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A patient with right upper lobe adenocarcinoma progressing on
biomarker-directed therapy1
Learning objectives: the webcast participant will be able to:
1. Describe procedure-related strategy and planning for a patient with enlarging primary
tumor and associated lymphadenopathy.
2. Describe techniques for overcoming challenges of obtaining and using small samples for
molecular analysis.
3. Describe conservation strategies essential to providing adequate tissue for molecular
analysis.
4. Describe acquisition and handling techniques to optimize specimen quality and adequacy
for molecular testing.
5. Describe reasons for performing molecular analysis at time of diagnosis and disease
progression.
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Disclaimer: This is a fictitious clinical case scenario based on a conglomerate of real patient data, modified to avoid any
possibility for patient identification and to help meet educational objectives. Any resemblance to real persons, living or
deceased is purely coincidental.
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Case Description
A 62 year-old Asian male with a 20 pack-year smoking history presented to his primary care
physician with persistent cough for 6 weeks. The chest radiograph showed a right upper lobe mass
confirmed by chest computed tomography. There was no mediastinal lymphadenopathy. His FEV 1 was
36% of predicted. DLCO was 28% of predicted. Results from bronchoscopy with fluoroscopy-guided
transbronchial lung biopsy showed poorly differentiated adenocarcinoma. Material was insufficient for
molecular analysis due to the large number of immunostains performed in the pathology laboratory.
The patient is discussed at your institution’s multidisciplinary lung cancer conference.

Question 1: What would you recommend?
A.
B.
C.
D.

Refer the patient for lobectomy
Refer the patient for sub lobar resection
Refer the patient for stereotactic body radiation therapy (SBRT)
Proceed with integrated PET-CT for staging
Answer: D

Accurate staging is essential for managing patients with lung cancer because treatment options
and prognosis differ significantly according to tumor stage. For this reason, patient findings are
presented for discussion at multidisciplinary lung cancer meetings. If limited stage lung cancer is
confirmed, treatment depends on patient operability. Systematic reviews conclude that CT scans have
limited ability to rule in or exclude mediastinal metastasis. CT has a pooled sensitivity of 51% and
specificity of 85% for identifying mediastinal lymph node metastasis.
PET is more accurate that Computed tomography. Pooled estimates of sensitivity and specificity
for identifying mediastinal metastasis by PET scan are 74% and 85% respectively.
ACCP guidelines recommend PET scan to evaluate for potential mediastinal and extra-thoracic
metastatic disease. PET should be considered in patients with clinical stage 1A lung cancer treated with
curative intent (Grade of recommendation, 2C).
Reference
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1. Silvestri GA, Gould MK, Margolis ML, et al. American College of Chest Physicians. Noninvasive staging
of non-small cell lung cancer: ACCP evidenced-based clinical practice guidelines (2nd edition). Chest.
2007;Sep;132(3 Suppl):178S-201S.

The Case Continues
Whole body integrated PET–CT showed high uptake in the primary tumor and in the
mediastinum; lymph node station 4R.

