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Abstract 

During progression of myeloid neoplasms, the basophil compartment may expand substantially and in some of these patients, a 
basophilic leukemia is diagnosed. In patients with Ph-chromosome + chronic myeloid leukemia, acceleration of disease is typically 
accompanied by marked basophilia. In other myeloid neoplasms, secondary leukemic expansion of basophils is rarely seen. We report 
on 5 patients who suffered from a myelodysplastic syndrome, myeloproliferative neoplasm, or acute leukemia and developed a massive 
expansion of basophils during disease progression. In 4 of 5 patients, peripheral blood basophil counts reached 40%, and the diagnosis 
“secondary basophilic leukemia” was established. As assessed by flow cytometry, neoplastic basophils expressed CD9, CD18, CD25, 
CD33, CD63, PD-L1, CD123, and CLL-1. In addition, basophils were found to display BB1 (basogranulin), 2D7, tryptase and 

KIT. In 4 of 5 patients the disease progressed quickly and treatment with azacitidine was started. However, azacitidine did not induce 
major clinical responses, and all patients died from progressive disease within 3 Y. In in vitro experiments, the patients ćells and the 
basophilic leukemia cell line KU812 showed variable responses to targeted drugs, including azacitidine, venetoclax, hydroxyurea, and 

cytarabine. A combination of venetoclax and azacitidine induced cooperative antineoplastic effects in these cells. Together, secondary 
basophilic leukemia has a poor prognosis and monotherapy with azacitidine is not sufficient to keep the disease under control for longer 
time-periods. Whether drug combination, such as venetoclax + azacitidine, can induce better outcomes in these patients remains to 

be determined in future clinical studies. 
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Introduction 

Persistent peripheral blood (PB) basophilia is typically seen in patients
with myeloid neoplasms, especially when the disease progresses [ 1 −9 ].
For example, in patients with Ph-chromosome + chronic myeloid leukemia
(CML), basophilia is a typical finding, and the numbers of basophils
increase further with acceleration of the disease [ 1 −4 , 9 ]. Basophilic leukemia
is a rare myeloid neoplasm characterized by an excessive, uncontrolled
expansion of basophils. As per definition, basophils account for 40% of
all leukocytes in these cases [8] . Basophilic leukemia can be divided into
acute and chronic forms (based on the blast cell count) and into primary
variants (no known preceding myeloid neoplasm) and secondary leukemia
[8] . Secondary basophilic leukemia is most commonly diagnosed in patients
with CML and is defined by the Philadelphia (Ph) chromosome [ 2 , 7 −9 ].
Other forms of secondary basophilic leukemia have also been described,
but are exceptionally rare [ 5 , 6 , 8 ]. In some of these patients, an underlying
myelodysplastic syndrome (MDS), myeloproliferative neoplasm (MPN) or
MDS/MPN overlap neoplasm is diagnosed [ 5 , 6 ]. The prognosis in all
these variants of basophilic leukemia is grave, independent of the primary
neoplasm. 

Treatment of secondary basophilic leukemia has to be adjusted to the
underlying myeloid neoplasm, the age of the patient, and the availability
of a stem cell transplant donor [8] . In those, who have an underlying
CML, treatment with second and/or third-line BCR-ABL1 tyrosine kinase
inhibitors (TKI), poly-chemotherapy, and/or hematopoietic stem cell
transplantation (HSCT) have to be considered. Similarly, in patients with
MDS and acute myeloid leukemia (AML), poly-chemotherapy and HSCT
are often recommended, provided that the patient is eligible. However, not
all patients can be treated with poly-chemotherapy and HSCT or they refuse
such intensive treatment. In these patients, alternative drugs have to be
offered. 

One reasonable “conventional” treatment approach for such cases may
be the use of hypomethylating agents, such as azacitidine or decitabine, or
low-dose cytarabine [ 10 , 11 ]. Another potential drug candidate is venetoclax,
a BCL-2-targeting agent that has been used successfully in patients with
high-risk or chemotherapy-resistant MDS or AML [ 12 , 13 ]. We report on
5 patients with advanced myeloid neoplasms and substantial basophilia. In 4
patients, the diagnosis of secondary basophilic leukemia could be established.
Three patients received azacitidine. However, responses were only transient
and followed by a relapse. All patients died within 3 Y. 

