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Introduction

Plasma cell leukaemia (PCL) is a very rare and an aggressive
plasma cell disorder (PCD). Unlike multiple myeloma
(MM), where clonal plasma cells (PCs) accumulate mostly in
bone marrow (BM),! PCL is primarily characterised by an
increased number of clonal circulating plasma cells (cPCs) in
peripheral blood (PB). PCL diagnostic criteria were pub-
lished in 1974; they are based on the relative number of cPCs
exceeding 20% of total leukocytes and/or the absolute num-
ber of cPCs exceeding 2 x 10°/1 in whole PB;? these criteria
are still valid today.>*

Since PCL is a very rare entity, international data are not
available in commonly used databases [e.g. GLOBOCAN
(https://gco.iarc.fr/)]; thus, information is based only on
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Plasma cell leukaemia (PCL) is a rare and very aggressive plasma cell disorder.
Preventing a dismal outcome of PCL requires early diagnosis with appropriate
analytical tools. Therefore, the investigation of 33 patients with primary and
secondary PCL was done when the quantity of circulating plasma cells (PCs)
using flow cytometry (FC) and morphology assessment was evaluated. The
phenotypic profile of the PCs was also analysed to determine if there is an
association with clinical outcomes and to evaluate the prognostic value of
analysed markers. Our results revealed that FC is an excellent method for
identifying circulating PCs as a significantly higher number was identified by
FC than by morphology (26-7% vs. 13-5%, P = 0-02). None of secondary PCL
cases expressed CD19 or CD20. A low level of expression with similar positiv-
ity of CD27, CD28, CD81 and CD117 was found in both PCL groups. A
decrease of CD44 expression was detected only in secondary PCL. Expression
of CD56 was present in more than half of PCL cases as well as cytoplasmic
nestin. A decreased level of platelets, Eastern Cooperative Oncology Group
score of 2-3 and lack of CD20" PC were associated with a higher risk of death.
FC could be incorporated in PCL diagnostics not only to determine the num-
ber of circulating PCs, but also to assess their phenotype profile and this infor-
mation should be useful in patients’ diagnosis and possible prognosis.

Keywords: plasma cell leukaemia, multiple myeloma, plasma cell, flow
cytometry, prognosis, phenotype.

isolated studies or case reports.”® For example, the incidence
of PCL in Europe, according to the HAEMACARE project, is
0-4 cases per million.” The incidence of PCL in the Czech
Republic was reported at 0-57 cases per million between
2000-2015, and the ratio of PCL to MM was 3:100.”

PCL can be divided in two groups: primary PCL (pPCL)
and secondary PCL (sPCL). pPCL originates de novo, with no
previous history of MM' and represents approximately 60%
of all PCL cases. In recent years, a decreased incidence has been
observed; currently, it is about 50% of all PCL cases.”!! Med-
ian age at diagnosis of pPCL patients is 55 years. pPCL is char-
acterised by a higher tumour burden, typically accompanied
by anaemia, hypercalcaemia, thrombocytopenia and renal fail-
ure,>”!° but fewer osteolytic lesions than in MM.” sPCL, on
the other hand, develops as a leukaemic transformation of
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MM with a median age at diagnosis of approximately 65 years.
sPCL patients have a significantly shorter overall survival (OS)
than pPCL patients.”'?

Treatment of PCL should start immediately after diagnosis
to eliminate the risk of early death.'’> As with MM patients,
modern drugs (proteasome inhibitors, immunomodulatory
drugs) increase the survival of PCL patients. New treatment
strategies, including monoclonal antibodies or chimeric antigen
receptor T cells, might also be a promising treatment in PCL."*

Although current PCL diagnostic criteria are based on mor-
phological assessment, flow cytometry (FC) is a more helpful
method, allowing not only detection and enumeration of PCs,
but also their phenotypic characterisation and clonality analy-
sis.!>!® FC is able to distinguish abnormal myelomatous PCs
from normal plasmablasts/PCs. These are produced in the
lymph nodes and circulate through PB until they reach the BM
niche required for their survival and differentiation into long-
living PCs."” This is especially important in differential diag-
nostics of PCDs and reactive plasmacytosis.'®

