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BACKGROUND: Targeted therapies for advanced non-small cell lung cancer (NSCLC) with
oncogenic drivers have caused a paradigm shift in care. Biomarker testing is needed to assess
eligibility for these therapies. Pulmonologists often perform bronchoscopy, providing tissue
for both pathologic diagnosis and biomarker analysis. We performed this survey to define the
existing knowledge and practices regarding the pulmonologists’ role in biomarker testing for
advanced NSCLC.

RESEARCH QUESTION: What is the current knowledge and practice of pulmonologists
regarding biomarker testing and targeted therapies in advanced NSCLC?

STUDY DESIGN AND METHODS: This cross-sectional study was performed using an electronic
survey of a random sample of 7,238 pulmonologists. Questions focused on diagnostic steps
and biomarker analyses for NSCLC.

RESULTS: A total of 453 pulmonologists responded. Respondents vary by reported lung
cancer patient volume, ranging from 51% evaluating one to four new cases per month to
19% evaluating > 10 cases per month. Interventional training, academic practice setting, and
higher volume of endobronchial ultrasound with transbronchial needle aspiration (EBUS-
TBNA) were associated with increased knowledge of practice guidelines for the number of
recommended passes during EBUS-TBNA (P < .05). Academic pulmonologists more
commonly performed or referred for EBUS-TBNA than community pulmonologists
(96% and 83%, respectively; P < .0005). Higher testing rates were associated with inter-
ventional training, academic setting, and the presence of an institutional policy, whereas
lower testing rates were associated with general pulmonologists, practice in community
settings, and lack of a guiding institutional policy (P < .05).

INTERPRETATION: Substantial differences among pulmonologists’ evaluation of advanced
NSCLC, variation in knowledge of available biomarkers and the importance of targeted
therapies, and differences in institutional coordination likely lead to underutilization of
biomarker testing. Interventional training appears to drive improved knowledge and practice
for biomarker testing more than practice setting. Improvements are needed in tissue
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Advanced stage non-small cell lung cancer (NSCLC)
accounts for more than one-half of new diagnoses of lung
cancer in the United States. Although 5-year survivorship
is generally poor, recent advances hold much promise.1,2

Until recently, advanced lung cancer was primarily treated
with platinum-based combination therapies.3 After
treatment with targeted therapy, 15% to 50% of patients
with EGFR mutations and ALK rearrangements survive >
5 years.4-7 Such personalized therapy relies on
identification of specific biomarkers.8 The current
paradigm is to directly sample and test lung cancer tissue
for biomarkers that indicate a targetable genetic mutation.

Erlotinib, an EGFR tyrosine kinase inhibitor (TKI), was the
first targeted therapy to gain permanent US Food and Drug
Administration (FDA) approval in 2013 after it was shown
to be superior to standard cytotoxic chemotherapy alone, in
those with the mutation.9,10 EGFR TKIs have since been
incorporated into society guidelines and have become the
standard of care for eligible patients.11-13 Since the success
of EGFR-targeted therapy, additional oncogenic drivers
have been identified that can be effectively treated with
targeted therapies. These include ALK or ROS1
rearrangements, BRAF V600E mutations, NTRK gene
fusions, MET exon 14 skipping mutations, and RET
rearrangements that have FDA-approved therapies and
ERBB2/HER2 and KRAS p.G12C mutations that have
therapies with FDA breakthrough therapy designations.13,14

Predictive markers are also important for identifying
appropriate patients for immunotherapy. PD-L1
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expression, mismatch repair deficiency, and tumor
mutation burden (TMB) are predictive markers to help
identify preferred patients for immunotherapy.15,16

Patients with PD-L1 expression > 50% are candidates
for first-line immunotherapy alone.15 More biomarkers
to aid in selection of targeted therapies and
immunotherapy are under investigation and their
numbers are expected to grow.8

The ongoing development of targeted treatments and
immunotherapy for patients with lung cancer presents new
challenges for pulmonologists. Endobronchial ultrasound
with transbronchial needle aspiration (EBUS-TBNA) can
provide both a diagnosis and mediastinal lymph node stage
for patients with suspected advanced NSCLC. It can be
especially useful for those without evidence of extrathoracic
metastasis and its use is supported by American College of
Chest Physicians (CHEST) guidelines.17 A meta-analysis
showed that the pooled probability of obtaining a sufficient
sample for identification of EGFR mutations by EBUS-
TBNA was 94.5% (95% CI, 93.2%-96.4%).18 In addition to
their role in acquiring tissue for testing, pulmonologists
may also order biomarker testing. Pulmonologists are now
being asked to collect adequate tumor tissue for testing,
keep informed of biomarker testing indications, and
collaborate with oncologists and pathologists to coordinate
appropriate and timely biomarker testing.

