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Basophils are white blood cells that play an important role in the human immune system.
These cells physiologically increase in number in immune response to certain allergies,
chronic inflammation, and parasitic infections. Basophils are also a significant indicator for
the presence of certain malignancies such as chronic myeloproliferative neoplasms and
acute myeloid leukemia. In the current manuscript we present a statistically significant
correlation between persistent basophilia in primary myelofibrosis (PMF) and the risk
for the subsequent development of acute myeloid leukemia. We have retrospectively
identified in the files of the Department of Hematology, Ion Chiricuta Clinical Cancer
Center in Cluj Napoca, Romania 623 consecutive patients diagnosed with AML over
a period spanning from 2008 to 2018. We afterwards identified 32 patients with AML
diagnosis following a previous diagnosis of myelofibrosis (either post-PV, post-ET,
or post-PMF). All the patients were diagnosed according to the WHO criteria. We
subsequently established a control group consisting of 32 patients with underlying
BCR–ABL-negative MPN who did not develop AML (AML-negative group). Following
this, we assessed whether the AML-negative patients from our control group also had
a persistent (>3 months) absolute basophilia. When comparing both groups of patients
with myelofibrosis, the group with subsequent AML development and the one without
AML, the follow-up did not present statistically significant differences between the two
groups. In the univariate analysis, patients who progressed to AML had more frequently
basophilia, longer basophilia duration, higher pre-therapy absolute, and relative basophil
count and presented more frequently calreticulin (CALR) mutations. In the current study,
we emphasize the need for a closer clinical monitoring for chronic MPNs with marked
basophilia, with an important potential clinical impact.
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INTRODUCTION

rheumatic arthritis. Our study also excluded patients with
allergies, including food and drug allergies and allergic rhinitis.
To strengthen our hypothesis, we subsequently established a
control group consisting of 32 patients with underlying PMF
who did not develop AML (AML-negative group). Both cohorts,
the MPNs that developed AML as well as the MPNs that
did not develop subsequent AML, had the same population
characteristics regarding sex distribution, median age, and
follow-up time of 24 months. Following this, we assessed whether
the AML-negative patients from our control group also displayed
a persistent (>3 months) absolute basophilia. The median time
to AML evolution was 18 months for the MPNs that developed
an “accelerated phase AML” and then acute leukemia, with the
evolution time ranging from 12 to 24 months. The design of
this study was approved by the Institutional Review Board of Ion
Chiricuta Oncology Institute in Cluj Napoca, Romania.

Peripheral blood basophilia is defined as a basophil count >0.1
× 109 /L and is rarely diagnosed. Still, when diagnosed, it may be
caused by iron deficiency, hypersensitivity disorders, infections,
or chronic inflammation (1, 2). Clinicians should always exclude
these pre-existing conditions and should prompt the assessment
of an underlying myeloproliferative neoplasm (MPN). MPNs
include chronic myeloid leukemia (CML), polycythemia vera
(PV), essential thrombocythemia (ET), primary myelofibrosis
(PMF), and less common chronic neutrophilic leukemia,
chronic eosinophilic leukemia not otherwise specified, MPN
unclassifiable, and mastocytosis (3, 4). The molecular hallmark
of CML is the BCR-ABL fusion, whereas for BCR-ABL-negative
MPNs (PMF, PV, ET) common mutations include JAK2 V617F
and those within CALR exon 9. Basophilia may also be associated
with other rare hematological malignancies, such as acute
basophilic leukemia or acute myeloid leukemia with t (6;9) (5,
6). Even if bone marrow morphology and cytogenetics are the
backbone of diagnosing and monitoring a BCR-ABL-negative
MPN, no current guidelines have yet to be published on the
clinical algorithm in which a PMF with basophilia should be
managed. Primary myelofibrosis is an MPN characterized by
a progressive bone marrow failure syndrome with worsening
cytopenia, with some of the patients later developing acute
myeloid leukemia (AML) (7). Previously published data in
patients with MPNs has shown that the development of
monocytosis is associated with poor prognosis due to an
“accelerated phase” of the disease (8). Thus, our hypothesis
is that concomitant basophilia in PMF might be a hallmark
for the development of such an “accelerated phase” and later
AML development. We analyzed all the AML cases diagnosed
following a PMF in the last 10 years in our institution and
compared this cohort to a control group, consisting of primary
diagnosed PMF without AML development. We have shown a
correlation between persistent basophilia in CALR-positive and
later AML diagnosis.

