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Abstract

Rationale: Pulmonologists frequently encounter indeterminate
pulmonary nodules in practice, but it is unclear what clinical
factors they rely on to guide the diagnostic evaluation.

Objectives: To assess the current approach to the management of
indeterminate pulmonary nodules and to determine the extent to
which the addition of a hypothetical diagnostic blood test will
influence clinical decision making.

Methods: Selected pulmonologists practicing in the United States
were invited to participate in a conjoint exercise based on 20 randomly
generated cases of varying age, smoking history, and nodule size. Some
cases included the result of a hypothetical blood test. Each respondent
chose from among three diagnostic options for a patient: noninvasive
monitoring (i.e., serial CT or positron emission tomography scan),
a minor procedure (i.e., biopsy or bronchoscopy), or a major procedure
(i.e., video-assisted thorascopic surgery or thoracotomy). Multivariate
logistic regression was used to assess the impact of the three risk factors
and the diagnostic blood test on decision making.

Measurements and Main Results: Four hundred nineteen
physicians participated (response rate, 10%). One hundred fifty-three
physician surveys met predetermined criteria and were analyzed (4%
of all invitees). A diagnostic procedure was recommended for 23%
of 6-mm nodules, versus 54, 66, 77, and 84% of nodules 10, 14, 18,
and 22 mm, respectively (P, 0.001). Older age limited recom-
mendations for invasive testing: 54% of 80-year-olds versus 61,
64, 63, and 61% of patients 71, 62, 53, and 44 years of age,
respectively (P, 0.001). In multivariate analyses, nodule size,
smoking history, age, and the blood test each influenced decision
making (P, 0.001).

Conclusions: The pulmonologists who participated in this
survey were more likely to proceed with invasive testing,
instead of observation or additional imaging, as the size of the
nodule increased. The use of a hypothetical blood test resulted
in significant alterations in the decision to pursue invasive
testing.
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An indeterminate pulmonary nodule is
a small, focal opacity in the lung measuring
up to 3 cm that does not have features
strongly suggestive of a benign etiology
(1, 2). Among patients with indeterminate
nodules identified by CT scan, steps in
the evaluation may include further serial
CT surveillance, characterization with

fluorodeoxyglucose positron emission
tomography, nonsurgical biopsy, or surgical
resection (3). Quantitative models have
shown that the most important predictors
of malignancy include nodule size and
appearance, patient age, and smoking
history (4–9). Although these clinical and
radiographic risk factors for malignancy are

well described, little is known about how
physicians use these clinical factors to
choose the most appropriate management
strategy for an individual patient.

Although the primary clinical risk
factors influencing decision making are
known, there is considerable uncertainty
associated with the evaluation of
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indeterminate nodules. Benign disease
is identified in 10 to 55% of patients
undergoing surgical evaluation of
indeterminate nodules (10–16). Alternatively,
a strategy of serial noninvasive imaging can
cause significant anxiety (17–19) and may
result in tumor growth before a cancer
diagnosis. Given the diagnostic uncertainty
that exists with current management strategies
for indeterminate nodules, current research
efforts are focused on identifying noninvasive
biomarkers with the potential to aid and direct
physician management decisions.

Conjoint analysis and discrete choice
experiments are stated preference
techniques that allow for quantitative
assessment of decision making (20–22).
Discrete choice experiments use a choice
experiment technique whereby key
attributes of sample cases are varied, with
subsequent evaluation of variation in the
respondents’ choices in relation to these
attributes (20–22). We used conjoint
analysis to identify factors that drive
physician decision making in the evaluation
of indeterminate lung nodules.

Some of the results of these studies have
been previously reported in the form of an
abstract (23).

Methods

Survey Instrument Design
and Administration
Standard conjoint analysis methodology
was used to design, implement, and analyze
the web-based survey (20–22). The three
key factors identified (age, nodule size, and
smoking history) were combined with
a fourth factor, a hypothetical diagnostic
blood test performed after nodule
identification, to create 400 case scenarios
by using a fractional factorial design
(Table 1). The blood test was described as
a “rule-out” test with a negative predictive
value of 95% and a positive predictive value
of 50%. Respondents were told that a “low-
risk” result indicated that a patient’s lung
nodule had a 95 out of 100 likelihood of
being benign, and a “high-risk” result
indicated that a patient’s nodule had a 50%
likelihood of being benign.

A subset of 16 randomly selected cases
and 4 fixed cases were chosen for each
participant. Respondents were asked to
assume that the patient in all case scenarios
was asymptomatic and a surgical candidate.
In the final survey, each respondent was

asked to choose from among three
diagnostic options for a patient: noninvasive
monitoring only (i.e., serial CT or positron
emission tomography scan), a minimally
invasive procedure (i.e., biopsy/fine needle
aspiration or bronchoscopy), or a major
invasive procedure (i.e., video-assisted
thorascopic surgery or thoracotomy). No
specific information on expected complication
rates from these procedures was provided.

