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Introduction
Professional guidelines for tumour genetics
laboratories aim to incorporate the standards
imposed by generic European guidelines1 and
regulatory bodies (ISO15189)2 while taking into
account current practice in Europe. Some
elements of the tumour diagnostic service not
subject to statute may be varied according to
local constraints and agreements. It must be
noted that these guidelines are minimum
requirements and that professional judgment is
of paramount importance for many circumstances.

The use of ‘must’ in this document indicates a
requirement and the use of ‘should’ indicates a
recommendation. Where there appears to be
contradiction between available guidelines, the
most recently published ones should be taken to
apply to all.
All diagnostic laboratories must be accredited to
national or internationally accepted standards
(ISO15189)2,3. Laboratories must participate in an
External Quality Assessment Scheme4 in all
aspects of their service for which a scheme is
available.

Clinical trials may have additional requirements
in order to stratify patients to the appropriate
treatment regimes. These should also be
considered mandatory. New techniques and
clinical evidence are becoming available all the
time and therefore should be kept under constant
review.

These guidelines relate to Solid Tumours and
make up part of the acquired best practice
guidelines. The guidelines are a result of a
Tumour Best Practice Meeting with invited
tumour experts held on 23rd April 2013 in Oxford,
UK. These general recommendations are required
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due to an increasing number of somatic
cytogenetic tumour markers that have been
incorporated into WHO classification5 of solid
tumours. Cytogenetic investigation of tumor
tissue has been routinely introduced in the
clinical practice of pathology and oncology as
adjunct to diagnosis, prognosis, and treatment.
These guidelines should be used in conjunction
with other Professional guidelines for clinical
cytogenetics, for example, Generic European
guidelines1, ISO151892, reporting guidelines6,
and ISCN7.
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sample receipt, since the processing and analysis
of tumour samples may be time-consuming and
expensive, updates on the working diagnosis
allow the most effective directing of work.
Information received regarding the possible
diagnoses of the tumour sample can be vital in
determining the optimum culture types that can be
employed or facilitating a rapid and the most
appropriate FISH test.
Subsequently prompt communication regarding
the nature of the sample allows for the most
effective work flow and prioritisation e.g. it may
prevent the analysis of samples which turn out to
be reactive or non-neoplastic. Secondly,
histological information on the nature of the
specimen, in particular the tumour cell content, is
often essential to interpret chromosome
abnormalities and FISH results.

The provision of specific assays varies between
and within countries as a range of laboratories
may offer diagnostic solid tumour genetics
including Cytogenetic, Pathology, Haematology,
and Molecular Genetics laboratories. These
guidelines are aimed principally at giving
guidance on the minimum, cytogenetic and
FISH analyses.
Recommendation: Laboratories should provide
onward referral to specialist laboratories where
appropriate, or advice on where such tests are
performed.

Sources of material
Tumour analysis may be done with fresh, frozen,
fixed, formalin fixed paraffin embedded (FFPE)
tissue or using cytological material (fine-needle
aspirates, FNA) or dissociated cells or tissue.
Methods for processing of tumour material will be
determined by the cytogenetic laboratory based on
available clinical and pathologic findings. In
instances where fresh viable material is obtained,
the cytogenetic laboratory should seek as much
information as possible about the differential
diagnosis and the tissue type at the time of sample
receipt to choose the most appropriate processing
techniques.

Tumour genetic analysis is an established and
routine element in the clinical investigations of a
number of neoplasms8. Disease-specific
abnormalities, particularly translocations, can
provide essential information to help the
Pathologist and/ or Oncologist make the correct
diagnosis. In several diseases, tumour genetics
correlates strongly with clinical risk, so
cytogenetic information can help the Oncologist
to counsel the patient and choose a specific
treatment and/or to modulate treatment intensity.

The amount of material received, typically in the
form of a tumour biopsy, can vary greatly e.g.
whether it derives from an open surgical
procedure or a needle biopsy.