Similarly to MM, PCs in PCL express CD38, CD138 and
typically lack CD19 and CD45.%'>?° Despite the low incidence
of PCL, some studies demonstrated differences in the PC phe-
notypic profile in comparison to MM.?"** There are very few
studies describing the correlation between phenotypic profile
and disease behavior, although different antigens were tested.*’
Nowadays, FC analyses are focused mostly on possibilities of
the detection and number of cPCs.”> Both pPCL and sPCL
share very similar phenotypic profiles. However, as pPCL
should be considered a specific entity, distinct from sPCL,
which generally constitutes the leukaemic evolution of a
pre-existing, end-stage relapsed/refractory MM,** there is an
expectation that both PCL can differ in expression of specific
markers. According to some studies, absence of CD56 is typical
for both forms of PCL at the time of diagnosis and disease pro-
gression. This observation also suggests that sPCL could emerge
preferentially from CD56 " MM,*!° but this is not consis-
tent with other studies where expression of CD56 seems not to
be uniformly negative.zo’25 However, only CD28, which corre-
lates with progression and tumour burden and can be upregu-
lated during disease evolution, is more frequently expressed in
sPCL and, possibly, even discriminates sPCL from pPCL.'*

This study focused on flowcytometric ¢cPC/PC assessment
in PCLs, phenotypic analysis and clarifying differences
between the phenotypic profile of pPCL and sPCL in patients
diagnosed in one institution between 2008 and 2019. Associ-
ation of the phenotypic profile with clinical outcomes of
PCL patients and evaluation of the prognostic value of cPC
immunophenotype was also performed.

Materials and methods

Clinical characteristics of patients

In total, 33 PCL patients (18 pPCL and 15 sPCL) were diag-
nosed at the Department of Internal Medicine - Hematology

and Oncology at the University Hospital Brno, Czech Repub-
lic, between 2008 and 2019. Patients were identified either by
FC analysis alone using presence >20% of CD38'CD138"
cPCs or by a combination of FC and morphology assessment
using >2 x 10°/1 cPCs as disease criteria.

Patients were included only after they signed the informed
consent form approved by the ethics committee of the
University Hospital Brno, Czech Republic (2017) in accor-
dance with the current version of the Helsinki Declaration.

The median age of all PCL patients was 67 years (range
42-85) and 42% were male. In the pPCL group, median age
was 66 years (range 42—-80) and in sPCL group, median age
was 68 years (range 52-85). Patient characteristics are sum-
marised in Table I and Table SI.

Flow cytometry

Paired samples of PB and BM from 33 PCL patients were
analysed by polychromatic FC. Analysis was performed on
whole PB and BM from each patient. All samples were pro-
cessed within 24 h after aspiration. Eight-color combinations
of monoclonal antibodies (MoAbs) were used for PC identi-
fication (CD38'CD138" leukocytes), and analyses of PC sur-
face antigenic profile as follows: CD38-PB [Exbio (Vestec
Czech Republic); clone HIT2], CD138-PerCP (Exbio; MI15),
CD45-PO (Exbio; HI30), CDI19-PC7 [Beckman Coulter
(Brea, CA, USA); J3-119], CD56-FITC (Exbio; MEM-188),
CD56-PE [Exbio; LT56 or Dako (Santa Clara, CA, USA);
C5.9]; CD56-APC (Exbio; LT56), CD81-APC-H7 [Becton
Dickinson (Franklin Lakes, NJ, USA); JS-81], CD27-PE
(Exbio; LT27), CD27-APC-AF750 (Beckman Coulter;
1A4CD27), CD28-FITC (Exbio; CD28.2), CD117-APC (Bec-
ton Dickinson or Exbio; 104D2), CD44-APC-eF780 [eBio-
science (Thermo Fisher Scientific, Waltham, MA, USA);
IM7], CD200-PE (Exbio; OX-104).

In the case of cytoplasmic analyses, surface staining was
followed by fixation and permeabilization using IntraPrep
reagent (Beckman Coulter). Polyclonal kappa light chain-
FITC (Beckman Coulter; and/or Dako), polyclonal lambda
light chain-PE (Beckman Coulter and/or Dako) were used
for clonality assessment and/or nestin-APC (R&D; clone
196908).

Analysis was performed according to European Myeloma
Network recommendations.'® The relative count of
CD38'CD138" PB cPCs and BM PCs, their phenotypic pro-
file (% of expressed marker) and positivity were analysed.
Cell population was considered positive if the expression of
any given marker was higher than the 20% cut-off.”’ Also,
clonality verification of phenotypically abnormal and normal
PCs was done in BM, according to their cytoplasmic expres-
sion of kappa/lambda light chains, to evaluate clonal PCs
(a-PCs).*®

Flow cytometry analyses were performed on BD FACS-
Canto II (BD Biosciences, San Jose, CA, USA) equipped with
three lasers (violet 405 nm, blue 488 nm, red 633 nm) and
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Table I. Baseline characteristics of plasma cell leukaemia (PCL) patients at the time of PCL diagnosis.