The survey was administered between
October 4, 2012 and October 22, 2012
to pulmonary physicians, excluding other
specialties. Potential respondents were
identified by M3 Global Research using
a proprietary database, including a panel of

more than 1.7 million verified, worldwide
physicians differentiated into more than 700
subspecialties (24). Prespecified eligibility
criteria, self-reported by respondents,
identified clinicians experienced in caring
for patients with indeterminate lung
nodules and included: board certification
or board eligible; 3 to 25 years practice
experience; at least 75% of time spent in
direct clinical care; at least 50 patients
seen monthly, including at least 10 for
pulmonary nodules and at least 5 patients
with a newly identified nodule; and no prior
association with lung nodule diagnostic
product development. Geographic quotas
were used to ensure site diversity, with

Table 1. Attributes and levels used in case scenarios

Attributes Levels

1 2 3 4 5

Age, yr 44 53 62 71 80
Smoking history,
pack-years

0 12 24 36 NA

Nodule size, mm 6 10 14 18 22
Hypothetical test No test High risk Low risk Indeterminate risk

Definition of abbreviation: NA = not applicable.

3,755 (90%) No Response

132 (3%) Did Not Satisfy Inclusion Criteria 
• Too few nodules seen per month (25) 
• Too few nodules between 8–20mm (1) 
• No. of patients per month < 50 (1) 
• Time in direct clinical care < 75% (10) 
• Yrs. in practice  < 3 yrs or > 25 yrs (43) 
• Not board certified (3) 
• Wrong specialty (49) 

91 (2%) Excluded Due to Regional Quotas

11 (<1%) Excluded from Analysis*

32 (1%) Did Not Complete

4,174 Invitations Sent to Physicians

419 (10%) Responded to Invitation

287 (7%) Qualified for Survey

196 (5%) Continued to Survey

164 (4%) Completed Survey

153 (4%) Analyzed

Figure 1. Selection of survey participants. A total of 419 participants responded to the survey. One
hundred fifty-three eligible and complete responses were analyzed. *Nine physician respondents
indicated that they would never use the diagnostic test (data not presented). An additional two
respondents were excluded from the analysis due to suspicion of survey speeding.
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a goal of equal numbers of respondents
from six regions (Northeast, Midwest,
South Atlantic, South Central, Mountain,
and Pacific). Once the quota for a region
was reached, all subsequent respondents
from that region were excluded from
participation in the survey; no responses
were recorded for these subjects.
Each pulmonologist received $60 as
compensation for participating. Further
details on the survey are available in
the online supplement. This study was
approved by the University of Pennsylvania
Institutional Review Board.

Statistical Analysis
Responses to the case scenarios were
analyzed by using a modified Poisson
regression model with robust variance
estimates (25), yielding risk ratios for the
probability of choosing a major or minor
diagnostic procedure compared with
the choice of noninvasive monitoring.
Models were developed separately for case
scenarios with all four variables as well as
those that did not include the hypothetical
blood test. All statistical tests were two-
sided, and a P value, 0.05 was considered
significant. Statistical analyses were
performed with SAS/STAT (Version 9.2).

Results

A total of 4,174 invitations were sent
electronically, with 419 physicians
responding (response rate, 10%; Figure 1).
Due to various exclusion criteria and
regional quotas, a total of 153 eligible and
complete responses were analyzed (Table 2).
A total of 2,448 completed scenarios were
available for analysis. Of these, 1,861
scenarios included four variables, the three
clinical factors and the hypothetical test,
whereas the remaining 587 scenarios
included only the three clinical risk factors.

Across all scenarios, an invasive
evaluation was recommended for 60%, with
42% undergoing a minor procedure and
18% undergoing a major procedure. There
was a strong association between nodule
size and the decision to pursue an
invasive diagnostic evaluation, with
recommendations for invasive testing in 23,
54, 66, 77, and 84% of 6-, 10-, 14-, 18-, and
22-mm nodules, respectively (P, 0.001).
Physicians were also more likely to
recommend invasive testing in scenarios
with greater overall tobacco use. Despite

respondents being told that all patients
were surgical candidates, older age limited
recommendations for invasive procedures:
54% of 80-year-olds versus 61, 64, 63,
and 61% of ages 71, 62, 53, and 44 years,
respectively (P, 0.001). Finally, the
hypothetical blood test also impacted the
recommendations for invasive procedures:
86% of patients with a high-risk result were
referred for invasive testing, compared with
48% with an intermediate result and 26%
with a low-risk result.

