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BACKGROUND
Each year, millions of pulmonary nodules are identified incidentally or through lung 
cancer screening, and many involve biopsy to distinguish cancer from benign pro-
cesses. Both navigational bronchoscopy and computed tomography–guided transtho-
racic needle biopsy are commonly used in patients undergoing biopsies of peripheral 
pulmonary nodules, but the relative diagnostic accuracy of these two approaches is 
unclear.

METHODS
In this multicenter, randomized, parallel-group, noninferiority trial, we assigned pa-
tients with an intermediate-risk or high-risk peripheral pulmonary nodule measuring 
10 to 30 mm in diameter to undergo navigational bronchoscopy or transthoracic 
needle biopsy at seven centers across the United States. The primary outcome was 
diagnostic accuracy, which was defined as the percentage of patients with biopsies that 
showed a specific diagnosis (cancer or a specific benign condition) that was confirmed 
to be accurate through 12 months of clinical follow-up (nonferiority margin, 10 per-
centage points). Secondary outcomes included procedural complications such as the 
occurrence of pneumothorax.

RESULTS
Among the 234 patients included in the primary-outcome analysis (5 of whom were 
lost to follow-up), biopsy resulted in a specific diagnosis that was confirmed to be 
accurate through month 12 in 94 of 119 patients (79.0%) in the navigational bron-
choscopy group and in 81 of 110 patients (73.6%) in the transthoracic needle biopsy 
group (absolute difference, 5.4 percentage points; 95% confidence interval, −6.5 to 
17.2; P = 0.003 for noninferiority; P = 0.17 for superiority). Pneumothorax occurred in 
4 of 121 patients (3.3%) in the navigational bronchoscopy group and in 32 of 113 
patients (28.3%) in the transthoracic needle biopsy group and led to the placement 
of a chest tube, hospital admission, or both in 1 patient (0.8%) and 13 patients 
(11.5%), respectively.

CONCLUSIONS
The diagnostic accuracy of navigational bronchoscopy was noninferior to that of 
transthoracic needle biopsy among patients with peripheral pulmonary nodules 
measuring 10 to 30 mm. (Funded by Medtronic and others; VERITAS ClinicalTrials.
gov number, NCT04250194.)
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Millions of pulmonary nodules 
are identified annually, and many in-
volve biopsy to distinguish cancer from 

benign processes.1-3 Transthoracic needle biopsy 
and navigational bronchoscopy are techniques for 
biopsy of peripheral pulmonary nodules. Trans-
thoracic needle biopsy is guided by intraproce-
dural three-dimensional computed tomographic 
(CT) images. This technique provides an accu-
rate diagnosis in up to 90% of cases but in-
volves the passage of a needle through the 
chest wall and pleura, which has been reported 
to cause pneumothorax in up to 25% of cases.4-8 
During navigational bronchoscopy, biopsy of 
nodules is performed with the use of catheters 
that are guided through peripheral airways on 
the basis of CT images obtained before the pro-
cedure, without involvement of the pleurae. This 
method has been found to cause pneumothorax 
in 2% of cases.9 However, navigational bron-
choscopy has historically relied on the use of 
intraprocedural two-dimensional f luoroscopy, 
and diagnostic accuracy has been reported to 
be as low as 38%, with a pooled estimate of 
accuracy of 70% in previous meta-analyses.9-12 
In the past several years, intraprocedural three-
dimensional imaging (digital tomosynthesis and 
cone-beam CT) has been integrated with naviga-
tional bronchoscopy platforms, and this combi-
nation has resulted in diagnostic accuracy that is 
similar to that of transthoracic needle biopsy in 
some studies.13-16

Estimates of diagnostic accuracy for both 
navigational bronchoscopy and transthoracic nee-
dle biopsy have been derived from single-group 
studies that had a high risk of selection, refer-
ral, and publication biases.4,11 Randomized trials 
comparing navigational bronchoscopy with trans-
thoracic needle biopsy are lacking.

To compare the effect of navigational bron-
choscopy with that of transthoracic needle bi-
opsy on diagnostic accuracy in patients un-
dergoing biopsy of a peripheral pulmonary 
nodule, we conducted the VERITAS (Naviga-
tion Endoscopy to Reach Indeterminate Lung 
Nodules versus Transthoracic Needle Aspira-
tion) trial. We hypothesized that the diagnostic 
accuracy of navigational bronchoscopy would 
be noninferior to that of transthoracic needle 
biopsy.

Me thods

Trial Design and Oversight

VERITAS was an investigator-initiated, multi-
center, open-label, randomized, parallel-group, 
noninferiority trial in which navigational bron-
choscopy was compared with transthoracic nee-
dle biopsy in patients undergoing biopsy of an 
indeterminate pulmonary nodule. The trial was 
approved by the institutional review board at the 
clinical coordinating center of Vanderbilt Uni-
versity Medical Center and at each participating 
trial site, and it was registered at ClinicalTrials.
gov before initiation. Details of the trial design 
were described previously, before the conclusion 
of enrollment,17 and the protocol (including the 
statistical analysis plan) is available with the full 
text of this article at NEJM.org.