Flow cytometry analysis of circulating plasma cells in PCL

Baseline characteristics at PCL diagnosis* pPCL (N = 18) sPCL (N = 15) P-value®
Sex N=18 N=15
Women 11 (61-1) 8 (53-3) 0-733
Men 7 (389) 7 (46-7)
Age at PCL diagnosis N=18 N=15
<50 2 (11-1) 0 (0-0) 0-459
51-60 4 (222) 4 (267)
61-70 5 (27-8) 5 (33-3)
71-80 7 (38-9) 4 (267)
>80 0 (0-0) 2 (13-3)
>65 10 (55.) 10 (66-7) 0-722
Median (min—max) 66 (42-80) 68 (52-85) 0-436
Follow-up (months) N=18 N=15
Median (min-max) 11-0 (0-2-103-0) 0-9 (0-1-25-2) 0-001
% PC in peripheral blood by morphology N=18 N=12
Median (min-max) 15-0 (0-5-57-0) 12-0 (0-0-63-5) 0-271
% PC in bone marrow by morphology N =17 N=14
Median (min—-max) 51-4 (20-6-76-8) 64-3 (30-0-95-0) 0-152
ECOG PS N=18 N=12
0 2 (11-1) 1 (8-3%) 0-806
1 9 (50-0) 4 (33-3)
2 5 (27-8) 5 (41.7)
3 2 (11-1) 2 (16:7)
ISS N=17 N=12
Stage 1 0 (0-0) 1(83) 0-081
Stage 2 4 (23:5) 6 (50-0)
Stage 3 13 (76:5) 5 (41.7)
Durie-Salmon stage N=18 N=10
I 1 (5:6) 1 (10-0) 0-443
I 5 (27-8) 1 (10:0)
11 12 (66-7) 8 (80-0)
Durie-Salmon substage N=18 N=10
A 10 (55-6) 9 (90-0) 0-098
B 8 (44-4) 1 (10-0)

PC, plasma cell; pPCL, primary plasma cell leukaemia; sPCL, secondary plasma cell leukaemia.

*Data presented as N (%) in categorical variables and median (minimum-maximum) in continuous variables.

p-value of Fisher’s exact test in categorical variables and Mann-Whitney U test in continuous variables. ECOG, Eastern Cooperative Oncology

Group; ISS, International staging system.

with software BD FACS Diva 6.1.3 (BD Biosciences). Data
re-analysis was done using Infinicyt 1.6 software (Cytognos
SL, Salamanca, Spain).

Statistical analysis

Data were described by absolute and relative frequencies for
categorical variables and median (minimum-maximum) for
quantitative variables. Differences between groups of patients
with pPCL and sPCL were tested using the Fisher’s exact and
Mann Whitney U tests. OS from time of PCL diagnosis was
plotted using Kaplan—-Meier methodology. The log-rank test
was used to estimate the statistical significance of the differ-
ence between the curves. The Cox proportional hazards
model was performed to explore the univariate association of
risk factors with OS. Cut-off for the smallest P-value of log-

rank test was selected. In regard to FC parameters, cut-offs
with a 1% increase and for the thrombocyte count a 10-unit
increase were tested. P < 0-05 was considered statistically sig-
nificant (all tests two-sided). Analysis was performed using
the SPSS software, version 25.0 (IBM Corp., Armonk, NY,
USA.) and R software, version 3.3.0 (www.r-projec.org).

Results

Clinical characteristics

Clinical characteristics of pPCL and sPCL patients were com-
pared but no statistically significant differences were found.
The only statistically significant difference was an increased
level of thrombocytes found at the time of pPCL diagnosis
when compared with sPCL: median 129-5 x 10’/ (range
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37.6-411-0) vs. 49-1 x 10°/1 (range 26-5-186-0), P = 0-004
respectively (Table SI). Biochemically detected kappa light
chain type prevailed in the group of patients with pPCL;
however, lambda light chain was unexpectedly more frequent
in the sPCL group and a statically significant difference
between light chain type was detected (P = 0-043).

Results of PCL treatment are summarised in Tables SII—
SIV. Previous therapy in sPCL patients is described in
Table SV.

Survival of PCL patients

Median time to progression (TTP) of newly diagnosed MM
to sPCL was 26-9 months (range 4-6-67-3). Median length of
follow-up from time of PCL diagnosis was 11 months (range
0-2-103-0) in the pPCL and 0-9 months (range 0-1-25-2) in
the sPCL group, which was statistically significant
(P =0-001). Of the group of pPCL patients, five are still
alive and undergoing treatment; 28 patients died.

Median OS was 17-6 months (range 6-7 — not reached) in
pPCL and 0-9 months (range 0-4-4-0) in sPCL, (P < 0-001);
Figure 1. Only two patients were alive 12 months after sPCL
diagnosis.

Flow cytometric analysis

In this study, the quantification of PCs and phenotypic pro-
file analyses of pPCL and sPCL were done in PB and BM.
Although the number of analysed PCL patients was not suffi-
cient for statistical analysis in some cases (expression of
CD44, CD81, CD200 and nestin), there were some interest-
ing findings, presented in Tables II and III.