Question 2: What do you recommend for mediastinal staging?
A. Surgery consult for mediastinoscopy or VATS
B. EBUS-guided TBNA. If non-diagnostic perform mediastinoscopy
C. EBUS and EUS-guided TBNA. If non-diagnostic consult surgery for mediastinoscopy or VATS
Answer: C
In patients with an abnormal PET scan, evaluation of the mediastinum with sampling of
abnormal lymph nodes should be performed prior to surgical resection of the primary tumor. Results
from a large, randomized trial show that a combined sonographic approach has greater sensitivity for
detecting nodal metastases than mediastinoscopy alone. EBUS-TBNA can access mediastinal and hilar
nodes with a diagnostic yield similar to mediastinoscopy. For patients with suspected nodal
involvement, staging and diagnosis can be performed in a single setting.
Non-diagnostic EBUS or EUS-guided TBNA, defined as specimens that contain neither malignant
cells nor lymphocytes, occurs in as many as 20% of individual aspirates and 10% of cases overall.
Mediastinoscopy is likely warranted in these cases.
References
1. Annema JT, van Meerbeeck JP, Rintoul RC, et al. Mediastinoscopy vs. endosonography for
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mediastinal nodal staging of lung cancer: a randomized trial. JAMA 2010; 304: 2245–2252.
2. Yasufuku K, Pierre A, Darling G, et al. A prospective controlled trial of endobronchial
ultrasound-guided transbronchial needle aspiration compared with mediastinoscopy for
mediastinal lymph node staging of lung cancer. J Thorac Cardiovasc Surg. 2011; 142: 1393-400.
3. Stoll LM, Yung RC, Clark DP, et al. Cytology of endobronchial ultrasound-guided transbronchial
needle aspiration versus conventional transbronchial needle aspiration. Cancer Cytopathol
2010;118: 278–286.
4. Alsharif M, Andrade RS, Groth SS, et al. Endobronchial ultrasound-guided transbronchial fineneedle aspiration: the University of Minnesota experience, with emphasis on usefulness,
adequacy assessment, and diagnostic difficulties. Am J Clin Pathol 2008;130:434–443.

The Case Continues
Because sonography was not available, a surgical consultation was obtained and
mediastinoscopy was performed. Lymph nodes at station 4R and 4L were positive for adenocarcinoma.
The patient’s tumor was staged T2a N3 M0 (stage IIIB).

Question 3: Would you send the lymph node specimens for molecular analysis?
A. Yes
B. No
Answer: A
Molecular analysis is warranted because this patient has locally advanced adenocarcinoma. The
patient’s previous primary tumor biopsy specimen was processed to the point that no material was left
for molecular testing.
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Studies demonstrate evidence of intra-tumoral heterogeneity with respect to mutations, and
reports show discordance between the primary lesion and nodal metastases. It is not clear whether the
potential for discordance should affect decisions on which specimen to test. In practice, biopsy of the
most rapidly growing tumor is usually performed because it presumably contains the most biologically
aggressive genetic alterations.The CAP/IASLC/AMP guideline states that either the primary or
metastatic sites are acceptable for molecular testing.
Given the importance of acquiring sufficient and adequate tissue for molecular analysis, repeat
bronchoscopic biopsy, or lymph node and tumor biopsies by mediastinoscopy or VATS may be
warranted outside the staging setting.

References
1. Chen ZY, Zhong WZ, Zhang XC, et al. EGFR mutation heterogeneity and the mixed response to
EGFR tyrosine kinase inhibitors of lung adenocarcinomas. Oncologist. 2012;17(7):978-85.
2. Gerlinger M, Rowan AJ, Horswell S et al. Intratumor heterogeneity and branched evolution
revealed by multiregion sequencing. N Engl J Med. 2012; 366(10):883-92.
3. Monaco SE, Nikiforova MN, Cieply K, et al. A comparison of EGFR and KRAS status in primary
lung carcinoma and matched metastases. Hum Pathol. 2010;41:94–102.
4. Kalikaki A, Koutsopoulos A, Trypaki M, et al. Comparison of EGFR and K-RAS gene status
between primary tumours and corresponding metastases in NSCLC. Br J Cancer. 2008;99:923–
929.
5. Han HS, Eom DW, Kim JH, et al. EGFR mutation status in primary lung adenocarcinomas and
corresponding metastatic lesions: discordance in pleural metastases. Clin Lung Cancer.
2011;12:380–386.

The Case Continues
EGFR status was positive in the patient’s lymph node specimens. The risks and benefits of first
line chemoradiotherapy versus biomarker-driven therapy were discussed with the patient. Considering
his poor lung function, poor performance status, and risk for treatment-related pulmonary toxicity, a
shared decision was made to begin treatment with an EGFR TKI.Three months later, a repeat chest CT
scan showed decrease in size of the right upper lobe mass and a small interlobar lymph node at station
11R superior, but no mediastinal or other hilar adenopathy. A total of six months after initiation of
EGFR TKI therapy, another chest CT scan showed an increase in size of the right upper lobe mass and a
small increase in size of the 11R s adenopathy. The patient is discussed again in the multidisciplinary
lung cancer conference.
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Question 4: What would you recommend next?
A.
B.
C.
D.

