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A B S T R A C T   

Background: Atypical chronic myeloid leukemia (BCR-ABL1 negative) is a rare myeloid neoplasm with poor 
prognosis and no current standard of treatment. It features both myelodysplastic and myeloproliferative char
acteristics with little data regarding mutations playing a role in the disease. 
Presentation of case: We present a case of a 55-year-old female complaining of fever, cough, general weakness and 
night sweats. Examinations showed leukocytosis with a left shift, thrombocytopenia, hypercellular bone marrow 
with marked granulocytic hyperplasia and a negative BCR-ABL. After ruling out myelodysplastic and other 
myeloproliferative diseases the patient was finally diagnosed as aCML according to the WHO criteria with 
mutations in the TET2 gene, the NRAS gene and in the KRAS gene. The patient was started on Hydroxyurea for a 
duration of 9 months with an excellent initial response leading to normalization of her platelets and WBCs. 
However, in the last month she stopped responding to therapy and her state of health started declining once 
again. 
Conclusion: Atypical chronic myeloid leukemia (BCR-ABL1 negative with presence of TET2 gene mutation) is an 
unusual finding in myeloid neoplasms, have unknown prognosis and no current standard of treatment. It features 
both myelodysplastic and myeloproliferative characteristics with little data regarding mutations playing a role in 
the disease.   

1. Introduction 

Atypical chronic myeloid leukemia (aCML) is a rare neoplasm of 
hematopoietic stem cells that falls within the category of myelodys
plastic/myeloproliferative syndromes diseases (MDS/MPN) due to its 
overlapping myelodysplastic and myeloproliferative features [1]. 

According to the WHO diagnostic criteria, aCML shows negative 
BCR-ABL1 fusion gene on cytogenic and molecular studies, dysgranu
lopoiesis, persistent leukocytosis with immature granulocytes account
ing for >10% of all leukocytes, <20% blasts in the peripheral blood and 
bone marrow and minimal/absent monocytosis. It is a disorder of the 
elderly, mainly occurring in the 7th or 8th decade of life, with no 
apparent sex predominance and an incidence of 1–2 cases for every 100 
cases of Philadelphia-positive CML [2]. 

Overall, aCML is highly associated with poor prognosis with a 

median survival of less than two years and a 20–40% chance of evolving 
to acute myeloid leukemia [2]. Although uncommon, aCML is an 
aggressive disease with no standard care of treatment. Allogeneic he
matopoietic stem cell transplantation (HSCT) offers the only potentially 
curative option [3]. 

The work has been reported in line with the CARE criteria [17]. 

2. Case presentation 

A 53-year-old female patient was in her usual state of health until 
September 2019 when she started to complain from recurrent episodes 
of fever associated with cough, night sweats and general weakness. She 
sought medical advice and laboratory tests were done which showed 
leukocytosis with a WBC count of 37.85 x 103/μL (normal range: 
4.1–10.8 x 103/μL), an increase in neutrophils 85.1% (normal range 
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54–62%) and decrease in lymphocytes 8.5% (normal range: 25–33%) 
and thrombocytopenia 127 x 103/μL (normal range 150-350 x 103/μL). 
Her blood film showed neutropenia with a left shift with normal RBCs 
and platelets (PLT). Immunochemistry for ANA-HEP-2 was negative. An 
abdominal ultrasound scan was also preformed but with unremarkable 
results. Hence, she was referred to a specialist for evaluation. A hema
tological blood film report on 25th September revealed normocytic, 
normochromic RBCs with slight rouleax; leukocytosis (segmented neu
trophils, eosinophils, basophils and monocytes were seen) with the 
neutrophils in band and myelocytes present making a diagnosis of CML 
highly suspected. Multiple myeloma had to be excluded so a bone 
marrow biopsy was performed in November 2019 which showed no 
evidence of increased plasma cells by CD138 stain. Thus, a real-time PCR 
was done for major and minor BCR-ABL fusion transcripts t(9; 22)(q34; 
q11) but it did not detect any abnormalities. 

A flow cytometry analysis was then performed which showed: 2% 
blasts, 89% granulocytes, 2% lymphocytes and 3.6% monocytes 3.6% 
showing no evidence of bone marrow involvement by myeloma cells 
(Fig. 1). 

On 5th February 2020, and without any clue of a diagnosis for the 
patient, she was asked to do a CALR Exon 9 mutation analysis, a PCR test 
followed by Sanger sequencing, to rule out any myeloproliferative 

neoplasms but the results were negative (Fig. 2). 
In the same month, she was asked to do a MPL1 W515L/K testing by 

the same method of PCR and Sanger sequencing that turned out to be 
negative as well. 

Subsequently, she was asked to do a BCR-ABL major fusion gene 
(p210) quantification test, in which total RNA extraction form patient’s 
WBC followed by qPCR on Rotor-Gene real time PCR instrument from 
QIAGEN was done. However, it was not detected. 

