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Recent advances in therapy for non–small cell lung carcinoma have
shown that a personalized approach to treatment has the potential
to significantly reduce lung cancer mortality. Concurrently, endo-
scopic ultrasound transbronchial needle aspiration has emerged as
an accurate and sensitive tool for the diagnosis and staging of this
disease. As knowledge of the molecular mechanisms that drive lung
cancer progression increases, the amount of information that must
be derived from a tumor specimen will also increase. Recent clinical
studies have demonstrated that small specimens acquired by endo-
scopic ultrasound transbronchial needle aspiration are sufficient for
molecular testing if specimen acquisition and processing are done
with these needs in mind. Optimum use of this procedure requires
a coordinated effort between the bronchoscopist and the cytopa-
thologist to collect and triage specimens for diagnostic testing.
When feasible, rapid onsite evaluation should be performed to as-
sess the specimen for both diagnostic quality and quantity and to
allocate the specimen for cell-block andpossible immunohistochem-
istry and molecular studies. It is necessary for pulmonologists and
bronchoscopists to understand the rationale for histologic and mo-
lecular testing of lung cancer diagnostic specimens and to ensure
that specimensareacquiredandprocessed in a fashion thatprovides
information from small cytologic specimens that is sufficient to
guide treatment in this era of targeted therapy.
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Lung cancer remains the leading cause of cancer mortality in the
world, with 157,000 deaths expected in the United States in 2010
(1). Despite the large death toll, there are reasons to be cau-
tiously optimistic for a future with fewer lung cancer deaths.
Recent advances in clinical and bench research directed toward
diagnostics and therapy have led to significant and often dra-
matic impacts on patient outcomes (2). These developments
suggest that a personalized approach to treating lung cancer
has the potential to significantly reduce lung cancer mortality.
Current standards of care for advanced non–small cell lung
carcinoma (NSCLC) treatment assign therapy on the basis of
histology and on the basis of epidermal growth factor receptor

(EGFR) status for lung adenocarcinoma. This paradigm shift
away from homogenous therapy of NSCLC converges with the
increased use of bronchoscopic approaches for lung cancer
diagnosis and staging, thus enhancing the important role for
pulmonary physicians in lung cancer management. It is essen-
tial that the bronchoscopist understand the importance of ac-
quiring and processing diagnostic specimens in a manner that
provides sufficient information to guide treatment in this era
of personalized therapy. This article reviews the rationale for
acquiring specific histologic and molecular data from lung can-
cer biopsies, and recommends multidisciplinary procedures for
specimen acquisition and processing that can optimize the yield
of pulmonary diagnostic procedures in lung cancer. Some of the
results of these studies have been previously reported in abstract
form (3).

HISTOLOGY DEPENDENCE OF NSCLC

Until recently, all NSCLC patients were treated without regard
for histologic subtype. The first data suggesting the importance of
histologic dependence were shown in the Phase I–II trials of the
vascular endothelial growth factor antibody bevacizumab (4).
These results indicated that the drug was effective, but toxicity
was increased in patients with squamous histology. Subsequent
trials (e.g., ECOG4599) were restricted to patients with non-
squamous histology (5), and current Food and Drug Adminis-
tration (FDA) approval is applicable only to these patients.

More recent clinical studies have shown a major treatment-
by-histology (squamous vs. nonsquamous) interaction in the
responsiveness of advanced stage IV NSCLC to pemetrexed.
Scagliotti and colleagues (6) performed an interaction analysis
of the three pivotal Phase III studies leading to the approval of
pemetrexed in the first-line, second-line, and maintenance set-
tings. The results demonstrated clear-cut and very significant
treatment-by-histology interactions with regard to progression-
free and overall survival, thus confirming the superior efficacy
of pemetrexed in nonsquamous NSCLC patients. These findings
have prompted a major shift in lung cancer management toward
targeted therapy, thus mandating that diagnostic specimens be
acquired and processed in a fashion that permits the histologic
subtyping of NSCLC (7).