Statistical Analysis
Data analysis and plot generation for the AML-positive
cohort were executed using R version 3.5.1 (2018-07-02) (R
Development core team, USA). Shapiro-Wilk and histogram
visualization were used to determine the normality of data
distribution. The distribution of all data was non-normal. Mann
Whitney Wilcoxon test was used for comparing non-normally
distributed continuous variables between two groups. A p value
under 0.05 was considered statistically significant. Data analysis
concerning the control group was performed using R 3.5.3.
Fisher’s exact test was used for analyzing contingency tables.
The Shapiro–Wilk test and histogram visualization were used to
determine the normality of distribution. Non-normal distributed
data were represented as median (quartile 1, quartile 3). The
Wilcoxon test was used to determine the difference between
two groups with non-normally distributed variables. A random
forest was used to rank the importance of the selected statistically
significant variables. A p value under 0.05 was considered
statistically significant.
Data analysis for the AML-negative cohort was performed
using R 3.5.3. Fisher’s exact test was used for analyzing
contingency tables. The Shapiro–Wilk test and histogram
visualization were used to determine the normality of
distribution. Non normal distributed data were represented
as median (quartile 1, quartile 3). The Wilcoxon test was used to
determine the difference between two groups with non-normally
distributed variables. A random forest was used to rank the
importance of the selected statistically significant variables. A p
value under 0.05 was considered statistically significant.

MATERIALS AND METHODS
Case Selection
We retrospectively identified in the files of the Department
of Hematology, Ion Chiricuta Clinical Cancer Center in Cluj
Napoca, Romania 623 consecutive patients diagnosed with AML
over a period spanning from 2008 to 2018. We afterwards
identified 32 patients diagnosed with AML following a previous
diagnosis of myelofibrosis (either post-PV, post-ET, or postPMF). All the patients were diagnosed according to the WHO
criteria. Peripheral blood counts were reviewed to identify
patients with myelofibrosis, who at some point during their
clinical history developed persistent absolute basophilia (>0.1 ×
109 /L) for more than 3 months. We then investigated the clinical
files of patients with basophilia and excluded those with any
clinical condition known to be possibly associated with reactive
basophilia. The excluded basophilia patients include those with
chronic inflammation due to conditions such as infectious
diseases, parasitic infections, inflammatory bowel diseases, and
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RESULTS
Subsequent to the diagnosis of myelofibrosis (either post-PV,
post-ET, or PMF), 32 patients were diagnosed with AML.
This cohort was composed of 19 men and 13 women with a
mean age of 56.43 at diagnosis (range: 33–80). The duration
was calculated by reviewing all available peripheral blood
counts preceding and following the follow-up bone marrow
biopsy to establish the time period during which basophilia
remained sustained with no interruption. Following this, we
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or change in JAK2 status associated with the development of
basophilia, but we report statistical significance for the CALR
status (p = 0.00679). Among the AML-negative control group,
all patients were investigated for cytogenetic changes. The vast
majority of patients with myelofibrosis but without AML were
found to be positive in their JAK2 V617F mutation status (81%).
Comparing the cohort with subsequent AML development to
the one without AML, the follow-up analysis did not show
any statistically significant differences between the groups. In
the univariate analysis, patients who progressed to AML had
frequently more basophilia, a higher basophilia duration, a higher
pre-therapy absolute and relative basophil count and frequently
presented more CALR mutations.
Absolute basophil count (ABC) was determined using an
automated cell counter and recorded in addition to other
hematological and clinical parameters, such as WBC; absolute
neutrophil, lymphocyte, monocyte, and eosinophil counts;
circulatory blasts; hemoglobin level; platelets; RDW; C reactive
protein (CRP); LDH; age; gender; transfusional dependency;
constitutional symptoms; blast phase disease; and JAK2, CALR,
or MPL mutational status. Spleen and liver size were assessed by
palpation. Disease was staged according to the DIPSS prognostic
scoring system. ABC of PMF patients was compared to that
of 32 age- and gender-matched healthy controls. ABC was
significantly higher in PMF patients than in healthy controls
(median 0.15 × 109 /L vs. 0 × 109 /L, p < 0.001), with 81% of
PMF patients exceeding the upper limit of the ABC reference
range of 0.06 × 109 /L used in our laboratory. Using the ROC
curve analysis, the optimal ABC cut-off value for the purpose
of survival analyses was set at 0.1 × 109 /L, and patients were
separated into a “High ABC” group (>0.1 × 109 /L) and a
“Low ABC” group (≤0.1 × 109 /L). Patients with high ABC
had higher WBC (p < 0.001) and LDH (p < 0.001) and more
frequently had circulatory blasts (p < 0.001), constitutional