The last author had full authority over the 
trial design; the data collection, management, 
analysis, and interpretation; the writing of an 
earlier version of the manuscript; and the deci-
sion to submit the manuscript for publication. 
Central investigators designed the trial and wrote 
the first draft of the manuscript; all the authors 
agreed to submit the manuscript for publication. 
Trial oversight was performed by the coordinat-
ing center of the clinical trials office at Vander-
bilt Ingram Cancer Center. Medtronic, a funder 
of the trial, had no role in the trial design; the 
data collection, management, analysis, or in-
terpretation; trial oversight; the writing of the 
manuscript; or the decision to submit the manu-
script for publication. All the authors vouch for 
the accuracy and completeness of the data and 
for the fidelity of the trial to the protocol.

Trial Sites and Patient Population

The trial was conducted at seven sites across the 
United States. Adults who were referred for bron-
choscopic or transthoracic needle biopsy of a 
single peripheral, indeterminate pulmonary nod-
ule measuring 10 to 30 mm in diameter and had 
a calculated pretest probability of cancer of at 
least 10% were eligible for participation.17-19 Pa-
tients were excluded if the nodule was accessible 
without navigation (e.g., if they had a central 
endobronchial lesion), if the patient had a sepa-
rate condition for which linear endobronchial 
ultrasound-guided needle aspiration was indicated 

A Quick Take 
is available at 
NEJM.org
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(e.g., mediastinal or hilar lymphadenopathy), if 
empirical treatment with stereotactic body ra-
diation therapy was planned regardless of their 
biopsy results, or if a biopsy was not feasible by 
means of either navigational bronchoscopy or 
transthoracic needle biopsy. Details of the trial 
sites and inclusion and exclusion criteria are pro-
vided in the Supplementary Appendix, available at 
NEJM.org.

Enrollment, Randomization, and Blinding

Consecutive adults who were referred for lung-
nodule biopsy were screened by a local site in-
vestigator. After written informed consent was 
provided, chest imaging was reviewed centrally 
by an interventional pulmonologist and an inter-
ventional radiologist to confirm that the nodule 
was technically amenable to both navigational 
bronchoscopy and transthoracic needle biopsy. 
Fully eligible patients were randomly assigned in 
a 1:1 ratio to undergo navigational bronchosco-
py or transthoracic needle biopsy. Randomiza-
tion was stratified according to nodule location 
(outer or middle third of the lung), pretest prob-
ability of cancer (≤50% or >50%18,19), and trial 
site with the use of permuted blocks of varying 
sizes. Randomization was performed with the use 
of a Web-based randomization tool.20,21

Clinicians and research personnel were aware 
of the trial-group assignments after randomiza-
tion, given the nature of the intervention. How-
ever, outcome assessors were unaware of the 
trial-group assignments.

Trial Intervention

Patients assigned to undergo navigational bron-
choscopy underwent electromagnetic navigation-
al bronchoscopy with integrated digital tomosyn-
thesis (Illumisite fluoroscopic navigation platform, 
Medtronic).13 The procedures were planned on the 
basis of a CT scan obtained within 3 months be-
fore the procedure. Bronchoscopy was performed, 
with the patient under general anesthesia, by an 
interventional pulmonologist with access to radial 
endobronchial ultrasound imaging for confirma-
tion of localization of the nodule and rapid onsite 
cytologic assessment for assessment of the adequa-
cy of the biopsy specimen. The use of digital to-
mosynthesis was encouraged when the initial ra-
dial ultrasound image suggested that the biopsy 

catheter was not pointed at the center of the 
nodule. The types of biopsy tools used and the 
number of biopsies performed with each tool 
were at the discretion of the proceduralist. Fluo-
roscopy was used to assess for pneumothorax 
immediately after the procedure.

Patients assigned to undergo transthoracic 
needle biopsy underwent CT-guided transtho-
racic needle biopsy under local anesthesia with 
moderate sedation or under general anesthesia, 
in accordance with local institutional protocols 
and clinician and patient preferences. Biopsies 
were performed by interventional radiologists 
with the use of dedicated interventional CT 
scanners. The number of biopsies, the size and 
type of biopsy needle, whether rapid on-site cyto-
logic examination was performed, and the meth-
od of assessment for pneumothorax after the 
procedure were at the discretion of the procedur-
alists.

Patients who were found to have cancer on 
biopsy were referred for oncologic treatment. 
Patients in whom cancer was not identified 
underwent guideline-recommended follow-up 
by treating clinicians who managed all care after 
the biopsy, including any decision to pursue ad-
ditional invasive diagnostic procedures and ca-
dence of follow-up imaging.

Data Collection

Demographic and radiologic data were collected 
by local research personnel. For each patient, 
central investigators recorded technical feasibil-
ity for both procedures and the location of the 
nodule within the outer or middle third of the 
lung.22 Procedural data, pathological findings, 
and complications were recorded on the basis of 
review of medical records and a telephone call 
with the patient 7 days after the procedure.