ADENOCARCINOMA: EGFR MUTATION AND
EML4-ALK TRANSLOCATION

The oncogene addiction hypothesis suggests that precise target-
ing of discrete genetic alterations in tumors will kill tumor cells
and result in clinical response. This principle has been demon-
strated in lung adenocarcinoma with agents targeted toward
the EGFR and to anaplastic lymphoma kinase (ALK).
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EGFR is a 170-kD tyrosine kinase receptor that is overex-
pressed in 40–80% of NSCLC (8) and can be targeted with
small-molecule tyrosine kinase inhibitors (TKIs), such as erlo-
tinib and gefitinib, which bind to the ATP-binding pocket of the
receptor. The sequencing of tumor samples from responding
patients in clinical trials of TKIs led to the discovery of somatic
mutations in the EGFR tyrosine kinase domain (9, 10). The
activating and oncogenic mutations reported to date are in
exons 18–21, affecting the tyrosine kinase portion of EGFR.
Most mutations are either small deletions of exon 19 affecting
a three-amino acid (LRE) sequence or a point mutation L858R
on exon 21. Mutations affecting exon 20, such as small inser-
tions in T790M, account for 3–5% of all EGFR mutations, and
although they are activating, they are also associated with pri-
mary resistance to EGFR TKIs. The prevalence of EGFR
mutations varies by ethnicity, from 5–20% in whites to 20–
40% in the Asian population; they seem uncommon in black
patients (11, 12). Recent clinical trials from Japan from Mae-
mondo and colleagues (13) and from the West Japan Oncology
Group (14) have shown that TKI therapy in EGFR mutant
adenocarcinoma results in response rates of greater than 70%
and results in longer progression-free survival compared with
conventional chemotherapy in advanced lung adenocarcinoma.
Together, these studies strongly support the role of molecular
testing in lung adenocarcinoma for identification of EGFR mu-
tant cancers (15) and suggest that TKI treatment is the pre-
ferred first-line therapy for advanced EGFR mutant tumors.
The American Cancer Society has issued a Provisional Clinical
Opinion that patients with NSCLC who are being considered
for first-line therapy with an EGFR TKI should have their tu-
mor tested for EGFR mutations (16).

Because key lung cancer mutations are mutually exclusive,
an alternative to EGFR mutation testing is K-ras mutation
testing. K-ras mutations are present in approximately 30% of
lung adenocarcinomas and are confined to three codons, which
lowers the cost and complexity of mutation sequencing. K-ras
mutation–positive tumors are resistant to TKI therapy, thus
a positive test obviates the need for EGFR mutation testing.
Adenocarcinomas that are negative for EGFR and K-ras muta-
tions can be screened for the presence of chromosomal translo-
cation of the ALK gene. ALK gene translocations, mainly
EML4-ALK, were recently identified as a new oncogenic mech-
anism in NSCLC present in 3–5% of tumors (17). Kwak and
colleagues (18) published the first human experience with ALK
inhibition through the use of the dual ALK-MET inhibitor,
crizotinib (PF-02341066) in patients with ALK-translocated, ad-
vanced lung carcinoma. In 82 patients with fluorescence in situ
hybridization (FISH) testing–confirmed translocations, crizoti-
nib at a dose of 250 mg orally twice a day led to a dramatic 57%
response rate and a 6-month progression-free survival of 72%.
Subsequently, crizotinib has been approved by the US FDA for
the treatment of patients with NSCLC tumors that harbor the
ALK translocation as detected by an FDA-approved FISH test.
Sequential testing for EGFR, K-ras, and ALK is reasonable,
beginning with either K-ras or EGFR analysis, with ALK anal-
ysis reserved for K-ras and EGFR negative specimens. Concom-
itant testing is not necessary unless sequential testing causes
delay in treatment.

These results show the promise of therapy targeted to specific
DNA alterations in advanced lung adenocarcinoma and empha-
size the importance of acquiring diagnostic specimens that pro-
vide sufficient material for molecular testing. It is expected that
the indications will expand in terms of the number of molecular
tests needed and in terms of the tumor types from which testing
will be required. Clinical trials are ongoing to determine the fea-
sibility of performing sequencing for multiple DNA mutations

that may be clinically relevant and of triaging treatment arms
on the basis of DNA mutation analysis (19, 20). Currently, lung
cancer specimens should and do provide sufficient tissue for
histologic subtyping and for two molecular assays (EGFR and
ALK) that are required for current therapy of advanced lung
cancer. As additional assays are tested and validated, they will
be introduced into routine clinical care and specimen acquisi-
tion and processing protocols will be adjusted accordingly. Cur-
rent research of next-generation sequencing methodology is
directed toward analysis of single cells and small specimens. These
advances will be particularly applicable to needle aspiration speci-
mens and will be an important future research direction.