performed an identical approach on the AML-negative control
group. The control group was composed of 32 patients with
a subsequent diagnosis of myelofibrosis (either post-PV, postET, or PMF) and no presence of acute myeloid leukemia. The
group included 21 males and 11 females with a mean age of
61.65 at diagnosis (range: 17–83). The duration was calculated
by reviewing all available peripheral blood counts preceding and
following the follow-up bone marrow biopsy to establish the
time period during which basophilia remained sustained with
no interruption.
Among the patients that developed AML, we report
statistically significant differences in the duration of basophilia
(p = 0.0496, n = 26), between patients presenting with premyelofibrosis bone marrow fibrosis and the ones that did not,
linking a possible common cause of fibrosis and of basophilia.
Furthermore, among the patients that developed AML, the
duration of basophilia was different between the groups of
anemic vs. non-anemic patients (p = 0.0649, n = 26), but did
not quite reach statistical significance. A bigger cohort will be
necessary to confirm these observations (Figure 1).
All AML patients had an initial diagnosis of primary
myelofibrosis in the fibrotic stage. The diagnosis was reviewed
and confirmed at our institution. When the pre-basophilia
bone marrow biopsy was available for review at the time
of this study, the morphological features were typical for
primary myelofibrosis, including the presence of myelofibrotic
marrow (MF-2 or MF-3) with increased cellularity and increased
granulopoiesis and megakaryopoiesis. Megakaryocytes were
predominantly large and pleomorphic with evidence of defective
maturation and abnormal chromatin clumping. They were
often arranged in dense clusters of several cells and bare
megakaryocytic nuclei were also frequently seen. Furthermore,
all cases were investigated for JAK2 V617F, CALR, MPL, and
exon 12 mutational status. There was no cytogenetic evolution

FIGURE 1 | Statistical analysis for the correlation of anemia and basophilia for the evolution of primary myelofibrosis towards acute myeloid leukemia.
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not included in the model because of its high correlation with the
absolute basophil count.

