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Physician attitudes and prevalence of 
molecular testing in lung cancer

Lung cancer is the leading cause of cancer 
death in the United States. It is estimated 
that there will be 222,500 new cases of 

lung cancer and 155,870 deaths from lung cancer 
in 2017. Non–small-cell lung carcinoma (NSCLC) 
accounts for 80%-85% of lung cancers, with adeno-
carcinoma being the most common histologic sub-
type. Other less common subtypes include squa-
mous-cell carcinoma, large-cell carcinoma, and 
NSCLC that cannot be further classified.1 Nearly 
70% of patients present with locally advanced or 
metastatic disease at the time of diagnosis and are 
not candidates for surgical resection.2 For that group 
of patients, the mainstay of treatment is platinum-
based chemotherapy with or without radiation ther-
apy. Patients who are chemotherapy naive often 
experience a modest response, however; durable 
remission is short lived, and the 5-year survival rate 
remains staggeringly low.3 Improved understanding 
of the molecular pathways that drive malignancy in 
NSCLC has led to the development of drugs that 

target specific molecular pathways.4 By definition, 
these driver mutations facilitate oncogenesis by con-
ferring a selective advantage during clonal evolu-
tion.5 Moreover, agents targeting these pathways 
are extremely active and induce durable responses in 
many patients.6,7,8

Predictive biomarkers in NSCLC include ana-
plastic lymphoma kinase (ALK) fusion oncogene 
and sensitizing epidermal growth factor recep-
tor (EGFR) mutations. Mutations in the EGFR 
tyrosine kinase are observed in about 15%-20% of 
NSCLC adenocarcinomas in the United States 
and upward of 60% in Asian populations. They 
are also found more frequently in nonsmokers and 
women.6 The two most prevalent mutations in the 
EGFR tyrosine kinase domain are in-frame dele-
tions of exon 19 and L858R substitution in exon 
21, representing about 45% and 40% of mutations, 
respectively.9 Both mutations result in activation of 
the tyrosine kinase domain, and both are associ-
ated with sensitivity to the small-molecule tyrosine 
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Background EGFR mutations and EML4-ALK rearrangements are key therapeutic targets in nonsquamous non–small-cell lung 
carcinoma (nsNSCLC). Current guidelines recommend testing all patients with advanced nsNSCLC (stages IIIB and IV).
Objective To evaluate physician attitudes about molecular testing for nsNSCLC and to determine the rate of testing, the effect of 
biopsy sample size, and prevalence of driver mutations .
Materials and methods In this retrospective study, 206 cases of advanced nsNSCLC were identified from the 
tumor registry from 3 hospitals within a health network (February 2011-February 2013). EGFR and ALK testing was performed 
using commercial laboratories and mutation prevalence was determined. A survey was sent to practitioners who care for patients 
with lung cancer to evaluate their attitudes toward molecular testing.
Results The prevalence of EGFR mutation (7.8%) and ALK rearrangement (2%) was lower than reported in the literature. Large bi-
opsy samples were more likely to be analyzed for EGFR mutations and ALK rearrangements (P = .023 and P = .007, respectively) 
than were smaller samples. There was a high level of agreement among survey respondents that mutation testing was essential. 
Nevertheless, we found that fewer than half of the eligible patients had been tested for these critical driver mutations.
Limitations Small sample size
Conclusion Despite current recommendations to test patients with advanced nsNSCLC for EGFR mutations and ALK rearrange-
ments and physician assertions that they deemed mutation testing essential, fewer than 50% of the patients at the 3 hospitals had 
been assayed. Our findings imply that large biopsy samples, such as those from surgical or core biopsies, are better than small 
samples, such as those from needle aspiration for the purpose of molecular testing.  In addition, the prevalence of driver mutations 
among patients who were treated at the cancer center is lower than that published in the literature.
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kinase inhibitors (TKIs), such as erlotinib, gefitinib, and 
afatinib.10 Other drug-sensitive mutations include point 
mutations at exon 21 (L861Q) and exon 18 (G719X).11 
Targeted therapy produces durable responses in the major-
ity of patients.12,13,14 Unfortunately, most patients develop 
acquired resistance to these therapies, which leads to dis-
ease progression.4,15-17

ALK gene rearrangements, although less prevalent, are 
another important molecular target in NSCLC and are 
seen in 2%-7% of cases in the United States.7 As with 
EGFR mutations, these mutations are more prevalent 
in nonsmokers, and they are found more commonly in 
younger patients and in men.8

