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ABSTRACT
As patients with multiple myeloma (MM) have a variable
clinical course, predictive markers would help determine
the appropriate treatment strategy. Clinical staging is
commonly used to predict outcome, but tumour marker
expression and the underlying genetic changes are
increasingly used to assess the biological aggressiveness
of the disease. Recent studies have demonstrated the
utility of immunohistochemistry in detecting prognostic
markers, including fibroblast growth factor receptor 3,
cyclin D1, c-maf and p53, which have been associated
with various genetic aberrations, including t(4;14),
t(11;14), t(14;16) and del(17p). While t(4;14), t(14;16)
and del (17p) have been documented to confer a poor
prognosis, t(11;14) appears to be a neutral or even
favourable factor in some studies. CD56, CD33, CD20 and
CXCR4 are promising surface markers due to their roles in
MM progression, but further studies of larger cohorts are
necessary to assess their prognostic relevance. In this
review, the biological function and clinical relevance of the
main prognostic markers in MM is discussed, and also the
role of immunohistochemistry in the stratification of
patients into appropriate risk categories.

Multiple myeloma (MM) is a clonal haematologi-
cal neoplasm of plasma cells in the bone marrow.1

A premalignant condition known as monoclonal
gammopathy of uncertain significance (MGUS)
results in the immortalisation of a plasma cell and
subsequent accumulation of genetic abnormalities
that facilitates progression to myeloma at a rate of
approximately 1% per year.2–4 Myeloma is differ-
entiated from MGUS by the presence of significant
amounts of monoclonal immunoglobulin in the
serum and/or urine, bone marrow plasmacytosis
with clinical manifestations, lytic bone lesions,
resistance to apoptosis and drug resistance.4 5 The
clinical presentation of MM is well characterised,
but the clinical course is variable, due in part to
differences in the underlying genetic profile of the
myeloma cells.6

Clinical and biochemical staging systems are used
to assess patients with MM at presentation; but as
the underlying disease differs in each individual,7

molecular cytogenetic prognostic indicators are
increasingly important for stratifying patients into
risk categories for individualised treatment.8 9

Karyotype and fluorescence in situ hybridization
(FISH) analyses have been used to investigate these
molecular cytogenetics prognostic factors, but more
readily available, robust and inexpensive technologies
would have clinical utility and facilitate exploration
of the functional basis of a patient’s disease.10

Recent studies indicate that immunohistochem-
ical (IHC) detection of oncogenes, such as fibro-
blast growth factor receptor 3 (FGFR3) and the
tumour suppressor gene p53, may be surrogates for
the underlying genetic aberrations and valuable for
the routine evaluation of MM.10 11 We shall review
the biology and clinical implications of the major
prognostic genetic aberrations and surface markers
in MM and discuss their detection by IHC.

GENETIC ABERRATIONS

t(4;14)-FGFR3
Translocations involving the immunoglobulin heavy-
chain (IgH) switch region on chromosome 14q32 are
frequent in MM.12 A common IgH translocation is
t(4;14), which occurs in approximately 15% of
myeloma patients and results in the deregulation of
the FGFR3 located on chromosome 4.13–15

FGFR3, a transmembrane receptor tyrosine
kinase involved in regulating cell proliferation and
differentiation, is overexpressed in many cancers.16

On ligand binding, FGFR dimerises and autopho-
sphorylates the tyrosine residues on its cytoplasmic
domain, activating downstream signalling path-
ways.11 In MM, FGFR3 translocation results in its
ectopic expression in plasma cells due to regulation
by strong 39 IgH enhancers, suggesting an onco-
geneic role of this protein in the pathogenesis of
myeloma.17 18 In addition, somatic mutations of
FGFR3 following translocation have been found to
produce a constitutively active receptor in the
absence of ligand. The resulting activation of
downstream signalling pathways, such as the
mitogen activated protein kinase (MAPK) path-
way, further contributes to MM progression.19 20