symptoms (p = 0.030), and massive splenomegaly (p = 0.014).
We also observed that ABC as a continuous variable was
correlated not only with WBC (p < 0.001) and percentage of
circulatory blasts (p < 0.001) but also with the other components
of differential blood count: absolute neutrophil count (p <
0.001) and absolute eosinophil count (p < 0.001). ABC is
correlated with the median time to AML development of 18
months (p < 0.01).
Patients that did not progress to AML had more frequently a
diagnosis of anemic syndrome (Table 1 and Figure 1). Because
the statistically significant variables from the univariate analysis
had a high degree of separation between both groups, a
multivariate logistic regression was considered not feasible and
we chose to grade the importance of the statistically significant
variables using a random forest. In the random forest, the
variable with the highest mean decrease was ABC pretherapy
(10.06) followed by the presence of basophilia (5.37) and anemia
(2.51), with an out of bag (OOB) estimate error rate of 14.04%.
Duration of basophilia was not included in the model because it
is highly correlated with basophilia. Relative basophil count was

DISCUSSIONS
Basophils are typically myeloid cells less frequently seen in
a peripheral blood smear, developing in the bone marrow
from myeloid progenitors. Their numerous dark azurophilic
granules easily distinguish them. The prognosis of myelofibrosis
is presently based on clinical characteristics and blood counts
at the time of diagnosis. When a malignancy is suspected in
the setting of basophilia, the pathologist should contact the
attending hematologist. Recommendations should be clearly
communicated and should reflect the peripheral smear findings.
The team of Huang et al. have shown that when assessing
the risk factors for a myelofibrosis case to evolve clinically
into an AML, a peripheral blood blast count of at least 3%
or a platelet count of <100 × 109 /L are both strong and
independent predicting factors for a leukemic transformation in
MPNs (9). Morel et al. have shown on behalf of the International
Working Group for Myeloproliferative Neoplasms Research and
Treatment, on 525 PMF that a leukocytosis of (>25 × 109 )
predicts poor survival (10). Our data show that patients with
PMFs that develop persistent and significant basophilia (at least
3 months) during their disease have an increased risk of later
developing AML. When analyzing the statistically significant
differences in duration of basophilia among patients that did
vs. did not present pre-myelofibrosis bone marrow fibrosis, a
possible explanation might be that the action of TGF-β1 secreted
by myelofibrosis megakaryocytes acts on both bone marrow
fibroblasts as well as on the common basophilic-eosinophilic
precursor (11, 12).
Furthermore, AML development is not influenced by any type
of treatment. Basophilia persists even after initiation of therapy
and is associated with worsening disease with the presence
of anemia, lower platelet counts, transfusion dependency, and
the presence of splenomegaly. In PMF, megakaryocytes secrete
TGF-β, a cytokine that will afterwards stimulate the secretion
of IL-3 and determine the differentiation and proliferation of
the eosinophil-basophil progenitor, thus causing basophilia, and
subsequent fibrosis (Figure 2) (11).
The absence of cytogenetic changes in the clonal evolution
of the disease supports the hypothesis that the granulocyte
expansion is most likely linked to clonal heterogeneity, as a new
clone might have risen during disease progression (Figure 3).
The malignant myeloid progenitors in AML secrete TGFβ and thus stimulate the differentiation and proliferation of
the common eosinophil-basophil progenitor, thus causing both
progressive eosinophilia and basophilia (13, 14), as also shown
by Boiocchi et al. (8) (Figure 3). Ohmori et al. found that
the IL-3 receptor expression is upregulated in the basophil
progenitors, but not in the eosinophil lineage progenitors, and
that adding IL-3 complex results in a 4-fold increase in the
basophil/mast cell progenitors in the spleen (15). This might
explain splenomegaly in PMF patients that evolve toward AML,
as depicted in Figure 4. The hypothesis of clonal heterogeneity in

TABLE 1 | Detailed statistical analysis for the correlation of anemia and basophilia
for the evolution of primary myelofibrosis towards acute myeloid leukemia.
Progressed

Sex

No

Yes

n = 32

n = 32

Female

11 (34%)

13 (41%)

Male

21 (66%)

19 (59%)

66 (56, 71)

56 (44, 67)

0.0772
<0.0001

Age (quartile 1,
quartile 3)
Basophilia

p

0.796

No

30 (94%)

9 (31%)

Yes

2 (6%)