Laboratory staffing
The laboratory should have either a Head of
Laboratory or Senior staff member who is
knowledgeable in; the cytogenetic abnormalities,
most appropriate test required, and clinical
significance for the tumour types that the
laboratory will process. Staff members analysing
these tumours should be familiar with the reason
for the test and any potential findings.

For conventional cytogenetic analysis, the tissue
sample must be fresh and ideally without necrosis.
It is essential to collect the tumour sample under
sterile conditions and to select a representative
area or areas of the tumour to improve success
rate. Therefore, the laboratory should have
procedures in place whereby fresh tissue can be
transported and processed promptly. Many
laboratories provide sterile culture medium to
local surgical units or pathology departments for
this purpose, and although sterile saline may also
be used it is not recommended. Tumour biopsies
should never be frozen prior to dispatch to the
cytogenetic laboratory.

Communication
It is strongly recommended that the laboratory
performing the cytogenetic analysis has a close
liaison and dialogue with the referring
Pathologist and/or Oncologist to gain
information regarding the quality of the
specimen received, its tumour cellularity, and
the suspected tumour type both pre- and post-
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following acquisition of the sample and care must
be taken to ensure that the cell morphology
remains.

FISH analysis can be done on fixed, frozen,
FFPE, FNA, or touch preparations from fresh
tumour tissue. These cells will be the principal
target for FISH, as they will most closely
represent the cell populations in the tumour
biopsy compared to cultured cells for
cytogenetic analysis.

Fresh-frozen tumour tissues
Such tissues may be useful in sequential analysis
of recurring tumours or in the evaluation of
archived specimens.

The laboratory must have clear guidelines on
any subsequent retention of patient material post
diagnostic testing9.

Fine-needle aspirates (FNA)
Such samples are sometimes used especially in
paediatric oncology, as fine-needle aspiration is
minimally invasive and usually provides high
amount of tumour cells, particularly in round-cell
tumours.

Paraffin-embedded tissue
Formalin-fixed, paraffin-embedded tissue is
acceptable for FISH analysis. Tumour sections
cut 3 to 4 microns thick and mounted on a
positively charged organosilane-coated (silanized) slides should be used. Before scoring a
paraffin-embedded slide by FISH, it is crucial
that a pathologist reviews a haematoxylin and
eosin-stained (H & E) slide and delineate the
region of tumour cells that should be scored
because it can be difficult to differentiate normal
cells from malignant cells using only DAPI
counterstain. The analyst should know, before
scoring the slide, where the malignant cells of
interest are located on the slide.

Fixed cytogenetically prepared cells
Such preparations have multiple uses for both
interphase and metaphase FISH evaluations,
including confirmation and clarification of suspected chromosome abnormalities or characterization of an apparently abnormal clone. Metaphase
FISH evaluation may help clarify specific
chromosome rearrangements.
Sample Preparation
Each laboratory should have written details of
how it processes each sample when it is received.

Recommendation: All tumour samples should
have the region of tumour cells delineated on an
H & E section by the Pathologist.

Fresh tissue
This must be evaluated and processed rapidly.
Where possible, presumed viable tumour material
should be separated from non-viable material, e.g.
calcified, or non-tumour material, e.g. fat.
Disaggregation of the tumour material can be
performed either mechanically, e.g. with scalpels,
and/or enzymatically. The choice of technique
may depend on biopsy size and presumed tumour
type.

Touch preparations
Touch preparations (TP) are helpful when tissue
architecture is not crucial. In most instances a
pathologist and/or operating oncologist will
make the TP or be involved in selecting the
tissue for TP. TPs should be made by lightly
touching a tumour piece to a glass slide without
smearing. Subsequent preparation of these
slides, prior to FISH analysis, may be laboratory
or tumour specific. If the laboratory receives the
made slides, rather than preparing them within
the laboratory, there should be communication
about how the slides should be made, how many
are required, and subsequently sent. The
laboratory should have a system to evaluate the
received slides and whether they are appropriate
for the test required.