Biopsy specimens were reviewed by local pa-
thologists for the presence of cancer. Specimens 
that were found to be nonmalignant on local 
review underwent central review by a thoracic 
pathologist who was unaware of the trial-group 
assignments. A central committee of three ex-
perts in pulmonary nodules, all of whom were 
also unaware of the trial-group assignments, 
reviewed data regarding all the biopsies that had 
been interpreted locally as nonmalignant to ad-
judicate whether the biopsy was diagnostic or 
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nondiagnostic. These data included the local and 
central pathological interpretations and prepro-
cedural clinical records. A specific benign diag-
nosis required consensus among the three ex-
perts; cases in which consensus could not be 
reached were adjudicated as nondiagnostic.

Research personnel reviewed medical records 
for subsequent invasive procedures and CT scans. 
Records were monitored until there was a change 
in the presumed diagnosis of a nonmalignant 
lung nodule, until regression or resolution of the 
nodule was seen on subsequent scans, or for at 
least 12 months if the nodule remained stable on 
repeat CT scans.

Outcomes

The primary outcome was diagnostic accuracy, 
which was defined as the percentage of patients 
with biopsies that showed a specific diagnosis 
(cancer or a specific benign condition) that was 
confirmed to be accurate through 12 months of 
clinical follow-up (see Fig. S1 in the Supplemen-
tary Appendix).17,23 In patients whose procedure 
was cancelled because same-day imaging per-
formed before the start of the procedure showed 
nodule regression, their assigned intervention was 
considered to be diagnostic, but confirmation 
on follow-up diagnostic CT was required to be 
considered accurate. In patients whose procedure 
was cancelled on the day of the procedure for 
any other reason except safety (e.g., the patient 
presented with a new unstable arrhythmia), the 
intervention was considered to be nondiagnos-
tic, as were any procedures that were started but 
not completed.

The secondary outcomes included diagnostic 
yield (defined as the percentage of patients with 
biopsies that were considered to be diagnostic 
without consideration of clinical follow-up), a 
confident clinical diagnosis (defined as a diag-
nosis that was based not only on the nodule 
biopsy but also on additional sampling proce-
dures, such as lymph-node biopsies, that were 
performed at the time of the nodule biopsy), pro-
cedural complications (including safety outcomes 
such as the occurrence of pneumothorax), dura-
tion of the procedure, procedural and radiologic 
features associated with diagnostic yield, need 
for subsequent nodule biopsy or staging proce-
dure, and radiation exposure. These outcomes 

are described in detail in the Supplementary Ap-
pendix.

Statistical Analysis

Demographic characteristics and nodule features 
were summarized for each trial group with the 
use of medians and quartiles for continuous 
variables and frequencies and percentages for 
categorical variables. Noninferiority of naviga-
tional bronchoscopy was tested with the use of 
a z-test, with a noninferiority margin of 10 per-
centage points. Details of the rationale for the 
noninferiority margin are provided in the Sup-
plementary Appendix. The diagnostic accuracy 
of transthoracic needle biopsy was assessed at 
90%, with a one-sided type I error rate of 5%. 
Therefore, a sample size of 112 patients per 
group would give the trial 80% power to deter-
mine noninferiority. Under the assumption of 
15% attrition, the total sample size was calcu-
lated to be 258 patients (129 per group). No in-
terim analysis was performed because both bi-
opsy techniques are used in routine clinical care, 
and adjudication of the primary outcome required 
12 months.

All the patients who had undergone random-
ization were included in the analyses, with the 
following exceptions: patients who had under-
gone additional imaging between randomiza-
tion and the trial intervention that showed 
results that made them ineligible (e.g., repeat 
imaging that showed nodule growth to >30 mm 
or new nodal disease for which biopsy was in-
dicated), patients who did not report for their 
scheduled trial intervention, patients whose pro-
cedure was cancelled owing to clinical insta-
bility before the initiation of the trial interven-
tion, and patients with missing data on the 
primary outcome.

We examined whether prespecified baseline 
variables modified the effect of trial-group assign-
ment on the primary outcome using a logistic-
regression model with the trial-group assign-
ment, the proposed effect modifier, and the 
interaction between the trial-group assignment 
and the proposed effect modifier as independent 
variables. Prespecified potential effect modifiers 
included nodule location (outer third vs. middle 
third of the lung), calculated probability of can-
cer (≤50% vs. >50%), nodule size (≤15 mm vs. 
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>15 mm in diameter), and presence or absence 
of the bronchus sign. The bronchus sign is a 
finding seen on CT that is characterized by a 
peripheral bronchus that terminates in or ex-
tends through a lung nodule.