The t(4;14) translocation is a unique genetic
event due to its ability to simultaneously activate
another potential oncogene, MMSET, in addition
to FGFR3.21 MMSET nuclear protein is typically
expressed in rapidly growing embryonic tissue, but
may have a role in chromatin remodelling.21 A
fusion gene is produced by this genetic aberration;
however, the role of this protein in the pathogen-
esis of MM remains controversial.2

The t(4;14) translocation is consistently asso-
ciated with poor prognosis in patients with MM.22–25

The importance of identifying these patients early in
their clinical course has been highlighted by Jaksic et
al who showed that patients with translocation
t(4;14) were initially chemosensitive, but rapidly
relapsed and became resistant to alkylating agents.26

The overall and progression-free survival rates were
lower even with high-dose chemotherapy and
autologous stem cell transplantation.25–27
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The t(4;14) translocation is reliably detected by FISH, but a
more efficient diagnostic tool would be clinically useful.25 Using
reverse transcriptase-PCR (RT-PCR), Keats et al identified FGFR3
expression at the mRNA level in 74% of t(4;14) MM patients and
found an association with reduced survival.24 28 This adverse
prognosis was maintained in t(4;14) patients independent of
FGFR3 expression, suggesting additional mechanisms, such as the
loss of der(14), mutations inhibiting the transcription of FGFR3,
or alternative genes that may be regulated by t(4;14).24 As the
clinical implications of FGFR3 protein expression remain con-
troversial, we investigated FGFR3 expression by IHC in bone
marrow samples of a large MM series and determined a strong
correlation with t(4;14) by FISH.11 Of the 16 patients with t(4;14),
12 (75%) expressed FGFR3 by IHC. Patients with FGFR3
expression had a significantly shorter progression-free and overall
survival. We found FGFR3 detection by IHC had a sensitivity of
75% and a specificity of 98% for predicting t(4;14).11 These results
suggest FGFR3 may be a surrogate IHC marker for the adverse
prognostic factor t(4;14). In addition, it also identifies FGFR3
expression as an important contributor to the pathogenesis of
MM, and studies have shown that inhibition of this tyrosine
kinase results in apoptosis of MM cells.14 29 30 It is clear that FGFR3
is of vital importance in novel drug therapy and quick identifica-
tion of high-risk patients by IHC.

t(11;14)-cyclin D1
At a frequency of 15–20%, t(11;14) is the most common
translocation in MM.22 23 31 As a result of this translocation to
the IgH locus, cyclin D1, which is not normally found in plasma
cells or B cells, is aberrantly expressed.32 33 Cyclin D1 is involved
in cell cycle regulation and, in association with cyclin dependent
kinase 4 (CDK4), phosphorylates and inactivates the retino-
blastoma (Rb) protein. As Rb controls the transition from G1 to
S phase, its inactivation by cyclin D1 facilitates cell cycle
progression.32

The t(11;14) translocation is associated with a neutral or
favourable outcome in MM.22 23 25 27 31 34 Cyclin D1 is expressed
in 17–50% of patients with MM, but its prognostic significance
is controversial.33 Early studies found cyclin D1 expression to be
associated with a poor prognosis,35–38 but recent studies have
shown cyclin D1 expression to be associated with a more
favourable clinical course, including a longer duration of
remission, and median event-free and overall survival.33 39

Cyclin D1 expression is more frequent than t(11;14), suggesting
that mechanisms such as gene amplification or trisomy 11
contribute to cyclin D1 overexpression.38 However, studies
correlating cyclin D1 expression with t(11;14), as detected by
FISH, have found that cyclin D1 expression is a good indicator of
the underlying genetic aberration.39–41 Using RT-PCR, Specht et al
were able to show that high levels of cyclin D1 mRNA were found
exclusively in the presence of a t(11;14) translocation.40 Similarly,
combined IHC and FISH analyses in 39 patients showed cyclin D1
positivity in all of the cases (7/7) bearing the t(11;14) transloca-
tion.41 Since the t(11;14) translocation confers a neutral or even a
favourable clinical outcome, it may be useful to identify these
patients by IHC.9 27

t(14;16)-c-maf
The t(14;16) translocation is a IgH translocation that fuses the
IgH switch region to the c-maf gene loci on 16p23 and leads to
c-maf overexpression.42 As it also occurs in MGUS, t(14;16) may
be involved in early stages of myeloma development.43

c-maf is the cellular homologue of the viral analogue v-maf
from an avian transforming virus.44 c-maf is a basic zipper
transcription factor involved in DNA binding and dimeric
protein interactions and it is involved in expression of the
cytokine interleukin 4 in Th2 helper cells and macrophages.4 45