Archival material e.g. Slides
The laboratory must ensure that material on slides
is received in such a way that subsequent analysis
is not compromised, e.g. stained or marked by felt
tip or diamond marker. Depending on result
urgency, the slides may be immediately preprocessed, either in the form of fixation or pepsin
treatment for subsequent FISH analysis.
Otherwise, slides may be stored either at -20oC, or
4oC in the case of FFPE slides, until required.

Cytospin preparations
Cytospin
preparations
are
useful
for
concentration of samples with very low
cellularity, e.g. cerebrospinal fluid. These
preparations should be prepared rapidly

Techniques
For many tumour types, it is frequent that there
will not be a single cytogenetic technique that
generates all clinically relevant results. In
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Conventional Cytogenetics
It is well recognised that obtaining tumour
metaphases for karyotypic analysis is technically
challenging. Direct harvests or short-term cultures
often provide no metaphases, while long-term
cultures are prone to overgrowth by non-tumour
cells. Despite this, it is recommended that cultures
for chromosome analysis should be initiated
whenever the laboratory receives sufficient
tumour material, since successful karyotyping can
provide a great deal of diagnostically helpful
information, including insights into translocations
and chromosome partners in unbalanced events,
copy number abnormalities (CNAs) and ploidy,
revealing the presence of multiple ploidy levels
and tumour cell heterogeneity. In addition, it is
one of the few techniques that permit the reliable
determination of clonal evolution and whether this
is linear or divergent. It can also explain atypical
or unusual FISH patterns, which would otherwise
be hard to interpret. Furthermore, as a ‘pangenomic’ overview, classical cytogenetics is open
to unexpected results which may lead to sudden

addition, there are a number of other techniques
that are frequently used in conjunction with
cytogenetic methods that further aid in the
determination of the genetic make up of the
tumour. All techniques have their strengths and
weaknesses, and the choice of test may
ultimately depend on local expertise, relationship to the clinical and pathology departments,
published recommendations, and typical size
and form of sample. Nevertheless, all laboratories should have an awareness of the strengths
and weaknesses of each technique and how they
may complement each other. The latter
consideration is an important factor in the final
interpretation of the cytogenetic features of a
tumour.

Table 1 is a non-exhaustive list of the major
tumour types currently investigated together
with the results that should be obtained by a
laboratory and a preferential method.

Table 1: Current method of choice for required tests associated with specific tumour types
Tumour type

Test Required

Breast carcinoma

ERRB2 (HER2)

Carcinoma

Disease specific
rearrangement

Lipomatous
tumours

Subtype specific
changes

Method of choice
FISH (dual colour)
/CISH/SISH
RT-PCR, or FISH
(if available
probes)
FISH

MYCN status

FISH (dual colour)

Oligodendrogliomas 1p,19q status

FISH, or qPCR, or
MLPA

Neuroblastoma

Other non-essential tests and
methods
Microarray
G- or R-banding, microarray
G- or R-banding, MLPA (dosage)
1p, 11q, 17q status (FISH or
MLPA), G- or R-banding,
microarray, NGS
Microarray
NGS
G- or R-banding; MGMT
Methylation analysis (MS-MLPA,
MS-PCR, pyrosequencing),
microarray

Other CNS tumours

MGMT methylation;
disease or grade
specific changes

FISH (e.g. MYC in
medulloblastoma)

Renal tumours

Subtype specific
changes

G- or R-banding

Microarray, FISH

Soft tissue sarcoma

Sarcoma specific
fusion product

RT-PCR, or FISH
(if available
probes)

G- or R-banding
G- or R-banding, FISH,
Microarray

Wilms Tumour
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changes in diagnostic direction. This may also
include the detection of a constitutional
abnormality.



Intact cells released from paraffin blocks
and either cytospun or dropped onto slides



This technique requires fresh material and cells
in division. In many instances only long term
cultures, in which the over-growth of fibroblasts
is a frequent event, are available for analysis.
The technique is relatively labour intensive and
requires skilled and trained personnel. The
tumour related karyotypes are frequently
complex, which may lead to many unidentifiable
chromosomal regions and/or misidentification of
chromosomes (particularly with undertrained
personnel). In most instances, it is not possible
to achieve a result within 24-48hrs and
frequently the report time would be measured in
days or weeks.