Identification of driver mutations early in the course of 
disease and acquired resistance mutations later are crucial 
for the optimal management of advanced NSCLC. DNA 
analysis using polymerase chain reaction (PCR) and next-
generation sequencing is the preferred method for testing 
for EGFR mutations, and ALK rearrangements are gen-
erally tested either by flourescence in situ hybridization 
(FISH) or immunohistochemistry.18,19 Newer blood-based 
assays have shown great promise, and clinicians may soon 
have the ability to monitor subtle genetic changes, iden-
tify resistance patterns, and change therapy when acquired 
resistance occurs.20

The American College of Pathologists, the International 
Association for the Study of Lung Cancer, and the 
Association for Molecular Pathology have proposed guide-
lines for molecular testing in lung cancer. It is recommended 
that all advanced squamous and nonsquamous cell lung can-
cers with an adenocarcinoma component should be tested 
for EGFR and ALK mutations independent of age, sex, eth-
nicity, or smoking history. In the setting of smaller lung can-
cer specimens (eg, from biopsies, cytology) where an ade-
nocarcinoma component cannot be completely excluded, 
EGFR and ALK testing may be performed in cases show-
ing squamous or small cell histology but clinical criteria (eg, 
young age, lack of smoking history) may be useful in select-
ing a subset of these samples for testing. Samples obtained 
through surgical resection, open biopsy, endoscopy, transtho-
racic needle biopsy, fine-needle aspiration, and thoracentesis 
are all considered suitable for testing, but large biopsy sam-
ples are generally preferred over small biopsy samples, cell-
blocks, and cytology samples.21 Despite this recommenda-
tion, not all patients who are eligible for mutation analysis 
are tested. At our institution, preliminary observations sug-
gested that the percentage of patients being tested and the 
prevalence of driver mutations were significantly lower com-
pared with published data. The purpose of this study was to 
evaluate physician attitudes about molecular testing, and to 
determine the rate of testing, the effect of biopsy sample size 
on rate of testing, and the prevalence of driver mutations at 
our institution.

Methods
In this retrospective clinical study, we identified 206 
cases of advanced nsNSCLC from the tumor regis-
try (February 2011-February 2013). Registry data was 
obtained from three hospitals within our health net-
work – two academic tertiary care centers, and one com-
munity-based hospital. The other hospitals in the net-
work were excluded because their EHR systems were 
not integrated with the rest of the hospitals and/or there 
was a lack of registry data. The testing rates for driver 
mutations, prevalence of driver mutations, and the tissue 
procurement techniques were obtained from individual 
chart review. Surgical specimens, core biopsy samples, 
and large volume thoracentesis specimens were catego-
rized as large biopsy samples, and samples obtained by 
fine-needle aspiration, bronchial washing, and bronchial 
brushing were considered small biopsy samples. We used 
a chi-square analysis to compare mutation testing rates 
between the large and small biopsy sample groups. The 
prevalence of driver mutations was determined, exclud-
ing unknown or inadequate samples.

EGFR analysis had been conducted at Integrated 
Oncology, using formalin-fixed, paraffin-embedded tis-
sue. Genomic DNA was isolated, and EGFR muta-
tion analysis was performed using SNaPShot multiplex 
PCR, primer extension assay for exons 18-21; samples 
with >4mm2 and ≥50% tumor content were preferred. 
Macrodissection was used to enrich for tumor cells 
when samples had lower tumor cellularity and content. 
ALK rearrangements were tested in the hospital using 
the Vysis ALK Break Apart FISH probe kit (Abott 
Molecular Inc, Des Plaines, IL).

We conducted a web-based, 20-question survey about 
molecular profiling among 110 practitioners to gauge 
their knowledge and opinions about molecular test-
ing. The practitioners included medical oncologists, 
thoracic surgeons, pulmonologists, and interventional 
radiologists. Each received an initial e-mail inform-
ing them of the study, inviting them to complete sur-
vey, and providing a link to it, and two reminder e-mails 
at biweekly intervals to maximize survey participation 
and responses. The questions were aimed at understand-
ing the challenges surrounding molecular testing within 
our network. Apart from the questions gathering demo-
graphic information about the respondents, the ques-
tions were intended to highlight the disparities between 
guideline recommendations and physician practices; to 
gauge the perceived importance of molecular evaluation; 
to identify individual, subspecialty, and hospital-based 
challenges; and to assess physician attitudes toward 
alternatives to traditional tissue-based testing (Table 1, 
p. e150). Nineteen of the questions were structured as 
single or best answer, whereas Question 9, which was 
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aimed at identifying system-based challenges, allowed 
for multiple answer selections.