In myeloma, c-maf may upregulate cyclin D2 and integrin b7.46

As cyclin D2 is involved in regulation of the cell cycle at the G1/
S phase, its upregulation by c-maf in MM cells would promote
cell cycle progression.4 Integrin b7 is an adhesion molecule that
binds to E-cadherin expressed on bone marrow stroma cells.46

Through this pathway, c-maf overexpression enhances interac-
tions between myeloma cells and the stroma, including
increased secretion of vascular endothelial growth factor
(VEGF) and production of lytic bone lesions.46 47 As VEGF is a
potent stimulator of angiogenesis, increased levels would
promote tumour progression.46

The frequency of translocation t(14;16) is low, identified in
only 2–9% of patients with MM, and it is associated with a poor
prognosis.23 44 48 However, studies of c-maf mRNA levels in these
patients are controversial. Rasumussen et al found six of 135
(4.4%) MM patients overexpressed c-maf.45 This rate is
comparable with the prevalence of t(4;16) and all six patients
also possessed this genetic aberration.45 A more recent study
reported 50% of MM bone marrows had increased c-maf mRNA
levels.46 In our study, IHC detected that 30% of patients with
MM expressed nuclear c-maf; but we did not find an association
with an adverse prognosis.44 Furthermore, unlike FGFR3 which
correlated with an underlying t(4;14), only 5% of our MM
cohort that overexpressed c-maf possessed a t(14;16) transloca-
tion, suggesting an unlikely role of c-maf expression as a
surrogate for this genetic aberration.44 Nonetheless, because of
the functional role of c-maf in MM, it remains a possible
therapeutic target for this disease.

del(17p)-p53
Somatic allelic deletions and point mutations of the p53 tumour
suppressor gene are the most frequent genetic abnormalities in
human malignancy.49 50 Translocations of IgH are thought to be
primary events in MM, while p53 alterations are present as
secondary changes in MM progression.51 Although the pre-
valence of p53 mutations is generally low (,3%) in MM,
hemizygous p53 deletions are found in 10% of patients at
diagnosis and are an established adverse prognostic factor that is
correlated with a significantly poor survival.52 53

The p53 gene encodes a nuclear 53 kDa phosphoprotein
transcription factor that is involved in cell cycle arrest upon
detection of DNA injury and subsequent initiation of apoptosis
if the damage is not repaired.54 As a result, a loss or disrupted
function of p53 is associated with advance disease and tumour
progression.52 In MM, we found that p53 deletions are common
in patients with central nervous system involvement and in
patients with plasma cell leukaemia who have a very poor
clinical outcomes.51 55

Although it has been established that hemizygous p53
deletions are associated with poor prognosis, the role of the
remaining p53 allele remains to be elucidated.10 Detection of
aberrant nuclear p53 protein has been seen in many cancers,
including haematological malignancies, and it is associated with
an adverse prognosis.56–58 Since patients with a deleted p53 allele
have an elevated degree of genetic instability, it is likely that the
remaining allele has an increased chance of being mutated.52 59

As a result of this mutation, the half-life of the mutated p53
protein is increased compared with that of the wild-type,
enabling detection by IHC.60–62 The incidence of p53 protein
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expression in myeloma, as detected by IHC, has been reported
to be between 8 and 39%, but its relationship with p53 gene
deletion status has only recently been investigated.41 52 63 64 In a
study of 105 newly diagnosed MM patients, we demonstrated a
strong correlation between nuclear p53 expression and the
presence of a hemizygous p53 deletion as detected by FISH.10

