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Abstract
The development of myeloid leukocytosis in leukemia patients during antileukemic treatment requires a differential diagnosis 
between myeloid leukemoid reaction and leukemia progression. We herein report the case of an 80-year-old Japanese man 
with chronic myelomonocytic leukemia (CMML) who developed marked myeloid leukocytosis (36.3 × 109/L) with 32.5% 
monocytes and 48% neutrophils about 4 weeks after the initial 5-azacitidine (AZA) treatment. The leukocytosis was unlikely 
to be attributed to infection and adverse drug reaction. As it resolved in a few days without any interventions, the transient 
myeloid leukocytosis was confirmed to be a myeloid leukemoid reaction. After four cycles of AZA treatment, leukemic 
blasts in the bone marrow decreased and the patient became transfusion-independent. Interestingly, levels of serum G-CSF 
showed a similar trend to the myeloid leukocytosis, while those of serum GM-CSF and IL-17 were undetectable throughout 
the clinical course, suggesting that a differentiation response to AZA treatment might lead to the myeloid leukemoid reac-
tion. Our case implies that a marked but transient myeloid leukemoid reaction mimicking CMML progression can develop 
during AZA treatment, which requires careful clinical monitoring and differential diagnosis.
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Introduction

Chronic myelomonocytic leukemia (CMML) is a clonal 
stem cell disorder which possesses overlapping features of 
myeloproliferative neoplasm (MPN) and myelodysplastic 
syndrome (MDS) [1]. Its rate of transformation to acute 
myeloid leukemia (AML) is reported to be 15–30% [2–9]. 
Treatment with 5-azacitidine (AZA), a kind of hypometh-
ylating agent, can be applied to patients with MDS [10, 11] 
and CMML [12]. While CMML patients show poor response 
to conventional chemotherapy, AZA treatment can achieve 
a response in 30–60% and complete response in < 15% of 

CMML patients [13]. We report an 80-year-old Japanese 
man with CMML that developed a marked myeloid leukocy-
tosis after the initial AZA treatment. The situation required 
careful clinical monitoring and differential diagnosis of 
myeloid leukemoid reaction versus CMML progression.

Case report

An 80-year-old Japanese man with a past history of hyper-
tension, dyslipidemia, atrial fibrillation, myocardial infarc-
tion, and congestive heart failure was referred to our hospital 
due to anemia (hemoglobin 7.0 g/dL) and thrombocytope-
nia (platelet count 30.0 × 109/L). At that time, his peripheral 
white blood cell (WBC) count was 6.5 × 109/L with 22.5% 
monocytes and 0% blasts. The initial bone marrow (BM) 
aspiration showed 2.8% blasts, more than 10% dysplas-
tic cells with pseudo-Pelger–Huët anomaly or agranular 
cytoplasm out of the total granulocytic lineage cells, and 
more than 50% multinucleated megakaryocytes out of the 
total megakaryocytes, which was consistent with CMML. 
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He had no hepatosplenomegaly, and cytogenetic analysis 
revealed a normal karyotype. Thus, the ambulatory patient 
was diagnosed with CMML-0 according to the WHO diag-
nostic criteria [14]. Afterwards, he exhibited a poor response 
to treatment with recombinant human erythropoietin and 
became transfusion dependent. As the subsequent BM 
aspiration showed 5% blasts, the diagnosis was revised to 
CMML-1. Six weeks later, AZA treatment (75 mg/m2/day 
subcutaneously for 7 consecutive days per 28-day treatment 
cycle) was initiated (Fig. 1). The complete blood count on 
the day before the first AZA cycle revealed WBC count of 
10.7 × 109/L (35% monocytes, 35% neutrophils, 3% eosin-
ophils, 0.5% basophils, 26.5% lymphocytes, 0% blasts), 
hemoglobin at 6.5 g/dL, and platelet count of 45 × 109/L. 
Unexpectedly, the patient showed a marked myeloid leuko-
cytosis (WBC count of 36.3 × 109/L with 32.5% monocytes, 
48% neutrophils, 2.5% eosinophils, 0% basophils, 0.5% 
blasts, 3% myelocytes, and 8% promyelocytes) on day 25. 
However, the myeloid leukocytosis resolved in a few days 

