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Abstract. Background: Clonal mature B-cell lymphoproliferative disorders (B-LPDs) are a
heterogeneous group of neoplasia characterized by the proliferation of mature B lymphocytes in
the peripheral blood, bone marrow and/or lymphoid tissues. B-LPDs classification into different
subtypes and their diagnosis is based on a multiparametric approach. However, accurate diagnosis
may be challenging, especially in cases of ambiguous interpretation. Multiparameter flow
cytometry (MFC) represents an extensively used technique to detect the presence of different
cellular lines in immunology and hematology. MFC results provide an essential contribution to
the B-LPDs diagnostic process, even more so considering that panels are constantly integrating
novel markers to improve diagnostic accuracy.

Objectives: The aim was to evaluate the contributing role of MFC routinary studies by analyzing
the expression and the mean fluorescence intensity (MFI) of CD200, ROR1, and CD43 in various
B-LPDs to evaluate their usefulness in the differential diagnosis of these diseases.

Methods: We retrospectively evaluated 2615 consecutive cases of newly collected samples (mostly
from patients with lymphocytosis) analyzed by MFC carried out in the B-LPD diagnostic process
referred to the Division of Hematology of the Sapienza University of Rome. We compared the
results of CD200, ROR1, and CD43 expression percentage and their MFI between different
subtypes of B-LPDs.

Results: In chronic lymphocytic leukemia (CLL), CD200, ROR1, and CD43 were always expressed
with bright intensity. CLL samples presented high CD200 expression and MFI [CD200%, mean:
100 (range, 24-100); positivity rate: 100%; MFI, median = 125 (range, 10-1200)] statistically
higher than mantle cell lymphoma (MCL) (p<0.001), which is usually negative for CD200, and
variant hairy cell leukemia (vHCL, according to 2022 ICC) (p<0.001), but comparable with classic
HCL (cHCL) (p>0.9). ROR1 resulted expressed in all CLL [ROR1%, mean: 100 (range, 52-100),
positivity rate: 100%; MFI, median=50 (range, 10-202)] and MCL cases with comparable MFI
(p>0.9). CD43 expression and MFI were significantly higher in CLL [CD43%, mean 99 (range,
59-100); positivity rate: 100%; MFI, median = 130 (range, 41-980)] than in MCL, vHCL, cHCL,
and all the others mature B-cell neoplasia (p<0.001). CD200 and CD43 expression and MFI were
significantly higher in cHCL compared to vVHCL. Among the other mature B-cell neoplasia,

www.mjhid.org Mediterr J Hematol Infect Dis 2025; 17; 2025002 Pag.1/13


http://www.mjhid.org/
https://pubmed.ncbi.nlm.nih.gov/?term=Peragine+N&cauthor_id=38468826
https://pubmed.ncbi.nlm.nih.gov/38468826/#full-view-equal-contrib-explanation
https://pubmed.ncbi.nlm.nih.gov/38468826/#full-view-affiliation-1
https://pubmed.ncbi.nlm.nih.gov/38468826/#full-view-equal-contrib-explanation
https://pubmed.ncbi.nlm.nih.gov/38468826/#full-view-affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?term=Elia+L&cauthor_id=38468826
https://pubmed.ncbi.nlm.nih.gov/38468826/#full-view-affiliation-1
https://pubmed.ncbi.nlm.nih.gov/38468826/#full-view-affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?term=Matarazzo+M&cauthor_id=38468826
https://pubmed.ncbi.nlm.nih.gov/?term=Matarazzo+M&cauthor_id=38468826
https://pubmed.ncbi.nlm.nih.gov/?term=Matarazzo+M&cauthor_id=38468826
https://pubmed.ncbi.nlm.nih.gov/?term=Matarazzo+M&cauthor_id=38468826
https://pubmed.ncbi.nlm.nih.gov/38468826/#full-view-affiliation-1
https://pubmed.ncbi.nlm.nih.gov/38468826/#full-view-affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?term=Martelli+M&cauthor_id=38468826
https://pubmed.ncbi.nlm.nih.gov/?term=Martelli+M&cauthor_id=38468826
https://pubmed.ncbi.nlm.nih.gov/?term=De+Propris+MS&cauthor_id=38468826
https://pubmed.ncbi.nlm.nih.gov/?term=De+Propris+MS&cauthor_id=38468826

negative for ROR1 and CD43.

diseases.

CD200 was variably expressed in follicular lymphoma (FL), marginal zone lymphoma (MZL),
diffuse large B-cell lymphoma (DLBCL), and lymphoplasmacytic lymphoma (LPL). ROR1 and
CD43 presented a very low expression percentage in this latter group, being mostly negative.
Persistent polyclonal B-cell lymphocytosis (PPBL) resulted in uniformly positive for CD200 and

Conclusions: Our data suggest that evaluating CD200, ROR1, and CD43 antigens and their
intensity of expression, along with commonly used markers in MFC routine panels for B-LPDs,
might be extremely useful for prompt diagnostic evaluation in the differential diagnosis of these
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Introduction. Clonal mature B-cell lymphoproliferative
disorders (B-LPDs) are a heterogeneous group of
neoplasia characterized by the proliferation of mature B
lymphocytes in the peripheral blood, bone marrow,
and/or lymphoid tissues.! Some B-LPDs present
overlapping signs, symptoms, and morphological
appearance, making their differential diagnosis
challenging. According to the WHO Classification of
Haematolymphoid Tumors 5" ed 2024, the organization
of B-LPDs into different subtypes is based on a
multidisciplinary approach requiring a combination of
morphologic, immunophenotypic, histologic,
cytogenetic, and molecular biology findings.?
Nevertheless, misdiagnosis is not that uncommon due to
overlapping disease features.®*

Immunophenotypic characterization employing
multiparametric  flow cytometry (MFC) is an
increasingly important method for either hematological
disease diagnosis or prompt exclusion, providing
important prognostic disease features.>® Nowadays,
MFC is also crucial for B-LPD follow-up monitoring due
to the increasingly pivotal role of minimal residual
disease (MRD) detection, along with molecular testing.”
& Indeed, leukemic cells express peculiar surface and
intracytoplasmic antigens, the identification of which
allows to define the lineage, the level of differentiation,

the maturation stage, and peculiar phenotypic aberrations.