Furthermore, the overall survival of p53 immunoreactive
patients was significantly less than the survival of p53 non-
immunoreactive patients, suggesting that detection of p53
expression by IHC may serve as a prognostic marker of MM and
a surrogate for the presence of del(p53).10 Nonetheless,
mechanisms other than mutation, such as the p14ARF
upstream regulatory molecule, may increase p53 stability and
also result in aberrant p53 expression.65 66 Since the frequency of
p53 mutations is low and does not always result in p53 protein
expression, further investigation of alternative mechanisms of
p53 dysregulation and functional consequences of its aberrant
expression is required for a better understanding of this subset
of patients with aggressive MM.41

SURFACE MARKERS

CD56
CD56, a 174–185 kDa neural cell adhesion molecule, is
expressed on all natural killer cells and is frequently expressed
on MM cells.67 68 During embryogenesis, CD56 is expressed on
neuroectoderm cells and facilitates the adhesion of neurons and
muscle during neuronal growth.69 70 In haematopoietic tissues,
CD56 facilitates homing of cells to the bone marrow and
increases osteolysis, while decreased expression in MM facil-
itates progression to a leukaemic phase of MM in the peripheral
blood and cerebrospinal fluid.70 71

CD56 is expressed in 70–80% of patients with MM, as
determined by both flow cytometry and IHC; however, it is the
prognostic relevance of a lack of CD56 expression that has been
the subject of debate.70 72 73 Studies have associated patients
with CD56-negative MM with extramedullary disease, elevated
Bence Jones proteins, renal insufficiency and more aggressive
disease.67 74 Using flow cytometry, Sahara et al determined
patients with CD56-negative myeloma had a shorter overall
survival than patients with CD56-positive myeloma, suggesting
that CD56 may be a prognostic marker for MM.74 In contrast,
studies employing IHC on paraffin-embedded bone marrow
slides and cryopreserved samples found that CD56-negative
myeloma had no prognostic significance despite a similar
frequency of detection as studies using flow cytometry.75 76

We found no association between CD56 expression by IHC
and genetic prognostic markers such as t(11;14) or t(14;14)
despite an earlier study using flow cytometry that determined a
correlation between CD56 negative myeloma and t(11;14).72 75

CD56 expression may be useful for distinguishing between MM
and MGUS, which infrequently displays strong CD56 expres-
sion.67 In addition, we found that patients who develop central
nervous system myeloma have CD56-negative myeloma.71

Although its prognostic value remains controversial, it is clear
that CD56 is of biological importance in MM and can be detected
by IHC. Further studies of larger cohorts are warranted to better
understand the role of CD56 as a prognostic marker in MM.

CD20
The success of the chimeric anti-CD20 monoclonal antibody
rituximab in treating non-Hodgkin lymphoma has prompted
investigation of CD20 in other haematological malignancies,
including MM.77

CD20 is expressed by mature B-cells and in 20% of MM
cases.77–79 Early studies found an association of CD20 with
adverse prognosis,80 81 but a recent study by Robillard et al found
10 of the 12 (83%) patients who expressed CD20 detected by
flow cytometry had the t(11;14) translocation associated with a
neutral or favourable prognosis.79 IHC may therefore be a useful
method for detecting CD20 as a surrogate for the underlying
t(11;14) translocation in patients with MM.77 CD20 expression
has also been associated with a mature small cell MM
morphology and pulmonary infiltrates, suggesting a possible
biological role yet to be elucidated.78 79

Clinical trials of rituximab have had limited success in
patients with MM.82 Nonetheless, further investigation of the
prognostic implications of CD20 expression is warranted to
better understand this possible therapeutic target in MM.