without any interventions, and the BM aspiration on day 27 
showed 3.8% blasts, indicating a response to AZA. He never 
developed fever, had no signs and symptoms of infections, 
and his serum C-reactive protein levels were within a nor-
mal range (below 2 mg/L) throughout the first cycle. Except 
for AZA and ramosetron hydrochloride that were newly 
started, no changes in medication took place; his regular 
medications consisted of rabeprazole, carvedilol, atorvas-
tatin, imidafenacin, L-carbocisteine, finasteride, and heavy 
magnesium oxide. A total score of 5 (probable) was obtained 
using the Naranjo adverse drug reaction probability scale 
[15], suggesting that adverse drug reaction was unlikely to 
be a primary cause of the leukocytosis. As no other causes 
seemed to be attributed to the myeloid leukocytosis, the 
transient leukocytosis was confirmed to be a myeloid leuke-
moid reaction, which allowed the next cycle to be started. 
On day 32, just after the second AZA cycle was initiated, his 
anemia showed improvement (hemoglobin 9.6 g/dL) while 
his monocytosis (WBC count of 11.5 × 109/L with 25.5% 
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Fig. 1   The clinical course of the patient. AZA: azacitidine; RBC: red blood cells; G-CSF: granulocyte colony-stimulating factor; GM-CSF: 
granulocyte-macrophage colony-stimulating factor; NCC: nucleated cell count; N.E.: not examined



Myeloid leukemoid reaction after initial azacitidine therapy for chronic myelomonocytic…

1 3

monocytes, 53.0% neutrophils, 5.0% eosinophils, 0.5% baso-
phils, 0% blasts, 0% promyelocytes, and 16.0% lymphocytes) 
and thrombocytopenia (platelet count 46.0 × 109/L) per-
sisted. Despite a slight reduction of BM blasts, his response 
after the first AZA cycle was evaluated as ‘clinical benefit’ 
(erythroid response), according to the criteria of the MDS/
MPN International Working Group [16]. While receiving 3 
more AZA cycles at our hospital, the patient became trans-
fusion independent without CMML progression. He was 
transferred to another hospital for unspecified personal rea-
sons. Afterwards, it was reported that the patient developed 
progressive anemia and recurrent pneumonia after receiving 
a total of 13 cycles of AZA treatment, possibly indicating 
CMML progression. He died about two years after the initial 
diagnosis of CMML.

For investigating the cause of the unanticipated and tran-
sient myeloid leukocytosis, we retrospectively examined 
pro-inflammatory cytokine levels in this patient during the 
first four AZA cycles (Fig. 1). Levels of serum granulo-
cyte colony-stimulating factor (G-CSF), granulocyte–mac-
rophage colony-stimulating factor (GM-CSF), interleukin 
(IL)-17 before initiating AZA treatment were undetectable 
(< 19.5, < 8, and < 3.9 pg/mL, respectively). While GM-
CSF and IL-17 levels remained undetectable throughout 
the treatment course, G-CSF levels increased after 7-day 
AZA administration. The G-CSF levels peaked at 45.6 pg/
mL on day 17 and decreased to the undetectable range on 
the starting day of the second AZA treatment cycle (day 
32), showing a similar trend to the myeloid leukocytosis. 
Slightly increased G-CSF levels were observed at the start 
of the third and fourth cycles (25.7 and 20.1 pg/mL, respec-
tively). Additionally, next-generation sequencing (NGS) of 
unsorted peripheral WBCs before AZA treatment detected 
mutations in ASXL, EZH2, NRAS, ETV6, and TP53, with 
variant allele fractions of 42.1, 79.7, 35.2, 40.4, and 41.3%, 
respectively. These genetic profiles suggested an unfavorable 
prognosis for this patient.

Discussion

To the best of our knowledge, this is the first report of 
myeloid leukemoid reaction in CMML upon initial AZA 
treatment. During the treatment, the patient developed a 
marked myeloid leukocytosis accompanied with monocy-
tosis (Fig. 1), which required diagnostic distinction between 
benign and malignant leukocytosis. Finally, the leukocytosis 
was confirmed to be a myeloid leukemoid reaction, reflect-
ing a possible differentiation response by AZA. Although 
inflammatory cytokine and gene mutation profiles could not 
contribute to the treatment plan of this patient due to the 
limited access at that time, the rapid increase of G-CSF lev-
els could retrospectively support our differential diagnosis.