MFC has numerous advantages, ranging from the
procedure's rapidity, the ability to analyze a broad
spectrum of antigens, and the possibility of performing
several simultaneous measurements to quantify
population frequencies and antigen expression levels.®!

Panels for B-LPDs include the pan-B-cell markers
(CD19, CD20, CD22 and cyCD79a) and other useful
markers exploited for the differential diagnosis and
prognostic characterization such as CD10, CD5, CD200,
CD23, CD79b, FMC-7, CD103, CD25, CD123, CD43,
CD81, CD38, CD49d, surface immunoglobulin (slg) and
Kappa and Lambda light chains.'>13

MFC-based algorithms have been developed over
time to facilitate differential diagnosis, such as Matutes
score for chronic lymphocytic leukemia (CLL).%* In this
respect, some antigens have been pinpointed as
"required" for certain B-LPD diagnoses, while others are
"recommended". For instance, Rawstron et al. identified
CD19, CD5, CD20, CD23, Kappa, and Lambda light
chains as “required” antigens for a CLL diagnosis with
CD43, CD79b, CD81, CD200, CD10, and ROR1
representing “recommended” markers for differential
diagnosis.’>1® Exploiting these antigens, some authors
have tried to increase MFC diagnostic sensitivity for
CLL cases, as the study of D’Arena et al. which,
exploiting CD200 detection, defined a simplified score,
compared with the classical Matutes score, requiring 4
markers instead of 5 (CD5, CD23, CD200, and slg).Y’
Nevertheless, differential diagnosis can still be difficult
with classical MFC panels. Thus, novel markers are
continuously added to improve diagnostic sensitivity and
specificity, including CD200, ROR1, and CDA43.

The membrane glycoprotein CD200 (previously
known as MRC OX-2) belongs to the immunoglobulin
superfamily.®® It is expressed on different cells, including
myeloid, dendritic, endothelial cells, neurons, as well as
B and T-lymphocytes.’®* CD200, interacting with its
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receptor (CD200R), plays a pivotal role in regulating the
immune response.?’ CD200 differential expression in B-
LPDs was first described in 2009 for being consistently
expressed in CLL but often absent in mantle cell
lymphoma (MCL), showing its possible diagnostic
value.?* The receptor tyrosine kinase-like orphan
receptor 1 (ROR1) is an embryonic transmembrane
glycoprotein involved in embryonic development.?>2
After the embryonic phase, ROR1 is usually largely
downregulated in human cells.?* ROR1 was initially
identified through gene expression profiling studies as a
CLL-specific marker, proven to be uniformly expressed
on CLL cell surfaces. However, it was later described in
other B-LPDs.81516:2526  Afterward, several studies
involving small cohorts of patients highlighted the role
of ROR1 expression in the diagnosis and prognosis of B-
LPDs, specifically in the discrimination between CLL
and CD51 post-germinal center B-cell disorders.?” Hence,
currently, RORL1 represents a valid and solid marker for
MFC in B-LPD characterization. CD43 (i.e. leukosialin)
is a glycosylated protein expressed in most leukocytes
involved in cell adhesion, interaction, activation, and
migration while its role in the B cell lineage is less
known.?® CD43 was initially used as an additional
marker of CLL, but it has recently gained relevance in
the differential diagnosis of B-LPDs, especially in
extended panels.?® CD43 is currently considered an
additional target useful in the differential diagnosis of
CLL from other neoplasms by WHO,? the European
Research Initiative on CLL (ERIC), and the European
Society for Clinical Cell Analysis (ESCCA).1>1

The quantitative analysis of MFC markers expressed
as mean fluorescence intensity (MFI) is rarely discussed
in the literature,? yet its use may be important not only
in the differential diagnosis of B-LPDs but also in
obtaining prognostic and predictive information.

Therefore, this retrospective study aims to evaluate
the expression rate and MFI of CD200, ROR1, and CD43
in various B-LPDs, assess their usefulness in the
differential diagnosis of these diseases as part of MFC
routine panels, identify an accurate diagnosis, and
support histological examination when necessary.

Methods.