According to FC, the median relative number of cPCs in
PB was lower in pPCL than in sPCL patients [25-1% (range

17-2-79-0) vs. 30-2% (range 17-4-80-3)]. The number of PCs
in BM was significantly lower in pPCL than in sPCL [39-2%
(range 24-6-78-3) vs. 64-9% (range 20-3-81-6); P = 0-02].
However, the possibility of BM contamination with PB
should be considered.

Further, a statistically significant difference in the relative
number of PCs was found when results of FC analysis and
PB smear assessment (Wright-Giemsa-stained samples) of
analysed PCL patients were compared. All patients were anal-
ysed using both methods, except for three cases of sPCL that
did not undergo morphological evaluation. The morphologi-
cal determination of PB smears was performed on 200 cells
and verified by at least two individuals (External peoples).
FC analysis was performed with a sensitivity 10~>, and panels
of combination of MoAb are listed in Table SVII. The med-
ian of cPCs as assessed by FC was 26:7% (range 17-2-80-3),
whereas PB smear assessment revealed only 13-5% (range
0-63-5) of cPCs (P = 0-02). Surprisingly, two patients were
morphologically classified as cPC negative because suspect
cPCs were incorrectly classified as atypical lymphocytes,
blasts or undifferentiated cells.

In pPCL, the phenotypic profile of PB cPCs correlated
with BM PCs in all cases, although there were small differ-
ences, as mentioned below (Tables II and III). As medians of
expression of some markers were generally low, a description
of the phenotype using positivity terms was more useful in
selected cases. There were two cases of CD19" pPCL. In the
first case, CD19 was expressed on the whole PC population
of IgM positive pPCL case; in the second IgG positive case,
all PCs were CD56" and a some of them co-expressed CD19
and CD27. Although 22-2% of pPCL cases were positive for
CD20, the median of CD20 expression was very low in PB
and BM. Interestingly, co-expression of CD28 and CD56
with no expression of CD117 was observed in 75% (3/4) of
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Fig 1. Overall survival (OS) of plasma cell leukaemia (PCL) patients from
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Table II. Relative expression (%) of analysed antigens on CD38"CD138" PCs and their differences between pPCL and sPCL.

pPCL (N = 18) sPCL (N = 15)

Antigen N Median % (min—max) N Median % (min—-max) p*

CD19" (PB) =18 0-0 (0-0-94-1) =14 0-0 (0-0-0-3) 0-151
CD19" (BM) =17 0-1 (0-0-92:6) =13 0-0 (0-0-0-2) 0-146
CD56" (PB) =18 65-1 (0-0-99-9) =14 467 (0-0-99-8) 0-888
CD56" (BM) =17 97-6 (0-0-99-9) =13 93-7 (0-0-99-8) 0-642
CD20" (PB) =18 1-4 (0-0-94-4) =14 0-1 (0-0-14-1) 0-091
CD20" (BM) =17 1-4 (0-0-92-8) =12 0-1 (0-0-0-2) 0-010
CD27" (PB) =17 0-7 (0-0-50-6) =14 0-4 (0-0-79-0) 0-776
CD27" (BM) =17 0-6 (0-0-81-4) =12 0-3 (0-0-62-1) 0-398
CD28" (PB) =18 0-1 (0-0-99-6) =13 0-4 (0-0-84-8) 0-626
CD28" (BM) =17 0-1 (0-0-99-9) =10 0-9 (0-0-89-0) 0-431
CD117" (PB) =18 0-1 (0-0-96-6) =13 0-2 (0-0-97-6) 0-219
CD117" (BM) =17 0-0 (0-0-95-0) =10 0-1 (0-0-95-9) 0-266
CD44" (PB) =14 98-6 (2-3-100-0) N= 99.9 (83-5-100-0) 0-202
CD44" (BM) =13 85-4 (13-4-100-0) N= 98-2 (95-8-100-0) 0-166
CD81" (PB) =12 16 (0-2-99-5) N=9 0-7 (0-2-98-1) 0-663
CDS81™ (BM) =13 13 (0-2-99-1) N=7 3.3 (0-5-99-9) 0-574
CD200" (PB) =5 99-7 (0-0-99-9) N=5 51-5 (26-3-87-4) 0-548
CD200" (BM) =5 945 (0-1-99-9) N=2 48-2 (35-1-61-2) 0-857
nestin” (PB) =14 9.3 (0-0-99-1) N=38 32:0 (0-1-99-4) 0-244
nestin’ (BM) N=13 32.0 (0.0-99.1) N=6 32.9 (0.1-99.5) 0.506
a-PC (BM) N=16 100.0 (99.8-100.0) N=12 100.0 (100-100.0) 0.053

*P-value of Mann-Whitney U test, P < 0-1 in bold. BM, bone marrow; PB, peripheral blood; PC, plasma cell; pPCL, primary plasma cell leukae-

mia; sSPCL secondary plasma cell leukaemia; a-PC, clonal PCs.