Patients and methods 

Patients 

PB and/or bone marrow (BM) was obtained during routine investigations
(diagnostic- or follow-up samples) from 5 patients with myeloid neoplasm,
namely 1 with MDS, 2 with AML, 1 with MDS/MPN, and 1 with
MPN (primary myelofibrosis). Diagnoses were established by using criteria
provided by the World Health Organization (WHO) [14] . The patients’
characteristics are shown in Table 1 . Routine investigations included PB
counts and differential counts, morphologic examination of cells on BM
smears, BM histology and immunohistochemistry (IHC), analysis of BM
cells for cytogenetic abnormalities, and molecular aberration profiling by next
generation sequencing (NGS). Conventional karyotyping and fluorescence
in situ hybridization were performed according to standard methodologies
[15] . The study was approved by the local ethics committee of the Medical
University of Vienna. Informed consent was obtained from all patients before
PB and/or BM was obtained. Isolated mononuclear cells (MNC) were stored
in a local biobank. 
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Drugs and other reagents 

Ponatinib, cladribine, cytarabine, selinexor, JQ1 and venetoclax were
purchased from Selleck Chemicals (Houston, TX, USA), dasatinib from
ChemieTek (Indianapolis, IN, USA), rapamycin from Calbiochem (San
Diego, CA), hydroxyurea (HU) and azacitidine from Sigma-Aldrich (St.
Luis, MO, USA). Stock solutions of most drugs were prepared by dissolving
in dimethylsulfoxide (DMSO; Sigma-Aldrich); azacitidine was dissolved in
50% acetic acid, and HU in distilled water. RPMI 1640 medium and
antibiotics (penicillin, streptomycin) were purchased from Lonza (Basel,
Switzerland), amphotericin B from PAN-Biotech (Aidenbach, Germany),
fetal calf serum (FCS) from Gibco Life Technologies (Carlsbad, California,
USA), and 3 H-thymidine from Perkin Elmer (Waltham, MA, USA). 

Culture conditions for primary cells and KU812 cells 

Primary cells were obtained from the patients´PB or BM samples and
stored in a local biobank. In 1 patient, splenectomy was performed (for
cytoreduction and to improve cytopenia) and splenic cells were collected
and stored. MNC were isolated by Ficoll density gradient centrifugation and
used in immunocytochemistry (ICC) staining experiments, flow cytometry,
and drug incubation experiments. The percentage of basophils in the
MNC fractions ranged between 8% and 48% by Wright-Giemsa staining.
For histamine release experiments, basophils were enriched by dextran
sedimentation as reported [16] . The BCR-ABL1 + basophilic cell line KU812
[17] was kindly provided by Dr. Kenji Kishi (Niigata University, Niigata,
Japan). Cells were cultured in RPMI 1640 medium supplemented with 10%
FCS and antibiotics in 5% CO2 at 37 °C. 

IHC and ICC 

IHC was performed on slides prepared from paraffin-embedded,
formalin-fixed BM biopsy specimens using the indirect immunoperoxidase
staining technique following established protocols [ 18 , 19 ]. Endogenous
peroxidase was blocked by methanol/H 2 O 2 , followed by heat-induced or
protease-induced epitope retrieval. Mouse monoclonal antibodies (mAb)
against human tryptase (1:100), chymase (1:100), basogranulin (1:50), 2D7
(1:25), and CD30 (1:50), and a rabbit polyclonal antibody against CD117
(1:100) were applied at 4 °C overnight. A specification of antibodies is
provided in Supplemental Table S1. Biotinylated goat anti-rabbit or goat
anti-mouse IgG (Vector Laboratories, Burlingham, CA, USA) were applied
as secondary antibodies (work dilution 1:200) for 30 min, washed, and
then exposed to Vectastain ABC KIT (Vector) for 30 min. 3-amino-9-
ethylcarabzole (AEC; Sigma-Aldrich) was used as chromogen substrate.
Finally, slides were counterstained in Mayer ś hematoxylin (Morphisto,
Frankfurt am Main, Germany). ICC was performed using primary MNC as
described [ 18 , 19 ]. Cells were spun on cytospin slides and fixed with acetone.
Slides were incubated with antibodies against tryptase (1:100), chymase
(1:50), basogranulin (1:100), 2D7 (1:100), and CD30 (1:50); and a rabbit
polyclonal antibody against CD117 (1:100) at 4 °C overnight. A specification
of antibodies is provided in Supplemental Table S1. Slides were incubated
with biotinylated goat anti-rabbit or goat anti-mouse IgG (Biocare Medical,
Walnut Creek, CA, USA) for 30 min at room temperature and then with
streptavidin AP label (Biocare Medical, Walnut Creek, CA, USA) for 30 min.
Neofuchsin (Nichirei, Tokyo, Japan) was used as chromogen. All slides were
counterstained in Mayer ś hematoxylin. 

