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Breast Cancer With Release of Tumor Cells in Peripheral
Blood Mimicking Acute Myeloid Leukemia
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Abstract

A 75-year-old woman with a history of lobular breast adenocarci-
noma treated with mastectomy and radiotherapy in 2021 and on
maintenance hormone therapy, presented with asthenia and trem-
ors. Laboratory tests showed leucocytosis, anemia and low platelet
count, with increased serum calcium, lactate dehydrogenase and
indirect bilirubin levels. Haptoglobin was decreased and renal func-
tion was normal. Peripheral blood smear showed red cell anisocy-
tosis, many schistocytes and immature granulocytes. Furthermore,
15% of white cells displayed large size and atypical morphology. A
macroangiopathic hemolytic anemia (MAHA) related to a de novo
or recurring cancer was hypothesized, and total body computed to-
mography (CT) and '8F-FDG positron emission tomography (PET)/
CT were undertaken. Only a slight FDG uptake was demonstrated
in the spine, attributable to a reactive bone marrow due to MAHA.
Then, to rule out a MAHA related to acute leukemia, a bone marrow
aspirate and trephine biopsy were performed, with an extensive cell
immunophenotyping. The first myeloid flow cytometry (FC) pan-
el evidenced a large volume population of about 20%, expressing
CD117 but negative for CD45 and CD34. All myeloid markers were
negative. A more extensive panel was then used, including plasma
cell and erythroid markers. Interestingly, the abnormal population
resulted positive for CD138 and CD71 with negativity for CD38. A
recent study reported that besides CD45 negativity, non-hematolog-
ical neoplasms frequently express CD56, CD117, or CD138. There-
fore, a panel for non-hematological markers including epithelial

Manuscript submitted March 26, 2024, accepted June 19, 2024
Published online July 18, 2024

#Hematology Laboratory and Transfusion Center ASST Ovest Milanese-Os-
pedale Legnano, Milan, Italy

®Clinical Immunology Unit, Azienda Ospedaliero Universitaria delle Marche,
Ancona, Italy

“Department of Hematology, Azienda Ospedaliero Universitaria delle Marche,
Ancona, Italy

dLaboratory Medicine Unit, Azienda Ospedaliero Universitaria delle Marche,
Ancona, Italy

¢Anatomical and Histopathological Pathology Unit, Azienda Ospedaliero Uni-
versitaria delle Marche, Ancona, Italy

Department of Medicine, Profili Hospital, Fabriano, Italy

€Corresponding Author: Arianna Gatti, Hematology Laboratory and Transfu-
sion Center ASST Ovest Milanese-Ospedale Legnano, Milan, Italy.

Email: arianna.gatti@asst-ovestmi.it

doi: https://doi.org/10.14740/jh1259

cell adhesion molecule (EpCAM) was carried out. This population
resulted EpCAM positive and also expressed CD9, a breast cancer
prognostic marker. Bone marrow smears revealed the presence of
the same cells, and the immunohistochemistry analysis of bone mar-
row biopsy demonstrated the massive infiltration of breast cancer
cells, expressing all epithelial markers identified at diagnosis. The
FC analysis of the peripheral blood allowed the rapid characteriza-
tion of a non-hematological neoplastic cell population, circulating
at unusually high frequency and mimicking an acute myeloid leu-
kemia. The FC detection of CD45-negative cell populations in pe-
ripheral blood, bone marrow or lymph node aspirate should prompt
the setup of an immunophenotyping panel including EpCAM, CD?9,
CD56 and CD117, to allow for a rapid and accurate identification of
ectopic malignant epithelial cells.

