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Pathologist’s Role

• Diagnose and classify the histologic 
types of lung cancer (WHO)

• Molecular biomarkers testing (CAP, 
IASLC-AMP Guidelines)

• Pathological staging (AJCC)



Transformation in Cancer Care
“Precision Medicine in Oncology”

Genomics is the predominant factors 
in influencing precision medicine in 
Oncology. 
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Molecular Challenges of 
NSCLC Testing

• Molecular testing is getting more complex
• Limited sample quantity
• Suboptimal sample quality
• Test validation
• Test failure
• Turnaround time (TAT)



Dietel M, et al. Thorax 2015; 0:1. doi 10.1136



Deletion and point 
Mutations

• KRAS (30%)

• EGFR (15%)

• BRAF (1-2%)

Gene Amplification 
EGFR (6-9%)

Chromosomal 
rearrangement

EML4-ALK (5%)
ROS1 (2%)

EGFR, EML 4-ALK and KRAS are mutually exclusive

Lung Adenocarcinoma
Activating Oncogenes



EGFR Mutations
• Exon 18 Gly719 (sensitive)

• Exon 19 deletion (sensitive)

• Exon 20 insertion (resistance)

• Exon 20 Thr790Met (acquired resistance)

• Exon 21 Leu858Arg (sensitive)

Overlapping EGFR and KRAS mutations 
occur in <1% of patients



• Primary resistance 
 KRAS mutations and Alk gene rearrangement
 EGFR mutations not sensitive to EGFR TKIs 

(rare, 2%) – ex 20 insertion
 BRAF mutations (rare, 3%)

• Acquired resistance
 Second EGFR mutation: T790M (over 50% of cases)
 MET amplification 
 Pi3k mutations 
 Transformation to small cell lung ca

Resistance to EGFR-TKIs



• Younger patients
• Never smoking
• Higher stage
• Solid  tumor  growth,  frequent  signal 

cells with abundant intracellular mucin

Similar to EGFR 
mutation positive patient 
except they are younger 
and male

• 2-7% of adenocarcinomas

ALK-rearranged Adenocarcinoma





IASLC Atlas of ALK Testing in Lung Cancer



IASLC Atlas of ALK Testing in Lung Cancer



IASLC Atlas of ALK Testing in Lung Cancer



IASLC Atlas of ALK Testing in Lung Cancer

Clone Clone Type Isotype Immunogen

ALK1 Mouse 
monoclonal

IgG3, kappa Amino acids 1359-1460 of the full 
length human ALK protein, 
corresponding to amino acids 419-520 
of the chimeric NPM-ALK protein

5A4 Mouse 
monoclonal

IgC1 C-terminus of the NPM-ALK transcript 
(419-520 amino acids)

D5F3 Rabbit 
monoclonal

Not available Carboxyl terminus of human ALK

Anti-ALK Rabbit 
monoclonal

IgC Recombinant protein representing 
amino acids 426-528 of human ALK

Commercially Available Antibodies for IHC to
Detect ALK Protein Expression



D5F3 and 5A4 are equally sensitive
J Thorac Oncol 2013; 8(1) 45-51



• Ab type

• Antigen retrieval

• Ab detection

• Amplification techniques

Others - Fixation
- Cold ischemic time

ALK Preanalytic Variables



Positive staining may occur in:
• Alveolar macrophages
• Cells of neural origin
• Extracellular mucin
• Glandular epithelium
• Necrotic tumor areas

* Maybe difficult to detect positive staining 
in signet ring.