Evaluation of drug effects on proliferation of basophils 

To determine the antiproliferative effect of drugs on patient-derived
MNC and KU812 cells, 3 H-thymidine uptake experiments were performed.
Primary MNC or KU812 cells were incubated in control medium or
n various concentrations of HU (5 −5000 μM), azacitidine (0.5 −100
M), venetoclax (0.01 −10 μM), cytarabine (0.001 −10 μM), cladribine
0.001 −10 μM), selinexor (0.001 −10 μM), JQ1 (0.001 −10 μM),
apamycin (0.001 −10 μM), ponatinib (0.01 −10 nM), or dasatinib
0.01 −10 nM) at 37 °C for 48 h. To assess cooperative drug effects,
U812 cells and primary MNC were incubated in various concentrations
f azacitidine, venetoclax, or HU, and in combinations of these drugs. Then,
 H-thymidine was added, and its uptake was analyzed after 16 h using a beta-
ounter (Perkin Elmer). All experiments were performed in triplicates. 

low cytometry analyses 

CD203c + basophils were subjected to phenotyping in all 5 patients.
ulticolor flow cytometry was performed using fluorochrome-conjugated 
Ab on a FACSCanto (BD Biosciences, San José, CA, USA) essentially as

ecribed [ 20 , 21 ]. A specification of mAb used in these studies is shown in
upplemental Table S2. All staining reactions were controlled by isotype-
atched control antibodies. Results are expressed as staining index (SI),

alculated as a ratio of median fluorescence intensities (MFI) obtained with
pecific antibodies and isotype matched control antibodies. In a separate set
f experiments, whole blood cells were incubated with various concentrations
f a polyclonal anti-IgE antibody (0.1-5 μg/ml) (Sigma-Aldrich) at 37 °C
or 15 min. Then, cells were stained with fluorochrome-labeled mAb
gainst CD13, CD63, CD164 or CD203c (15 min, 37 °C). Thereafter,
ells were subjected to erythrocyte lysis and analyzed by multicolor flow
ytometry on a FACSCanto. Basophils were identified as CD203c + cells.
nti-IgE-induced upregulation of CD13, CD63, CD164 and CD203c on 
asophils was calculated from MFI obtained from stimulated (MFIstim) 
nd unstimulated (MFIcontrol) cells and expressed as stimulation index 
 = MFIstim: MFIcontrol). 

istamine release experiments 

The histamine release assay was performed on dextran-enriched basophils 
f patients #1, #2, #3 and #4 essentially as described [ 16 , 21 ]. Dextran-
nriched basophils (purity: #1: 45%; #2; not available; #3: 23%; #4: 3%)
ere incubated in histamine release buffer (Immunotech, Marseille, France) 

n the absence or presence of polyclonal anti-IgE antibody (0.01 −10 μg/ml)
t 37 °C for 2 h. After incubation, cells were centrifuged at 4 °C, and the
ell-free supernatants and total suspensions were analyzed for histamine 
ontent by radioimmunoassay (Immunotech). Histamine was measured in 
he supernatants and cell lysates and histamine release was expressed as
ercentage of total cellular histamine. All experiments were performed in
riplicates. 

NA isolation and NGS analysis 

Genomic DNA (gDNA) was extracted from PB or BM cells using the
IAsymphony Sp Instrument with the QIAsymphony DNA Midi Kit (Both
iagen, Hilden, Germany). Quantification of gDNA was performed by 

uorometric quantitation using the Qubit dsDNA BR Assay Kit and a
ubit 3.0 Fluorometer (both Thermo Fisher Scientific, Waltham, USA) and

iluted to a final concentration of 200 ng. Library preparation was performed
ith the myeloid solution panel (Sophia Genetics, Lausanne, Switzerland) 

ccording to the manufacturer’s instructions. MiSeq System (Illumina, San 
iego, California, USA) was used as sequencing platform. Variant calling
as performed using the DDM Software (Sophia genetics). 

tatistical analysis 

To define significance levels in growth inhibition experiments using 
argeted drugs, ANOVA with Bonferroni correction was applied. Results were
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Table 2 

Expression of basophil-related markers in patients (#) with 

basophilia. 