Three sensitivity analyses of the primary 
efficacy outcome were performed. One analysis 
included all the patients who had undergone 
randomization, regardless of whether they un-
derwent the randomly assigned intervention; 
patients who did not undergo a trial interven-
tion were classified as not having met the crite-
ria for the primary outcome. In a second analy-
sis, the outcomes of patients who were lost to 
follow-up before month 12 and had a specific 
benign diagnosis on the basis of the biopsy 
were considered to be either all true negative for 
cancer or all false negative for cancer. A third 
analysis included only patients who underwent 
biopsy of the target nodule; patients whose bi-
opsy was cancelled owing to nodule regression 
seen on imaging performed on the day of the 
intervention (before the start of the procedure) 
and those whose proceduralist declined to per-
form the procedure were excluded from the 
analysis.

Between-group differences in the secondary 
outcomes are reported as point estimates and 
95% confidence intervals. The widths of the 
confidence intervals were not adjusted for 
multiplicity and should not be used to infer 
definitive differences in the intervention ef-
fects between the two groups. All the analyses 
were performed with the use of R software, 
version 4.4.

R esult s

Patients

From September 16, 2020, through June 14, 
2023, a total of 519 patients were assessed for 
eligibility. Among these patients, 231 were ex-
cluded or declined participation and 288 (55.5%) 
provided written informed consent (Fig. 1 and 
Fig. S2). The most common reason for exclusion 
was having a separate clinical indication for 
bronchoscopy. Among the patients who provided 
written informed consent, 30 were ineligible for 
randomization: 20 did not meet the criteria for 
undergoing a trial intervention after central re-

view of imaging, 5 had new imaging results that 
met an exclusion criterion, and 5 withdrew con-
sent. A total of 129 patients were randomly as-
signed to undergo navigational bronchoscopy and 
129 patients to undergo transthoracic needle bi-
opsy. After randomization, 6 patients in the 
navigational bronchoscopy group and 10 patients 
in the transthoracic needle biopsy group did not 
report for their scheduled trial intervention; 2 pa-
tients in the navigational bronchoscopy group 
and 1 patient in the transthoracic needle biopsy 
group presented with conditions that were clini-
cally unstable and resulted in cancellation of 
their procedures; and 5 patients in the transtho-
racic needle biopsy group were excluded on the 
basis of results of positron-emission tomogra-
phy and CT that were obtained before the biop-
sy. In total, 121 of the 129 patients (93.8%) as-
signed to undergo navigational bronchoscopy 
and 113 of the 129 patients (87.6%) assigned to 
undergo transthoracic needle biopsy were in-
cluded in the primary-outcome analysis. Two of 
the 121 patients (1.7%) in the navigational bron-
choscopy group and 3 of the 113 patients (2.7%) 
in the transthoracic needle biopsy group were 
lost to follow-up before collection of data for the 
primary outcome.

The demographic and clinical characteristics of 
the patients at baseline, along with nodule fea-
tures, are shown in Table 1. The median diameter 
of the nodules was 15 mm (interquartile range, 
12 to 19). Most of the patients (82.5%) had solid 
nodules, and most had nodules that were located 
in the outer third of the lung (87.6%).

Primary Outcome

With respect to diagnostic accuracy, the primary 
outcome, biopsy indicated a specific diagnosis that 
was confirmed to be accurate through 12 months 
of clinical follow-up in 94 of 119 patients (79.0%) 
in the navigational bronchoscopy group and in 
81 of 110 patients (73.6%) in the transthoracic 
needle biopsy group (absolute difference, 5.4 per-
centage points; 95% confidence interval [CI], −6.5 
to 17.2; P = 0.003 for noninferiority; P = 0.17 for su-
periority) (Table 2). Through 12 months of clinical 
follow-up, 3 patients in the transthoracic needle 
biopsy group in whom a specific benign condition 
was diagnosed after biopsy and 1 patient in that 
group in whom regression was seen on imaging 
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performed on the day of the intervention (before 
the start of the procedure) had nodules that were 
reclassified as malignant on the basis of subse-

quent findings; the incidence of false negative 
results was 3.6%. No patients in the naviga-
tional bronchoscopy group in whom a specific 

288 Provided consent

519 Patients with lung nodules 10–30 mm 
were referred for biopsy

258 Underwent randomization

231 Were excluded 
85 Declined to participate
30 Did not meet inclusion criterion

30 Had pretest probability of cancer <10%
116 Met exclusion criterion (some patients met 

multiple exclusion criteria)
36 Had radiologically abnormal mediastinum or

hilum
33 Were unable to provide informed consent
20 Had nodule that was accessible to conventional

bronchoscopy
20 Had indication for biopsy of multiple nodules
12 Were unable to comply with 12-month follow-up

6 Had contraindication to anesthesia or biopsy
4 Had SBRT planned regardless of biopsy result
4 Required core-needle biopsy for an oncology trial

30 Were excluded before randomization
20 Were not eligible per central adjudication of

procedure feasibility
19 Were not a candidate for transthoracic

needle biopsy
1 Was not a candidate for transthoracic

needle biopsy or navigational bronchoscopy
5 Withdrew consent
5 Had new data available meeting exclusion

criterion

129 Were assigned to undergo navigational bronchoscopy
8 Did not receive assigned intervention

6 Declined to schedule biopsy
2 Were medically unsuitable for biopsy

129 Were assigned to undergo transthoracic needle biopsy
16 Did not receive assigned intervention

10 Declined to schedule biopsy
1 Was medically unsuitable for biopsy
5 Had new data available meeting exclusion criterion

2 Had PET-CT with avid lymphadenopathy
2 Had CT performed between enrollment and biopsy

that showed rapid growth to >30 mm
1 Had PET-CT with avid endobronchial lesion for

which bronchoscopy was indicated

121 Received assigned navigational bronchoscopy
intervention

113 Received assigned transthoracic needle biopsy intervention

Figure 1. Screening and Randomization.