Results
There were a total of 206 cases of advanced stage IIIb or 
IV nsNSCLC identified at three hospitals during 2011-
2013. Of those 206 cases, 161 (78.2%) were recorded at the 
two large academic medical centers, and 45 (21.9%) were 
recorded at the smaller community-based hospital. Of the 
total, there were 145 (70.4%) large biopsy specimens and 
61 (29.6%) small biopsy specimens. We found that 89 of 
the 206 cases (43.2 %) had been tested for EGFR muta-
tions, and 49 (23.8%) had been tested for ALK rearrange-
ments (Figure, A and C). In all, 70 (48.3%) large-sample 
biopsies and 19 (31.1%) small-sample biopsies were sub-
mitted for EGFR analysis (Figure, B), and 42 (29%) large-
sample biopsies and 7 (11.5%) small-sample biopsies were 
tested for ALK rearrangements (Figure, D). Large-sample 
biopsies were more likely to be analyzed for EGFR muta-
tions and ALK rearrangements, with the results reach-
ing statistical significance (P = .023 and P = .007, respec-
tively). Across all samples, a total of 7 EGFR mutations 
and 1 ALK rearrangement were identified, yielding a prev-
alence of 7.9% and 2% respectively (Figure, A and C). 
Table 2 shows the demographics, smoking status and type 
of driver mutation identified. Core biopsies were obtained 
in 45.6% of the cases and fine-needle aspiration biopsies 

were obtained in 25.2% of the cases with surgical resec-
tions, with thoracentesis and bronchial washings compris-
ing the rest of the biopsies (Table 3). 

The average age at diagnosis of the patients in the cases 
that were analyzed was 69.3 years. Most of the patients 
(83.9%) identified as white, 3.8% were African American, 
and 12.6% were in the Unknown category. Of the total 
number of patients, 11 were identified as never-smokers 
(5.3%), 50 (24.3%) had a 1-15 pack-year smoking history, 
104 (50.5%) had a 16-45 pack-year smoking history, and 
41 (19.9%) had a >45 pack-year smoking history.

In regard to the survey, 46 of the 110 physicians asked to 
participate in the survey responded, representing a response 
rate of 41.8% (range across medical specialties, 26%-45%, 
Table 4). Of those respondents, 38 (82.6%) indicated they 
believed molecular evaluation was a very important aspect 
of NSCLC care, with the remainder indicating it was 
somewhat important. 91.4% of the respondents who rou-
tinely ordered molecular testing agreed that stage IIIb or 
IV nsNSCLC should undergo molecular evaluation.

The top barriers to molecular evaluation identified 
through this survey were the availability of sufficient tissue 
to complete molecular testing and the Center for Medicare 
and Medicaid Services’s (CMS’s) 14-day rule that requires 
hospitals to wait 14 days after the patient is discharged 
for the lab to receive reimbursement for molecular testing 
(Table 5).

FIGURE Study results. A, Total samples tested for EGFR 43.2%, EGFR rate 7.9%. B, Large biopsies more likely to be tested for EGFR 
mutations, P = .023. C, Total samples tested for EML4-ALK rearrangement 23.8%, EML4-ALK rate 2%. D, Large biopsies more likely to 
be tested for EML4-ALK, P = .007 

A
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Discussion
The treatment of advanced nsNSCLC has evolved signifi-
cantly over the past decade. Molecular profiling is now an 
essential part of initial evaluation, and larger-sample biop-
sies are needed to ensure accurate evaluation and appropri-
ate treatment. The detection of EGFR and EML4-ALK 
driver mutations are associated with increased response to 
tyrosine kinase inhibitors and are associated with improve-
ment in progression-free survival, patient quality of life, 
and even overall survival in some studies.12,22,23,24 Early 
identification of these driver mutations is crucial, however, 
preliminary observation in our network suggested that a 
large percentage of patients with advanced nsNSCLC in 
were not being appropriately evaluated for those mutations. 
To evaluate our molecular profiling rates, we conducted a 
retrospective study and reviewed 3 years of registry data at 
3 hospitals within our health system. Two of the hospitals 

included in our analysis were large tertiary academic cen-
ters, and one was a community hospital. Our findings con-
firmed that a large percentage of our patients who are eli-
gible for molecular evaluation are not tested: 56.7% of cases 
were not tested for EGFR mutations, and 76.2% of cases 
were not tested for ALK rearrangements.

