Multiple Myeloma:

Clinical Utility of

Cytogenetic Testing

Multiple Myeloma
Multiple myeloma (MM) is a heterogeneous disease with many prognostic
factors.1 About 30% to 50% of patients exhibit abnormal karyotypes—with a
median of 8 chromosomal abnormalities per MM patient, and a median of 10
abnormalities per karyotype at diagnosis in patients with hyperdiploid MM.2-4
Because cytogenetic abnormalities may correlate with clinical status and
prognosis,1 testing for cytogenetic abnormalities in newly diagnosed patients
may help inform treatment decisions.5,6

Primary Cytogenetic Abnormalities
Primary cytogenetic abnormalities have been shown to initiate
the development of some myeloma cells and are observed in all
stages of gammopathy.7 Nearly all MM patients have a primary
abnormality—either a translocation and/or hyperdiploidy.8

TRANSLOCATIONS
Translocations, occurrences of one piece of a chromosome
breaking off and attaching to a different chromosome, are
common in MM, with IgH translocations occurring in 50%
to 70% of cases.2,9

HYPERDIPLOIDY
Hyperdiploidy, the presence of extra copies of chromosomes,
is an aberration typically affecting odd-numbered chromosomes
and is typically mutually exclusive with IgH translocations;
one analysis (n=120) found 17% of hyperdiploid MM
contained 14q32 translocations, and 63% of cases with
14q32 translocations had nonhyperdiploid karyotypes.10
Hyperdiploidy is involved in more than 50% of MM cases
and may be associated with improved outcomes in the
absence of adverse genetic lesions.10-12
Secondary Cytogenetic Events
In addition to primary cytogenetic events,
secondary cytogenetic events in MM may
warrant repeat cytogenetic testing.6

IgH Translocations
IgH translocations most likely occur in the
germinal center during B cell activation
and may be present during all stages of
monoclonal gammopathy of undetermined
significance (MGUS) and myeloma.13,14 When
these translocations occur, derivative chromosomes
may contain enhancers juxtaposed with oncogene
promoters.13 IgH translocations and hyperdiploidy are
considered the main transforming events in the transition from MGUS
to MM, according to a standard model of molecular pathogenesis.
(Limitations of this model include a lack consideration for the influence
of the micro-environment and heterogeneity of MM clones over the
course of the disease.) Nonetheless, this model predicts that primary
14q32 IgH chromosomal translocations are stable over time and
correlate with clinical outcomes.2,6,8

IgH translocations are commonly detected in MGUS or
smoldering MM, and intermedullary MM, with the incidence
increasing as the disease progresses; IgH translocations are
also extremely common in plasma cell leukemia.15

Translocations of IgH Locus 2
Translocation

Gene(s)

Prevalence

t(11;14)(q13;q32)

CCND1

15% to 20%

t(4;14)(p16;q32)

FGFR3 and MMSET

10% to 15%

t(14;16)(q32;q23)

MAF

2% to 5%

t(6;14)(p21;q32)

CCND3

2%

t(14;20)(q32;q12)

MAFB

1%

Abbreviations: CCND1, cyclin D1; FGFR3, fibroblast growth factor receptor 3; MMSET, multiple myeloma SET
domain; MAF, v-maf musculoaponeurotic fibrosarcoma oncogene homolog; CCND3, cyclin D3; MAFB, v-maf
avian musculoaponeurotic fibrosarcoma oncogene homolog B.

Risk Stratification
Mayo Clinic mSMART 3.0 risk stratification guidelines classify the following*
as either standard or high risk events5,16-18:
Standard Risk

High Risk

t(11;14)
t(6;14)
Hyperdiploid

t(4:14)
t(14;16)
t(14;20)
del(17p)
Nonhyperdiploid

*This is not an exhaustive list.

Standard risk is defined as having an indolent course of disease
and lengthy survival, while high risk patients experience a more
aggressive course and shorter survival.17,18

Cytogenetic analysis is recommended
for all MM patients 6,19

Testing for IgH Translocations
The National Comprehensive Cancer Network (NCCN) and the International
Myeloma Working Group (IMWG) recommend cytogenetic analysis for all
MM patients at the time of initial diagnosis.6,19
Conventional Karyotyping—is widely available, however, cells must be in metaphase
to perform the assay.20,21 Due to the low proliferation rate of MM in vitro, cytogenetic
abnormalities are only detected in about 30% to 40% of patients using this method.21-23
Fluorescent In-Situ Hybridization (FISH)—has high sensitivity, with >90%
detection rate when using enriched plasma.23 Its advantage over conventional
karyotyping is that FISH can be used on plasma cells in interphase.23,24 Using FISH
is especially important for identifying IgH translocations because some cannot be
detected by standard chromosome analysis.24,25 It should be noted, however, that
because breakpoints with the IgH gene are variable, the selection of FISH probes is
important.13,26 IgH break-apart probes can help clearly identify the presence of an
IgH translocation.27,28 Dual-color dual-fusion probes can be used to definitively
identify the specific type of IgH translocation.27,28
Depending on the facility, the testing strategy may be variable. Some laboratories may test
for any IgH rearrangement using an IgH break-apart probe followed by dual-color dualfusion probes, whereas other laboratories may only test for translocations associated with
poor prognosis.2 Variability in analytic technique may lead to missed translocations.26

TESTING APPROACHES
Because key decisions rely on accurate information, it is important that testing be
performed appropriately, especially in samples containing <20% plasma cells.23
According to the College of American Pathologists, plasma cell enrichment or
cytoplasmic immunoglobulin-enhanced FISH can improve sensitivity, compared
to interphase FISH performed on unenriched samples.29,30
	
Plasma cell enrichment, which improves detection of cytogenetic
abnormalities by 3-fold when used with FISH, may still yield false
negatives due to loss of CD138 over time, or if, in rare cases, the
neoplasm does not express CD138.23,30,31 Enrichment may be achieved
through flow cytometric analysis, which is useful for comparison and
quality control of plasma cell enrichment and helps to ensure adequate
CD138 expression if implemented before plasma cell separation.32
Enrichment can also be accomplished using magnetic-activated cell
sorting (MACS), which enables positive CD138 selection.33 With MACS,
timing is important because plasma cells may lose CD138 expression
when outside the bone marrow environment.34 One analysis found that
MACS-enriched plasma cell concentration from a single specimen
declined from about 58% on day 2 to about 13% on day 8.32
	Fluorescence-activated cell sorting (FACS) offers a more pure separation
of plasma cells than MACS and permits the analysis of specimens with
decreased CD138+ expression.32
	Plasma cell staining, or cytoplasmic immunoglobulin-enhanced FISH (clg
FISH), permits identification by light chain-specific immunofluorescence.
Specimens with loss of CD138 expression can be analyzed using clg FISH.32
Next Generation Sequencing (NGS)—has the potential to perform as well
as FISH for structural changes.35 Like FISH, NGS typically requires sample
preprocessing with CD138 cell purification.31,35,36 Given the extent of genomic
profiling needed in the diagnosis and management of MM, NGS may provide
a more comprehensive, cost-effective approach in the near future.35,36

Because aspirates typically do not contain a large
number of plasma cells, timing is sensitive and multiple
tests may be needed; close communication among
laboratories, pathologists, and oncologists is crucial.31

AbbVie is actively conducting research and investigating potential therapeutics
in multiple myeloma.
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