Leukemia (2017) 31, 788-797
© 2017 Macmillan Publishers Limited, part of Springer Nature. All rights reserved 0887-6924/17

www.nature.com/leu

REVIEW
Proposed diagnostic criteria and classification of basophilic
leukemias and related disorders

P Valent'?, K Sotlar’, K Blatt'?, K Hartmann*, A Reiter’, | Sadovnik', WR Sperr'?, P Bettelheim®, C Akin’, K Bauer’, Tl George®,
E Hadzijusufovic'?, D Wolf®, J Gotlib'®, F-X Mahon'', DD Metcalfe'?, H-P Horny'® and M Arock'*

Basophils form a distinct cell lineage within the hematopoietic cell family. In various myeloid neoplasms, including chronic myeloid
leukemia, basophilia is frequently seen. Acute and chronic basophilic leukemias, albeit rare, have also been described. However, no
generally accepted criteria and classification of basophilic leukemias have been presented to date. To address this unmet need, a
series of Working Conferences and other meetings were organized between March 2015 and March 2016. The current article
provides a summary of consensus statements from these meetings, together with proposed criteria to delineate acute basophilic
leukemia (ABL) from chronic basophilic leukemia (CBL) and primary forms of the disease where no preceding myeloid malignancy is
detected, from the more common ‘secondary’ variants. Moreover, the term hyperbasophilia (HB) is proposed for cases with a
persistent peripheral basophil count > 1000 per pl of blood. This condition, HB, is highly indicative of the presence of an underlying
myeloid neoplasm. Therefore, HB is an important checkpoint in the diagnostic algorithm and requires a detailed hematologic
investigation. In these patients, an underlying myeloid malignancy is often found and is then labeled with the appendix -baso,
whereas primary cases of ABL or CBL are very rare. The criteria and classification proposed in this article should facilitate the
diagnosis and management of patients with unexplained basophilia and basophil neoplasms in routine practice, and in clinical
studies.

Leukemia (2017) 31, 788-797; doi:10.1038/leu.2017.15

INTRODUCTION basophilia may be excessive and may even produce a
] . . ope . 16-20
Since their description by Paul Ehrlich, tissue mast cells and blood ~ clinical picture resembling (secondary) basophilic leukemia.™
basophils have been the subject of intensive research. Both types ~ A massive expansion of basophils is sometimes also observed in
of cells are of hematopoietic origin. However, although they share patients with advanced myelodysplgstlc syndromes  (MDS), JAK2-
morphologic features, biochemical markers and IgE receptors, ~ Mutated MPN, MDS/MPN overlap diseases and less frequently in
basophils and mast cells are derived from different precursor patients with acute myelond leukemia (AML). Basophilic leukemias
cell-subsets and represent two distinct lineages within the have also been descf'b.ed' but are rare and.are not W‘ﬁ'L%'Sﬁ”ed' In
hematopoietic cell family."™ In contrast to mast cells, basophils many cases, a pre-existing underlying CML is dete_cted. In qther
usually develop and complete their differentiation in the bone cases, however, no Ph-chromosome or other specific cytogenetic or

marrow (BM) and are released into the peripheral blood (PB) after molecular marker is found, and the basophilic leukemia must be

ion. Basophil Jerived fi i 4 bi regarded as a primary disease.?*® In these cases it is often
maturation. Basophils are derived from mlsjstlpotent and bi-potent difficult to distinguish between mast cell- and basophilic leukemia,
colony-forming precursor cell-units (CFU).”

] ) : . . especially when the cells are extremely immature.

‘ Basc_)phlls are involved in a pumber of_pathologlc condltlon§, The World Health Organization (WHO) has included acute
including reactive states, autoimmune diseases and neoplastic  pacqphilic leukemia (ABL) as a distinct entity in the classification of
states. Especially in allergic patients, basophil activation is hematologic malignancies. However, to date, no generally
often documented. In patients with chronic myeloproliferative  3ccepted criteria for the diagnosis and classification of basophilic
neoplasms (MPN) the numbers of basophils and their progenitors  |eykemias have been generated. In addition, little is known about
regularly increase.””"" In BCR-ABLT+ chronic myeloid leukemia  specific biochemical, immunohistochemical and molecular mar-
(CML), basophilia is a typical feature and is of prognostic kers of ABL and chronic basophilic leukemia (CBL). To address
significance."’™ In addition, marked basophilia (>20%) is a these issues, a series of Working Conferences and other meetings
criterion of disease acceleration in CML. In some of these patients, were organized between March 2015 and March 2016
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(Supplementary Table S1). Final consensus statements and open
discussion points are presented in this article. In addition, we
propose criteria and a classification of basophilic leukemias, as
well as a diagnostic algorithm. The application of this classification
and the algorithm proposed should assist in routine practice and
in the harmonization of scientific studies and clinical trials.