However, studies show that biomarker testing is variably
deployed and underused.19-21 Evidence suggests
biomarker testing among patients with metastatic NSCLC
may be as low as 10% to 20%, limiting potentially eligible
patients to conventional therapies with shorter survival
than those treatedwith effective targeted therapies.22,23We
undertook this study in collaboration with the American
Cancer Society National Lung Cancer Roundtable and
CHEST to better define pulmonologists’ practice patterns
for tissue acquisition and knowledge of biomarkers,
targeted therapies, and immunotherapy in the setting of
newly diagnosed advanced NSCLC.

Study Design and Methods
The survey instrument was developed by lung cancer experts
(G. A. S., J. R. J., U. B. R., J. C. K., N. M., and R. A. S.) from a

subgroup of the National Lung Cancer Roundtable Triage for
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Take-home Points

Study Question: What is the current knowledge and
practice of pulmonologists regarding biomarker
testing and targeted therapies in advanced non-small
cell lung cancer (NSCLC)?
Results: Pulmonologists vary by the volume of pa-
tients with advanced NSCLC seen in clinical practice,
their knowledge and practices for performing endo-
bronchial ultrasound with transbronchial needle
aspiration and biomarker testing, and in how they
coordinate testing with other specialties.
Interpretation: Improvements in tissue acquisition,
knowledge of biomarkers and associated targeted
therapies, and coordination of testing for patients
with advanced NSCLC are required to increase uti-
lization of biomarker testing and treatment with
targeted therapies.
Appropriate Treatment Task Group in 2018. The entire group
consisted of three pulmonologists specializing in thoracic oncology,
three people from patient advocacy groups, and two epidemiologists.
Questions focused on key domains for pulmonologists including
clinical volume, tissue sampling methods, responsible party for
ordering biomarker testing, and knowledge of available biomarkers
and FDA-approved targeted therapies. There were a total of 38 items
which included multiple choice and Likert scale questions (see e-
Appendix 1 for complete questionnaire).
chestjournal.org
Pilot testing of the survey was performed by nine volunteer physicians,
one thoracic surgery fellow, and eight pulmonary fellows, at the
Medical University of South Carolina. Participants were asked to
provide feedback on issues they encountered as they completed the
survey with specific attention to unclear language or response
options that did not match their possible answers. Comments from
the pilot test were reviewed by the members of the expert panel, and
edits were made to the instrument before final deployment. Data
collection and analysis were conducted by CHEST analytics in a
deidentified format. This study was designated as exempt from the
institutional review board at the Medical University of South Carolina.

The CHEST analytic database is composed of 25,237 physicians in the
United States, 14,208 of whom are pulmonologists. A total of 7,238
pulmonologists in the CHEST analytic database were randomly
generated and invited to participate. E-mail invitations were
delivered in April and May 2019. The initial invitation explained the
goals of the study and provided a link to the survey. Each invitee
was contacted up to an additional two times via reminder e-mails
over 10 days. The invitational e-mails communicated an incentive
$50 gift card for completion of the survey.

Descriptive statistical analyses are presented in the form of frequency
tables of responses to the questionnaire by all respondents.
Inferential statistical analysis was performed using c2 test, Fisher
exact test, and the Wilcoxon rank-sum test, as appropriate, to
measure the strength of associations and to make comparisons of
responses by pulmonologist practice setting, subspecialty training,
volume of EBUS-TBNA, and presence of an institutional policy for
handling biomarkers. When multiple comparisons were made, post
hoc c2 testing was used. A comparison of responders and
nonresponders was performed to assess for possible nonresponse
bias (e-Table 1).
Results

