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INTRODUCTION
Lung Cancer
Lung cancer is a solid tumour malignancy characterised by uncontrolled cell growth in tissues of the
lung. The common symptoms include coughing, haemoptysis, weight loss, shortness of breath, and
chest pain. Lung cancer has been the most common cancer in the world for several decades and is
more prevalent in men compared to women. Moreover, it is the leading cause of cancer deaths
worldwide, estimated to be responsible for nearly one in five (1.76 million deaths worldwide in 2018,
18% of all deaths by cancer, according to WHO). People who smoke have the greatest risk of lung
cancer (85% of the cases), though lung cancer can also occur in people who had never smoked. Other
risk factors can include air pollution, exposure to asbestos, second-hand smoke and radon exposure.
The 5-year survival for lung cancer has remained relatively poor, less than 14% among men and less
than 18% among women in most countries (1).
Approximately 95% of all lung cancers are classified as either small cell lung cancer (SCLC) or nonsmall cell lung cancer (NSCLC), whereby the majority of cases ( 80%) are NSCLC. The latter are
comprised of 10% LCC (large cell carcinoma), 50% adenocarcinoma and approximately 40% SCC
(squamous cell carcinoma).
In 2016, 2.735 Belgian women and 5.439 men were diagnosed with an invasive lung tumour.

Epidemiology, pathogenesis and risk factors (2)









Lung cancer is the leading cause of cancer-related death worldwide in both genders
In Europe, lung cancer-related deaths in woman are secondary only to breast cancer and, in
contrast to the USA scenario, the mortality rate continues to increase
Worldwide, every year, as many people die from lung cancer as from the other “big killers”
(prostate, breast and colon) combined
Only 15% of all lung cancer cases are diagnosed at an early stage, while the majority present
with distant metastases at diagnosis and a 5-year survival rate of about 5%
Median age at diagnosis is 71 years and adenocarcinoma is now the most prevalent histotype
Lung cancer may arise from all the differentiated and undifferentiated cells of the upper and
lower airways. The formation of DNA adducts as a consequence of the inhalation of carcinogens
plays a central role in lung cancer pathogenesis
Lung cancer pathogenesis is also affected by a genetic multifactorial susceptibility, which may
be further influenced by exposure to certain carcinogens
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Smoking is a principal risk factor for lung cancer, causing more than 80% of all cases
Non-smoking-related risk factors include occupational exposure to carcinogens, second-hand
smoke, pollution, dietary factors, radon exposure and genetic susceptibility.

Evolution of lung cancer care
Molecular characterisation to guide genomically driven treatments with targeted agents, are the way
to avoid toxicity and to maximise treatment efficacy. Over the past years, the number of molecular
biomarkers has increased substantially (3, 4).

ROS1 and its rearrangements
The ROS1 gene encodes a tyrosine kinase receptor of unknown function and ligand that is closely
related to ALK. Very little is known about the function of wild-type ROS expression. However, highest
wild-type expression is observed in kidney, but also in cerebellum, peripheral neural tissue, stomach,
small intestine and colon. In normal lung tissue, there should be no ROS1 expression.
Genetic rearrangements leading to constitutive expression of ROS1 are relatively uncommon and have
been identified in a number of tumour types: NSCLC, glioblastoma, cholangiocarcinoma, ovarian
cancer, gastric adenocarcinoma, colorectal cancer.
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In ROS1 positive NSCLC, the ROS1 gene on chromosome 6 undergoes either an intrachromosomal or
interchromosomal rearrangement, leading to a ROS1 fusion protein with a constitutive active ROS1
tyrosine kinase domain. This on it turn leads to activation of intracellular signalling pathways like MAPK,
PI3K-AKT, PLCγ-PKC, causing tumour cell proliferation and survival.

CD74-ROS1 is the most common ROS1 fusion in NSCLC, whereas others are also fusion partners with
ALK and RET. Currently, 27 fusion partners are known (5).

Carolien Boeckx | MSA Oncology | Roche Diagnostics Belgium
Version 1 – June 2020 – MED2020_009

4

About 1‒2% of NSCLC (adenocarcinoma) cases contain a ROS1 rearrangement (fusion). Typical
characteristics of these patients are younger age, never smokers, female and lack of other mutations
(5-8).

ESMO treatment guidelines for mNSCLC
Changes in the therapeutic scenario in the last 15 years have emphasised the need for a
multidisciplinary approach in lung cancer. The absolute need to reach a proper and precise
morphological and biological definition often requires challenging tissue sampling, with most treatment
decisions depending on the information obtained from the specimen collected at diagnosis.