In multiple regression, nodule size,
age, smoking history, and the blood test
were significant factors influencing the
choice between invasive evaluation and
noninvasive imaging (Table 3). Nodule size
remained the dominant factor impacting
choice of invasive testing, with an increased
risk of invasive testing seen in scenarios
with lesions 14, 18, and 22 mm in diameter
compared with nodules 10 mm in size.
Scenarios with 6-mm nodules were
significantly less likely to receive a
recommendation for invasive evaluation.
The oldest age group (80 yr) also remained

an independent predictor of less-invasive
testing.

To further evaluate the impact of
the three clinical risk factors, and to
exclude the effect of the hypothetical test
on the observed effects, we performed
an additional regression analysis using
scenarios that included only nodule size,
age, and tobacco use (n = 587). The impact
of these three factors on recommendations
for invasive testing remained similar to
effects seen in the full model (Table 4).

Discussion

To our knowledge, this is the first study
to quantitatively assess decision making
for indeterminate pulmonary nodules
by a geographically diverse group of
experienced pulmonologists. This study
using standardized scenarios incorporating
various levels of key clinical variables in lung
nodule management allowed us to identify
the factors that were most relevant to
physician decision making. This study has

Table 2. Characteristics of physician respondents

Physician/Practice Characteristic (N = 153) Value

Responding physician characteristics
Yr in practice, mean (SD) 14 (66.7)
Percent of time spent in direct clinical care, mean (SD) 94 (67.3)

Practice characteristics
No. of physicians in practice, mean (SD)* 43 (6112.3)
No. of pulmonologists in practice, mean (SD) 6 (65.2)
No. of pulmonologist by region, n (%)

Northeast 36 (23.5)
Midwest 31 (20.3)
South Atlantic 32 (20.9)
South Central 20 (13.1)
Mountain 9 (5.9)
Pacific 25 (16.3)

Hospital affiliation, n (%)†

Academic medical center 43 (28.1)
Community teaching hospital 59 (38.6)
Community (nonteaching) hospital 58 (37.9)
Other‡ 3 (2.0)

No. of beds in primary hospital affiliation, mean (SD)
Academic medical center 505 (6235.0)
Community teaching hospital 409 (6218.8)
Community (nonteaching) hospital 304 (6160.2)

Patient population characteristics
No. of patients seen per mo, mean (SD) 344 (6145.6)
No. of patients with pulmonary nodules per mo, mean (SD) 58 (651.6)
No. of patients with newly identified pulmonary nodules per mo,

mean (SD)
28 (623.3)

*One respondent reported 999 physicians in practice, and response could not be verified.
†Respondents may be affiliated with more than one hospital type.
‡Other hospital types included long-term acute care hospital, Veterans Affairs medical center, and
military teaching hospital.
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three important findings. First, the factors
most associated with the decision to pursue
invasive testing are, as expected, based on
patient age, history of smoking, and the size of
the nodule. Second, these factors are not
sufficient for decision making, as we found
that the addition of a diagnostic blood
test would strongly and independently affect
management decisions. In scenarios
including the test, decision making based on
the results followed a predictable pattern—
a high-risk result led to more frequent
recommendations for invasive testing and
a low-risk result led to less invasive testing
at all levels of nodule size. Finally, despite
being told that all patients regardless of age
were surgical candidates, pulmonologists
were less likely to recommend invasive
procedures in older patients.

The risk of lung cancer for an
indeterminate nodule is known to increase
with nodule size, greater tobacco use, and
increased patient age. Specifically, for
nodule size, studies have shown that lesions
measuring more than 20 mm in size have
a risk of malignancy ranging from 30 to
82% (26–28). Our analysis suggests that
pulmonologists appropriately use nodule
size as the dominant factor in decision
making for individuals with indeterminate-
sized lesions. For example, an invasive
evaluation for the largest sized nodules
(i.e., 22 mm) was recommended in 84% of
scenarios, compared with lower rates for
smaller lesions.

There were two important areas in
which recommendations for testing were
not well aligned with current guidelines.
First, invasive testing was recommended
for 23% of patients with a 6-mm nodule.
However, the risk of malignancy in
subcentimeter nodules ranges from less than
1% for lesions less than or equal to 6 mm to
less than 2% for nodules between 7 and
10 mm (28). Given this level of risk and the
high likelihood of nondiagnostic results
from either bronchoscopy or transthoracic
needle aspiration, current guidelines
recommend a strategy of serial imaging
as the primary management strategy for
nodules less than 8 mm in size (3, 29). In
this study, the rate of invasive testing is far
higher than what is likely to be clinically
appropriate given the low risk of lung
cancer in nodules of this size. The use
of unneeded procedures has also been
demonstrated in a recent Veterans Affairs–
based study assessing lung nodule
evaluation in the usual care setting (30).