In a similar study, the Association for Community 
Cancer Centers conducted a project aimed at understand-
ing the landscape and current challenges for molecular 
profiling in NSCLC. Eight institutions participated in the 
study, and baseline testing rates were analyzed. The find-
ings demonstrated that high-volume institutions (treat-
ing >100 lung cancer patients a year tested 62% and 60% 
of advanced lung cancer patients for EGFR and EML4-
ALK, respectively, and low-volume institutions (treat-
ing <100 lung cancer patients a year tested 52% and 47% 
for EGFR and EML4-ALK, respectively.25,26 In a recent 

TABLE 1 Survey questions in detail

1.  Approximately how many members of your cancer center 
staff are formally trained or certified in process improvement 
(Lean, Lean Six Sigma, etc)? 

2.  Do you have any ongoing quality improvement projects 
focused on NSCLC?

3.  Approximately what percent of all your patients with 
NSCLC are diagnosed as inpatients vs outpatients? 

4.  Rate the importance of molecular testing in advanced 
NSCLC? 

5.  Who typically makes the decision on the best way to obtain 
tissue in advanced stage lung cancer?

6.  How likely are you to send molecular testing (EGFR or ALK) 
on a stage I, II, or IIIA nonsquamous NSCLC?

7.  How likely are you to send molecular testing (EGFR or ALK) 
on a stage IIIB/IV nonsquamous NSCLC?

8.  How likely are you to send molecular testing on stage IIIB/
IV squamous cell lung cancer patient?

9.  What challenges/barriers has your practice/organiza-
tion has faced with molecular testing in advanced NSCLC.
(check all that apply)

A.  Availability of sufficient tissue to complete molecu-
lar testing

B. Poor performance status 
C. Poor pulmonary function
D. Risk of pneumothorax
E. Risk of bleeding
F. Location of tumor (central versus peripheral)
G.  Comorbid conditions (eg. chronic anticoagula-

tion therapy etc.)
H. Level of patient commitment
I. Level of physician commitment
J. Current or prior smoking history
K. 14 day rule
L. Other _________________

10.  How likely are you to send a molecular testing order for a 
patient with a smoking history? 

11.  How likely  are you to send a molecular testing order for a 
patient with poor performance status?

12.  How often does lack of tissue effect your decision to order 
molecular testing?

13.  How likely are you to repeat a biopsy if there is inade-
quate tissue for molecular testing?

14.  How does your organization select a molecular testing lab 
for NSCLC biopsy specimens? 

A. Molecular testing is done internally
B. The pathology department selects the lab
C. The medical oncology department selects the lab
D.  The pathology and medical oncology depart-

ments work together to select the lab
E. Other (Please specify)

15.  How likely would you be to do molecular testing if it was 
delayed by the 14-day rule?

16.  How likely is it that molecular profiling influences your first 
line treatment decision? 

17.  Although the rate of cancer growth varies among patients, 
generally how long would you be willing to wait for molec-
ular testing results prior to instituting first-line therapy? 

18.  If you had the ability to order a blood test for molecular 
testing with turnaround time of 2 weeks how likely would 
you order this blood test?

19.  If you were confident that the concordance between muta-
tions detected in the tissue and the mutations detected in 
the blood was greater than 95% would you be willing 
to forgo an additional tissue biopsy and substitute blood 
based test (liquid biopsy)

20.  What concordance rate would convince you to forgo sub-
sequent biopsies and use a liquid biopsy?

A. 80%
B. 85%
C. 90%
D. 95%
E. Don’t know/unsure
F. Would never use a liquid biopsy
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TABLE 2 Driver mutation present: patient demographics, smoking status, 
and mutation type

Patient Age, y/Race Smoking status Driver mutation

1 75/WM1 Nonsmoker Exon 19 deletion

2 62/WF2 Nonsmoker Exon 19 deletion

3 58/WM1 Nonsmoker Exon 20 insertion

4 73/WF2 Nonsmoker Exon 19 deletion

5 86/WM1 40-pack year L858R

6 87/AAM3 30-pack year L858R

7 78/WM1 20-pack year L858R

8 24/WF2 Nonsmoker EML4-ALK 
rearrangement

WM, Caucasian male; WF, Caucasian female; AAM, African American male

TABLE 3 Biopsy type: number and percentage of cases (N = 206) 

Biopsy type n (%)

Core biopsies 94 (45.6)

Fine-needle aspirates 52  (25.2)

Surgical resection 34 (16.5)

Thoracentesis 17 (8.3)

Bronchial brushing, washings 9 (4.4)

international physician self-reported survey, Spicer and 
colleagues found that EGFR testing was requested before 
first-line therapy in patients with stage IIIB or IV disease 
in 81% of cases, and mutation results were available before 
start of therapy in 77% of the cases.27 Those percentages 
are relatively low, given that current guidelines recommend 
that molecular testing should be done for all patients with 
stage IIIB or IV nsNSCLC. This highlights the need for 
objective performance feedback so oncologists can make 
the necessary practice changes so that molecular testing is 
done before the start of therapy to ensure high-quality can-
cer care that will translate into better, cost-effective out-
comes and improved patient quality of life.

