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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)) [l,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].

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 I. Overview of the different plasma cell neoplasms according to the WHO [I].



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), B,-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

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

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

Quantitation of myeloma plasma cells in BM tissue/cell samples via antibody-antigen

Serum/urine protein electrophoresis

Serum free light chain assay
Bone marrow aspirate/biopsy

Immunohistochemistry/immunofluorescence
4 interaction (sensitivity 102 — 10%)

Automated cell-by-cell quantitation of myeloma plasma cells in BM samples via multiple
antibody-antigen interactions (sensitivity 10™)
Identification of residual tumor cells based on presence of patient-specific selected

Immunophenotyping

Real-time quantitative polymerase chain reaction X . . . . "
immunoglobulin heavy chain genomic rearrangements (sensitivity 10°°)

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.



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)

)  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

I) 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], Amyloidosis [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.orguk/), 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?tabld=0&indexPageld=155&categoryld=0&parentNuggetld=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

I.IMMUNOPHENOTYPIC CHARACTERISTICS OF PLASMA CELLS
[.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].

[.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, CD|38 expression is restricted to both plasma and myeloma cells. Studies of
plasma cell differentiation show that CD 138 must be considered as a differentiation antigen: CD |38 expression
appears after the plasma blastic stage. CD|38- 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 CD 138+ plasma cells [30,31]. CD 138 expression is specific for plasma cells, although plasma cells
expressing low levels of CDI38 have been frequently reported and CDI38- plasma cells are present in
peripheral blood [23,32,33].



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 CD 38 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 CDI b [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 |.
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Figure I. 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.




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 CDI 17, 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 CDI19
expression. An early study reported negative CD 9 expression in MGUS [53]; however contrary to this study,
Harada and Zandecki defined CDI9 expression in MGUS [34,54]. CDI9 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 CDI9 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 CDI9-/ 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].



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, CDI19 loss is not always associated with CD27 loss in monoclonal gammopathies [67].
Negative CD27 expression on plasma cells has been found in stage Il and stage Ill MM patients. In MGUS and
stage | 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 CD 117 in myeloma cells

The C-kit receptor (CDI117) 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 CD |17 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 CDI17+ MM could have a better outcome [73,74]. The sample size and treatment
heterogenicity may account for such discrepancies (see below).

Bataille identified CD1 17 expression in 36 of 122 MGUS (30%) and 169 of 617 MM (27%) cases [74]. CDI117
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 CDI 17+ patient group had a better outcome compared to the
CD117- patient group [73]. No significant differences were observed between the CDII17+ and CDI17-
groups when comparing clinical and biological parameters, such as M-protein, albumin, 2-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

CD8lI is a tetraspin cell surface protein that regulates CDI9 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 CD8| 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 CD8I) 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 CD8I 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