Infiltrated bone marrow



Other infiltrated tissue e.g. ascites or
cerebrospinal fluid (CSF)



Urine



Cytogenetic harvests of fresh tumour
tissue*

*If cytogenetic preparations are used, these
ideally should be either directly harvested or from
very short term cultures (72 hours maximum).
Longer-term cultures should only be used if it is
known that there are tumour cells present and in
most instances as an attempt to further
characterise an abnormality that is known to be
present.

Hence, while often highly informative, chromosome analysis can be unreliable as a sole
approach, and all laboratories offering a solid
tumour service must have access to supplementary techniques.

An advantage of touch imprint slides or paraffin
sections is that an H&E-stained slide can be
prepared from the same cut surface, allowing for
assessment of tumour cell content by the
Pathologist.

Recommendations:
Cultures for chromosome analysis should be
initiated, where appropriate, as it can provide
information on the mechanism of the
abnormality, e.g. deletion, translocation and
clonal evolution.

Rapid results can be achieved, often within 24hrs,
when necessary. It is frequently the method of
choice to detect fusion products and genetic
amplification.
Reporting negative results from analysis of
infiltrated bone marrow or other tissue requires
particular consideration. As a result of
haemodilution, the proportion of tumour cells in
the sample sent to laboratory can be much lower
than that reported by the Haematologist. In
addition, bone marrow aspirates may be taken
from multiple sites and may show widely
differing levels of tumour infiltration. A further
consideration is that some hospitals will define the
presence of bone marrow infiltration as
determined by a trephine investigation; therefore,
the diagnostic laboratory must be aware on what
basis bone marrow infiltration has been defined.

At least one culture of disaggregated cells for
appropriate tumour types should be harvested
within 24 hours. Alternatively, unstained tumour
touch preparations or fixed primary single
tumour cell suspension can provide this preculture baseline for FISH testing.
Fluorescence in situ hybridisation (FISH)
In many instances, FISH is used as a stand alone
technique, e.g. testing for a gene fusion, but can
be used in conjunction with G- or R-banding to
further help with characterisation of the
karyotype, with the choice of probes being
directed by the latter technique. However, FISH
does not require cells in division and can be used
in situations where there is no viable material or
where the G- or R-banding has failed.

Although the technique is less labour intensive
and requires less training than G- or R-banding, it
is too often assumed that FISH is a simple test that
is just a question of spot counting. Particularly in
solid tumours, where complex signal patterns and
cell to cell variation is common, skilled personnel
are required to ensure accurate reporting. It is not
a genome wide test and will only answer the
question specific to the probe(s) used. Being
interphasic FISH analysis a cell to cell approach,

The technique is applicable to a range of sample
types, including:


Tumour touch imprint slides prepared
from fresh or frozen tumour samples



Paraffin sections
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MLPA can give an indication of imbalances and
copy number of the loci that are included in the
reaction kit. Commercial MLPA kits are available
to detect relevant CNAs in, for example,
neuroblastoma, oligodendroglioma, and breast
cancer. In addition, the technique can be used to
investigate methylation status of significant genes
such as MGMT in high grade gliomas.

Chromogenic in situ hybridization (CISH) /
Silver-enhanced in situ hybridization (SISH)
CISH/SISH is a valid alternative to FISH on
formalin-fixed,
paraffin-embedded
(FFPE)
slides, and can be analysed using a brightfield
microscope. One advantage these techniques
have is allowing evaluation of target/gene status
simultaneously with tissue morphology. As the
labelling is permanent, long term archiving is
possible. The technique is limited to one or two
colours, and turn around time is generally slower
than FISH. As with FISH, skilled personnel are
required to ensure accurate reporting.

