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CLINICAL BOTTOM LINE 
 
Flow cytometric immunphenotyping is considered to be mandatory for the diagnosis, classification and 
monitoring of disease in monoclonal gammopathies. Moreover, it a useful diagnostic tool for clinical practice 
and has various applications, such as its ability to distinguish between normal, reactive and malignant plasma 
cells, to evaluate the risk of progression from monoclonal gammopathy of undetermined significance to plasma 
cell myeloma, to provide prognostic information, to evaluate the presence of minimal residual disease and to 
identify new therapeutic targets. The incorporation of novel therapies in the management of patients diagnosed 
with plasma cell neoplasms has increased extent and frequency of response, as well as prolonged progression 
free and overall survival. Along with these improvements in therapeutic strategies, the definition of responses 
to treatment has evolved over time. It was therefore necessary to develop reproducible and sensitive assays 
for detection and monitoring of minimal residual disease and to define its prognostic value in predicting 
progression free and overall survival, to allow for consolidation and maintenance therapeutic strategies, and to 
evaluate the efficacy of novel therapies. The aim of this critically appraised topic is to review the clinical value of 
flowcytometry in plasma cell neoplasms, and emphasize those areas were consensus exists to incorporate 
flowcytometry into routine evaluation of multiple myeloma and other clonal plasma cell related disorders. 
 
CLINICAL/DIAGNOSTIC SCENARIO 
 
Plasma cell neoplasms are monoclonal proliferations of plasma cells in the bone marrow (BM) and are 
characterized by the secretion of monoclonal immunoglobulins (heavy and/or light chain M-protein (or 
paraprotein)) [1,2] Presence of an M-protein in serum or urine can be due to the presence of malignant 
diseases, like multiple myeloma (MM) and lymphoplasmocytoid lymphoma, or it can be a result of a benign or 
(pre-) malignant disease of which monoclonal gammopathy of undetermined significance (MGUS) and 
smoldering multiple myeloma (SMM) are the most important. In most of the cases, there is a decreased 
concentration of polyclonal, normal immunoglobulins. According to the World Health Organization (WHO), 
plasma cell neoplasms are categorized into five entities that are listed in table 1 [1].  
 

Monoclonal gammopathy of undetermined significance (MGUS) 
Plasma cell myeloma (multiple myeloma) 
 Asymptomatic (smoldering) myeloma 
 Non-secretory myeloma 
 Plasma cell leukemia 
Plasmacytoma 
 Solitary plasmacytoma of bone 
 Extra-osseous (extramedullary) plasmacytoma 
Immunoglobulin deposition diseases 
 Primary amyloidosis 
 Systemic light and heavy chain deposition disease 
Osteosclerotic myeloma (POEMS syndrome) 

 
Table 1. Overview of the different plasma cell neoplasms according to the WHO [1]. 
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MGUS and SMM are asymptomatic, premalignant disorders characterized by monoclonal plasma cell 
proliferation in the BM and absence of end-organ damage, such as osteolytic bone lesions, anemia, or renal 
failure [1,3]. Classification of both diseases is mainly based on serum monoclonal M-protein concentrations and 
BM plasmacytosis (see attachment 1) [1,4]. As in most cases, patients with MGUS are asymptomatic and M-
protein is detected accidently. Risk of progression to malignancy is substantially different between both 
disorders, i.e. 1% per year for MGUS versus 10-20% per year for SMM. This difference in the risk of 
progression implicates that patients with MGUS and SMM are managed differently in terms of frequency, 
follow-up and development of chemo-preventive strategies [3]. MM arises from an asymptomatic premalignant 
proliferation of monoclonal plasma cells that accumulate in the BM and produce lytic bone lesions and 
excessive amounts of monoclonal protein. The diagnosis of MM requires the examination of BM, showing 
plasma cell infiltration, detection and quantification of monoclonal protein in the serum or urine and evidence 
of end-organ damage (hypercalcemia, renal insufficiency, anemia or bone lesions) (see attachment 1). Today, 
MM is still considered an incurable disease; although the introduction of novel therapies has changed the way 
the disease is approached and managed (see below) [5]. 
In the absence of definitive cure, the goal of treatment is to improve patients’ long-term outcomes, including 
prolonging progression-free survival (PFS) and overall survival (OS). Numerous disease-related factors are of 
prognostic importance for OS, including the International Staging System (ISS), β2-microglobulin, albumin, C-
reactive protein and lactate dehydrogenase levels, cytogenetic abnormalities, plasma cell labeling index and 
renal impairment. Given this range of factors, and the highly heterogeneous nature of MM patients, determining 
the prognosis for long term OS is a rather complex issue. 
One important factor widely associated with improved PFS and OS in MM, is a patient’s quality of response to 
treatment, and in particular the achievement of a sustained complete response (CR). CR represents elimination 
of detectable disease by currently available laboratory methods (see table 2) [6]. From a historical point of 
view, the chance of achieving CR in newly diagnosed MM patients was low, as CR was merely obtained with 
conventional chemotherapy, such as melphalan [7,8,9,10] and prednisone or vincristine, doxorubicin, and 
dexamethasone [11,12,13,14,15,16]. Although these regimens demonstrated anti-myeloma activity in more than 
half of the patients, treatment was generally not sufficient intensive to eliminate residual disease burden. This 
changed with the introduction of high-dose melphalan therapy plus autologous stem-cell transplant (ASCT) 
therapy; substantially higher CR rates (up to 50%) were achieved in patients undergoing transplantation, and 
this was associated with improved outcomes, including PFS and OS [17,18,19,20]. More recently, regimens 
incorporating the novel agents bortezomib, thalidomide, and lenalidomide have demonstrated very high CR 
rates in both newly diagnosed and relapsed MM compared with previous conventional chemotherapeutic 
approaches [21,22]. Nonetheless, within those patients considered to be in CR, still a significant fraction of 
them relapse as a consequence of the persistence of minimal residual disease (MRD) that remained 
undetectable by conventional criteria for CR (i.e. BM morphology, protein electrophoresis with 
immunofixation and light chain quantification). An overview of the different diagnostic and analytical techniques 
for detection of myeloma disease burden in patients with plasma cell neoplasms is listed in table 2. 
 
Technique Disease burden assessment 

Serum/urine protein electrophoresis 
Detection and quantitation of monoclonal proteins/light chains in the serum/urine 
(sensitivity 1-2 g/L) 

Serum/urine immunofixation Detection of monoclonal proteins in the serum/urine (sensitivity 150-500 mg/L) 

Serum free light chain assay 
Quantitation of free kappa and lambda immunoglobulin light chains in the serum; ratio of 
kappa/lambda light chains (sensitivity < 1 mg/L) 

Bone marrow aspirate/biopsy 
Cytomorphological assessment of percentage of myeloma plasma cells in the BM marrow 
(sensitivity < 5%) 

Immunohistochemistry/immunofluorescence 
Quantitation of myeloma plasma cells in BM tissue/cell samples via antibody-antigen 
interaction (sensitivity 10-2 – 10-3) 

Immunophenotyping 
Automated cell-by-cell quantitation of myeloma plasma cells in BM samples via multiple 
antibody-antigen interactions (sensitivity 10-4) 

Real-time quantitative polymerase chain reaction 
Identification of residual tumor cells based on presence of patient-specific selected 
immunoglobulin heavy chain genomic rearrangements (sensitivity 10-6) 

Magnetic resonance imaging Identification of focal lesions in the BM (sensitivity 0.5 cm lesion size) 

 
Table 2. Overview of the diagnostic and analytical techniques for the detection of myeloma disease burden. 
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Multiparameter flow cytometry (MFC) immunophenotyping is considered to be mandatory for the diagnostic 
characterization of neoplastic cells and monitoring of MRD in a vast number of hematological malignancies [23]. 
The input of MFC into the clinical management of patients with clonal plasma cell disorders has faced some 
reluctance. This was mainly attributed to the lack of plasma cell specific markers and the lower plasma cells 
frequencies usually detected in BM samples by MFC compared to morphological approaches. Moreover, 
variable or even discrepant results have been reported concerning the precise phenotype of clonal plasma cells 
and its clinical correlations, especially in MM and MGUS. On the contrary, immunophenotyping has shown to 
provide accurate assessment of the expression of multiple specific plasma cell markers, specific information on 
individual plasma cells, and to allow clear discrimination between aberrant and both normal and reactive plasma 
cells, even when they are present at very low frequencies [23]. 
 
QUESTION(S) 
 
1) Which immunophenotypic markers can be used for the differentiation between normal, reactive and 

aberrant plasma cells? 
2) What is the prognostic value of the different immunophenotypic markers used for characterization of 

plasma cells in plasma cell neoplasms? 
3) What is the role of MRD monitoring of plasma cells in patients with plasma cell neoplasms? Is flow-based 

MRD a well suited technique for MRD assessment in plasma cell neoplasms? 
4) Can flow cytometric detection of plasma cells tailor therapy in patients with plasma cell neoplasms? 

 
SEARCH TERMS 
 
1) MeSH Database (PubMed): MeSH term: “multiple myeloma”[MeSH], “flow cytometry”[MeSH], 

“monoclonal gammopathies” [MeSH], “immunophenotyping” [MeSH], “minimal residual disease” [MeSH], 
“plasma cells” [MeSH], “diagnosis” [MeSH], “follow-up” [MeSH], Amyloïdosis [MeSH] 

2) Pubmed Clinical Queries (from 1966; http://www.ncbi.nlm.nih.gov/entrez/query.fcgi): Systematic revieuws; 
Clinical Queries using Research Methodology Filters (diagnosis + specific, diagnosis + sensitive, prognosis + 
specific) 

3) Pubmed (Medline; from 1966), SUMSearch (http://sumsearch.uthscsa.edu/), National Guideline 
Clearinghouse (http://www.ngc.org/), Institute for Clinical Systems Improvement (http://www.icsi.org), The 
National Institute for Clinical Excellence (http://www.nice.org.uk/), Cochrane (http://www.update-
software.com/cochrane, Health Technology Assessment Database 
(http://www.york.ac.uk/inst/crd/htahp.htm) 

4) IMWG guidelines 
(http://myeloma.org/IndexPage.action?tabId=0&indexPageId=155&categoryId=0&parentNuggetId=33); EMN 
guidelines (http://myeloma-europe.org.linux9.curanetserver.dk); Euroflow protocols 
(http://www.euroflow.org/usr/pub/pub.php);   

5) UpToDate Online version 22.2 (2014) 
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APPRAISAL 
 
 
1. IMMUNOPHENOTYPIC CHARACTERISTICS OF PLASMA CELLS 
 
1.1. APPLICATION OF IMMUNOPHENOTYPING IN PLASMA CELL NEOPLASIA 
 
Many studies have shown high clinical sensitivity of flow cytometry in the analysis of malignant plasma cells 
when compared to conventional morphology [24]. The identification of markers that allow the identification of 
plasma cells among other hematopoietic cells, and the identification of aberrant plasma cell phenotypes that 
enable us to discriminate between normal and neoplastic plasma cells, means we can identify, characterize and 
enumerate plasma cells even when few cells are present [25]. Although significant differences in the BM plasma 
cell percentages have been found between morphological and flow cytometric analysis, in many cases flow 
cytometry results showed less plasma cells than morphological analysis. Proposed reasons for this have been 
described as (i) contamination by peripheral blood, (ii) existence of small plasma cell clusters, (iii) fragility of 
plasma cells during sample preparation and (iv) unavailability of first pull BM aspirate for flow cytometry 
[25,26,27].  
The advantages of flow cytometry in the diagnosis and monitoring of monoclonal gammopathies can be 
categorized into three main topics: (a) primary diagnosis of myeloma and other plasma cell disorders, based on 
the presence of plasma cells in the BM and demonstration that a proportion are immuno-phenotypically 
abnormal, monoclonal or not reactive; (b) the identification of independent prognostic markers, in particular 
those predicting the risk of progression for patients with MGUS and smoldering myeloma based on the relative 
proportions of abnormal and normal plasma cells, (c) quantitative evaluation of MRD levels for assessing 
efficacy of treatment and prediction of outcome, as well as the determination of stringent complete remission 
as defined by the International Myeloma Working Group (IMWG) (see below). Additionally, it may also be 
useful for (iv) the definition of prognosis associated antigenic profiles and (v) the identification of new 
therapeutic targets [23,24]. 
 
