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ABSTRACT

Introduction and Aims: Flow cytometry (FCM) has been useful in differentiating abnormal plasma
cells (APCs) from normal plasma cells (NPCs) based on the different surface antigen expressions
as well as the clonality analysis. The enumeration of NPCs and APCs is of prognostic significance.
The phenotypic expressions of different antigens have been found prognostically relevant in
myeloma. We intended to evaluate the prognostic significance and utility of immunophenotyping of
multiple myeloma (MM) cases at diagnosis.

Materials and Methods: We evaluated 48 newly diagnosed MM cases. Immunophenotyping was
done by a 3-tube 6-color FCM panel. NPCs and APCs were defined based on light chain restriction
and immunophenotypic aberrancies.

Results: Cases with >3% NPCs did not show a RISS3 disease (P=0.024). Cases with <3% NPCs
at diagnosis were predominantly 1ISS2 or ISS 3 disease. Cases with >3% NPCs in bone marrow
presented with a higher hemoglobin (P=0.004), lower creatinine (P=0.035) and lower beta-2
microglobulin (P=0.003) compared to cases with <3% NPCs at diagnosis.

Conclusion: Cases with increased number of NPCs at diagnosis are associated with good risk
factors and may fare well after treatment. A diagnostic immunophenotyping should be encouraged
to find out sub-groups of MM patients with higher NPCs.
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1. INTRODUCTION

Multiparametric flow cytometry (FCM) has been
the forerunner in diagnosis and monitoring in
many hematological neoplasms mostly because
of the high sensitivity, specificity along with the
ability to provide results within a few hours [1].
Multiparametric FCM has been used to diagnose
variety of plasma cells disorders (PCDs)
especially to distinguish myeloma from other
lymphoid  malignancies  with  plasmacytic
differentiation [2]. Enumeration of total PCs by
FCM is of prognostic significance in terms of
survival as well as association of adverse
baseline parameters [3-5]. Lately, prognostic
significance of enumerations of NPCs and APCs
have been proven in multiple studies [3-7]. Most
of the MM cases have been shown to have a
reduced NPCs in total PC compartment in BM
[3,8,9]. Cases of MM with more NPCs at
diagnosis have a MGUS like signature [5] The
percentage of NPCs at diagnosis is a powerful
prognostic factor at all stages of MM, from
diagnosis to follow-up post therapy [3,5,7,10].
Though a  prognostic  significance of
immunophenotypic aberrancies in MM is proven
in studies but discrepancies exist [3,11].

We studied the immunophenotype of newly
diagnosed MM cases and enumerated the total
PCs, NPCs and APCs. We tried to evaluate and
correlate the total PCs, NPCs and
immunophenotypic expression with baseline
cytogenetics, laboratory parameters and stage of
the disease. In this current study, we tried to
explore the additional benefits of
immunophenotyping in multiple myeloma apart
from its diagnostic role.

2. PATIENTS AND METHODS

BM aspirate samples of 48 newly diagnosed MM
cases were evaluated for diagnostic FCM. The
diagnosis of MM was done in these cases

according to IMWG criteria [12]. A 3-tube 6 color
multiparameter FCM panel was used for plasma
cell immunophenotyping (Table 1).

BM aspirate samples were received in EDTA
anticoagulant and processed within 12 hours. An
ammonium chloride based bulk lysis/ pre-lysis
protocol (RBC lysis buffer, Biolegend, San Diego,
CA) was used for all the samples. Antibodies
against surface antigens and intracytoplasmic
light chain antigens were stained according
to previously described protocols [13]. For
cytoplasmic light chain staining permeabilizing
solution (BD Perm/wash, BD biosciences, San
Jose, CA) was used after surface staining. In all
washing steps aspiration of supernatant was
done in place of simple decantation of tube to
minimize cell loss. A minimum of 0.5 million
events were acquired on BD FACSCanto Il 3-
laser flow cytometer (BD biosciences, San Jose,
CA) immediately after sample processing in all
the cases.