MLPA requires only small quantities of DNA, but
it is important that this is extracted from material
with high tumour content, and is generally
regarded as fast, cheap and very simple to
perform. The regions tested are defined by the kit
used and balanced translocations cannot be
detected. MLPA analysis in cancer samples could
be inaccurate due to genomic instability, due to
the presence of several genetic alterations and to
contamination with normal DNA.

Microarray (SNP / Oligo)
Microarray analysis is applicable to any tumour
type. SNP arrays give both chromosomal copy
number and loss of heterozygosity LOH
(including copy number neutral LOH), but
mostly do not perform well with FFPE derived
DNA. In contrast CGH arrays cannot detect
LOH, but can be reliably used with FFPE
derived DNA. In addition to a ‘pan-genomic’
overview, microarray analysis allows detection
of very small regions of loss or gain/
amplification and, in the case of SNPs, regions
of loss of heterozygosity (LOH) and frequently
an indication to ploidy level. Arrays are being
increasingly used in a diagnostic setting, e.g.
neuroblastoma and clonality assays.

Flow and static cytometry of total DNA content
This technique will indicate the tumour ploidy and
provides an accurate determination of the DNA
content of tumours and may prove valuable when
used in association with microarray, and
occasionally FISH. However, it would not be the
first method of choice for tumour (cyto)genetic
analysis and may not be advised when there is
limited material available.
Supplementary Techniques
RT PCR
Reverse-transcriptase (RT)-PCR is a technique
frequently used as first-line technique to identify
gene fusions resulting from translocations,
particularly in the diagnosis of sarcomas, when
fresh or frozen material is available. It has the
advantage to allow to be designed as a multiplex
technique, screening all the known rearrangements in a given tumour group, for example
round-cell tumours. RT-PCR can often clarify
unusual or equivocal cytogenetic or FISH results
by confirming or excluding key gene fusions. It is
recommended that Cytogeneticists involved in
solid tumour analysis should liaise closely with
appropriate units offering RT-PCR analysis, in
order to define the order of use of the two types of
techniques.

Microarray analysis can also provide a more
exact determination of breakpoints, something
that is valuable in larger series of individual
tumours to determine potential clinical and/or
biological significance of specific events.
However, balanced rearrangements can not be
detected.
For array analysis it is important that DNA is
extracted from a region with high tumour cell
content (>30% tumour cells). The technique can
be sensitive to DNA quality, with low quality
DNA either leading to failed tests or running the
risk of calling false positives. Knowledge of
tumour ploidy level is important and the
determination of secondary type events is
difficult.

Specific sequencing
Sanger sequencing (SS): can detect all base
substitutions, small insertions and deletions, but
has a modest limit of detection, which can be
highly variable depending on the exact sequence,
and laboratory performing the test. Using an

Multiplex ligation-dependent probe
amplification (MLPA)
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automated interpretation algorithm with a 10%
threshold, SS yielded 11.1%. The limit of
mutation detection by SS is subjective and may
depend on the experience level of the person
interpreting the data.

may vary widely in terms of tumour content,
viability and necrosis. Given this, and the
diversity of tumour types encountered, it is
unrealistic to specify target success rates for
classical chromosome analysis.

Pyrosequencing (PS) is a bioluminescence technique in which the pyrophosphate released during incorporation of a nucleotide into a growing
DNA chain is converted to light through a series
of enzymatic reactions. PS can identify
individual basis or short stretches of nucleic acid
sequence at predetermined positions.

In contrast, interphase FISH for the detection /
exclusion of specific aberrations is consistently
reliable and success rates of >95% should be
aimed for.
In a diagnostic setting, a laboratory should not
rely on a technique, or combined techniques, that
gives an informative success rate of <90%.

Heterogeneity, a peculiar feature of tumours,
within the tumour cells, in conjunction with the
fact that all specimens will contain some
percentage of non-tumour cells may result in a
relatively low percentage of mutated alleles
within some specimens.