A serum protein electrophoresis was subsequently done on 10th 
February, showing a decrease in albumin (48.6% when the normal range 
is 54–66%), slight increase in alpha 1 protein (2.9% when the normal 
range is 1.4–2.8%) and increase in gamma protein (26.2% when the 
normal range is 10.6–19.2%). 

She was referred to our hospital on 26th February since there was no 
clue for her diagnosis and all the laboratory tests were negative. Labo
ratory studies were redone as an initial step which exhibited leukocy
tosis and thrombocytopenia as the previous ones (WBC were 90.12 when 
the normal range is 4-11 x 103/μL, neutrophils were 74.04 when the 
normal range is 2–8.7 x 103/μL, lymphocytes percentage was decrease, 
neutrophils percentage was increased and PLTs were 90 when the 
normal range is 140–440). Also, our studies showed basophilia with 
0.2% (normal range: 0.0–0.1%) and a basophil count of 0.15 (when the 

Fig. 1. Patient’s flow cytometry showing that the blasts were 2%, the granulocytes were 89%, the lymphocytes were 2% and the monocytes were 3.6%.  
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normal range is 0.0–0.1 x 103/μL). This was followed by a BCR-ABL t(9; 
22) translocation quantitative test by RT-PCR that was negative for 
major and minor criteria (same results as the tests performed 
previously). 

As a first treatment, she was given Hydroxyurea (20 mg 1 x 1) and 
further laboratory tests were asked to be done. 

We did a bone marrow aspirate that was hemodiluted, but we could 
not assess a stainable iron due to lack of particles. In addition, a bone 
marrow biopsy was performed that exhibited a hypercellular bone 
marrow with marked granulocytic hyperplasia with no morphologic 
evidence of acute leukemia. 

The reticulin stain, done later on 10th March, was grade 1 fibrosis, 
the cellularity was 95%, granulocytic precursors were markedly 

increased, the megakaryocytes were decreased, and the lymphocytes 
and plasma cells were normal). 

Immunochemistry tests for MPO, CD34 and CD99 were done, but 
they were negative. 

A day later, a bone marrow biopsy was executed showing that the 
major BCR-ABL was not detected. 

With all this information, it was suspected that the patient was a case 
of atypical chronic myelogenous leukemia (aCML) since the patient was 
negative for BCR-ABL t(9; 22) genetic mutation, also known as Phila
delphia chromosome, had persistent leukocytosis with absent mono
cytosis, exhibited a hypercellular bone marrow with granulocytic 
hyperplasia, had 2% blasts and presented with increased basophil count. 

In June, an exome genetic study showed that the patient had 

Fig. 2. Results from the CALR Exon 9 mutation analysis.  

Fig. 3. Results from the patient’s exome genetic study.  
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mutations in the TET2 gene (a mutation in exon 3, in the nucleotide 
NM_001127208.2:c.1595delT, in the amino acid p.L532*), the NRAS 
gene (a mutation in exon 2, in the nucleotide NM_002524.5:c.35G > A, 
in the amino acid p.G12D) and in the KRAS gene (a mutation in exon 2, 
in the nucleotide NM_033360.4:c.35G > T, in the amino acid p.G12V). 

According to our results, the mutations in the KRAS and NRAS genes 
were classified as tier 1A, which means that both mutations are patho
genic; whereas the TET2 gene mutation was classified as tier 2C which 
means that is likely pathogenic (Fig. 3). 

Further follow-ups were scheduled for the patient. In October 2020, 
an abdominal ultrasound was preformed which excluded organomegaly, 
paraaortic lymphadenopathy and free fluid in the upper abdomen. 

During the follow up, her CBC displayed surprising results with 
normal WBC and the platelets count (WBC were 9.24 x 103/μL and the 
PLT were 229 x 103/μL). Furthermore, the basophils percentage drop
ped to 0.16%. 

Apparently, the patient was reacting well to Hydroxyurea despite the 
mechanism not being fully understood. Unfortunately, a CBC on 
November 2020 showed a deterioration in her health with an increase in 
WBC and a decrease in platelets (WBC were 21.59 x 103/μL and the 
platelets were 176 x 103/μL) and with an elevation in the basophil count 
(0.22 when the normal range is 0.0–0.2 x 103/μL). Furthermore, an 
abdominal ultrasound scan was performed with had unremarkable 
results. 

Recently we also added azacytidine to the management of our pa
tient as we saw in a case report from 2019 with some similarities [18], 
but still we did not notice any improvement on the symptomatology. 

3. Discussion 

Chronic myeloid leukemia (CML) is a disease that for many years has 
been defined as BCR-ABL1 positive disease. Included in this disease, 
there is a condition defined as a poor prognosis, clinically heterogeneous 
entity termed ‘BCR-ABL1 negative CML’ constituting about 5% of CML 
cases. Other conditions, but a minority, could be classified as systemic 
mastocytosis with associated hematological neoplasm (SM-AHN), 
myeloid/lymphoid neoplasms associated with eosinophilia and rear
rangement of PDGFRA, PDGFRB, FGFR1 or with PCM1-JAK2 (MLN-eo), 
or chronic eosinophilic leukemia not otherwise specified (CEL-NOS) [4]. 