Respondent Demographics and Practice Profile

A total of 453 pulmonologists (6.3%) responded to
the survey. Most respondents were male (73%),
white (58%), general pulmonologists (75%) who
worked in a community setting (67%) and who
predominantly spent time in clinical care of patients
(Table 1). There were no significant differences in
outcomes (eg, awareness of biomarkers with
available targeted therapies, awareness of guidelines of
the number of passes to make during EBUS-TBNA)
based on age or practice tenure. Interventional
pulmonologists (IPs) comprised 20% of all
respondents, 59% of whom worked in an academic
practice setting. IPs represent 36% of pulmonologists
in academic settings and 12% of those in the
community. Breakdown of both practice setting and
presence of interventional training for selected
outcomes provide insight into their relative
contributions on outcomes (e-Table 2). Reported
volume of lung cancer cases per month was variable
among providers in different practice settings and
types of training (Fig 1). About one-half (51%)

reported seeing only one to four patients with new

diagnoses of lung cancer per month. In contrast, a

substantial group (19%) saw > 10 new cases per

month. IPs reported higher volumes of newly

diagnosed lung cancer cases per month than general

pulmonologists.

EBUS-TBNA Practices

Most pulmonologists (93%) thought that determining
the cell type of lung cancer was important or very
important. For diagnostic and staging purposes, the
most common method of tissue sampling was either
EBUS-TBNA (87%) or transthoracic needle aspiration
(72%). Respondents who reported themselves as
academic pulmonologists (APs) were significantly more
likely to choose EBUS-TBNA as their most common
diagnostic technique (96%) compared with community
pulmonologists (83%; P < .0005). Almost two-thirds
(62%) of all pulmonologists in the study performed
EBUS-TBNA procedures. APs were more likely to
perform EBUS-TBNA than community pulmonologists
(71% vs 57%, respectively; P ¼ .004). All IPs performed
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TABLE 1 ] Demographics and Practice Characteristics
of Survey Respondents

Variable
No. of

Respondents (%)

Age (n ¼ 287), y

< 40 62 (22)

40-50 108 (38)

51-60 70 (24)

61-80 47 (16)

Sex (n ¼ 288)

Male 210 (73)

Female 61 (21)

Declined to answer 17 (6)

Race (n ¼ 290)

White 168 (58)

Black 2 (1)

Asian 76 (26)

Other 4 (1)

Declined to answer 40 (14)

Hispanic or Latino heritage
(n ¼ 288)

Yes 19 (7)

No 234 (81)

Declined to answer 35 (12)

Region of practice (n ¼ 287)

West 44 (15.5)

Midwest 63 (22)

South 116 (40.5)

Northeast 64 (22)

Specialty (N ¼ 453)

General pulmonologist 341 (75)

Interventional pulmonologist 91 (20)

Intensivist 21 (5)

Practice setting (N ¼ 453)

Academic 148 (33)

Community 305 (67)

Practice setting and subspecialty
training (N ¼ 453)

General/academic 94 (20.7)

General/community 268 (59.2)

Interventional/academic 54 (11.9)

Interventional/community 37 (8.2)

Length of time in practice
(n ¼ 288), y

# 10 130 (45)

11-30 129 (45)

31-50 29 (10)

(Continued)

TABLE 1 ] (Continued)

Variable
No. of

Respondents (%)

Reported % clinical time (n ¼ 288)

< 50 10 (3)

50-74 28 (10)

> 74 250 (87)

Average No. of new lung cancer
cases diagnosed per month
(N ¼ 453)

1-4 230 (51)

5-9 137 (30)

10-14 48 (11)

$ 15 38 (8)

Which of the following biopsy/
tissue sampling techniques do
you perform most often with
your patients (regardless of
whether you perform the
actual procedure)? (N ¼ 453)

EBUS-TBNA 397 (87)

Transthoracic needle biopsy 326 (72)

Surgical specimen 147 (32)

Mediastinoscopy 110 (24)

Do you perform EBUS-TBNA to
provide a cancer diagnosis
and stage? (N ¼ 453)

Performs EBUS-TBNA
themselves

280 (62)

Refers to another provider 174 (38)

EBUS-TBNA ¼ endobronchial ultrasound with transbronchial needle
aspiration.

2296 Original Research
EBUS-TBNA compared with 52% of general
pulmonologists (P < .005). IPs performed more EBUS-
TBNA procedures than general pulmonologists
(P < .001). Of those who performed EBUS-TBNA,
most (74%) IPs performed > 10 per month,
whereas most (77%) generalists performed six or
fewer per month. Nearly one-quarter (22%) of all
providers performed three or fewer EBUS-TBNA
procedures per month.

