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Abstract

Plasma cell leukemia (PCL) is a clinically aggressive variant of mul-
tiple myeloma, characterized by a high burden of circulating plasma
cells, necessitating swift and accurate diagnosis due to its poor prog-
nosis. The conventional diagnostic criteria, including the recent rec-
ommendation by the International Myeloma Working Group (IMWG)
of > 5% circulating plasma cells as positive, have evolved over time.
In this context, we present a detailed case report that underscores the
pivotal role of the ADVIA 2120 automated hematology counter in
detecting plasma cells through cytogram analysis, along with the sig-
nificance of routine peripheral blood smear analysis and the utility of
a large unstained cells (LUCs) threshold of > 4.5% as an indicator for
PCL. The case involves a 64-year-old patient with relapsed multiple
myeloma and stable paraprotein levels who experienced sudden renal
impairment. In this case report, we highlight how ADVIA analysis
and cytochemistry assisted in the diagnosis, and further explore AD-
VIA’s utility in this challenging leukemia.
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Introduction

In 1974, Dr. Robert Kyle described 12 patients with clinically
aggressive multiple myeloma presenting with over 20% plas-
ma cells and more than 2,000 cells/mm? in peripheral blood.
He termed this entity “plasma cell leukemia” [1]. From a clini-
cal standpoint, this entity is characterized by an increased inci-
dence of hepatosplenomegaly, more pronounced renal insuffi-
ciency, and elevated levels of lactate dehydrogenase (LDH). In
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addition to reporting on these de novo cases (now referred to as
primary plasma cell leukemia), he also documented five cases
of multiple myeloma that progressed or relapsed into plasma
cell leukemia (secondary plasma cell leukemia) [1]. It is note-
worthy that subsequently reported case series, encompassing a
limited number of patients, demonstrated inadequate responses
to conventional chemotherapy regimens (e.g., melphalan) and
a high mortality rate associated with this entity, with median
survival times of less than 1 year [2-5]. Consequently, early
identification assumes paramount significance.

However, the definition of plasma cell leukemia has
evolved over time from Dr. Kyle’s initial description employ-
ing the aforementioned criteria [6], to the year 2013, when the
International Myeloma Group (IMWG) task force proposed
the initial criteria to be overly restrictive [7]. A suggestion was
put forth to revise the lower cutoffs. Subsequent studies indi-
cate that the detection of circulating plasma cells via cytology
is more common than reported, and intriguingly, the prognosis
for patients with over 5% of these cells appears as grim as that
for the original 20% cutoff [8-10]. Consequently, in 2021, the
IMWG proposed lowering the diagnostic criterion to consider
those with over 5% circulating plasma cells as positive [11].
Thus, a systematic analysis of peripheral blood smears from
all multiple myeloma patients is recommended to identify this
entity, analyzing at least 100 - 200 nucleated cells. System-
atic examination of peripheral blood smears reveals that over
20% of multiple myeloma patients exhibit circulating plasma
cells [9]. Further investigation employing supplementary pa-
rameters from the automated hematological analysis system
ADVIA 2120, specifically the count of large unstained cells
(LUCs) as a surrogate marker for plasma cells, holds poten-
tial as an initial cautionary signal in patients with monoclo-
nal gammopathy, prompting a comprehensive scrutiny of the
smear, thereby streamlining the identification of this condition.

In this case report, we present the utility of ADVIA analy-
sis used to assist the diagnosis of plasma cell leukemia.

Case Report
Investigations

A 64-year-old patient with a history of type 2 diabetes mellitus
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Figure 1. Cytogram in ADVIA 2120: Baso channel (a) and Perox channel (b). An increase in cell count is observed in the Baso
channel within the blast region (highlighted in white). The Perox channel reveals an elevation of cells identified as large unstained

cells (highlighted in cyan).

and dyslipidemia, currently on atorvastatin and metformin, is a
moderate smoker, consuming 10 cigarettes per day, and lacks
significant family history.