EMERGENCE OF ENDOBRONCHIAL ULTRASOUND–
GUIDED TRANSBRONCHIAL NEEDLE ASPIRATION
AS THE PROCEDURE OF CHOICE FOR SAMPLING
INTRATHORACIC LYMPH NODES AND ESTABLISHING
LUNG CANCER DIAGNOSIS IN LOCALLY
ADVANCED NSCLC

There are multiple approaches to sampling suspected NSCLC in
the thorax (21). Suspected primary or metastatic parenchymal
lesions in the periphery may be amenable to percutaneous
CT-guided needle biopsy. Central primary and metastatic
lesions can be accessed bronchoscopically with saline lavage
or washing, cytologic brushing, forceps biopsy, or needle aspi-
ration. Multiple surgical options are available, including me-
diastinoscopy, video-assisted thoracoscopic biopsy, and open
thoracotomy. The overriding goal is to obtain the requisite in-
formation for diagnosis and staging with the least risk to the
patient. For example, in a patient with suspected thoracic nodal
metastasis, an ideal procedure is one in which diagnosis and
staging is done in a single step with sampling directed toward
the affected lymph node that indicates the highest clinical stage.

Until recently, surgical mediastinoscopy was the preferred
initial approach for staging the mediastinum. Endobronchial
ultrasound–guided transbronchial needle aspiration (EBUS-
TBNA) has gained wide acceptance as a preferred procedure
for sampling intrathoracic lesions in patients with suspected or
known lung cancer, now often supplanting mediastinoscopy as
a first-line approach for diagnosis and staging (22).

There are several advantages of EBUS over mediastinoscopy.
Multiple studies have reported superior sensitivity and specificity
of EBUS-TBNA compared with those reported for surgical
mediastinoscopy (23). Ernst and colleagues (24), using a pro-
spective crossover design, showed higher sensitivity and higher
negative predictive value for EBUS-TBNA compared with sur-
gical mediastinoscopy. In a large, randomized trial comparing
surgical staging alone with a strategy that used both endobron-
chial and transesophageal ultrasound-guided TBNA, Annema
and colleagues (25) showed that the combined endosonographic
approach had greater sensitivity for detecting nodal metastases
and resulted in fewer unnecessary thoracotomies.

Although mediastinoscopy requires general anesthesia in all
cases, EBUS can be performed outside an operating room, with
topical anesthetic agents and moderate sedation. This results in
reduced risk and may result in lower overall healthcare costs (26,
27). EBUS-TBNA has access to a greater range of nodal sta-
tions because hilar nodes can be accessed in many patients (28).
Thus, for patients with suspected cancer and suspected nodal
involvement, staging and diagnosis can preferentially be per-
formed by EBUS in a single, minimally invasive procedure.

There are limitations to EBUS-TBNA. The negative predic-
tive value is high, but it is not 100%. In one large study involving
494 patients, the overall negative predictive value was 81%,
whereas the negative predictive value for individual nodes
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was 86% (29). Nondiagnostic findings, in which an aspiration
contains neither malignant cells nor lymphocytes, occur in as
many as 20% of individual aspirates and 10% of cases (30–32).
Most studies report a positive predictive value of 100% for
EBUS-TBNA, and therefore confirmatory mediastinoscopy in
patients with a positive EBUS-TBNA is not needed. However,
we and others believe that confirmatory surgical staging is indi-
cated for negative and nondiagnostic needle aspiration cases
(29, 33, 34), and that EBUS-TBNA is best regarded as comple-
mentary to, but not as a substitute for, surgical staging of the
mediastinum (23).

The original EBUS-TBNA needle was 22-gauge. A 21-gauge
needle is now available. Saji and colleagues (35) reported higher
sample volumes and higher diagnostic yield with the 21-gauge
EBUS-TBNA needle. Nakajima and colleagues (36) reported
similar diagnostic yield with both needles but better preserva-
tion of histologic structure with the 21-gauge needle, at the
expense of greater blood contamination. Despite the paucity
of data, most centers have switched to the 21-gauge needle.