Knowledge and practice characteristics for performing
EBUS-TBNA by providers are summarized in e-Table 3.
Most providers (80%) who performed EBUS-TBNA
reported they followed a national societal guideline for
technique.24 However, only 63% reported awareness of
guidelines, which suggest a minimum of three passes per
sampling site, especially when rapid on-site evaluation
[ 1 6 0 # 6 CHE ST D E C EM B E R 2 0 2 1 ]



TABLE 2 ] Frequency for Which Biomarkers Were Routinely Tested Outside of Clinical Trials by Practice Setting,
Subspecialty Training, and Presence of Institutional Policy (N ¼ 453)

Biomarker No. (%)

Comparison by Practice Setting Comparison by Subspecialty Training
Comparison by Presence of an
Institutional Testing Policy

Academic
Setting (%)

Community
Setting (%)

Interventional
Pulmonologists (%)

General
Pulmonologists

(%)
Institutional
Policy (%)

Lack of a Policy
(%)

EGFRa 447 (99) 99 98 100 98 98 100

ALKa 430 (95) 97 94 100 94 96 94

BRAFa 201 (44) 55b 39b 70b 38b 51b 38b

ROS1a 219 (48) 55b 45b 80b 40b 55b 42b

NTRKa 57 (13) 17b 10b 14 12 15b 10b

PD-L1a 347 (77) 84b 73b 99 71 82b 72b

ERBB2/
HER2

149 (33) 40b 29b 41b 31b 34 32

KRAS 309 (68) 74b 65b 82b 65b 70 67

MET 84 (19) 29b 13b 34b 15b 20 17

RET 70 (15) 26b 10b 27b 12b 18 13

TMB 41 (9) 16b 6b 18b 7b 10 9

aBiomarkers with Food and Drug Administration approval at the time the study was performed.
bSignificant difference with P < .05.

B

Community Interventionalists

n = 37

10-14
37.8%

≥ 15
10.8%

1-4
8.1%

5-9
43.2%

Academic Interventionalists

n = 54

1-4
7.4%

5-9
31.5%

10-14
25.9%

≥ 15
35.2%

Community Generalists

n = 268

≥ 15
3.7%
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4.1%

5-9
28.0% 1-4

64.2%

Academic Generalists

n = 94
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54.3%
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5.3%10-14

9.6%

5-9
30.9%

A

All Respondents

n = 453

≥15
8%

1-4
51%

10-14
11%

5-9
30%

Figure 1 – A, Number of new diagnoses of lung cancer per month for all survey respondents. B, Breakdown of the number of new lung cancer diagnoses
per month by practice setting and interventional training.
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Figure 2 – Comparison of awareness of guidelines for number of passes performed during endobronchial ultrasound with transbronchial needle
aspiration (EBUS-TBNA) by volume of EBUS-TBNA performed, presence of interventional pulmonology subspecialty training, and practice setting.
This was only assessed for providers who reported performing EBUS-TBNA (n ¼ 280). *P < .05; **P < .005. EBUS ¼ endobronchial ultrasound with
transbronchial needle aspiration.
(ROSE) is unavailable. Providers who have
interventional training, practice in academic settings,
and/or performed seven or more EBUS-TBNA
procedures per month had higher rates of knowledge for
guidelines and for the number of passes recommended
during EBUS-TBNA (Fig 2). Variation was found in the
number of extra needle passes per site to obtain tissue
for molecular analysis (Fig 3). More than one-half (55%)
reported that they usually performed three or four
5-6 passes
n = 68
24%