1.2. IMMUNOPHENOTYPIC IDENTIFICATION AND CHARACTERIZATION OF PLASMA CELLS 
 
Multiparameter immunophenotyping based on multiple monoclonal antibody staining’s allows unequivocal 
identification, quantification and further characterization of plasma cells, even when they are present in small 
percentages. It displays unique features for the study of biological samples containing plasma cells: it allows (i) 
simultaneously analysis of multiple parameters on a single cell basis, (ii) the study of high numbers of cells 
within a relatively short period of time, (iii) storage of information about individual cells for latter analyses, (iv) 
quantitative evaluation of antigen expression, and (v) combined detection of surface and intracellular antigens. 
 
1.2.1. Universal markers to detect plasma cells 
 
In a first step, a primary gating strategy aimed at the specific identification of plasma cells should be used. 
CD138 and CD38 are the most efficient antibodies for specific and universal identification of plasma cells. 
These markers, along with CD45 and light scatter characteristics; represent the best combination for the 
specific identification of plasma cells in hematological samples and its discrimination from other populations of 
leucocytes and hematopoietic cells [25,28,29].  
CD138 or syndecan-A is a molecule belonging to the heparin sulfate family that mediates cell-to-cell adhesion 
by heparin binding molecules expressed by adjacent cells, like epithelial, mesenchymal and carcinoma cells. In 
human hematopoietic cells, CD138 expression is restricted to both plasma and myeloma cells. Studies of 
plasma cell differentiation show that CD138 must be considered as a differentiation antigen: CD138 expression 
appears after the plasma blastic stage. CD138- plasma blasts are plasma cell progenitors that differentiate into 
CD138-bright positive plasma cell precursors retaining some proliferative ability before final maturation into 
non-dividing CD138+ plasma cells [30,31]. CD138 expression is specific for plasma cells, although plasma cells 
expressing low levels of CD138 have been frequently reported and CD138- plasma cells are present in 
peripheral blood [23,32,33]. 
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In contrast, CD38 is an antigen widely expressed on both hematopoietic and non-hematopoietic cells (mainly T 
and B-cells) that shows uniquely high amounts on normal plasma cells but can be expressed at lower levels in 
myelomateous plasma cells. Although widely expressed on hematopoietic cells, the uniquely bright intensity of 
CD38 typically observed on plasma cells, clearly higher than that found for other hematopoietic cell 
populations, is considered as a “specific” plasma cell profile [34]. In 1994, Pellat-Deceuninynck identified the 
applicability of CD138 and CD38 in recognition of normal and malignant plasma cells by flow cytometry [35]. 
Further, Terstappen has shown strong association between CD38 and CD138 in plasma cells [36]. 
Along with CD138 and CD38, CD45, which is a leucocyte common antigen found in all haematopoietic cells, 
with the exception of platelets and red blood cells [37], can be used in the primary gating strategy to identify 
plasma cells. CD45 is well known for its function as a key regulator of antigen-mediated signaling and activation 
in B and T lymphocytes [38]. In MM patients, two distinct plasma cell populations can be identified based on 
CD45 expression. These populations are characterized by diminished to negative expression of CD45 and 
intermediate to bright expression of CD45 [39,40,41]. Most reports agree that CD45- phenotype represents 
the malignant plasma cell population in MM. CD56 expression strongly correlates with CD45- plasma cells. 
Similarly, CD138 is also highly expressed on CD45- cells rather than CD45+ cells. Conversely, CD45+ plasma 
cells were reported to express more often CD44 and CD11b [42]. The presence of CD45- plasma cells is 
associated with poorer outcome and worse overall survival rate compared to CD45+ plasma cells. The poor 
outcome of CD45- phenotype might be due to other intrinsic factors influencing malignancy, such as change of 
ploidy or cell kinetics, especially at the time of relapse [43]. 
The process of gating plasma cells based on CD138, CD38, CD45 and light scatter characteristics, together 
with the usage of additional multiple staining provides the basis for the accurate immunophenotypic 
characterization of plasma cells and subsequent discrimination between phenotypically aberrant (clonal) and 
normal/reactive (polyclonal) plasma cells [25]. The different possible gating strategies are presented in figure 1. 
 

 
Figure 1. Gating strategies for the identification and enumeration of plasma cells in a patient with MM. The boxed events 
represent gated plasma cells. FITC, fluorescein isothiocyanate; PO-A, Pacific Orange, PB-A, Pacific Blue. 
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1.2.2. Further characterization of plasma cells 
 
Multicentric studies have clearly shown that the phenotypic characteristics of clonal plasma cells differ from 
their normal counterpart in terms of antigenic expression [25,28,34,44]. Antigens associated with aberrant 
plasma cell expression include CD28, CD56 and/or CD117, and frequent loss of CD19 and CD45 [28]. No 
single marker can differentiate neoplastic plasma cells from normal plasma cells. 
 
1.2.2.1. Expression of CD19 and CD56 in myeloma cells 
 
As compared to normal plasma cells, myeloma cells overexpress CD56 (NCAM – Neural Cell Adhesion 
Molecule), a marker of NK cells [28]. However, myeloma cells circulating into the peripheral blood usually lack 
CD56, whereas myeloma cells located in pleural or ascites fluids express CD56 [35,45,46]. CD56 mediates 
cell-cell and cell-matrix interactions and loss of CD56 expression could accelerate the process of metastatic 
spread [47,48]. Additionally, a lack of CD56 expression is associated with less osteolysis, which is confirmed by 
the fact that patients with CD56 MM have more osteolytic lesions [35,49,50]. CD56 is very frequently 
overexpressed in BM, but less in extra medullary blood sites [46]. Measurement of CD56 expression and its 
intensity may therefore be helpful for distinguishing MGUS, MM, extra medullary plasmacytoma and plasma cell 
leukemia [46,51,52]. 
Lack of CD19, a pan B-cell marker, is observed frequently in patients with MM and constitutes a marker of 
plasma cell malignancy. Normal plasma cells retain CD19 expression, but a subpopulation may lack CD19 
expression. An early study reported negative CD19 expression in MGUS [53]; however contrary to this study, 
Harada and Zandecki defined CD19 expression in MGUS [34,54]. CD19 intensity and expression on MGUS 
plasma cells was diminished when compared to normal plasma cells, but higher than on myeloma cells. Loss of 
CD19 was found to be associated with tumor progression in MGUS and MM patients. Mahmoud showed that 
increased expression of CD19 on myeloma cell lines lead to growth inhibition and reduced tumorigenicity [55]. 
CD19 expression in MGUS plasma cells thus defines the non-malignant population; loss of CD19 by MGUS 
plasma cells in parallel with alterations of other phenotypic markers might represent disease progression. 
Several groups described two different populations of normal and malignant plasma cells in the BM of patients 
diagnosed with MGUS and MM. Normal plasma cells are characterized by low forward/side scatter (FSC/SSC) 
along with high CD38 expression, and CD19+ and CD56- immunophenotype. Malignant plasma cells are 
CD19- / CD56+ or CD19-/ CD56- with high FSC/SSC and low CD38 expression [56,57,58]. 
 
1.2.2.2. Expression of CD28 in myeloma cells 
 
CD28 antigen, a T-cell specific marker, is not expressed on normal plasma cells but is found consistently and 
brightly on malignant plasma cells [24]. Myeloma cells express one co-receptor of CD28, CD86, but not the 
other one, CD80. CD28 is not involved in myeloma proliferation and survival, but CD28 triggering induced 
chemokine secretion [59]. Expression of CD28 increases with disease progression since its expression 
frequency increases with relapse [60]. CD28 expression studies on myeloma patients have found higher 
reactivity in advanced disease stage [35]. This finding is further supported by the fact that most myeloma cell 
lines were obtained at the terminal stage of disease or from patients with aggressive forms of myeloma cells 
expressing CD28 [61]. 41% of MM patients were found to express CD28 on BM plasma cells, but its 
expression was higher in the cases of relapsed myeloma. High reactivity for CD28 expression was found in 59% 
of medullary relapsed patients and 93% of extramedullary relapsed patients. In contrast to relapsed and active 
myeloma patients, MGUS patients (19%) expressed very low levels of CD28 on plasma cells [60]. Therefore, 
the intensity of CD28 expression on plasma cells correlates with stage and could be useful for diagnostic 
assessment on MGUS and MM patients [24]. 
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1.2.2.3. Expression of CD27 in myeloma cells 
 
CD27 is a 110-kDa homodimeric transmembrane glycoprotein of the tumor necrosis factor receptor family 
[62]. The ligand molecule for CD27 is CD70 and the interaction plays a role in the differentiation of memory 
B-cells into mature plasma cells [63,64]. Gene expression studies of normal plasma cells and myeloma cells 
have identified CD27 as being one of the most significant genes lost by myeloma cells and CD27 loss in MGUS 
has been linked to progression to MM [65,66]. The lack of CD27 expression is usually coupled to the loss of 
CD19. Conversely, CD19 loss is not always associated with CD27 loss in monoclonal gammopathies [67]. 
Negative CD27 expression on plasma cells has been found in stage II and stage III MM patients. In MGUS and 
stage I MM, half of plasma cells are CD27 positive, and probably all might be negative for CD19 expression 
[68]. In accordance with immunophenotyping data, gene expression profile studies also revealed that low 
CD27 expression in myeloma cells contrast to normal plasma cells with high CD27 expression [65]. 
 