Switch treatment to conventional chemotherapy
Continue current EGFR TKI therapy
Re-biopsy the right upper lobe mass
TBNA of the right interlobar node
Answer: C

Significant clinical or radiographic response to biomarker-driven therapy is seen initially in many
patients with EGFR mutations or ALK rearrangements, but disease commonly progresses as a result of
acquired resistance against EGFR and ALK inhibitors.
In patients with documented prior actionable genetic alterations in whom disease has
progressed during therapy, retesting should be done exclusively on re-biopsy specimens of a
progressing lesion; specifically the lesion that had become clinically relevant. Clinicians should
communicate this information with their pathologist to assure that requests for testing on patients
with prior history of biopsy are made only for the most recently obtained specimen.
This patient’s imaging studies reveal probable disease progression. The benefits of potentially
improved outcomes by re-biopsy should be balanced against the risks associated with the use of
invasive procedures for tissue acquisition. The location of the tumor and the level of risk involved in
the procedure are relevant to deciding whether repeat biopsy is recommended.
For this patient, progression of disease was likely in both the right interlobar node and the
primary tumor, but is most obvious in the primary tumor. The primary lesion is therefore the preferred
site for rebiopsy.
About 50% of resistant tumors show the T790M mutation, 5% show MET overexpression and
PIK3CA mutations. Transformation into small cell lung cancer occurs in about 15%. Targeted
treatments against T790M mutations, MET- and PIK3CA are currently available in clinical trials.
While rebiopsy may allow detection of resistance mechanisms and alter therapy, indications for
rebiopsy depend on treatment setting and availability of clinical trials and other cancer-related
research.
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References
1. Carter CA, Giaccone G. Treatment of nonsmall cell lung cancer: overcoming the resistance to
epidermal growth factor receptor inhibitors. Curr Opin Oncol. 2012;24:123–129.
2. Suda K, Murakami I, Katayama T, et al. Reciprocal and complementary role of MET amplification
and EGFR T790M mutation in acquired resistance to kinase inhibitors in lung cancer. Clin Cancer
Res. 2010;16:5489–5498.
3. Pao W, Miller VA, Politi KA, et al. Acquired resistance of lung adenocarcinomas to gefitinib or
erlotinib is associated with a second mutation in the EGFR kinase domain. PLoS Med.
2005;2:e73.
4. Sequist LV, Waltman BA, Dias-Santagata D, et al. Genotypic and histological evolution of lung
cancers acquiring resistance to EGFR inhibitors. Sci Transl Med. 2011;3(75):75ra26.

The Case Continues
The patient was referred to thoracic surgery for possible surgical biopsy to obtain adequate
specimens for molecular testing. Based on the patient’s tumor anatomy and given the high probability
of significant loss of lung function, a surgical resection was not recommended for molecular testing
alone in this patient. The patient was re-discussed at the multidisciplinary lung cancer conference.

Question 5: To optimize the specimen submitted for molecular testing, which of the following items
should you discuss with your pathology and oncology colleagues prior to further interventions?
A.
B.
C.
D.