CXCR4
CXCR4 belongs to the family of seven transmembrane domain,
G-protein coupled, chemokine receptors.84 In MM, CXCR4 is
involved in the migration and bone marrow localisation of
malignant plasma cells via the VLA-4 integrin in response to
stromal cell secretion of its ligand, stromal cell-derived factor 1
(SD-1).84 85

Flow cytometry detects CXCR4 expression in 10–100% of
myeloma cases.86 CXCR4 has been detected by IHC in other
cancers, but has yet to be systematically examined in MM.87

Studies of CXCR4 expression in mobilised and bone marrow-
confined MM cells show that SD-1, VLA-4 and chemokine
expression are downregulated in mobilised cells, further
supporting a role of CXCR4 in MM cell homing.88

Few studies have evaluated the prognostic significance of
CXCR4 expression; however, Van de Broek et al found low
CXCR4 expression was correlated with lower overall survival,
lower albumin levels, and higher C-reactive protein and b2
microglobulin levels.89 Although the reason for lower overall
survival is unclear, it is speculated that lower levels of
chemokine receptors are associated with higher disease activity
since confinement to the bone marrow is minimised. Instead,
low CXCR4 expression may promote mobilisation to extra-
medullary sites, thereby contributing to disease progression.88 89

CD33
On phosphorylation of tyrosines in its cytoplasmic tail, CD33,
a 67 kDa sialic acid-dependent adhesion molecule, mediates
intracellular inhibitory signals.90 91 The role of CD33 in
myeloma has only recently been considered, but it is normally
expressed on myeloid cells and has been targeted by drugs in
the treatment of acute myeloid leukaemia.90 91 CD33 has been
detected in 6–35% of MM patients in the few studies that
included it in their flow cytometric immunophenotyping
panel.90–92 Sahara et al found that CD33-positive patients had
a significantly shorter 3 year overall survival, a higher
mortality in the first year after diagnosis, higher lactate
dehydrogenase and b2 microglobulin levels, and more frequent
anaemia and thrombocytopenia.91 In another study, CD33-
positive patients had a greater frequency of t(4;14), which,
with the clinical characteristics discussed, would contribute to
a poor prognosis.90

As CD33 is a potential prognostic marker, there is interest in
using the anti-CD33 antibody Mylotarg to treat MM.90

Nonetheless, the use of drugs in CD33-positive myeloma should
be carefully monitored, as conventional therapeutic agents can
increase CD33 expression and may be associated with drug
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resistance.91 As our knowledge of this marker is limited, further
studies using IHC to assess the role of this molecule in MM may
have utility.

CONCLUSIONS
MM is incurable with current therapies and, as discussed in this
review, the identification of new prognostic markers and
potential therapeutic targets for new drug development is
clinically important.5 Identifying high-risk patients for more
aggressive therapy is a critical step for improving their clinical
course. Certain genetic aberrations and surface antigens are
significant prognostic markers in MM; however, conventional
cytogenetics is of little assistance to detect these changes
because of the low proliferation of MM cells, while flow
cytometry is not always accessible.8 93 Since IHC is a widely
available, robust and inexpensive technology and has been
found to detect many clinically significant MM prognostic
markers, it should be adopted in clinical practice to identify
patients with myeloma who have an adverse prognosis and who
may be candidates for risk-adapted therapies.

Acknowledgements: The authors thank Dr Bruce Patterson for reviewing the
manuscript.

Funding: This work is supported by grants from the Leukemia and Lymphoma
Research Society of Canada (LLSC), and Cancer Research Society Inc. to HC.

Competing interests: None.

REFERENCES
1. Fonseca R, Stewart KA. Targeted therapeutics for multiple myeloma: The arrival of a

risk-stratified approach. Mol Cancer Ther 2007;6:802–10.
2. Kuehl WM, Bergsagel PL. Multiple myeloma: evolving genetic events and host

interactions. Nat Rev Cancer 2002;2:175–87.
3. Bergsagel PL, Kuehl WM. Chromosomal translocations in multiple myeloma.

Oncogene 2001;20:5611–22.
4. Kienast J, Berdel WE. C-maf in multiple myeloma: an oncogene enhancing tumor–

stroma interactions. Cancer Cell 2004;5:109–10.
5. Kyle RA, Rajkumar SV. Multiple myeloma. N Engl J Med 2004;351:1860–73.
6. Stewart KA, Fonseca R. Prognostic and therapeutic significance of myeloma

genetics and gene expression profiling. J Clin Oncol 2005;23:6339–44.
7. Gertz MA. Revelant prognostic features of multiple myeloma and the new

International Staging System. Leuk Lymphoma 2007;48:458–68.
8. Chang H, Li D, Zhuang L, et al. Detection of chromosome 13q deletions and IgH

translocations in patients with multiple myeloma by FISH: Comparison with karyotype
analysis. Leuk Lymphoma 2004;45:956–9.