PET-CT denotes positron-emission tomography with computed tomography, and SBRT stereotactic body radiation therapy.
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Table 1. Characteristics of the Patients and Nodules.*

Characteristic

Navigational 
Bronchoscopy 

(N = 121)

Transthoracic 
Needle Biopsy 

(N = 113)

Patients

Median age (IQR) — yr 66.0 (62.0–72.0) 68.0 (61.0–74.0)

Female sex — no. (%) 57 (47.1) 56 (49.6)

Race or ethnic group — no. (%)†

White 110 (90.9) 105 (92.9)

Black 9 (7.4) 5 (4.4)

Asian 2 (1.7) 1 (0.9)

Native American or Native Alaskan 0 2 (1.8)

Hispanic ethnic group — no. (%)† 0 3 (2.7)

Coexisting conditions — no. (%)

Current or previous cancer‡ 46 (38.0) 55 (48.7)

Chronic obstructive pulmonary disease 49 (40.5) 48 (42.5)

Coronary artery disease 25 (20.7) 16 (14.2)

Median body-mass index (IQR)§ 27.6 (23.9–31.5) 27.9 (24.0–31.2)

Tobacco smoking history

Current smoker — no. (%) 39 (32.2) 24 (21.2)

Former smoker — no. (%) 55 (45.5) 66 (58.4)

Median pack-years (IQR) 43.0 (20.0–55.0) 35.0 (20.0–47.0)

Nodules

Median diameter (IQR) — mm¶ 15 (12–20) 14 (12–18)

Lung zone — no. (%)

Outer third of lung 107 (88.4) 98 (86.7)

Middle third of lung 14 (11.6) 15 (13.3)

Density — no. (%)

Solid 99 (81.8) 94 (83.2)

Part-solid 20 (16.5) 19 (16.8)

Pure ground-glass opacity 2 (1.7) 0

Radiologic features — no. (%)

Spiculated 54 (44.6) 64 (56.6)

Lobular 36 (29.8) 28 (24.8)

Smooth 18 (14.9) 11 (9.7)

Cavitary or cystic component 9 (7.4) 4 (3.5)

Abutting pleura 14 (11.6) 19 (16.8)

Bronchus sign present‖ 41 (33.9) 38 (33.6)

Median distance, nodule edge to nearest bronchus 
(IQR) — mm

10.0 (0.0–19.0) 12.0 (0.0–20.0)

Median distance, nodule edge to pleura (IQR) — mm 7.0 (0.0–17.2) 7.0 (0.0–20.0)

Median pretest probability of cancer (IQR)

According to enrolling clinician 75.0 (50.0–90.0) 75.0 (50.0–90.0)

According to quantitative prediction model ** 32.0 (20.0–55.8) 30.0 (16.0–51.6)

*	� Percentages may not total 100 because of rounding. IQR denotes interquartile range.
†	� Race and ethnic group were reported by the patient.
‡	� Details are provided in Table S2.
§	� The body-mass index is the weight in kilograms divided by the square of the height in meters.
¶	� The diameter was calculated as the mean length of the short- and long-axis in the axial plane.
‖	� The bronchus sign is present when a peripheral bronchus is found to terminate in or extend through a lung nodule on CT.
**	� The Brock model18 was used if no positron-emission tomography (PET) data were available at the time of enrollment. 

The Herder model19 was used if PET data were available at the time of enrollment.
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benign condition was diagnosed had nodules 
that were reclassified as malignant. The overall 
prevalence of cancer through month 12 was 72.1% 
(74.8% in the navigational bronchoscopy group 
and 69.1% in the transthoracic needle biopsy 
group).

The results of sensitivity analyses of the pri-
mary outcome were similar to those of the pri-
mary-outcome analysis (see the Supplementary 
Appendix). No characteristics of the nodules nor 
the trial site appeared to modify the effect of the 
method of biopsy on diagnostic accuracy (Fig. 2 
and Fig. S3).

Secondary Outcomes

The results of the secondary outcomes are pro-
vided in Table 2 and in the Supplementary Ap-
pendix. The median duration of the procedure 
was 36 minutes (interquartile range, 28 to 48) 
for navigational bronchoscopy and 25 minutes 
(interquartile range, 13 to 36) for transthoracic 
needle biopsy (median difference, 11; 95% CI, 
8 to 18). An invasive diagnostic procedure was 
pursued after the biopsy that was performed 
during the trial in 13.2% of the patients in the 
navigational bronchoscopy group and in 13.3% 
of those in the transthoracic needle biopsy group 
(Table 2 and Table S9). Details of the procedural 
and radiologic features associated with diagnostic 
yield are provided in Tables S7 and S8.