≥ 7 passes
n = 20

7%
0-2 passes

n = 39
14%

3-4 passes
n = 153

55%

Figure 3 – Number of extra needle passes per site during endobronchial
ultrasound with transbronchial needle aspiration for biomarker
testing.
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passes to collect tissue for biomarker analysis,
31% reported five or more passes, and 14% reported
fewer than three passes. There was general agreement
(90%) that the number of passes made was determined
by confidence that enough tissue was collected for
molecular analysis. Although only a minority of
respondents cited needle gauge as a determining factor
for number of passes taken during EBUS-TBNA,
general pulmonologists were more likely to do so than
IPs (16% vs 8%, respectively; P ¼ .058). Most (84%)
reported access to ROSE, which was more often
available to IPs than general pulmonologists
(98% and 77%, respectively; P < .0005) and to
those in academic practice settings compared with
those in community settings (94% and 77%,
respectively; P < .0005). For those without access to
ROSE, most (85%) used cell block cytology to
send samples for pathology. Overall, most (75%)
agreed that cell block cytology is as useful as a core
biopsy to collect tissue for diagnostic and biomarker
analysis.
Coordination of Biomarker Testing

Pulmonologists and members of their institutions have
different practices for ordering and coordinating
biomarker testing (e-Table 4). Oncologists were most
commonly responsible for ordering biomarker testing
(37%), followed by pathologists, pulmonologists, and
[ 1 6 0 # 6 CHE ST D E C EM B E R 2 0 2 1 ]
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Figure 4 – A, Percent responding that an FDA-approved targeted therapy exists for the corresponding molecular biomarker for all
respondents, and by academic and community practice settings. B, Percent responding that an FDA-approved targeted therapy exists for the
corresponding molecular biomarker comparing general and interventional pulmonologists. C, Timeline of FDA approval for molecular
biomarkers with associated targeted therapeutics. aFDA breakthrough therapy designation only (not full approval). FDA ¼ Food and Drug
Administration. b*P < .05.
tumor boards (31%, 23%, and 7%, respectively). Nearly
one-half (48%) reported an institutional policy for
handling biomarker testing for patients with advanced
NSCLC. IPs were more likely to report having an
institutional policy than general pulmonologists
(59% vs 46%, respectively; P < .019), as were APs
compared with community pulmonologists
(58% vs 44%, respectively; P < .006). Nearly
40% routinely sent all samples for biomarker testing,
whereas approximately one-third tested samples based
on cell type determination and about one-quarter sent
samples for testing based on oncologist preference.
Routine testing of all samples was associated with
presence of an institutional policy (50% and 29%; P <

.0005) and academic practice setting (46% and 36%; P <

.03) when compared with absence of a policy and
chestjournal.org
community centers, respectively. The pathologist was
more likely to be responsible for biomarker testing when
an institutional policy was present when compared with
absent (40% vs 23%, respectively; P < .005). In-house
biomarker testing was reported by 20%, outside testing
by 44%, and a combination of the two by 31% of
pulmonologists surveyed.

Knowledge and Practice for Individual Molecular
Tests and Therapeutics

Pulmonologists were asked to select molecular
biomarkers for which they routinely test outside of
clinical trials (Table 2). At the time of our study, the six
following biomarkers had FDA-approved therapies:
ALK, EGFR, PD-L1, ROS1, BRAF, and NTRK (Fig 4C).
Testing was high overall for EGFR (99%) and ALK
2299
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(95%) testing with no significant differences based on
practice setting, subspecialty, or presence of an
institutional testing policy. Higher rates of testing for
nine biomarkers (BRAF, ROS1, NTRK, PD-L1, ERRB2/
HER2, KRAS, MET, RET, and TMB) were associated
with academic practice setting, six biomarkers (BRAF,
ROS1, KRAS, MET, RET, and TMB) with interventional
subspecialty, and four biomarkers (BRAF, ROS1, NTRK,
and PD-L1) with presence of an institutional policy (P <

.05). Finally, the respondents were given a list of lung
cancer biomarkers (EGFR, ALK, BRAF, ROS1, PD-L1,
T790M, RET, and ERBB2/HER2) and asked whether
they were aware of an FDA-approved targeted
chemotherapeutic for this biomarker (Fig 4). Overall,
pulmonologists identified biomarkers with approved
targeted therapies at the highest rate for those with the
longest duration of FDA approval and did worse
identifying those with more recent approval. About one-
half incorrectly identified ERBB2/HER2 as having an
FDA-approved therapy for advanced NSCLC. IPs had a
higher rate of identifying available targeted therapies
associated with biomarkers compared with general
pulmonologists, including EGFR, BRAF, ROS1, PD-L1,
and T790M (P < .005). A similar trend was seen among
APs compared with community pulmonologists for
BRAF, PD-L1, and T790M (P < .05).