Atypical chronic myeloid leukemia (aCML), which is BCR-ABL1 
negative, is a rare hematological malignancy that falls within the 
overlap category of myelodys-plastic/myeloproliferative neoplasms 
(MDS/MPN) in the WHO classification of myeloid neoplasms. It was 
initially described as an ‘atypical’ form of CML, which is BCR-ABL1 
positive, leading to confusing; however, aCML is now known to be an 
entirely separate entity from CML [7,10]. 

The diagnostic criteria for aCML have significantly changed over and 
it is now known to have both a myeloproliferative component with 
significant leukocytosis and often splenomegaly and hepatomegaly, as 
well as myelodysplastic components, most strikingly in the granulocytic 
lineage [5]. 

Features of aCML include splenomegaly, myeloid dysplasia, leuko
cytosis (WBC >13 k/ml) with immature granulocytes accounting for 
>10% of all leukocytes, <20% blasts in the peripheral blood and bone 
marrow, and lack of sustained monocytosis [11]. 

The molecular features of aCML include an increased frequency of 
gene fusions or an aneuploid karyotype. One or two chromosomal ab
errations (like trisomy 8 or 9, del (20q), − 7/7q or isochromosomes 17q) 
are found in up to 50% of patients but are non-specific and similar to 
cytogenetic findings detectable also in MDS [6]. 

There is no specific data regarding the immunophenotype of aCML. 
However, immunophenotyping of peripheral blood and bone marrow 
for CD14, CD68R, and/or CD163 may facilitate monocyte quantification 
in cases where both aCML and CMML are in the differential diagnosis. 
Flow cytometric and immunohistochemical evaluation of monocytes 
may be impacted by alterations of antigen expression, being helpful for 

the diagnosis of this condition [16]. 
There are other immunohistochemical findings in bone marrow core 

biopsies that can be used as an alternative to counting monocytes when 
attempting to distinguish aCML from CMML. For example, immuno
histochemical staining for CD123 can be used to identify plasmacytoid 
dendritic cell nodules on bone marrow core biopsies, which are a spe
cific (although somewhat insensitive) finding that favors a diagnosis of 
CMML [7,15]. 

There is currently no cure or standard of care for the management of 
aCML. Its heterogeneous clinical and genetic features, high rate of 
transformation to AML with historically poor survival, and absence of 
robust randomized clinical trial data to support treatment recommen
dations are a challenge in determining the appropriate management of 
this disease [8]. 

The Ten-Eleven-Translocation 2 (TET2) gene encodes a member of 
TET family enzymes that alters the epigenetic status of DNA by oxidizing 
5-methylcytosine to 5 hydroxymethylcytosine (5hmC). Somatic loss-of- 
function mutations of TET2 are frequently observed in patients with 
diverse myeloid malignancies, including myelodysplastic syndromes, 
myeloproliferative neoplasms, and chronic myelomonocytic leukemia 
[12,13]. 

Regarding aCML, mutational frequencies such as ASXL1 28%, TET2 
16%, NRAS 16%, SETBP1 12%, RUNX1 12%, ETNK1 8% and PTPN11 
4% are seen in many papers [9,13]. 

The exact prevalence and impact of TET2 in aCML remains to be 
elucidated. Patnaik et al. [14] stipulate in his paper that 16% of the 
patients had TET2 mutations. The presence of these mutations inde
pendently and adversely impacted in patient’s survival. Increasing age, 
progressive anemia and the presence of TET2 mutations adversely 
impacted survival, providing an effective risk stratification system for 
affected patients. 

As we could see in the case presentation, aCML was a diagnosis of 
exclusion; we discarded other possible clinical abnormalities with lab
oratory tests, bone marrow biopsies and genetic tests such as acute 
leukemia, multiple myeloma, myelodysplastic diseases and typical CML. 

Through an exome genetic test to discard any mutation, we could 
explain a possible diagnosis of aCML since we found that our patient has 
a mutation in the TET2 gene and also mutations in the NRAS and KRAS 
that were likely pathogenic for this condition, making the diagnosis 
clearer. 

Until now, we do not understand the mechanisms or have an 
explanation for the mild improvement of our patient with Hydroxyurea 
but a possible explanation is that it affected the immune system of our 
patient causing mild improvement for a short period of time. 

4. Conclusion 

aCML remains a diagnosis of exclusion, in which the workup, as 
we’ve seen in this case, is extensive. However, it should be kept in mind 
when facing cases of suspected chronic leukemias and MDS/MPS, 
raising suspicion if a BCR-ABL1 test turned out negative. In our case, the 
patient, positive for TET2, KRAS, NRAS mutations, only briefly 
benefited on Prednitab. For this reason, we think that more research is 
needed to study the effectiveness of possible aCML treatment modalities. 
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