20 (69%)

Basophilia duration
(quartile 1, quartile 3)
(months)

0 (0, 0)

0 (0, 5.75)

0.000346

Follow-up (quartile 1,
quartile 3) (months)

33 (4, 56)

23 (2, 40)

0.483

0.005 (0.000,
0.020)

0.2175 (0.1087,
0.3482)

<0.0001

0.00 (0.00,
0.25)

2.00 (1.00,
3.00)

<0.0001

No

13 (41%)

27 (84%)

0.0006

Yes

19 (59%)

5 (16%)

Premyelofibrosis No
bone marrow
Yes
fibrosis

18 (86%)

18 (60%)

3 (14%)

12 (40%)

Myelofibrosis
grade

1

4 (31%)

2 (20%)

2

4 (31%)

2 (20%)

3

5 (38%)

6 (60%)

JAK2

No

3 (19%)

8 (50%)

Yes

13 (81%)

8 (50%)

No

16 (100%)

9 (56%)

Yes

0 (0%)

7 (44%)

Pre-therapy absolute
basophil count (quartile 1,
quartile 3) (*103 µL)
Pre-therapy relative basophil
count (quartile 1, quartile 3)
Anemia

CALR

0.0641

0.642

0.135
0.00679

The Bold Values represent the statistically signifficant values.
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FIGURE 2 | The role of TGF-beta in modulating basophilia for primary myelofibrosis that evolvs towards acute myeloid leukemia.

FIGURE 3 | The role of mutational background in modulating basophilia for primary myelofibrosis that evolvs towards acute myeloid leukemia.
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FIGURE 4 | Clinical evolution of a patient with basophilia towards acute myeloid leukemia.

dynamic prognostic parameter and a good indicator for disease
progression, should the blast count of cytogenetics remain
unchanged. Still, additional data are needed to confirm these
findings. Presently, we can still state that because of the rapid
disease progression after basophilia appears, the groups of
myelofibrosis patients should be monitored separately in a more
accurate manner, as they might be more likely to progress to
AML. The manuscript presents at this point a hypothesis and
theory, proven in a single-center population, and should be
regarded as such. The main limitation of the manuscript is the
small number of patients enrolled, and the research must be
further confirmed by large multi-center cohorts.

PMF is gaining increasing support as it was shown to be the main
mechanism responsible for two different types of leukemic transformation seen in JAK2 mutation-positive myeloproliferative
neoplasms, one with JAK2 mutation-positive blasts and one with
JAK2 wild-type blasts. (16). Clonal heterogeneity was also shown
in MPNs with del(20q) and myelodysplastic syndromes (MDS)
with isolated del(5q) and positive JAK2 V617F mutation (17, 18).
Most importantly, the clonal heterogeneity hypothesis, stating
that a MPN might have a so-called “accelerated phase” and turn
into an AML was shown by Boiocchi et al. (8), who have shown
that MPNs with monocytosis have an increased risk of later
developing AML.
Both
essential
thrombocythemia
and
pre-fibrotic
myelofibrosis are WHO-defined entities that may evolve
toward a primary myelofibrosis with a high DIPSS risk score
or acute leukemia. In PMF, the CALR mutation is less studied
in comparison to the JAK2 mutation. Our study showed no
cytogenetic evolution or change in JAK2 status associated with
the subsequent development of basophilia, but it did show
statistical significance regarding CALR status (p < 0.05). Still,
the Italian Collaborative Group for Myeloproliferative Disorders
showed that when analyzing 404 patients with either ET or
pre-fibrotic PMF, CALR mutations were more frequent in prefibrotic PMF than in ET (35·8 vs. 17·8%, P < 001). Pre-fibrotic
PMF patients had shorter overall survival (P < 001) and a trend
toward higher incidence of leukemic evolution when compared
to ET patients (19). Still, the mutational status of CALR must be
studied on larger cohorts before a clear statement is made.
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