NPCs were defined based on polyclonal
cytoplasmic kappa and lambda light chain
expression. APCs were based on antigen
expression profile and monoclonality on
cytoplasmic light chain staining. An aberrant
antigen expression profile was assigned when at
least two surface antigen expressions were
abnormal. Antigen expression intensity were
characterized as negative (N), dim (D), partial
positive (PP), subpopulation positive (SPP),
subpopulation negative (SPN) or moderate/
strong positive (P).

Bone marrow aspirate smear and peripheral
smears were stained with Jenner-Giemsa stain

and evaluated for PCs. The baseline
characteristics including serum protein
electrophoresis (SPEP), immunofixation

electrophoresis (IFE), free light chain assay
(sFLC) and radiological features were retrieved
from patients’ medical records.

Table 1. Flow cytometry panel for plasma cell immunophenotyping

Tube Fluorochoromes /Antibodies

FITC PERCPCy5.5 PE PECy7 APC APCH7
1 CD81 CD45 CD138 CD19 CD56 CD38
COMP./CLONE BL/JS81 BL/30-F11 BD/MI15 BL/HIB19 BD/B159 BD/HB7
2 CD27 CD45 CD138 CD19 CD117 CD38
COMP./CLONE BD/M-T271 BL/30-F11 BD/MI15 BL/HIB19 BD/104D2 BD/HB7
3 cLAMBDA CD45 CD138 CD19 cKAPPA CD38
COMP./CLONE BL/MHL38 BL/30-F11 BD/MI15 BL/HIB19 BL/MHK49 BD/HB7

COMP- Company, BL- Biolegend, San Diego, CA, BD- BD biosciences, San Jose, CA



A sequential gating strategy was used for
immunnophenotyping of PCs.

2.1 Gating Strategy

a. A CD38 vs time dot plot was used to
assess the quality of data acquisition.

b. FSC-H vs FSC-A dot plot to exclude
doublets.

C. FSC-A vs SSC-A to exclude debris.

d. A broad gating (PC gate) on CD38 vs
CD138 dot plot to include all CD38 and
CD138 positive events.

e. A refined PC gate (CD38 vs CD45 dot plot)
on cells gated in PC gate to include only
CD38+ bright events.

f. A CD19 vs CD45 plot was used to
characterize refined PCs with expression
of CD19 and CD45.

g. Further characterization of each subset of
PCs was done with CD56, CD81, CD117,
and CD27.

h. Each subset on a CD19/CD45 dot plot was
assessed for cytoplasmic kappa or lambda
restriction.

i. Mast cells, hematogones and NK cells
were also evaluated to assess sample
dilution.

2.2 Statistical Analysis

The presentation of the Categorical variables
was done in the form of nhumber and percentage
(%). On the other hand, the quantitative data
were presented as the means + SD and as
median with 25th and 75th percentiles
(interquartile range). The data normality was
checked by using Kolmogorov-Smirnov test. The
cases in which the data was not normal, we used
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non parametric tests. The following statistical
tests were applied for the results:

1. The comparison of the variables which
were quantitative and not normally
distributed in nature were analyzed using
Mann-Whitney Test (for two groups) and
Kruskal Wallis test (for more than two
groups) and independent t test was used
for comparison of normally distributed data
between two groups.

2. The comparison of the variables which
were qualitative in nature were analyzed
using Chi-Square test. If any cell had an
expected value of less than 5 then Fisher’s
exact test was used.

3. Spearman rank correlation coefficient was
used for correlation of BM PC (%) and
FCM PC(%) and for correlation of FCM
PC(%) with Haemoglobin (g/dL), Total
leucocyte count(cells/cubic mm), Platelet
count(cells/cubic mm), Serum
creatinine(mg/dL), R2M(mg/L),
Albumin(g/dL) and LDH(U/L).

The data entry was done in the Microsoft EXCEL
spreadsheet and the final analysis was done with
the use of Statistical Package for Social
Sciences (SPSS) software, IBM manufacturer,
Chicago, USA, ver. 21.0.

For statistical significance, p value of less than
0.05 was considered statistically significant.

3. RESULTS

We studied 48 MM cases with male (n=33)
predominance (M: F=2.2:1). Mean age in our
cohort was 58.4 years. The baseline
characteristics are shown in Table 2 and Table 3.