Size and quality of the required tumor sample
Specific histologic sampling for molecular analysis testing
Specific markers needed in this patient
All of the above
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Answer: D
Attention to the quantity, quality and processing of tissues helps optimize molecular testing.
Tumor cellularity appears to be the most significant factor for test success regardless of whether a
cytology or pathology specimen is used. The presence of non-malignant tissue within specimens can
lead to decreased accuracy of molecular testing, especially when testing is based on nucleic acids
extracted from the entire sample.
Molecular testing is currently indicated in non-small cell lung carcinoma showing an
adenocarcinoma component regardless of histologic grade or subtype, in small biopsies or incomplete
excision specimens showing only squamous or small cell histology, and in poorly differentiated tumors
or tumors that otherwise cannot be classified as pure squamous, pure small cell, or pure
neuroendocrine carcinomas. Given the emergence of new molecular markers for other histologic
types, need for specific tests should be clarified with the referring oncologist prior to tissue acquisition.
Each molecular laboratory has a minimal amount and concentration of tumor cells required for
accurate detection of molecular alterations based on specific tumor enrichment protocols available
and assay platforms used for testing. The treating team and the pathologist should be aware of these
requirements so that the number of specimens rejected by the molecular laboratory is minimized.
References
1. Shiau CJ, BabwahJ, daCunhaSantosG, et al. Selection of Samples for Epidermal Growth Factor
Receptor Mutation Analysis in Non-squamous Non-small cell lung carcinoma. Modern Pathol
2012; 25 (suppl2): 490A (Abstract 2045).
2. 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 Apr 2. [Epub ahead of print] PubMed PMID:
23552377.

The Case Continues
At the lung cancer conference, it was suggested that rebiopsy be performed. Both the
oncologist and pathologist suggested that samples for histology and cytology be obtained.

Question 6: Which procedure would you recommend?
A.
B.
C.
D.

CT-guided FNA and biopsy of the right upper lobe mass
Bronchoscopy with transbronchial biopsy, brushings and lavage from the right upper lobe mass
EBUS-guided TBNA from the right interlobar node
EBUS –TBNA from the right interlobar node and transbronchial biopsy, brushings, and lavage
from the right upper lobe mass.
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Answer: D
Empiric evidence suggests patient management is optimized by the use of multidisciplinary lung
cancer conferences. Interaction among key specialists avoids a system of serial and autonomous
referrals that may delay and fracture care. The active involvement of key specialists, including those
most knowledgeable of the optimal use of small specimens for molecular analysis is increasingly
relevant. The impact of compliance or discordance with decisions and recommendations made at
multidisciplinary conferences warrants further study.
At this conference, pathologists noted that tissue requirements for molecular analysis may
exceed those for diagnostic cytologic or histologic examination. The pulmonologist noted that in
peripheral parenchymal lesions, a systematic review showed an overall sensitivity of 69% for
conventional bronchoscopy with transbronchial biopsy, brushings and lavage, but without
electromagnetic navigation or radial ultrasound assistance. Brushing alone had a sensitivity of 52 %,
whereas transbronchial biopsy had a sensitivity of only 46%. BAL and washing had a sensitivity of 43%.
The size of the lesion impacts yield. The sensitivity of all modalities for peripheral lesions less than 2 cm
was 0.33 compared to 0.62 for lesions greater than 2 cm. At least 4-5 biopsies should probably be
performed to obtain sufficient material for molecular testing.
The Interventional radiologist said that diagnostic yield for transthoracic CT-guided biopsy and
needle aspiration is reportedly greater than 90%. She argued that CT-guided biopsy was the optimal
procedure in this patient because adequate quantity and quality of lung tissue can be obtained for
molecular testing if multiple passes are performed. Complications include hemorrhage and
pneumothorax, which, in high-risk patients might prompt a preference for a bronchoscopic approach.
The pulmonologist responded that EBUS-TBNA from the interlobar node could be performed at the
time of bronchoscopy with transbronchial biopsy, brushings and lavage from the right upper lobe
mass. Using EBUS-TBNA, cytology and tissue cores for histology are obtained that are adequate for
molecular testing.
The rates of successful molecular testing with small volume biopsies and cytology specimens
obtained by transthoracic and bronchoscopy needle aspiration-biopsy probably vary depending on the
fixation method and the extent of analysis performed. In one study, molecular analysis was successful
in only 48% of fresh specimens submitted for gene expression profiling. On the other hand, fresh
frozen biopsies from TTNA submitted for EGFR testing alone was successful in 100% of cases.
References
1. Osarogiagban RU, Phelps G, McFarlane J et al. Causes and consequences of deviation from
multidisciplinary care in thoracic oncology. J Thorac Onc 2011;6:510-516.
2. Schreiber G, McCrory DC. Performance characteristics of different modalities for diagnosis of
suspected lung cancer: summary of published evidence. Chest.2003 Jan;123(1 Suppl):115S128S.
3. Muley T, Herth FJF, Schnabel P, Dienemann H, Meister M. From tissue to molecular
phenotyping: Pre-analytical requirements Heidelberg Experience. Transl Lung Cancer Res
2012;1(2):111-121.
4. Nakajima T, Yasufuku K, Suzuki M, et al. Assessment of epidermal growth factor receptor
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mutation by endobronchial ultrasound-guided transbronchial needle aspiration. Chest.
2007;132(2):597-602.
5. Billah S, Stewart J, Staerkel G, et al. EGFR and KRAS mutations in lung carcinoma: molecular
testing by using cytology specimens. Cancer Cytopathol. 2011;119(2):111-117.
6. Reck M, Hermes A, Tan EH et al.. Tissue sampling in lung cancer: a review in light of the MERIT
experience. Lung Cancer 2011; 74: 1–6).
7. Cheung YC, Chang JW, Hsieh JJet al. Adequacy and complications of computed tomographyguided core needle biopsy on nonsmall cell lung cancers for epidermal growth factor receptor
mutations demonstration: 18-gauge or 20 gauge biopsy needle. Lung Cancer 2010; 67: 166–
169)

