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The role of cytogenetics in myeloma
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Multiple myeloma is a slowly proliferating disease of ‘mature B
cells’, involving mainly the bone marrow. Active myeloma is
often preceded by an indolent phase of monoclonal gammo-
pathy of undetermined significance or smoldering myeloma.
Although patients at this stage do not require therapy,
genetically, the plasma cells are already very abnormal with
the large majority of such patients having an aneuploid DNA
content and abnormal cytogenetics by fluorescence in situ
hybridization (FISH), including deletion of chromosome 13,
t(11;14), t(4;14), t(6;14), t(14;16) and t(14;20), although the
latter three translocations are uncommon.1–5 In patients with
active myeloma, more than 90% have abnormal cytogenetics by
FISH if tested for hyperdiploidy and for the common transloca-
tions involving 14q32.6 In contrast, using metaphase cytoge-
netics, only one-third of patients will show an abnormal
karyotype, which is usually complex and on an average 11
chromosomes are involved.7 The other two-thirds will have
normal metaphase cytogenetics. These normal metaphases are
not derived from the myeloma cells, but from the remaining
normal hematopoietic cells. The reason for failure to have
informative mitoses is the low proliferative capacity of the
myeloma cells. It is the failure to obtain informative cytogenetics
in the majority of patients that has led to a shift away from
metaphase cytogenetics to interphase FISH. Deletion of
chromosome 13 and hypodiploidy by metaphase cytogenetics
are associated with a poor outcome.8–10 Based on these
findings, it has been assumed that deletion of chromosome 13
by FISH would have a similar poor prognosis as the metaphase
abnormality. In fact, in the IFM 99 study, poor prognosis was
defined as a combination of deletion 13 by FISH and elevated
B2 microglobulin level.11 Unfortunately, mixing results of
metaphase cytogenetics with those obtained by FISH has
resulted in confusion and statements that deletion of chromo-

some 13 (as determined by FISH) was not a poor prognostic
factor. Patients with inferior outcome as analyzed by FISH were
those with t(4;14), t(14;16) and gene deletion of p53.12,13 Also, it
was claimed that on metaphase cytogenetics not deletion 13,
but hypodiploidy was associated with poor outcome.9 It is clear
that often there is an association between hypodiploidy and
deletion of chromosome 13.9 However, our work has shown
that both hypodiploidy without deletion of chromosome 13 and
deletion of chromosome 13 without hypodiploidy are associated
with a poor prognosis.10 When analyzing outcome of patients
with or without FISH deletion 13, those with deletion 13
(approximately 50% of all patients) as a group have an inferior
outcome (Figure 1), but if we divide patients with deletion 13 by
FISH into those with normal versus abnormal metaphase
karyotypes, it becomes evident that the inferior prognosis of
patients with FISH deletion 13 is entirely due to the one-third of
those patients (17% of the overall patient population) with
abnormal metaphase cytogenetics, whereas those with normal
metaphase cytogenetics and deletion 13 by FISH have an
outcome similar to those without FISH deletion 13 (Figure 2).

In the context of the ongoing confusion of the prognostic
value of metaphase versus FISH cytogenetics, the paper in this
issue by Laura Chiecchio et al. is very relevant. The authors
compared results obtained by FISH, not only for deletion of
chromosome 13, but also for hyperdiploidy, p53, t(14;16),
t(14;20), t(6;14) and t(4;14), with those obtained by metaphase
cytogenetics. This was a large multicenter study including 794
patients, with 78% of these patients studied at the time of
diagnosis. A weakness of the study is that the treatment
approach was not uniform and that it is unknown whether the
knowledge of cytogenetic results had an impact on the type of
therapy given to patients. In addition, the median follow-up was
a short 22 months. Their findings confirm our data that abnormal
metaphase cytogenetics are associated with a poor outcome and
that patients with FISH deletion 13 but without abnormal
metaphase cytogenetics had similar outcomes to those with no

Figure 1 Depicts event-free (EFS) and overall survival (OS) of newly diagnosed patients, treated uniformly on our Total Therapy 2 protocol
(with the exception of randomization upfront to thalidomide). Patients with deletion of chromosome 13 detected by FISH had an inferior EFS and
OS (N¼ 161).
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FISH deletion 13. Addition of ploidy status to deletion 13 by
FISH did not make a difference in survival prediction. Deletion
of chromosome 13 by FISH was much more frequent in patients
with non-hyperdiploidy, t(4;14) and deletion of p53. The new
and interesting findings of this paper relate to the fact that
patients with ‘poor prognostic’ FISH markers such as t(4;14) or
deletion p53 without abnormal metaphase cytogenetics had
outcomes comparable to those without these poor prognostic
markers and those with normal metaphase cytogenetics. A poor
outcome was only seen in those with the poor FISH markers,
who also had abnormal metaphase cytogenetics, which is
reminiscent of what happens to patients with FISH deletion 13.
Some of our influential colleagues consider the prognosis of
patients with t(4;14) so grim even with tandem transplants, that
they do not recommend those patients to proceed with
transplantation.14 Based on the data published in this paper,
those with t(4;14) but normal metaphase cytogenetics have a
3-year survival that is not significantly different from those
without t(4;14). It should be remembered that the median
follow-up in this study was only 22 months and, therefore, the
relatively stable part of the Kaplan–Meier curves is the initial
part. Our own data show a 5-year event-free and overall survival
of all patients with this translocation of 15 and 51%,
respectively (Figure 3). Therefore, the t(4;14) entity is not a
homogeneous group, with subgroups of patients with such a
translocation faring better than others. Thus, denial of trans-
plantation for those patients is not justified.

Why are the results of metaphase cytogenetics so much more
informative than FISH cytogenetics? Metaphase cytogenetic
analysis is a biological test. If myeloma cells are stroma-
dependent, as is the case in early myeloma, taking these
myeloma cells out of their supportive microenvironment will
result in apoptosis of myeloma cells, and therefore no
informative mitoses. If myeloma cells have become stroma-
independent in the advanced stages of the disease, taking the
myeloma cell out of the microenvironment will not result in
their cell death and the myeloma cells will not only survive, they
will proliferate and give rise to abnormal mitoses. Finding
abnormal mitoses is still the best surrogate marker we have
available at this time for stroma-independent and therefore
advanced myeloma.15 Just like in acute leukemia, it is critical
that all new myeloma patients have a sample analyzed for
metaphase cytogenetics. There is no problem with performing

additional FISH cytogenetics, but it should not replace
metaphase cytogenetics because it has an inferior prognostic
significance.
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