ORIGIN OF BASOPHILS AND REGULATION OF
DIFFERENTIATION AND FUNCTION

A widely accepted hypothesis is that basophils are derived from
multipotent hematopoietic stem- and progenitor cells. Various
types of colony-forming precursors (CFU), including multipotent,
bi-potent and lineage-restricted CFU, give rise to basophils and
are detectable in the BM and PB of healthy subjects and patients
with reactive or clonal states.”™'" In patients with JAK2-mutated
MPN and CML, the numbers of these CFU usually increase. The
most frequently detected bi-lineage precursor cell giving rise to
basophils is the CFU-eo/baso.>® Basophil development is regu-
lated by several cytokines. In humans, the most effective growth
factor for basophils is interleukin-3 (IL-3).2°73' This cytokine
promotes basophil differentiation and maturation in multi-
lineage and in lineage-restricted progenitor cells, but also
augments viability and activation of mature blood basophils.3%33
Other basophil growth regulators include granulocyte/macro-
phage colony-stimulating factor (GM-CSF), IL-5, transforming
growth factor-beta (TGF-B) and thymic stromal lymphopoietin
(TSLP).2°313436 |n mature basophils, additional factors and
molecules are involved in the regulation of survival, migration,
adhesion and activation."*”~*" A compilation of clinically relevant
markers and mediators expressed by basophils is provided in
Table 1. Basophil-derived mediators and cytokines, like IL-4,
vascular endothelial growth factor (VEGF) or hepatocyte growth
factor (HGF) are considered to have an underestimated role in the
pathogenesis of various reactive and neoplastic states involving
basophils, including CML.

BASOPHIL MORPHOLOGY IN NORMAL AND NEOPLASTIC
STATES

Basophil development includes a number of distinct, morpholo-
gically detectable, stages of differentiation and maturation.
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The most immature (morphologically visible) stage of basophil
development is the metachromatically granulated blast cell
(metachromatic blast). At this stage of differentiation it is not
possible to differentiate between basophil- and mast cell
precursors by morphological characteristics using light micro-
scopy. Therefore, it is mandatory to analyze these cells by
immunophenotyping and/or by electron microscopy.'**™*° At the
promyelocyte stage, immature (especially leukemic) basophils
may also contain a few specific (metachromatic) granules that are
difficult to detect amongst the abundant azurophilic (pro)
granules. A next defined stage of basophil development is the
basophilic myelocyte. Immature basophils, including basophilic
myelocytes, exhibit a round nucleus and larger granules, whereas
mast cell precursors usually have small-sized granules and, at a
certain maturation stage, these cells exhibit bi- or poly-lobed
nuclei (Figure 1).*® In consecutive phases of maturation, the
nuclear shape of mast cell- and basophil precursor cells changes in
a cell-specific manner. Whereas in mature mast cells, the nuclei are
round (or oval in neoplastic mast cells), the nuclei in maturing
basophils become segmented. It is therefore important to avoid
confusion and to separate immature mast cells from basophils and
immature basophils from mast cells in myeloid neoplasms.** The
final stage of basophil development is the basophilic granulocyte.
An overview of morphologically defined stages of basophil
differentiation and a comparison to mast cell stages is provided
in Table 2, and typical examples are shown in Figure 1. In some
myeloid neoplasms, including MDS and MDS/MPN overlap
disorders, basophil maturation may be altered significantly, and
signs of dysplasia are present. However, basophil dysplasia is not
well defined. Dysplastic basophils may exhibit a hypogranulated
cytoplasm, nuclear condensation and signs of apoptosis. An
important cell type is the so-called ‘mixed granulated (eo/ba) cell’
which exhibits eosinophilic and ‘basophilic’ (dark-blue) granules.
These cells are immature eosinophil-lineage cells and their
‘basophilic’ granules have no relationship with basophils.