Safety Outcomes

A procedural complication occurred in 6 of 121 
patients (5.0%) in the navigational bronchoscopy 
group and in 33 of 113 patients (29.2%) in the 
transthoracic needle biopsy group (absolute risk 
difference, 24.2 percentage points; 95% CI, 15.0 
to 35.6) (Table 3). Pneumothorax was the most 
common complication, occurring in 4 patients 
(3.3%) in the navigational bronchoscopy group and 
in 32 (28.3%) of those in the transthoracic needle 
biopsy group (absolute risk difference, 25.0 per-
centage points; 95% CI, 15.3 to 34.8). Pneumotho-
rax resulting in the placement of a chest tube, 
hospital admission, or both occurred in 1 patient 
(0.8%) in the navigational bronchoscopy group and 
in 13 (11.5%) of those in the transthoracic needle 
biopsy group (absolute risk difference, 10.7 per-
centage points; 95% CI, 3.7 to 17.6). No hemor-
rhages resulting in medical intervention occurred, 
and there were no deaths during the 12-month 
follow-up period of the primary analysis.

Discussion

The diagnostic accuracy of navigational bron-
choscopy was noninferior to that of transtho-
racic needle biopsy among patients undergoing 
biopsy of a peripheral pulmonary nodule. Com-
plications were less common during navigational 
bronchoscopy.

Early diagnosis of lung cancer, which often 
involves biopsy, offers the best chance for cure. 
Methodologically rigorous estimates of the ac-
curacy and safety of available methods of biopsy 
are needed to inform the care of patients with 
indeterminate pulmonary nodules. The results 
of this trial suggest that navigational bronchos-
copy, which elicited diagnostic accuracy similar 
to that of transthoracic needle biopsy but with 
fewer complications, should be the procedure of 
choice for biopsy of indeterminate lung nodules 
that appear to be technically amenable to both 
approaches.

The diagnostic performance of navigational 
bronchoscopy in this trial was similar to that 
seen in previous studies that used the same tech-
nique, in which diagnostic accuracy ranging from 
77 to 83% was reported.13-16 In this trial, transtho-
racic needle biopsy performed worse than pre-
viously reported. However, the typically higher 
estimates of diagnostic accuracy with transtho-
racic needle biopsy derive from noncomparative, 
and often retrospective, studies with a high risk 
of bias that used a variety of outcome defini-
tions.4,11,23 In addition, the median nodule size 
in this trial was relatively small, at 15 mm; the 
diagnostic performance of transthoracic needle 
biopsy has been reported to be notably lower 
when targeting smaller nodules.5,24,25

This trial has several strengths. First, patients 
were screened for eligibility when they were re-
ferred for navigational bronchoscopy or trans-
thoracic needle biopsy, which mitigated the risk 
of referral bias. Second, patients were recruited 
at academic and community centers across dif-
ferent geographic regions, and therefore, the 
trial involved a representative sample of physi-
cians and patients, which strengthens the gener-
alizability of these results (see Table S1). Third, 
an independent panel adjudicated the technical 
feasibility of both biopsy methods to ensure that 
both were suitable options and to limit selection 
bias. Fourth, the pathologists and pulmonary 
nodule experts who adjudicated the primary 
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outcome were unaware of the trial-group assign-
ments, thus minimizing observer bias, and there 
was minimal loss to follow-up with respect to 
the primary outcome. Fifth, a conservative ap-
proach was used to define the primary outcome, 
and the resulting final definition conformed to 
current recommendations.23 Lastly, multiple pre-
specified sensitivity analyses of the primary out-
come were performed; all the analyses corrobo-
rated the results of the main analysis, which 

showed the noninferiority of navigational bron-
choscopy to transthoracic needle biopsy.

This trial also has several limitations. First, 
although both academic centers and community 
centers were included, navigational bronchoscopy 
was performed by experienced pulmonologists, 
so these results may not generalize to centers 
with less expertise. Second, it was not practi-
cable to conceal the trial-group assignments from 
proceduralists or patients, although outcome 

Table 2. Primary and Secondary Outcomes.

