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Abstract. The occurrence of acute myeloid leukemia (AML)
with a simultaneous diagnosis of breast cancer (BC) is rarely
reported in the literature. The present study reports the case of
a 50-year-old female patient diagnosed with AML coexisting
with metastatic BC. Following one cycle of treatment with
azacytidine in combination with oral venetoclax for AML, the
patient achieved complete remission with incomplete hema-
tological recovery. In addition, the mass in the left breast was
smaller following adjuvant chemotherapy. However, due to a
refusal from the patient to accept an allogeneic hematopoietic
stem cell transplantation (allo-HSCT), the patient succumbed
3 months after diagnosis due to septic shock from neutropenia
following the third cycle of chemotherapy. Altogether, the
present case report highlighted the application of venetoclax, an
oral selective B-cell lymphoma-2 inhibitor, both in hematologic
malignancies and solid neoplasms, as an effective therapeutic
regimen. Considering the fatality rate associated with AML,
allo-HSCT is the only available strategy that can be used to
achieve the long-term survival of patients with AML and BC.

Introduction

The synchronous occurrence (within 6 months) of two neoplasms
is rarely observed, particularly acute myeloid leukemia (AML)
coexisting with breast cancer (BC) [with actual incidence rates
of <1% (1)], which is also associated with a poor prognosis
[the survival time varies from 1 month to 3 years] (2-8). The
prognosis of patients with synchronous occurrence of AML
and BC is closely related to the risk factors of AML, and in
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terms of the long-term survival of the patient, the solution in
such a case is based primarily on the treatment of AML, while
placing the management of BC on hold (9). B-cell lymphoma-2
(BCL-2) expression is high not only in leukemia stem cells in
AML, but also in solid tumors, including BC (10,11). Venetoclax
is an oral selective BCL-2 inhibitor widely used in the treatment
of hematological malignancies (12). In such cases, venetoclax
inhibits BCL-2 to promote tumor cell apoptosis (13,14), to
simultaneously combat the coexistence of AML and BC. The
present study describes a rare case of AML coexisting with
metastatic BC (mBC), focusing on the treatment options with
the use of venetoclax combined with other regimens to achieve
an effective response in both AML and BC.

Case report

In March 2021, a 50-year-old female patient presented to another
hospital (The Affiliated Hospital of Hebei University, Baoding,
China) with progressive fatigue that had persisted for 1 week. At
3 months prior to admission, the patient had noted a 20-mm mass
in the left breast; however, the patient refused to be hospitalized.
A complete blood count indicated a white blood cell count of
22x10%/1 (normal range, 3.5-9.5x10%/1), a hemoglobin concentra-
tion of 92 g/l (normal range, 115-150 g/I) and a platelet count of
42x10%/1 (normal range, 125-300x10%/1). A large number of mono-
blastic cells, which accounted for 66% of bone marrow nucleated
cells, were observed in a bone marrow smear analysis (Fig. 1).
Immunophenotyping revealed that the blast cells were CD34",
HLA-DR', CDI123*, CD38*, CD117+, CD7*, CD11b*, CD13* and
CD33*, which appeared with myeloid blasts (Fig. 2). The patient
harbored a complex karyotype (CK), as well as a monosomal
karyotype (MK) {44,XXt(4;16)(q11;p13),-15,-17,add(17)(p11),-1
9,21 #marl #mar2[5]/44,idem del(5)(q31)[2]/46,XX[9]} (Fig. 3),
without any molecular and next-generation sequencing abnormal-
ities. Based on the World Health Organization 2016 criteria (15),
the patient was diagnosed with AML (AML-not otherwise speci-
fied; poor-risk). There was a mass in the upper outer quadrant of
the left breast of the patient and a palpable left axillary node was
present. An ultrasound revealed a 39x32-mm mass (3 o'clock);
however, the patient did not consent to a biopsy of the breast mass.
These aforementioned results were provided by a relative of the
patient.
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Figure 1. Morphology analysis of a bone marrow aspirate at the initial stage of diagnosis. Images collected at (A) x100 and (B) x1,000 magnification. Bone

marrow smear (Giemsa staining) showed notably increasing myeloid blasts.
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Figure 2. Flow cytometry analysis of a bone marrow aspirate. Bone marrow flow cytometry indicates an acute myeloid leukemia diagnosis: CD34*, HLA-DR*,
CD123* CD 38*,CD117*,CD7*, CD11b*, CD13*, CD33*, CD5", CD3" and CD19".