DETECTION AND ENUMERATION OF BASOPHILS:
RECOMMENDED MARKERS AND STAINS

Most stains routinely applied to the morphologic identification of
leukocyte subsets in BM or PB smears, such as May—Griinwald—
Giemsa (MGG) or Wright-Giemsa, are sufficient for basophil

Table 1. Clinically relevant antigens expressed in basophils
Antigen D Function Biologic/clinical relevance
Surface

LAMP-3 CD63 TIMP1R Activation antigen (basotest?)

C5aR CD88 C5aR Complement-dependent activation

IL-3 RA CD123 IL-3R Basophil differentiation and viability as well as basophil activation/function

ENPP3 CD203c n.k. Basophil detection and enumeration; and activation antigen (basotest?)

FcERI n.c. IgE-R IgE-dependent activation
Cytoplasm

2D7 n.c. n.k. Basophil detection in tissue sections®

Basogranulin (=BB1) n.c. n.k. Basophil detection in tissue sections®

Histamine n.c. Bioactive Clinical symptoms of anaphylaxis

amine

Tryptase (alpha pro-tryptase) n.c. n.k. Marker of immature basophils® (also expressed in mast cells)

HGF n.c. Cytokine Mediator of angiogenesis (highly upregulated in CML)

VEGF n.c. Cytokine Mediator of angiogenesis and vascular permeability

IL-4 n.c. Cytokine Multifunctional regulator of the immune system
Abbreviations: C5a, complement factor 5a; ENPP3, ectonucleotide pyrophosphatase/phosphodiesterase 3; HGF, hepatocyte growth factor; IL-3R, interleukin-3
receptor; LAMP-3, lysosome-associated membrane protein-3; n.c,, not yet clustered; n.k., not know; TIMP1, tissue inhibitor of metalloproteinase 1; VEGF,
vascular endothelial growth factor. Both CD63 and CD203c are widely used as markers of IgE-dependent activation of basophils. In response to
IgE-dependent activation, the levels of CD63 and CD203c on basophils increase. PUsing conventional stains, basophils are not detectable in routinely
processed (formalin-fixed) tissue sections, therefore, immunohistochemistry is required for basophil detection. “In CML tryptase is a valuable marker of
immature basophils.
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Figure 1. Morphology of basophils and mast cells and their precursor cells. Morphological changes typically occurring during the
differentiation of neoplastic basophils (left panels) and mast cells (right panels). (a-e) Basophil-lineage cells were examined on Wright-
Giemsa-stained PB smears in patients with CML at the time of acceleration and basophil expansion (a—c) or chronic phase CML with moderate
basophilia (d, e). (a) Two metachromatically granulated blast cells. (b) Two basophilic promyelocytes. (c) Two basophilic myelocytes. (d) Two
immature basophils with bi-lobed nuclei, and (e) two fully mature basophils with segmented nuclei. (f-j) Mast cell lineage cells on Wright-
Giemsa-stained BM smears of a patient with mast cell leukemia (f-h) and a patient with indolent systemic mastocytosis (i, j) are shown.
(f) Metachromatic blast cells. (g) Atypical mast cells type Il (promastocytes) with bi- or poly-lobed nuclei. (h, i) Immature and more mature
atypical mast cells type | with cytoplasmic extensions and hypogranulated cytoplasm, and (j) mature typical round mast cells with a round
central nucleus. Note that it is impossible to distinguish between mast cells and basophils by morphology at the stage of metachromatic
blasts. Images were prepared using a Basler Vision Technology A1021C camera (Ahrensburg, Germany) connected to an Olympus BX51
microscope equipped with Olympus UIS 2 U Plan FL N x 100/1.30 objective lens (Olympus, Hamburg, Germany). Images were prepared using
TRIBVN ICS capture 1.6 and processed with PowerPoint software (Microsoft, Redmond, WA, USA). Original magnification: x 100.
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Table 2.

Stages of differentiation and maturation of basophils

Stage of cellular differentiation/maturation Morphologic features

Preferred method(s) of detection

Myeloblast
Metachromatic blast

Promyelocyte

Basophil myelocyte
Basophil metamyelocyte

Mature blood basophil
(basophil granulocyte)

No signs of maturation

Blast cell with a few

metachromatic granules

Large immature cell with primary granules;

may contain a few basophilic granules
Mononuclear maturing cell with basophilic granules
Maturing basophil with

lobed/folded nucleus

Basophilic cell with

segmented nucleus

MGG staining plus immunophenotyping
MGG staining plus EM? or immunophenotyping

MGG staining

MGG staining
MGG staining

MGG staining

Abbreviations: EM, electron microscopy; MGG, May-Griinwald-Giemsa. *EM or immunophenotyping should clarify whether the cells belong to the basophil or

to the mast cell lineage.