Flow cytometry. B-LPD diagnosis was assessed by MFC
using a combination of monoclonal antibodies (mAbs)
recommended by the EuroFlow Consortium.3-3!
Peripheral blood (PB) and/or bone marrow (BM)
samples were stained within 24 hours of collection
before any treatment, including steroids. Total leukocyte
cells were incubated with an appropriate volume of
mADbs directed against B, T, and NK lymphoid lineage
antigens. with a combination of mAbs against CD45,
CD5, CD19, CD20, CD22, CD200, ROR1, CD43, CD81,
CD27, CD10, CD123, CD103, CD25, CD11c, CD49d,
CD38, CD18, CD11a, CD79-b, FMC-7, Ig A and Ig k,

CD3, CD4, CD8, CD16, CD56, CD57, CD158a,
CD158b, TCR-af3, TCR-Yd (Becton et al.; Societa
Italiana Chimici, SIC, Life Sciences, Rome, Italy,
Beckman Coulter, Brea, CA). Data on standardized 8-12
color staining combinations were acquired on
FACSCanto II or BD FACS Lyric flow cytometers
(Becton Dickinson) by collecting at least 50,000 ungated
events and analyzed using the PAINT-A-GATE and
FACSDIVA software (Becton Dickinson). Cytometer
setup and tracking beads (BD) were used for daily
cytometer optimization. Leukemic cells were gated
within the total CD45+ leukocyte population,
considering that all cases of B-LPDs were positive for
the pan-leukocyte antigen. Representative plots of the
flow gating strategy are reported in Figure 1. The
presence of pathological cells was identified in
comparison with the known patterns of antigen
expression and MFI profile with the known pattern of
normal maturing lymphoid precursors.®? In all cases,
antigen expression was defined by the percentage of
pathological lymphocytes that resulted in positive for the
different markers in the immunological gate.
Furthermore, cell surface antigen expression was
estimated by assessing the proportion of positive
leukemic cells for each given antigen with a positivity
cutoff of more than or equal to 20%. Antigen expression
levels were quantified based on MFI values obtained
with specific mAbs compared with values given by the
internal negative controls, which were represented by a
cell population that does not express the antigen of
interest and thus remains unlabeled in an antibody-
labeled cell suspension but that has been exposed to
identical conditions (including exposure to the antibody
directed to the antigen of interest) as the cell population
under study.

Study design. We analyzed data from 3051 MFC routine
panels’ results of consecutive patients tested for B-LPDs
referred at the Hematology department of “Sapienza”
University of Rome between 2009 and 2024. All patients
provided informed consent for the investigation of PB
and/or BM materials. When the differential diagnosis
was not feasible by exploiting MFC alone, by guidelines,
the diagnosis was obtained by the integration of clinical
data, morphological findings on PB, BM examination,
and/or histopathological examination on BM biopsies
and/or on lymph nodes, and molecular analysis that were
correlated with the final results on MFC. Each diagnosis
was made according to the current WHO
classification.?3334 In the 2024 WHO classification, the
new entity splenic B-cell lymphoma/leukemia with
prominent nucleoli (SBLPN) replaced the previous term
'variant villous cell leukemia' (VHCL).2 Nevertheless,
due to specific immunophenotypic disease subset, for
clarity, due to novel concerns regarding this
reassignment of patients with VHCL,* and because the
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Figure 1. Representative plots of the flow gating strategies used in the detection of healthy cases and in the differential diagnosis of B-LPDs
subtype. B cells were gated within the total CD45+ leukocyte population, then CD20+ cells were identified. Examples of differential CD200,
ROR1 and CD43 expression in CLL, MCL, MZL clonal B cells and comparison with healthy cohort polyclonal B lymphocytes. B lymphocytes
are depicted in red, T lymphocytes are depicted in blue, residual granulocytes are in green, and residual monocytes are in yellow. B-LPDs =
B-Cell Lymphoproliferative Disorders; CLL = Chronic lymphocytic Leukemia; MCL = Mantle Cell Lymphoma; MZL = Marginal Zone

Lymphoma.

2022 International Consensus Classification (ICC) of
Mature Lymphoid Neoplasms® preserved the term
VHCL, this will be used throughout the rest of the paper.
Moreover, according to the 2024 WHO classification,?
our cases of monoclonal B-cell lymphocytosis (MBL)
were classified in CLL/SLL-type MBL (monoclonal
CLL/SLL-phenotype B-cell count >0.5 x 10%L and total
B-cell count less than 5 x10%L with no other features
diagnostic of CLL/SLL) and non-CLL/SLL-type MBL
(any monoclonal B-cell expansion with no symptoms or
features diagnostic of another mature B-cell neoplasm).

A total of 436 cases were excluded from the final
analysis because the exact classification into a specific
entity was not provided. For 244 of them, MFC
immunophenotyping supported the diagnosis of clonal

B-LPDs; however, histological or other complementary
exams were not performed. For 192 cases, both MFC and
histopathological exams pointed to clonal B-LPD;
however, a diagnosis of mature B cell lymphoma non-
other specified (NOS) was rendered (Figure 2).

Statistical analysis. Summary statistics, such as mean
and standard deviation, median, range, and interquartile
range (IQR), were reported by category groups.
Differences in the study groups were assessed by the
Pearson chi-square test or the Fisher exact test for
categorical covariates. Pairwise comparisons using the
Wilcoxon rank sum test for independent groups were
used for comparisons between categories. All tests were
two-sided, accepting p < 0.05 as indicating a statistically
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Figure 2. Cohort distribution flowchart. Patient flowchart reports the total number of patients included in a preliminary evaluation and the
number of patients excluded from the analysis due to selection criteria. Of the 436 patients excluded, 244 exhibited a clonal immunophenotype
consistent with mature B-cell lymphoma, but a histological exam was not available; 192 had histological results showing a mature B-cell
lymphoma not further classified (NOS). IF, Immunophenotype analysis; DLBCL, Diffuse Large B-Cell Lymphoma; PPBL, Persistent
Polyclonal B-cells Expansion; cHCL, Classical Hairy Cell Leukemia; vHCL, Variant Hairy Cell Leukemia; CLL, Chronic Lymphocytic
Leukemia; MCL, Mantle Cell Lymphoma; FL, Follicular Lymphoma; MZL, Marginal Zone Lymphoma; non-CLL/SLL-type MBL, non-
Chronic Lymphocytic Leukemia/ Small Lymphocytic Lymphoma-type Monoclonal B-cell Lymphocytosis; CLL/SLL type-MBL, Chronic
Lymphocytic Leukemia/ Small Lymphocytic Lymphoma type-Monoclonal B-cell Lymphocytosis; LPL, Lymphoplasmacytic Lymphoma;