Table 2. Baseline characteristics of MM cases (Age/sex/laboratory parameters/radiology)

Baseline Characteristics

Results/ parameters (median/mean/range)

Age in years (n=48)

Hb (g/dL) (n=48)

TLC(x10°/L) (n=48)

Platelets(x10°/L) (n=48)

Calcium(mg/dL) (n=48)

Creatinine(mg/dL) (n=48)

Albumin (g/dL) (n=48)

LDH (U/L) (n=48) Normal range (120-240)
Beta2M (mg/L) (n=48)

Lytic Lesions on radiology (n=48)

58.4/60.5/40-79
8.3/8.2/4-15.1
7.0/6.0/1.39-17.6
158.29/144.0/20.0-503
9.34/9.1/7.9-13.8
2.01/1.4/0.5-7.2
3.37/3.45/1.5-5.6
241/184/56-940
8.02/6.25/3.04-20
68.75% (33/48)
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Table 3. Myeloma defining parameters (SPEP/IFE/FLC/cytogenetics)

Myeloma defining parameters

Results

M Band (g/dL) (n=44)

No M bands

SFLC ratio (n=48)

Normal sFLC ratio (0.26-1.65)
Type of immunoglobulin (n=48)

FISH (fluorescent in situ hybridization)
abnormalities (n=41)

Mean/median/range
3.58/3.8/0.3-8.63

4 of 48 cases
Mean/median/range
67.8/6.25/0.001-657.3
IgG Kappa- 20

IgG Lambda-09

IgA Kappa-07

IgA lambda-06

Kappa Light chain-01
Lambda light Chain-04
Not available-01

Del 13g- 17
Del17p-05

t(4;14)-04

t(11;14)-03

No abnormalities-17
Other anomalies-08

3.1 Comparison between Bone Marrow
Morphology and Flow Cytometric
Plasma Cell Enumeration

There was a significant reduction in PCs
in FCM processing in comparison to
morphology (BMPC). Total PCs by morphology
and FCM ranged from 4-96% (mean/median,
44.5%/43%) and 0.5-75.9% (mean/median,
16.07% and 9.5%). Only two cases had
FCMPC% more than BMPC and both the
cases had marrow fibrosis of gradel-2
(WHO scoring system grade 0-3). A mean of
59.77% reduction was seen in PCs
enumeration by FCM in comparison to BM.
However, a moderate correlation was present
between PCs in both the methods (R?=0.458,
P=0.001).

3.2 Revised International Staging
System (RISS) Categories of Multiple
Myeloma Cases (n=41)

Most of the patients in our study were with a
RISS2 (n=26, 62%) or RISS3 (n=13, 31%)
disease. Only three patients (7%) had a RISS1
disease. When categorized with the international
staging system (ISS) criteria most patients
(n=31, 65%) had ISS3 stage followed by 1SS2
(n=15, 31%) and ISS1 (n=2, 4%).

3.3 Patterns of Antigen Expression in
Multiple Myeloma Cases

CD19 showed abnormalities in 100% of cases
followed by CD81 (93.6%) and CD27 (89.3%)
cases. 14.6% cases (n=7) showed a moderate to
strong positivity for CD45. CD56 showed a dim,
partial or strong positivity in 79.1% cases (n=38).
CD117 had the lowest frequency of abnormalities
with positivity in only 31.9% of cases (n=15).

None of the cases showed a moderate to strong
positivity for CD19. CD45 was moderate to
strong positive in 7 cases (14.6%). CD56
positivity (D/PP/P) was seen in 38 cases (79.1%)
cases. CD81 and CD27 were abnormal (N/D/PP)
in 44 (93.6%) and 42 (89.3%) cases respectively.
CD117 expression was abnormal in 15 (31.9%)
cases only.

3.4 Clinical Significance  of  Flow
Cytometric Plasma Cell Enumeration

We tried to correlate FCMPC% with high-risk and
standard-risk cytogenetics along with baseline
laboratory parameters. High-risk cytogenetics
were associated with a higher number of PC% by
FCM (mean, 22.21%) versus standard risk
(mean FCMPC%, 14.84) (P=0.197). With
increasing FCMPC% there was an association of
reduced haemoglobin (Hb) (P=0.415), increased



total leukocyte count (TLC) (P=0.596),
decreased platelet count (PLT) (P=0.803), raised
serum creatinine (P=0.040) increased beta-2 M
(P=0.149) and raised LDH (P=0.158) however,
only correlation with serum creatinine was
statistically significant.