1.2.2.4. Expression of CD117 in myeloma cells 
 
The C-kit receptor (CD117) is an essential hematopoietic growth factor receptor with tyrosine-kinase activity. 
Kit-mediated signal transduction was found to be critical for normal development and hematopoietic 
progenitor cell survival [69]. Normal plasma cells and tumors, including sarcomas, carcinomas and lymphomas, 
do not express CD117.  
For the time, expression of CD117 was reported in malignant plasma cells of some myeloma patients in 1996 
[70]. Although these data, as well as data of other studies [71,72] suggest that c-kit positive MM might 
represent a poor-risk category (i.e. poor predictive marker), data from Mateo, as well as from Bataille, indicate 
that patients with CD117+ MM could have a better outcome [73,74]. The sample size and treatment 
heterogenicity may account for such discrepancies (see below). 
Bataille identified CD117 expression in 36 of 122 MGUS (30%) and 169 of 617 MM (27%) cases [74]. CD117 
expression in MGUS was significantly higher compared to myeloma patients. Therefore, it is possible that 
CD117 could be one of the markers for transition from MGUS to MM. Moreover, myeloma patients often 
acquire antigen CD221 in parallel with the loss of CD117 in a process associated with disease progression and 
poor prognosis. Mateo identified that the CD117+ patient group had a better outcome compared to the 
CD117- patient group [73]. No significant differences were observed between the CD117+ and CD117- 
groups when comparing clinical and biological parameters, such as M-protein, albumin, β2-microglobulin, LDH, 
disease stage, response to chemotherapy and survival time in a study of Kraj [71].  
 
1.2.2.5. Expression of CD81 in myeloma cells 
 
CD81 is a tetraspin cell surface protein that regulates CD19 expression in mature B-lymphocytes and is 
involved in the regulation of cell growth, motility, signaling and BM homing (or cell adhesion). 
Immunophenotypic studies of CD81 expression in patients with MM are scanty. Barrena analyzed the 
distribution and the pattern of expression of several tetraspanin (i.e. CD9, CD37, CD53 and CD81) antigens in 
normal and neoplastic human B-cells. They found that the more mature BM B-lymphocytes become, loss of 
tetraspanins increases, and BM lymphocytes become ready to migrate and leave the BM [75]. Less than 50% of 
MM cases express CD81 on plasma cells and expression is heterogeous in most of the cases (ranging from 5% 
to 92%). 
 
1.2.2.6. Expression of myeloid markers in myeloma cells 
 
CD33 is a 67-kDa glycoprotein found on the myeloid cell surface and belongs to the sialo-adhesion molecule 
family [76]. CD33 is expressed in 90% of leukemia patients (especially acute myeloid leukemia), but is not 
detected on normal haematopoietic stem cells [77]. Few studies have reported CD33 expression on plasma 
cells but the reactivity of the marker has been found in 6.5-12% of myeloma patients [73,78]. CD33 expression 
in myeloma patients correlates with clinical parameters, suggesting its clinicopathological significance. Patients 
were divided into two groups based on CD33 expression on plasma cells (cut-off 20%). No significant 
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differences were observed between CD33+ and CD33- group in terms of age, sex, bone lesion extension or 
extra medullary disease [79]. 
 
A summary of these and other immunophenotypic markers of clinical relevance in the detection of plasma cells 
neoplasms are listed in attachment 3. Clinically important and necessary antigens allowing discrimination of 
abnormal from normal plasma cells are presented in table 3 [25]. An example of a MFC analysis of plasma cells 
in a patient with MGUS and MM is presented in figure 2. 
 
 

Antigen Normal expression 
Abnormal 

expression 

Patients with abnormal 

expression 

Requirement for diagnostic 

monitoring 

CD19 Positive (>70%) Negative 95% Necessary 

CD56 Negative (<15%) Strongly positive 75% Necessary 

CD117 Negative (0%) Positive 30% Recommended 

CD20 Negative (0%) Positive 30% Recommended 

CD28 Weak positivity (<15%) Strongly positive 15-45% Recommended 

CD27 Strong positivity (100%) Weak/negative 40-50% Recommended 

 
Table 3. List of surface antigens useful for detection of normal and abnormal CD38+/CD138+ plasma cells in monoclonal 
gammopathies [25]. 
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Figure 2. Multiparameter flow cytometric immunophenotypic analysis of normal antigen expression in a patient diagnosed 
with (A) MGUS and unusual antigen expression in a patient diagnosed with (B) multiple myeloma. 
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1.2.3. Plasma cell clonality assessment 
 
After chemotherapy or stem cell transplantation, monoclonal neoplastic plasma cells are mixed with normal 
polyclonal plasma cells in the BM compartment. Neoplastic plasma cells can be identified either by restricted 
patterns of cytoplasmatic immunoglobulin (Cy-Ig) light chain expression or by aberrant patterns of surface 
antigen expression (see above). Although neoplastic plasma cells can be identified using either of these 
approaches, both have important shortcomings. It can be difficult to confidently identify abnormal plasma cells 
by Cy-Ig light chain restriction alone, particularly when the number of cells is low, when they are obscured by a 
background population of normal polytypic plasma cells, or when the disorders are bi-clonal with subsets for 
kappa and lambda light chains, respectively [80]. Moreover, it was demonstrated that in 6-color 
immunophenotyping assays, all plasma cells with aberrant phenotypes exhibit monoclonality [80,81]. Thus, in an 
MFC-based MRD assay for MM, assessment based on detection of plasma cells with aberrant phenotypes 
rather than light chain restriction is preferable for enumerating low numbers of neoplastic plasma cells in a 
background of polyclonal plasma cells. The introduction of 8-color flow cytometry, in which a larger subset of 
monoclonal antibodies can be combined, possibly brings a solution to this problem. On the contrary, the 
surface immunophenotype is not always sufficiently distinctive to allow for the malignant plasma cells to be 
identified in up to 10% of all plasma cells neoplasms due to the fact that aberrant phenotypes may be found in 
healthy donors as well [82,83]. Furthermore, in all immunophenotypic analyses, it is difficult to formulate a 
gating strategy, which allows the plasma cells to be captured. This problem can be solved when evaluating Cy-Ig 
light chain expression as described in a recent study of Robillard and presented in figure 3 [83].   
 

 
 
Figure 3. Analysis of data from a single-tube seven-color staining with a six-color strategy (left) or a seven-color strategy 
(right) as presented by Robillard [83]. In the first part, plasma cells are included in a broad R1 gate encompassing 
CD138+/CD38++ or CD38- cells. This population is further refined on an SSC/CD38 scattergram conditioned on R1, 
thereby defining gate R2. Cells satisfying both R1 and R2 are then displayed on a CD19/CD45 scattergram, allowing to 
define four populations as shown in de center of the panel. For each of them, a κ/λ scattergram is established to 
discriminate normal polyclonal plasma cells and MM-restricted plasma cells. The right bottom panel shows that, in the 
seven-color strategy, intracytoplasmatic light chain restriction is examined among four different populations, delineated on 
the basis of the expression or not of CD19 combined with the mixture of CD28 and CD56 (either or both antigens 
expressed when positive). CD45, which can be abnormally expressed on the clonal population as shown in the six-color 
strategy, is examined on a different plot. In this sample, the six-color strategy fails to identify light chain restriction, whereas 
the seven-color strategy reveals that 93% of the cells in subset 3 (CD19-/CD56/CD28+) use lambda chains, thereby 
characterizing abnormal plasma cells.  
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1.3. CONCLUSION 
 
In addition to the plasma cell gating markers discussed above (CD38, CD138 and CD45), the minimal antigens 
for classifying abnormal plasma cells are CD19 and CD56. A preferred panel would additionally incorporate 
CD117, CD28 and CD27. The most commonly assessed antigens for discrimination between malignant and 
normal plasma cells include CD19, CD56, CD20, CD117, CD28, CD33, CD27, CD81, CD31, CD39, CD40, 
CD44, CyclinD1 and CD34 [25]. MFC (minimum of 6 markers, ideally 8 markers) is required for sufficient 
plasma cell analysis and combination of surface and intracellular antigens is necessary for identification and 
clonality assessment of plasma cells.  
As stated by the European Myeloma Network, assessment of cytoplasmatic κ/λ restriction is generally apparent 
only when plasma cell myeloma cells represent 30% or more of the total plasma cells [25]. The demonstration 
of phenotypically abnormal plasma cells is more sensitive and specific for the detection of residual disease than 
clonality assessment by immunohistochemistry and/or flow cytometry. Combined assessment of clonality with 
basic immunophenotype may be useful for screening at diagnosis and follow-up [25]. Similar antigens are 
suggested in Euroflow panels (see table 4). 
 
 

Tube/fluorochrom 
Pacific 

Blue 

Pacific 

orange 
FITC PE 

PerCP-

Cy5.5 
PE-Cy7 APC APC-H7 

1 CD45 CD138 CD38 CD28 CD27 CD19 CD117 CD81 

2 CD45 CD138 CD38 CD28 CD56 β2m cIgκ cIgλ 

 
Table 4. Euroflow plasma cell disease classification panel. Tube no. 1 is useful for phenotype characterization of plasma 
cells and evaluation markers with potential prognostic significance. Tube no. 2 is used for detection and discrimination of 
normal plasma cells from aberrant and clonal plasma cells [84]. 
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2. PROGNOSTIC VALUE OF IMMUNOPHENOTYPIC DETECTION OF PLASMA CELLS 
 
With increasing therapeutic choices, and improved outcomes in patients with MM, risk stratification is 
becoming important as treatment could be tailored for different groups of patients. Use of flow cytometry to 
investigate the prognostic value of immunophenotypic characteristics of plasma cells in patients with MM have 
frequently led to conflicting results, probably due to technical pitfalls (single versus multiparameter labeling, use 
of different clones of monoclonal antibody conjugates and distinct criteria for definition of positivity) or study 
design (small series of heterogeneously treated patients). We here present an overview of the different studies 
that examined the prognostic value of different monoclonal antibodies using MFC. 
 
2.1. IMMUNOPHENOTYPIC DISCRIMINATION BETWEEN NORMAL AND ABERRANT PLASMA CELLS 
AT DIAGNOSIS 
 
Different studies derived independent prognostic features based on flow cytometric evaluation of BM plasma 
cells in MGUS, SMM and MM. In patients with MGUS, the coexistence of normal and phenotypically aberrant 
plasma cells is a constant finding, with most cases displaying >5% normal plasma cells within the overall BM 
plasma cell compartment [85]. By contrast, only a small proportion (<15%) of all patients with symptomatic 
MM display >5% of normal plasma cells in the BM plasma cell compartment at diagnosis [26,87]. Therefore, the 
presence of >5% residual polyclonal plasma cells (from the whole BM compartment) at diagnosis have been 
found to be an accurate parameter for the discrimination between MGUS and MM [56,101]. Furthermore, this 
parameter (>5% normal plasma cells in BM plasma cells) is also of help to predict risk of transformation of 
MGUS and SMM into symptomatic disease, with time to progression rates at 5 years of 25% versus 5% and 64% 
versus 8%, respectively [85]. Accordingly, both MGUS and SMM patients who show >5% normal plasma cells in 
the BM at diagnosis, display a significantly lower risk of progression to symptomatic MM versus cases with ≤5% 
normal plasma cells in the BM. Similarly, those patients with symptomatic MM who have >5% normal plasma 
cells in the BM at diagnosis display a unique clinical and biological signature characterized by higher hemoglobin 
levels (12.1 g/dL versus 10.6 g/dL), lower levels of BM plasma cells (2% versus 13%) and lower levels of M-
component (2 g/dL versus 4 g/dL). In addition, this unique subgroup of patients with MM also display a greater 
response rate to HDT/ASCT (rate of complete remission (CR) after HDT/ASCT of 64% vs. 33%), together 
with significant longer PFS and OS (5 year rates of 44% versus 33% and 71% versus 62%, respectively) [26,87].  
 