Immunohistochemistry Immunocytochemistry 

Antigen #1 #2 #4 #5 #1 #2 #4 

BB1 + + - + + + + 

2D7 + + /- - + + + + 

Tryptase + /- + + /- + /- + /- + + 

Chymase - - - - + /- - - 

CD117 + + - n.t. + + + 

CD30 - - - - - - + /- 

The reactivity of neoplastic cells with antibodies directed against 

myeloid differentiation antigens (BB1, 2D7, CD30, CD117, chymase, 

tryptase) in bone marrow sections (patients #1; #2; #4; #5) and on 

cytospin slides (patients #1; #2, #4) were determined by microscopy 

and are provided as percentage of total cells using the following score: 

+ , > 5%; + /-, 1-5%; -, < 1%. 
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considered significant when P was < 0.05. Drug combination effects (additive
vs synergistic) were determined by calculating combination index (CI) values
using Calcusyn software (Calcusyn; Biosoft, Ferguson, MO, USA). A CI
value of 1 indicates additive effects and a CI below 1 indicates synergistic
drug interactions. 

Results 

Clinical presentation, course, response to drugs and survival 

At initial presentation, patients were diagnosed to suffer from MDS
(n = 1), AML (n = 2), MDS/MPN (n = 1), and primary myelofibrosis
(n = 1). Peak basophil counts and the patients´clinical features at the time of
basophil leukemia or basophil crisis are shown in Table 1 . In 4 of 5 patients,
PB basophil counts peaked to ≥40% so that the diagnosis “secondary
basophilic leukemia” was established. In 2 of these patients, secondary acute
basophilic leukemia (ABL) was diagnosed, and in the 2 other patients, chronic
basophilic leukemia (CBL) was diagnosed ( Table 1 ). An overview of the
clinical course and survival of our patients is shown in Table 1 . In 4 of 5
patients, the disease progressed quickly. In 3 of these patients, treatment with
azacitidine (with or without HU) was started. However, azacitidine did not
induce major clinical responses, and all patients died from progressive disease
within 3 Y. The 2 patients with secondary ABL died after 2 mo and 6 mo,
respectively. One patient with MDS/MPN and secondary CBL showed a
more chronic course and received HU for several months. The survival time
in this patient was 32 mo ( Table 1 ). 

Cytogenetic and molecular abnormalities detected in neoplastic cells 

Cytogenetic data were obtained on BM cells in all patients. In 2 patients
(#1 and #5) a normal karyotype was found. In patient #3, clonal cells
were found to express a t(5;12)(q31;p13) as well as a 5q deletion. In
patient #4, a deletion in 11q ( MLL ) as well as translocation t(4;14) was
detected. An overview of cytogenetic abnormalities detected in our patients
is provided in Supplemental Table S3. Supplemental Table S4 shows an
overview of molecular abnormalities detected in neoplastic cells by NGS. In
most patients, 2 or more gene abnormalities (mutations) were detected. In 1
patient (#3), 2 TP53 mutations (exon 7: C722T and exon 5: G481A) were
detected in neoplastic cells but no other genetic anomalies were identified. In
1 patient (#4) the MPN-related driver mutation JAK2 V617F was detected.
KIT D816V and BCR-ABL1 were not detected in neoplastic cells by PCR or
NGS in any of our patients (Supplemental Table S4). 

Expression of basophilic markers in neoplastic cells 

As assessed by ICC, primary MNC of all patients tested (#1, #2, #4)
were found to express the basophilic markers BB1 and 2D7. Furthermore,
leukemic cells stained positive for CD117 and tryptase, but did not react
with antibodies directed against CD30 or chymase ( Fig. 1 A, Table 2 ). In
BM sections obtained from patients #1, #2 and #5, 5% to 15% of cells
(mature basophils) stained positive for BB1 and 2D7. At the time of initial
diagnosis, basophils were not elevated in patient #4 and most neoplastic cells
failed to react with antibodies against BB1 and 2D7 ( Fig. 1 B, Table 2 ) and
the same was found in control BM sections (healthy donors, not shown).
Patient #2 showed a higher percentage of tryptase-positive cells (15%) and
CD117-positive cells (40%) in BM sections compared to patient #1 (tryptase:
3%, CD117: 20%) or patient #4 (tryptase: 3%, CD117: < 1%). Antibodies
against CD30 and chymase did not react with neoplastic cells, suggesting that
neoplastic cells were basophils but not mast cells. 
ell surface membrane phenotyping of leukemic basophils 