SLL/CLL, Small Lymphocytic Lymphoma; BL, Burkitt lymphoma.
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Figure 3. Set of boxplots displaying the expression levels of CD200, ROR1, and CD43 in the different B-LPDs. The x-axis across all plots
represents the various B-LPDs. The top row of boxplots shows the percentage expression of CD200, ROR1, and CD43, while the bottom row
shows their Mean Fluorescence Intensity (MFI). Each boxplot illustrates the range, median, and outliers of these markers within the different
disease groups, providing comparative insights into the expression levels of these biomarkers across the various B-LPDs.

significant difference. All analyses were performed

using R software [R Core Team (2021). R: A Language Results. In this study, data from 2615 cases tested by
and Environment for Statistical Computing. R MFC were retrospectively analyzed. Patients’
Foundation for Statistical Computing, Vienna, Austria].  characteristics are displayed in supplementary table 1.

www.mjhid.org Mediterr J Hematol Infect Dis 2025; 17; 2025002 Pag.5/13


http://www.mjhid.org/

The median age of patients at the MFC test was 66 years
(IQR, 53-74), and 1509 (57.7%) were male. The overall
median absolute Iymphocyte count (ALC) among
patients was 8.5 x10%L (IQR, 4.6-16.3), with a median
clonal B-cell count of 6.0 x10%L (IQR, 2.3-13.3). Figure
2 presents the distribution of B-LPDs into specific
entities. Overall, CLL was the most prevalent diagnosis,
accounting for 1.401 cases (53.6%). Additionally, 466
cases (17.8%) were identified as CLL/SLL-type MBL
and 32 cases (1.2%) were classified as non-CLL/SLL-
type MBL. HCL was diagnosed in 144 cases (5.5%),
including 112 cases of classic HCL (cHCL) and 32 cases
of variant HCL (vHCL — according to 2022 ICC). Other
mature B-cell neoplasia were identified in 294 cases
(11.2%). In some of these, MFC phenotype pointed to
specific lymphoma subtypes, which were subsequently
confirmed by histological examinations (i.e., mantle cell
lymphoma, MCL,; follicular lymphoma, FL; marginal
zone lymphoma, MZL,; diffuse large B-cell lymphoma,
DLBCL; and lymphoplasmacytic lymphoma, LPL).
Figure 3 shows boxplots displaying the expression
levels of CD200, ROR1, and CD43 (percentage and
MFI) in the major different B-LPDs. Table 1a shows the
CD200, ROR1, and CD43 percentage of expression and
MFI in the major different B-LPDs, while Table 2a
displays the positivity rate of the three antigens.

Chronic Lymphocytic Leukemia and CLL/SLL-type
Monoclonal B cell Lymphocytosis. In CLL cases
(n=1.401), CD200 was constantly detected (positivity
percentage: 100%) and highly expressed [CD200%,
mean: 100 (range, 24-100)], with bright intensity
[CD200 MFI, median = 125 (range, 10-1200)]. ROR1
expression was similarly positive and highly expressed
in all cases [ROR1%, mean: 100 (range, 52-100),
positivity rate: 100%] with a median MFI of 50 (range,
10-202). CD43 was positive in all CLL cases (100%),
with elevated mean expression percentage [CD43%,
mean: 99 (range, 59-100)], and with a bright MFI [CD43
MFI, median: 130 (range, 41-980)]. In the CLL/SLL-
type MBL cases (n=466), the expression of CD200,
ROR1, and CD43 were as high as in CLL.

Leukemic phase of Mantle Cell Lymphoma. The
leukemic phase of MCL was identified in 65 cases
(2.5%). In this cohort, CD200 was generally not detected
(positivity rate: 17%), thus resulting in a low expression
percentage [CD200%, mean: 15 (range, 0-100)], with
low MFI [CD200 MFI, median: 6 (range, 1-200)]. ROR1
was expressed in all MCL cases (positivity rate: 100%),
with a high mean expression percentage [ROR1%, mean:
88 (range, 43-100)], and with a median MFI of 54 (range,
15-119). CD43 was negative in 74% of the MCL cases
tested for such antigen, and its mean expression
percentage was quite low [CD43% mean: 32 (range, 0-
100)] with a very low MFI [CD43 MFI, median: 44

(range, 7-101)].

Hairy Cell Leukemia (cHCL and vHCL according to
2022 ICC). In cHCL cases (n=112), CD200 was
constantly detected (positivity percentage: 100%) and
highly expressed [CD200%, mean = 100 (range, 100-
100)], with bright intensity [CD200 MFI, median: 170
(range, 20-1000)]. ROR1 was also expressed in the
majority of cases (90% of positive cases), with a mean
expression percentage of 90% (range, 0-100), whereas its
median MFI was 58 (range, 8-160). CD43 was less
expressed on cHCL cells surface [CD43%, mean: 43
(range, 0-100) and negative in 57% of cHCL cases], with
very low MFI [CD43 MFI, median: 11 (range, 3-101)].
In vHCL cohort (n=32), CD200 [CD200%, mean: 67
(range, 0-100); positivity rate 71%; MFI, median: 45
(range, 2-796)] and ROR1 [ROR1%, mean: 77 (range, 0-
100); positivity rate 82%; MFI, median: 58 (range, 3-
77)] were less expressed than in cHCL cohort, as well as
CD43 that resulted negative in almost all cases [CD43%,
mean: 7 (range, 0-100)] with very low MFI [CD43 MFI,
median: 8 (range, 3-75)].