Keywords: Breast cancer; Macroangiopathic hemolytic anemia; Im-
munophenotyping; Flow cytometry; EpCAM

Introduction

Breast cancer (BC) is the most common malignancy among
women in developed countries, with a mortality rate of 15%.
Several studies have reported an increased incidence of acute
myeloid leukemia (AML) after treatment of BC, with evidence
of a dose-intensity relationship. Alkylating agents, topoisomer-
ase Il inhibitors and radiation therapy, fundamental to the treat-
ment of BC, are the most likely contributors to increased risk of
secondary AML [1, 2]. Another condition associated to BC is
cancer-related microangiopathic hemolytic anemia (CR-MA-
HA) [3]. CR-MAHA is a paraneoplastic syndrome character-
ized by renal failure and/or neurological symptoms, increased
schistocytes in the peripheral blood smear, negative direct an-
tiglobulin test (DAT), hemolytic anemia with increased lactate
dehydrogenase (LDH) level, increased indirect bilirubin, low
haptoglobin and thrombocytopenia (< 150 x 10%/L).

CR-MAHA is mostly associated with gastric cancer, fol-
lowed by BC, prostate cancer, and lung cancer [4]. In litera-
ture, 51 cases of MAHA associated with BC are reported, most
of them with poor outcome [5].

Here we describe the case of a patient with previous BC
and a suspected CR-MAHA, however characterized by the
detection of cells of unclear origin in the peripheral blood, at
least initially suggesting a secondary AML.
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Figure 1. Peripheral blood smear. (a) Marked red cell anisocytosis with a remarkable proportion of schistocytes (15% of eryth-
rocytes, blue arrowheads) and erythroblasts (3% of nucleated cells, red arrowheads) was observed. (b) A significant number of
large atypical mononuclear cells with eccentric nucleus, of uncertain lineage, were also noted (15% of nucleated cells).

Case Report
Investigations

A 75-year-old woman with a history of lobular breast ad-
enocarcinoma (estrogen receptor (ER)-positive, progesterone
receptor (PgR)-positive, human epidermal growth factor re-
ceptor 2 (HER2)-negative) treated with mastectomy and ra-
diotherapy in 2021 and receiving hormone therapy, presented
with asthenia and tremors. The full blood count showed leu-
kocytosis (23.4 x 10%L with 56% neutrophils), anemia (Hb
72 g/L), macrocytosis (MCV 103 fL), slightly reduced platelet
count (138 x 10%L) and increased reticulocytes (11%). Labo-
ratory tests showed increased calcium level (13 mg/dL), LDH
600 U/L and indirect bilirubin (5 mg/dL), with undetectable
haptoglobin (< 0.1 g/L). Tumor markers were negative. No
coagulation abnormalities were documented. No changes of
fibrinogen level were present, and no fibrinogen degradation
product (FDP) was detected. ADAMTS13 testing was not car-
ried out. DAT test was negative and renal function was normal.
Peripheral blood smear showed marked red cell anisocytosis,
a remarkable proportion of schistocytes (15% of erythrocytes),
increased erythroblasts (3% of nucleated cells) and immature
granulocytes (promyelocytes, myelocytes and metamyelo-
cytes (Fig. 1a)). Furthermore, a significant number of large
mononuclear cells of unclear lineage (15% of nucleated cells)
were also detected (Fig. 1b).

Diagnosis

Therefore, in the hypothesis of a MAHA related to a de novo
or relapsing cancer, total body CT scan and 'SF-FDG PET/CT
were ordered. The CT scan was negative, whereas only a slight
I8F_-FDG uptake was present in the spine, attributable to in-
creased bone marrow activity due to MAHA. Subsequently,
due to the presence of circulating abnormal cells and to ex-
clude an acute leukemia-related MAHA, an immunophenotyp-
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ing of peripheral blood cells, a bone marrow aspirate and a
trephine biopsy were undertaken.