Treatment algorithm for stage IV lung carcinoma with ROS1 translocation - 2018 (9)
-

Crizotinib; ALK and ROS1 TKI
o objective response rate (ORR) of 66%
o time without tumour growth or spread: 18.3 months
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DIAGNOSTIC LANDSCAPE
Obtaining an optimal biological specimen
Obtaining enough and optimal quality specimen for biomarkers in a particular patient should be a
responsibility shared by the entire tumour board. When conducting molecular and
immunohistochemical tests, it is important to consider the tumour percentage and the amount of
tumour cells in the specimen, and the pre-analytical variables (10).
-

-

Cold ischemia time should be as short as possible and in every case <1h, conservation in 10%
NBF should not be less than 6h and up to 24-48 hours with additional cautious slicing if
necessary for biggest resection specimens in order to ensure proper penetration of the fixative.
IHC/FISH: presence of at least 50-100 viable tumour cells
Molecular analysis (PCR/NGS): min 20% tumour cells

For liquid biopsies, the two key technical factors to maintain optimal preservation of circulating cellfree DNA (cfDNA) are the storage and shipping conditions of the sample, and the elapsed time
between specimen extraction and processing (10).

Histological diagnosis
Histological diagnosis of NSCLC is crucial to many treatment decisions and should be as exact and
detailed as the samples and available technology allow. Diagnosis should be based upon the criteria
laid out in the WHO classification. This classification details the complete diagnostic approach for
surgically resected tumours but, importantly, also provides guidance for assessing and reporting small
biopsy and cytology samples where complete morphological criteria for specific diagnosis may not be
met (9, 11).

Molecular diagnostics
After morphological diagnosis, the next consideration is therapy-predictive biomarker testing. This
practice will be driven by the availability of treatments. Contemporary practice has now evolved into
two testing streams, one for the detection of targetable, usually addictive, oncogenic alterations and
the other for immuno-oncology therapy biomarker testing (9-11). However, each case should be
discussed individually.
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-

-

-

-

-

EGFR mutations: exons 18-21
o around 90% of the most common mutations comprise deletions in exon 19 and
the L858R substitution mutation in exon 21
o the T790M exon 20 substitution mutation is only rarely found in EGFR TKI-naive disease
using standard techniques, but is the most frequent cause of resistance to first- and
second-generation EGFR TKIs (50%–60% of cases)
ALK rearrangements
o testing for ALK rearrangement should be systematically carried out in advanced nonsquamous NSCLC
o ALK mutations are emerging as important resistance mechanisms to ALK TKIs
ROS1 rearrangements
o testing for ROS1 rearrangement should be systematically carried out in advanced nonsquamous NSCLC
BRAF V600 mutation
o BRAF V600 mutations appear mutually exclusive to EGFR and KRAS mutations, ALK and
ROS1 rearrangements and are similarly much more common in adenocarcinoma
o BRAF V600 mutation status should be systematically analysed in advanced nonsquamous NSCLC for the prescription of BRAF/MEK inhibitors
PD-L1 expression
o PD-L1 expression testing is recommended for all patients with newly diagnosed
advanced NSCLC
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-

-

NTRK rearrangements
o NTRK rearrangements are a new target within oncology and are a tumour-agnostic
biomarker (regardless of histology).
Blood monitoring using cell-free DNA (cfDNA)
o EGFR plasma testing is based upon highly sensitive allele-specific polymerase chain
reaction or NGS to detect T790M mutation. However, if the plasma testing is negative
for T790M, a tissue biopsy is strongly recommended to determine T790M status because
of the risks of false-negative plasma results. However, nowadays, the C797S mutation
(located within the tyrosine kinase domain) has been reported to be a major mechanism
for resistance to T790M-targeting EGFR inhibitors (12).
o Serial blood testing during treatment: disappearance of the primary sensitising EGFR
mutation is associated with clinical and radiological evidence of response to EGFR TKIs.
o Reappearance of the primary sensitising mutation, with or without detection of
the T790M resistance mutation, may be an indicator of ‘biochemical’ disease relapse.

Summary of 2018 Guideline Statements from the College of American Pathologists, the International
Association for the Study of Lung Cancer, and the Association for Molecular Pathology (13):
Guideline statement

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.
2. ROS1 IHC may be used as a screening test in lung adenocarcinoma
patients; however, positive ROS1 IHC results should be confirmed by a
molecular or cytogenetic method.
3. BRAF molecular testing is currently not indicated as a routine standalone 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
4. RET molecular 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.
5. ERBB2 (HER2) molecular testing is not indicated as a routine standalone 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 EGFR, ALK, and ROS1
testing are negative.
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6. KRAS molecular 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.
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 or when routine
EGFR, ALK, and ROS1 testing are negative.