Our study findings showed that the prevalence of 
EGFR and ALK mutations is substantially lower among 
the patients we treat in our network compared with 
other published data on prevalence. The reason for those 
low rates is not clear, but it is likely multifactorial. First, 
Western Pennsylvania, the region our network serves, has 
a large proportion of older adults – 17.3% of the popula-
tion is older than 65 years (national average, 14.5%) and 
advanced age might have contributed to the lower EGFR 
and ALK rates measured in our study.28 Second, the smok-
ing rate in Pennsylvania is higher than the national average, 
20%-24% compared with 18%, respectively.29 Third, the air 
quality in Western Pennsylvania has historically been very 
poor as a result of the large steel and coal mining indus-
tries. Even though the air quality has improved in recent 
decades, the American Lung Association’s 2017 State of 
the Air report ranked Pittsburgh and surrounding areas in 
Western Pennsylvania among the top 25 most air polluted 
areas in the United States.30 It is not certain whether air 
pollution and air quality have any impact on driver muta-
tion rates, but the correlation with smoking, ethnicity, and 
geographic distribution highlight the need for further epi-
demiologic studies.

Biopsy sufficiency – getting an adequate amount of sam-
ple tissue during biopsy – is a known challenge to molec-
ular profiling, and we found that biopsy sample size had 
an impact on the testing rates in a large percentage of 
our cases. To fully understand the impact of biopsy suffi-
ciency, we conducted a subset analysis and compared the 
testing rates between our large and small biopsy samples. 
Our analysis showed that larger-sample biopsies were more 
likely to be tested for mutations than were smaller-sample 
biopsies (EGFR: P = .023; ALK: P = .007).

Those results suggest that larger-sample biopsies should 
be encouraged, but procedural risks, tumor location, and 
patient age and wishes need to be considered before tis-
sue acquisition.21 Furthermore, clinicians who are respon-
sible for tissue procurement need to be properly educated 
on the tissue sample requirements and the impact these 
results have on treatment decisions.31 Our institution, like 

many others, has adopted rapid onsite evaluation (ROSE) 
of biopsy samples, whereby a trained cytopathologist 
reviews sample adequacy at the time of tissue procurement. 
Although there is scant data directly comparing molecular 
testing success rates with and without the ROSE proto-
col, a meta-analysis conducted by Schmidt and colleagues 
concluded that ROSE improved the adequacy rate of fine-
needle aspiration cytology by 12%.32,33 Given that molec-
ular profiling depends on both the absolute and relative 
amount of tumor cells present in the sample, the ROSE 
protocol likely enhances the procedural success rate and 
reduces the need for repeat and subsequent biopsies.

It is interesting to note that our data also demonstrated 
that we are obtaining large-sample biopsies in most of our 
patients (about 70%). However, we are still failing to test 
more than half of our cases for driver mutations (Figure, 
A and C). This strongly suggests there are additional fac-
tors beyond tissue adequacy that are contributing to our 
high failure rate. It is essential to understand the dynamics 
and system practices that influence testing rates if we are 
to improve the care and outcomes of our cancer patients. 
To better understand those barriers, we surveyed 110 prac-
titioners (including medical oncologists, pulmonologists, 
thoracic surgeons, and interventional radiologists) about 
the molecular profiling process and their responses high-
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lighted several important areas that deserve special atten-
tion (Tables  1, 4, 5).

In our institution, testing initiation is primarily the 
responsibility of the treating medical oncologist. This pres-
ents a challenge because there is often a significant delay 
between tissue acquisition, histologic confirmation, and 
oncologic review. Many institutions have adopted pathol-
ogy-driven reflex testing to help overcome such delays. 
Automatic testing after pathologic confirmation stream-
lines the process, increases testing rates, and eliminates 
unnecessary delay between the time of diagnosis and the 
time of test ordering.34 It also allows for the molecular 
and histologic diagnosis to be integrated into a single 
pathology report before therapy is initiated. 