ALK Postanalytical Variables



IASLC Atlas of ALK Testing in Lung Cancer



Comparison between technical and clinical validation 
in immunohistochemistry according to the College of 
American Pathologist (CAP) Guidelines

Arch Pathol Lab Med. doi: 10.5858/arpa.2017-0106-SA





In situ hybridization (fluorescence [FISH] or 
chromogenic [CISH])

Reverse transcriptase polymerase chain reaction  
(RT-PCR) + Fusions identified (specify): _______

Immunohistochemistry
+ ___ D4D6 clone

Next-generation (high-throughput) sequencing

Anchored multiplex PCR

+

+

+

+

+
CAP Template for reporting results of biomarket testing of specimens 
from patients with non-small cell carcinoma of the lung, June 2016

+ROS1 Rearrangement Testing Method(s) 



Virchows Archiv, November 2016, Volume 469, Issue 5



• 1-2% of patient with lung adenocarcinoma

• Typically smokers (current or former)

• Testing  for  BRAF  mutations  may  be 
considered in lung squamous cell carcinoma

BRAF V600 Mutation





• KRAS 107 (25%)
• EGFR  98 (23%)
• ALK rearrangements 14 (6%)
• BRAF 12 (3%)
• PIK3CA 11 (3%)
• MET amplifications 4 (2%)
• HER2 3, (1%)
• MEK1 2(0.4%)
• NRAS 1 (0.2%)
• AKT1 0(0%)

In 60% tumor driver mutation detected
J Clin Oncol 29: 2011 (suppl; abstr CRA7506) 

Identification  of  driver  mutations  in  tumor  specimens 
from 1,000 patients with lung adenocarcinoma: The NCI’s 
Lung Cancer Mutations Consortium (LCMC)



Summary of 2018 Lung Cancer 
Molecular Testing Guidelines

Arch Pathol Lab Med. Vol 142, March 2018

Guideline Statements Strength of Recommendation

Key Question 1: Which new genes should be tested for lung cancer patients?

1. ROS1 testing must be performed on all lung adenocarcinoma patients, irrespective of clinical 
characteristics

Strong Recommendation

2. ROS1 IHC may be used as a screening test in lung adenoma patients; however, positive ROS1 
IHC results should be confirmed by a molecular or cytogenetic method

Expert consensus opinion

3. BRAFmolecular testing is currently no indicated as a routine stand‐along assay outside the 
context of a clinical trial.  It is appropriate to include BRAF as part of larger testing panels 
performed either initially or when routine EGFR, ALK, and ROS1 testing are negative

Expert consensus opinion

4. RETmolecular testing is not recommended as a routine stand‐alone assay outside the context 
of a clinical trial.  It is appropriate to include RET as part of larger testing panels performed 
either initially or when routine EGFR, ALK and ROS1 testing are negative.

Expert consensus opinion

5. ERBB2 (HER2) molecular testing is not indicated as a routine stand‐alone assay outside the 
context of a clinical trial.  It is appropriate to include ERBB2 (HER2) mutation analysis as part 
of a larger testing panel performed either initially or when routine ECFR, ALK and ROS1 testing 
are negative.

Expert consensus opinion

6. KRASmolecular testing is not indicated as a routine stand‐alone assay as a sole determinant 
of targeted therapy.  It is appropriate to include KRAS as part of larger testing panels 
performed either initially or when routine EGFR, ALK and ROS1 testing are negative

Expert consensus opinion

7. MET molecular testing is not indicated as a routine stand‐alone assay outside the context of a 
clinical trial.  It is appropriate to include MET as part of larger testing panels performed either 
initially of when routine EGFR, ALK, and ROS1 testing are negative

Expert consensus opinion



Summary of 2018 Lung Cancer 
Molecular Testing Guidelines

Arch Pathol Lab Med. Vol 142, March 2018

Guideline Statements Strength of Recommendation

Key Question 2:  What method should be used to performed 
molecular testing?

8. IHC is an equivalent alternative to FISH for ALK testing Recommendation

9. Multiplexed genetic sequencing panels are preferred over
multiple single‐gene tests to identify other treatment 
options beyond EGFR, ALK, and ROS1

Expert consensus opinion

10. Laboratories should ensure test results that are 
unexpected, discordant, equivocal, or otherwise of low 
confidence are confirmed or resolved using an alternative 
method or sample.