detection and enumeration. However, using conventional (meta-
chromatic) stains, it is impossible to detect the earliest stages of
basophil development, especially when specific granulation is
absent or only a few specific granules are present. Therefore,
additional marker-studies are recommended for neoplastic con-
ditions where immature metachromatic cells are found, including
MDS, AML with basophilia, and accelerated phase CML. It is of
utmost importance to understand that basophils are not
detectable in conventional histopathological stains (H&E) in BM
sections. Even in Giemsa-stained BM sections, it is impossible to
detect and enumerate basophils with certainty as their granules
are water-soluble and thus escape morphologic detection after
tissue-fixation. By contrast, the mast cell granules are water-
resistant and therefore are detectable after fixation of BM sections.
As a result, the pathologist has to employ immunohistochemistry
(IHC) to detect and enumerate basophils in BM sections. However,
only a few IHC-stains are (more or less) specific for basophils.
These IHC-stains include basogranulin, also known as BB1 antigen,
the 2D7 antigen, as well as CD123 and CD203c (Table 1;
Figure 2).*7*° Note that eosinophils, especially immature forms,
may also be labeled by antibodies against BB1, 2D7 and CD123.
Moreover, mast cells may sometimes react with these antibodies,
especially in patients with mastocytosis.>® Therefore, these
markers are recommended as confirmatory stains and are useful
to estimate the burden of basophils in patients in whom the
presence of a prominent basophil compartment (in BM or PB
smears) has been documented. In addition, these antibodies may
help document basophilia in BM sections, provided that
eosinophils and mast cells were excluded. Mast cells are excluded
by staining for CD117 (KIT) and eosinophils by their specific
granulation and expression of eosinophil-specific proteins.**’
Another important approach for the detection and enumeration
of basophils in reactive and neoplastic states is flow cytometry.
Cell surface antigens (more or less) specifically expressed on
basophils include the IL-3 R alpha chain CD123, the Fce receptor
type | (IgE-R), Bsp-1 and the ecto-enzyme ENPP3, also known as
CD203c (Supplementary Figure $1).'22*>2=° CD203c is widely
used to detect and enumerate human basophils in BM or PB.
Notably, CD203c is largely specific for basophils in the PB and
increases in response to IgE-dependent cell activation.>* By
contrast, in BM samples, normal and neoplastic mast cells also
react with antibodies against CD203c.>® Therefore, additional
markers, including CD117/KIT (usually not expressed on basophils)
and CD123 (usually not expressed on mast cells) should be
applied when BM cells are examined (Table 3). When the aim is to
enumerate basophils, unfractionated, fresh BM or PB aspirate
samples (heparinized or EDTA-anticoagulated) should be used.
Note that for example basophils are enriched in mononuclear
cell fractions resulting in a seemingly higher percentage count.

© 2017 Macmillan Publishers Limited, part of Springer Nature.

LW IO, e w5
o4 (° ¥ . ,:Q : W' & .dﬁ.‘ "J.
. ® R iy < "" S [ gt "l‘l
e by > 2
= q‘; ) a o “!BI‘W.Q%\ ‘us > .
* i Y . o, ol :, © g S
AR T TR TR
- ? ) ‘ * B o 7 Q,
' . @ . v —’ b e Q
8 2 s D ,\~§'“G ”5 ,:.
v . Jod * e o0, .
SN ¢ @ " pb 2% ig* K O
' 4 e o . .
by o S e a1l
&2 3 \ 2 ¢ .
N 2 ) 0";, g b 'éa 5 Sg''e
S ™ e “ ... a ¥ 3 ()
» g “ S .
; o 7Y oy
o s ‘0{.g gt : '.-‘ » . .
% = 03 ,gn( P S

Figure 2. Immunohistochemical detection of basophils in BM
sections. A BM section of a patient with chronic myeloid leukemia
in accelerated phase (with HB) was stained with an antibody against
basogranulin (BB1). As visible, the BM appeared to be heavily
infiltrated by BB1* basophils. Photographs were taken using
an Olympus DP11 camera connected to an Olympus BX50F4
microscope equipped with X 100/1.35 UPlan-Apo objective lense
(Olympus). Images were prepared using Adobe Photoshop CS2
software version 9.0 (Adobe Systems, San Jose, CA, USA) and
processed with PowerPoint software (Microsoft). Original magnifica-
tion: x 100.