Another barrier to timely testing according to the 
respondents, was the CMS’s 14-day rule. The 14-day rule 

requires hospitals to wait 14 days after the patient is dis-
charged for the lab to receive reimbursement for molecu-
lar testing and was frequently identified as a cause for sig-
nificant delay in testing and having an impact on first-line 
treatment decisions.35,36 

Often clinicians will choose to defer testing until this 
time has elapsed to reduce the financial burden placed on 
the hospital but by that time, they might well have initi-
ated treatment without knowing if the patient has a muta-
tion. This is a significant challenge identified by many of 
our oncologists, and is a limitation to our analysis above 
as it is unclear what percentage of patients received follow 
up testing once care was established at an outside facility 
and once the 14-day time period had elapsed.

The data from our institution suggests there is discor-
dance between physician attitudes and molecular test-
ing practices. However, there are several limitations in 
our study. First, most of the survey respondents agreed 
that molecular testing is an important aspect of treat-
ing advanced lung cancer patients, but the retrospec-
tive nature of the study made it difficult to identify why 
testing was deferred or never conducted. Second, the 
absence of a centralized reporting system for molecu-
lar testing results at our institution, may have resulted 
in an overestimation of our testing failure rate in cases 
where results were not integrated our electronic medi-
cal record.

Third, the low survey response rate only allowed us 
to make generalizations regarding the conclusions, 
although it does provide a framework for future process 
improvements.

We believe the poor testing rates observed in our study 
are not isolated to our institution and reflect a significant 
challenge within the broader oncology community.27 A 
system of best practices is essential for capturing this sub-
set of patients who are never tested. There is agreement 
among oncologists that improving our current testing 
rates will require a multidisciplinary approach, a refined 
process for molecular evaluation, a push toward reflex 
testing, and standardization of biopsy techniques and tis-
sue handling procedures. In our institution, we have ini-
tiated a Lean Six Sigma and PDSA (plan, do, study, act) 
initiative to improve our current molecular testing pro-
cess. In addition, because obtaining larger-sample biop-
sies or additional biopsies is often not feasible for many of 
our advanced cancer patients, we have started using whole 
blood circulating tumor cells (CTC) and plasma ctDNA 
(cell-free circulating DNA) for molecular testing. Recent 
studies have shown high concordance (89%) between tis-
sue biopsies and blood-based mutation testing, which will 
likely have a positive impact on the cancer care of our 
patients and help to capture a subset of patients who are 
not candidates for traditional biopsies.37

TABLE 4 Survey response rate by medical specialty: number and per-
centage

Specialty Respondents
Response
rate, %

Thoracic surgery 2/3 33

Oncology 17/38 45

Pathology 9/23 39

Pulmonology 7/27 26

Radiology 7/16 44

Other 4 -

   Total 46/110 42

TABLE 5 Survey identified barriers to molecular evaluation

Barrier
No. of

respondents

Availability of sufficient tissue
    to complete molecular testing

27

14-day rule 22

Risk of pneumothorax 8

Location of tumor (central vs 
peripheral)

8

Level of physician commitment 8

Comorbid conditions (eg, chronic
    anticoagulation therapy, etc)

7

Poor pulmonary function 5

Level of patient commitment 4

Poor performance status 3

Risk of bleeding 2

Current or prior smoking history 1

Original Report



May-June 2017  g  THE JOURNAL OF COMMUNITY AND SUPPORTIVE ONCOLOGY e153 Volume 15/Number 3

References

1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2016. CA Cancer J 
Clin. 2016;66:7-30.

2. Molina JR, Yang P, Cassivi SD, Schild SE, Adjei AA. Non-small cell 
lung cancer: epidemiology, risk factors, treatment, and survivorship. 
Mayo Clin Proc. 2008;83(5):584-594.

3. Kim TE, Murren JR. Therapy for stage IIIB and stage IV non-small 
cell lung cancer. Clin Chest Med. 2002;23(1):209-224.

4. Black RC, Khurshid H. NSCLC: An update of driver mutations, 
their role in pathogenesis and clinical significance. R I Med J (2013). 
2015;98(10):25-28.

5. Greaves M, Maley CC. Clonal evolution in cancer. Nature. 
2012;481(7381):306-313.

6. Sequist LV, Yang JC, Yamamoto N, et al. Phase III study of afa-
tinib or cisplatin plus pemetrexed in patients with metastatic 
lung adenocarcinoma with EGFR mutations. J Clin Oncol. 
2013;31(27):3327-3334.