Table III. Positivity of CD38"CD138" PCs for analysed antigens in
peripheral blood and bone marrow.

Antigen pPCL positivity % (N) sPCL positivity % (N)
CDI19" (PB) 11-1 (2/18) 0 (0/14)
CD19" (BM) 11-8 (2/17) 0 (0/13)
CD56" (PB) 61-1 (11/18) 57-1 (8/14)
CD56" (BM) 647 (11/17) 69-2 (9/13)
CD20" (PB) 22-2 (4/18) 0 (0/14)
CD20" (BM) 23-5 (4/17) 0 (0/12)
CD27" (PB) 17-6 (3/17) 14-2 (2/14)
CD27" (BM) 23.5 (4/17) 16-7 (2/12)
CD28" (PB) 22-2 (4/18) 30-8 (4/13)
CD28" (BM) 23.5 (4/17) 20 (2/10)
CD117" (PB) 11-1 (2/18) 15-4 (2/13)
CDI117" (BM) 11-8 (2/17) 30 (3/10)
CD44" (PB) 929 (13/14) 100 (8/8)
CD44" (BM) 92-3 (12/13) 100 (5/5)
CD81" (PB) 25 (3/12) 222 (2/9)
CD81" (BM) 23-1 (3/13) 286 (2/7)
CD200" (PB) 80 (4/5) 100 (5/5)
CD200" (BM) 80 (4/5) 100 (2/2)
nestin® (PB) 42.9 (6/14) 50 (4/8)
nestin” (BM) 53-8 (7/13) 66-7 (4/6)

Data are presented as % (N). BM, bone marrow; PB, peripheral
blood; pPCL, primary plasma cell leukaemia; sPCL secondary plasma
cell leukaemia.

CD20" cases. Median of CD56 expression was decreased in
pPCL PB when compared with BM, but positivity was the
same in both PB and BM. Also, the median of cytoplasmic
nestin expression was lower in PB than BM in pPCL, and
the decrease under the positivity cut-off was detected in PB
of one of six BM positive cases. Positivity for CD81 was
found in a quarter of pPCL patients with low median of
expression in PB and BM. On the other hand, almost all
pPCL expressed CD44 with a high median of expression in
PB and BM. Also, most of the patients were CD200 positive
in PB and BM with a high median of expression.

The phenotypic profile of sPCL was also similar in PB
when compared to BM (Table II and III). No CDI19 and
CD20 positivity was detected in sPCL. All sPCL cases were
positive for CD44 with a median of almost 100% in BM
and with slightly lower median in PB. All sPCL cases were
CD200 positive with a median expression of about 50%.
The median CD56 expression was again lower in PB when
compared to BM (46:7% vs. 93-7%). Although CD56 was
decreased in three of nine BM positive cases, there was a
change of positivity only in one case (shift from positive
BM to negative PB). The change of positivity in PB was
also found for CD117 in one of three BM positive cases
(shift to negativity in PB), while the median of expression
was not affected, thus the majority of sPCL patients was
negative for CD117.

© 2021 The Authors. British Journal of Haematology published by British Society for 929
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Differences in expression and positivity in pPCL versus
sPCL are presented in Figs 2—4 and Figure S1.

Generally, the phenotypic profile of pPCL was very close
to sPCL in PB and BM, although there were some alter-
ations. Unlike pPCL, none of the sPCL cases expressed CD19
and CD20 (Tables II and III). A significantly different
expression of CD20 was found in pPCL because of four posi-
tive cases, although medians of expression were low in both
types of PCLs. Low level of expression and similar positivity
of CD27, CD28, CD81 and CD117 were found in PB and
BM of both types of PCL. Expression of CD56 was insignifi-
cantly decreased in PB when compared to BM, which was
more obvious in PB of sPCL than pPCL, but expression in
BM was similar. A lower median of CD200 expression was
found in sPCL when compared to pPCL in PB as well as in
BM, but CD200 was positive in the entire sPCL group.
Although positivity of nestin was similar for both types of

PCL in PB and BM, a lower median of expression was found
in PB of pPCL, but not in BM. Only clonal a-PCs were
detected in the BM of both types of PCL.