Other mature B-cell neoplasms confirmed by histologic
examination. FL cohort (n=50) showed intermediate
CD200 expression [CD200%, mean: 63 (range, 0-100);
positivity rate: 68%] with a low MFI [CD200 MFI,
median: 22 (range: 3-305)]. ROR1 resulted negative in
almost all cases [ROR1%, mean: 2 (range, 0-47);
positivity rate: 5%] and characterized by a low MFI for
the rare positive cases [ROR1 MFI, median: 6 (range: 2—
31)]. CD43 was usually negative as well [CD43%, mean:
5 (range: 0-66); positivity rate: 8%] and showed a very
low MFI [CD43 MFI, median: 19 (range: 8-85)].

MZL cohort (n=83) exhibited a similar pattern to FL,
with variable CD200 expression [CD200%, mean: 60
(range: 0-100); positivity rate: 69%; MFI median: 21
(range, 2-511)], usually negative ROR1 [ROR1%,
mean: 4 (range, 0-100); positivity rate: 4%] with low
MFI in the seldomly positive cases [ROR1 MFI, median:
4 (range, 2-48)], and CD43 negative in almost all cases
[CD43%, mean: 1 (range: 0-27); positivity rate: 5%]with
a very low MFI [CD43 MFI, median: 12 (range, 8-36)].

DLBCL cases (n=34) were frequently negative for
CD200 [CD200%, mean: 34 (range, 0-100); positivity
rate: 35%] and with a low MFI [CD200 MFI, median: 8
(range, 2-288)]. ROR1 was universally absent (0%), and
CD43 expression was variable [CD43%, mean: 43
(range, 0-100); positivity rate: 43%] with a moderate
MFI [CD43 MFI, median: 30 (range, 8-312)].

LPL cohort (n=26) had a variable CD200 expression
[CD200%, mean: 59 (range, 0-100); positivity rate: 65%]
with a quite low MFI [CD200 MFI, median: 24 (range,
4-353)]. ROR1 resulted almost always negative
[(ROR1%, mean: 6 (range, 0-100); positivity rate: 6%]
with a low MFI [ROR1 MFI, median: 5 (range, 2-20)]
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Table 1. A) Antigens expression percentage and mean fluorescence intensity (MFI) comparison between B-LPDs of CD200, ROR1, and CD43. B) P-Value Comparisons between selected B-LPDs

couples, proving statistically significant differences.

A
CLL/SLL- Non- Health
Antisen CLL cvoe MBL MCL MZL ¢HCL vHCL FL DLBCL CLL/SLL- LPL PPBL Cohorf
g N=1401 ype N=65 N=83 N=112 N=32 N=50 N=34 type MBL N=26 N=16 o
N=466 8 N=281
(range) (range) (range) (range) (range) (range) (range) N=32 (range) (range)
(range) (range)
(range)
f,llzzgo(o/ ) 100 100 60 100 67 63 34 70 59 200
° (24-100) (86-100) (0-100) (0-100) (100-100) (0-100) (0-100) (0-100) (0-100) (0-100) (100-100) (100-100)
3%2100 125 140 21 170 45 2 8 27 24 70
Median (10-1200) (10-963) (1-200) (2-511) (20-1000) (2-796) (3-305) (2-288) (3-190 (4-353) (31-120) (5-52)
ROR1 100 100 4 90 77 2 0 0 6 0
Mean (%) (52-100) (93-100) (46-100) (0-100) (0-100) (0-100) (0-47) (0-0) (0-0) (0-100) (0-0) (0-0)
ROR1 MFI 50 48 4 58 58 6 4 3 5 4
Median (10-202) (11-202) (15-119) (2-48) (8-160) (3-77) (2-31) (2-9) (2-8) (2-20) (2-6) (1-12)
CD43 99 100 1 43 7 5 43 N/A 11 0 0
Mean (%) (59-100) (83-100) (0-100) (0-27) (0-100) (0-100) (0-66) (0-100) (0-51) (0-0) (0-0)
CD43 MFI 130 157 12 11 8 19 30 N/A 10 10
Median (41-980) (22-1387) (7-101) (8-36) (3-101) (3-75) (8-85) (8-312) (5-65) (7-11) (6-156)
B
CLL vs CLL vs Non- vHCL
e el Gl G Gl b cbe e GUSNE dinane N boa ar
MBL MBL ¢cHCL y
CD200 (%) >0.9 <0.001* <0.001* >0.9 <0.001* <0.001*  <0.001* <0.001* >0.9 <0.001*  <0.001* >0.9 >0.9
CD200 MFI >0.9 <0.001* <0.001* >0.9 <0.001* <0.001*  <0.001* <0.001* <0.001*  <0.001*  <0.001* >0.9 <0.001*
RORI (%) >0.9 <0.001* <0.001* 0.021* <0.001* <0.001*  <0.001* <0.001* <0.001*  <0.001* >0.9 <0.001*  <0.001*
ROR1 MFI >0.9 >0.9 <0.001* >0.9 >0.9 <0.001*  <0.001* <0.001* <0.001*  <0.001* >0.9 <0.001*  <0.001*
CD43 (%) >0.9 <0.001* <0.001* <0.001*  <0.001* <0.001*  <0.001* N/A <0.001*  <0.001* 0.021%* >0.9 <0.001*
CD43 MFI >0.9 0.024* <0.001* <0.001*  <0.001* <0.001*  <0.001* N/A <0.001*  <0.001* 0.032% >0.9 <0.001*