9. Chang H, Qi XY, Samiee S, et al. Genetic risk identifies multiple myeloma patients
who do not benefit from autologous stem cell transplantation. Bone Marrow
Transplant 2005;36:793–6.

10. Chang H, Yeung J, Qi C, et al. Aberrant nuclear p53 protein expression detected by
immunohistochemistry is associated with hemizygous p53 deletion and poor survival
for multiple myeloma. Br J Haematol 2007;138:324–9.

11. Chang H, Stewart AK, Qi XY, et al. Immunohistochemistry accurately predicts FGFR3
aberrant expression and t(4;14) in multiple myeloma. Blood 2005;106:353–5.

12. Chesi M, Nardini E, Brents LA, et al. Frequent translocation t(4;14)(p16.3;q32.3) in
multiple myeloma is associated with increased expression and activating mutations of
fibroblast growth factor receptor 3. Nat Genet 1997;16:260–4.

13. Stewart AK, Chang H, Trudel S, et al. Diagnostic evaluation of t(4;14) in multiple
myeloma and evidence for clonal evolution. Leukemia 2007;21:2358–9.

14. Paterson JL, Li Z, Wen XY et al. Preclinical studies of fibroblast growth factor
receptor 3 as a therapeutic target in multiple myeloma. Br J Haematol
2004;124:595–603.

15. Chang H, Trieu Y, Qi X, et al. Bortezomib therapy response is independent of
cytogenetic abnormalities in relapsed/refractory multiple myeloma. Leuk Res
2007;31:779–82.

16. Grand EK. Targeting FGFR3 in multiple myeloma: inhibition of t(4;14)-positive cells by
SU5402 and PD173074. Leukemia 2004;18:962–6.

17. Hideaki Ishikawa, Naohiro Tsuyama, Shangqin Liu, et al. Accelerated
proliferation of myeloma cells by interleukin-6 cooperating with fibroblast growth
factor receptor 3-mediated signals. Oncogene 2005;24:6328–32.

18. Bergsagel PL, Kuelh WM. Molecular pathogenesis and a consequent classification
of multiple myeloma. J Clin Oncol 2005;23:6333–8.

19. Chesi M, Brents LA, Ely SA, et al. Activated fibroblast growth factor receptor 3 is an
oncogene that contributes to tumor progression in multiple myeloma. Blood
2001;97:729–36.

20. Ronchetti D, Grego A, Compasso S. Deregulated FGFR3 mutants in multiple
myeloma cell lines with t(4;14): comparative analysis of Y373C, K650E and the novel
G384D mutations. Oncogene 2001;20:3553–62.

21. Chesi M, Nardini E, Lim RS, et al. The t(4;14) translocation in myeloma dysregulates
both FGFR3 and a novel gene, MMSET, resulting in IgH/MMSET hybrid transcripts.
Blood 1998;92:3025–34.

22. Moreau P, Facon T, Leleu X, et al. Recurrent 14q32 translocations determine the
prognosis of multiple myeloma, especially in patients receiving intensive
chemotherapy. Blood 2002;100:1579–83.

23. Fonseca R, Blood E, Rue M, et al. Clinical biologic implications of recurrent genomic
aberrations in myeloma. Blood 2003;101:1569–75.

24. Keats JJ, Reiman T, Maxwell CA, et al. In multiple myeloma, t(4;14)(p16;32) is an
averse prognostic factor irrespective of FGFR3 expression. Blood 2003;101:1520–9.

25. Chang H, Sloan S, Li D, et al. The t(4;14) is associated with poor prognosis in
myeloma patients undergoing autologous stem cell transplant. Br J Haematol
2004;125:64–8.

26. Jaksic W, Trudel S, Chang H, et al. Clinical outcomes in t(4;14) multiple myeloma: a
chemotherapy-sensitive disease characterized by rapid relapse and alkylating agent
resistance. J Clin Oncol 2005;23:7069–73.