6. Expert consensus
opinion
7. Expert consensus
opinion

Key Question 2: What methods should be used to perform molecular
testing?
8. IHC is an equivalent alternative to FISH for ALK testing.
9. Multiplexed genetic sequencing panels are preferred over multiple
single-gene tests to identify other treatment options beyond EGFR,
ALK, and ROS1.
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.

8. Recommendation
9. Expert consensus
opinion
10. Expert consensus
opinion

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.

11. Expert consensus
opinion

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.
13. Laboratories testing for EGFR T790M mutation in patients with
secondary clinical resistance to EGFR targeted kinase inhibitors should
deploy assays capable of detecting EGFR T790M mutations in as little
as 5% of viable cells.
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 ALK mutations who have
progressed after treatment with an ALK-targeted tyrosine kinase
inhibitor.

12. Strong
recommendation

13. Recommendation

14. No
recommendation

Key Question 5: What is the role of testing for circulating cell-free DNA
for lung cancer patients?
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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.
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 EGFR mutations.
17. Physicians may use cell-free plasma DNA methods to identify EGFR
T790M mutations in lung adenocarcinoma patients with progression or
secondary clinical resistance to EGFR-targeted tyrosine kinase
inhibitors; testing of the tumor sample is recommended if the plasma
result is negative.
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.

15. No
recommendation

16. Recommendation
17. Expert consensus
opinion

18. No
recommendation

Belgian Guidelines
According to the Belgian guidelines published in the Belgian Journal of Medical Oncology, ROS1 IHC
should be performed on a subset of NSCLC cases: 1) adenocarcinoma, 2) NSCLC with an
adenocarcinoma component and 3) NSLCC, NOS (14). For squamous cell carcinoma, or NSCLC favour
squamous cell carcinoma no molecular testing, including ROS1 IHC, is advised unless clinical
suggestive features, such as young age or non-smoker or small samples where an adenocarcinoma
component cannot be completely excluded (14).
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VENTANA ROS1 (SP384) RABBIT MONOCLONAL
PRIMARY ANTIBODY







Catalog Number: 08404160001
CE-IVD
Analytic assay, not linked to any therapy
Positive controls: known ROS1 positive NSCLC tissue, reactive alveolar type II pneumocytes, and
cell lines known to express ROS1-fusions such as HCC78. Laboratories should use caution when
considering xenograft control lines, as OptiView detection may confound interpretation due to
detection of mouse IgM and IgG.
Negative controls: known ROS1 negative tissue

Recommended protocol

Routinely processed FFPE tissues – recommended fixative 10% NBF (no fixative time suggested in
package insert, however, 2019 Australian ROS1 testing consensus statement recommends >6 hours
and not to exceed 24 hours fixation in 10% NBF for general ROS1 testing) – baking will not affect ROS1
staining when baking does not exceed 60 min @ 60°C or 32 min at 75°C - slides should be stained
immediately, as antigenicity of cut sections may diminish over time.

Control slides
ROS1 positive control slides are commercially available (e.g. Sigma Aldrich, HistoCyte), but were not
tested by Roche Diagnostics.
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Staining patterns
As described in the package insert, staining pattern for ROS1 (SP384) is mainly cytoplasmic, rarely
membranous and nuclear. ROS1 (SP384) demonstrates a range of cytoplasmic stain intensities in
NSCLC tissues. Images captured at 4x magnification.
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Staining images, intensity 0 (no staining)

Carolien Boeckx | MSA Oncology | Roche Diagnostics Belgium
Version 1 – June 2020 – MED2020_009

14

Staining images, intensity 1+ (weak)

Staining images, intensity 2+ (moderate)
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Staining images, intensity 3+ (strong)

Notable ROS1 (SP384) Staining Patterns
ROS1 (SP384) is known to stain non-neoplastic type II pneumocytes in normal and tumour sample
tissue. This staining can be a good internal system control. However, it must be interpreted with
care, in particular not to attribute this as ROS1 expression in lepidic growth of tumour. “Lepidic growth”
is tumour cell growth along the surface of alveolar walls without stromal or vascular invasion, and can
sometimes appear similar to type II pneumocytes.
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FISH correlation
Table displays four scoring parameters examined. The parameter, ≥ 2+ staining in cytoplasm in > 30%
or ≤ 30% of total tumour cells, demonstrates the combined highest correlation in positive and overall
percent agreement with FISH for the parameters evaluated.
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