*Statistically significant differences.
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Table 2. A) Antigens positivity rate comparison between B-LPDs of CD200, ROR1, and CD43. B) P-Value Comparisons between selected B-LPDs couples, proving statistically significant

differences.
A
Antigen CLL MCL fy';)'g’fﬂ"B';_ cHCL VHCL FL MzL DLBCL NO“'C';\;‘S_LL'WW LPL PPBL
N =1.401 N =65 N = 466 N =112 N =32 N =50 N =83 N =34 N =32 N=26 N =16
CD200, n (%)
neg 0 (0%) 54 (83%) 0 (0%) 0 (0%) 8 (29%) 16 (32%) 26 (31%) 22 (65%) 9 (28%) 9 (35%) 0 (0%)
pos 1.401 (100%) 11 (17%) 466 (100%) 87 (100%) 20 (71%) 34 (68%) 57 (69%) 12 (35%) 23 (72%) 17 (65%) 16 (100%)
Unknown 0 0 0 25 4 0 0 0 0 0 0
ROR1, n (%)
neg 0 (0%) 0 (0%) 0 (0%) 3 (10%) 2 (18%) 36 (95%) 52 (96%) 21 (100%) 19 (100%) 15 (94%) 16 (100%)
pos 615 (100%) 34 (100%) 258 (100%) 26 (90%) 9 (82%) 2 (5.3%) 2 (3.7%) 0 (0%) 0 (0%) 1 (6%) 0 (0%)
Unknown 786 31 208 83 21 12 29 13 13 10 0
CD43, n (%)
neg 0 (0%) 25 (74%) 0 (0%) 30 (57%) 16 (94%) 22 (92%) 21 (95%) 12 (57%) 0 (0%) 16 (76%) 16 (100%)
pos 433 (100%) 9 (26%) 98 (100%) 23 (43%) 1 (5.9%) 2 (8.3%) 1 (4.5%) 9 (43%) 0 (0%) 5 (24%) 0 (0%)
Unknown 968 31 368 59 15 26 61 13 32 5 0
B
CLLvsCLL/SLL- CLLvs CLL vs CLL vs CLL vs CLL vs FL CLL vs CLL vs CLL vs CLL vs VHCL vs DLBCL
type MBL MCL MZL cHCL vHCL DLBCL Non-CLL/SLL-type MBL PPBL LPL cHCL vs MCL
CD200 >0.9 <0.001*  <0.001* >0.9 0.007* <0.001* <0.001* 0.003* >0.9 <0.001* 0.007* <0.001*
ROR1 >0.9 >0.9 <0.001* 0.25 0.50 <0.001* <0.001* <0.001* <0.001* <0.001* >0.9 <0.001*
CD43 >0.9 <0.001* <0.001* <0.001* <0.001* <0.001* <0.001* - <0.001* <0.001* 0.029* 0.20

*Statistically significant differences.
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and also CD43 was usually negative [CD43%, mean: 11
(range, 0-51); positivity rate: 24%] with a very low MFI
[CD43 MFI, median: 10 (range, 5-65)].

Healthy cohort and Persistent polyclonal B-cell
lymphocytosis. Among the 281 cases that resulted not to
harbor a clonal B-cell, CD200 was universally present on
“normal” B-lymphocytes [CD200%, mean: 100 (range,
100-100); positivity rate: 100%; MFI median: 20 (range
5-52)], while ROR1 and CD43 were absent on their
surface. In the polyclonal B-cell lymphocytosis (PPBL)%
cohort (n=16), the results were similar to the healthy
cohort.

Comparative analysis between B-LPDs. We compared
the expression percentages and MFI levels of CD200,
ROR1, and CD43 across different B-LPDs, assessing
whether the observed differences could aid in their
differential diagnosis. The comparison between the
major B-LPDs revealed important differences in terms of
expression percentages and positivity rates, as shown in
Table 1b and Table 2 b, respectively.

CD200 expression was ubiquitous in CLL cases,
whereas MCL cases showed a much lower percentage of
this antigen [CLL, 100% (range 24-100) vs. MCL, 15%
(range 0-100)] (p<0.001) and, consequently, CD200 was
more frequently positive in CLL [CLL, 100% vs MCL
17%] (p<0.001). Similarly, the MFI for CD200 was
markedly higher in CLL, indicating a more intense
antigen expression compared to MCL, which presented
a usually low CD200 MFI in the seldomly positive cases
[CLL 125 (range 10-1200) vs MCL 6 (range 1-200)]
(p<0.001). ROR1 expression percentage was high in
both CLL and MCL [CLL 100% (range 52-100) vs MCL
88% (range 46-100)], and in both diseases, ROR1
resulted positive in all cases (p>0.9). The MFI for ROR1
was comparable between these two diseases, suggesting
no substantial difference for this antigen intensity
(p>0.9). In contrast, CD43 was universally expressed in
CLL, while it displayed significantly lower positivity
levels in MCL [CLL, 100% vs MCL 32%] (p<0.001).
The MFI for CD43 was also notably elevated in CLL,
reflecting a more intense expression compared to MCL

[CLL 130 (range 41-980) vs MCL 44 (7-101)] (p=0.024).