A first-level myeloid flow cytometry (FC) panel was initial-
ly performed. This panel evidenced a large sized CD45-negative
cell population of about 20%, negative for CD34 and positive
for CD117 (Fig. 2a). Myeloid markers, such as CD13, CD33
and CDI11b were negative. Due to positivity for CD117 with-
out expression of CD45, a more extensive panel was performed,
including plasma cell markers (CD38, CD138, CD19, cytoplas-
mic immunoglobulin kappa and lambda light chains) and the
erythroid marker CD71. Interestingly, this population resulted
positive for CD138 and CD71, with negativity for CD38 (Fig.
2b). The plasma cell origin of this atypical population was ex-
cluded, therefore a second-level panel for non-hematological
markers including the surface CD326 epithelial cell adhesion
molecule (EpCAM) was carried out. This population resulted
EpCAM positive, and also intensely expressed CD9 (Fig. 2c¢).
Aspirate smears revealed the presence of the same cells and
immunohistochemistry analysis of the bone marrow biopsy
disclosed a massive infiltration of cells expressing all BC epi-
thelial markers identified at diagnosis, such as cytokeratin, ER
and GATA-binding protein 3 (GATA3) (Fig. 3). Because the
immunohistochemistry results confirmed the infiltration by BC
cells, G-band analysis of bone marrow and fluorescence in situ
hybridization (FISH) testing were not performed.

Follow-up and outcomes

After a few days, the patient presented with high fever and 24
h later died for suspected septic shock. However, no micro-
biological data are available. No specific chemotherapy was
undertaken. In absence of renal failure and/or neurological
symptoms, no plasma-exchange was undertaken.

Discussion

Here we describe an unusual case of a patient with previous
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Figure 2. Immunophenotypic analysis of peripheral blood. Green: lymphocytes; yellow: monocytes; pink: neutrophils; red: cir-
culating breast cancer cells. (a) The first myeloid flow cytometry panel showed an atypical population (red) of 20%, negative for
CD45 and CD34, positive for CD117 with high forward and side scatter. (b) A more extensive panel included plasma cell (CD138,
CD38, CD19) and erythroid markers (CD71). The atypical population resulted positive for CD138 and CD71 with negativity for
CD38. (c) A panel for non-hematological markers including CD326 epithelial cell adhesion molecule (EpCAM) was carried out.
The abnormal population expressed EpCAM and CD9. The black rectangles indicate the areas of positive expression of cell
markers, where applicable. FSC: forward scatter; SSC: side scatter; par: partial expression.

BC, who developed a clinical picture resembling CR-MAHA,
due to an increased number of schistocytes, increased value of
LDH and indirect bilirubin, low haptoglobin and mild throm-
bocytopenia, however without renal failure and/or neurologi-
cal symptoms or coagulation abnormalities. The level of ane-
mia remained stable during the hospitalization. These clinical
features may be also associated to sepsis [6, 7], and the patient
died shortly after being evaluated, with a clinical picture of
likely septic shock. In any case, the diagnosis of CR-MAHA
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was excluded.

The most impressive feature of this case was the massive
circulation of abnormal cells (15-20% of white cells) resem-
bling an acute leukemia, that were demonstrated by FC to be
of epithelial origin.

Rare tumor cells can be sometimes detected in the periph-
eral blood and bone marrow of patients with epithelial can-
cers, usually at very low concentration [8]. Many studies have
shown that the number of circulating tumor cells (CTCs), as
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Figure 3. Immunohistochemistry analysis of bone marrow biopsy. A massive infiltration of cancer cells expressing all epithelial
markers identified at diagnosis, such as cytokeratin (a), GATA-binding protein 3 (GATA3) (b) and estrogen receptor (c) was
demonstrated.

detected by a spectrum of techniques, can be correlated with
disease progression and poor prognosis in various carcinomas
[9-13]. It was reported that in about 58% of patients with BC,
CTCs could be detected in peripheral blood, using immuno-
magnetic enrichment method based on fluorescent immuno-
cytochemistry, with a sensitivity of one tumor cell in 1 x 107
peripheral blood mononuclear cells [14]. In another study, the
CTCs were found in 71.4% of metastatic BC patients and the
highest number of CTCs detected was 1,491 per 7.5 mL blood
[15]. The direct detection of evident amounts of malignant tu-
mor cells in peripheral blood by conventional FC is however
reported in very few real-life studies [16, 17], with a maximum
percentage of abnormal circulating cells between 5% and 9%
of leukocytes.

