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This paper reviews the most relevant laboratory techniques currently used for the evalua-
tion of patients with multiple myeloma (MM) and other monoclonal gammopathies.
Although the bone marrow morphological examination and electrophoretic analysis of
the monoclonal paraprotein still remain the ‘gold standard’ techniques for fast, accurate
and cost-effective diagnosis, other assays such as immunophenotyping, DNA cell content
and cell cycle analysis measured by flow cytometry may contribute to a better assessment
of myeloma patients. Here, we will discuss not only the contribution of each technique to

Techniques differential diagnosis of monoclonal gammopathies, but also the value of each parameter
as prognostic factor and for monitoring treatment efficacy. In addition, possible technical
pitfalls inherent to each technique will be analysed.

© 2006 Elsevier Ltd. All rights reserved.
1. Introduction evaluation of the monoclonal component serves both to diag-

Multiple myeloma (MM) is a clonal B-cell disorder in which
malignant plasma cells (PC) accumulate in the bone marrow
(BM) and produce lytic bone lesions and excessive amounts
of monoclonal protein. The diagnosis of MM requires the
examination of BM, showing PC infiltration, detection and
quantification of monoclonal protein in the serum or urine
and evidence of end-organ damage (hypercalcemia, renal
insufficiency, anaemia or bone lesions).! Tables 1 and 2 sum-
marize the new reviewed criteria for myeloma diagnosis.?
Conventional diagnosis in multiple myeloma (MM) is based
on a series of laboratory investigations with three main objec-
tives: i) to contribute to the diagnosis and differential diagno-
sis of monoclonal gammopathies; ii) to yield information
about prognostic factors® in order to facilitate the therapeu-
tic-decision making process; and iii) to afford appropriate
tools to monitor treatment efficacy (disease activity). Never-
theless, it should be pointed out that many of the laboratory
parameters contribute to more than one objective; thus, the
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nose MM and to monitor response to treatment. In this
review, we have grouped the different laboratory investiga-
tions into 6 areas: i) morphology; ii) analysis of M-component;
iif) haematological features; iv) biochemical parameters; v)
immunophenotyping; and vi) DNA ploidy and Labelling Index
—proliferative activity of PC.

2. Morphology

The morphological assessment of the proportion of BM PC,
based on the evaluation of May-Griinwald Giemsa stained
smears, is one of the three major criteria for the diagnosis of
MM. Moreover, the number of PC in BM is also an important
criterion for differentiating MM from MGUS and solitary plas-
macytoma. Thus, in MM there are usually more than 10% PCs,
although, due to the heterogeneous distribution of PCs in BM,
the percentage of PC may significantly vary depending on site
of sample aspiration, and therefore it is not a consistent prog-
nostic factor. In spite of this, cytomorphology remains as the
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Table 1 - Diagnostic criteria of multiple myeloma according to International Myeloma Working Group

Monoclonal gammopathy of
undetermined significance (MGUS)

Asymptomatic myeloma

Symptomatic myeloma

M-protein in serum <30 g/L
Bone marrow clonal plasma cells <10%
No evidence of end-organ damage

M-protein in serum >30 g/L
Bone marrow clonal plasma cells > 10%
No evidence of end-organ damage or plasmacytoma

M-protein in serum and/or urine
Bone marrow clonal plasma cells®
Related organ or tissue impairment

a If flow cytometry is performed, most plasma cells (>90%) will show a “neoplastic” phenotype.

Table 2 - Myeloma-related organ or tissue impairment (end organ damage) (ROTI) due to the plasma cell proliferative

process

‘Calcium levels increased: serum calcium >0.25 mmol/L above normal or >110 mg/dL (2.75 mmol/L).

‘Renal insufficiency: creatinine >2 mg/dL (173 mmol/L)
‘Anaemia: haemoglobin 2 g/dL below the normal level or <10 g/dL

‘Bone lesions: lytic lesions or osteoporosis with compression fractures

Other: symptomatic hyperviscosity, amyloidosis, recurrent bacterial infections (>2 episodes in 12 months)

‘CRAB (calcium, renal insufficiency, anaemia or bone lesions).

standard method for quantitation of PC infiltration. The use of
BM biopsies is probably a more accurate method for evaluation
of PC infiltration, but it would require substantial standardiza-
tion.* Furthermore, although changes in BM infiltration is not
used as a guideline-criterion for assessing response to treat-
ment, the detection of <5% PC is one of the requisites for
complete remission. Surprisingly, in routine laboratory tech-
niques, usually only the number of BM PC is taken into ac-
count, and little attention is paid to the morphological
characteristics of these PC, an attitude which is completely
different from that observed in other haematological malig-
nancies. In MM the morphology of PC is quite heterogeneous.
Greipp and colleagues® have defined four morphological sub-
types of PC (Fig. 1): mature (small nucleus eccentrically placed
with a prominent hof and dense chromatin clumping, and a
well developed cytoplasm); intermediate (do not fulfill criteria

for the other subtypes of PC); immature (large nucleus eccen-
trically placed with a hof and diffuse chromatin pattern, with
or without nucleolus >2 pm, and abundant cytoplasm); and
plasmablasts (very high nucleus/cytoplasmic ratio with scanty
cytoplasm and a centrally placed immature large nuclei with a
reticular chromatin pattern, prominent nucleolus and little or
no hof). According to these morphological subtypes, four MM
groups were established: Mature MM (>10% mature PC, <2%
plasmablasts and < 13% immature PC); Immature MM (>12%
immature PC, <10% mature PC and <2% plasmablasts); Plas-
mablastic MM (>2% plasmablasts); and Intermediate MM (do
not fulfill criteria for other subtypes). The prognostic value of
PC morphology has been widely recognized by several
groups.*® Thus, a high number of PC in BM, as well as a diffuse
pattern of infiltration and plasmablastic morphology are gen-
erally associated with a poor prognosis.®’

g SN

Fig. 1 - Morphological characteristics of myeloma plasma cells. A) Mature differentiated plasma cell. B) Immature-
plasmablastic cells (kindly provided by “Fondo de Imagen en Hematologia, AEHH”).
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3. Electrophoretic analysis of monoclonal
proteins

The detection of a monoclonal (M-) component in serum or
urine is the most characteristic biological maker of MM.
Although the quantity of M-component has frequently been
used for the differential diagnosis of MM and MGUS (the latter
has <3 g/dl), it is not a parameter that can be used exclusively,
since many MM patients show less than 3 g/dl. In addition,
the M-component is the most widely used marker for moni-
toring the course of the disease. Serum protein studies pro-
vide information not only about the M-component but also
on the level of polyclonal Igs, which are usually depressed
in MM, and the level of albumin, where a decrease is associ-
ated with an adverse prognosis.