Risk factors associated with survival

Risk factors significantly associated with OS of both PCLs are
shown in Table SVI. Patients with a thrombocyte count
below 70 x 10°/1 had a 39 times higher risk of death in
comparison to patients with a higher thrombocyte count
(Fig 5A). Moreover, the total lack of CD20 on PC was asso-
ciated with a higher risk of death. Patients with <5% CD20"
PCs in PB had shorter OS when compared to cases with
>5% CD20" PCs (3-4 vs. 47-4 months; P = 0-044) as well as
for patients with <4% CD20" PCs in BM when compared to
cases with >4% CD20" PCs (29 vs. 47-4 months; P = 0-007)
(Fig 5B,C). Nevertheless, high expression of CD20 on PCs
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was not connected to OS. Patients with Eastern Cooperative
Oncology Group performance status (ECOG) 2-3 had a
three times higher risk of death compared to patients with
ECOG 0-1 (Fig 5D). Patients with M-protein type other
than IgG, IgA and light chain (LC) had only shorter OS
(Fig 5E).

Discussion

This investigation was focused on the comparison of cPCs
and PCs phenotypic profile in PCL and its correlation with
clinical characteristics. FC is a dynamically evolving method
that is nowadays routinely used in analyses of monoclonal
gammopathy (MG) cases. Despite the very rare presence of
PCL, in the past 11 years, 33 PCL cases were diagnosed at
one institution. Patients were identified either by FC analysis
alone or by combination of FC and morphological assess-
ment. Thus, although the value of ¢PC in some patients did
not meet the given morphological criterion of the disease,
the diagnosis of PCL was made by the physician, based on
complete clinical information about the patient.
Unexpectedly, comparison of different approaches showed
significant discrepancies in the number of cPCs between
these methods. Routine morphology can identify a signifi-
cantly lower number of cPCs in PB than sensitive and robust
FC in whole PB. Given the unambiguous identification by

FC, this finding is alarming as some patients would not be
identified with PCL based only on morphology assessment.
Unfortunately, two patients were even diagnosed as cPC neg-
ative as these suspect cells were incorrectly classified into the
categories of atypical lymphocytes, blasts or undifferentiated
cells.

Although FC is not a diagnostic method in MGs, mainly
because of the underestimation of number of PCs in BM, it
seems that there is a completely different situation in PB; FC
is more accurate in cPC assessment than morphology. Simi-
lar results were reported by Evans et al., who recommended
incorporation of multiparametric FC into the conventional
morphological assessment of a PB smear to diagnose pPCL.*
Of note, their study analysed the mononuclear fraction of
PB, and therefore, some discrepancies in the number of cPCs
could not be avoided in these manipulated samples. How-
ever, this favours FC as a complementary or even a primary
diagnostic method in PCL that should be changed in diag-
nostic criteria. It is known that exact enumeration of cPCs
by conventional cell count could be complicated by lower
sensitivity;3 % on contrary, morphology assessment of PB
smear by subjectivity.”! Also, evaluation experience is needed
as PCL with atypical and/or ambiguous morphology was
documented as well.** FC, a progressively evolving method,
allows clear identification of PCs and, thus, overcomes the
limitations of morphology assessment mentioned above.
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Moreover, clonality verification of cPCs is possible only when
FC is done.”® As the number of cPCs can dramatically
increase over a few days, the exact and timely quantification
of cPCs by FC was proven to be a valuable method of elimi-
nating the risk of missing PCL diagnosis at a specific
moment. The question remains if the PCL cut-off value
should not be decreased from 20% to 5% cPCs as patients
with >5% cPCs < 20% seem clinically very similar to PCL.*

Because of the biological similarities of MM and PCL, the
phenotypic profile of PCL was often compared to MM.
Although the typical phenotypic profile of MM is known,'®
limited information about the PCL profile is available. There
is no recent publication focused on the phenotype of PCLs,
despite the fact that the phenotypic profile of cPCs has been
analysed by a highly sensitive next generation flow (NGF)
approach and applied to different MG cases.”>> Also, some
of the analysed markers have not been sufficiently studied,
especially their correlation with patients’ prognosis. There is
also a possibility that different treatment regimens, which
were applied in our sPCL group as well as many cycles of
previously applied therapy, made it impossible to find an
association of immunophenotypic profile with behaviour of
PCL.

CD19 and CD56, are essential PC antigens, generally
allowing discrimination between normal and abnormal
PCs.'® CD19" PCs are usually normal and their verification
by clonality assessment should be done in unclear cases;
however, expression of CD19 on clonal PCs in MM results
in a worse disease outcome.”” None of the sPCL group
expressed CD19 on PCs in this assessment, but two pPCL
cases expressing CD19" PC differed in production of mono-
clonal immunoglobulin (IgM vs. IgG), suggesting that data
are not sufficient to draw any conclusion regarding prognosis
of CD19" cases.