As expected, no difference was detected between
CLL and CLL/SLL-type MBL; both displayed uniformly
high expression levels of CD200, ROR1, and CD43
(p>0.9) with comparable MFI for each of these antigens
(p>0.9).

Confronting CLL and cHCL, both exhibited CD200
positivity in all cases with bright intensity, without any
difference in CD200 antigen expression (p>0.9),
positivity rate (p>0.9) or in its intensity (p>0.9). In
contrast, ROR1 mean expression percentage was
statistically higher in CLL [100% (range, 52-100)]

compared to cHCL cases [90% (range 0-100%)]
(p=0.021), but ROR1 positivity rate and its MFI were
similar between these diseases (p>0.9 and p=0.25,
respectively). As for CD43, CLL demonstrated a robust
antigenic CD43 profile, whereas cHCL exhibits a
significantly lower CD43 expression percentage [43%
(range, 0-100)] (p<0.001) and CD 43 positivity rate at
43% (p<0.001), with lower MFI [11 (range 3-101)]
(p<0.001). In a comparative analysis of CLL and vHCL
cases, CLL showed significantly higher expression of
CD200 and MFI compared to vHCL [CD200%, mean:
67 (range, 0-100); CD200 MFI, median: 45 (range, 2-
796)] (p<0.001). ROR1, mean expression percentage
was statistically higher in CLL than in vHCL [100%
(range, 52-100)] vs 77% (range 0-100)] (p<0.001), but
similar RORL1 positivity rate (p=0.50) and MFI (p>0.9)
were evidenced between these two diseases. CD43 was
almost completely absent in vHCL [mean expression: 6
(range, 0-100); positivity rate: 6%], while, as mentioned
above, CLL demonstrated universal CD43 positivity
(p<0.001).

Therefore, in the comparison between cHCL and
VvHCL, CD200 expression and MFI levels were
significantly higher in cHCL compared to vHCL
(p<0.001), while no significant differences were
observed in either expression or MFI of ROR1. CD43,
instead, resulted in an higher mean expression
percentage in cHCL compared to vHCL [43% (range, O-
100) vs 7% (range, 0-100)] (p=0.021), with an higher
positivity rate (43% vs 6%) (p=0.029), and with an
higher median MFI [11 (range, 3-101) vs 8 (range, 3-75)]
(p=0.032).

Moreover, in comparative analysis with other mature
B cell neoplasms, CLL cases presented significantly
higher expression and MFI for all three antigens (CD200,
CD43, and ROR1) than FL, MZL, DLBCL, LPL, and
non-CLL/SLL-type MBL cases, as displayed in Tables
1b and 2b.

Comparing CLL cases with the healthy cohort, CLL
showed the presence of ROR1 and CD43 on the cell
surface, which were absent in the healthy lymphocytes
(p<0.001). Furthermore, albeit mean expression
percentages and positivity rate of CD200 were 100% for
both CLL and healthy cases, the CD200 MFI of CLL
cells was statistically higher [CLL 125 (range, 10-1200)
vs Healthy cohort 20 (range, 5-52)] (p<0.001).

As per MZL cases, clonal cells showed superior
expression of CD200 [mean percentage, 60% (range 0-
100); positivity rate 69%] and MFI [21 (range 2-511)]
compared to MCL (p<0.001), but similar to vHCL
(p>0.9). MZL cases were almost always negative for
CD43 and ROR1, while ROR1 was universally
expressed in MCL (p<0.001) and frequently expressed in
VHCL (p<0.001). CD43, instead, resulted in negative
results in almost always VHCL and MZL and frequently
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negative results in MCL.

Comparison between DLBCL and MCL revealed no
significant differences in CD200 and CD43 expression
percentage (p>0.9) or their respective MFI (p>0.9),
resulting mostly negative in these two entities. However,
ROR1 was notably absent in DLBCL while being
frequently expressed in MCL with significant
differences in expression percentages (p<0.001),
positivity rate (p<0.001), and MFI (p<0.001).

Discussion. Routinely, MFC panels for B-LPDs may be,
in certain cases, sufficient to make a simple diagnosis
and to prove cell clonality; however, nowadays, the
addition of new markers with a qualitative or
semiquantitative diagnostic interpretation may help to
improve the likelihood of a correct immunophenotypic
differential diagnosis. As already mentioned, CD200,
ROR1, and CD43 are three antigens expressed in various
hematological diseases, the simultaneous use of which in
MFC panels may improve the diagnostic yield.