3.1.  Detection and identification of monoclonal proteins

The screening of monoclonal proteins in serum and urine re-
quires a rapid and sensitive assay.”> ™ Electrophoresis on aga-
rose or cellulose acetate membrane is the method of choice
for detection of a serum monoclonal protein. Monoclonal
light chains are rarely detected on the cellulose acetate elec-
trophoresis, and IgD paraproteins may be difficult to be seen;
in these latter cases a more sensitive technique, such as high
resolution agarose gel electrophoresis can be used. 2 IgD or
Bence-Jones myeloma should be suspected in the absence of
serum M component if there is a severe hypogammaglobulin-
emia and BM plasmocytosis. Once a monoclonal protein has
been detected, the heavy and light chain isotypes must be
identified by immunoelectrophoresis or immunofixation.
Immunofixation is more sensitive than immunoelectrophore-
sis and therefore is particularly useful for the assessment of
small residual M-components following treatment.®™?
Immunoisoelectric focusing is probably the most sensitive
method for the detection of monoclonal proteins, but it re-
quires technically skilled personnel. Nephelometry has fre-
quently been used to detect the light-chain type of a
monoclonal gammopathy, based on the existence of a
marked imbalance in the x/A ratio. Nevertheless, cases with
small monoclonal proteins may display a normal «/\ ratio
and be overlooked with the rate nephelometer.’® Several
groups have analyzed different protocols for a cost-effective
detection of monoclonal gammopathies. Probably, one of
the best alternatives is the combination of electrophoresis
followed by immunofixation, which is a rapid approach and
avoids the need for immunoelectrophoresis.®*° A new immu-
noassay, based on the measurement of serum free light chain
(FLC) has been reported to be particularly useful for the diag-
nosis and monitoring of monoclonal light chain diseases,
non-secretory myeloma and primary amyloidosis. Serum
FLC measurements are more sensitive than urine presumably
because of the kidney’s high capacity for protein catabolism.
Thus, serum assays could replace Bence-Jones protein urine
test for patients with light chain MM. Another potential use
is earlier identification of disease recurrence in myeloma
and amyloid patients after chemotherapy or transplanta-
tion.'®"” Because of their serum half-life, changes in serum
FLC concentrations provide a rapid indication of response to
treatment.

3.2.  Quantitation of immunoglobulins and evaluation of
response to treatment

Nephelometry is the method of choice for quantitation of Igs.
However, for evaluation of changes in the M-component,
either nephelometry or electrophoresis can be used, the latter
probably being the more accurate. What is really important is
to select one of the two techniques, and to always use the
same method throughout the course of the disease. As previ-
ously mentioned, immunofixation is required to confirm dis-
appearance of the M-component. It should be emphasized
that not only the serum but also the urine M-component
should be monitored since there are cases in which the for-
mer has disappeared following treatment and the urine
M-protein may increase as the only indication of relapse.”®

3.3.  Analysis of urine

For the analysis of urinary monoclonal proteins a 24-hour
collection of urine is mandatory for the determination of the
total amount of protein excreted per day. An aliquot of the
24-hours sample must be concentrated (150-200-fold) (2—4
g/dl) for electrophoresis, which will show a dense band on
the cellulose acetate or a peak on the densitometer tracing.
To define the type of monoclonal light chain an immunoelec-
trophoresis of concentrated urine using monospecific antisera
to x and 2 light chains (that recognize both free and combined
light chains) should be performed. Immunofixation may be of
value in cases of small amounts of proteinuria.®**

4. Haematological parameters

Half of MM patients display a moderate normochromic,
normocytic anaemia but, it can be severe in 20% (Hb<8 g/
dl). Thrombocytopenia is uncommon at diagnosis (only
10%-15% of cases show a platelet count of less than
100,000/mm?) and usually reflects a severe degree of BM infil-
tration by PC. Leukocyte counts are usually normal, and in
fact leukopenia only occurs in far advanced disease or after
chemotherapy.’**

The PB film may occasionally show circulating PC, but the
incidence of these cases is low (<15%) and usually associated
with advanced disease.'’ Nevertheless, if instead of morpho-
logical examination, more sensitive techniques (such as
immunophenotyping or PCR) are used, the incidence of MM
cases with circulating PC reaches up to 70%.%97*

Increased erythrocyte sedimentation rate (ESR) (~50 mm in
1 hour) as well as rouleaux formation, due to hypergamma-
globulinaemia, are present in about two thirds of the pa-
tients.”®* In unselected patients, the detection of an ESR
value >100 mm should point to a possible diagnosis of MM.
Nevertheless, 10% of MM patients, mainly those with Bence-
Jones myeloma, have ESR values <20 mm.

5. Biochemical markers and cytokines

5.1. Conventional markers

Renal function has a major impact on disease outcome.??
Around 25%-30% of MM patients have creatinine values >2
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mg/dl at diagnosis and the proportion increases to double
during disease evolution.’®'*?? Hypercalcaemia is detected
in a similar proportion of patients, while severe hyperurica-
emia is less frequent (15% in our series), although in other ser-
ies its incidence reached almost one-third of the patients.'*
Lactic dehydrogenase (LDH) activity, reflecting cell turnover,
is increased in very aggressive forms of MM (approximately
20% of cases).?

Beta 2-microglobulin (B2M) is one of the most relevant
prognostic factors in MM.?**° B2M levels may increase as a
result of both tumour burden growth and renal impair-
ment.>>® Initially, some groups suggested that B2M should
be corrected according to the level of serum creatinine. How-
ever, further studies showed that it was better to use the
uncorrected value since it then provides dual prognostic
information: tumour burden and renal function.”*?® The
most important application of serum B2M measurements is
as a prognostic factor.® Recently, a new International staging
system (ISS), derived from >11,000 patients, has shown that
B2-M and albumin are the best combination of easily available
markers to discriminate prognostic subgroups: Stage I (B2M
<3.5 & Albumin >3.5 mg/dl), Stage III (B2M > 5.5) and Stage II
(the rest).®! In contrast, B2M is not helpful for monitoring
the course of the disease since there are patients that relapse
without a previous increase in B2M level (false negative),
while others show increased levels without any evidence of
disease progression.’®
5.2. Cytokines and acute phase reactants
IL-6 is a pleiotropic cytokine that induces differentiation of B-
lymphocytes into Ig-secreting cells, and proliferation of
PC.3%% Soluble IL-6R is generated through the shedding of
the receptor from the cell membrane or by alternative RNA
splicing,®* but s-IL-6R levels do not show a linear correlation
with IL-6.%° Serum IL-6 and sIL-6R may be measured by ELISA
or radioimmunoassays.?**® Serum IL-6 (s-IL-6) and sIL-6R lev-
els are increased in 30%-50% of MM patients.**** Although
the levels in MM are higher than in patients with MGUS, none
of these two markers are reliable parameters for differential
diagnosis between MM and MGUS.>* In MM patients, high
s-IL-6 levels have been shown to reflect active disease and a
poor prognosis.®*3°
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C-reactive protein (CRP) is an acute phase reactant protein
whose synthesis by human hepatocytes is induced by IL-6.
Serum CRP levels reflect IL-6 activity and represent a surrogate
for IL-6 concentration.?’*” In MM patients, 40% of cases dis-
play increased CPR values (>6 mg/l in serum) while this only
occurs in 8% of MGUS patients. Moreover, MM patients who re-
main in remission show significantly lower CRP values than
cases at relapse. However, CRP is not a specific marker of dis-
ease activity in MM since it may increase because of many dif-
ferent factors. Evaluation of CRP is important in MM at
diagnosis, since it is an independent prognostic factor that
can substitute IL-6 (its determination is more rapid, simpler
and cheaper), and together with B2M constitutes an excellent
combination for the prognostic stratification of MM patients.?’