Reporting times
The clinical significance of Cytogenetic input, and
the urgency with which it is required, is highly
variable from one case to the next, even within a
given disease type, and it will depend to a great
extent on the Pathologist’s confidence in the
results from other tests such as immunohistochemistry to provide an unequivocal
diagnosis.

Next Generation Sequencing (NGS)
NGS allows for analysis of mutations, DNA
copy number variation, LOH, balanced and
unbalanced translocations, and methylation.

Currently the number of (cyto)genetic markers
that will directly influence treatment decisions is
limited, but this is expected to change over time.
Expected report times are likely to be defined
within the treatment protocol and therefore, it
would be inappropriate to stipulate guidelines for
expected report time for either a karyotypic or
FISH test. If the test is known to influence
treatment decisions then the testing laboratory
must be aware of any time requirement within the
treating protocol.

Genome-wide high resolution for copy number
analysis performs well with small amounts of
tumour material (50ng DNA). The technique is
suitable for DNA isolated from fresh and FFPE
samples. The digital nature of the data lowers
the ambiguity of interpretation since clear cutoffs can be set for diagnostic/clinical purposes.
However, extensive bioinformatics skills are
required. A large amount of data provides both
computational, data storage and off- target
information may pose ethical challenges.

Where cytogenetics could have a bearing on
diagnosis and/or treatment, efforts should be made
to report all results within 14 days. Otherwise,
unless specified, it would be realistic to expect a
final result within 28 days.

Follow up samples
The choice of technique may also depend on the
disease status and whether the sample is posttreatment, relapse or a potential metastasis. In
most instances, the laboratory should choose a
technique that will either help to demonstrate the
presence of tumour cells or the emergence of a
known prognostic/clinical marker. In most
instances FISH would be the method of choice.
Success rates
The success rate will depend on the technique
and the quality and quantity of material
received.

Analysis and checking
For all analysis types, two analysts, one being a
registered clinical scientist, or equivalent, must be
involved in the analysis or checking of all
diagnostic samples. In every case, a suitably
qualified person must confirm that appropriate
investigations have been carried out at an
acceptable level of quality with respect to the
referral reason.

The fresh tumour samples received in
Cytogenetic laboratories can be very variable in
amount and quality. Samples may be small
needle cores to large surgical biopsies, and they

Conventional Cytogenetics
The morphology of tumour metaphase chromosomes may be inferior to that of normal cells and
it is important to examine metaphases of varying
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be a scientist or a clinician depending on National
requirements. The report should include the
following:

quality until an abnormal clone is detected.
Agreement on abnormal clones should be
reached by two analysts. It is recommended that
a minimum of 10 metaphases are analysed if a
clone is defined and 20 metaphases if no clone is
identified. However, given the low mitotic index
for some tumours, it is acceptable to analyse
fewer than 10 cells if there are sufficient
abnormal cells to establish the presence of an
abnormal clone. If analysing post treatment
material or long term cultures only,
consideration must be given to the possibility of
treatment induced or culture-only events.








FISH
The laboratory should define the number of
individual cells that should be scored. For
interphase, a minimum of 100 individual cells is
recommended. This number may need to be
increased, particularly in instances where
tumour content is unknown and low numbers of
cells with an apparently abnormal signal pattern
are seen. Where possible, separate cells should
be scored, but if there are overlapping cells that
cannot be scored individually, the tumour cell
percentage must be known.



The laboratory should define its own cut offs for
individual FISH probes and tissue/sample types.
For this purpose they should also take into
account the probe manufactures guidelines. For
FFPE material, consideration must be given to
the potential for truncated cells and the
percentage of tumour cells in the section as
defined by the pathologist. Laboratories must
also be aware of the definition of imbalance and
amplification for particular tumour types and
genetic markers i.e. the definition of amplification may be tumour specific10-12. Care
should be taken in describing deletion/
duplication in cells with polysomy. The use of
control probes when assessing gain/loss is
strongly recommended.




