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ABSTRACT

The European Myeloma Network has organized two work-
shops on fluorescence in situ hybridization in multiple myelo-
ma. The first aimed to identify specific indications and consen-
sus technical approaches of current practice. A second work-
shop followed a quality control exercise in which 21 laborato-
ries analyzed diagnostic cases of purified plasma cells for recur-
rent abnormalities. The summary report was discussed at the
EHA Myeloma Scientific Working Group Meeting 2010.

During the quality control exercise, there was acceptable
agreement on more than 1,000 tests. The conclusions from
the exercise were that the primary clinical applications for
FISH analysis were for newly diagnosed cases of MM or frank
relapse cases. A range of technical recommendations includ-
ed: 1) material should be part of the first draw of the aspirate;
2) samples should be sent at suitable times to allow for the
lengthy processing procedure; 3) most importantly, PCs must
be purified or specifically identified; 4) positive cut-off levels
should be relatively conservative: 10% for fusion or break-
apart probes, 20% for numerical abnormalities; 5) informa-
tive probes should be combined to best effect; 6) in specialist
laboratories, a single experienced analyst is considered ade-
quate; 7) at least 100 PC should be scored; 8) essential abnor-
malities to test for are t(4;14), t(14;16) and 17p13 deletions; 9)
suitable commercial probes should be available for clinically
relevant abnormalities; 10) the clinical report should be

expressed clearly and must state the percentage of PC
involved and the method used for identification; 11) a retro-
spective European based FISH data bank linked to clinical
data should be generated; and 12) prospective analysis should
be centralized for upcoming trials based on the recommen-
dations made. The European Myeloma Network aims to
build on these recommendations to establish standards for a
common European data base to define subgroups with prog-
nostic significance.
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Introduction

Multiple myeloma (MM) is an orphan disorder of end-
stage plasma cells with acquired genetic abnormalities of
clinical importance not captured by conventional cytoge-
netic analysis.'

The acquired genetic evolution progresses through a
stepwise transformation process initiated in half of the
cases by a reciprocal translocation involving the IGH gene
(14¢32). Translocations involving this region show an
array of promiscuous target genes including cyclin D1, D3,
FGFR3/MMSET, MAF, and MAFB.*’ In addition, second-
ary translocations have been observed in 50% during dis-
ease progression.”*'"**

The introduction of high-dose therapy and a range of
new promising agents have changed the prognosis and
extended the therapeutic possibilities. In parallel, the use
of molecular cytogenetic techniques has led to the identi-
fication of recurrent genetic abnormalities with major
prognostic impact and predictive information.'**®
However, the fact that the malignant clone in MM differs
from other hematologic malignancies due to a high frac-
tion of low proliferating malignant PC and multiple mar-
row infiltrates has been a challenge for standardization of
cytogenetic analysis. Comparative genomic hybridization
studies have confirmed that nearly all myelomas have
karyotypic changes and interphase fluorescence in situ
hybridization (FISH) has emerged as the most useful cur-
rent cytogenetic assessment.®” However, the identifica-
tion or selection of the malignant cells by morphology,
immunophenotyping or through sorting of PC is required
before FISH probes can give reliable results. Therefore, the
European Myeloma Network (EMN) sponsored two tech-
nical workshops attempting to identify specific indica-
tions and to resolve outstanding technical issues and
develop consensus approaches for interphase FISH analy-
sis based on current practice.

This report combines the practical guidelines derived
from consensus views and group data analysis performed
at these workshops. Final recommendations for which
FISH tests must be carried out are those of the IMWG as
these are considered the most up to date data,’™"”

although chromosome 1 probes are also strongly recom-
mended.””!

Co-ordinating strategy and the quality control exercise

The first workshop in London, organized by Fiona Ross,
involved 31 European laboratories each of which had
returned a questionnaire on local analysis methodology.
Reports focused on clinician needs (Brian Durie), the
advantages and disadvantages of PC purification (Hervé
Avet-Loiseau), the advantages and disadvantages of simul-
taneous immunostaining (Johannes Drach), identification
of PC by morphology in FISH preparations (Sheila
O’Connor) and finally a presentation of the questionnaire
results (Fiona Ross). The rest of the meeting was devoted
to the drawing up of recommendations.