3.5 Significance of Normal Plasma Cells
(NPCs) in Diagnostic Bone Marrows in
Multiple Myeloma Cases

Only 5 (10.41%) MM cases with NPCs >3% were
evaluated for association with FISH and baseline
laboratory parameters. Cases with >3% Pcs did
not show any high-risk cytogenetics (P=0.568).
Patients with >3% NPCs had a significant
correlation with higher Hb (P=0.004), lower
serum creatinine (P=0.035), and lower beta-2
microglobulin (P=0.003).

3.6 Correlation of Flow Cytometric
Plasma Cell Percentage and Normal
Plasma Cells Percentage with RISS
(n=41) and ISS (n=48)

R-ISS 3 was associated with a higher FCMPC%
(mean-20.78%, median-14.9%) in comparison to
R-ISS 2 (mean-15.3%, median-8.9%) and R-ISS
1 (mean-7.4%, median-7.3%) (P=0.334).
Similarly, a higher FCM PC% (mean-18.98%)
was associated with ISS3 compared to ISS2
(mean FCMPC%-11.02%) and 1SS-1 (mean
FCMPC%-8.9%) (P=0.3). Cases with >3% NPCs
did not show a RISS3 disease (P=0.024).
Similarly, cases with <3% NPCs at diagnosis
were predominantly 1SS2 or ISS 3 disease
(P=0.006).

3.7 Correlation of Immunophenotypic
Expression with Cytogenetics and
Laboratory Parameters

The expressions of CD19, CD45, CD81, CD56,
CD117 and CD27 were correlated with
cytogenetics, stage and baseline laboratory
parameters. However none of the antigens
showed a significant correlation (supplementary
file).

4. DISCUSSION

In this study we tried to evaluate and enumerate
the PCs along with NPCs by FCM in MM
cases at diagnosis. We tried correlating the
FCMPC, NPCsand immunophenotypic profile
with different baseline parameters including
cytogenetics.
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Majority of our MM cases had NPCs <3% at
diagnosis. In our study, though there was an
association of higher FCM PC with high risk
CTG, higher RISS/ISS, low Hb, high LDH, high
beta-2M, lower PLT count, and high creatinine,
only a higher creatinine was statically significant.
Cases with >3% NPCs at diagnosis had a
significant correlation with high Hb, low beta-2M,
lower creatinine, lower incidence of high-risk
CTG, and lower ISS/RISS in our study cohort.

The number of residual polyclonal PCs is a
useful discriminating marker between MGUS and
MM [7,11]. Similar to our study, in a series of
595 MM cases, Paiva et al. found majority of
cases with less than 5% NPCs at diagnosis.
Cases with >5% NPCs had higher Hb, lower
beta-2M, higher platelet, higher albumin, higher
percentage of ISS1 and lower incidence of high-
risk cytogenetics [5]. In another study in 76
MGUS and 65 MM patients, Ocqueteau et al.
found only 1.8% MM cases with >3% NPCs in
comparison to 98% cases of MGUS [9].

The number of residual polyclonal PCs (NPCs) is
a useful discriminating marker between MGUS
and MM at diagnosis [4,9]. MGUS usually has
more than 5% NPCs within total bone marrow
PCs [11]. Apart from diagnosis an abnormal to
total PC ratio has prognostic significance too.
MGUS and SMM with abnormal to total PC ratio
more than 95% have a higher risk of progression
to symptomatic [4]. In a series of 594 MM
patients, cases with less than 95% abnormal to
total PC ratio (14%) had an MGUS like signature
and low incidence of high-risk cytogenetic
anomalies [5]. These patients had a better
response to therapy, longer progression free
survival (PFS) and overall survival (OS)
compared to the rest of the patients. MM patients
with more than 5% NPCs in BM have a lower
frequency of immune paresis and a greater
response to autologous stem cell transplantation
(ASCT) (complete remission (CR) rate after
ASCT [14].