Finally, freeze-thawing should be avoided because it usually
results in decreased viability and thus, lower basophil numbers.
A summary of markers and marker-panels to detect basophils in
the PB and BM by IHC and flow cytometry is shown in Table 3.
An important serologic parameter is the basal serum (total)
tryptase level. Tryptase is produced by mast cells and immature
BM basophils, and especially by neoplastic basophils.**>” In
healthy subjects, the normal basal tryptase level (basal: no
anaphylaxis) ranges between 0 and 15 ng/ml (average median:
5ng/ml). In patients with systemic mastocytosis, basal tryptase
levels are almost always elevated.*®*° However, tryptase levels
also increase in other myeloid neoplasms, especially when mast
cells or immature basophil-committed precursor cells are involved.
In BCR-ABL1+ CML, where immature basophils are typically
elevated, the tryptase level is often elevated and is of prognostic
significance.®® In these patients, the presence of immature (often
agranular or hypogranulated) basophil-lineage cells can also be
confirmed by application of CD203c (by immunohistochemistry or
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flow cytometry) or by electron microscopy. These patients are
usually suffering from high-risk disease as defined by conventional
scoring systems.®°

CRITERIA FOR BASOPHILIA AND HYPERBASOPHILIA

Absolute PB basophilia is usually defined as an absolute basophil
count exceeding 100 cells per microliter blood. In some
laboratories, the threshold to define normal from elevated may
be lower (50 basophils/microliter). Relative blood basophilia is
defined by a percentage of basophils exceeding 1% (in some
laboratories 2%) of total leukocytes determined by microscopic
evaluation. One major problem with these threshold-counts is that
the physiologic numbers of basophils are rather low, and repeated
counting may well result in different outcomes. Therefore, a
generally accepted recommendation is that at least 500 nucleated

leukocytes be counted on a good-quality BM or PB smear to
determine the percentage of basophils. Moreover, the faculty
recommends that a mild form of absolute basophilia should be
separated from massive absolute basophilia, and that the latter
should be referred to as hyperbasophilia (HB). Although the exact
threshold to define HB may be subject of further discussion, the
faculty was of the opinion that an absolute basophil count
exceeding 1000 per microliter PB should be regarded as HB,
provided that the blood count abnormality is persistent (docu-
mented over at least 8 weeks). The faculty also concluded that HB
is almost always associated with an underlying myeloid neoplasm,
and therefore is an important diagnostic checkpoint in the
algorithm where additional diagnostic markers must be applied to
establish the correct final diagnosis. Specifically, we recommend
that all patients with unexplained (isolated) HB should undergo a
thorough investigation in a step-wise process (Table 4). In a first

Table 3. Recommended markers to delineate between basophils, eosinophils and mast cells
Technique Cell type Markers and expected staining reactions with cells
CD34 BB1 2D7 Tryptase CD117/KIT EMBP
Flow cytometry
Myeloblast + n.k. nk. - (+/-9 + n.k.
Basophil - n.k. n.k. n.k. - n.k.
Eosinophil - n.k. n.k. n.k. - n.k.
Mast cell - n.k. n.k. +2 + n.k
Immunohistochemistry
Myeloblast + - - - (+/-? + -
Basophil - + + +/ =P - +/ -
Eosinophil - + + - - +
Mast cell - +/ - +/- + + -

Abbreviations: EMBP, eosinophil major basic protein; n.k., not known. ?In a subset of patients with acute myeloid leukemia, myeloblasts stain positive for
tryptase by immunohistochemistry and flow cytometry; and in patients with mastocytosis, tryptase can be detected in mast cells by flow cytometry using a
cytoplasmic staining protocol. ®In chronic myeloid leukemia, immature basophils display substantial amounts of tryptase.

Table 4. Investigations recommended in patients with HB®

Primary, non-invasive
Case history (ask specifically for allergies and mutagenic events)
Spleen size and lymph node status
Complete blood picture (repeated to confirm HB)
Serum chemistry, including serum tryptase level
Allergy diagnostics, including total IgE
BCR-ABL1 by RT-PCR and/or FISH
JAK2 V617F by RT-PCR
FIP1L1-PDGFRA by RT-PCR and/or FISH (if also eosinophilia is present)
JAK2 exon 12-, MPL- and CALR mutation (if MPN-like features are present, but no BCR-ABL1 and no JAK2 V617F is found)

