequent invasive procedures following inconclusive bronchoscopy 

FIGURE 3.

Potential clinical utility of the bronchial genomic classifier among 
patients with benign lung disease

FIGURE 4.

Pre- and Post-test probability 
as assessed by physicians and 
the genomic classifier among 
patients with lung cancer
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FIGURE 1.

Study exclusions employed to identify the population of 
patients with a low or intermediate probability of cancer 
with an inconclusive bronchoscopy in AEGIS-1 and -2.

Study exclusions used to identify the population of patients with a low or intermediate probability of cancer who had 
an inconclusive bronchoscopy in AEGIS-1 and -2. A total of 222 patients in the AEGIS trials were found to have a low or 
intermediate pretest probability of cancer. Of those, 23 patients had a diagnosis of lung cancer at bronchoscopy and 
the remaining 199 (90%) had an inconclusive bronchoscopy, in which no malignancy was found. Longitudinal diagnosis 
and procedure utilization data were unavailable for 11 patients; the final analytical cohort of 188 patients consisted of 35 
diagnosed with lung cancer and 153 with benign diagnoses during the follow-up period.

Figure 2A. Patient-level analysis of subsequent invasive procedures after 
inconclusive bronchoscopy is shown. The number of patients stratified 
by physician-assigned pretest probability of lung cancer categories—
low (< 10%) or intermediate (10%-60%)—who had invasive procedures 
(shaded) was compared with those who did not have invasive procedures 
(unshaded) during the study period. Among patients who had invasive 
procedures, the number of patients who were diagnosed with benign 
disease is shaded black.

Figure 2B. Procedure-level analysis of subsequent invasive procedures 
after inconclusive bronchoscopy is shown. The absolute number of 
procedures performed in patients in low and intermediate pretest 
probability groups are presented; procedures performed on patients with 
benign disease are shaded black.  

Figure 3A.  Potential clinical utility of the bronchial genomic 
classifier is shown for total patients ultimately diagnosed 
with benign disease (n ¼ 153), consisting of 84 (55%) 
with intermediate pretest probability of lung cancer and 
69 (45%) with low probability. Forty-one (49%) patients 
with intermediate pretest probability had a negative 
classifier score and were correctly predicted to have a low 
posttest probability. Forty-two (61%) patients with low 
pretest probability had a negative score and were correctly 
predicted to have a very low posttest probability. 

Figure 3B. Potential clinical utility of the bronchial 
genomic classifier is shown for patients diagnosed with 
benign disease who underwent invasive procedures after 
an inconclusive bronchoscopy. Invasive procedures could 
have been avoided in 21 (50%) of 42 patients, including 
12 (41%) of 29 patients with intermediate probability and 
9 (69%) of 13 patients with low probability. Four (31%) of 
13 patients with a low pretest probability who went on to 
have additional procedures had a positive classifier result, 
which would likely not have resulted in a change in the 
diagnostic approach chosen for these patients.

Pretest and posttest probability of cancer as assessed by physicians and the 
genomic classifier is shown for the 35 patients diagnosed with lung cancer 
during the study period. Overall, 31 (89%) patients with lung cancer had a 
positive classifier score, and 4 (11%) had a negative classifier score (ie, false 
negatives). Of the 33 patients with an intermediate pretest probability, 29 
(88%) had a positive classifier score, and 4 (12%) had a negative classifier score. 
Of the 2 patients with a low pretest probability, 100% had a positive score.
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TABLE 1.

Invasive procedures following an  
inconclusive bronchoscopy

 All 
(% of total)

Low probability  
(<10%) (% of total)

Intermediate probability  
(10-60%) (% of total) P-value

Total number of patients 188 71 117  

Patients with any invasive 
procedure 77 (41%) 15 (21%) 62 (53%) 0.004

Patients with:     

Repeat Bronchoscopy 39 (21%) 10 (14%) 29 (25%) 0.198

Trans-thoracic needle 
aspiration 20 (11%) 1 (1%) 19 (16%) 0.002

Surgery 40 (21%) 7 (10%) 33 (28%) 0.016

Total procedures* 99 18 81  

CONCLUSIONS
There is a relatively high frequency of invasive diagnostic 
procedures following an inconclusive bronchoscopy  
(41% overall), with a majority of those procedures occurring 
in patients ultimately diagnosed with benign disease.  

This analysis suggests that using the bronchial genomic 
classifier during bronchoscopy may reduce invasive 
procedures and both the frequency and associated morbidity 
of these invasive procedures in this patient population.
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