Even though CD20 is not included in a group of essential
markers in MGs, its expression on myelomatous cells is rele-
vant.'® In this assessment, CD20 was expressed only in pPCL
with 22% of positive cases, similar to MM. However, higher
expression of CD20 in 50% of pPCL (50% in pPCL vs. 17%
in MM) has previously been published.® Interestingly, CD20™
cases in this study were almost (in 75% of cases) CD56" and
CD28'CD117". It was previously published that the
CD28'CD117~ phenotype stratified MM patients into a
high-risk group,”’ but 50% of analysed
CD20'CD56'CD28'CD117 ™ patients reached very good par-
tial response and are still alive. Further, six of 14 CD20~
cases reached a minimal response and/or progression of dis-
ease. Thus, at least in this study, lack of CD20 on PCs was
associated with higher risk of death. Of course, the prognos-
tic value of phenotype depends on the treatment approach
and usually is studied on a large uniformly treated cohort of
patients, therefore, our results cannot simply be applied to
any patient.

The neural cell adhesive molecule (NCAM, CD56) is
expressed in 60-75% of MM patients; its absence is probably

associated with shorter OS, but divergent information had
been published.**?> In concordance with the fact that CD56
is a molecule involved in cell-cell or cell-matrix adhesion, the
lack or weak expression of CD56 in MM should not only
predict PC migration to PB, but also, possibly, their contri-
bution to this process or even development of sPCL.'%?
Although some studies showed that PCLs do not usually
express CD56, neither in PB nor BM,'**¢ positivity of CD56
was detected in more than half of the pPCL and sPCL cases
(61-1 and 57-1% of PB respectively). Similarly, a Polish study
found CD56 positivity in 45% of pPCL and 75% of sPCL
cases.”® As our group published previously, expression of
CD56 was also not changed in different MM cases (ex-
tramedullary vs. intramedullary relapses), so its loss probably
should not be considered as a marker of extramedullary
spread.”” A larger decrease in expression of CD56 in PB than
in BM is not easily explained. Rawstron et al. revealed the
same composite phenotype in paired samples of PB and BM
in MM, with significantly lower expression of CD56 and
CD138 in PB.”® The question of a decrease of CD56 expres-
sion in PB has not been solved yet, although one study
reported that CD56 is often downregulated during cell
migration and re-expressed after cells reach a target tissue or
01rgan.3 ° Therefore, some MM cells seem to develop a similar
expression regulation strategy.*’

Lack of CD27 expression is generally a sign of poorer sur-
vival in MM; association with aggressive clinical course was
found in both MM and PCL.***! Despite the low level of
positivity of CD27 on PCs in this assessment, there was no
association of CD27 with OS.

Positivity of CD28 reached 22-2% of pPCL and 30-8% of
sPCL cases in PB, which is less when compared to newly
diagnosed MM (36% cases).”’ On the other hand, Pellat-
Deceunynck et al. demonstrated CD28 expression in 92% of
sPCL cases, suggesting that CD28 is able to discriminate
sPCL from pPCL." The same authors found CD28 expressed
in the whole group of sPCL patients and 93% of extramedul-
lary relapses, which is in concordance with the emergence of
CD28" myeloma cells with tumour expansion and treatment
failure.'®** Although CD28 is mentioned as a negative prog-
nostic marker in MM, this was not proved in this study,
probably because of the low positivity level of this marker,
which interacts with the BM microenvironment.

Positivity of CD81 in both PCLs was generally lower than
in previous studies of MM, where positivity of this marker
correlated with shorter progression free survival (PFS) and
0S.*? This is consistent with Paiva et al., who showed that
CD81 represents a novel adverse prognostic marker in
MM.** Confirmation of that fact was not possible in our
study.

Similarly, CD117" PCs were found only in a small number
of both PCL patients, which is in contrast to a previous
study of PCL*® and MM.” Positivity for CD117 has been
described to be associated with longer PFS and OS in
MM,?”*>*2 but this information is not available for any PCL
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study. Therefore, the low number of identified CD117" PCLs
did not allow us to prove any advantage of CD117 positivity
for these patients.

As for CD200, so far, several controversial studies have
suggested that it is expressed in more than 70% of MM
patients and seems to be mostly useful for monitoring MM
for detection of clonal PCs.** Despite a low number of anal-
ysed PCLs, the heterogeneous expression of the immunosup-
pressive molecule CD200 in sPCL with a decreased median
of expression than in pPCL, we found should correspond to
more aggressive behaviour and worse clinical outcome of
sPCL, similarly to MM.*

Standard molecule CD44 analysed in this study showed
high and homogenous expression in both PCLs, as also pub-
lished by a Polish group.”® Thus, it seems that this molecule
has probably no impact in PCLs, although its negativity was
detected in one pPCL case. Unfortunately, there is no infor-
mation about significance of standard CD44 molecule loss in
MM, as only CD44 variant isoforms were analysed.** On the
other hand, overexpression of CD44 has been reported to be
a putative biomarker of sensitivity to lenalidomide.*” Further,
extramedullary disease in MM expresses more CD44 than
MM without extramedullary involvement;?” thus, CD44
should be related to possible extramedullary involvement in
MGs.