The Case Continues
The multidisciplinary team chose to proceed with bronchoscopy and EBUS-TBNA. White light
bronchoscopy showed normal airways. EBUS exploration of the mediastinum showed lymph nodes at
stations 4R and 11R superior. EBUS-TBNA from both nodes was attempted. The nodes were very
difficult to penetrate. A different inter-cartilaginous space was chosen for puncturing the nodes by
redirecting the needle; the 4R lymph node could not be penetrated. Two aspirates of the 11R superior
lymph node were obtained. On ROSE, however, only blood and a few scattered lymphocytes were
visualized.

Question 7: What would you do next?
A. Abort the EBUS procedure and proceed with transbronchial biopsy, brushings and lavage from
the right upper lobe mass
B. Change the puncture site again and reattempt EBUS-TBNA from station 4R and 11Rs
C. Perform conventional TBNA of region 4R using a 19 gauge histology needle
D. Abort bronchoscopy and consult interventional radiology
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Answer: A
In this case, technical difficulties were encountered while sampling nodal stations 4R and 11R.
ROSE confirmed the lack of representative tissues, prompting a change in strategy. Selecting the
correct biopsy site for molecular testing may have implications on patient morbidity. When it is difficult
to obtain enough tissue because of technical problems or intra-procedural complications, it is
important to prioritize acquisition and use of tissue based on which information can be obtained with
the limited specimen.
Performing TBNA at all cost by changing the puncture site again, prolonging the procedure, or
switching to conventional TBNA may not be in the patient’s best interest for at least two reasons:
tissue can be obtained from another site of likely disease progression; in this case the enlarging right
upper lobe mass, and multiple repeated needle aspirations are likely to result in a bloodier specimen
that will be difficult to analyze.
The safety of obtaining a biopsy must be weighed against the need to select biomarker-driven
therapy in fragile patients with lung cancer who often have significant cardiac and pulmonary
comorbidities.
References
1. Maheswaran S, Sequist LV, Nagrath S, et al. Detection of mutations in EGFR in circulating lungcancer cells. N Engl J Med. 2008 Jul 24;359(4):366-77.

The Case Continues
A conventional TBNA was not performed. The EBUS scope was removed and transbronchial
biopsy, brushings and BAL were performed using fluoroscopic guidance.