2.2. PROGNOSTIC VALUE OF MULTIPARAMETER FLOW CYTOMETRIC IDENTIFICATION OF PLASMA 
CELLS 
 
In 2009, Paiva showed, in a large series of uniformly treated MM cases, that quantification of BM plasma cells at 
diagnosis based on MFC provides more prognostic value than that obtained by morphological counts at 
diagnosis. More importantly, MFC was of independent prognostic value for predicting patient survival [87]. An 
update of these findings have been published on the prognostic impact of the immunophenotypic characteristics 
of BM plasma cells in MM, based on a series of 685 newly diagnosed, uniformly treated patients (HDT followed 
by ASCT) with MM [91]. The results of this extensive study showed that three individual markers may afford 
prognostic information: positive staining for CD19 and CD28, as well as absence of CD117 detected on clonal 
plasma cells were associated with significantly shorter PFS and OS in patients with MM. Moreover, the 
combination of CD28 and CD117 allow patient stratification into three risk categories: poor risk: CD28+ 
CD117- patients (23%), intermediate CD28-/CD117- and CD28+/CD117+ patients (56%), and good risk 
CD28-/CD117+ myeloma patients (21%). Therefore, simultaneous assessment of both CD28 and CD117 
expression identifies one fourth of cases (CD28+/CD117-) that would not benefit from current therapeutic 
strategies based on HDT/ASCT, and in which alternative therapeutic strategies based on novel agents should 
be encouraged. In contrast, a similar proportion of patients who are CD28- and CD117+ enjoy a prolonged 
survival with ASCT [91] (figure 4). These results support the previous observations on the clinical relevance of 
CD28+ [102,103] and CD117 [28] phenotypic profiles.  
Only a small proportion of patients express the CD19 antigen [28,73,91]. Mateo showed that, despite the small 
number of CD19+ patients (n=30; 4%), these patients have a poor outcome as compared with the CD19- 
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patients, with approximately 1 and 2 years shorter PFS and OS, respectively. Moreover, the majority of CD19+ 
patients did not express CD117, an antigen that also confers a worse prognosis to patients with MM. In 
contrast, CD20 antigen did not show any influence on disease outcome [91]. 
 

 
Figure 4. Prognostic impact of the phenotypic patterns of expression of CD28 and CD117 on survival of patients with 
multiple myeloma (n=685). PFS: progression free survival; OS: overall survival [91] 
 
As described above, absence of CD56 expression is associated with extramedullary spreading, aggressive 
disease, and adverse outcome [39,94,104], although this was not confirmed in another (small) series of patients 
[105]. CD56 expression has been associated with fewer osteolytic lesions. In the series of Mateo, 
downregulation of CD56 in myelomatous plasma cells correlates with a tendency to short PFS, but no different 
OS [91].  
Different groups have shown that the absence of expression of CD45 on MM plasma cells is associated with 
disease progression and adverse prognostic factors [43,92]. These data, which attribute poor prognosis for 
CD45- patients, would contradict the observation by Robillard, showing that the proliferating plasma cell 
compartment, which is theoretically involved in disease progression, is included within the CD45+ bright 
plasma cell fraction [106]. Moreover, Menke found that expression, and not the absence, of the 180kDa 
isoform of CD45, recognized by CD45RO antibodies, correlated with poor survival in patients with MM [107]. 
However, Mateo did not found any prognostic influence for CD45 expression in their large series of patients 
with MM [91]. 
Another study of the Spanish Salamanca group [98] prospectively analyzed the frequency and prognostic impact 
of CD81, assessed by MFC immunophenotyping, in a series of 230 newly diagnosed elderly symptomatic MM 
patients. Regarding the impact of CD81 on patient’s survival, cases showing CD81+ expression showed a 
significant shorter PFS as compared with the CD81- patients (21 versus 37 months). The same finding was 
observed in an additional series of 325 newly diagnosed, symptomatic transplant candidates MM patients [98]. 
Expression of myeloid markers, such as CD13 and CD33, in myelomateous plasma cells is exceptional. Some 
studies have previously reported that patients with MM with this phenotype tend to have a poor prognosis, but 
once again, the series of patients were small [79,108]. Mateo observed that, although the outcome of CD33 
positive patients was slightly worse than that of CD33- patients, differences did not reach statistical significance 
[91]. 
 
A summary of the prognostic value of these and other immunophenotypic markers is listed in attachment 3. 
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2.3. USE OF FLOW CYTOMETRY IN PLASMA CELL LEUKEMIA, AL AMYLOIDOSIS AND IGM MYELOMA 
 
2.3.1. Plasma cell leukemia 
 
Plasma cell leukemia (PCL) is a rare form of malignant plasma cell disease accounting for 1-2% of all plasma cell 
neoplasms. The disease may be classified as primary to designate a ‘de novo’ leukemia in patients with no 
evidence of previous MM or as secondary when it is observed as a leukemic transformation of relapsed or 
refractory disease in patients with previously recognized MM. Of them, 60-70% of PCL are primary, and the 
remaining 30-40% are secondary. Primary PCL is a distinct clinic-pathological entity with different cytogenetic 
and molecular findings [109]. Compared to MM patients, PCL patients have adverse prognosis, lower survival 
rate and response to chemotherapy [110]. MM and PCL clinical features are similar, although the involvement 
of visceral organs, fewer bone lesions and high frequency of anemia, LDH, β2-microglobulin and 
trombocytopenia make PCL a distinct clinical entity [110,111]. In contrast to studies performed on MM, the 
immunophenotypic information at diagnosis as well as on the MRD follow-up in PCL is limited. Flow cytometry 
immunophenotypic findings have shown that the expression of antigens such as CD38, CD138, CD2, CD3, 
CD10, CD13, CD16 and CD15 were similar for MM and PCL. On the other hand, CD20 expression was found 
in PCL whereas four other antigens (i.e. CD56, CD9, CD117 and HLA-DR) were more frequently negative in 
PCL compared to MM. Differentiation between primary and secondary PCL could be made by using CD28 
antigen expression. Pellat-Deceunynck found that secondary PCL cases express more frequently CD28 
compared to primary PCL (92% in PB, 55% in BM versus 33% either PB/BM). This is consistent with the fact that 
the acquisition of CD28 antigen on plasma cells correlates with increased plasma cell proliferation and disease 
progression [46]. Contrastingly, CD56 expression and negativity for CD19 were homogenous in primary and 
secondary PCL. In conclusion, independent from the immunophenotype of the plasma cells, unique prognostic 
features and worse outcome are common in PCL in contrast to MM. This indicates that PCL patients need 
different clinical management and treatment. 
 
2.3.2. AL amyloidosis 
 
Primary amyloidosis results from a plasma cell neoplasm in which there is production of an amyloidogenic light 
chain. The features of the disease are caused by amyloidosis rather than other features due to plasma cell 
proliferation. Transformation into MM occurs infrequently [112]. The disease is mostly associated with λ light 
chain, which is unlike other plasma cell disorders [113,114]. AL amyloidosis clinical features are represented as 
progressive dysfunction of multiple visceral organs (mainly heart and kidneys) and, pathologically, as the 
extracellular deposition of insoluble fibrils derived from Ig light chains [115]. A recent study demonstrated the 
prominent phenotype nature of malignant plasma cells in AL amyloidosis and derived specific markers for 
follow-up studies [113]. They reported that the phenotype of normal and malignant plasma cells of AL 
amyloidosis patients were similar to myeloma patients. Further characterization of plasma cell subsets has been 
based on lineage markers, such as MPC-1, CD45 and CD49e. Lineage specific plasma cell subsets were 
described as: immature cells: MPC-1-CD45+ or MPC-1-CD45-, intermediate cells: MPC-1+CD45-CD49e- and 
mature cells: MPC-1+C45+CD49e- or MPC-1+CD45+CD49e+. Immature, intermediate and abnormal plasma cell 
and serum free light chain (FLC)/creatinine ratio were significantly higher in AL amyloidosis patients than in the 
control group (MGUS and other diseases). Also, a significant lower frequency of mature plasma cells was 
observed in AL amyloidosis patients compared to controls [113]. 
AL amyloidosis patients in remission and who received high-dose chemotherapy followed by ASCT were 
reported to have a decrease in the frequency of malignant plasma cells, intermediate plasma cells, serum 
FLC/creatinine ratio and disappearance of M-protein in serum/urine [113,116]. Highlighting intermediate plasma 
cells (MPC-1+CD45-CD49e-) represents a prognostic marker for diagnosis and follow-up of AL amyloidosis 
patients. 
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2.3.3. IgM multiple myeloma 
 
MM cases are frequently associated with IgG or IgA M-protein. However, cases of IgM myeloma have been 
described with clinic pathological features intermediate to those of MM and Waldenström Macroglobulinemia 
(WM). Classical MM (IgG and IgA) and WM are two different entities that could be diagnosed early based on 
involvement of M-protein. IgM M-protein is commonly found in WM and adds important diagnostic value. The 
additional feature in the WM patient is monoclonal proliferation or lymphoplasmocytoid cells both in PB and 
BM [117]. The clinical presentation of IgM myeloma have been characterized as a high incidence of lytic bone 
lesions, decreased IgG and IgA, renal failure, hypercalcemia, and Bence-Jones proteinuria, which are common 
findings in patients with MM. Yet, findings typical of WM also occur, including hyperviscosity symptoms, 
lymphadenopathy, and hepatosplenomegaly [117,118,119]. It seems that IgM myeloma might arise from IgM-
specific MGUS, although a long-term follow-up study [120] found that any case of 213 patients diagnosed with 
IgM MGUS progressed to IgM myeloma. Only progression to disorders such as lymphoma, WM, primary 
amyloidosis and chronic lymphatic leukemia have been noticed [120]. 
IgM myeloma is an intermediate entity between MM and WM; immunophenotypic studies revealed a hybrid 
phenotype of plasma cells in one case. The phenotype of this case was represented as CD45-CD38++ 

cytoplasmic Ig++CD20+CD22+FMC7+ with strong positivity for surface and cytoplasmic Ig expression and 
variable expression for CD38 and CD5 [121]. A more recent study of 10 IgM myeloma cases clearly identified 
an IgM MM phenotype as CD20-C56-CD117-, which is in contrast to a case reported by Haghighi where CD20 
expression was found on plasma cells [117, 122].  
Although difficult to establish, it was found that the survival in patients diagnosed with IgM MM was <36 
months, suggesting that IgM myeloma may be associated with an inferior clinical outcome compared with 
IgG/IgA MM. 
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3. MINIMAL RESIDUAL DISEASE DIAGNOSTICS FOR EVALUATION OF TREATMENT 
 
As in most other hematological malignancies, continuous efforts are made in MM to improve efficacy of 
therapy. As a consequence, this is associated with both an overall increased rate of remission and a progressive 
decrease in the number of residual clonal plasma cells after therapy. To trace these low frequencies of 
malignant cells, so called minimal residual disease (MRD), sensitive techniques are required (figure 5). MRD-
techniques should reach sensitivities of at least 10-4 (one malignant plasma cell in 10.000 normal cells), but 
sensitivities of 10-5 to 10-6 are preferred. 