In the present case, the FC analysis allowed the charac-
terization of the non-hematological nature of an abnormal cell
population, circulating at unusually high level in the peripheral
blood (about 15-20% of white cells), mimicking AML. The
resulting phenotyping of this population was CD45- CD34-
CD13- CD33- CD38- CD9" CD71" CDI117* CD138* CD326".
The initial AML hypothesis was supported by the positivity
for CD117 and CD71. These markers are typically expressed
in erythroid leukemia, in absence of CD45 and CD34 (FAB:
M6), nevertheless the co-expression of CD138 and CD326 in
erythroid leukemia has never been reported.

It is known that CD117 is expressed on KIT-dependent
cell types, including mast cells, some hematopoietic stem
cells, germ cells, melanocytes and erythroid precursors [18].
CD117-KIT is also expressed in pulmonary and other small
cell carcinomas, adenoid cystic carcinoma, renal chromophobe
carcinoma, thymoma, some ovarian cancers and in about 29%
of BCs [19]. The lack of CD117 expression in invasive BC was
reported to be associated with features of more aggressive tu-
mor behavior with lymph node metastasis and negativity of ER
and PgR [20]. Conversely, in the present report, a case of inva-
sive CD117 positive BC is described. Furthermore, CD117 can
be detected among 30% of malignant plasma cells, as identi-
fied by the CD138 lineage marker [21]. In our case, circulating
BC cells co-expressed both markers. As reported by several
studies, the expression of CD138 is also typically observed on
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the surface of mature epithelial cells (squamous and transition
types) and in a variety of soft tissue tumors [22, 23]. In BC,
the CD138 expression is controversial. Some studies reported
cases of strong expression of CD138 on cancer cells in meta-
static lobular carcinoma associated to poor prognosis [24, 25].
Other authors reported the shift from membranous and stromal
CD138 expression to cytoplasmic CD138 expression as asso-
ciated with poor prognosis in BC [26].

In this case report, FC allowed to quickly identify the epi-
thelial nature of the abnormal circulating cells by the use of
CD326 (EpCAM) marker. EpCAM is a transmembrane cell
surface glycoprotein that is highly expressed in epithelial can-
cers and at lower levels in normal epithelia. Due to its frequent
overexpression in carcinomas, EpCAM has been used as a di-
agnostic marker [27]. Several studies reported the usefulness
of this marker for the detection of cancer cells by FC in vari-
ous biological samples [28, 29]. Some groups have previously
proposed different panels to identify non-hematopoietic neo-
plasms, including EpCAM in association with other markers
such as CD45, CD56, CD71 or CD99 [30, 31]. In this study,
we used a panel including CD326, CD138, CD45, CD117,
CD71 and CD?9. As reported by other authors, CD9 is widely
expressed in various normal and cancer tissues [32, 33]. Non-
neoplastic mammary epithelial cells were observed to be nega-
tive or weakly positive for CD9 expression, while the stromal
inflammatory cells exhibited moderate-to-strong immunoreac-
tivity for CD9 [34]. Baek and colleagues demonstrated that
CD9 expression in patients with invasive lobular breast car-
cinoma is associated with poor prognosis [35]. Other authors
reported an association between the overexpression of CD9
in human BC cells and the development of bone metastases
[36]. Here we have described a case of metastatic BC, with pe-
ripheral blood and bone marrow invasion, strongly expressing
CD9 and CD326, as evaluated by FC.

In conclusion, although FC is widely used in the diagno-
sis of hematological neoplasms and it is not routinely used in
the diagnosis or follow-up of non-hematopoietic neoplasms,
we demonstrated its usefulness, in a rare case with high-grade
invasion of peripheral blood. The major limiting factor of this
approach resides in the need of highlighting clusters of large
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sized CD45-negative cells, that may be overlooked in ordinary
immunophenotypic analyses of peripheral blood, bone marrow
or lymph node aspirates, when admixed with cell debris. It is
reasonable to think that CD45-negative epithelial cell contami-
nants may become self-evident during routine FC analyses of
hematopoietic cell suspensions only when greater than 4-5%.

FC may play the role of a useful ancillary test to conven-
tional cytology and immunohistochemistry during the analysis
of peripheral blood, bone marrow and lymph node aspirates
showing unexpected clusters of CD45-negative cells.
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