Question 8: Had TBNA been successful, what should be the major focus of specimen handling in the
procedure suite?
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A. Prepare as many slides as possible for ROSE
B. Prepare 1-3 slides for histologic diagnosis and save the rest for cell block
C. Perform aspirations until a tissue core is obtained
Answer: B
Slides can be prepared and preliminarily interpreted by cytotechnologists to assure an
adequate specimen for molecular testing. This may reduce time, effort, and complications. Physicians
and their staff should be familiar with the process of smear preparation. Cytologic sampling is limited
by the amount of tissue obtained because a small number of passes are made through the lesion.
Often, all the aspirated material is expressed onto a single or small number of slides. Any type of
cytologic sample and preparation may be used, including stained or unstained smears, automated Thin
Prep slides and cytospin. Cell-block is commonly used for molecular analysis. The proportion of
unsatisfactory cytology specimens for molecular analyses varies significantly with the type of
cytological specimen. Obtaining core tissue should be attempted but is not always successful.
When cell blocks are planned, only a few slides might be needed for Diff-Quick and Papanicolau
smear. The rest of the specimen is saved for cell-block preparation. Material obtained from additional
sampling of the lesion or lymph node is expulsed from the needle into a solution such as Cytolyt. This is
rendered into a pellet which is embedded in paraffin. This preparation may not represent the
underlying tissue architecture, but is adequate for special stains and molecular analysis. Because there
is some debate whether alcohol fixation is appropriate for FISH testing, techniques should be discussed
with the institution’s pathologist.
EBUS-TBNA and pleural fluid are more suitable than BAL because a larger number of tumor cells
are usually retrieved, and there is greater possibility to make a cell-block.
Molecular testing for EGFR, K-RAS, BRAF, ALK and PIK3CA on cytology specimens provides
results that are equivalent to those obtained from histology specimens in about 80% of cases.
References
1. Burlingame OO, Kesse KO, Silverman SG, et al. On-site adequacy evaluations performed by
cytotechnologists: correlation with final interpretations of 5241 image-guided fine needle
aspiration biopsies. Cancer Cytopathol 2011.
2. Colt HG, Murgu S. BronchAtlas. Smear preparation and bronchoscopic needle aspiration video
available on YouTube (BronchOrg channel) 6/26/12.
3. Muley T, Herth FJF, Schnabel P, Dienemann H, Meister M. From tissue to molecular
phenotyping: Pre-analytical requirements Heidelberg Experience. Transl Lung Cancer Res
2012;1(2):111-121.
4. Smouse JH, Cibas ES, Janne PA et al. EGFR mutations are detected comparably in cytologic and
surgical pathology specimens of nonsmall cell lung cancer. Cancer 2009; 117: 67-72.
5. Billah S, Stewart J, Staerkel G et al. EGFR and KRAS mutatiaons in lung carcinoma: molecular
testing by using cytology specimens. Cancer Cytopathol 2011; 119:111-117.
6. Schuurbiers OC, Looijen-Salamon MG, Liqtenberg MJ et al. A brief retrospective report on the
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feasibility of epidermal growth factor receptor and KRAS mutation analysis in transesophageal
ultrasound and endobronchial ultrasound-guided fine needle cytological aspirates. J Thorac
Oncol 2010; 5: 1664-1667).
7. Pusztaszeri M, Soccal PM, Mach Net al. Cytopathological diagnosis of nonsmall cell lung cancer:
recent advances including rapid on-site evaluation, novel endoscopic techniques and molecular
test. J Pulmonar Respirat Med 2012; S5:002. Accessed June 12, 2013
http://dx.doi.org/10.4172/2161-105X.S5-002

The Case Continues
Using fluoroscopic guidance, two brushings and five transbronchial biopsies were performed,
followed by BAL with a total fluid instilled of 120 ml and return of 60 ml of bloody fluid. Results from
the biopsy showed adenocarcinoma. The treating oncologist considered reflex molecular testing to
obtain a complete molecular profile as soon as possible.

Question 9: At this point, what would you do?
A.
B.
C.
D.