Outcome

Navigational 
Bronchoscopy 

(N = 121)

Transthoracic 
Needle Biopsy 

(N = 113)
Difference 
(95% CI)*

Primary outcome: diagnostic accuracy — no./total 
no. (%)†

Accurate 94/119 (79.0) 81/110 (73.6) 5.4 (−6.5 to 17.2)‡

Inaccurate 25/119 (21.0) 29/110 (26.4) —

False negative 0 4/110 (3.6) —

Initially nondiagnostic 25/119 (21.0) 25/110 (22.7) —

Lost to follow-up 2/121 (1.7) 3/113 (2.7) —

Secondary outcome: diagnostic yield — no. (%)§

Diagnostic¶ 96 (79.3) 88 (77.9) 1.5 (−9.9 to 12.8)

Malignant‖ 78 (64.5) 61 (54.0) —

Specific benign 16 (13.2) 17 (15.0) —

Granulomatous 6 (5.0) 10 (8.8) —

Organizing pneumonia 1 (0.8) 5 (4.4) —

Acute neutrophilic inflammation 3 (2.5) 1 (0.9) —

Other specific benign** 6 (5.0) 1 (0.9) —

Same-day regression†† 2 (1.7) 10 (8.8) —

Nondiagnostic 25 (20.7) 25 (22.1) —

Nonspecific inflammation 10 (8.3) 8 (7.1) —

Normal lung or airway 9 (7.4) 3 (2.7) —

Atypia 4 (3.3) 2 (1.8) —

No biopsy specimens obtained‡‡ 2 (1.7) 6 (5.3) —

Proceduralist declined to perform procedure§§ 0 6 (5.3) —

Additional secondary outcomes

Underwent procedure — no. (%)¶¶ 119 (98.3) 97 (85.8) 12.5 (4.8 to 20.2)

Median duration of procedure (IQR) — min 36 (28 to 48) 25 (13 to 36) 11 (8 to 18)

Median radiation exposure (IQR)‖‖ 9800 (7190 to 18,850) 659 (253 to 1276) NA

Intraprocedural rapid onsite cytologic  
assessment — no./total no. (%)

114/119 (95.8) 7/97 (7.2) 88.6 (81.4 to 95.8)

Subsequent invasive diagnostic procedure  
— no. (%)

16 (13.2) 15 (13.3) 0.1 (−8.8 to 8.7)
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adjudication was blinded. Third, patients with 
nodules that were considered not to be accessi-
ble by transthoracic needle biopsy, navigational 
bronchoscopy, or both methods, as well as those 
with nodules in the inner third of the lung, were 
excluded. However, these exclusions accounted 
for only 20 of 288 (6.9%) provisionally eligible 
patients; these results suggest that our findings 
generalize to the majority of nodules referred for 
biopsy. Fourth, rapid onsite cytologic evaluation 
was used more commonly during navigational 
bronchoscopy than during transthoracic needle 
biopsy; whether this finding affects the diagnos-
tic accuracy of these approaches is uncertain and 
should be the focus of future trials. Fifth, al-
though cases of pneumothorax overall and of 
pneumothorax that resulted in hospital admis-
sion or the placement of a chest tube (or both) 
were each more common in the transthoracic 
needle biopsy group, these outcomes could have 
been influenced by the universal use of cross-

sectional imaging in the transthoracic needle 
biopsy group and by differences in practice pat-
terns regarding hospitalization on the basis of 
clinical specialty. Sixth, the results of the sub-
group analysis of the primary outcome per-
formed according to trial site showed that trial 
site did not modify the effect of the biopsy 
method on diagnostic accuracy, although small 
samples at some sites limited this analysis. Sev-
enth, cost effectiveness was not assessed and 
should be the topic of future trials. Lastly, for 
patients in whom same-day preprocedural imag-
ing showed substantial regression of the nodule, 
the assigned intervention was considered to be 
diagnostic in the primary analysis; a sensitivity 
analysis excluding these patients did not change 
the results. Diagnostic regression that was seen 
on the day of the biopsy was more common with 
transthoracic needle biopsy — a finding that 
potentially biased results in favor of this method 
and thus strengthens the finding that naviga-

Outcome

Navigational 
Bronchoscopy 

(N = 121)

Transthoracic 
Needle Biopsy 

(N = 113)
Difference 
(95% CI)*

Subsequent invasive staging procedure  
— no. (%)

0 3 (2.7) 3.0 (−4.0 to 6.7)

*	� The difference is reported in percentage points. NA denotes not applicable.
†	� Diagnostic accuracy was defined as the percentage of patients with biopsies that showed a specific diagnosis (cancer 

or a specific benign condition) that was confirmed to be accurate through 12 months of clinical follow-up.
‡	� P = 0.003 for noninferiority; P = 0.17 for superiority.
§	� Diagnostic yield was defined as the percentage of patients with biopsies that were considered to be diagnostic with-

out consideration of clinical follow-up.
¶	� Biopsies were considered to be diagnostic if they showed malignant or specific benign pathological findings. 

Complete definitions and additional information are provided in the Supplementary Appendix.
‖	� Details of malignant diagnoses are provided in Table S2.
**	� Other specific benign diagnoses were hamartoma (in 4 patients in the navigational bronchoscopy group), necroin-

flammatory (in 1 patient in the navigational bronchoscopy group), silicotic nodule (in 1 patient in the navigational 
bronchoscopy group), and fibroelastotic scar (in 1 patient in the transthoracic needle biopsy group).