In hematological diseases, CD200 is expressed in
most CLL, cHCL, and VHCL but is absent in most cases
of MCL and variably expressed in other B-LPDs. The
addition of CD200 to MFC panels, along with its MFI,
improves the sensibility of the B-LPDs diagnostic
algorithm, especially for the differential diagnosis of
CD5-positive B-LPDs.*¥- Alapat et al. evaluated 107 B-
LPD samples. Bright CD200 expression was observed in
all 19 CLL cases, with at least one log shift in MFI
compared to the isotype control antibody, while it was
uniformly absent in MCL (4 cases).*’ Sanders et al.
showed that 45 CLL cases presented CD200
homogeneous and strong expression, with all 14 MCL
cases resulting in CD200 negative. Furthermore, 11
atypical CLL cases expressed CD200 but with lower
intensity than typical CLL ones.® CD200 expression has
proven to be a reliable marker for differentiating between
CLL and other B-LPDs, not only MCL. In a study of 49
cases, El Desoukey et al. showed that CD200 was highly
bright expressed on CD5/CD19-positive clones in all B-
CLL patients (100%), with a mean of 94% (SD, 11%),
whereas in patients with other B-LPDs, including MCL,
FL, and splenic marginal zone lymphoma (SMZL),
presented antigen expression below the positivity cutoff
(20%), with a mean of 10% (SD, 8%) and with a dim
pattern. Conversely, in cHCL CD200 was strongly and
brightly expressed as well.** Regarding HCLs, on a
sample of 180 B-LPDs cases Pillai et al showed that
cHCL exhibited very high levels of CD200, with a higher
MFI compared to VHCL (just 10% was CD200 positive),
MZL, and lymphoplasmacytic lymphoma (LPL).*
Moreover, Salem et al. focused on MFC analysis of 59
cHCL and 15 vHCL cases. CD200 was evaluated in a
small subset of these cases (17/59 cHCL, 7/15 vHCL),

RORL1 is highly and uniformly expressed in CLL
patients as well. In the study of Uhrmacher et al., 177
samples of CLL patients were analyzed, including 105
untreated and 72 previously treated patients. ROR1 was
uniformly expressed on untreated CLL cell surfaces
(mean 97.6%). No significant difference was found
between RORL1 expression levels during different time
points of treatment, and ROR1 expression levels were
uniformly high independently from treatment.** Such a
finding has been confirmed by our group as well,
pinpointing that ROR1 expression and MFI may
represent an accurate and reliable marker to evaluate
CLL MRD in combination with other molecules such as
CD5, CD19, CD43, and CD81.%>4¢ Evaluation of CD43
in MFC panels may improve differential diagnosis
ability for B-LPDs as well. In a study by Sorigue et al.,
643 cases of B-LPDs were subclassified according to the
5-point Moreau system (MS), and the differential
expression of CD43 was analyzed in each group. CD43
was positive in 425/443 (96%) of MS4-5 (therefore,
diagnostically certain CLL). Thus, CLL diagnosis is very
unlikely in the case of CD43-negativity.?

To the best of our knowledge, our study includes the
highest reported number of B-LPD samples analyzed by
MFC for diagnostic purposes. In our study, CLL cases
presented a pathognomonic combination of surface
antigens as CD5/CD19/CD22/CD23 and low MFI of
CD20 and of the clonal slg (data not shown), as clearly
expected. Moreover, CD200, ROR1, and CD43 were
universally expressed in CLL cases with high mean
expression and bright MFI, whereas CD43 may play an
important role in the differential diagnosis of CLL,
especially for atypical cases, because CLL diagnosis is
very unlikely in the case of CD43 negativity.
Furthermore, CD43 MFI can represent an important tool
for B-LPD diagnosis. In MCL cases, instead, while
ROR1 was universally expressed with an MFI
comparable to CLL cases, the expression of CD200 and
CDA43 resulted in mostly negative. Moreover, all cHCL
cases expressed CD200 with bright intensity (as CLL
cases), but ROR1 and CD43 expression was variable and
meanly lower than in CLL samples. As per vHCL cases,
CD200, CD43 and ROR1 expression was variable, with
CD43 usually negative and with overall mean expression
lower than CLL cases. Furthermore, FL, MZL, DLBCL,
LPL, and non-CLL/SLL-type MBL samples presented
variable expression of CD200 that was meanly lower
than in CLL samples, but CD43 and ROR1 were usually
negative. Such evidence is consistent with the one
reported in the literature.

Focusing on the reproducibility of our results, our
MFC panel may be sufficiently easily applicable as a
screening tool for lymphocytosis. In fact, a three-step
MFC was used: the first step included an initial screening

resulting expressed in all cHCL specimens with mostly ~ with  hematopoietic lineage antigens such as
bright expression.* CD20/CD5/CD3/CD45/CD4/CD8/CD38/CD10; once
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the positivity of mature B-line antigens (such as CD20)
was established, the second panel should include the
three antibodies against the antigens investigated in this
study (CD200, ROR1 and CD43) added to other antigens
useful for the diagnosis of B-LPDs (for example,
CD20/ROR1/CD3/CD5/CD43/CD200/CD23/CD45);
lastly, the use of a simple panel for clonality assessment
such as CD19/CD20/CD5/x-A light chains. Other
methods have been developed over time for
lymphocytosis screening, such as the automatized
EuroFlow Lymphoid Screening Tubes (LSTs), which
provide reliable and reproducible tools for fast and
simplified identification of normal vs pathological
lymphocytes.*” Nevertheless, we reckon that our MFC
approach might be easily applicable and not only
discriminate pathological from normal lymphocytes but
also might improve differential diagnosis sensitivity and
specificity in B-LPDs.

Moreover, of note was the detection in a few of the
reported cases (1.2%) of a dual pathology (both B and T
pathological cells) because the diagnostic workup
always included the analysis of T-cell subpopulations. In
these cases, further investigations were performed by an
extensive T-cell panel and clonality testing, including
phenotypic analysis of the V-beta repertoire and/or
molecular biology techniques for TCR analysis.

Conclusions. Our study shows that the inclusion of
CD200, CD43, and RORL1 and their MFIs in routine
MFC analysis improves the diagnostic accuracy of B-
LPDs (especially CLL) and helps in the differential
diagnosis between CLL and MCL, resulting in
indispensable in the diagnostic workup. Routine MFC
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