Quality control results

Twenty-one laboratories took part in the quality control
(QC) exercise. Hervé Avet-Loiseau shipped purified plas-
ma cells from 10 diagnostic cases and asked the laborato-
ries to test for t(4;14), t(11;14), t(14;16), del(13)(q14) and
del(17)(p183), provided that they had the requisite probes.
The QC exercise, therefore, only tested probe scoring abil-
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ity without giving any information about the ability of the
laboratories to select or identify PC. The results were pre-
sented and discussed at a second workshop in Nantes,
which led to further refinement of the recommendations.

With 6 tests and 21 laboratories there was a theoretical
total of 1,260 tests in the exercise. However, 3 laboratories
did not have the t(14;16) probe and a number of other
tests were not attempted, probably due to a perceived
shortage of material by those who normally used identifi-
cation rather than purification and so were not used to
handling extremely small numbers of cells. Therefore,
1,173 tests were actually undertaken (Tables 1 and 2).
Although there was good general agreement, the results
emphasized the difficulties of myeloma FISH. Twenty-
one tests failed. There were 15 false negative results: 3
missed the major abnormalities of IGH break-apart, t(4;14)
and t(11;14), plus one 17p deletion was only recorded as
being below the conservative cut-off level, and 11 numer-
ical abnormalities were not recorded in fusion probe tests.
Eleven false positive results were reported, even using the
conservative cut-off levels (1 del(13q), 3 del(17p), 3 IGH
break-apart, 1 t(4;14), and 3 cases with CCND1 gains). In
addition, 3 IGH simple deletions were reported as
rearrangements.

As well as these incorrect results, there was a consider-
able range in both the proportion of abnormal cells report-
ed in abnormal cases (up to 66% difference) and in the
exact signal patterns for fusion and break-apart probes.
Most of the problems were shared out between 16 of the
21 laboratories rather than any one laboratory performing
consistently poorly. One laboratory consistently recorded

Table 1. Summary of analysis of shipped samples.

Laboratory  Tests Tests Tests N. cases
failed wrong in lowest 3 abnormal
cell %

ID attempted®

60
41
60
60
60
60
60
60
41
60
60
59
42
60
60
54
60
50
43
60 1 2+ 1%
U 60 0 5

Total
$Test of 10 purified PC cases for 6 probes. 1* indicates 14q32 possible variant pattern

1+1*
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Table 2. Summary of results by probe.

Recurrent  Successful* Failed ND/R*  Abnormal Median Range Comments
abnormality cases (tests) % abn cells
13q14 205 4 1 5 (105) 93 76-100 Abn cases: 1 test failed, all other tests
93 79-100 reported as abn. Normal cases: 1 test reported
95 82-100 as abn (55% cells).
94 75-100
94 76-100
cl7pl3 207 3 0 2 (42) 38 17-80 Abn cases: 1 test below 20% cut-off level. All
92 69-95 others reported as abn. Normal cases: 3 tests
reported as abn (28, 34 & 38% cells).
14q32ba 184 6 20 7(129) 92 40-100 Abn cases: 7 tests failed, 1 reported as normal,
89 47-100 3 incorrect pattern (indicating rearrangement
92 40-100 rather than simple deletion). Variation in exact
84 34-100 signal pattern.
88 45-100 Normal cases: 3 tests reported as abn, with
76 46-91 2 more as variant/abn.
95 72-100
414 204 2 4 3 (61) 91 62-100 Abn cases: 1 test failed, 1 reported as normal.
94 70-100 Variation in number of fusion signals.
82 57-100%* Normal cases: 1 test reported as 100% abn.
11;14 202 4 4 5(99) 89 35-100%* Abn cases: 2 tests failed. 1t(11;14) & 7 CCNDI
2t(11;14) plus 90 64-100 gain reported as normal. Large variation in
3 gain CCND1 82 40-100 number of fusion signals reported.
86 50-100** Normal cases: 3 tests reported as abnormal
89 63-98** (1 gain of CCNDI in 45%, 2 unspecified pattern
in 65 & 71%)
14;16 171 2 37 2 (31) 90 63-100** Abn cases: 2 loss and 2 gain cases reported as
1loss, 1 gain MAF 79 30-100** normal. No normal cases were reported as

abnormal.