To confirm the presence of basophils, multicolor flow cytometry 
xperiments were performed on primary patient-derived PB or BM cells 
sing mAb. In these experiments, CD203c + basophils were found to express 
ubstantial amounts of CD11b, CD18, and CD33, and high levels of 
D123, confirming that these cells are basophils ( Table 3 ; Supplemental 
igure S1). Leukemic basophils also expressed CD25, CD63, CD116, 
D274 (PD-L1), and CD371 (CLL-1). In all patients examined, basophils 

xpressed low amounts of CD117 (KIT), an antigen that is expressed 
bundantly in human tissue mast cells and less abundantly in basophil 
recursor cells. Leukemic basophils did not react with antibodies against 
D2, CD30 or CD279 (PD1). In all samples tested, leukemic basophils 
ere found to express the alpha chain of the Fc εRI (IgE receptor alpha chain)
 Table 3 ; Supplemental Figure S1). 

ffect of cross-linking of Fc εRI on histamine release and expression of 
ctivation-linked antigens in leukemic basophils 

In a next step, we asked whether leukemic basophils express functional 
gE receptors. To address this question, we performed IgE receptor cross- 
inking experiments. In particular, we incubated dextran-enriched basophils 
f 4 patients (#1, #2, #3, #4) with various concentrations of anti-IgE 

0.01-10 μg/ml) and determined histamine release. In these experiments, 
nti-IgE was found to induce a dose-dependent release of histamine from 

asophils in patients #1 and #3 (Supplemental Figure S2A). By contrast, in 
atients #2 and #4, anti-IgE did not induce significant histamine release from 

asophils (Supplemental Figure S2A). In a separate set of experiments, we 
lso examined the effects of anti-IgE-induced cross-linking of the Fc εRI on 
xpression of activation-linked cell surface antigens on basophils. As visible 
n Supplemental Figure S2B, the activation-linked surface antigens CD13, 
D63, CD164 and CD203c variably increased in expression on leukemic 
asophils after exposure to anti-IgE. 

ffects of antineoplastic drugs on proliferation of leukemic basophils 

In KU812 cells, a BCR-ABL1-positive basophil-committed cell line, 
everal drugs, including cytarabine, ponatinib and dasatinib, were found 
o block proliferation. Ponatinib and dasatinib suppressed the proliferation 
f KU812 cells with IC 50 values ranging between 0.1 and 0.5 nM 

Supplemental Table S5). By contrast, most of the other drugs, including 
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Fig. 1. Expression of basophil markers in primary neoplastic cells. (A) Immunocytochemical detection of basophil- and/or mast cell-related antigens in 
neoplastic cells obtained from patients #1 (upper panel), #2 (middle panel) and #4 (lower panel). Neoplastic cells prepared on cytospin slides were stained 
by antibodies against BB1, 2D7, CD117 and chymase. Images were taken at a magnification of x1000. (B) Expression of basophil- and/or mast cell-related 
antigens in neoplastic cells was determined by immunohistochemistry on paraffin-embedded and formalin-fixed bone marrow sections in patient #1 using 
antibodies against BB1, 2D7, CD117 and chymase. Images were taken at a magnification of x600. Numbers of patients (#) refer to the identification numbers 
shown in Table 1 . 

Table 3 

Expression of surface molecules on CD203c + /CD14 – basophils in basophilic leukemia patients (#1, #2, #3, #4) 

and in normal peripheral blood. 

Surface Molecule CD #1 #2 #3 #4 #5 Normal PB 

LFA-2 CD2 - - - - n.d. - 

Tetraspanin-29 CD9 +++ +++ ++ ++ n.d. +++ 

Integrin alpha-M CD11b ++ + ++ ++ ++ ++ 

Integrin beta-2 CD18 ++ + /- ++ ++ n.d. ++ 

IL-2RA CD25 ++ + /- + ++ n.d. + 

DPPIV CD26 + - ++ + /- + /- + 

Ki-1 CD30 - - + /- + /- n.d. - 

Siglec-3 CD33 ++ + ++ ++ + ++ 

Tetraspanin-30 CD63 + + + ++ n.d. ++ 

GM-CSFR alpha CD116 + n.d. + + n.d. + 

SCFR/KIT CD117 + + /- + + /- - - 

IL-3RA CD123 +++ ++ +++ +++ ++ +++ 

PD-L1 CD274 + + /- + + + /- + 

PD-1 CD279 - - - - n.d. - 

Siglec-6 CD327 + + /- + + n.d. + /- 

CLL-1 CD371 + + ++ ++ n.d. ++ 

Fc εRI n.c. ++ n.d. ++ ++ ++ n.d. 