An induction chemotherapeutic regimen consisting of
azacitidine (AZA; 75 mg/m?, days 1-7) + CAG [aclarubicin at
20 mg, days 4-7; cytarabine at 20 mg twice a day, days 4-14;
granulocyte-colony stimulating factor (G-CSF) at 150 ug, days
4-14] was administered, and 21 days following the commence-
ment of therapy, the patient did not achieve hypoplasia with 15%
residual blasts. Moreover, the mass in the left breast exhibited
rapid growth, which was confirmed by a subsequent ultrasound.

The patient was then admitted to the Department of Hematology
of The Second Hospital (Hebei Medical University, Shijiazhuang,
China) for further diagnosis and therapy in April, 2021.

A subsequent peripheral blood cell count indicated a white
blood cell count of 0.7x10%1, a hemoglobin concentration of
58 g/l and a platelet count of 53x10%1. To evaluate the effect
of the previous cycle of combination chemotherapy, another
bone marrow smear analysis was performed. For this, the
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Figure 3. G-banded karyotype of bone marrow cells demonstrated a complex karyotype and a monosomal karyotype {44,XX t(4:16)(q11;p13),-15,-17,add(17)

(p11),-19,-21 +marl +mar2[5]/44,idem del(5)(q31)[2]/46,XX[9]}.

bone marrow smear was naturally dried, then 2-3 drops of
Wright-Giemsa staining solution was added to the entire spec-
imen smear at room temperature for 1-2 min. An equal amount
of 0.01 mol/l sodium dihydrogen phosphate solution was added
to the slide, the slide was gently shaken to thoroughly mix with
the Wright-Giemsa staining solution and the sample was incu-
bated at room temperature for 3-5 min. The smear was washed
with double distilled water, blotted dry and examined under a
light microscope. The bone marrow smear analysis revealed
58% monoblastic cells (Fig. 4A-D) on the 28th day following
the commencement of chemotherapy. According to the response
criteria definitions for AML, the patient had not achieved
complete remission (CR) or partial remission (PR). An ultra-
sound revealed that the mass in the left breast was 62x43-mm (3
o'clock) with ipsilateral axillary lymphadenopathy, and evidence
of bone destruction was confirmed by a subsequent bone scan.
An ultrasound-guided core needle biopsy confirmed a diagnosis
of invasive carcinoma. For this, the puncture tissues were
immersed in formaldehyde solution (4%) and fixed overnight at
4°C. The next day, the tissues were dehydrated and embedded in