Defer molecular testing to the treating oncologist
Defer molecular testing to the pathologist
Order the tests based on the previous discussions with the oncologist and the pathologist
Do not order any tests until after lung cancer tissue acquisition, handling and processing are
streamlined at your institution
Answer: C

Reflex testing is also known as automatic testing. It is often done by pathologists at the time of
histologic diagnosis to ensure that complete histologic and molecular profiles of the tumor are
available to the oncologist as early in the treatment algorithm as possible.
There are reports of discordance in molecular alterations between the primary tumor and nodal
metastasis with similar histology. In addition, histologic discrepancy between the primary tumor and
associated lymph nodes with similar molecular alterations has also been reported. Discussions with the
referring oncologists and the pathologists are important prior to ordering molecular tests. Streamlining
the institution’s workflow for molecular markers is desirable.
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Experts propose developing an institutional multidisciplinary lung cancer tissue management
committee to decide which patients should undergo molecular testing and which tests should be
performed. Guidelines from The European Society of Medical Oncologists as well as CAP/IASLC/AMP
the guideline do not currently recommend routine testing for KRAS, BRAF, ERBB2, PIK3CA somatic gene
mutations outside of clinical trials. Routine testing for mRNA levels of ERCC1, RRM1, TS and BRCA1 is
not currently recommended outside of clinical trials.
References:
1. Mino-Kenudson M, Mark EJ. Reflex testing for epidermal growth factor receptor mutation and
anaplastic lymphoma kinase fluorescence in situ hybridization in non-small cell lung cancer.
Arch Pathol Lab Med. 2011 May; 135(5):655-64
2. Travis WD, Rekhtman N. Pathological diagnosis and classification of lung cancer in small
biopsies and cytology: strategic management of tissue for molecular testing. Semin Respir Crit
Care Med. 2011;32(1):22-31.
3. Felip E, Gridelli C, Baas P et al. Metastatic nonsmall cell lung cancer: consensus on pathology
and molecular tests, first line, second line, and third line therapy: 1st ESMO consensus
conference in lung cancer. Annals of Oncology 2011; 22:1507–1519, 2011.

The Case Continues
Reflex testing in this institution applied only to EGFR and KRAS mutations and ALK
rearrangement. In this patient, additional studies were desired by the oncologist. The tumor was
negative for KRAS and for secondary EGFR mutations, and for PIK3CA mutation but showed c-MET
amplification. No ALK rearrangement was noted.
Because currently used molecular markers may be requested even though their impact on
clinical outcomes is unclear, the issue of standardizing the molecular testing process was discussed in
the multidisciplinary lung cancer conference. The team created a form to accompany all lung cancer
patients to their appointments with oncologists, surgeons, interventional radiologists and
pulmonologists. The molecular markers included on this form were debated. Other elements included
on the form were whether cytology or histology specimens were obtained, the quality of the specimen,
and the quantity of adequate specimen for testing. The team decided to individualize the choice of
referral molecular laboratories.
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Question 10: What elements are critical to help assure that sufficient amount of representative small
samples can be processed for molecular analysis?
A. Minimize the number of immunostains for cytohistologic diagnosis
B. Use ROSE whenever possible for FNA procedures
C. Try to obtain tissue cores for histology, obtain specimens for cell block, and document
collection time as well as time to fixation.
D. All of the above
Answer: D
Results of molecular tests can alter therapy. In this case, the patient could be enrolled in a
clinical trial using a monoclonal antibody against c-MET. An immunohistochemistry panel can aid in
sub-classifying NSCLC. Multiple IHC stains, however, may reduce the quantity of tissue available for
molecular analysis. Tissue conservation is crucial so that tissue is available for potential molecular
testing.
Pathologists should minimize the number of IHC preparations used to sub-classify a lesion.
When morphology is equivocal and there is no clear glandular or squamous differentiation, IHC using a
panel of antibodies; typically TTF-1, p63 and p40, cytokeratin 7 and cytokeratin 5/6 may be used on
previously stained smears, automated slides, and cell-blocks.
Rapid On-Site Evaluation (ROSE), while not available everywhere, is an important complement
to needle aspiration. ROSE helps improve the accuracy of the procedure, but does not necessarily
improve yield. By using ROSE, the cytopathologist can confirm that the specimen is adequate and
representative of the targeted lesion. For example, a significant number of lymphocytes should be
found when a lymph node is targeted. ROSE also helps confirm that sufficient material is obtained for a
definitive final diagnosis and molecular testing. ROSE thus optimizes future allocation and processing
of specimens for specific analyses according to suspected or known diagnosis.
Results of IHC usually favor a single diagnosis. Adenocarcinomas of pulmonary origin are
typically reactive for TTF-1 and cytokeratin 7 and non-reactive for p63 and cytokeratin 5/6. Squamous
cell carcinomas are typically reactive for p63 and cytokeratin 5/6 but non-reactive for TTF-1 and
cytokeratin 7. The concordance between needle aspirate and biopsy in NSCLC subtyping is very high
(96%), especially when analysis of material in cell-blocks can be performed.
References:
1. Travis WD, Rekhtman N. Pathological diagnosis and classification of lung cancer in small
biopsies and cytology: strategic management of tissue for molecular testing. Semin Respir Crit
Care Med. 2011;32:22–31.
2. Griffin AC, Schwartz LE, Baloch ZW. Utility of on-site evaluation of endobronchial ultrasoundguided transbronchial needle aspiration specimens. Cytojournal 2011; 8: 20.
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3. Pusztaszeri M Soccal PM, Mach N et al. Cytopathological Diagnosis of Non Small Cell Lung
Cancer: Recent Advances Including Rapid On-Site Evaluation, Novel Endoscopic Techniques and
Molecular Tests. J Pulmonar Respirat Med 2012; S5:002.