There is not much information about the relevance of
cytoplasmic nestin (the neural stem cell protein) in MGs.
Nestin was initially described as a marker of neural stem
cells. It is also expressed in various types of malignancies,
including MGs.**** High nestin levels in MM patients were
strongly associated with the presence of 1q21 gain and
seemed to be a predictor of worse response to therapy; its
higher expression was observed in disease progression.*>*°
Increased nestin expression was also found in MM with
extramedullary involvement.”” Nestin was described only on
a limited number of PCLs with a low level of expression in
pPCL.*® Here we have presented the largest group of patients
with PCL, to date, in which nestin has been analysed. This
assessment showed similar positivity of nestin in both types
of PCL, although a heterogenic pattern with a lower median
of expression was mostly detected in the PB of pPCL
patients. Despite this, analysis of more cases is needed to
prove its significance for prognosis of PCLs, which remains
unclear at this moment.

It seems that FC is an indispensable method for PCL diag-
nosis as well as for other PCDs.'>'®*">> Nowadays, standard-
isation of FC analyses by the Euroflow PCD protocol is
available and recommended, not only for clinical studies.”!
As the second generation of the Euroflow PCD protocol con-
tains a restricted number of markers, combination of back-
bone markers with other MoAbs in Euroflow settings is
possible, to cover a wide phenotypic PC profile in specific
cases, such as PCL. This can further elucidate its behaviour
and the clinical impact of the PCL immunophenotypic pro-
file. 3352

Flow cytometry analysis of circulating plasma cells in PCL

Since sPCL evolves from existing MM, significantly longer
median OS of pPCL than sPCL was expected. Other groups
also found similar data of longer median OS in pPCL than
sPCL.”®'> However, two patients in our sPCL cohort were
alive at 12 months after diagnosis suggesting that the intro-
duction of new drugs (bortezomib, lenalidomide, thalido-
mide) and autologous stem cell transplant (ASCT) as these
patients underwent ASCT three times: 1st before progression
to sPCL, 2nd and 3rd after diagnosis of sPCL can prolong
survival of patients. Similarly, Katodritou et al. published
that a bortezomib-based regimen prolonged OS of sPCL
from 2 to 7 months."?

The median age of pPCL at the time of diagnosis was
66 years, which is inconsistent with results of some studies,
where pPCL patients were almost a decade younger.””>**
Despite this, pPCL patients were younger than sPCL patients
at diagnosis, which corresponds to the biology of PCL and is
in concordance with previously published results.® #2%>%3

Thrombocytopenia often accompanies both types of PCLs.
Finding a more decreased thrombocytes count in sPCL was
probably caused by the biology of the disease and as a conse-
quence of previous treatment.

Interestingly, sPCL patients showed more frequent expres-
sion of the lambda light chain than pPCL. It is a unique
result, not previously published, but it could also be ran-
domly generated.

Finally, the unique role of FC in PCL diagnostics was
identified. Thus, confirmation of all PCL samples should be
done not by morphological assessment alone but both meth-
ods should be utilised. Differences in the phenotypic profile
of both PCLs included only CD20; its lack is also connected
to shorter survival. On the other hand, missing CD56 was
rare. Expression of selected antigens should be further anal-
ysed on a large cohort of patients. Analysis of markers is
important in the analysis of monoclonal gammopathies
development as some antigens (CD44, nestin etc.) may con-
tribute to identification of patients with later extramedullary
involvement.

Conclusions

PCL represents a very rare and aggressive form of MG with
an adverse prognosis. This investigation proved FC as a
unique and sensitive diagnostic tool for accurate cPCs enu-
meration, even better than morphology assessment, which is
crucial for preventing late diagnosis, especially in the case
of PCL. Low level of expression and similar positivity of
CD27, CD28, CD81, and CD117 were found in both PCLs.
Decrease of CD200 expression was found only in sPCL
cases and cytoplasmic nestin was expressed in more than
50% of both PCLs, both with an unknown impact on
patient’s prognosis. However, the lack of CD20" PC was
associated with higher risk of death. We have also shown
that CD56 expression is common in both PCL groups.
Although the phenotypic profile of both PCL groups did
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not differ too much, comparison of PCL with other MGs
may be important for detection of antigens associated with
extramedullary spread, high risk of progression and short-
ened survival. But still, routine use of FC can be beneficial,
not only for newly diagnosed MM patients, but also for
early detection of leukaemic transformation of MM
patients.
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