 
Figure 5. Diagram of relative frequencies of myelomatous plasma cells in BM of patients with MM, during and after 
therapy, and during development of relapse. The detection limit of cytomorphology, flow cytometric immunophenotyping 
and PCR techniques are indicated. 
 
3.1. TECHNIQUES FOR MRD DETECTION 
 
During the past years, several methods for MRD detection have been developed and evaluated, including 
conventional cytogenetics, fluorescent in situ hybridization (FISH), immunophenotyping, and polymerase chain 
reaction (PCR). Most of these techniques are not suitable for clinical MRD detection, due to limited sensitivity, 
limited specificity or limited applicability. 
At this moment, two quantitative techniques reaching sensitivities of 10-3 to 10-6 are widely used for detection 
of MRD in MM patients. These methods include allele-specific oligonucleotide polymerase chain reaction (ASO-
PCR) capable of detecting up to one clonal cell in 105 normal cells and immunophenotypic assays detecting one 
clonal cell in 104 normal cells by use of ≥ seven-color MFC. Compared to the molecular methods, flow-MRD 
shows a clearly higher applicability (e.g. it can currently be applied to > 95% versus 70-75% of all myeloma 
patients) and a similar specificity. In addition, flow-MRD is a fast and easy-to-perform test, which is widely 
available in most clinical laboratories where MM patients are treated. At the same time, it provides information, 
not only about the myeloma plasma cell compartment, but also about the other cellular compartments in the 
sample. Although the ASO-PCR method may provide greater sensitivity than currently used flow MRD 
approaches, it has a lower applicability, it remains a difficult assay to be performed, and is time consuming as it 
requires prior information about patient-specific immunoglobulin sequences for the design of patient-specific 
primers. In turn, both approaches deserve standardization efforts at both an intra- and inter-laboratory level. A 
summary of the main characteristics of both techniques is shown in table 5 [113].  
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Technique Sensitivity Applicability in MM Advantages Disadvantages 
Flow cytometric 

immunophenotyping 
10-4 ≥95% Quantitative 

Background of BM 
regeneration 

   Fast Immunophenotypic shifts 

   Disease specific 
Less color (≤ 4): lower 
sensitivity/applicability 

   Growing Standardization 

More colors (≥ 6): 
increased costs, 
knowledge and expertise 
being needed 

ASO-PCR 10-5 ≤75% Quantitative Time consuming 
   High Sensitivity Relatively expensive 

   Highly standardized Patient specific 

Table 5. Comparison of the most relevant features of flow-MRD and ASO-PCR MRD techniques for MRD assessment in 
MM. MFC: multiparameter flow cytometry; ASO-RQ-PCR: Allele-specific oligonucleotide real time quantitative PCR; MM: 
multiple myeloma; MRD: minimal residual disease. 
 
3.2. CLINICAL RELEVANCE OF MRD DETECTION IN PATIENTS WITH MULTIPLE MYELOMA 
 
Modern treatment protocols for MM (i.e. high dose melphalan and supporting ASCT) include a complete 
remission (IMWG guidelines), defined as a negative immunofixation of serum and urine along with the presence 
of less than 5% plasma cells in the BM. Achievement of complete response (CR) predicted outcome in a 
significant proportion of MM patients [4,123,124,125,126,127,128,129,130]. With the introduction of novel 
induction regimens, it has become apparent that the achievement of CR also predicts outcome in patients 
ineligible for ASCT [131,132]. Data from clinical trials on MM patients with and without ASCT show that 
reaching CR is associated with prolonged PFS and OS [133,134]. However, the measurement of the M-
component has some limitations. For instance, response assessment at specific time points is influenced by M-
protein type because clearance half-lives vary considerably, typically 2 to 4 hours for free light chains and 
approximately 25 days for immunoglobulin G [129]. Moreover, it does not directly reflect the remaining tumor 
burden. In addition, Chee [135] recently illustrated the clinical relevance of morphological BM evaluation, even 
in patients with MM showing negative immunofixation after therapy. They showed that approximately 14% of 
all the MM cases display > 5% BM plasma cells and therefore did not fulfill CR criteria. However, compared to 
acute leukemia, BM evaluation in MM based on conventional methods is generally not capable to distinguish 
normal from aberrant plasma cells and therefore, has limited sensitivity [78]. Because of this, the International 
Myeloma Working Group (IMWG) has proposed additional criteria to define stringent CR (sCR): complete 
response plus the absence of clonal plasma cells evaluated by serum free light chain levels and BM 
immunohistology or immunofluorescence [136,137]. 
 
3.2.1. Multiparameter flow cytometry for MRD detection 
 
Early MRD-studies in MM based on MFC investigation showed that treatment of patients with ASCT was 
associated with lower levels of residual disease and prolonged PFS [138]. In parallel, another group showed 
that among 45 patients who underwent ASCT, those who remained MRD-positive by MFC at 3 months post-
transplant (42%) had shorter PFS than patients with undetectable disease [139]. More recently, Paiva have 
shown in a series of 295 prospective patients with MM that the absence of residual clonal plasma cells – 
immunophenotypic remission – was the most relevant independent prognostic factor among patients receiving 
HDT/ASCT [140]. Accordingly, even within those patients that were negative by immunofixation 3 months 
after ASCT, MRD was detected in 36% (53/147) of them, with a similar prognostic differentiation when 
compared to the overall series of patients. In fact, both MRD-negative/IFE-negative and MRD-negative/IFE-
positive patients had a significantly better outcome than MRD-positive/IFE-negative cases, which reflects the 
higher prognostic value of the immunophenotype investigation of MRD or protein measurements [140]. A 
limitation of these and other studies is that the results are derived from relatively small series of patients, or 
exclusively patients who are eligible for transplantation, or moreover, were carried out before the introduction 
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of novel agents for MM therapy [141]. It is therefore important to evaluate the clinical relevance of achieving 
deeper levels of response and to compare them with the conventional definition of CR in an era of novel 
agents. 
In 2011, a prospective study examined the prognostic impact of attaining CR (negative immunofixation plus 
<5% plasma cells in BM), versus stringent CR (sCR) (CR plus normal sFLC ratio), and immunophenotypic 
response (iCR or IR) after induction therapy in 102 elderly patients (>65 years) with MM ineligible for high 
dose therapy. In this study, 43% of the patients achieved CR, 30% achieved sCR and 30% achieved iCR [142]. In 
line with previous reports [143,144,145], their results confirm that achievement of conventional CR by the end 
of induction chemotherapy results in extended survival: i.e., among those 102 patients, those achieving iCR, 
stringent CR, or CR showed a significantly better outcome than those who achieved partial response in terms 
of 3-year rate of PFS (90%, 69%, 60%, and 35%, P < .001) and time to progression (TTP) (96%, 71%, 68%, and 
37%, P < .001), as well as a trend toward longer OS (94%, 94%, 93%, and 70%, P = .08) (figure 6). Further, they 
also investigated whether incorporating the IR status into the sCR criteria represent a deeper level of 
remission and whether this had an improved patient outcome. There was no significant difference in survival 
between patients with sCR and CR, however, patients in iCR showed significantly increased PFS (median not 
reached; 95% at 3 years versus 35 months, respectively; P = .02) and TTP (P = .003) compared with those in 
sCR or CR, suggesting increased sensitivity of MFC to detect MRD (figure 7).  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6. Progression free survival according to the response status after induction therapy in patients with sCR versus 
CR and PR (with normal sFLC ratio) versus PR (with abnormal sFLC ratio) [142]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7. Progression free survival with respect to the depth of response attained after induction therapy in patients with 
iCR, sCR, non-stringent CR but IR, and non-stringent CR plus non-IR [142]. 
 
An important question is whether this ability to detect MRD by MFC has clinical implications for PFS and OS, 
and whether it may inform therapy and allow us to tailor therapeutic decisions. Along with the presence of 
baseline high-risk cytogenetics by fluorescent in situ hybridization, persistent MRD by MFC at day 100 after 
HDT/ASCT was the only other independent factor that predicted for unsustained CR and a poor outcome, 
proven by a median 39-month OS [146]. 
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Another study by Rawstron assessed MRD using MFC in a large cohort of uniformly treated patients following 
induction and at 100 days post ASCT, as well as post-induction therapy in a non-transplantation group [129]. 
They evaluated two induction regimens and found 25% of the patients becoming MRD negative receiving CTD 
(cyclophosphamide, thalidomide and dexamethasone), compared to 13% of the patients receiving CVAD 
(cyclophosphamide, vincristine, doxorubicin and dexamethasone). This superiority was maintained after ASCT, 
with 71% of the patients becoming MRD negative in the CTD-group, compared to 54% in the CAVD group. 
These data suggest that ASCT remains a highly effective component of myeloma therapy. They demonstrated a 
2.8 fold increase in MRD negativity using MFC after ASCT in CTD-treated patients and a 4.2 fold increase in 
CVAD-treated patients [129]. Paiva assessed MRD using MFC after a number of different induction regimens. 
The highest rates of MRD negativity were noted with bortezomib-containing regimens, but in all instances, a 
further improvement was seen after ASCT [147]. 
In the study of Rawstron, presence of MRD after ASCT was associated with significantly inferior PFS and OS 
[129]. These data are similar to those reported previously after conventional chemotherapy induction and 
ASCT [139,140]. When outcome was assessed in patients according to MRD status after induction as well as 
after ASCT, it was clear that PFS was best in those patients who achieved MRD negativity after induction. This 
study, along with the study of Paiva [140], suggests the role of ASCT should only be questioned in patients who 
achieve MRD negativity after induction. An overview of the different studies that examined MRD detection 
using MFC is presented in attachment 4. 
 