††	� Same-day regression was defined as substantial regression seen on same-day cross-sectional imaging performed 
before the start of the procedure; this finding indicated a high probability of a benign process without biopsy. Such 
imaging was required to be related to the biopsy method (e.g., scout CT that was intended to inform transthoracic 
needle placement or chest CT that was used for navigational bronchoscopy planning in patients who had not recently 
undergone CT).

‡‡	� The procedure was started, but no biopsy specimens were ultimately obtained (e.g., owing to a complication).
§§	� The proceduralist declined to proceed despite the fact that the patient had a nodule that had been peer-adjudicated 

as technically feasible and the patient was medically suitable for biopsy.
¶¶	�Patients whose procedures were cancelled because same-day imaging showed regression and those whose procedur-

alist declined to perform the procedure on the day of the procedure are not included.
‖‖	� The fluoroscopes that were used to perform two-dimensional fluoroscopy for navigational bronchoscopy and the CT 

scanners that were used for transthoracic needle biopsy reported the radiation dose in different units: dose-length 
product (in mGy·cm2) for navigational bronchoscopy and dose-area product (in mGy·cm) for transthoracic needle bi-
opsy. The units could not be converted; therefore, a direct comparison of the two trial groups with respect to median 
radiation exposure could not be made.

Table 2. (Continued.)
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Table 3. Safety Outcomes.

Outcome

Navigational
Bronchoscopy

(N = 121)

Transthoracic
Needle Biopsy

(N = 113)
Difference
(95% CI)* P Value

Any complication — no. (%) 6 (5.0) 33 (29.2) 24.2 (15.0 to 35.6) <0.001

Pneumothorax

Any grade — no. (%) 4 (3.3) 32 (28.3) 25.0 (15.3 to 34.8) <0.001

Grade 1 or 2† 3 (2.5) 19 (16.8) 14.3 (6.0 to 22.6) <0.001

Grade 3 or 4‡ 1 (0.8) 13 (11.5) 10.7 (3.7 to 17.6) <0.001

Median duration of chest tube in place 
(IQR) — days

1.0 (1.0 to 1.0) 1.0 (1.0 to 2.0) 0 0.65

Respiratory failure resulting in hospital 
admission — no. (%)

1 (0.8) 1 (0.9) 0.1 (−2.5 to 2.4) 0.96

Hemorrhage resulting in medical interven-
tion — no. (%)

0 0 0 —

Acute coronary syndrome — no. (%) 1 (0.8) 0 0.8 (−1.6 to 3.3) 0.33

*  The difference is reported in percentage points.
†  Grade 1 or 2 indicates that pneumothorax was managed with observation or aspiration.
‡  Grade 3 or 4 indicates that pneumothorax led to hospital admission with or without the placement of a chest tube.

Nodule location

Middle third of lung

Outer third of lung

Pretest probability of cancer

<50

≥50

Bronchus sign

Present

Absent

Nodule diameter

<15 mm

15 to 30 mm

Overall

Absolute Difference (95% CI)Subgroup

10/14 (71.4)

71/96 (74.0)

49/77 (63.6)

32/33 (97.0)

28/37 (75.7)

53/73 (72.6)

37/56 (66.1)

44/54 (81.5)

  81/110 (73.6)

  9/13 (69.2)

  85/106 (80.2)

65/85 (76.5)

29/34 (85.3)

37/41 (90.2)

57/78 (73.1)

39/56 (69.6)

55/63 (87.3)

  94/119 (79.0)

Transthoracic
Needle Biopsy

Navigational
Bronchoscopy

no. of patients/total no. (%) percentage points

0 30 10 20

Navigational
Bronchoscopy

Better

Transthoracic Needle
Biopsy Better

−30

  −2.2 (−38.9 to 34.5)

    6.2 (−6.4 to 18.8)

  12.9 (−2.4 to 28.1)

−11.7 (−27.9 to 4.6)

  14.5 (−4.5 to 33.7)

    0.5 (−14.2 to 15.1)

    3.5 (−15.5 to 22.6)

    5.8 (−9.1 to 20.8)

    5.4 (−6.5 to 17.2)

−20 −10

Figure 2. Subgroup Analyses of the Primary Outcome.

Shown are the unadjusted mean differences in diagnostic accuracy, the primary outcome, between patients who underwent navigational 
bronchoscopy and those who underwent transthoracic needle biopsy. Diagnostic accuracy was defined as the percentage of patients 
with biopsies that showed a specific diagnosis (cancer or a specific benign condition) that was confirmed to be accurate through 12 
months of clinical follow-up. The bronchus sign is present when a peripheral bronchus is found to terminate in or extend through a lung 
nodule on CT. The horizontal bars represent the 95% confidence intervals around the mean difference. The number of patients in each 
group for whom a measure of diagnostic accuracy was available is shown. The pretest probability of cancer was calculated by a validated 
cancer risk assessment model.
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tional bronchoscopy was noninferior to transtho-
racic needle biopsy.

The results of this trial showed that the di-
agnostic accuracy of navigational bronchoscopy 
was noninferior to that of transthoracic needle 
biopsy and led to fewer complications.
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