IL-1RAP n.c. + + /- + + /- n.d. - 

The table shows a summary of flow cytometry staining results of basophils obtained from patients #1, #2, #3, #4, and 

from normal PB. Staining index (SI) for CD203c + basophils was calculated as ratio of median fluorescence intensities 

obtained with specific antibodies and isotype-matched control antibodies. Expression (SI) levels were scored as follows: 

–, SI < 1.30; + /–, SI 1.31-3.00; + , SI 3.01-10.00; ++ , SI 10.01-100; +++ , SI > 100. 

CD = cluster of differentiation; CLL-1 = C-type lectin-like molecule-1; DPPIV = dipeptidyl peptidase-4; FcecL = high- 

affinity IgE receptor 1; GM-CSFR alpha = granulocyte-macrophage colony-stimulating factor receptor alpha; IL- 

1RAP = interleukin-1 receptor accessory protein; IL-2RA = interleukin-2 receptor alpha; IL-3RA = interleukin-3 receptor 

alpha; LFA-2 = lymphocyte function-associated 2; n.c. = not clustered; n.d. = not determined; PB = peripheral blood; 

PD-1 = programmed cell death protein 1; PD-L1 = programmed cell death 1 ligand 1; SCFR = stem cell growth factor 

receptor; Siglec-3 = sialic acid binding immunoglobulin like lectin 3. 
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HU, venetoclax and rapamycin, did not exert major growth-inhibitory
effects in KU812 cells (Supplemental Table S5). Supplemental Figure S3
shows the effects of HU, azacitidine, venetoclax and cytarabine (ARA-C) on
growth of KU812 cells. Similar results were obtained with primary neoplastic
basophils in patients #2 and #4. Again, azacitidine and cytarabine were
ound to inhibit proliferation in primary leukemic basophils (Supplemental 
able S6, Supplemental Figure S4). In addition, the BET inhibitor JQ1
nd the export inhibitor selinexor showed potent antileukemic effects in
hese cells (Supplemental Table S6). Dasatinib and ponatinib produced 
arying effects on growth of primary neoplastic cells, with IC 50 values
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ranging between 0.001 and > 10 μM (Supplemental Table S6, Supplemental
Figure S4). 

Venetoclax and azacitidine synergize in inducing growth inhibition in 

neoplastic basophils 

While azacitidine is an established hypomethylating drug, venetoclax acts
on a specific target (BCL-2) to promote apoptosis. Thus, we hypothesized
that these 2 drugs could produce cooperative antileukemic effects in leukemic
basophils. To test this hypothesis, we performed 3 H-thymidine uptake
experiments and found that azacitidine and venetoclax in a ratio of 1:3
synergize with each other in producing growth inhibition in KU812 cells
( Fig. 2 A). No synergistic proliferation-inhibitory effects were seen when
combining HU with venetoclax or HU with azacitidine in KU812 cells
(Supplemental Figure S5). Next, we examined drug combination effects
in primary neoplastic cells of patient #4. We found synergistic effects of
the drug combination azacitidine + venetoclax (concentrations ratio, 1:1)
and azacitidine + HU (concentrations ratio, 1:25) whereas no synergistic
inhibition of proliferation was seen with venetoclax + HU (concentration
ratio 1:25) ( Fig. 2 B). Synergistic drug effects were confirmed by calculating
combination index values using Calcusyn software. 

Discussion 

Basophilic leukemia is a rare hematopoietic neoplasm characterized by a
massive increase in the number of clonal basophils in the BM and peripheral
blood [ 5 −8 , 22 −29 ]. The disease can present as an acute leukemia or as a
chronic leukemia, often in the context of an underlying myeloproliferative
disorder [ 5 −8 , 22 −32 ]. In a subset of patients, certain driver genes, such
as BCR-ABL1 or JAK2 V617F, are expressed in neoplastic cells [ 8 , 22 −32 ].
Depending on the underlying disease and molecular targets detected in
neoplastic cells, the disease may respond to (targeted or conventional)
antineoplastic drugs. Overall, treatment responses are mostly transient and
the prognosis is poor [ 5 −8 , 22 −32 ]. In a subset of patients, an underlying
myeloid neoplasm is detected initially, and later, basophil crisis or basophilic
leukemia develops [ 5 −8 , 23 −25 , 33 −36 ]. We report on 5 patients with
secondary Ph-negative basophilic leukemia or basophil crisis. In all patients,
responses to treatment were transient and poor and all patients succumbed
their disease within 2.5 Y. 