Secondary (when no BCR-ABL1 is found and no other underlying cause of HB is identified after primary testing)
Bone marrow histology and immunohistochemistry
Investigation of bone marrow smears (morphology)
Chromosome analysis and extended FISH panel (for MDS and/or MPN) if indicated®
Molecular studies, including NGS (if available) and T-cell receptor rearrangement
Extensive allergy diagnostics
Inflammation markers

Abbreviations: CALR, calreticulin; FISH, fluorescence in situ hybridization; IgE, immunoglobulin E; RT-PCR, reverse transcriptase polymerase chain reaction;
MDS, myelodysplastic syndromes; MPN, myeloproloferative neoplasms; NGS, next-generation sequencing studies. °HB is defined as persistent basophilia with
a basophil count of >1000 per pl of blood. PAdditional FISH studies are recommended when conventional karyotyping is inconclusive or did not work (no
growth of cells) and molecular studies did not reveal a specific aberration. Depending on the clinical presentation (for example, signs of MDS) and presence of
(additional) laboratory abnormalities such as eosinophilia, the FISH panel should cover MDS-related molecular aberrations (standard MDS panel according to
local institutional guidelines) and MPN-related lesions, including FIP1L1-PDGFRA (CHIC2 del), PDGFRB rearrangements (5933), FGFRT rearrangements (8p11),
MYB-GATA1, monosomy 7 and 7q del (cen 7/7qg31), trisomy 8 (cen 8), trisomy 9 (cen 9) and 20q deletion (20g21).
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50% of all blood leukocytes, the diagnosis is ALL-baso (but not
secondary basophilic leukemia) unless basophils are demon-
strated to be clonal (leukemic) cells by cytogenetic or molecular
studies. By contrast, if a patient suffers from lymphoid blast phase
of CML, and basophils increase to 50%, the final diagnosis should
be lymphoid blast phase CML with secondary basophilic leukemia.
The same holds true for any type of myeloid neoplasm where
basophils are >40% of total leukocytes.

In general, basophilic leukemias should be divided into primary
and secondary forms and acute and chronic variants (Table 6). In
patients with primary basophilic leukemia, no underlying myeloid
BM neoplasm is detected. By contrast, in patients with secondary
basophilic leukemia, an underlying BM neoplasm with clonal
expansion of basophils can be documented. In most cases, a BCR-
ABL1+ CML will be diagnosed.'®*® However, other myeloid
neoplasms, such as MDS and MPN, may also transform into a
secondary basophilic leukemia.2'™® In patients with CML, the
question remains whether the condition should indeed be called
secondary basophilic leukemia of CML. In fact, based on the WHO
definition, these patients are suffering from accelerated phase
CML (when basophils are >20%; and also even when basophils
exceed 40%). The faculty is of the opinion that the use of the term
‘secondary basophilic leukemia’ may be justified when basophils
are >40% in these cases, but that in all these patients, the
underlying disease should be mentioned first in the final report.
Example: accelerated phase of BCR-ABL1+ CML with secondary
basophilic leukemia. Here, it is also important to note that the
diagnosis of primary basophilic leukemia changes to secondary
basophilic leukemia as soon as BCR-ABLT,,,0 is detected. An
equally important aspect in the final diagnosis is to distinguish
between ABL and CBL. In patients with ABL, the percentage of
blast cells (myeloblasts plus metachromatic blasts) is >20%
(Table 6). By contrast, in patients with CBL, blast cells are < 20%.
A summary of the proposed categories of basophilic leukemia is
provided in Table 6.

MOLECULAR MARKERS AND CYTOGENETIC VARIABLES

A number of cytogenetic defects have been described in patients
with ABL or CBL. In many cases a complex karyotype and one or
more Ph-chromosome(s) are detected.'®° In these CML patients
as well as in those with lower basophil counts (criteria for ABL or
CBL not fulfilled) basophils display BCR-ABL1.°" However, apart
from the Ph-chromosome, only a very few other specific karyotype
anomalies have been described in basophilic leukemias. One is
the t(X;6)(p11;923) translocation occurring in male infants with
ABL®? In these patients, immature metachromatic (basophilic)

blast cells display the MYB-GATAT fusion gene.®® Otherwise, no
recurrent chromosome or molecular defects have been identified
in ABL or CBL. In one patient with a myeloid/lymphoid neoplasm
with PDGFRB rearrangement (according to WHO) resembling a
CBL, a PRKG2-PDGFRB fusion gene was detected, and this patient
was responsive to imatinib.®®> An unresolved question is why some
patients with CML develop massive basophilia, whereas others do
not develop basophilia even if their disease progresses. Recent
data suggest that IKAROS alterations may be associated with
disease acceleration and basophil expansion in CML.%* Additional
genes and altered molecular pathways responsible for basophil
expansion in CML may be detected when next-generation
sequencing (NGS) approaches are routinely applied in these
patients. However, it should also be noted that the prognosis of all
these basophilic leukemia variants is grave independent of the
type of molecular lesion detected.