We selected no treatment for the leukocytosis in our case 
because the preceding BM aspiration found no increase in 
blast count and he was afebrile after initiating the first AZA 
cycle. Accordingly, hydroxycarbamide was not adminis-
tered, even though a previous report showed its effective-
ness in controlling transient leukocytosis after initiating 
AZA treatment in a patient with MDS (RAEB-2) [17]. For 
differentiating myeloid leukemoid reaction from CMML 
progression in our case, flow cytometry analysis of CD14+/
CD16− monocyte subset [18] could have been helpful, 
although flow cytometry was not routinely performed in our 
hospital. Moreover, the coinciding increases in WBC and 
platelet counts during days 17–25 (Fig. 1) might support the 
diagnosis of myeloid leukemoid reaction.

As for clinical effect of AZA treatment for CMML, it 
has been reported that improved overall survival in CMML 
patients is associated with an absolute monocyte count 
below 10.0 × 109/L and < 5% peripheral blood blasts at the 
start of AZA treatment [19]. Another study reported inferior 
survival in AZA-treated CMML patients with palpable sple-
nomegaly or over 10% BM blasts; however, mutation status 
had no impact on overall survival [20]. According to the 
MD Anderson prognostic score (MDAPS) [21], this patient 
had intermediate-1 risk. If the NGS data were available in 
advance, his risk could have been revised as intermediate-2, 
using the CMML-specific prognostic scoring system (CPSS) 
[4].

From in vitro studies, it has been reported that AZA 
can exert antileukemic effects by DNA hypomethylation 
and cytotoxicity [22]. The previous clinical study involv-
ing patients with AML or MDS indicated that decitabine, 
another kind of hypomethylating agent, can induce differen-
tiation before the reduction of leukemic blasts; DNA hypo-
methylation can precede cytotoxicity [23]. The sequence of 
events can partly explain the situation of our case.

It is known that AZA can derepress chromatin structure of 
a key hematopoietic transcription factor PU.1 in MDS [24], 
leading to upregulations of PU.1 and its target C/EBPα. Sub-
sequently, PU.1 and C/EBPα upregulate their targets G-CSF 
receptor and GM-CSF receptor [25, 26], suggesting an indi-
rect mechanism of AZA to promote myeloid differentiation. 
It is also known that AZA-treated patients with advanced 
AML or MDS have a significant increase of peripheral IL-
17A-secreting CD4+ T cells [27], and that IL-17 can regu-
late granulopoiesis through G-CSF [28]. These reports led 
us to retrospectively investigate serum G-CSF, GM-CSF, 
and IL-17 levels in our case. In addition, previous reports 
showed that exogenous G-CSF administration in post-chem-
otherapy patients can cause transient atypical monocytosis 
mimicking myelomonocytic leukemia, which resolved after 
discontinuation of G-CSF [29–31]. Although the reason 
why only G-CSF levels showed a transient increase in our 
case is still unclear, it was suspected that the intra-individual 
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endogenous G-CSF increase and decrease could contribute 
to the transient myeloid leukocytosis. Considering the trend 
of G-CSF levels during the AZA treatment, it was also sus-
pected that our case could have shown transient leukocy-
tosis after the second and third AZA cycles; however, fre-
quent monitoring of WBC count and differential could not 
be performed for the patient's personal reasons. A previous 
report showed that an AZA-treated MDS patient developed 
transient and fully reversible leukocytosis in all ten cycles, 
among which hydroxycarbamide was administered in the 
first and second cycles [17].

Although clinical efficacy of AZA is limited in transfu-
sion-dependent and erythropoiesis-stimulating agent-resist-
ant, low and intermediate-1 risk MDS [32], our case actually 
showed a 1.2% reduction in BM blast counts after the first 
AZA cycle, and became transfusion independent, indicating 
the cytotoxic effect of AZA. Mutations in ASXL1, EZH2, 
and NRAS have been reported to be correlated with higher 
risk features and shorter overall survival and progression-
free survival in CMML [33]. Interestingly, TP53-mutated 
AML or MDS patients can have temporal but better clini-
cal responses to initial decitabine therapy than those with 
wild-type TP53 [24] although TP53 VAF > 40% was an 
independent factor of poor prognosis in MDS patients [34]. 
Thus, it is possible to assume that TP53 mutation in our 
case might contribute to a temporal response to the initial 
AZA treatment.

In conclusion, when AZA treatment is initiated, a marked 
but transient myeloid leukemoid reaction mimicking CMML 
progression can be developed, which requires careful clini-
cal monitoring and differential diagnosis.
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