Abn: abnormal; *ND/R = not done or not recorded; **excluding case(s) scored as normal; *results from 21 laboratories and 10 cases means 210 possible results for each of the 6 probes.

low numbers of affected cells in the abnormal cases but
this did not translate into a high false negative rate. It is
notable that at the time of the QC exercise, several of the
laboratories had only recently started performing MM
FISH. It is to be hoped that greater familiarity with proce-
dures and QC exercises will result in greater consistency in
abnormality levels and fewer incorrect results.

EMN consensus for FISH assays in monoclonal
gammopathies

Discussions of the key issues for FISH on BM samples at
diagnosis are summarized with identification of consen-
sus approaches where available. Unless otherwise stated,
the methods refer to the characterization of PC in bone
marrow samples.

Diagnostic material, handling and plasma cell identification

Accurate quantitation of the plasma cell burden in bone
marrow is essential for the correct diagnosis of plasma cell
disorders. This is usually assessed from morphological
examination of stained bone marrow aspirate smears or
trephine sections. There are some discrepancies with
other techniques as the marrow samples taken for mor-
phological review are often the highest quality ‘first-pull’
marrow aspirate samples while those sent for laboratory
investigations are often secondary aspirate samples with a
higher degree of peripheral blood contamination.

The commonly low median proportion of plasma cells,
ranging from 1-20%, within the bone marrow aspirates
experienced by the InterGroupe Francophone du

Myelome (IFM), LLR UK Myeloma Forum Cytogenetic
Database and the Nordic Myeloma Study Group (NMSG)
indicate that the FISH technique cannot be performed
directly as in other hematologic malignancies. The plasma
cells need to be selected, either by flow cytometry or
immunomagnetic-bead based PC sorting or by the con-
comitant labeling of the cytoplasmic immunoglobulin
light chain, allowing unambiguous identification. More
recently, image analysis systems allowing morphological
assessment of plasma cells and FISH scoring only in those
cells designated as PC have become available. All of these
methods give good results and the choice should be left to
individual laboratories. However, cell sorting provides a
pure PC population that enables further analyses to be per-
formed by, for example, global gene expression, copy
number analyses and methylation. A significant fraction
of samples will have too few PCs to allow such analyses
to be made and will censor some patients in subsequent
clinical evaluation. A small proportion will be too poor to
yield enough purified cells even for FISH analysis, so it is
advisable to have alternative methods available where
comprehensive results are essential.

Although laboratories involved in providing the FISH
analysis for clinical trials will make every effort to ‘rescue’
poor samples, it is strongly recommended that referring
clinicians should also maximize the chances of adequate
results being obtained. This means that the material sent
must be part of the first draw of the aspirate or the needle
must be repositioned for further aspiration, rather than
continuing to withdraw marrow blood from the puncture.



All methods require immediate processing of samples
when received by the laboratory, which should be with
minimum delay. They are also all time consuming so that
referring clinicians must take into account how the sample
is to be transported (ideally arriving the next morning) and
not to arrive after midday on Fridays, or at weekends for
obvious reasons.

Given the problems with obtaining good specimens
from diagnostic and relapse myeloma samples, it was
agreed that FISH in plasma cell disorders with very low
level marrow infiltration, such as MGUS, AL amyloidosis
and myeloma disease monitoring should remain firmly a
research activity. In fact, there is already evidence that
some abnormalities have a different prognosis when the
patient relapses; the workshops did not discuss whether
probe selection should change at relapse.

Material and identification consensus

e Sample quality is a key factor and it is essential to use
a ‘first-pull’ or repositioned aspirate sample for FISH and
other molecular studies to reduce sampling artefact.

e Timing of samples should take into consideration pro-
cessing which is time-consuming.

* Morphological assessment of plasma cell percentage is
necessary for concordance with the current diagnostic cri-
teria and is helpful in providing a global assessment of the
sample. The morphological assessment of the bone mar-
row smears cannot be used to decide whether or not to
purify the sample for FISH; this must be made on the part
sent for analysis.

e Purification or identification of PC is essential but the
method used should be decided by each laboratory from
their own expertise and requirements in accordance with
the EMN based technical recommendations.