3.2.2. Polymerase chain reaction for MRD detection 
 
Molecular monitoring of disease by using polymerase chain reaction (PCR) is commonly used in chronic 
myelogenous leukemia, acute lymphoblastic leukemia and acute promyelocytic leukemia to help determine 
prognosis and guide therapy [148,149,150]. Several PCR techniques have been described for the use of MRD 
monitoring in MM. Use of PCR allows the amplification of single cells, providing a sensitive method to detect 
MRD. However, MRD testing in myeloma by PCR has proved to be challenging for several reasons. The 
immunoglobulin (Ig) heavy and light chains (IGH, IGK and IGL) loci have significant somatic hypermutation, with 
an average of 92.2% homology to the germline sequence for IGH sequences, 93.9% for IGK, and 93.4% for IGL 
[151]. For this reason, standard primers designed against specific regions of the Ig genes occasionally fail to bind 
to the patient template DNA sufficiently well to result in amplification. As a result of these somatic 
hypermutations at the binding site of commercial primers, an attempt was made to develop highly sensitive 
molecular assays for individual Ig rearrangements through the design of allele-specific oligonucleotide (ASO) 
primers [82]. PCR or even quantitative PCR can subsequently be performed using these primers, allowing 
highly sensitive monitoring of the patient’s clone.  
Most early studies that examined the role of PCR monitoring for MRD in MM used ASO-PCR methods 
[152,153,154,155,156,157,158]. In these studies, that were performed before the era of more effective therapy 
regimens (see above), molecular MRD measurement by qualitative PCR was found not to be useful, as nearly all 
patients were positive for residual disease at the molecular level, with exception of a small number of patients 
who achieved “molecular” remission after ASCT. An early study performed in a small number of patients 
demonstrated persistent molecular remission using qualitative, non-ASO-PCR, suggesting the possibility of 
cure, particularly after allogeneic SCT [159]. Corradini described molecular remission with a qualitative PCR 
approach using ASO-primers in significantly more patients after allo-SCT compared to autologous-SCT. Several 
studies have also demonstrated the prognostic significance of MRD negativity by PCR after allo-SCT 
[157,160,161,162]. The studies that examined PCR for MRD monitoring in MM are listed in attachment 5. 
More recently, semi-quantitative fluorescent and real-time PCR techniques, primarily using ASO primers, were 
introduced to correlate the level of the clone with clinical disease manifestations and outcomes 
[163,164,165,166,167]. These methods have allowed very sensitive MRD monitoring in order of 10-6 and 
permit trends in level to be followed rather than binary positive of negative results. Using ASO RQ-PCR, 
Korthals showed that low MRD (<0.2% S IgH/β-actin) measured before HDT and auto-PBASCT was 
significantly associated with improved median PFS and OS compared with high MRD [168]. Ladetto 
documented persistent molecular remissions using either qualitative nested ASO-PCR or ASO-RQ PCR in 
patients with MM treated with bortezomib, thalidomide and dexamethasone as consolidation after auto-
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PBSCT, with no patient in molecular remission relapsing after a median follow-up of 42 months [169]. An 
update of this study showed after a median follow-up of 65 months, a 5-year OS of 100% for patients achieving 
MRD negativity; no patients achieving molecular remission has died [170]. 
 
3.2.3. Comparison of PCR and MFC for MRD monitoring 
 
Both techniques have been compared in several small studies. Sarasquete retrospectively examined MRD by 
immunofixation, PCR and MFC in 32 patients with MM in CR or near CR after HDT and ASCT [82]. The ASO 
RQ-PCR was only applicable in 75% of patients; in contrary, 90% of the samples could be analyzed by MFC. In 
25% of cases, PCR and MFC resulted in discrepant results. In all cases, PCR was positive with negative MFC, no 
cases were positive by MFC and negative by PCR. The discordance rates for either PCR or MFC with 
immunofixation were 38%, with the more sensitive method varying from case to case. PFS was significantly 
longer in patients with PCR ≤10-4, but not significantly longer in patients with negative immunofixation or MFC 
<10-4, although there was a trend toward significance with MFC. Thus, in this small series of patients, MRD 
negativity by ASO RQ-PCR predicted longer PFS, whereas PFS was not significantly different for patients with 
negative immunofixation and negative MFC. On the contrary, Lioznov found that MFC and ASO-PCR 
correlated extremely well in 69 samples, with only one sample unavailable for ASO-PCR and none unavailable 
by MFC [171]. Zhao compared multiple methods for MRD monitoring in 121 BM samples [172]. 
Immunohistochemistry was the most effective method for detecting residual disease, with a 96% detection rate, 
followed by limited (3-color analysis) MFC at 72%. Cytogenetics (15%), FISH (50%) and detection of IgG and 
kappa light chain gene rearrangements by qualitative PCR with a limited set of non-ASO primers (60%) were 
less successful. Although this study is an interesting comparison of multiple techniques, the sensitivity of both 
MFC and PCR are likely limited due to the use of older methodology. Additionally, the majority of patients had 
residual disease at the time of BM examination, and no comparison with serologic studies such as 
immunofixation was made. Paiva compared immunofixation, sFLC, and immunophenotyping by MFC in 102 
patients >65 years diagnosed with MM [142]. Seven percent of the patients with no MRD by MFC (sensitivity 
≤10-4 to 10-5) after induction therapy remained positive by immunofixation initially, although all subsequently 
became immunofixation negative. Discrepant results were common among all methods tested. Those patients 
with immunophenotypic response had significantly increased PFS and time to progression compared to those 
with CR (immunofixation negative and < 5% plasma cells on BM biopsy) or sCR (CR and normalization of the 
sFLC ratio); however, no OS benefit was noted. 
 
3.2.5. Instability of immunophenotype in plasma cell myeloma 
 
Antigenic shift has been well described in hematopoietic disorders, particularly in B-lymphoblastic and myeloid 
leukemia’s [175,176]. The establishment of a baseline immunophenotype to follow in subsequent analyses is 
routine in MRD monitoring, although little information has been reported describing antigen stability in MM. 
Recognition of lack of stability in immunophenotype may be important, especially in antigen-directed treatment 
decisions (rituximab (anti-CD20 mAb), alemtuzumab (anti-CD52 mAb), and imatinib mesylate (anti-c-kit)) and 
when specific phenotypes are used to monitor MRD (see further). Cao and Gupta reported immunophenotypic 
instability of several antigens in MM [177,178]. Cao determined the expression frequency and stability of 2 
potential therapeutic targets in MM, i.e. CD20 and CD52, along with the frequently aberrantly expressed CD56 
antigen. Of the 56 patients evaluated, 23 (41%) showed immunophenotypic changes including CD56 in 6 cases, 
CD20 in seven cases and CD52 in 17 cases. Combined CD56 /CD52 change was seen in 3 cases and combined 
CD20/CD52 in 4 cases. Loss of CD20 and CD52 expression following immunotherapy with rituximab or 
alemtuzumab is common [179]. In another study, Gupta found changes in the immunophenotype of plasma cells 
in 18 out of 23 cases (78%) with MM and found up and down regulation of CD52 (6 and 5 patients), CD117 (8 
and 2 patients) and CD20 (1 and 0) in a few cases, respectively. Down-regulation of aberrantly expressed 
antigens may influence MRD detection, particularly when more than 1 antigen is simultaneously down 
regulated. More recently, a study by Spears examined 45 MM patients by four-color flow cytometry for shifts in 
CD19, CD20, CD38, CD45 and CD56, and cytoplasmatic light chain expression [180]. Immunophenotypic 
changes were observed in 31% of the cases (14/45). An overview of the specific marker changes in their study 
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is presented in table 6. Of those cases showing an immunophenotypic shift, three cases demonstrated a 
reversion to a normal plasma cell immunophenotype, despite maintaining light chain restriction. This finding is 
of importance in MRD analysis, since it may be impossible to identify the neoplastic cell population if light chain 
analysis was not employed, as recommended by the European Myeloma Network [25]. However, the study of 
Spears focused on a relatively limited set of commonly assessed antigens, and it is likely that baseline 
assessment of a broader panel of antigens, such as CD27, CD28 and CD117 would provide a more robust 
immunophenotypic fingerprint and enable identification of a residual neoplastic plasma cell population at follow-
up. 
 

 
Table 6. Summary of specific marker changes in the study of Spears [180]. 
 
A more cost-effective approach to MRD analysis would be to start with a limited panel of markers (including 
CD19 and CD56), which would allow detection of MRD in the majority of cases and if negative, employ a 
broader panel to exclude neoplastic plasma cells that had reverted to a normal CD19+/CD56- pattern, as in 
their three encountered cases.  
Since there is a frequent change in the immunophenotype of neoplastic plasma cells (both up and down 
regulation) in MM, MRD evaluation using a wide panel of antibodies would be desirable, and the use of only the 
markers that were aberrantly expressed at diagnosis may not be useful. This becomes more important in those 
patients who are treated with monoclonal antibodies like rituximab, alemtuzumab and imatinib mesylate. 
 
3.2.4. Conclusion 
 
All together, these results confirm the great clinical relevance of MRD investigation by MFC and PCR in 
patients with MM. In line with this, the International Myeloma working group has updated the response criteria 
to define sCR, which now requires the absence of clonal/aberrant plasma cells by MFC (with ≥ 4 colors) 
together with a normal sFLC ratio (plus all other criteria required for the definition of CR) [23]. Although PCR 
strategies are more sensitive, a major drawback is the inability to generate clonal IgH rearrangements from 
presenting BM specimens. This failure is primarily because of the loss of primer binding sites as a consequence 
of somatic hypermutation. Moreover, PCR strategies are expensive and time-consuming and many routine-
laboratories will be unable to provide results in real-time for clinical decision-making. On the other hand, flow 
monitoring is possible without the knowledge of the presenting immunophenotype and also provides a means 
of assessing the quality of the specimen, as normal plasma cells are not detectable in the peripheral blood 
[173].  
With the introduction of 8-color MFC together with new software and analytical approaches, it is expected 
that the sensitivity of immunophenotyping may reach a level similar to (if not greater than) that of ASO-PCR, 
increasing its utility in monitoring the effects of new therapeutic agents and protocols. 
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4. MONOCLONAL ANTIBODY-BASED THERAPY AS A TREATMENT STRATEGY IN 
MULTIPLE MYELOMA 
 
Over the past 5-10 years, the knowledge of the biology of MM has greatly increased, defining the disease as 
being heterogeneous with a large and variable number of cytogenetic and molecular abnormalities. Also the 
interaction of the malignant plasma cells with their microenvironment is better understood. New drugs that 
interfere with this interaction such as thalidomide, lenalidomide and bortezomib, along with ASCT, have been 
introduced into clinical practice and have a dramatic impact on the prognosis of MM patients. Today, the life 
expectancy of an average MM patient is over 5 years but despite this progress, the disease remains incurable.  
A new anticancer strategy is the use of monoclonal antibodies (mAb) that operate through a completely 
different mechanism of action. Ideally, targets for therapeutic mAb should be specifically expressed on 
cancerous cells but not on normal cells (figure 8). In fact, mAb are an interesting therapeutic option in MM 
because they are specific to a tumor associated target and have been successfully employed in the treatment of 
patients with other hematologic diseases (f.i. rituximab in chronic lymphatic leukemia). 
Based on immunophenotypes of the plasma cells determined by using MFC, we should distinguish anti-body 
based therapies for all patients from therapies for particular entities or subpopulations of MM patients. A short 
overview of the potential application of mAb as therapeutic agents to treat MM will be discussed (table 7). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8. Mechanism of action of mAb. mAb have direct effects on the myeloma cell via modulation of the activity of the 
targeted antigen. Furthermore, complement-dependent cytotoxicity (CDC) and antibody-dependent cell-mediated 
cytotoxicity (ADCC) may contribute to mAb induced tumor cell death. The process of ADCC is achieved through 
activation of Fc receptors on myeloid and NK effector cells by tumor cell-attached immunoglobulins. CDC is dependent on 
the interaction of the antibody Fc domains with the classic complement-activating protein C3q resulting in the accumulation 
of C3b, which acts as an opsonin and promotes phagocytosis. C3b also binds to C3 convertase to form a C5 convertase, 
leading to the induction of the membrane attack complex [185]. 
 