27. Gertz MA, Lacy MQ, Dispenzieri A, et al. Clinical implications of t(11;14)(q13;q32),
t(4;14)(p16.3;q32), and –17p13 in myeloma patients treated with high-dose therapy.
Blood 2005;106:2837–40.

28. Santra M, Zhan F, Tian E, et al. A subset of multiple myeloma harbouring the
t(4;14)(p16;q32) translocation lacks FGFR3 expression but maintains an IGH/MMSET
fusion transcript. Blood 2003;101:2374–6.

29. Trudel S, Li ZH, Wei E, et al. CHIR-258, a novel, multitargeted tyrosine kinase
inhibitor for the potential treatment of t(4;14) multiple myeloma. Blood
2005;105:2941–8.

30. Trudel S, Stewart AK, Rom E, et al. The inhibitory anti-FGFR3 antibody, PRO-001, is
cytotoxic to t(4;14) multiple myeloma cells. Blood 2006;107:4039–46.

31. Chang H, XY Qi, Stewart AK. t(11;14) does not predict long-term survival in
myeloma. Leukemia 2005;19:1078–9.

32. Lesage D, Troussard X, Sola B. The enigmatic role of cyclin D1 in multiple myeloma.
Int J Cancer 2005;115:171–6.

33. Soverini S, Cavo M, Cellini C. Cyclin D1 overexpression is a favorable prognostic
variable for newly diagnosed multiple myeloma patients treated with high-dose
chemotherapy and single or double autologous transplantation. Blood
2003;102:1588–94.

34. Avet-Losieau H, Attal M, Moreau P, et al. Genetic abnormalities and survival in
multiple myeloma: the experience of the Intergroupe Francophne du Myelome. Blood
2007;109:3489–95.

35. Tricot G, Barlogie B, Jagannath S, et al. Poor prognosis in multiple myeloma is
associated only with partial or complete deletions of chromosome 13 or abnormalities
involving 11q and not with other karyotype abnormalities. Blood 1995;86:4250–6.

36. Fonseca R, Witzig TE, Gertz MA, et al. Multiple myeloma and the translocation
t(11;14)(q13;q32): a report on 13 cases. Br J Haematol 1998;101:296–301.

37. Hoechtlen-Vollmar W, Menzel G, Bartl R, et al. Amplification of cyclin D1 gene in
multiple myeloma: clinical and prognostic relevance. Br J Haematol 2000;109:30–8.

38. Rasmussen T, Knudsen LM Johnsen HE. Frequency and prognostic relevance of
cyclin D1 dysregulation in multiple myeloma. Eur J Haematol 2001;67:296–301.

39. Cook JR, Hsi ED, Worley S, et al. Immunohistochemical analysis identifies two cyclin
D1+ subsets of plasma cell myeloma, each associated with favorable survival.
Am J Clin Pathol 2006;125:615–24.

40. Specht K, Haralambieva E, Blink K, et al. Different mechanisms of cyclin D1
overexpression in multiple myeloma revealed by fluorescence in situ hybridization and
quantitative analysis of mRNA levels. Blood 2004;104:1120–6.

41. Pruneri G, Fabris S, Baldini L, et al. Immunohistochemical analysis of cyclin D1
shows deregulated expression in multiple myeloma with the t(11;14). Am J Pathol
2000;156:1505–13.

42. Chesi M, Bergsagel PL, Shonukan OO, et al. Frequent dysregulation of c-maf proto-
oncogene at 16q23 by translocation to an Ig locus in multiple myeloma. Blood
1998;91:4457–63.

Take-home messages

c Multiple myeloma patients have a variable clinical course and
benefit from the detection of prognostic markers for
stratification into risk categories.

c Immunohistochemistry has been shown to detect surface
molecules such as CD56, CD20 and CXCR4 as well as
biomarkers including FGFR3, cyclin D1, c-maf and p53 that act
as surrogates for underlying genetic aberrations in myeloma.

c While molecular cytogenetic methods and flow cytometry can
also be used to detect prognostic markers,
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