In the past few decades, several proposals for the definition and
classification of basophilic leukemias have been proposed [ 8 , 14 , 30 ]. While
previous studies have differentiated Ph-positive from Ph-negative forms,
more recent proposals and the WHO classification separates CML from
basophilic leukemia [ 14 , 37 ]. We have recently proposed a classification in
which basophilic leukemia is defined by a threshold of 40% basophils and is
divided into acute (ABL) and chronic forms (CBL), based on the percentage
of blast cells [8] . Using this classification, 2 of our patients were classified
as ABL and 1 as CBL. In 1 patient (#2) diagnosed with secondary AML,
basophil counts reached 31% but did not exceed 40%. Therefore, although
closely resembling ABL, this patient was not classified as ABL but as AML
with basophilia according to consensus criteria [8] . 

So far, it remains unknown whether patients with CBL have a better
prognosis and may respond better to antineoplastic drugs compared to those
with ABL. In 1 of our patients with CBL, disease stabilization was reached
during HU therapy for more than 30 mo. However, our second patients with
CBL died after 3 mo. We believe that more data and more patients, preferably
collected in a multi-national registry study, are required to define the precise
prognosis of patients with secondary CBL and secondary ABL. 

Basophils and mast cells share several different antigens and cellular
functions [ 31 −33 , 38 −41 ]. Therefore, it is of great importance to confirm
the nature of a basophilic leukemia by immunological phenotyping [ 38 −41 ].
Basophils usually display several myeloid antigens, including CD11b as
ell as CD123 and the basophil-related antigens CD203c, BB1 and 2D7, 
ut do not express substantial amounts of KIT or chymase [ 38 −44 ]. By
ontrast, mast cells display substantial amounts of tryptase and KIT and some 
D203c, but usually do not exhibit larger amounts of CD123 unless mast 

ells are very immature. In our patients, neoplastic cells were found to display
D11b, CD18, and CD123 as well as BB1, 2D7 and low amounts of KIT,
ut did not express chymase, confirming that these cells are basophils but not
ast cells. Expression of KIT confirms that these cells were rather immature 

asophils and/or basophilic precursor cells. 
We also examined the expression of additional cell surface antigens that 

ight serve as therapeutic targets or as indicators of drug resistance on 
eukemic CD203c + basophils. In these studies, we found that leukemic 
asophils express the cell surface targets CD33 (Siglec-3), CD123 and 
D371 (CLL-1) as well as the immune checkpoint antigen CD274 (PD- 
1). No major differences were found when comparing the phenotypes of 
asophils obtained from different donors, CBL vs ABL, or various organ 
ources, including the BM, peripheral blood and spleen. 

Basophils and mast cells also share functional IgE-receptors [ 38 , 40 ].
owever, whereas fully functional IgE receptors are detected quite early in 

asophil development, immature mast cell progenitors usually lack functional 
gE-binding sites [ 45 , 46 ]. In the present study, we were able to detect IgE-
inding sites on leukemic basophils and confirmed that these cells express 
ully functional receptors, as cross-linking of these receptors resulted in a dose- 
ependent release of histamine from basophils. The variability in releasability 
f basophils found among the samples tested is a well-known phenomenon. 
n fact, as in healthy individuals, we were able to classify our patients into
ood releasers (n = 2) and poor releasers (n = 2). An alternative explanation
ay be that basophils were functionally immature cells lacking a fully 

unctional IgE receptor or all downstream signaling molecules and cascades 
equired to actively release histamine. Finally, it is well known that certain 
enetic background-variables, such as Syk expression and Syk deficiency, are 
ssociated with a particular potential of basophils to release histamine [ 47 , 48 ].

An interesting aspect is that basophils produce a number of pathogenically 
elevant mediators and cytokines which may contribute to the evolution 
nd/or progression of a myeloid neoplasm [ 9 , 18 ]. For example, basophils
eportedly express and release vascular endothelial growth factor and 
epatocyte growth factor, both of which may contribute to the increased 
ngiogenesis and tissue remodeling in myeloid neoplasms [ 9 , 18 ]. Whereas the
rognostic impact of basophilia is well established in these malignancies, the 
ctive pathogenic role of basophils in these neoplasms may be underestimated 
9] . Whether basophil-derived mediators and cytokines also play a role in 
isease progression and resistance in patients with CBL and ABL remains to 
e elucidated. 