4.1. SYNDECAN-1 (anti-CD138 mAb) 
 
As discussed above, CD138 is a cell surface protein, which serves as a receptor for epidermal growth factor 
ligands. Binding of EGF ligands stimulates cell growth. Immunohistochemical and flow cytometric analysis of 
patient MM cells has shown that CD138 is expressed in a large majority of cases. Within the hematopoietic 
compartment, CD138 expression is confined to normal plasma cells, with no expression on hematopoietic 
stem cells, while expression of CD138 on MM cells is significantly higher than on normal plasma cells. Almost 
all MM cells, even after exposure to multiple therapies, express the antigen, making it a useful target at any 
stage of the disease. Different monoclonal antibodies specific to CD138 have been reported. Preliminary data 
of clinical phase 1/2 studies show evidence and clinical activity of anti CD138-antibodies [185]. 
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4.2. NEURAL CELL ADHESION MOLECULE (anti-CD56 mAb) 
 
Expression of CD56 is found on several cancers including the majority of myeloma cases. Normal plasma cells 
lack CD56 expression, whereas it is normally found on natural killer cells and a subset of T-lymphocytes. 
Lorvotuzumab consists of a potent cytotoxic maytansinoid attached to a CD56-binding mAb. Lorvotuzumab 
has a potent activity as single agent against myeloma cell lines in the presence of stromal cells and in a myeloma 
mouse model. In combination with lenalidomide, synergistic activity was demonstrated in a myeloma mouse 
model. In combination with bortezomib, the molecule was found to be additive-to-synergistic against human 
myeloma xenografts in mice, whereas the combination in vitro showed antagonism. A phase 1 study with 
CD56+ relapsed/refractory myeloma patients showed a good toleration and an antimyeloma activity of 
lorvotuzumab (>/-18% MR) [189,190]. These trials and other preclinical studies supported investigations of 
lorvotuzumab as part of a combination regimen. A phase 1 study evaluated the combination with lenalidomide 
and dexamethasone in CD56+ relapsed/refractory myeloma. In the first dose level, two out of three myeloma 
patients achieved a response (one PR and one very good PR) without serious adverse effects [185]. 
 
4.3. Anti-D38 
 
CD38 is a type II transmembrane glycoprotein with ectoenzymatic activity involved in the production of 
calcium-mobilizing compounds. CD38 is highly and uniformly expressed on all myeloma cells. Under normal 
conditions, CD38 is expressed at relatively low levels on lymphoid or myeloid cells and in some tissues of non-
hematopoietic origin. A new human mAb directed against CD38, daratumumab, was developed recently, which 
induced myeloma killing in mouse models. Association with lenalidomide and bortezomib leads to a significant 
enhancement of cell killing in myeloma cell lines. On the basis of these preclinical results, daratumumab is 
currently evaluated in phase 2 safety studies [185]. 
 
4.4. Anti-CD20 
 
Several papers have shown that MM includes clonotypic B lineage cells at stages earlier than the compartment 
of malignant plasma cells in the BM, and the circulating component of the MM clone includes at least two 
distinct CD19+/CD20+ B-cell compartments as well as CD138+ /CD20+ plasma cells. Pilarski evaluated these 
three compartments before, during and after treatment of patients with rituximab (anti-CD20), followed by 
quantifying B-cell subsets over a 5-month period during and after treatment. Overall, all three types of 
circulating B lineage cells persist despite treatment with rituximab. The inability of rituximab to prolong survival 
in MM may results from this failure to deplete CD20+ B and plasma cells in MM. In another study, rituximab 
was tested for maintenance therapy in MM following ASCT. The use of rituximab was associated with an 
unexpectedly high rate of early relapse. The authors hypothesized a possible role for rituximab in provoking an 
additional reduction in the normal, residual B-cell activity. 
Generally, MM is not considered as a disease adequate for anti-CD20 therapy due to weak and various 
expression of CD20 in the preponderance of subjects. In contrast, other studies demonstrated that the CD20+ 
phenotype is associated with patients with t(11,14)(q13;q32) and with shorter survival and that sporadic 
responses have been achieved in patients with CD20+ myelomatous plasma cells [188]. 
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Table 7. Monoclonal antibodies targeting tumor cells in MM [186] 
 
4.6. CONCLUSION 
 
For the past years, a lot of therapeutic mAb have entered clinical trials or are in clinical development for MM. 
However, monoclonal antibodies targeting myeloma cells have not yet been included as part of standard 
myeloma therapy. An important challenge will be the identification of those patients that will benefit from 
certain antibody-based therapies. Efficacy of monoclonal antibody therapies is dependent on antigen protein 
expression and neutralizing mAb are best used in tumors that are at least partly dependent on the antigen or 
pathway neutralized by the therapeutic mAb. Inclusion of MFC and cytogenetic analysis will result in the 
identification of subgroups of myeloma patients that will likely benefit from a certain antibody based 
combination therapy. Therefore, future studies should incorporate analysis of biomarker components that can 
predict the safety and effectiveness of new monoclonal antibodies.  
 
 
TO DO/ACTIONS 
 
1) Selection of the appropriate markers for characterization of neoplastic/aberrant plasma cells 
2) Introduction/implementation of multicolor multiparameter flow cytometry in the clinical laboratory of 

hematology 
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ATTACHMENTS 
 
Attachment 1: Diagnostic criteria of plasma cell neoplasms [4]. 
 

Plasma cell 
neoplasms Disease definition 

Monoclonal 
gammopathy of 
undetermined 

significance 

All three criteria must be met: 
Serum monoclonal protein <3g/100ml 
Clonal bone marrow plasma cells <10% and 
absence of end-organ damage such as hypercalcemia, renal insufficiency, anemia and bone lesions (CRAB) 
that can be attributed to the plasma cell proliferative disorder 

Smoldering 
multiple myeloma 
(also referred to as 

asymptomatic 
myeloma) 

Both criteria must be met: 
Serum monoclonal protein (IgG or IgA) ≥3g/100 mL and/or clonal bone marrow plasma cells ≥10% and 
absence of end-organ damage such as lytic bone lesions, anemia, hypercalcemia or renal failure that can be 
attributed to a plasma cell proliferative disorder 

Multiple myeloma 

All three criteria must be met except as noted: 
Clonal bone marrow plasma cells ≥10% 
Presence of serum and/or urinary monoclonal protein (except in patients with true non-secretory MM 
myeloma) and 
Evidence of end-organ damage that can be attributed to the underlying plasma cell proliferative disorder, 
specifically: 

Hypercalcemia: serum calcium ≥11.5 mg/100ml or 
Renal insufficiency: serum creatinine >1.73 mmol/L 
Anemia: normochromic, normocytic with a hemoglobin value of >2g/100ml below the lower limit 
of normal or a hemoglobin value <10g/100 ml 
Bone lesions: lytic lesions, severe osteopenia or pathologic fractures 

Waldenström’s 
macroglobulinemia 

Both criteria must be met: 
IgM monoclonal gammopathy (regardless the size of the M-protein) and 
≥10% bone marrow lymphoplasmacytic infiltration (usually intratrabecular) by small lymphocytes that exhibit 
plasmacytoid or plasma cell differentiation and a typical immunophenotype (e.g. surface IgM+, CD5+/-, 
CD10-, CD19+, CD20+, CD23-) that satisfactory excludes other lymphoproliferative disorders, including 
chronic lymphocytic leukemia and mantle cell lymphoma 

 
Note: IgM MGUS is defined as: 

Serum IgM monoclonal protein <3g/100ml, and bone marrow lymphoplasmacytic infiltration <10% and  
no evidence of anemia, constitutional symptoms, hyperviscosity, lymphadenopathy or hepatosplenomegaly 

Note: Smoldering Waldenström’s macroglobulinemia (also referred to as indolent or asymptomatic Waldenström’s           
macroglobulinemia) is defined as: 

Serum IgM monoclonal protein ≥3g/100ml and/or bone marrow lymphoplasmocytic infiltration ≥10%, and 
no evidence of end-organ damage such as anemia, constitutional symptoms, hyperviscosity, lymphadenopathy 
or hepatosplenomegaly that can be attributed to a lymphoplasma cell proliferative disorder 

Solitary 
plasmacytoma 

All four criteria must be met: 
Biopsy-proven solitary lesion of bone or soft tissue with evidence of clonal plasma cells 
Normal bone marrow with no evidence of clonal plasma cells 
Normal skeletal survey and MRI of spine and pelvis (except for the primary solitary lesion) 
Absence of end-organ damage such as CRAB lesions that can be attributed to a lymphoplasma cell 
proliferative disorder 

Systemic AL 
amyloidosis 

All four criteria must be met: 
Presence of an amyloid-related systemic syndrome (such as renal, liver, heart, gastrointestinal tract of 
peripheral nerve involvement) 
Positive amyloid staining by Congo-red in any tissue (e.g. fat aspirate, bone marrow or organ biopsy) 
Evidence that amyloid is light chain-related established by direct examination of the amyloid 
(immunohistochemical staining, direct sequencing, and so on) and 
Evidence of a monoclonal plasma cell proliferative disorder (serum of urine M-protein, abnormal free light 
chain ratio or clonal plasma cells in the bone marrow). 
Note: Approximately 2-3% of patients with AL amyloidosis will not meet the requirement for evidence of a 
monoclonal plasma cell disorder listed above; the diagnosis of AL amyloidosis must be made with caution in 
these patients 

POEMS syndrome 

All three criteria must be met: 
Presence of a monoclonal plasma cell disorder 
Peripheral neuropathy and 
at least one of the following seven features: osteosclerotic bone lesions, Castleman’s disease, organomegaly, 
endocrinopathy (excluding diabetes mellitus or hypothyroidism), edema, typical skin changes and papilledema 
Note: not every patient meeting the above criteria will have POEMS syndrome; the features should have a 
temporal relationship with each other and no other attributable cause. The absence of osteosclerotic lesions 
should make the diagnosis suspect. Elevations in plasma or serum levels of vascular endothelial growth factor 
and thrombocytosis are common features of the syndrome and are helpful when the diagnosis is difficult. 

 
 



Attachment 2: International Myeloma Working Group uniform response criteria [4]. 
 