6. Immunophenotypic studies in MM

6.1. Immunophenotype of myelomatous plasma cells
Immunophenotypic studies of myelomatous PC have now
been performed for more than 15 years.**"
ful review of the literature shows discrepancies in results
regarding the exact phenotype of PC and its clinical signifi-
cance. These controversies could be due to methodological
problems, such as the use of different MoAb clones,* differ-
ent fluorochromes®* and the use of single vs multiparametric
antigen staining procedures.’* Nowadays, flow cytometry rep-
resents an attractive approach, not only for research purposes
but also in clinical practice. In this sense, flow cytometry has
many advantages over fluorescence microscopy and APAAP
(immuno-alkaline phosphatase) techniques: i) a higher num-
ber of cells are analyzed, ii) it permits the assessment of fluo-
rescence intensity, iii) it has a higher sensitivity and iv) it
facilitates the performance of multiple marker analysis.
Although CD38 antigen is widely distributed in the haema-
topoietic system, flow cytometry has shown that the intensity
of CD38 expressed on PC is clearly higher than that observed
on any other cell type (Fig. 2A), and this strong reactivity
(CD38"**) has converted it into a “specific PC marker”, ideal
for multiple-staining studies in which PC must be identi-
fied.*91°6.6061 The BB-4 MoAb, which recognizes CD138,** is
highly specific for the detection of both benign and malignant
PC, since the CD138 antigen is not expressed in other cells

2 However, a care-
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Fig. 2 - Plasma cell selection strategy. A) Flow immunophenotypic diagrams showing a PC population (painted in red) with
strong positivity for CD38; B) and exclusive expression for CD138 antigen. C) The coexpression of CD38 and CD138 antigens
allows a more specific discrimination of PC from other cells present in the sample and, at the same time; D) PC can be further
identified by a well-defined area of a light scatter characteristics (SSC and FSC).
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within the haematopoietic compartment (Fig. 2B). The combi-
nation of CD38 and CD138 is widely used®”*® for a more effi-
cient identification of PC which is crucial for the correct
assessment of other immunophenotypic characteristics of
PC using multiple-staining procedures (Fig. 2C). In addition,
PC displays singular light scatter characteristics, which also
contribute to their unequivocal identification at flow cytome-
try>* (Fig. 2D).

Although early studies on MM patients showed that PC
usually lose most B-lineage-associated markers,**>%>*>9 |atter
studies in larger series of patients, in which more sensitive
techniques were applied, showed that a minority of MM pa-
tients (less than 15%) retained molecules such as CD19,*°6:58
CD20°%5%%5 or CD22.°%* Likewise, the presence of sIg has been
reported in up to one third of all MM patients.>*%> These heter-
ogeneous findings suggest that the neoplastic clone may be
able to undergo a certain degree of differentiation/maturation
(early PC and plasmablast should be positive for these
markers).60’66'68‘69

Myeloma PC interacts with BM microenvironment through
a wide type of adhesion cell surface molecules:>*>>¢379721) g1
integrins, including the VLA-1 (CD29-CD49a), VLA-4 (CD29-
CD49d) and VLA-5 (CD29-CD49%) antigens; ii) B2 integrins,
including LFA-1 (CD11a-CD18); iii) proteoglycans: syndecan-1
(CD138) and CD44; and iv) molecules of the immunoglobulin
superfamily: CD56 (N-CAM), CD54 (ICAM-1), CD102 (ICAM-2)
and CD50 (ICAM-3). It is well-know that the myeloma cell-cell
and cell-extracellular matrix unions promote not only the
localization of the tumour cells in the BM microenvironment,
but also provide important functional and clinical sequelae.
In fact, several studies have shown that the CD56 molecule
is strongly expressed in up to 60% of MM patients,* 5”3
mediates homing of MM cells and it is usually absent in ad-
vanced phases of the disease.”®’*

Other antigens frequently found on myelomatous PC are
CD117 (also named c-kit) that is present in approximately
one third of MM patients,*”*”"*® the granulomonocytic antigens
CD13 and CD33 (in a quarter of MM cases)*® and co-stimulatory
molecules involved in the activation of B- and T- lymphocytes

e~ 0O =

such as CD40 and CD28 (positive in 70% and 40% of MM
patients, respectively).°>”®> Several groups have explored the
prognostic implications of the antigenic profile of
PC.5266707678 However, these studies are usually based on
small series of patients and nor uniformly treated, which
may account, at least in part, to the existence of discrepant re-
sults. Some studies suggest that markers associated to an early
PC phenotype (CD20, CD45, slg) correlate with a poor out-
come.>>%%¢7.7° Down-regulation of CD56 and a greater expres-
sion of CD44 have been associated with the extramedullary
spreading of malignant PC.”° The expression of CD28 has been
related to disease activity, probably confined to highly prolifer-
ative accelerated phases of the disease.”®”” We have recently
analysed in a series of 587 transplanted patients uniformly
treated, the prognostic influence of the antigenic expression.”®
Although the results should still be considered as preliminary
due to short follow-up, it was observed that the lack of CD56
or the overexpression of CD19 and CD28 antigens conferred
an adverse prognosis. By contrast, acquisition of CD117 was
associated with a favourable outcome. Moreover, patients with
aCD56 CD117 or CD56 CD28" phenotypic profile had adverse
prognosis.