7. Fukuoka M, Wu YL, Thongprasert S, et al. Biomarker analyses and 
final overall survival results from a phase III, randomized, open-label, 
first-line study of gefitinib versus carboplatin/paclitaxel in clinically 
selected patients with advanced non-small-cell lung cancer in Asia 
(IPASS). J Clin Oncol. 2011;29(21):2866-2874. 

8. Rosell R, Carcereny E, Gervais R, et al. Erlotinib versus standard 
chemotherapy as first-line treatment for European patients with 
advanced EGFR mutation-positive non-small-cell lung cancer 
(EURTAC): a multicentre, open-label, randomised phase 3 trial. 
Lancet Oncol. 2012;13(3):239-246.

9. Gazdar AF. Activating and resistance mutations of EGFR in non-
small-cell lung cancer: role in clinical response to EGFR tyrosine 
kinase inhibitors. Oncogene. 2009;28(suppl 1):S24-31.

10. Langer CJ. Epidermal growth factor receptor inhibition in muta-
tion-positive non-small-cell lung cancer: is afatinib better or simply 
newer? J Clin Oncol. 2013;31(27):3303-3306.

11. Riely GJ, Politi KA, Miller VA, et al. Update on epidermal growth 
factor receptor mutations in non-small cell lung cancer. Clin Cancer 
Res. 2006;12(24):7232-7241.

12. Shi Y, Siu-Kie JA, Thongprasert S, et al. A prospective, molecu-
lar epidemiology study of EGFR mutations in Asian patients with 
advanced non-small-cell lung cancer of adenocarcinoma histology 
(PIONEER). J Thorac Oncol. 2014;9(2):154-162.

13. Mok TS, Wu YL, Thongprasert S, et al. Gefitinib or carbopl-
atin-paclitaxel in pulmonary adenocarcinoma. N Engl J Med. 
2009;361(10):947-957.

14. Khozin S, Blumenthal GM, Jiang X, et al. US Food and Drug 
Administration approval summary: Erlotinib for the first-line treat-
ment of metastatic non-small cell lung cancer with epidermal growth 
factor receptor exon 19 deletions or exon 21 (L858R) substitution 
mutations. Oncologist. 2014;19(7):774-779.

15. Arcila ME, Nafa K, Chaft JE, et al. EGFR exon 20 insertion muta-
tions in lung adenocarcinomas: prevalence, molecular hetero-
geneity, and clinicopathologic characteristics. Mol Cancer Ther. 
2013;12(2):220-229.

16. Pao W, Miller VA, Politi KA, et al. Acquired resistance of lung ade-
nocarcinomas to gefitinib or erlotinib is associated with a second 
mutation in the EGFR kinase domain. PLoS Med. 2005;2(3):e73.

17. Yu HA, Arcila ME, Rekhtman N, et al. Analysis of tumor speci-

mens at the time of acquired resistance to EGFR-TKI therapy in 
155 patients with EGFR-mutant lung cancers. Clin Cancer Res. 
2013;19(8):2240-2247.

18. Ellison G, Zhu G, Moulis A, Dearden S, et al. EGFR mutation 
testing in lung cancer: a review of available methods and their use 
for analysis of tumour tissue and cytology samples. J Clin Pathol. 
2013;66(2):79-89.

19. Alì G, Proietti A, Pelliccioni S, et al. ALK rearrangement in a 
large series of consecutive non-small cell lung cancers: comparison 
between a new immunohistochemical approach and fluorescence in 
situ hybridization for the screening of patients eligible for crizotinib 
treatment. Arch Pathol Lab Med. 2014;138(11):1449-1158.

20. Crowley E, Di Nicolantonio F, Loupakis F, et al. Liquid biopsy: 
monitoring cancer-genetics in the blood. Nat Rev Clin Oncol. 
2013;10(8):472-484.

21. Lindeman NI, Cagle PT, Beasley MB, et al. Molecular testing 
guideline for selection of lung cancer patients for EGFR and ALK 
tyrosine kinase inhibitors: guideline from the College of American 
Pathologists, International Association for the Study of Lung 
Cancer, and Association for Molecular Pathology. J Thorac Oncol. 
2013;8(7):823-859.

22. Kwak EL, Bany YJ, Cambridge DR, et al. Anaplastic lymphoma 
kinase inhibition in non-small-cell lung cancer. N Engl J Med. 
2010;363(18):1693-1703.

23. Shaw A, Yeap BY, Kenudson MM, et al. Clinical features and out-
come of patients with non-small-cell lung cancer who harbor 
EML4-ALK. J Clin Oncol. 2009;27(26):4247-4253.