CR Stringent Complete 
Response (sCR) VGPRa PR SD PDb 

Negative immunofixation of 
serum and urine, 
and 
 

CR as defined,  
plus 

Serum and urine M-component 
detectable by immunofixation 
but not on electrophoresis, 
or 

≥50% reduction of serum M-protein 
and reduction in 24-hour urinary M-
protein by ≥90% or to <200mg/24h 

Not meeting 
criteria for CR, 
VGPR, PR or PD 

Increase of 25% from lowest response value in any one 
or more of the following: 

Disappearance of any soft 
tissue plasmacytomas, 
and 

Normal FLC ratio, 
and 

≥90% reduction in serum M-
component plus urine M-
component <100mg/24h 

If the serum and urine M-protein are 
not measurable, a decrease ≥50% in 
the difference between involved and 
uninvolved FLC levels is required in 
place of the M-protein criteria  

 Serum M-component (absolute increase must be ≥0.5 
g/dL), and/or 

<5% plasma cells in bone 
marrow 

Absence of clonal plasma 
cells by 
immunohistochemistry or 
2- to 4-color flow 
cytometry 

 If serum and urine M-protein are not 
measurable, and serum free light 
assay is also not measurable, ≥50% 
reduction in bone marrow plasma 
cells is required in place of M-
protein, provided baseline percentage 
was ≥30% 

 Urine M-component (absolute increase must be ≥200 
mg/24h), and/or 

   In addition to the above criteria, if 
present at baseline, ≥50% reduction 
in the size of soft tissue 
plasmacytomas is also required 

 Only in patients without measurable serum and urine 
M-protein levels: the difference between involved and 
uninvolved FLC levels (absolute increase must be >10 
mg/dL) 

     Only in patients without measurable serum and urine 
M-protein levels and without measurable disease by 
FLC levels, bone marrow plasma cell percentage 
(absolute percentage must be 

     Definite development of new bone lesions of soft tissue 
plasmacytomas or definite increase in the size of 
existing bone lesions or soft tissue plasmacytomas 

     Development of hypercalcemia (corrected serum 
calcium >11.5 mg/dL) that can be attributed to the 
plasma cell proliferative disorder 

 
Abbreviations: CR: complete response; VGPR: very good partial response; PR: partial response; SD: stable disease; PD: progressive disease 
All response categories (CR, SCR, VGPR, PR, and PD) require 2 consecutive assessments made at any time before the institution of any new therapy; CR, sCR, VGPR, PR, and SD categories also require no known evidence of progressive or 
new bone lesions if radiographic studies were performed. VGPR and CR categories require serum and urine studies regardless of whether disease at baseline was measurable on serum, urine, both, or neither. Radiographic studies are not 
required to satisfy these response requirements. Bone marrow assessments need not be confirmed. For PD, serum M-component increases of more than or equal to 1 g/dL are sufficient to define relapse if starting M-component is ≥5g/dL. 
aClarifications to IMWG criteria for coding CR and VGPR in patients in whom the only measurable disease is by serum FLC levels: CR in such patients indicates a normal FLC ratio of 0.26 to 1.65 in addition to CR criteria listed above. VGPR 
in such patients requires a > 90% decrease in the difference between involved and uninvolved FLC levels. 
bClarifications to IMWG criteria for coding PD: bone marrow criteria for PD are to be used only in patients without measurable disease by M-protein and by FLC levels, “25% increase” refers to M-protein, FLC, and bone marrow results, and 
does not refer to bone lesions, soft tissue plasmacytomas, or hypercalcemia and the “lowest response value” does not need to be a confirmed value. 
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Attachment 3: Expression of various antigens in plasma cells of MGUS and MM (adapted from [24]). 
 

Cluster 
designation 

Normal distribution and 
function 

Expression in plasma cells of 
MGUS and MM Diagnostic and prognostic significance References 

CD19 

All B-cells, including 
lymphoblasts, mature B-
lymphoid cells and most of 
plasma cells 

MGUS: normal plasma cells express 
CD19 whereas malignant plasma 
cells do not 
 
MM: only negative of diminished 
CD19 expression on plasma cells 

Facilitate as an identification marker of malignant and physiological plasma cells in combination with 
CD56. 
Patients with >5% of normal plasma cells had better PFS and OS compared to patients with < 5% of 
normal plasma cells. Similarly, presence of >5% normal plasma cells or <95% of malignant plasma 
cells in MGUS and SMM predicted better PFS compared to patients with ≤5% normal plasma cells 
or ≥95% of malignant plasma cells 

56,85,86,87 

CD20 
During maturation process of 
pre-B-cells and negative 
expression in plasma cells 

Some subsets of myeloma patients 
express CD20 in plasma cells 

Associated with poor prognosis 86,88,89 

CD27 

Aid in differentiation of 
mature B-cells into plasma 
cells 

MGUS: consistent high expression in 
plasma cells 
 
MM: expression is heterogeneous 
and low intensity comparing to 
MGUS 

Lack of CD27 associated with shorter PFS and OS. 64,66,67 

CD28 

T-cell activation MGUS: only very few cases express 
CD28 
 
MM: CD28 expressing plasma cells 
represented as aggressive phenotype. 
Associates always with tumor 
expansion 

Combination of CD28 and CD117 markers identified three groups of patients with different risk. 
Patients with CD28-CD117+ plasma cells (good risk group) had better PFS and OS compared to 
patients with CD28+CD117- plasma cells (poor risk) and patients with CD28-CD117- or 
CD28+CD117+ plasma cells (intermediate risk) 

60,90,91 

CD33 
Myeloid and monocytic cells Only few myeloma patients express 

CD33 on plasma cells and correlate 
with lower survival 

CD33 expression associated with poor OS and higher mortality rate 76,79 

CD45 

B and T cells, diminished 
expression in precursor cells 
and some plasma cells 

MGUS: equal distribution of CD45+ 
and CD45- plasma cells 
 
MM: expression is not well 
characterized by survival rate is 
higher for CD45+ patient groups 
comparing to CD45- groups. Also 
CD45 expression demonstrates 
proliferating compartment of normal, 
reactive and malignant plasma cells 

Patients with CD45 positive expression had better OS than patients with CD45 negative 
expression 

38,39,43,92 

CD56 
NK and NK-T cells In plasma cell proliferative disorders 

CD56 consider as a valuable marker 
in diagnosis  

Possess substantial diagnostic value in plasma cell disorders when combined with CD19 marker. 
Patients with CD56 negative expression on plasma cells found to have reduced OS compared to 
patients with CD56 positive expression. Also, CD56 negative myeloma cases strongly associated 

28,46,93,94 
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MM: Most of the myeloma cases 
express CD56. 
However, circulating plasma cells and 
extramedullary myeloma patients 
lack CD56 expression 

with adverse biological parameters 

CD117 

Progenitors of myeloid, 
erytroid and megakaryocytic 
lineage 

MGUS: 50% of cases express CD117 
 
MM: one third of myeloma patients 
express CD117 and have better 
prognosis comparing to their 
counterpart 

CD117 expression on plasma cells predicted better outcome in MM patients. Combination of 
CD117 and CD28 markers delineated MM patients with different risks; CD117 expression is 
associated with an altered maturation of the myeloid and lymphoid hematopoietic cell 
compartments and favorable disease features 

71,74,91,95 

CD138 

Plasma cells Both normal and malignant plasma 
cells from MGUs and MM cases 
express CD138 but the expression 
of CD38 marker is lower in 
malignant plasma cells 

Universal marker of plasma cells and provides a basis to quantify or to assess disease burden in 
plasma cell proliferative disorders 

28 

CD200 

Member of the 
immunoglobulin superfamily 
and expressed on endothelial 
cells, neurons, B cell and a 
subset of T cells 

MM- more than 70% of cases do 
express CD200 

Absence of CD200 expression on myeloma cells associated with better PFS 96,97 
 

CD81 

Expressed on B-cells including 
plasma cells and regulates 
CD19 expression 

Less than 50% of MM cases express 
CD81 on plasma cells and 
expression is heterogeneous in most 
of the cases (ranging from 5%-92%) 

Patients with CD81 expression on myeloma cells had inferior prognostic outcome (PFS and OS) 
compared to patients with C81 negative expression. 

98 

CD221 

Tyrosine kinase receptor 
family, expressed widely on 
all types of cells 

MM- more than 70% and 85% of 
medullary and extramedullary cases 
express CD221 on the surface of 
plasma cells, respectively 

Patients with CD221 expression had worse prognosis and CD221+ plasma cells were associated 
with adverse cytogenetic abnormalities 

74,99 

CD229 
Signaling lymphocytic 
activation molecules family 
member 

MM- consistent expression on 
plasma cells 

Might represent an attractive diagnostic and therapeutic target for MM 100 
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Attachment 4:  Overview of the studies examining MFC for MRD monitoring in MM. 
 

Authors No of patients Method Sensitivity Treatment regimen CR MRD negativity rate 
San Miguel et al [138] 87 4-color MFC 10-4 ASCT 45% 36% 
Paiva et al [140] 295 4-color MFC 10-4 ASCT 50% 42% 
Liu et al [181] 47 4-color MFC NR ASCT 66% 8% 
     CR/VGPR  
Mateo et al [91] 685 4-color MFC NR ASCT 36% NR 
Kumar et al [184] 132 MFC NR Chemotherapy 22% to 47% 46% 

 
MFC: multiparameter flow cytometry; CR: complete response; ASCT: autologous stem cell transplantation; NR: not reported; VGPR: very good partial response. 
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Attachment 5:  Overview of the studies examining PCR for MRD monitoring in MM. 
 

Authors No of patients Method Sensitivity Treatment regimen CR MRD negativity rate 
Bird et al [159] 5 PCR (not ASO) NR Allo-BMT 100% 100% 
Corradini et al [152] 18 ASO nested PCR NR auto-SCT or allo-SCT 50% 0% 
Björkstrand et al [153] 15 ASO-PCR NR Auto-SCT x2 53% 80% 
Swedin et al [154] 36 ASO semi –nested PCR 10-4 – 10-5 Auto-SCT or allo-SCT 42% 21% 
Corradini et al [155] 51 ASO-PCR 10-5 – 10-6 Auto-SCT or allo-SCT 71% 7%; 50% 
Martinelli et al [156] 26 ASO-PCR 10-5 Allo-SCT 38% 50% 

Martinelli et al [157] 229 ASO-PCR 10-5 Auto-SCT or allo-SCT 
Allo = 38% 
Auto = 22.5% 

27% 

Cavo et al [158] 13 ASO-PCR 10-5 – 10-6 Allo-SCT 92% 69% 

Ladetto et al [163] 29 
Real time PC (not ASO) 
ASO nested PCR 

10-4 

10-3 – 10-4 
Auto-SCT NR NR 

Davies et al [174] 96 PCR (not ASO) 10-4 Auto-SCT 53% NR 

Novella et al [167] 36 
PCR (not ASO) 
ASO nested PCR 

10-4 – 10-6 

10-4 – 10-5 
Auto-SCT 24% NR 

Corradini et al [161] 70 ASO-PCR 10-6 Allo-SCT 100% 33% 
Fenk et al [166] 11 ASO real time PCR 10-4 – 10-6 Auto-SCT or allo-SCT 45% 27% 
Bakkus et al [165] 87 ASO-PCR 10-4 Auto-SCT 28% 35% 
Raab et al [162] 11 ASO real time PCR 10-4 – 10-5 Allo-SCT 27% 65% 

Ladetto et al [169] 39 ASO nested Real-time PCR (not ASO) 
10-6 

5 x 10-6 
Auto-SCT 49% 27%; 15% and NR 

Korthals et al [168] 70 Real-time ASO-PCR 10-4 – 10-5 Auto-SCT 
25% nCR before auto-PBSCT 
29% nCR after auto-PBSCT 

17% and 21% 
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Attachment 6:  Overview of the studies examining multiple methods for MRD monitoring in MM. 
 

Authors No of patients Methods Sensitivity Treatment regimen CR MRD negativity rate 

Rawstron et al [139] 45 
3-color MFC 
PCR (not ASO) 

10-4 

10-3 – 10-5 
ASCT 73% 

NR 
56% (25/45) 

Saraquete et al [82] 32 
Real time ASO-PCR 
4-color MFC 

10-5 

10-4 
ASCT 58% 

29% (7/24) 
54% (13/24) 

Martinez-Sanchez et al [182] 53 
Fluorescent PCR (not ASO) 
4-color MFC 

10-3 – 10-4 

10-4 
ASCT 51% 

53% (28/53) 
33% (17/51) 

Puig et al [183] 170 
Real time ASO-PCR 
4-color MFC 

10-5 

10-4 – 10-5 
ASCT 60% 

54% (55/103) 
46% (47/103) 
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