Microarray
The laboratory should define their minimum
DNA-quality criteria and the minimum reportable size of an event.
Reporting
The reporting of tumour cytogenetic results
should be concise and unambiguous, with the
result and written description to include
sufficient detail to give the referring Clinician
and/or Pathologist a clear understanding of the
results. The individual reporting the results may
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Type of sample, including details of e.g.
fixed, frozen, etc
Origin of sample, where appropriate
Result and written description
Must clearly state if result is abnormal /
normal
Conventional cytogenetics use the current
version of ISCN, including cell numbers
FISH analysis should either use current
ISCN or unambiguous language to describe
the result
 Abnormal FISH result summary is
essential
 Number of cells analysed
o Real numbers of cells should be
used not percentages
 The presence of different clones must be
stated unambiguously in summary result
 Probes used and manufacturer
Limitations of test, especially if normal
 Brief description of clinically relevant
abnormalities
 Clinical significance of result, if
applicable, in relation to referral reason
 Relationship of any abnormalities found
to the referral reason, or other possible
diagnoses
o Association with prognosis if a
robust association from multiple
publications/ international trials/
trial protocols exists.
Comment if gene rearrangement is also
seen in other tumours (if differential
diagnosis).
For arrays: type of array / platform; genome
reference build number; tumour cell
percentage; origin of sample (should be
included in all reports)
 Minimum resolution of platform and
what is the minimum size of event
reported
 Use the current ISCN where appropriate,
although ISCN may be difficult for
tumour arrays and other unambiguous
presentation of results would be
acceptable
If FFPE FISH, identification of specific
block number on report (e.g. Section B of
6)
Cross reference other tests as appropriate
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reference the potential need for genetic
counselling for either the patient or their family.
Laboratories should follow their guidelines for
sign-off of the report; however, it is recommended
that at least one signature is a staff member of
senior grade who is defined as competent to
analyse and interpret tumour cytogenetic results.

Where abbreviated cytogenetic results are
integrated into a multidisciplinary report, the
information in the abbreviated version should be
consistent with the full cytogenetic report. The
abbreviated cytogenetic summary shall be
authorised by a state-registered clinical scientist
or equivalent. A full version of the cytogenetic
report must be sent independently to the
referring clinician.
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It is recommended that the term “malignancy” is
avoided particularly in the context of an
abnormality of unknown significance. Terms
such as “clonal proliferation” or “neoplasm” are
recommended instead.
Normal karyotypic results in particular must
always be regarded with suspicion, and these
reports must include caveats about the likelihood
of non-tumour cells having been analysed, if
analysed from long term cultures, or reactive
cells if analysed from short term cultures.
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Appendix
Commercially available FISH probes that may assist in cytogenetic investigation of specific
tumours
Disease

Chromosomal
abnormality

Commercially available FISH
probes

Alveolar Rhabdomyosarcoma

t(1;13)(p36;q14)

FOXO1, BA; PAX7/FOXO1 DF

Alveolar Rhabdomyosarcoma

t(2;13)(q37;q14)

FOXO1, BA; PAX3/FOXO1 DF

Alveolar soft parts sarcoma

t(X;17)(p11;q25)

TFE3, BA

t(12;16)(q13;p11)

FUS, BA

t(12;22)(q13;q12)

EWSR1, BA

Breast carcinoma

ERBB2 (HER2)
amplification

ERRB2 (HER2) and D17Z1

Clear cell sarcoma

t(12;22)(q13;q12)

EWSR1, BA

Dermatofibrosarcoma
protuberansand giant cell
fibroblastoma

t(17;22)(q22;q13)

PDGFB, BA

Desmoplastic small-round-cell
tumour

t(11;22)(p13;q12)

EWSR1, BA; WT1, BA

t(9;22)(q22;q12)

EWSR1, BA; NR4A3, BA

t(9;17)(q22;q11)

NR4A3, BA

Angiomatoid fibrous
histiocytoma
Angiomatoid fibrous
histiocytoma

Extraskeletal myxoid
chondrosarcoma
Extraskeletal myxoid
chondrosarcoma
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Disease

Chromosomal
abnormality

Commercially available FISH
probes

Ewing tumour

t(2;22)(q33;q12)

EWSR1, BA

Ewing tumour

t(7;22)(p22;q12)

EWSR1, BA.