* Cytogenetic analysis by FISH is reproducible with care
and sufficient expertise and may provide reliable informa-
tion predicting outcome in myeloma. However, further
studies are required before it is routinely used to make
treatment decisions outside the context of a clinical trial.
The evidence is good enough to suggest that clinical trials
ought to incorporate diagnostic FISH analysis in order to
interpret outcomes correctly. Routine analysis should be
confined to diagnostic or relapse myeloma samples, with
earlier stage disease and myeloma disease monitoring
remaining, for the present, a subject for research only.

Probe selection

It was the experience that all 13q probes give similar
results and there was no justification for recommending
any particular probe or set of probes.

Everyone had experience with the [GH break-apart
probe. Its main benefit is to determine whether there is
significant loss of the der(14) but this was not felt to be
sufficiently important to insist on the use of this probe in
the light of the significant problems that it poses for the
interpretation of results. Although everyone was satisfied
with the various dual fusion probes used, there were sig-
nificant variations between laboratories in the proportion
of single and dual fusions reported in the positive t(4;14)
and t(11;14) results on the quality assessment exercise.
These differences were not simply due to using probes
from different manufacturers.

Most laboratories using 1q probes had developed them
in-house. Where laboratories had used more than one
probe, the results confirmed that the majority of abnor-
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malities are gain of the whole arm but several different
probes showed discordant amplification in a few cases.
The Cytocell Aquarius CDKN2C/CKS1B probe is, there-
fore, a suitable commercial probe for chromosome 1.

Many laboratories were using the Vysis 5/9/15 combi-
nation to estimate ploidy but no-one took a strong posi-
tion on this. Subsequent work has suggested that 5q,
rather than 5p, may be important for prognosis, therefore
laboratories investigating ploidy may wish to reconsider
their choice of probe sets.

The objections to using two ‘deletion’ probes to control
for each other expressed at the first workshop were with-
drawn at the second workshop and, in fact, use of a 13q
probe with a 17p probe was recommended as a sensible
way to maximize the small amounts of material involved.

Most laboratories were using Vysis probes that meant
that we could not make any useful comments about
choice of probe manufacturer.

The determination of cut-off levels was the most contro-
versial issue. At the first workshop, there was an agreement
of 10% for fusions and 20% for numerical abnormalities on
the basis of plasma cell controls run by the few groups able
to obtain such material. At the second workshop, there
was less agreement; a few laboratories prefered to use their
own in-house established mean +3 standard deviation, (SD)
from normal bone marrow controls and report anything
above this as abnormal. The significant variation in report-
ing levels seen on the QC exercise would appear to support
the argument for conservative cut-off levels, as does the fre-
quent need to use two probes which may be abnormal to
control for each other due to the shortage of material. It
should also be noted that in purified or selected popula-
tions, diagnostic myeloma samples are expected to show
essentially all cells with the primary abnormality.

However, other suggested prognostic markers are clear-
ly secondary changes and may only be present in subpop-
ulations. Hervé Avet-Loiseau reported that the IFM group
used a 30% cut off for del(13) and 50% for del17p on the
basis of their own previous results. It was agreed that
EMN should take the initiative by running survival curves
on data and varying cut-off levels to establish whether the
size of the clone is important.

Discussion about the number of cells to analyze was pri-
marily concerned with suboptimal samples. It was agreed
that, wherever possible, 100 cells should be scored, but
there was disagreement about the minimum number of
cells that could be reported. Where high purity/identified
PC were being used, 50 cells should be adequate to report a
normal result for a primary abnormality in a diagnostic sit-
uation, but for potential secondary changes the report
should be qualified. In some situations, a uniformly abnor-
mal result on as few as 10 cells could be reported, but the
uncertainty due to the low number should be clearly stated.

Probe selection consensus

e Abnormalities to test for are: t(4;14)(p16;q32),
t(14;16)(q32;G23) and 17p13 deletions. The recent avail-
ability of a 1p/1q commercial probe means that these
areas should also be tested. An extended panel may
include testing for t(11;14)(q13;q32), t(14;20), ploidy sta-
tus, and chromosome 12 and 13 abnormalities. In the con-
text of clinical validation trials, attempts should be made
to test for more than just the 3 essential probes.

e Positive cut-off levels should be relatively conserva-
tive.
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* A single experienced analyst is considered adequate to
examine the majority of cases but all those with low-level
positive results or a low level of selected PC should be
checked by a second analyst. At least 2 analysts should be
used when laboratories first start performing FISH analysis.

e In general, 100 PC should be scored.