The faculty also discussed molecular markers and assays as well
as cytogenetic studies that should be applied in patients with
suspected basophilic leukemia. All faculty members agreed that
conventional karyotyping and probing for the Ph-chromosome
and for BCR-ABL1 and JAK2 V617F by PCR is standard in patients
with suspected basophilic leukemia. Additional cytogenetic and
molecular studies, such as fluorescence in situ hybridization (FISH)
and sequencing of typically mutated genes (MDS/AML panel, MPN
panel) should also be performed following local guidelines and
according to additional findings in PB investigations. Likewise, in
patients presenting with HB and eosinophilia, PB cells should also
be examined for the presence of the FIP1L1-PDGFR1 fusion gene
(Table 4). In fact there are rare patients with a FIPT1L1-PDGFRA+
myeloid neoplasm with hypereosinophilia (HE) as well as HB
(P.B., unpublished observation). In patients in whom no clonal
aberration indicative for an underlying myeloid neoplasm is found
in such studies, BM and PB cells should be examined for additional
cytogenetic and molecular markers. Similarly, in those with
eosinophilia and/or lymphadenopathy, cells should be examined
for the presence of clonal T cells and immunoglobulin rearrange-
ments as well as for the KIT D816V mutation. Finally, when all
attempts to document an underlying clonal BM disease have been
unsuccessful, the etiology of HB has to be re-considered and the
condition re-examined using markers of reactive diseases,
including allergic conditions, autoimmune disorders, intoxication
and infectious diseases.

DIFFERENTIAL DIAGNOSES

A number of differential diagnoses (DD) have to be considered in
patients with suspected ABL or CBL. Major DD to be considered in

Table 6. Proposed classification and criteria of basophilic leukemias?

Disease variant Proposed criteria

Secondary CBL® - Known preceding/underlying BM neoplasm®

ABL Myeloblasts+metachromatic blasts >20% and basophilsb > 40% of nucleated BM or PB cells (and HB criteria are fulfilled)
Primary ABL - No preceding or underlying BM neoplasm
Secondary ABL® - Known preceding/underlying BM neoplasm®

CBL Myeloblasts+metachromatic blasts < 20% and basophils >40% of nucleated BM or PB cells (and HB criteria are fulfilled)
Primary CBL - No preceding or underlying BM neoplasm

Abbreviations: ABL, acute basophilic leukemia; BM, bone marrow; CBL, chronic basophilic leukemia; HB, hyperbasophilia; PB, peripheral blood; WHO, World
Health Organization. ®The diagnosis basophilic leukemia (ABL or CBL) is established on the basis of the criteria shown in this table, investigations proposed in
Table 4, and exclusion of reactive HB. A diagnostic algorithm is shown in Supplementary Figure S2. PIn ABL, many or even most of the basophils may be quite
immature cells. When all these cells are metachromatic blasts, they can only be regarded (counted) as ‘basophils’ when the basophil lineage has been
confirmed by immunophenotyping or electron microscopy. “Secondary BL variants should be further sub-classified according to the type of preceding or
underlying BM neoplasm—these neoplasms should be classified according to the WHO proposal. “The presence of the Ph-chromosome or BCR-ABLT 210
counts as a definitive sign of an underlying BM neoplasm even if no known prephase of overt CML had been diagnosed before. In these patients, the
treatment plan also needs to be adjusted according to the detection of BCR-ABL1.
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suspected ABL include blast phase of CML, myelomastocytic
leukemia, AML with t(8;21) and basophilia (AML-baso), monocytic/
monoblastic AML with basophilia, acute promyelocytic leukemia
(APL) and aggressive systemic mastocytosis (ASM) or mast cell
leukemia (MCL) accompanied by AML (ASM-AML/MCL-AML).
Alternative diagnoses to be considered in suspected CBL include
MPN or MDS with basophilia (MPN-baso; MDS-baso), ASM in
transformation (ASM-t), MCL, APL and accelerated phase CML. In
rare cases, a massive reactive expansion of polyclonal basophils
may mimic CBL. However, this form of HB usually disappears after
the underlying process (for example, allergy or infection) has
been brought under control with therapy or has resolved
spontaneously.