6.2.  Immunophenotypic studies for the differential
diagnosis of different monoclonal gammopathies

It is well-established that the phenotypic characteristics of
myelomatous PC differ from those of normal PC,%%#* specially
on the basis of their different pattern of expression for CD19,
CD45, CD56 and CD38:*®#! malignant PC usually display lower
levels of CD38, and strong reactivity for CD56, generally asso-
ciated with the lack of positivity for CD19 and CD45; this aber-
rant phenotype is never present in BMPC from healthy
individuals (CD38*"*CD56 CD19""CD45") (Fig. 3A, B). Interest-
ingly, the coexistence of residual polyclonal/normal PC and
clonal/malignant PC is a constant finding in MGUS patients
whereas it is a rare event in MM (Fig. 3B).8! Moreover, on mul-
tivariate analysis the proportion of normal residual PC (> or
<3% from the total amount of PC) was the most powerful sin-

B Selected-CD38 Mah plasma cells

Fig. 3 - Antigenic profile of both myelomatous (my-PC) and normal PC (n-PC). A) Representative trivariate dot-plot of a bone
marrow sample for a MM patient analysed at diagnosis showing my-PC (in red) characterized by the CD38"CD56*CD19 CD45 "~
phenotype. B) This figure corresponds to the same patient following autologous stem cell transplantation. A small proportion
of residual my-PC coexists with a predominant population of n-PC (CD38*CD56 CD19 /*CD45") (in green). This latter situation

resembles to that observed in MGUS patients.
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gle parameter for the discrimination between MGUS and MM
patients at diagnosis.®’ Interestingly, immunophenotypic
profile of PC from MM differs from that observed in PC from
Waldenstrom Macroglobulinaemia (WM). In this latter condi-
tion, the antigenic profile of PC is CD5*, CD19", CD20*,
CD227/+, CD38**, CD45*, CD56~, FMC7* and slg+, typically with
k light chain restriction. This phenotype has intermediate fea-
tures between the clonal B-lymphocyte and mature PC, and it
may reflect a possible derailment in the differentiation path-
way of the MW clone ®*

6.3.  Immunophenotypic studies for the investigation of
minimal residual disease (MRD)

Response to treatment in MM is generally assessed by
changes in serum and urine paraprotein concentration
and in the percentage of BM PC. Although patients receiving
high-dose chemotherapy and peripheral blood stem cell
transplant show higher complete remission rates, event-
free survival and overall survival, relapse remains a major
problem. Accordingly, more sensitive and specific methods,
and stringent criteria, are needed to evaluate residual dis-
ease. Multiparametric immunophenotyping techniques are
becoming increasingly useful for treatment monitoring in
MM patients. As mentioned above, myelomatous PC can
be unequivocal distinguished from their normal counter-
parts on the basis of aberrant expression of several markers
(CD19, CD38, CD56 and CD45) (Fig. 3B). This specific cell-sur-
face antigen combination offers a quick and efficient meth-
od not only for quantifying low levels of residual malignant
PC but also for assessing the normal immune reconstitu-
tion. Flow monitoring is applicable to up 80% of patients®”
and it is possible to reach a detection limit of 0.01% of
PC.2>8¢ Although quantitative PCR strategies are considered
to be the most sensitive and specific method for the assess-
ment of MRD, they are more expensive and time-consum-
ing than flow cytometry, and are only applicable to
approximately only 50% of cases. Upon analysing MRD fol-
lowing high-dose therapy we and others have shown that
residual malignant plasma cells are detectable in up to
40% of patients,®®® in otherwise theoretical complete re-
sponse (CR) by immunofixation.®® Normal plasma cells
reappear in the majority of the patients and correlate with
the recovery of normal immunoglobulin levels.?” Moreover,
the recovery of the normal plasma cell population has
showed to be a high predictable marker to identify patients
with low risk of early relapse.®®®’

7. DNA ploidy studies and proliferative
activity of PC

Measurement of cell DNA contents by flow cytometry pro-
vides rapid and objective information about the quantitative
abnormalities in the total DNA content per cell. Different flu-
orochromes have been used for the quantitative measure-
ment of cell DNA contents -ethidium bromide, propidium
iodide, acridine orange, 4,6 diamidino-2-phenylindole (DAPI),
chromomycine A3, mithramycine and the Hoechst dyes-
although propidium iodide is the most widely used. This is
mainly due to several factors such as: i) it is excited at 488

nm (a wavelength usually available in all flow cytometers);
ii) it emits in the orange-red region of the visible light spec-
trum which makes it suitable for combination with green
dyes, such as fluorescein isothiocyanate (FITC), to simulta-
neously stain cells with specific FITC-conjugated MoAbs;
and iii) it provides relatively narrow peaks with acceptable
coefficient of variation (cv). In order to reduce the inter-labo-
ratory variation, a nomenclature consensus has been pro-
posed.®® Accordingly, the DNA ploidy assessed by flow
cytometry is usually expressed as the DNA index, which is
calculated as the ratio obtained between the modal fluores-
cence channel of the Go/G; peak of the PC and the modal
channel of the residual Go/G; normal cells present in the sam-
ple. If this DNA index is equal to 1, the tumour cells are con-
sidered to be DNA diploid, while if it is different to 1, cells are
considered to be DNA aneuploid (hyperdiploid, DNA index >1
or hypodiploid, DNA index <1).

Based on the different series published,®*? the overall
incidence of DNA aneuploidy in MM ranges between 28%
and 80%. It was stated in the DNA Cytometry Consensus Con-
ference®® that these discrepancies can be largely attributed to
poorly designed studies with lack of significant numbers of
patients as well as to technical artefacts (samples either con-
taining few tumour cells or stored under inappropriate condi-
tions). Using a high-sensitive method, in which a
simultaneous staining for PC (with a combination of MoAb
against the CD38 and CD138 antigens) and DNA (with propi-
dium iodide) was used,”® we have recently analyzed more
than 800 untreated MM patients and DNA aneuploidy was
present in 54% of cases, with the incidence of cases with a
DNA index greater or lower than 1 being 45% and 1%, respec-
tively. The remaining 8% of the cases correspond to a bi-clo-
nal group, in which two populations of PC with different
DNA ploidy coexist.>®

As far as the prognostic implications of the DNA ploidy
status is concerned, it has been suggested that hypodiploid
is associated with a poor response to treatment and short sur-
vival.** However, the incidence of DNA hypodiploid cases is
very low. Interestingly, a high incidence of hypodiploid cases
has been reported in plasma cell leukaemia,’® which supports
the hypothesis of a worse prognosis for DNA hypodiploid MM.
As for hyperdiploidy, although some studies have suggested
that it could be associated with a worse prognosis, especially
when the DNA index is higher than 1.15, in our experience,
DNA hyperdiploid MM patients show a significantly better
outcome as compared to the diploid cases.®®%

Heterogeneous results have been reported as regards the
incidence of DNA aneuploidy in MGUS patients, ranging be-
tween 0% to 61% of cases.®?>®%” We have analyzed the PC
DNA ploidy status in a series of 76 MGUS cases using a simul-
taneous staining for PC and DNA. Based on this methodolog-
ical approach, two clearly different PC subsets could be
discriminated in 73% of the cases:®' one showed a normal
DNA content (corresponding to polyclonal PC) and the other
displayed DNA aneuploidy (corresponding to the clonal PC
population). It should be noted that the aneuploid subpopula-
tion found in MGUS BM samples always showed a DNA index
higher than 1.5 These results are in line with the fact that the
presence of DNA hyperdiploidy in MM patients is associated
with favourable prognosis.
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DNA aneuploidy constitutes a specific tumour marker,
present in >50% of MM patients at diagnosis and has a detec-
tion limit of 10™* (one aneuploid cell among 10 000 diploid
cells). Therefore, it could be used as MRD technique for treat-
ment monitoring in patients with DNA aneuploidy.