The patient presented with back pain. General laboratory
tests revealed hemoglobin levels of 12 g/dL (normal range: 12
- 15 g/dL), leukocytes at 7.3 x 103/uL (normal range: 3.5 - 10.5
x 103/uL), platelets at 237 x 10> mm? (normal range: 150 - 450
x 103/mm?), creatinine at 1.28 mg/dL (normal range: 0.5 - 1
mg/dL), and calcium at 9.7 mg/dL (normal range: 8.5 - 10 mg/
dL). A whole-body computed tomography scan showed mul-
tiple lytic lesions in the axial skeleton and rib arches. Further-
more, serum protein electrophoresis exhibited a monoclonal
peak of 7.9 g/dL, while immunofixation indicated the presence
of a monoclonal immunoglobulin G (IgG) lambda component.
Serum free light chain assay displayed a lambda level of 196
mg/L (normal range: 5.7 - 26.3 mg/L) and a kappa level of 10
mg/L (normal range: 3.3 - 19.4 mg/L). Bone marrow analysis
disclosed 53% plasma cells, with flow cytometry highlighting
99% clonal plasma cells. Cytogenetic analysis was not availa-
ble. Beta-2 microglobulin measured 6.5 mg/dL (normal range:
0.6 - 2.37 mg/dL), and International Staging System (ISS)
staging yielded a score of 3.

The patient underwent induction therapy with cyclophos-
phamide/bortezomib/dexamethasone for six cycles, leading to
a very good partial response (paraprotein reduced to 0.4 g/dL
on electrophoresis). Subsequent positron emission tomogra-
phy/computed tomography (PET/CT) imaging showed a com-
plete metabolic response. A subsequent autologous hematopoi-
etic stem cell transplant was performed using melphalan 200
mg/m?2, without deepening the response, maintaining a very
good partial response with a paraprotein level of 0.3 mg/dL
on electrophoresis. Finally, maintenance therapy was initiated
with lenalidomide.
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Diagnosis

After 2 years of maintenance treatment with lenalidomide and
a consistently stable paraprotein level in the range of 0.3 - 0.5
g/dL, the patient began to experience generalized fatigue. Fol-
low-up examinations revealed pancytopenia and acute renal
impairment, with creatinine levels elevated to 11 g/dL, neces-
sitating hospitalization. Laboratory analyses demonstrated a
creatinine level of 11.1 mg/dL, blood urea nitrogen of 96 mg/
dL (normal range: 7 - 17 mg/dL), calcium of 9.6 mg/dL, and
LDH of 336 U/L (normal range: 120 - 246 U/L). Serum protein
electrophoresis revealed an increasing monoclonal peak, while
serum free light chain assay indicated lambda at 2,010 mg/L
and kappa at 33.7 mg/L, consistent with a clinically aggressive
relapse of multiple myeloma.

An automated hematological count was performed using
the ADVIA 2120 system, revealing a hemoglobin level of 8.6
g/dL, leukocytes at 2.940 x 103/uL, and platelets at 13 x 103/
mm?3. The cytogram generated by the automated count was
analyzed, revealing an 8.6% population of cells with loosely
dispersed chromatin in the Baso channel window (Fig. 1a),
suggestive of blasts. The Perox channel window exhibited a
15.6% population of LUC (Fig. 1b). Additionally, the histo-
gram of nucleated red blood cells showed a peak of unstained
events in parallel with lymphocytes (Fig. 2a). Taken together,
these findings indicated the possible presence of large cells
with lax chromatin, lacking myeloperoxidase (MPO) stain-
ing, and appearing distinct from large granular lymphocytes
or natural killer cells. Given these characteristics and within
the clinical context, these cells were highly suggestive of
pathological plasma cells or plasmablasts. With this suspi-
cion in mind, peripheral blood smears were meticulously ex-
amined, confirming an 8% population of circulating plasma
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Figure 2. (a) Histogram of nucleated red blood cells in ADVIA 2021. A third peak is observed in orange (indicated by a white
arrow), identifying non-stained cells with myeloperoxidase, which runs parallel to the lymphocyte peak in blue. (b) Plasma cell in

peripheral blood film.

cells out of a total of 200 analyzed nucleated cells (Fig. 2b),
thereby confirming the diagnosis of secondary plasma cell
leukemia. The study was complemented by flow cytometry,
which revealed a 6% population of plasma cells express-
ing both CD38 and CD138 markers and demonstrating light
chain lambda restriction, all of which were clonal. The blood
tests conducted at the time of diagnosis were scrutinized, re-
vealing no presence of LUCs in ADVIA, nor were plasma
cells identified in peripheral blood smears.

Treatment

The patient was admitted to the hospital and emergency he-
modialysis was initiated. High-dose dexamethasone pulses
were administered; however, the patient experienced rapid
deterioration of consciousness, necessitating urgent intubation
and connection to invasive mechanical ventilation. To assess
the situation, a computed tomography scan of the brain was
performed, revealing evidence of an acute subdural hematoma
with significant mass effect and signs of intracranial hyperten-
sion. In this clinical context, it was concluded that the patient
was not a candidate for systemic therapy.