Expert consensus opinion



Summary of 2018 Lung Cancer 
Molecular Testing Guidelines

Arch Pathol Lab Med. Vol 142, March 2018

Guideline Statements Strength of Recommendation

Key Question 3:  Is molecular testing appropriate for lung 
cancers that do not have an 
adenocarcinoma component?

11. Physicians may use molecular biomarker testing in tumors 
with histologies other than adenocarcinoma when clinical 
features indicate a higher probability of an oncogenic 
driver.

Expert consensus opinion



Summary of 2018 Lung Cancer 
Molecular Testing Guidelines

Arch Pathol Lab Med. Vol 142, March 2018

Guideline Statements Strength of Recommendation

Key Question 4:  What testing is indicated for patients 
with targetable mutations who have 
relapsed on targeted therapy?

12. In lung adenocarcinoma patients who harbor sensitizing EGFR
mutations and have progressed after treatment with an EGFR‐
targeted tyrosine kinase inhibitor, physicians must use EGFR 
T790M mutational testing when selecting patients for third‐
generation EGFR‐targeted therapy

Strong recommendation

13. Laboratories testing for EGFR T790M mutation in patients with 
secondary resistance to EGFR‐targeted kinase inhibitors should 
deploy assays capable of detecting EGFR T790M mutations in as 
little as 5% of viable cells.

Recommendation

14. There is currently insufficient evidence to support a 
recommendation for or against routine testing for ALK 
mutational status for lung adenocarcinoma patients with 
sensitizing ALKmutations who have progressed after treatment 
with an ALK‐targeted tyrosine kinase inhibitor

No recommendation



Summary of 2018 Lung Cancer 
Molecular Testing Guidelines

Arch Pathol Lab Med. Vol 142, March 2018

Guideline Statements Strength of Recommendation

Key Question 5:  What is the role of testing for circulating cell‐
free DNA for lung cancer patients?

15. There is currently insufficient evidence to support the use of 
circulating cell‐free plasma DNA molecular methods for the 
diagnosis of primary lung adenocarcinoma

No recommendation

16. In some clinical settings in which tissue is limited and/or 
insufficient for molecular testing, physicians may use a cell‐free 
plasma DNA assay to identify EGFRmutations

Recommendation

17. Physicians may use cell‐free plasma DNA methods to identify 
EGFR T790Mmutations in lung adenocarcinoma patients with 
progression or secondary clinical resistance to EGFR‐targeted 
tyrosine kinase inhibitors; testing of the tumor sample is 
recommendation if the plasma result is negative

Expert consensus opinion

18. There is currently insufficient evidence to support the use of 
circulating tumor cell molecular analysis for the diagnosis of 
primary lung adenocarcinoma, the identification of EGFR or 
other mutations, or the identification of EGFR T790M mutations 
at the time of EGFR TKI resistance.

No recommendation



Method of detecting molecular mutation 
in lung carcinoma

NGS-mutation:  EGFR, ALK, ROS, RET, KRAS, BRAF, PIK3CA, MET, FGFR1

FISH-rearrangement: ALK, ROS, RET, NTRK1

FISH-amplication/DNV: MET, HER2, FGFR1, EGFR1

IHC: PD-L1, HER2, ALK, ROS1

RTPCR/Nanostring:  MET exon14-skipping, NTRX.NRG1-fusions 
(and other fusions)

NGS: Tumor Mutational Burden (2018)



Tumor Mutational Load

 Measure of the number of mutations within a 
tumor genome.

 Low grade and pediatric malignancies have 
the lowest “mutation burden”.

 Epithelial cancers associated with 
environmental DNA damage have highest 
“mutation burden”.



Tumor Mutational Load

Method of testing

 Whole exome sequencing
 NGS assay targeting 1.1 megabase of 

coding genome ( 300 cancer gene)



Thank you