The proliferative activity of PC, also named PC labelling in-
dex (LI) correlated with the percentage of plasma cells in S-
phase of the cell cycle. Initially, LI was assessed by the incor-
poration of [H?|thymidine and it proved to be an excellent
independent prognostic factor in MM. Accordingly, it has been
shown that patients with a high tumour cell mass and more
than 3% of myeloma cells incorporating [H*]thymidine had a
median survival of only 5 months.’® Interestingly, Joshua
and colleagues® have shown that the proliferative activity
is almost entirely attributable to an increase of the LI of the
immature PC. However, this technique uses in vitro radioac-
tive labelling and therefore it is difficult to be applied in rou-
tine laboratories. Due to these limitations, non-radioactive
approaches, such as the use of bromodeoxyuridine, another
thymidine analogue, have been developed showing a similar
prognostic impact.’® The use of propidium iodide (PI) stain-
ings for PC, and its subsequent analysis at flow cytometry,
permits the discrimination of PC distribution along the differ-
ent cell cycle phases, upon appropriate mathematical mod-
els.>® However, due to the fact that in the BM of MM
patients, many other cells apart from myelomatous PC exist,
the first requisite for an accurate analysis of the S-phase PC in
MM, based on the measurement of cell DNA content, is the
simultaneous identification of the neoplastic cells present in
the sample so that their cell cycle distribution can be ana-
lysed separately from that of the normal haematopoietic
residual cells. In this sense, we have reported that the com-
bined assessment of PC-related antigens (CD38"** and
CD138") and propidium iodide can be used to assess the cell
cycle distribution of MM PC separately from that of normal
residual haemopoietic cells, by flow cytometry.®* With this
method, we have found a clear correlation between a high
percentage of S-phase plasma cells (>3%) and poor outcome.’®

Although patients with active MM usually display higher LI
values than those with MGUS or smoldering MM,*®°7-101.102
this is not a reliable parameter for differential diagnosis since
at least one third of symptomatic MM patients have normal
PC LL'*

8. Concluding remarks

Laboratory investigations are essential for myeloma diagno-
sis. Morphologic examination of bone marrow and evaluation
of monoclonal protein are two laboratory procedures required
for definitive diagnosis of MM. Moreover M-component is the
most widely used marker for monitoring the course of the
disease. Regarding biochemical parameters, beta 2-micro-
globulin is still the most relevant and straightforward prog-
nostic factor. Nowadays, flow cytometry is fully integrated
in myeloma clinical practice as a reliable technique for differ-
entiating benign and malignant plasma cells as well as for the
investigation of minimal residual disease. In addition, mea-
surement of cell DNA contents by flow cytometry provides ra-
pid and objective information about the quantitative
abnormalities in the total DNA content per cell, as well as

the cell cycle distribution such as number of S-phase plasma
cells.

Conflict of interest statement

None declared.

Acknowledgements

This work was supported by the Spanish “Fondo de Investi-
gaciones Sanitarias (FIS)” with the grants 01/0089 and Spanish
Myeloma Network GO03-136, by a grant from “Ministerio de
Ciencia y Tecnologia” SAF2004/06587, and from MM Jevit
S.A. firm.

REFERENCES

[uny

. Kyle RA, Rajkumar SV. Multiple myeloma. N Engl ] Med

2004;28(351):1860-73.

2. International Myeloma Working Group. Criteria for the
classification of monoclonal gammopathies, multiple
myeloma and related disorders: a report of the
International Myeloma Working Group. Br ] Haematol
2003;121:749-757.

3. San Miguel JF, Garcia-Sanz R. Prognostic features of multiple
myeloma. Best Pract Res Clin Haematol. 2005;18:569-83.

4. Bartl R, Frisch B, Burkhardt R, et al. Bone marrow histology
in myeloma: Its importance in diagnosis, prognosis,
classification and staging. Br ] Haematol 1982;51:361-75.

5. Greipp PR, Raymond NM, Kyle RA, O’Fallon M. Multiple
myeloma: significance of plasmablastic substype in
morphological classification. Blood 1985;65:305-10.

6. Greipp PR, Leong T, Bennett JM, et al. Plasmablastic
Morphology—An Independent Prognostic Factor With
Clinical and Laboratory Correlates: Eastern Cooperative
Oncology Group (ECOG) Myeloma Trial E9486 Report by the
ECOG Myeloma Laboratory Group. Blood 1998;91:2501-7.

7. Vincent RS, Fonseca R, Lacy MQ, et al. Plasmablastic
Morphology Is an Independent Predictor of Poor Survival
After Autologous Stem-Cell Transplantation for Multiple
Myeloma. Journal of Clinical Oncology 1999;17:1551-7.

8. Schambeck CM, Bartl R, Hochtlen-Vollmar W, et al.
Characterization of Myeloma cells by means of labelling
index, bone marrow histology and serum B,-microglobulin.
Am ] Cli Pathol 1996;106:64-8.

9. Keren DF, Warren JS, Love JB. Strategy to diagnose
monoclonal gammopathies in serum: High-resolution
electrophoresis, immunofixation, and K/quantification.
Clinical Investigation 1988;34:2196-201.

10. Normansell DE. Cost-effective detection of anomalous
immunoglobulins in serum (editorial). Clinical Chemistry
1988;34:2193.

11. Kyle RA, Garton JP. Immunoglobulins and laboratory
recognition of monoclonal proteins. In: Wiernik PH, Canellas
RA, Kyle RA, Schiffer ChA, editors. Neoplastic Diseases of the
Blood. New York: Churchill Livinsgstone; 1991. p. 373-92.

12. Kyle RA. Diagnostic criteria of multiple myeloma.
Haematology/Oncology Clinics of North America 1992;6:347-58.

13. McIntyre OR. Laboratory investigation of myeloma. In:

Malpas JS, Bergsagel DE, Kyle RA, Anderson KC, editors.

Myeloma biology and Management. Oxford University Press;

1998. p. 210-34.