Follow-up and outcomes

The patient’s condition severely deteriorated, displaying plate-
let refractoriness and progressive escalation of neurological in-
volvement. Their condition further worsened, and they passed
away within a matter of a few days.

Discussion

The ADVIA 2120 automated hematology counter operates
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by combining flow cytometry and cytochemistry, conducting
a joint analysis of nuclear density, cellular volume, and cyto-
chemical staining in two distinct channels (Perox and Baso),
in order to quantify the total and differential leukocyte count
[12]. In the Perox channel, the introduction of hydrogen per-
oxide initiates a reaction with the endogenous MPO enzyme.
This reaction, combined with the addition of the chromogenic
agent 4-chloro-1-naphthol, leads to the formation of a dark
brown precipitate. Subsequently, utilizing a cytometer, light
scatter variables (corresponding to volume, Y-axis) and light
absorption (determined by the level of positive MPO stain-
ing, X-axis) are analyzed. Through a cluster analysis system,
the following cell types are identified (Fig. 3a): neutrophils
(large cells and MPO-positive), monocytes (slightly smaller
and partially MPO-positive), eosinophils (intense MPO stain-
ing and slightly smaller than neutrophils), lymphocytes (small
cells and MPO-negative), and LUCs (large cells and MPO-
negative). While LUCs typically correspond to large granular
lymphocytes or reactive/atypical lymphocytes; this category
also includes MPO-negative blasts (e.g., monoblasts).

In the Baso channel, a combination of phthalic acid and
surfactants is employed to lyse the membranes of all cells ex-
cept basophils, which are inherently resistant. Subsequently,
utilizing a cytometer (Fig. 3b), high-angle light scatter vari-
ables (corresponding to nuclear density/lobularity, X-axis)
and low-angle light scatter (corresponding to cellular volume,
Y-axis) are analyzed. Since basophils remain intact, they are
isolated and quickly analyzed based on their volume. Finally,
nuclear analysis enables the classification of mononuclear
cells (such as lymphocytes and monocytes), polymorphonu-
clear cells (including neutrophils and eosinophils), and blasts,
identified by their lax chromatin (detected to the left on the
X-axis).

Further analysis of the Perox and Baso channels has prov-
en successful in various contexts [13]. D’Onofrio et al, in a
publication from 2001 [14], proposed the PANDA (peroxidase
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Figure 3. Example of a normal hematological count in ADVIA 2021. (a) Perox channel: E = eosinophils, N = neutrophils, M =
monocytes, L = lymphocytes, LUCs = large unstained cells. (b) Baso channel: B = basophils, PMN = polymorphonuclear cells,
MN: mononuclear cells, Blast = blasts. (c) The nucleated red blood cell enumeration histogram corresponds to the unstained
area on the Y-axis of the Peroxidase channel. This visualization depicts overlaps of non-stained cells (orange), platelets (white),
nucleated red blood cells if present (yellow and red), and lymphocytes (blue).

and nuclear density analysis) system relating to MPO staining
and nuclear density. This system describes a visual classifica-
tion based on both channels, identifying seven MPO staining
patterns and three nuclear density patterns. The correlations
uncovered in this analysis are highly intriguing. For instance,
the pattern PO/D1 (presence of MPO-negative blasts) primar-
ily clusters acute lymphoblastic leukemias and MPO-negative
myeloid leukemias (such as monoblastic, erythroid, and mega-
karyoblastic).

However, an entity not included in this pattern, likely due
to its low incidence, is plasma cell leukemia. In this case, due
to the absence of MPO expression and their size, these cells
will be grouped as LUCs in the Perox channel. Depending
on the compactness of their chromatin (and the percentage of
plasmablasts present), these cells may exhibit lax chromatin
(identified as blasts) or compact chromatin (similar to mono-
nuclear cells). To date, only one study has evaluated plasma
cell detection using the described analysis, comparing them
with morphology and flow cytometry [15]. In this analysis,
the identification of plasma cells as LUCs showed excellent
performance, demonstrating high correlations with both mor-
phology (r = 0.92) and flow cytometry (r = 0.89). In our par-
ticular case, the early and focused application of the ADVIA
cytogram analysis facilitated the specific search for circulating
plasma cells.