Regardless of needle size, the amount of material collected
with EBUS-TBNA is small relative to the specimen sizes ob-
tained by mediastinoscopy. As sample size has gotten smaller,
the amount of pathologic and molecular information clinicians
wish to extract from these samples has grown larger. Potentially
all treatment decisions, at the time of diagnosis and later, are
based on the information obtainable from that specimen. There-
fore, it is essential that the specimen collection and processing
procedures be optimized to ensure that the specimen’s quality
and quantity are adequate to provide answers to all of the ques-
tions that may be asked of it. Several studies have shown that
cytologic specimens obtained by EBUS-TBNA are suitable for
molecular testing for EGFR, K-ras, and ALK, although the
exact yield for this testing is unknown (37–40). The bronchos-
copist, in collaboration with the cytologist, must take responsi-
bility for ensuring the adequacy and proper processing of the
specimen to facilitate this testing.

CYTOLOGY OF NSCLC

Currently, there is an underappreciated problem with EBUS-
TBNA and for percutaneous aspiration specimens: the potential
for an “inadequate” positive. This refers to a specimen in which
neoplastic cells are identified but for which histologic subtyping
is not possible (e.g., a diagnosis of NSCLC, not otherwise spec-
ified [NSCLC-NOS]). Subclassifying a non–small cell carcinoma
on a small biopsy is occasionally difficult, because of biopsy size,
tumor heterogeneity, and limited architectural detail (41, 42).
Recent literature, based primarily on CT-guided aspiration
biopsies, has demonstrated that adenocarcinomas and squa-
mous cell carcinomas can be diagnosed in most instances, espe-
cially with the aid of cell blocks and immunohistochemistry
(IHC) in cases of poorly differentiated carcinomas (39, 43,
44). Although there is no widely accepted standard terminology
for diagnosing lung carcinomas on small biopsies or cytology
specimens (42), it was recommended at the recent International
Multidisciplinary Classification of Lung Adenocarcinoma (45)
that the term “NSCLC-NOS” be used as little as possible, and
that it be applied only when a more specific diagnosis is not
possible by morphology or special stains.

OPTIMIZATION OF EBUS-TBNA SPECIMEN
PROCUREMENT AND PROCESSING

Rapid on-site cytologic evaluation (ROSE) of the aspirated
specimens with cell block preparation has been shown to be ef-
fective in optimizing the yield and efficiency of EBUS-TBNA

(44, 46). In a large metaanalysis, ROSE was associated with
increased sensitivity of EBUS-TBNA from 80–88% without in-
creasing procedure length (47). Because of staffing, time, and
cost constraints (48, 49), ROSE is not available in every insti-
tution. However, recent data convincingly demonstrate that
aspirates performed with ROSE optimize the use of cell aspi-
ration procedure (50, 51). It allows the bronchoscopist to ac-
quire repeated passes from sites known to yield diagnostic
specimens. These additional specimens are triaged for process-
ing to maximize histologic and molecular data yields. The ap-
propriate triaging of small biopsy specimens for cytologic,
pathologic, and molecular analysis is crucial, yet there are no
established guidelines for triaging lung aspirates (51). The bron-
choscopist and ROSE cytologist together can ensure that suffi-
cient material is collected for cytologic diagnosis and for cell
block that will be used for ancillary testing, including IHC and
molecular analysis. Thus, it is recommended that bronchoscop-
ists performing EBUS-TBNA should strongly advocate for in-
stitutional availability of ROSE.