The second area where respondents’
recommendations did not align with
current guidelines was the approach to
elderly patients, particularly octogenarians.
Patients in this age group were
approximately half as likely to undergo

invasive testing when compared with
62-year-old patients, after controlling for
smoking and nodule size. There are many
potential reasons for this result. Although
the study instructions explicitly noted that
all patients should be considered as surgical

Table 3. Association of clinical variables with invasive procedures

Multivariate Model

Predictor Variable Minor or Major Procedure

Risk Ratio 95% CI

Age, yr
44 0.97 0.94, 0.99
53 0.99 0.96, 1.02
62 Ref. —
71 0.98 0.95, 1.00
80 0.91 0.88, 0.94

Smoking history, pack-years
0 Ref. —

12 1.13 1.10, 1.16
24 1.14 1.11, 1.17
36 1.17 1.14, 1.20

Nodule size, mm
6 0.79 0.77, 0.82

10 Ref. —
14 1.07 1.04, 1.10
18 1.16 1.12, 1.19
22 1.20 1.16, 1.23

Hypothetical test
No test Ref. —
Low risk 0.91 0.89, 0.94
Indeterminate 1.07 1.04, 1.10
High risk 1.21 1.18, 1.25

Definition of abbreviation: CI = confidence interval; Ref = reference.

Table 4. Association of clinical variables with invasive procedures (model limited to
age, smoking history and nodule size)

Multivariate Model

Predictor Variable Minor or Major Procedure

Risk Ratio 95% CI

Age, yr
44 0.98 0.91, 1.05
53 1.03 0.97, 1.09
62 Ref. —
71 0.96 0.91, 1.02
80 0.95 0.89, 1.01

Smoking history, pack-years
0 Ref. —

12 1.17 1.10, 1.25
24 1.19 1.12, 1.27
36 1.22 1.15, 1.30

Nodule size, mm
6 0.79 0.74, 0.85

10 Ref. —
14 1.13 1.06, 1.21
18 1.23 1.14, 1.31
22 1.24 1.16, 1.34

Definition of abbreviation: CI = confidence interval; Ref = reference.
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candidates, some respondents may have
assumed a greater risk of invasive testing in
patients within this age group. Guidelines
recommend against using age alone as
a criterion to deny resection in those
otherwise fit to undergo the procedure (3).
That this study found such a disparity in
recommendations for invasive testing in
older patients suggests the possibility of
ageism—a form of bias characterized by
discrimination against individuals based on
their age. Chronologic age has been shown
to significantly influence treatment
decisions in a wide range of clinical
scenarios, and our findings suggest that this
disparity may exist for patients with
indeterminate lung nodules.

Our study had a number of important
limitations. Although standardization allows
for isolation of relevant factors for decision
making, this approach does not measure
actual physician behavior in practice. For
example, the choice of diagnostic approach is
likely to be influenced by other practitioners,

including thoracic surgeons and radiologists,
as well as individual patient preferences
regarding acceptance of invasive procedures.
Second, the choice of diagnostic approach is
also likely to be influenced by multiple other
clinical variables, including nodule location,
degree of emphysema, level of experience
with advanced diagnostic approaches (e.g.,
navigational bronchoscopy), and access to
thoracic surgery services. Finally, our overall
response rate was 10%, with only 4% included
in the analysis, which raises the question
of whether our sample is representative
of pulmonologists in general who care
for patients with lung nodules. The
reduced number of surveys included in our
analysis was partly due to the prespecified
requirement that our study sample represent
a geographically diverse population of
physicians. Because we did not know the
characteristics of the nonrespondents, we were
not able to evaluate whether the study
participants were representative of all
pulmonologists.

In conclusion, for United States
pulmonologists who participated in this
e-mail survey, the choice of diagnostic
strategy for indeterminate nodules varied,
but it was largely driven by the size of
the lesion and was significantly impacted
by patient age and smoking history.
Physicians also seemed willing to use
an informative noninvasive test that
provides additional diagnostic information.
However, our results also found evidence of
inappropriately aggressive strategies for
some small nodules and evidence for
ageism among older patients with
indeterminate lesions. Future discrete
choice experiments should consider
inclusion of more complex scenarios,
including incorporation of patient
preferences. Further investigations to
examine the appropriateness of real-world
decision making are also warranted. n

Author disclosures are available with the text
of this article at www.atsjournals.org.
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