Credits
The series of webcasts on WABIPAcademy.com and their companion written narratives are the result
of a collaborative partnership between the WABIP and Pfizer Oncology.
Educational content has been packaged in affiliation with ACUMED®, a global leader in healthcare
communications.
All content unless otherwise specified, is the property of the World Association for Bronchology and
Interventional Pulmonology.
Acknowledgments to Michael Mendoza for IT oversight and technical assistance.


Clinical Stem Authorship
Henri Colt MD
Chairman, WABIP, Professor Emeritus, University of California, Irvine USA
Septimiu Murgu MD
Pulmonary Division, University of Chicago, Chicago IL USA



Expert Review Panel
Ramon Rami Porta MD
Department of Thoracic Surgery, Hospital Universitari Mutua Terrassa
Ignatius Ou MD, PhD
Division of Oncology, University of California, Irvine USA
Takeshi Nagayasu MD, PhD
Division of Surgical Oncology, Nagasaki University, Japan
Maurizio Ferretti MD, MIAC
Department of Cytopathology, Universitaria Ospedali Riuniti di Ancona, Italy
Martin Maus MD
Department of Tumor Surgery, University of Cologne, Germany

wabipacademy.com/webcast

16

Webcast
Narrative Companion

Clinical Stem 3

Johann Brandes MD, PhD
Division of Oncology, Emory University Winship Cancer Institute, USA


Expert Commentaries (Video)
John Stewart MD, PhD
Department of Pathology, MD Anderson Cancer Center, USA
September Williams MD
Ninth Month Consults, A bioethics consulting practice, Mill Valley, USA
Ravi Salgia MD, PhD
Section of Hematology/Oncology, Department of Medicine, University of Chicago, USA



Expert Commentaries (Audio)
Yasushi Yatabe MD, PhD
Department of Pathology and Molecular Diagnostics, Aichi Cancer Center Nagoya, Japan
Daniel Steinfort Ms, BS, PhD
Department of Respiratory Medicine, Royal Melbourne Hospital, Australia
Kazuhiro Yasufuku MD, PhD
Division of Thoracic Surgery, Toronto General Hospital, University of Toronto, Canada



Executive Producer
Henri Colt MD, Chairman, WABIP
Professor Emeritus, University of California, Irvine

In collaboration with

wabipacademy.com/webcast

17