The Procedures for EBUS-TBNA Specimen Processing

Figure 1 provides an algorithm for processing EBUS-TBNA
specimens. Each aspirate is discharged onto a glass slide, either
by blowing air with a syringe through the needle or by replacing
the needle stylet, and then saline is passed with a syringe through
the EBUS needle into CytoLyt solution (Hologic Inc., Marlbor-
ough, MA) to discharge any remaining cells. From the material
dispelled onto the glass slide, a few tan–white color tissue particles
are selected from the blood and mucus and smeared on two slides
(52). The remaining specimen on the original slide is allowed to
clot. One slide smear is air-dried for on-site assessment using Diff-
Quik (Richard Allen Scientific, Kalamazoo, MI) stain, and the
second is placed in alcohol for Papanicolaou staining, which en-
hances nuclear cytologic detail. Cell blocks are made from the
material in CytoLyt solution or the clot, which is placed in forma-
lin, centrifuged in the pathology laboratory, and submitted for
histologic processing. Alternatively, the EBUS-TBNA specimen
can be discharged into RPMI medium for flow cytometry if lym-
phoma is under consideration, or into saline if infection is sus-
pected. Techniques using discharge of the needle contents directly
into RPMI (53), saline, formalin (31, 32), CytoLyt solution (49,
54), and onto filter paper for formalin fixation have also been
described (51). Likewise, different methods are used to form a co-
hesive pellet, including use of agar or a combination of thrombin-
human plasma (54). The authors find that spontaneous pellet for-
mation or discharge into CytoLyt provide sufficient material
for cell blocks. Regardless, for a specimen to be deemed adequate
by ROSE, there should be several tissue particles available for cell
block; otherwise, repeat aspirates may be necessary.

Hematoxylin and eosin–stained and blank slides are pre-
pared from the cell block upfront to minimize loss of tissue
by recutting for ancillary testing. These cell block preparations
provide an additional source of information, such as cellular
detail (i.e., intercellular bridges between squamous cells) that
is complementary or supplementary to the smears or liquid-
based preparations. Cell block slides can aid in identification
of adenocarcinoma architectural patterns (i.e., lepidic, papillary,
and micropapillary) (44) that are important for the proposed
classification of small biopsies and aspirates (42). Also, cell
blocks yield multiple slides in a concentrated format for subse-
quent IHC (55) that permits accurate histologic subtyping of
NSCLC, especially for poorly differentiated carcinomas (43,
44). In the authors’ institution, a review of all diagnoses of
malignancy by EBUS-TBNA over a 1-year period showed that
15 (34%) of 44 cases were classified as NSCLC-NOS by
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standard criteria based on cytologic review of smears alone. In
13 (87%) of those cases, the cell block specimen was adequate
for IHC, and in 11 (85%) of those 13, histologic subtyping was
possible (56). Equally importantly, cell blocks provide paraffin-
embedded tissue for DNA mutation and FISH testing, thus

permitting determination of EGFR, K-ras, and ALK transloca-
tion status (57).

It should be noted thatmolecular studies can use cytologic slides.
EGFR and K-ras mutation testing can be performed on DNA
extracted from Papanicolau smears (53), ThinPreps (Hologic Inc.),
and fresh samples (58, 59). However, formalin-fixed paraffin-
embedded tissue generated from cell blocks permits long-term sam-
ple preservation and serves as a source of archival DNA, available
for future studies as required.

CONCLUSIONS

Recent advances in therapy for NSCLC have shown that a per-
sonalized approach to treatment has the potential to significantly
reduce mortality. Concurrently, EBUS-TBNA has emerged as
an accurate and sensitive tool for the diagnosis and staging of
this disease. As knowledge of the molecular mechanisms that
drive lung cancer progression increases, the amount of informa-
tion that must be derived from a tumor specimen will also in-
crease. Recent clinical studies have demonstrated that small
specimens acquired by EBUS are sufficient for molecular testing
if specimen acquisition and processing are done with these needs
in mind. It is no longer the case that surgical specimens are re-
quired in many cases to permit the sophisticated molecular test-
ing required for a personalized approach to therapy. It is
increasingly appreciated that sequential biopsies may be re-
quired to evaluate somatic mutations and histologic changes that
occur in resistant and recurrent disease (60). These sequential
biopsies will most likely be acquired using small specimen tech-
niques; thus the need to implement procedures to maximize
specimen yield will have increasing importance.

Optimum use of EBUS-TBNA requires a coordinated effort
between the bronchoscopist and the cytopathologist to collect
and triage specimens for diagnostic testing. When feasible,
ROSE should be performed to assess the specimen for diagnostic
quality and quantity and to allocate the specimen for cell block
and possible IHC and molecular studies. It is necessary for the
pulmonologist to understand the rationale for histologic and mo-
lecular testing of lung cancer diagnostic specimens and to ensure
that specimens are acquired and processed in a fashion that pro-
vides information from small cytologic specimens that is suffi-
cient to guide treatment in the era of targeted therapy.

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