Discussion
Biomarker-driven targeted therapies for patients with
advanced NSCLC offer opportunities for improved
outcomes. For example, osimertinib and alectinib have
demonstrated median survivals of > 3 and 5 years for
patients with EGFR mutations and ALK
rearrangements, respectively.4,25 In comparison,
patients with nonsquamous NSCLC treated with
pemetrexed and cisplatin have a median survival of < 1
year.26 Additionally, there is evidence that targeted
therapies may worsen outcomes if the associated
oncogenic driver is not present, further demonstrating
the importance of biomarker testing. In the Iressa trial,
for the subgroup of patients who were negative for
EGFR mutations, progression-free survival was
significantly longer among those who received
carboplatin-paclitaxel compared with those who
received gefitinib.11 This rapidly evolving field poses
unique challenges for pulmonologists and the
multidisciplinary teams who care for patients with lung
cancer. The current study adds to our knowledge about
how pulmonologists manage biomarker testing in three
notable ways. First, there is significant variation by
practice type and setting, the volume of EBUS-TBNA
2300 Original Research
performed, the technique used to acquire tissue, and
the knowledge of guideline-recommended care when
evaluating patients with suspected advanced NSCLC.
Second, significant differences exist between practice
type, setting, and presence of institutional policy in the
rate of biomarker testing and knowledge of available
targeted agents. Finally, there is significant variation in
the coordination of biomarker testing between
subspecialty services across institutions. To provide
patients with optimal care, improvements in all three
areas will be necessary to make targeted therapies more
widely available.

This study documents significant variation in the
frequency with which pulmonologists encounter
advanced NSCLC in clinical practice and how they use
EBUS-TBNA. EBUS-TBNA commonly provides the
least invasive tissue sampling method for diagnosis and
staging and was shown in a meta-analysis to be
95% effective for tissue acquisition for biomarker
analysis.17,18 As one might expect, IPs in our study saw
more lung cancer cases per month, used EBUS-TBNA
more often, had higher awareness of guidelines for
EBUS-TBNA, and had higher rates of routine testing of
more biomarkers. Examination of study outcomes by
both practice setting and interventional training suggests
that the high proportion of interventionalists in the
academic setting drives the associations with improved
knowledge and practices for the academic setting (e-
Table 2). Multiple studies support a relationship
between higher procedural volumes or experience with
more appropriate lung cancer staging and an increased
diagnostic yield.27-30 One study assessed appropriateness
of mediastinal staging with EBUS-TBNA in a simulation
for 60 pulmonologists and found that increased
procedural volume correlated with appropriate
staging.28 Based on these results, we suspect that
pulmonologists who see few patients with lung cancer
and/or perform few procedures are more likely to
underuse biomarker testing. A variety of barriers likely
contribute to this phenomenon at both the community
and institutional level. These include access to
technologies (eg, EBUS-TBNA, ROSE), subspecialty
expertise, or opportunities for training and knowledge
enhancement.

This study also revealed differences regarding practices
and awareness of guidelines for EBUS-TBNA. Possible
knowledge deficiencies identified include not following
any guidelines for performing EBUS-TBNA, lack of
awareness of guidelines for the recommended number of
passes to make at each site, and making fewer than three
[ 1 6 0 # 6 CHE ST D E C EM B E R 2 0 2 1 ]



passes per site during EBUS-TBNA. Despite randomized
trials showing no evidence for difference in yield by
needle size used during EBUS-TBNA, some report needle
gauge factors into the number of passes they perform.31,32

ROSE is a well-established tool to aid in diagnosis and
ensure sample adequacy for EBUS-TBNA.33 Although
there is a paucity of data investigating utilization of
ROSE, one survey of cytopathologists suggests a median
utilization of 70%; however, some did not use it at all.34

The determination of adequacy for biomarker analysis
without ROSE during EBUS-TBNA remains unanswered.
Given the apparent positive associations with increased
procedural volumes, subspecialty interventional training,
and academic practice centers, two possible solutions
include either improved education for providers in need
or referral of patients to providers with adequate
resources and training.