Clinical reporting and use of results

Each national or regional myeloma group has its own
data registration system that is activated during clinical tri-
als. There is no current standard minimal data set, thus
inter-study comparability is hampered. One objective for
EMN has been to construct a minimal set of clinical data
to be collected from clinical trials available from different
sources. This data set will be used to investigate correla-
tions between results from laboratory investigations, clin-
ical disease characteristics and results of therapeutic inter-
vention.

In the absence of uniform reporting systems, the report
to clinicians must be expressed clearly. Use of full FISH
ISCN is likely to complicate the report and make it more
difficult for clinicians to understand and, therefore, this is
not recommended. The report should include the method
used for PC identification, the probes used, the number of
cells scored for each abnormality, and the percentage of
abnormal cells.

Clinical reporting consensus

® Reports should be clearly expressed and include the
method used for PC identification, the probes used, and
the number and percentage of cells scored for each abnor-
mality.

oA full set of EMN case report forms (CRF) should be
defined with a minimal set of data that is required to
describe the state of disease, relevant characteristics of
diagnosis and clinical course, treatment effects and out-
come, and include demographic data of late effects.

*A European based FISH data bank linked to clinical
data should be generated from the recommendations
given in this report.

*Central laboratories have to perform the analysis in
common clinical trials.

Clinical validation trials

In general, the implementation of new tests into clinical
practice suffers from the lack of a formalized stepwise sys-
tem to evaluate their role and accelerate implementation
from the laboratory bench to the clinic. New diagnostic,
prognostic and predictive assays will have to pass different
stages before they are successfully validated. Similarly to
therapeutic trials, four different phases (phases 1-4) are
necessary for clinical validation of laboratory data and
techniques. In phase 1, the technique is established in the
laboratory and analyzed for specificity, sensitivity, repro-
ducibility and accuracy. Phase 2 documents the likely clin-
ical influence in single centers analyzing retrospective
data. Phase 3 prepares convincing single center prospective
evaluation evolving into the most important phase 4, a
multi center prospective evaluation based upon important
clinical end points. Ideally, phases 2 and 3 document the
usefulness of an assay convincing one or more centers to
participate in a prospective phase 4 validation trial.
However, no phase 4 studies have yet been performed.

Similar development of evidence based recommendations
for good clinical practice will benefit from streamlined
strategies and form the basis for trials focusing on improv-
ing health care.

Clinical validation trials consensus

e Participation in prospective phase 4 validation trials is
recommended.

eSlides should be prepared for central analysis to reduce
technical and interlaboratory variations.

Conclusion

Since its introduction, fluorescence in situ hybridization
(FISH) analysis has revolutionized genetic analysis and
enabled a more precise determination of the presence
and frequency of genetic abnormalities. In particular, it is
indispensable in myeloma where metaphase cytogenet-
ics has proved problematic given the largely quiescent
cells.

FISH probes have been used extensively in myeloma to
detect non-random abnormalities in interphase nuclei and
the true incidence of chromosome abnormalities has been
proven to be much higher than that detected by conven-
tional chromosomal analysis. The availability of a com-
prehensive line of commercial probes for rapid identifica-
tion of critical genetic aberrations has contributed to the
widespread use of this technique. This has started to iden-
tify high-risk populations in myeloma that can be targeted
for aggressive therapy; however, more work is needed
before this goal is achieved.

Wherever possible, testing should carried out for
t(4;14)(p16;G32), t(14;16)(q32;q23), 17p13 deletions, 1q
gains (and 1p deletions in patients suitable for autograft).
An extended panel may include testing for t(11;14)
(q13;q32), t(14;20)(q32;q12), ploidy status, and chromo-
some 12 and 13 abnormalities. In the context of clinical
validation trials, attempts should be made to test for the
entire first group of abnormalities.

For a proper understanding of the pathogenesis of plas-
ma cell dyscrasias, it should be realized that the most ben-
efit will come from coordinating and integrating the pres-
ent and future activities in the various countries.

This document provides some specific recommenda-
tions for performing FISH in myeloma and related disor-
ders. The European Myeloma Network aims to build on
these initial workshops to provide further education,
define standard approaches for specific protocols and
establish a common European database, with the aim of
defining the emerging molecular genetic subgroups with
prognostic and predictive significance.
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