Additionally, ADVIA analysis poses a challenge concern-
ing the MPO-negative blast pattern, specifically in distinguish-
ing between MPO-negative lymphoid and myeloid lineages. To
address this issue, an analysis was performed on the histogram
of nucleated red blood cells [16], in which MPO-negative cel-
lular events are arranged (Fig. 3c). In this analysis, peaks cor-
responding to lymphocytes and LUCs are observed. Typically,
lymphoblastic leukemias present a single peak encompassing
both lymphocytes and LUCs. In contrast, myeloid leukemias
show a double peak, indicating that the lymphoid population
originates from a common clone and forms a single peak. In
our case, this analysis was conducted, revealing a third peak,
suggesting that plasmablasts derive from a mature cell not cor-
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responding to normal mature lymphocytes. Therefore, in the
described differential diagnosis, the possibility of plasma cell
leukemia is added.

The detection of circulating plasma cells can be ap-
proached through various methods. Cytology is frequently
employed, albeit with varying sensitivities, primarily due to
the lack of routine screening. A Spanish study that routinely
examined peripheral blood smears in a cohort of 482 patients
identified circulating plasma cells in 20% of cases [9], most
with counts ranging from 1% to 4%. A subgroup of adverse
prognosis, comprising 3.5% of patients, exhibited > 5%. These
findings were replicated by a cohort from the Mayo Clinic,
revealing that the presence of > 5% circulating plasma cells
is associated with a highly unfavorable prognosis [10]. Nota-
bly, this group demonstrated a graver prognosis compared to
those with high-risk cytogenetic classification. It is pertinent
to note that this study, which did not include routine searching
for plasma cells, yielded a detection rate of only 2%, signifi-
cantly differing from the Spanish cohort. Lastly, a Chinese co-
hort comprising 767 patients, which conducted routine blood
smear analyses and defined > 2% as positive, detected circulat-
ing plasma cells in 14% of cases [8], suggesting > 2% as the
prognostic threshold for overall survival.

As discernible from the aforementioned series, routine
analysis inclusion is imperative. Diagnostic supplementation
with other tools, such as alerts from automated hematological
counting systems, can enhance detection. Particularly, in the
ADVIA system, the normal average LUC count is 2%, and
alerts are triggered at values > 4.5%, potentially indicating
the presence of plasma cells around 2% within an appropriate
context. Besides ADVIA experience, successful use of another
type of automated hematological counter (Sysmex XE 5000),
employing a distinct technique for leukocyte separation, has
been reported [17].

Conversely, flow cytometry has heralded a paradigm shift.
In one of the initial reports, analysis of 50,000 events in CD45"
CD38" cells revealed that 73% of multiple myeloma patients
had circulating plasma cells, with a direct relationship between
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detected cell numbers and overall survival [18]. In a subse-
quent study, analyzing at least 150,000 events using a panel
of at least six antibodies, 54% of circulating plasma cells were
detected [19]. A receiver operating characteristic (ROC) analy-
sis determined a cutoff of 400 plasma cells as a prognostic
predictor, proving to be more powerful than both the ISS and
cytogenetic risk assessed by fluorescence in situ hybridization
(FISH) in multivariate analysis. Notably, it has been reported
that up to 25% of patients with monoclonal gammopathy of
undetermined significance (MGUS) and asymptomatic myelo-
ma could exhibit circulating plasma cells through flow cytom-
etry [20], demonstrating high discriminatory capacity between
MGUS and multiple myeloma. Ultimately, a comprehensive
analysis validated in a clinical trial cohort proposed > 2% as
the optimal prognostic threshold for flow cytometry [21]. Fur-
thermore, experience with next-generation flow cytometry has
demonstrated that 100% of myeloma patients present circulat-
ing plasma cells, while 59% of MGUS patients also exhibit
them [22].

Learning points

The detection of circulating plasma cells in patients with
monoclonal gammopathy is of vital importance, as it con-
stitutes a critical prognostic factor and a diagnostic criterion
for plasma cell leukemia. Routine evaluation of peripheral
blood smears in all patients with monoclonal gammopathy
is essential. The use of diagnostic support tools, such as ad-
ditional analysis of the ADVIA 2120 automated hematologi-
cal count, can serve as an early and preliminary approach in
the search for plasma cells. In this regard, it is suggested to
consider an alarm for a LUC value > 4.5% in patients with
monoclonal gammopathy as a direct indication to assess the
possible presence of plasma cell leukemia. This suggestion
should be validated in a properly designed study. In the fu-
ture, the analysis of peripheral blood by flow cytometry may
become a routine practice.
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