In series of 765 newly diagnosed MM patients,
patients with less than 15% PCs detected by
FCM had significantly longer PFS and OS than
cases with more than 15% PCs [6]. A study
conducted by Tian et al. found higher FCMPC to
be significantly correlated with low Hb, high LDH,
higher beta-2M, higher RISS, and ISS [15]. We in
our cohort of patients did not find any significant
correlation between FCMPC and baseline
parameters. These discordant results possibly
can be attributed to the small sample size.



We also tried to correlate abnormal expression of
CD19, CD45, CD27, CD81, CD117 and CD56
with stage of MM, baseline cytogenetics and
laboratory parameters. We did not get any
significant  correlation  of  adverse/high-risk
parameters with immunophenotypic aberrancies.

Different studies have shown prognostic
significance of antigenic expression in MM. For
example, absence of CD117 is associated with
high-risk cytogenetics like t(4;14) and del (17p).
In one study, CD56 negative patients had higher
32M levels, a higher incidence of extramedullary
disease, Bence Jones  protein, renal
insufficiency, and thrombocytopenia and were
more likely to have a plasmablastic morphology
compared to CD56 positive patients [16] CD56
positivity and absence of CD45 have been
associated with advanced ISS stage [17]. CD19,
CD45 absence and over-expression of CD56
have been found to be associated with low
hemoglobin, higher beta-2 microglobulin and
higher ISS stage [18]. Gupta et al found CD27
aberrancy association with normal albumin and
association of CD117 expression with normal
hemoglobin [19]. However, none of the findings
have been proven in large multi-center trials
similar to our patient cohort.

5. CONCLUSION

FCM immunophenotyping though may not be
relevant to diagnose MM, it can provide
prognostic information. The presence of higher
number of NPCs at diagnosis are associated with
good prognostic factors and hence worth
enumerating. Most cases of MM have a very
minor population of NPCs at diagnosis.
Immunophenotype of PCs in MM does not
provide any additional prognostic information but
can help differentiating APCs from NPCs. The
sample size in our cohort is small, hence further
study on large sample size may help in
establishing the findings.

CONSENT AND ETHICAL APPROVAL
It is not applicable.
ACKNOWLEDGEMENTS

We would like to acknowledge technologists and
staffs in department of haematology, AIIMS, New
Delhi.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

Rath et al.; AHRJ, 6(4): 1-7, 2022; Article no.AHRJ.90709

REFERENCES

1. Jelinek T, Bezdekova R, Zatopkova M,
Burgos L, Simicek M, Sevcikova T, et al.
Current applications of multiparameter flow
cytometry in plasma cell disorders. Blood
Cancer J. 2017;7(10):e617—e617.

2. Seegmiller AC, Xu Y, McKenna RW,
Karandikar NJ. Immunophenotypic
differentiation between neoplastic plasma
cells in mature B-cell lymphoma vs plasma
cell myeloma. American journal of clinical
pathology. 2007;127(2):176-81.

3. Kumar S, Kimlinger T, Morice W.
Immunophenotyping in multiple myeloma
and related plasma cell disorders. Best
Pract Res Clin Haematol. 2010;23(3):
433-51.

4. Pérez-Persona E, Vidriales M-B, Mateo G,
Garcia-Sanz R, Mateos M-V, de Coca AG,
et al. New criteria to identify risk of
progression in monoclonal gammopathy of
uncertain  significance and smoldering
multiple myeloma based on multiparameter
flow cytometry analysis of bone marrow
plasma cells. Blood. 2007;110(7):2586-92.

5. Paiva B, Vidriales M-B, Mateo G, Pérez JJ,
Montalbdn MA, Sureda A, et al. The
persistence  of  immunophenotypically
normal residual bone marrow plasma cells
at diagnosis identifies a good prognostic
subgroup of  symptomatic = multiple
myeloma patients. Blood. 2009;114(20):
4369-72.