EUROPEAN JOURNAL OF CANCER 42 (2006) I510-1519

1517

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Kyle PA, Bayrd ED. In: Thomas Charles C, editor. The
monoclonal gammopathies: Multiple myeloma and related plasma-
cell disorders. USA: Springfield; 1976.

Boccadoro M, Pileri A. Plasma cell dyscrasias: Classification,
clinical and laboratory characteristics, and differential
diagnosis. Bailliere’s Clinical Haematology 1995;8:705-19.

Kang SY, Suh JT, Lee HJ, Yoon H]J, Lee WI. Clinical usefulness
of free light chain concentration as a tumour marker in
multiple myeloma. Ann Haematol 2005;84:588-93.

Tate JR, Gill D, Cobcroft R, Hickman PE. Practical
Considerations for the Measurement of Free Light Chains in
Serum. Clin Chem. 2003;49:1252-7.

Greipp PR. Monoclonal Gammopathies: New approaches to
clinical problems in diagnosis and prognosis. Blood Reviews
1989;3:222-36.

Witzig TE, Gertz MA, Lust JA, Kyle RA, O’Fallon WM, Greipp
PR. Peripheral blood monoclonal plasma cells as predictor of
survival in patients with multiple myeloma. Blood
1996;88:1780-7.

Rawstron AC, Owen RG, Davies FE. Circulating plasma cells
in multiple myeloma: characterization and correlation with
disease stage. Br ] Haematol 1997;97:46-55.

Nowakowski GS, Witzig TE, Dingli D, et al. Circulating
plasma cells detected by flow cytometry as a predictor of
survival in 302 patients with newly diagnosed multiple
myeloma. Blood 2005;106:2276-9.

San Miguel JF, Sanchez Y, Gonzdlez M. Prognostic factors and
classification in multiple myeloma. Br. J. Cancer
1989;59:113-8.

Bataille R, Grenier ], Sany J. Beta-2-microglobulin in
myeloma: optimal use for staging, prognosis and treatment:
A prospective study of 160 patients. Blood 1984;63:468-76.
Garewal H, Durie BGM, Kyle RA, Finley P, Bower B, Serokman
R. Serum B2-microglobulin in the initial staging and
subsequent monitoring of monoclonal plasma cell disorders.
J. Clin. Oncol 1984;2:51-7.

Boccadoro M, Omede P, Frieri R, et al. Multiple myeloma:
beta-2-microglobulin is not a useful follow-up parameter.
Acta Haematol. 1989;82:122-5.

Cuzick J, De Stavola BL, Cooper EH, et al. Long-term
prognostic value of serum beta-2-microglobulin in
myelomatosis. Br.J. Haematol. 1990;75:506-10.

Bataille R, Boccadoro M, Klein B, Durie B, Pileri A. C-Reactive
Protein and B-2 Microglobulin Produce a simple and Poweful
Myeloma Staging System. Blood 1992;80:733-7.

Kyle RA. Monoclonal gammopathy of undetermined
significance and solitary plasmacytoma: Implications for
progression to overt multiple myeloma. Haematology/
Oncology Clinics of North America 1997;11:71-88.

Pelliniemi TT, Irjala K, Mattila K, et al. Immunoreactive
Interleukin-6 and Acute phase proteins as prognostic factors
in Multiple Myeloma. Finnish Leukaemia Group. Blood
1995;85:765-71.

San Miguel JF, Garcia-Sanz R, Gonzdlez M, et al. A new
staging system for multiple myeloma based on the number
of S-phase plasma cells. Blood 1995;85:448-55.

Greipp PR, San Miguel ], Durie BG, et al. International
staging system for multiple myeloma. J Clin Oncol.
2005;23:3412-20.

Hallek M, Bergsagel PL, Anderson KC. Multiple Myeloma:
Increasing evidence for a multistep transformation process.
Blood 1998;91:3-21.

Klein B. Cytokine, cytokine receptors, transduction signals
and oncogenes in multiple myeloma. Semin Haematol
1995;32:4-19.

LustJA, Donovan KA, Kline MP, Greipp PR, Kyle RA, Maihle NJ.
Isolation of an mRNA encoding a soluble form of the human
interleukin-6 receptor. Cytokine 1992;4:96-100.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Gaillard JP, Bataille R, Brailly H, et al. Increased and highly
stable levels of functional soluble interleukin-6 receptor in
sera of patients with monoclonal gammopathy. Eur ] Immunol
1993;23:820-4.

Filella X, Blade J, Guillermo AL, Molina R, Rozman C, Ballesta
AM. Cytokines (IL-6, TNF-alpha, IL-1 alpha) and soluble
interleukin-2 receptor as serum tumour markers in multiple
myeloma. Cancer Detect Prev 1996;20:52-6.

Papadaki H, Kyriakou D, Foudoulakis A, Markidou F,
Alexandrakis M, Eliopoulos GD. Serum levels of saluble IL-6
receptor in multiple myeloma as indicator of disease activity.
Acta Haematol 1997;97:191-5.

Bataille R, Jourdan M, Zhang XG, Klein B. Serum levels of
interleukin 6, a potent myeloma cell growth factor, as a
reflect of disease severity in plasma cell dyscrasias. J. Clin.
Invest 1989;84:2008-11.

Pulkki K, Pelliniemi RT, Rajamaki A, et al. Soluble
interleukin-6 receptor as a prognostic factor in multiple
myeloma. Finnish Leukaemia Group. Br ] Haematol
1996;92:370-4.

Du Villard L, Guiguet M, Casanovas RO, et al. Diagnostic
value of serum IL-6 level in monoclonal gammopathies. Br J
Haematol 1995;89:243-9.

Ohtani K, Ninomiya H, Hasegawa Y, et al. Clinical
significance of elevated soluble interleukin-6 receptor levels
in the sera of patients with plasma cell dyscrasias. Br J
Haematol 1995;91:116-20.

Anderson KC, Park EK, Bates PM, et al. Antigens on human
plasma cells identified by monoclonal antibodies. ] Immunol
1983;130:1132-8.

Wijdenes J, Vooijs WC, Clement C, Post ], Morard FA.
plasmocyte selective monoclonal antibody (B-B4) recognizes
syndecan-1. Br ] Haematol 1996:318-23.

. Gonchoroff NJ, Katzmann JA, Gharton JP, et al. A monoclonal

antibody reactive with a subset of human plasma cells. Br J
Haematol 1986;62:919-30.

Jackson N, Ling NR, Ball J, Nathan PD, Franklin IM. An
analysis of myeloma plasma cell phenotype using antibodies
defined at the III international workshop on human
leucocyte differentiation antigens. Clin Exp Immunol
1988;72:351-6.

