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Figure 5 Examples of challenging
scenarios for signal enumeration. (A)
Nuclei with doublet and triplet spots
counted as one signal each plus “paired”
spots counted as two signals. (B-D)
Nuclei with epidermal growth factor
receptor (EGFR) gene amplification
represented by clusters of signals
probably due to HSR (homogeneously
staining region). Clusters may include few
spots (minimum of four spots, illustrated
in B), intermediate (C) or very high
numbers of spots (D). (E) Nuclei with
EGFR gene amplification represented as
numerous double minutes. (F) Nuclei with
clusters of EGFR and CEP7 signals. In
each nucleus, signals are enumerated as
precisely as possible focusing up and
down. If more than 15 signals are counted
(which is a common finding in specimens
with large clusters and double minutes)
report “16” in the analysis worksheet.

the second reader reaches a positive score the specimen is
concluded as FISH positive, and as FISH negative otherwise.

Interpretation of the EGFR FISH results according to the Colorado
scoring criteria

A scheme for classifying NSCLC tumours as EGFR FISH-
positive and FISH-negative was developed at the University of
Colorado and has been used in multiple clinical studies.”® **

EGFR FISH-positive

(A) Specimens that have =40% of cells displaying =4 copies of
the EGFR signal.

(B) Specimens that display EGFR gene amplification, defined
according to one of the following criteria: (a) an EGFR to CEP7
ratio =2 over all scored nuclei and calculated using the sum of
EGEFR divided by the sum of CEP7 when mean CEP7 per cell is
=2 copies; (b) the presence of gene cluster (=4 spots) in =10%
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of tumour cells; (c) at least 15 copies of the EGFR signals in
=10% of tumour cells.

EGFR FISH-negative

Specimens that do not display gene amplification according to
the criteria defined above and with <40% of cells displaying =4
copies of the EGFR signal.

Future directions and conclusions
There are several areas that need further investigation. For
instance, the application of the Colorado scoring system
requires adaptation and subsequent validation for cytological
specimens and smears since those specimens include whole cells
and do not have truncated nuclei as in the tissue sections.
The unique biology of advanced-stage NSCLC also pose
difficulties associated with tumour heterogeneity that might get
unaccounted for in small biopsies or even in very large
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Table 2 Updated Colorado score for scoring and interpreting clusters
(adapted from Varella-Garcia, 2006%)

Expected ratio
EGFR to CEP7
in the EGFR FISH

Pattern description Scoring criteria  specimen classification*
Large clusters of EGFR  Count signals >2 Classify as positive
signals thoroughly and (GA) if EGFR/CEP7
calculate the ratio =2 or if clusters
indexes. If number of EGFR signals are
of signals is >15, present in =10% cells
write “16”
Small clusters of EGFR  Count signals >2to ~1if  Classify as positive
signals (=4 signals) thoroughly and high level of (GA) if EGFR/CEP7
calculate the aneusomy 7 ratio =2 or if clusters
indexes is present of EGFR signals are
present in =10% cells
Co-localised clusters of Count signals ~1 Classify as positive
EGFR and CEP7 signals thoroughly and (GA) if clusters are
calculate the present in =10% cells
indexes. If number
of signals is >15,
write “16”
Very high number of Count signals ~1 Classify as positive
balanced red (EGFR) thoroughly and (GA) if =10% cells
and green (CEP7) calculate the have =15 EGFR
signals indexes signals
EGFR as double minutes Count signals >2 Classify as positive

(GA) if EGFR/CEP7
ratio =2 or =10%
cells have =15 EGFR
signals

thoroughly and
calculate the FISH
indexes

EGFR, epidermal growth factor receptor; FISH, fluorescence in situ hybridisation; GA,
EGFR gene amplification.

specimens. Potential differences may exist in the genomic status
of EGFR in pretreated versus untreated patients and the vast
majority of information currently available was generated in
diagnostic specimens from patients who had not received prior
treatment. The predictive value of EGFR FISH in primary
tumours compared with their corresponding metastases is
another issue that requires confirmation in future clinical trials.
Yet to be determined are the potential benefits or drawbacks of
the FISH technology versus the related methods of chromogenic
in situ hybridisation/silver in situ hybridisation for evaluation
of the copy number of the EGFR gene in NSCLC.

Last, the development of robust quality assurance pro-
grammes and regular proficiency and competency assessment

Take-home messages

» Data from epidermal growth factor receptor (EGFR)
fluorescence in situ hybridisation (FISH) assessment in clinical
trials vary greatly. This may be due to different patient
populations, different study designs, and variability in the
methods used by different laboratories for reading and
interpreting FISH.

» Excellent assay reproducibility is crucial to ensure that
accurate clinical decisions are made for patients with non-
small-cell lung cancer, therefore guidelines are critical for
clinical laboratories performing and interpreting EGFR FISH
assays.

» The guidelines summarised in this manuscript provide
information on the inclusion/exclusion criteria, reading and
scoring of slides, assessment of signal clusters and
assessment of borderline cases.
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Interactive multiple choice questions

This JCP best practice article has an accompanying set of
multiple choice questions (MCQs). To access the questions, click
on BMJ Learning: Take this module on BMJ Learning from the
content box at the top right and bottom left of the online article.
For more information please go to: http://jcp.bmj.com/education
Please note: the MCQs are hosted on BMJ Learning—the best
available learning website for medical professionals from the BMJ
Group. If prompted, subscribers must sign into JCP with their
journal’s username and password. All users must also complete a
one-time registration on BMJ Learning and subsequently log in
(with a BMJ Learning username and password) on every visit.

of laboratories performing these assays are necessary to improve
the consistency of assay performance and interpretation. It is
our intention that these guidelines will provide a tool to help
the clinical laboratories involved with the EGFR FISH test in
NSCLC to accomplish these goals.
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