24. Maemondo M, Inoue A, Kobayashi K, et al. Gefitinib or chemother-
apy for non-small-cell lung cancer with mutated EGFR. N Engl J 
Med. 2010;362(25):2380-2388.

25. Association of Community Cancer Centers. Molecular Testing in the 
Community Setting. In: Molecular testing: resources and tools for 
the multidisciplinary team.  http://accc-cancer.org/resources/molec-
ularTesting-Overview.asp. Accessed November 15, 2015.

26. Association of Community Cancer Centers. Molecular testing: 
ACCC peer-to-peer webinars. The tissue issue: sampling and testing 
with Gail Probst, RN, MS, AOCN. https://www.youtube.com/watch
?v=lapmni938Mc&feature=youtu.be. Published September 14, 2015. 
Accessed November 2015.

27. Spicer J S, Tischer B, Peters M. EGFR mutation testing and oncolo-
gist treatment choice in advanced NSCLC: global trends and differ-
ences. Ann Oncol. 2015;26(suppl 1):i60.

28. West L, Cole S, Goodkind D. US Census Bureau, 65+ in the United 
States: 2010, U.S. Government Printing Office, Washington, DC, 
2014

29. Centers for Disease Control and Prevention. State tobacco activities 
tracking and evaluation system. Current cigarette use among adults 
(Behavior Risk Factor Surveillance System) 2015. https://www.cdc.
gov/statesystem/cigaretteuseadult.html. Last updated September 16, 
2016. Accessed May 26, 2017.

30. The American Lung Association. State of the Air 2017. http://www.
lung.org/assets/documents/healthy-air/state-of-the-air/state-of-the-
air-2017.pdf.  Published 2017. Accessed May 26, 2017.

31. Gaga M, Powell CA, Schraufnagel DE, Schönfeld N, et al. 
An official American Thoracic Society/European Respiratory 

Conclusions
Despite current guidelines for testing driver mutations in 
advanced nsNSCLC, a large segment of our patients are 
not being tested for those genetic aberrations. There are 
several barriers that continue to thwart the recommenda-
tion, including failure to integrate driver mutation testing 
into routine pathology practice (ie, reflex testing), insuffi-
cient tissue obtained from biopsy, and difficulty in obtain-
ing tissue because of tumor location or risk of complications 

from the biopsy procedure. More important, these trends 
are not isolated to our institution and reflect a significant 
challenge within the oncology community. Our data show 
that for the purpose of driver mutation testing, larger-sam-
ple biopsies, such as surgical/core biopsies, are better than 
small-sample biopsies, such as needle aspiration. We have 
also demonstrated that the prevalence of driver mutations 
is lower in Western Pennsylvania, which is served by our 
network, than elsewhere in the United States.

Rao et al



e154 THE JOURNAL OF COMMUNITY AND SUPPORTIVE ONCOLOGY  g  May-June 2017 www.jcso-online.com 

Society statement: the role of the pulmonologist in the diagno-
sis and management of lung cancer. Am J Respir Crit Care Med. 
2013;188(4):503-507.

32. Ferguson PE, Sales CM, Hodges DC, et al. Effects of a multidis-
ciplinary approach to improve volume of diagnostic material in 
CT-guided lung biopsies. PLoS One. 2015 Oct 19;10(10).

33. Schmidt RL, Witt BL, Lopez-Calderon LE, et al. The influence of 
rapid onsite evaluation on the adequacy rate of fine-needle aspiration 
cytology: a systematic review and meta-analysis. Am J Clin Pathol. 
2013;139(3):300-309.

34. Cengiz Inal, Yilmaz E, Chenget H, et al. Effect of reflex testing 
by pathologists on molecular testing rates in lung cancer patients: 
Experience from a community-based academic center. J Clin Oncol. 

2014;32(suppl):5s. [abstract 8098].
35. Grzegorz K, Leighl, M. Challenges in NSCLC molecular testing 

barriers to implementation. Oncology Exchange. 2012;11(4):8-10.
36. Lynch JA, Khoury MJ, Ann Borzecket A, et al. Utilization of epi-

dermal growth factor receptor (EGFR) testing in the United 
States: a case study of T3 translational research. Genet Med. 
2013;15(8):630-638.

37. Reck M. Investigating the utility of circulating-free tumour-derived 
DNA (ctDNA) in plasma for the detection of epidermal growth 
factor receptor (EGFR) mutation status in European and Japanese 
patients (pts) with advanced non-small-cell lung cancer (NSCLC): 
ASSESS study. Presented at the European Lung Cancer Conference 
(ELCC) Annual Meeting, Geneva; 15-18 April 2015.

Original Report