Epstein ], Xiao H, Xy H. Markers of multiple haematopoietic
lineages in multiple myeloma. N Engl ] Med 1990;322:644-68.
Barker HF, Hamilton MS, Ball J, Drew M, Franklin IM.
Expression of adhesion molecules LFA-3 and N-CAM on
normal and malignant human plasma cells. Br ] Haematol
1992;81:331-5.

Harada H, Kawano MM, Huang N, et al. Phenotypic
difference of normal plasma cells from mature myeloma
cells. Blood 1993;81:2658-63.

Kawano MM, Huang N, Harada H, et al. Identification of
immature and mature myeloma cells in the bone marrow of
human myelomas. Blood 1993;82:564-70.

Ruiz-Argiielles GJ, San Miguel JF. Cell surface markers in
multiple myeloma. Mayo Clinic Proceedings 1994;69:684-90.
San Miguel JF, Garcia-Sanz R, Gonzalez M, Orfao A.
Immunophenotype and DNA cell content in multiple
myeloma. Bailliere’s Clin Haematol 1995;8:735-59.

Ocqueteau M, Orfao A, Garcia-Sanz R, Almeida J, Gonzalez M,
San Miguel JF. Expression of the CD117 antigen (c-kit) on
normal and myelomatous plasma cells. Br ] Haematol
1996;95:489-93.

Ocqueteau M, San Miguel JF, Gonzalez M, Almeida J, Orfao A.
Do myelomatous plasma cells really express surface
immunoglobulins? Haematologica 1996;81:460-3.

Drew M, Barker HF, Ball J, Pearson C, Cook G, Franklin I. Very
late antigens (VLA) expression by normal and neoplastic
human plasma cells; including an assessment of antibodies



1518

EUROPEAN JOURNAL OF CANCER 42 (2006) I5I0-I5I9

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

submitted to the VTH International Workshop on Leukocyte
Differentiation Antigens using human myeloma cell lines.
Leuk Res 1996;20:619-24.

Helfrich MH, Livingston E, Franklin IM, Soutar RL. Expression
of adhesion molecules in malignant plasma cells in multiple
myeloma: comparison with normal plasma cells and
functional significance. Blood Rev 1997;11:28-38.

Almeida J, Orfao A, Mateo G, et al. Immunophenotypic and
DNA content characteristics of plasma cells in multiple
myeloma and monoclonal gammopathy of undetermined
significance. Pathologie Biologie 1999;47(2):119-27.

Lin P, Owens R, Tricot G, Wilson CS. Flow cytometric
immunophenotypic analysis of 306 cases of multiple
myeloma. Am J Clin Pathol 2004;121(4):482-8.

Mateo G, Castellanos M, Rasillo A, et al. Genetic
abnormalities and patterns of antigenic expression in
multiple myeloma. Clin Cancer Res 2005;11(10):3661-7.

San Miguel JF, Gonzalez M, Gascén A, et al.
Immunophenotype heterogeneity of multiple myeloma:
Influence on the biology and clinical course of the disease. Br
J Haematol 1991;77:185-90.

Harada Y, Kawano MM, Huang N, et al. Identification of early
plasma cells in peripheral blood and their clinical
significance. Br ] Haematol 1996;92:184-91.

Leo R, Boeker M, Peest D, et al. Multiparameter analysis of
normal and malignant human plsam cells: CD38++, CD56+,
CD54+, clg+ is the common phenotype of myeloma cells. Ann
Haematol 1992;64:132-9.

Pellat- Deceunynck C, Bataille R, Robillard N, et al.
Expression of CD28 and CD40 in human myeloma cells: A
comparative study with normal plasma cells. Blood
1994;84:2597-603.

Tominaga N, Katahiri S, Ohnishi M. Analysis of surface
antigen expression of human immunoglobulin-secreting
cells: phenotype heterogeneity in normal counterparts of
myeloma cells. Br ] Haematol 1989;73:302-8.

San Miguel JF, Caballero MD, Gonzélez M, Zola H, Lopez-
Borrasca A. Immunological phenotype of neoplasms
involving the B cell in the last step of differentiation. Br J
Haematol 1986;62:75-83.

Treon SP, Pilarski LM, Belch AR, et al. CD20-directed
serotherapy in patients with multiple myeloma: biologic
considerations and therapeutic applications. ] Immunother
2002;25:72-81.

Omede P, Boccadoro M, Fusaro A, Gallone G, Pileri A. Multiple
myeloma: early plasma cell phenotype identifies patients
with aggresive biological and clinical characteristics. Br ]
Haematol 1993;85:504-13.

Schneider U, Lessen AV, Huhn D, Serke S. Two subsets of
peripheral blood plasma cells defined by differential
expression of CD45 antigen. Br ] Haematol 1997;97:56-64.
Jego G, Robillard N, Puthier D, et al. Reactive
Plasmacytoses Are Expansions of Plasmablasts Retaining
the Capacity to Differentiate Into Plasma Cells. Blood
1999;94:701-12.

Medina F, Segundo C, Campos-Caro A, Gonzalez-Garcia I,
Brieva JA. The heterogeneity shown by human plasma cells
from tonsil, blood, and bone marrow reveals graded stages of
increasing maturity, but local profiles of adhesion molecule
expression. Blood 2002;6:2154-61.

Pellat-Deceunynck C, Barille S, Puthier D, et al. Adhesion
molecules on human myeloma cells: significant changes in
expression related to malignancy, tumour spreading and
immortalization. Cancer Res 1995;55:3647-53.

Teoh G, Anderson KC. Interation of tumour and host cells
with adhesion and extracellular matrix molecules in the
development of multiple myeloma. Haematol Oncol Clin North
Am 1997;11:27-40.

72

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

. Vidriales MB, Anderson KC. Adhesion of multiple myeloma
cells to the bone marrow microenvironment: implications
for future therapeutic strategies. Mol Med Today
1996;2:425-31.

Van Camp B, Durie BGM, Spier C, et al. Plasma cells in
multiple myeloma express a natural killer cell-associated
antigen: CD56 (NKH-1; Leu-19). Blood 1990;76:377-82.
Garcia-Sanz R, Orfao A, Gonzalez M, et al. Primary plasma
cell leukaemia: clinical, immunophenotypic, DNA ploidy,
and cytogenetic characteristics. Blood 1999;93:1032-7.

Pope B, Brown RD, Gibson J, Yuen E. B7-2-positive myeloma:
incidence, clinical characteristics, prognostic significance,
and implications for tumour immunotherapy. Blood
2000;96:1274-9.

Robillard N, Jego G, Pellat-Deceunynck C. CD28, a marker
associated with tumoural expansion in multiple myeloma.
Clin Cancer Res 1998;4:1521-6.

Shapiro VS, Mollenauer MN, Weiss A. Endogenous CD28
expressed on myeloma cells up-regulates interleukin-8
production: implications for multiple myeloma progresién.
Blood 2001;98:187-93.