A PRACTICAL APPROACH TO BASOPHILIA AND HB:
RECOMMENDED DIAGNOSTIC ALGORITHM

In the initial exploration and in the short term follow-up, it is
important to delineate between transient and persistent (hyper)
basophilia. Transient HB is indicative of a reactive underlying
process, whereas persistent HB (for at least 8 weeks) must be
regarded as highly suspicious (indicative) of a neoplastic (usually
myeloid) disease, especially when other blood count abnormal-
ities are also present. In all patients with unexplained persistent
basophilia (even if not reaching the HB-threshold) a number of
parameters should be determined in PB samples, including the
serum tryptase level, BCR-ABL1 and JAK2 VV617F (Table 4). In cases
with concomitant eosinophilia, leukocytes should also be exam-
ined for expression of the FIPLT-PDGFRA fusion gene. In addition,
the spleen size should be determined by palpation and
ultrasound. Finally, a BM examination should be performed in all
cases with unexplained HB, even if other blood counts are normal
and the above-mentioned parameters did not reveal an under-
lying hematopoietic neoplasm. BM investigations should include a
thorough histopathological and immunohistochemical investiga-
tion (Table 3), cytomorphologic inspection of BM smears,
molecular studies and chromosome analyses. In HB patients in
whom no BM neoplasm can be detected, other rare causes of
persistent basophilia must be considered. These conditions
include chronic infections, chronic autoimmune processes, or
uncontrolled atopic disorders. In several of these conditions,
basophilia may be accompanied by eosinophilia. The measure-
ment of basophilopoietic and eosinophilopoietic cytokines (IL-3,
GM-CSF, IL-5) in such conditions is of academic interest (and
confirms the reactive nature of the condition) but is not regarded
as standard. In rare cases, an underlying T cell neoplasm (such as
adult T cell leukemia/lymphoma) may be detected.®> However, no
specific (basophil-related) symptoms are found in these patients.
A diagnostic algorithm for patients with HB is shown in
Supplementary Figure S2.

THERAPEUTIC OPTIONS IN PATIENTS WITH BASOPHILIC
LEUKEMIAS

Regardless of the underlying neoplasm, the prognosis of patients
with CBL or ABL is poor."~*% The survival time in these patients
ranges from 2 to >36 months in CBL and 2 to 16 months in ABL.
Therefore, these patients are often regarded as candidates for
stem cell transplantation. However, not all patients are eligible for
high-dose therapy. When stem cell transplantation is not possible,
patients with ABL should receive poly-chemotherapy, targeted
drugs, or palliative therapy. In non-transplantable patients with
accelerated or blast phase CML treatment with second- or third
generation TKI is usually recommended regardless of the basophil
count (including those with basophils >40%). However, in other
(non-transplantable) patients with ABL or CBL, no specific targets
may be detected. These patients are candidates for experimental
drugs or palliative cytoreductive treatment. Regardless of the
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nature (acute or chronic) and underlying disease (if any), all
patients with basophilic leukemias (by definitions provided in this
article) have an increased risk to develop histamine-related
symptoms, especially when cytoreductive or targeted therapies
are applied. Therefore, these patients should receive prophylactic
histamine receptor (HR) antagonists (HR1 and HR2 blocker) as long
as HB is present.

CONCLUDING REMARKS AND FUTURE PERSPECTIVES

Persistent HB is an important checkpoint in clinical hematology. In
most cases, an underlying myeloid neoplasm is detected or was
known before HB developed. Accordingly, HB can be classified
into primary HB and secondary HB. We propose that myeloid
neoplasms presenting with HB and less than 40% basophils in
their differential counts be labeled with the appendix ‘-baso’
(example: MDS-baso) and those with basophils >40% termed
secondary basophilic leukemia. In a subset of patients with
basophilic leukemia, no underlying myeloid neoplasm will be
detected; these cases should be classified as primary basophilic
leukemia. In addition, basophilic leukemia (both primary and
secondary) should be divided into ABL and CBL, based on the
percentage of blasts (myeloblasts and metachromatic blasts). Our
proposal to classify basophil transformation in myeloid neoplasms
and basophilic leukemias with defined criteria should assist in
daily practice and lead to a commonly used nomenclature and
should thereby support harmonizing research in these fascinating
disease-entities.
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