Ewing tumour

t(11;22)(q24;q12)

EWSR1, BA; EWSR1/FLI1, DF

Ewing tumour

t(17;22)(q21;q12)

EWSR1, BA

Ewing tumour

t(21;22)(q22;q12)

EWSR1, BA; EWSR1/ERG, DF

Ewing tumour

inv(22q)

EWSR1, BA

Ewing tumour

t(16;21)(p11;q22)

FUS, BA

Endometrial stromal sarcoma

t(7;17)(p15;q21)

JAZF1, BA

Extraskeletal myoepithelial
tumours

t(22q12)

EWSR1, BA

Gastric carcinoma

ERRB2 (HER2)
amplification

ERBB2 (HER2) and D17Z1

Hyalinizing clear cell carcinoma
(salivary gland)

t(12;22)(q13;q12)

EWSR1, BA

Infantile fibrosarcoma, congenital
mesoblastic nephroma

t(12;15)(p13;q26)

ETV6, BA

t(1;2)(q25;p23)

ALK, BA

t(2;17)(p23;q23)

ALK, BA

t(2;19)(p23;p13)

ALK, BA

t(2;11)(p23;p15)

ALK, BA; CARS, BA

Liposarcoma

MDM2 amplification

MDM2, D12Z1

Low grade myxoid fibrosarcoma

t(7;16)(q34;p11)

FUS, BA

Inflammatory myofibroblastic
tumour
Inflammatory myofibroblastic
tumour
Inflammatory myofibroblastic
tumour
Inflammatory myofibroblastic
tumour

Lung adenocarcinoma

inv(2)(p23p21) or other
2p23 rearrangements
6q22.1

Lung adenocarcinoma

10q11

Lung adenocarcinoma

ALK
ROS1
RET

Lung adenocarcinoma

EGFR, MET, ERBB2
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Disease

Chromosomal
abnormality

Commercially available FISH
probes

Medulloblastoma

i(17)(q10)

17p13.3 and RARA

Mucoepidermoid carcinoma and
Hidradenoma

t(11;17)(q21;p13)

MAML2, BA

Myxoid liposarcoma

t(12;16)(q13;p11)

DDIT3, BA; FUS, BA

Myxoid liposarcoma

t(12;22)(q13;q12)

DDIT3, BA; EWSR1, BA

Neuroblastoma

MYCN amplification /
del(1p) / del(11q)

Various, combinations available to
determine MYCN copy number, 1p
and 11q status

Non-small cell lung carcinoma

inv(2)(p21p23)

ALK, BA

Non-small cell lung carcinoma

t(6q22)

ROS1, BA

Oligodendroglioma

del(1p) / del(19q)

1p36/1q25, 19q13/19p13

Other Carcinomas

EGFR, MET, ALK, ROS1, RET

Papillary Renal Cell Carcinoma

Trisomy 7 and 17,
disomy 1

Chromosome enumerator probes for
chr. 1, 7 and 17

Pilocytic astrocytoma

putative inv(7)(q34)

BRAF BA*

Renal cell carcinoma with Xp11
translocation

t(Xp11.2), usually
t(X;1)(p11.2;q21)

TFE3, BA

Schwannoma

22q deletion

22q11

Secretory carcinoma (breast,
salivary gland)

t(12;15)(p13;q26)

ETV6, BA

Synovial sarcoma

t(X;18)(p11;q11)

SS18, BA

*BRAF activation through the KIAA1549-BRAF fusion has also been described in other paediatric lowgrade gliomas (e.g. pilomyxoid astrocytoma). BRAF point mutations (V600E) are observed in nonpilocytic paediatric low-grade gliomas as well, including approximately two-thirds of pleomorphic
xanthoastrocytoma cases and in ganglioglioma and desmoplastic infantile ganglioglioma.
Abbreviations:
BA: break-apart; DF: dual fusion
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