Mateo G, Gutierrez NC, Lopez-Berges C, et al.
Immunophenotype of the malignant clone. Implications for
management. Haematologica 2005;90(S1).

Moreau P, Robillard N, Avet-Loiseau H, et al. Patients with
CD45 negative multiple myeloma receiving high-dose
therapy have it shorter survival than those with CD45
positive multiple myeloma. Haematologica 2004;89:547-51.
Zandecki M, Facon T, Bernardi F, et al. CD19 and
immunophenotype of bone marrow plasma cells in
monoclonal gammopathy of undetermined significance. ]
Clin Pathol 1995;48:548-52.

Ocqueteau M, Orfao A, Almeida J, et al. Immunophenotypic
characterization of plasma cells from monoclonal
gammopathy of undetermined significance (MGUS) patients,
Implications for the differential diagnosis between MGUS
and Multiple Myeloma. Am J Pathol 1998;152:1655-65.
Rawstron AC, Fenton ], Gonzalez D, et al. High-risk MGUS:
identification by immunophenotype, karyotype and clonal
homogeneity. Blood 2003;102(11).

Perez-Andres M, Almeida J, Martin-Ayuso M, et al. Clonal
plasma cells from monoclonal gammopathy of
undetermined significance, multiple myeloma and plasma
cell leukaemia show different expression profiles of
molecules involved in the interaction with the
immunological bone marrow microenvironment. Leukaemia
2005;19:449-55.

San Miguel JF, Vidriales MB, Ocio E, et al. Immunophenotypic
analysis of Waldenstrom’s Macroglobulinemia. Semin Oncol
2003;30:187-95.

Rawstron AC, Davies FE, DasGupta R, et al. Flow cytometric
disease monitoring in multiple myeloma: the relationship
between normal and neoplastic plasma cells predicts
outcome after transplantation. Blood 2002;100:3095-100.
Almeida ], Orfao A, Ocqueteau M, et al. High-sensitive
immunophenotyping and DNA ploidy studies for the
investigation of minimal residual disease in multiple
myeloma. Br ] Haematol 1999;107:121-31.

San Miguel JF, Almeida J, Mateo G, et al. Immunophenotypic
evaluation of the plasma cell compartment in multiple
myeloma: a tool for comparing the efficacy of different
treatment strategies and predicting outcome. Blood
2002;99:1853-6.

San Miguel JF, Garcia-Sanz R, Gonzdalez M, Orfao A. DNA cell
content studies in multiple myeloma. Leuk & Lymphoma
1996;23:33-41.

Danova M, Riccardi A, Ucci G, Luoni R, Giordano M, Mazzini
G. Ras oncogene expression and DNA content in plasma cell



EUROPEAN JOURNAL OF CANCER 42 (2006) I510-1519

1519

90.

91.

92.

93.

94.

95.

96.

dyscrasias: a flow cytofluorimetric study. Br ] Cancer
1990;62:781-5.

Shimazaki C, Gotoh H, Ashihara E, et al. Inmunophenotype
of DNA contents of myeloma cells in primary plasma cell
leukaemia. Am J Haematol 1992;39:159-62.

Tienhaara A, Pelliniemi TT. Flow cytometric DNA analysis
and clinical correlations in multiple myeloma. Am J Clin
Pathol 1991;97:322-30.

Duque RE, Andreef M, Braylan RC, Diamond LW, Peiper SC.
Consensus review of the clinical utility of DNA flow
cytometry in neoplastic haematopathology. Cytometry
1993;14:492-6.

Orfao A, Garcia-Sanz R, Lopez-Berges MC, et al. A new
method for the analysis of plasma cell DNA content in
multiple myeloma samples using a CD38/Propidium iodide
double staining technique. Cytometry 1994;17:332-9.

Morgan RJ, Gonchoroff NJ, Katzmann JA, Witzig TE, Kyle RA,
Greipp PR. Detection of hypodiploidy using multi-parameter
flow cytometric analysis: a prognostic indicator in multiple
myeloma. Am ] Haematol 1989;30:195-200.

Tafuri A, Meyers ], Lee BJ, Andreeff M. DNA and RNA flow
cytometric study in multiple myeloma. Clinical correlations.
Cancer 1991;67:449-54.

Garcia-Sanz R, Orfao A, Gonzalez M, et al. Prognostic
implications of DNA aneuploidy in 156 untreated multiple
myeloma patients. Br ] Haematol 1995;90:106-12.

97.

98.

99.

100.

101.

102.

103.

Leo E, Kropff M, Lindemann A, et al. DNA aneuploidy,
increased proliferation and nuclear area of plasma cells in
monoclonal gammopathy of undetermined significance
and multiple myeloma. Anal Quant Cytol Histol
1995;17:113-20.

Durie BGM, Salmon SE, Moon TE. Pretreatment tumour
mass, cell kinetics and prognostic in multiple myeloma.
Blood 1980;55:364-9.

Joshua D, Petersen A, Brown R, et al. The labelling index of
primitive plasma cells determines the clinical behaviour of
patients with myelomatosis. Br ] Haematol 1996;94:76-81.
Greipp PR, Lust JA, O’Fallon M, et al. Plasma cell labelling
index and f,-microglobulin predict survival independent of
thymidine kinase and C-reactive protein in multiple
myeloma. Blood 1993;81:3382-7.

Garcia-Sanz R, Gonzalez-Fraile MI, Mateo G, et al.
Proliferative activity of plasma cells is the most relevant
prognostic factor in elderly multiple myeloma patients. In J
Cancer 2004;112:884-9.

Steensma DP, Gerzt M, Greipp FR, et al. A high bone marrow
plasma cell labelling index in stable plateau-phase multiple
myeloma is a marker for early disease progression and
death. Blood 2001;97:2522-3.

Kyle RA. Monoclonal gammopathy of undetermined
significance (MGUS). Bailliere’s Clinical Haematology
1995;8:761-81.



	Conventional diagnostics in multiple myeloma
	Introduction
	Morphology
	Electrophoretic analysis of monoclonal�proteins
	Detection and identification of monoclonal proteins
	Quantitation of immunoglobulins and evaluation of response to treatment
	Analysis of urine

	Haematological parameters
	Biochemical markers and cytokines
	Conventional markers
	Cytokines and acute phase reactants

	Immunophenotypic studies in MM
	Immunophenotype of myelomatous plasma cells
	Immunophenotypic studies for the differential�diagnosis of different monoclonal gammopathies
	Immunophenotypic studies for the investigation of�minimal residual disease (MRD)

	DNA ploidy studies and proliferative�activity of PC
	Concluding remarks
	Conflict of interest statement
	Acknowledgements
	References