paraffin wax. The embedded material was then cut into 5-ym
sections and the sections were dewaxed with xylene, rehydrated
through an alcohol gradient (100, 95, 90, 80 and 70%; 5 min
each), then washed with distilled water. H&E staining was
performed at room temperature; slices were dyed with Harris
hematoxylin for 3-8 min and washed with tap water, then incu-
bated in eosin dye solution for 1-3 min and washed with tap
water. The sections were successively immersed in 95% alcohol,
anhydrous ethanol and xylene for 5 min each to dehydrate the
sample. The sample was dried and sealed with neutral gum.
Antigens were extracted at 100°C before immunohistochemical
staining. Endogenous peroxidase activity was then blocked with
3% hydrogen peroxide, after washing with phosphate buffered
saline (PBS) twice for 5 min each. The sample was incubated
with normal goat serum [5%; Yeason Biotechnology (Shanghai)
Co., Ltd.] at 37°C for 30 min to block non-specific background
staining. Next, the sections were incubated with anti-estrogen
receptor (ER; cat. no. ab16660; 0.5 ug/ml; Abcam), anti-proges-
terone receptor (cat. no. ab32085; 1 ug/ml; Abcam), anti-human
epidermal growth factor receptor 2 (HER2; cat. no. abl6662;
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Figure 4. Morphology analysis of a bone marrow aspirate. Images collected before the second cycle of acute myeloid leukemia chemotherapy at (A) x100
and (B-D) x1,000 magnification. The bone marrow smear (Wright-Giemsa staining) showed notably increasing numbers of myeloid blasts. Images collected
at (E) x100 and (F-H) x1,000 magnification on day 28 of the adjuvant chemotherapy treatment regimen. The bone marrow smear (Wright-Giemsa staining)

showed the clearance of myeloid blasts (<5%).

1 pg/ml; Abcam) and anti-Ki-67 (cat. no. ab15580; 1 ug/ml;
Abcam) at room temperature for 30 min. The slices were washed
with PBS and incubated with secondary antibody (HRP marker;
cat. no. ab6721; 1 ug/ml; Abcam) at room temperature for
20 min. DAB substrate staining was used. Representative images
were collected using an optical microscope and analyzed with
ImageJ (v.1.8.0; National Institutes of Health; https://image;j.
net/software/imagej/) (16). Immunohistochemistry yielded
positive results for the ER and progesterone receptor (80 and
10%, respectively), with a high Ki67 proliferation index (40%)
and negative expression of HER2 (Fig. 5). Fluorescence in situ
hybridization for the HER2 gene also yielded negative results
using the PathVysion HER-2 DNA probe kit (Abbott) as previ-
ously described (17). These results indicated a luminal B-like
(HER2) type BC [staging T3N1MI1, according to the American
Joint Committee on Cancer TNM staging system (18)] diagnosis.

After obtaining informed consent, the patient began an adju-
vant chemotherapy treatment regimen with pegylated liposomal
doxorubicin at 40 mg (day 1, per 21 days for two cycles) and
albumin-bound paclitaxel at 200 mg (days 1 and 8, per 21 days
for two cycles) to treat mBC. The patient was also treated
with standard AZA at 75 mg/m? subcutaneously for 7 days, in
combination with oral venetoclax for AML (based on a phar-
macokinetic test, from a dose of 100-200 mg/day, the dosing
of which must be adjusted in the setting of the concomitant
administration of the CYP3A4 inhibitor, voriconazole (200 mg
twice daily for 4 weeks). Tumor lysis syndrome was monitored
during a 3-5-day dose ramp-up of venetoclax, and G-CSF was

also administered (300 pg per day for 3 weeks) to reduce the
risk of infections and other cytopenia-related adverse events with
the venetoclax-based combinations. When the white blood cell
and platelet counts of the patient were normal (white blood cell
count, 5.6x10%/1; platelet count, 218x10%/1) a bone marrow aspira-
tion was performed on day 28 (Fig. 4E-H). With the clearance of
blasts (<5%), the response to AML treatment was defined as CR
with incomplete hematological recovery (CRi). The treatment
response to BC was defined as PR as the mass in the left breast
was notably smaller (only 20x20 mm in size). Due to economic
reasons, the patient refused an allogeneic hematopoietic stem cell
transplantation (allo-HSCT); thus, the patient was then treated
with another cycle of chemotherapy without dose modifications.
However, the patient succumbed due to septic shock from neutro-
penia following the third cycle of chemotherapy.