6. Paiva B, Vidriales MB, Pérez JJ, Mateo G,
Montalbdn MA, Mateos MV, Bladé J,
Lahuerta JJ, Orfao A, San Miguel JF.
Multiparameter flow cytometry
quantification of bone marrow plasma
cells at diagnosis provides more
prognostic information than morphological
assessment  in myeloma  patients.
haematologica. 2009;94(11):1599.

7. Olteanu H. Role of Flow Cytometry in the
Diagnosis and Prognosis of Plasma Cell

Myeloma. SurgPathol Clin. 2016;9(1):
101-16.

8. Sezer O, Heider U, Zavrski |, Possinger
K. Differentiation of monoclonal
gammopathy of undetermined significance
and multiple myeloma using flow

cytometric characteristics of plasma cells.
Haematologica. 2001;86(8):837-43.

9. Ocqueteau M, Orfao A, Almeida J, Bladé J,
Gonzédlez M, Garcia-Sanz R, et al
Immunophenotypic  characterization  of
plasma cells from monoclonal



10.

11.

12.

13.

14.

gammopathy of undetermined significance
patients. Implications for the differential
diagnosis between MGUS and
multiple myeloma. Am J Pathol. 1998;
152(6):1655-65.

Ghosh T, Gonsalves WI, Jevremovic D,
Dispenzieri A, Dingli D, Timm MM, Morice
WG, Kapoor P, Kourelis TV, Lacy MQ,
Hayman SR. The prognostic significance
of polyclonal bone marrow plasma cells in
patients with relapsing multiple myeloma.
American journal of hematology.
2017;92(9):E507-12.

Chatterjee G, Gujral S, Subramanian PG,
Tembhare PR. Clinical relevance of
multicolour flow cytometry in plasma cell
disorders. Indian Journal of Hematology
and Blood Transfusion. 2017;33(3):303-15.
Rajkumar SV, Dimopoulos MA, Palumbo
A, Blade J, Merlini G, Mateos M-V, et al.

International Myeloma Working Group
updated criteria for the diagnosis of
multiple  myeloma. Lancet  Oncol.

2014;15(12):e538-48.

Kalina T, Flores-Montero J, van der Velden
VHJ, Martin-Ayuso M, Béttcher S, Ritgen
M, et al. EuroFlow standardization of flow
cytometer instrument  settings and
immunophenotyping protocols. Leukemia.
2012;26(9):1986—2010.

Paiva B, Almeida J, Pérez-Andrés M,
Mateo G, Lépez A, Rasillo A, et al. Utility of
flow cytometry immunophenotyping in

15.

16.

17.

18.

19.

Rath et al.; AHRJ, 6(4): 1-7, 2022; Article no.AHRJ.90709

multiple myeloma and other clonal plasma
cell-related disorders. Cytometry B. Clin
Cytom. 2010 Jul;78(4):239-52.

Tian M, Liu Z, Han M, Liu H, Xiang C, Mi F,
et al. Malignant plasmacytes in bone
marrow detected by flow cytometry as a
predictor for the risk stratification system of
multiple myeloma. Cytometry B Clin
Cytom; 2021.

Sahara N, Takeshita A, Shigeno K,
Fujisawa S, Takeshita K, Naito K, et al.
Clinicopathological and prognostic
characteristics of CD56-negative multiple
myeloma. Br J Haematol. 2002;117(4):
882-5.

Boshnak NH, Hashem AE. Association
between immunophenotypic markers and
cytogenetic  aberrations in  Egyptian
patients with plasma cell myeloma. The
Egyptian Journal of Haematology. 2017,
42(1):1.

Meddour Y, Rahali MC, Belakehal SE,
Benfenatki N, Ardjoune FZ, Chaib S, Djidjik
R. Plasma cell immunophenotyping
improve prognostic stratification of multiple
myeloma patients. International Journal of
Cancer Management. 2018;11(1).

Gupta S, Karandikar NJ, Ginader T,
Bellizzi AM, Holman CJ. Flow cytometric
aberrancies in plasma cell myeloma and
MGUS—correlation with laboratory
parameters. Cytometry Part B: Clinical
Cytometry. 2018;94(3):500-8.

© 2022 Rath et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle5.com/review-history/90709



http://creativecommons.org/licenses/by/4.0