There is also significant variation in knowledge of
targeted therapies and reported testing rates for
biomarkers that appear to lag behind their FDA approval,
such that those available the longest (eg, EGFR and ALK
TKIs) are those which are most likely to be tested for
presence. A similar trend was found in a survey of
members of the International Association for the Study of
Lung Cancer that assessed biomarker utilization by
different providers worldwide in 2018.35 In comparison,
HER2/ERBB2, a biomarker for breast cancer-targeted
therapy, has an analogous trend toward increased testing
over time. Its first targeted therapy, trastuzumab, was
approved for the treatment of breast cancer in 1998, and
guidelines from the American Society of Clinical
Oncology in 2007 recommended testing for all invasive
breast cancers.36 Few studies look at utilization at a
national level over time. One health system’s study
reviewing new diagnoses in 1999 and 2000 showed a
HER2 testing rate of 51.8%; a later national study in 2010
reported a testing rate of 91.2%.37,38

Significant differences in coordination of biomarker
testing are evident by variation in the provider
responsible for test ordering and whether institutions
have a policy to guide them. Nearly one-quarter of
pulmonologists order biomarker testing that places a
burden to stay informed of the landscape of testing and
treatment. Providers who perform few EBUS-TBNA and
who do not have institutionally driven testing may be at
a particular disadvantage. Over one-third of the time,
oncologists were responsible for ordering biomarker
testing. However, testing would ideally be ordered at the
time of tissue acquisition, to prevent delays in treatment.
Only one-half of those surveyed reported having an
chestjournal.org
institutional policy, which when present, correlated with
higher rates of testing for multiple actionable
biomarkers. Overall, these results argue for better
interdisciplinary communication between specialties
and hospital infrastructure to coordinate testing.

Reflex testing may reduce the burden of knowledge on
individual providers and would allow pulmonologists to
focus on adequate tissue acquisition, rather than
nuances and logistics of testing.39 Reflex testing
increases the number of patients tested and reduces time
to appropriate treatment.39-42 In one study, reflex testing
increased EGFR testing rates from 79% to 95% and ALK
testing from 44% to 83% with reduced time to
appropriate treatment from a median of 36 to 22 days.40

Another study demonstrated disparities in testing for
EGFR and ALK with fourfold higher testing for patients
with an Asian background, fivefold higher testing for
patients who never smoked, and twice higher testing for
women.42 Systematic testing would have the potential to
reduce effects of implicit bias of providers. Perhaps most
importantly, it is unrealistic to expect practicing
pulmonologists, especially those who see very few
patients with lung cancer, to keep abreast of the ever-
changing landscape of biomarkers and targeted
therapies. Next-generation sequencing panels allow for
comprehensive testing without the need for knowledge
about individual tests. We suggest institutions develop
testing policies that focus on interdisciplinary
communication and testing strategies that are
systematic, comprehensive, and modifiable as advances
are made in biomarkers and targeted therapies. We feel
institutional policies should, at minimum, attempt to
test all eligible patients for biomarkers with FDA-
approved targeted therapies in a manner that works best
with their institutional workflow and patient population.

This study has several limitations. The response rate is
low; however, this is quite common when physicians are
surveyed. This finding makes the results of the survey
more difficult to generalize. Given the complexities of
health care systems, recall bias has the potential to have
significant influence on responses, especially those
involving institutional practices. For example, a response
indicating a lack of an institutional policy for when to
perform biomarker testing may simply indicate a lack of
awareness of the policy. Additional research is needed to
identify individual and institutional factors associated
with successful biomarker testing and treatment with
targeted therapies. Characteristics of responders and
nonresponders suggest a possible nonresponse bias with
a smaller portion of community pulmonologists
2301
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completing the survey (62% among responders and
75% among nonresponders). Despite these limitations,
we report practice patterns of many pulmonologists
(N ¼ 453) from diverse practice settings which provide
valuable insights on current knowledge and practice
patterns concerning care for patients with advanced
NSCLC in the era of targeted therapy.

Interpretation
Pulmonologists face new challenges caring for patients
with advanced NSCLC in an era of rapidly evolving
2302 Original Research
targeted therapy options. This study documents
variation in key aspects of care that may influence
biomarker testing. Some differences by practice setting
and subspecialty training argue for improvements and
standardization of care through education and/or
specialization of care. Finally, systematic and uniform
comprehensive biomarker testing strategies with a
focus on interdisciplinary communication should
alleviate burdens on pulmonologists and improve
biomarker testing rates and ultimately improve patient
outcomes.
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