Discussion

Synchronous multiple cancer, defined as a cancer diagnosed
simultaneously with another cancer or diagnosed within
6 months, is uncommon. The risk of a patient diagnosed with BC
being diagnosed with a co-existing second cancer is 2-3% (1),
and the synchronous occurrence of BC and AML is rare. The
present study described the case of a female patient presenting
with the co-existence of AML and BC. To date and to the best
of our knowledge, only 11 cases of a synchronous occurrence of
AML and BC have been described in the literature (Table I) (2-8).
The simultaneous diagnosis of AML and BC is associated with
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Figure 5. Pathology of the mass of the left breast. (A) Needle biopsy (H&E staining) showing tumor cells infiltrating the normal breast structure. Tumor cells
were (B) partially bright positive for the estrogen receptor, (C) 10% positive for progesterone receptors, (D) human epidermal growth factor receptor 2 negative

and (E) had a high Ki67 proliferation index (40%) by immunohistochemistry.

an extremely poor prognosis with standard therapies. Specifically,
only 4 such cases have reached a CR for AML (4,6-8) and only
1 patient who achieved a CR for both diseases was able to
undergo an allo-HSCT (8), which is currently regarded as the
only recommended therapeutic approach aimed at achieving
long-term disease-free survival for patients with AML (9). Of the
11 patients identified in the literature, 4 cases survived for as little
as 1 week to 1.5 months, 2 patients survived for >3 years and
9 patients succumbed due to AML. To date, the median overall
survival (OS) time of patients with mBC is only ~37 months (19),
and clinicians typically treat AML first before BC due to the poor
outcomes associated with AML. In the present study, the authors
aimed to select the appropriate therapeutic strategy for the two
malignancies simultaneously.

Patients with ER* mBC who are HER2" and who are not
suitable to receive treatments such as quadrantectomy, local
radiotherapy and HER?2 inhibitors, are recommended classical
endocrine therapy with or without molecular therapies (20-22).
However, acquired resistance to hormonal therapies occurs
in 30-50% of cases, which has been confirmed to occur via
the PI3K-AKT-mTOR, cyclin D1-CDK4/6-retinoblastoma
protein, BCL-2-p53-MDM2, ER1 and other cell-signaling
pathways (23). Molecular-based therapies, including CDK4/6
inhibitors (such as palbociclib/ribociclib/abemaciclib) (24), an
mTORCI inhibitor (everolimus) (25), an o isoform-specific
PI3K inhibitor (alpelisib) (26) and a BCL-2 inhibitor (veneto-
clax) (27) have been demonstrated to have potential efficacy
as adjuvant therapies in patients with advanced-stage BC.
Moreover, regardless of the molecular subtype, chemotherapy
still represents a fundamental option for patients with mBC.
In the present study, according to the pathological results, the

patient accepted adjuvant chemotherapy, combining pegylated
liposomal doxorubicin with albumin-bound paclitaxel.
Furthermore, BCL-2 inhibitor molecular therapy was admin-
istered to the patient for BC and AML simultaneously.

BCL-2 expression is high in the leukemia stem cells of
AML (28). Venetoclax, an oral selective BCL-2 inhibitor first
approved for the treatment of chronic lymphocytic leukemia,
can lead to the rapid initiation of AML cell apoptosis (13).
Despite the modest efficacy of single-agent treatment with
either venetoclax or hypomethylating agents (HMAs) (29), the
rationale for combining venetoclax with HMAs was provided
by the potential of BCL-2 inhibitors to sensitize AML cells to
HMAs (30). In two pivotal clinical trials, the rates of CR plus
CRi were 54 and 67% in patients treated with venetoclax plus
low-dose cytarabine (LDAC) or HMAs, and the median OS
time was 10.4 and 17.5 months, respectively (31,32). Due to
these results, the U.S. Food and Drug Administration approved
the use of venetoclax in combination with LDAC or HMAs
for older or unfit patients newly diagnosed with AML and for
patients who have relapsed/refractory AML.