A number of previous and more recent data suggest that basophil lineage 
xpansion in various myeloid neoplasms is associated with a poor prognosis 
oncerning survival and progression-free survival [ 49 , 50 ]. In addition, it is
ell known that patients with secondary ABL or CBL have a poor prognosis.

n the current study, we made a corresponding observation. In fact, all 
 patients with basophilic leukemia (basophilic crisis) progressed after a 
ariable latency period and all died from their disease within 2.5 Y. In
ddition, resistance against conventional antineoplastic drugs, including HU 

nd demethylating agents was seen in all patients. 
So far, no effective standard treatments for patients with CBL or ABL are

vailable. An exception may be BCR-ABL1 + secondary CBL where BCR- 
BL1-targeting drugs may be sufficient to bring the disease process under 
ontrol. In other patients, including those who suffer from MDS, MPN 

r MPN/MDS with secondary CBL or ABL, hypomethylating agents or 
olychemotherapy may be reasonable therapeutic options. However, so far, 
o controlled clinical studies evaluating the efficacy of these drugs in patients 
ith CBL and ABL have been conducted. Our data suggest that neoplastic 

ells in patients with secondary CBL or ABL in the MDS/MPN/AML context 
re often refractory to all these therapies. Even the repeated administration of 



Neoplasia Vol. 23, No. 12, 2021 Secondary basophilic leukemia in Ph-negative myeloid neoplasms D. Berger et al. 1189 

Fig. 2. Synergistic effects of venetoclax and azacitidine on proliferation of basophils. KU812 cells (A) and leucocytes derived from patient #4 (B) were incubated 
in control medium (0), in medium containing various concentrations of venetoclax or azacitidine alone or in combination at a fixed ratio of drug-concentrations 
(as indicated) at 37 °C for 48 h. After incubation, uptake of 3 H-thymidine was measured. Results are expressed as percent of control and represent the mean ±SD 

of triplicates (left panel). In the right panel, combination index (CI) values, calculated from fractional effects by Calcusyn software, are shown. A CI value of 
1 indicates an additive effect and CI values below 1 are indicative of synergistic drug effects. 
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hypomethylating agents did not lead to clinically meaningful responses in
these patients. 

One novel approach to overcome resistance of MDS/MPN/AML cells
against demethylating agents is to combine these drugs with venetoclax, a
BCL-2 inhibitor [51] . This drug combination has recently been described to
be efficacious in patients with advanced MDS and AML who are not eligible
for poly-chemotherapy. In our patients, the demethylating drug azacitidine
was administered as single drug but not in combination with venetoclax.
However, in our in vitro experiments, this drug combination was found to
ork in basophil-committed progenitor cells and in primary patient-derived 
ells. Based on this observation it is tempting to speculate that this drug
ombination may also work in patients with CBL or ABL. However, whether
hese drugs can indeed induce long lasting responses or even remissions in
hese patients remains to be determined in clinical studies. 

We also tested the effects of other drugs on in vitro proliferation of
eoplastic basophils, the BCR-ABL1 + basophil cell line KU812 and in
rimary cells derived from patients with CBL or ABL. As expected the BCR-
BL1 inhibitors produced superior growth-inhibitory effects in KU812 cells. 
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In addition, these drugs were also effective in some of the patient samples
tested. Overall, however, the drugs applied showed variable effects on patient-
derived cells, and the response patterns differed from patient to patient. This
is best explained by the heterogeneous target expression profiles in these
cells and would argue for personalized in vitro drug testing in individual
patients and the application of drug combinations. Indeed, personalized drug
testing prior to chemotherapy or targeted drug therapy has recently shown
to be of value and to predict responses of neoplastic cells in these patients.
However, it remains unknown whether such approach would also support
the development of better more effective therapies in patients with CBL and
ABL. One additional target that we identified but did not test in this study
was CD33. However, although it is well known that basophils display CD33
and may respond to CD33-targeted drugs [ 38 , 52 ], the therapeutic window
is small because normal stem and progenitor cells also express CD33. 

Together, we present 5 patients with Ph-negative basophilic leukemia
or a related myeloid disorder. In all 5 patients, basophil involvement was
confirmed by morphologic and phenotypic studies, and functional analyses.
Treatment with various cytostatic drugs, including HU and azacitidine,
did not result in sustained treatment responses. However, in vitro studies
performed with various targeted drugs and drug combinations using patient-
derived cells and the basophilic leukemia cell line KU812 suggest that the
combination azacitidine + venetoclax may be an effective approach to suppress
growth and survival of neoplastic basophils in these disorders. Whether this
combination is also effective in vivo in patients remains to be determined in
clinical trials. 
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