The overall frequency of a CK in AML, the most unfavor-
able prognostic factor in AML with a well-known poor outcome,
has been shown to occur in 10-14% of patients in prior studies
and has been reported to occur in up to 23% of older patients
with AML (33,34). Patients with AML with a CK are generally
resistant to conventional induction and consolidation and only
10-40% achieve CR and tend to relapse in a median time of
6-8 months (35). The MK, another adverse cytogenetic aberration,
appears to be a worse prognostic predictor of a poor outcome,
with a 4-year OS rate of 4% compared with 21% in patients with
CK (36). Patients with AML presenting with the co-existence of
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MK and CK achieve an overall remission rate of 28% following
treatment with intensive chemotherapy (37). A few studies to date
have indicated that combination treatment of venetoclax with
HMAs or mono-regimen CPX 351, a liposomal formulation of
cytarabine and daunorubicin, is associated with an optimal trend
for the OS of patients (38,39). The patient described in the present
study diagnosed with adverse AML with CK and MK, first failed
to achieve remission with one regimen of AZA + CAG; however,
the patient achieved an effective response of CRi following the
adjustment of a combination of venetoclax with AZA.

The increased expression of the anti-apoptotic protein,
BCL-2, has been reported in a number of different solid tumor
histotypes and is also linked to resistance to chemotherapies,
including in renal, breast and thyroid carcinoma, but not in
AML, mature B-cell malignancies and lymphoid malignan-
cies; thus, studies mainly focus on BCL-2 inhibitor application
in solid tumors (10,11). The expression of BCL-2 in BC is the
second highest in a wide range of tumor histotypes, according
to The Human Protein Atlas database (https://www.proteinatlas.
org/). Due to the upregulation of BCL-2 in BC, particularly in
80% of primary ER* BC cases, the molecular mechanisms of
venetoclax, including BC cell proliferation and growth inhibition
via the promotion of apoptosis, cell cycle arrest and autophagy,
have been confirmed via in vitro studies (14,40). Preclinical
data on the combination of venetoclax with tamoxifen to
increase the apoptosis of patient-derived xenograft models of
ER* BC have led to a phase Ib dose-escalation and expansion
study of venetoclax combined with endocrine therapy in mBC,
which is both ER and BCL-2* (27,41). In the first clinical study,
15 patients were treated orally with daily tamoxifen (20 mg)
and venetoclax (200-800 mg) in the escalation phase, and in the
expansion phase, 24 patients received 800 mg venetoclax as the
recommended phase II dose (RP2D) for neither dose-limiting
toxicities nor high-grade adverse events were observed. For treat-
ment at the RP2D, all 24 patients had measurable disease with
a clinical benefit rate of 75%; the objective response rate was
54% (1 CR and 12 PR), stable disease was 21% (5 patients) and
the median progression-free survival was not reached at the time
of data analysis (>51 weeks). According to the marked efficacy
and acceptable safety of the combined use of venetoclax with
endocrine therapy, a randomized phase II trial of venetoclax +
fulvestrant versus fulvestrant in ER*, HER2" locally advanced
or mBC is ongoing in five countries, enrolling 100 patients (42).
These findings support the use of venetoclax both as a single
agent and in combination strategies for the further investigation
of patients with BCL-2* tumors.

To the best of our knowledge, the case described in the
present study is the only one characterized in the literature by a
severe prognosis of AML with CK and MK that achieved CRi of
AML and PR of BC. Venetolax was used as a therapeutic agent
for AML; however, according to the criteria response of BC in
the patient described in the present study and in the reported
literature (2741), it is conceivable that venetolax plays an effec-
tive role in the treatment of the two malignancies simultaneously.

In conclusion, it is essential to determine appropriate treat-
ment measures for patients with co-existing AML and BC in
the era of novel agents. Following the notable results with the
application of venatoclax in AML and BC, respectively, this
oral selective BCL-2 inhibitor may be used for the treatment of
synchronous cancer (such as AML plus BC) to achieve efficacy

and safety. However, further studies with a greater number
of cases are required to clarify and optimize the therapeutic
potential and use of treatment regimens containing venatoclax.
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