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ABSTRACT
Atypical myeloid leukemia is a myeloproliferative neoplasm in which patients have a dysplastic increase in blood cells of the
myeloid lineage as a result of hypercellular bone marrow. Our patient presented a positive Ph karyotype and a negative ABL/BCR
transcript. Moreover, her age does not correspond to the mean of diagnosis. Her first treatment was hydroxyurea 1 g/kg for 60
days, which was not positive for the evolution of the disease and thus the elective treatment was changed to imatinib 400 mg/
day. After two months, the treatment has produced a favorable response, which leads to think that the therapy with imatinib
offers better clinical results than other conventional ones. This text presents the study carried out at the Manuel Ávila Camacho
National Medical Center and compares it with the existing literature regarding diagnosis and treatment to assess similarities and
highlight specific points that may help in future case management.
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RESUMEN
La leucemia mieloide atípica es una neoplasia mieloproliferativa en la que los pacientes presentan un incremento displásico de
células sanguíneas del linaje mieloide como resultado de una médula ósea hipercelular. Nuestra paciente presentó un cariotipo
Ph positivo y un transcrito ABL/BCR negativo y se encuentra en una edad no correspondiente a la media de diagnóstico. Su primer
tratamiento fue hidroxiurea 1 g/kg durante 60 días, el cual no resultó positivo para la evolución de la enfermedad. Por ello, el
tratamiento electivo se cambió a imatinib 400 mg/día y, tras dos meses de tratamiento, tiene una respuesta favorable, lo cual
inclina a pensar que el tratamiento ofrece mejores resultados clínicos que otras terapias convencionales. En este texto se busca
presentar el estudio realizado en el Centro Médico Nacional Manuel Ávila Camacho y compararlo con la literatura existente respecto
a diagnóstico y tratamiento para evaluar similitudes y destacar puntos específicos que puedan ayudar al manejo de casos futuros.
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INTRODUCTION
Chronic myeloid leukemia (CML) is a hematologic disease
characterized as a myeloproliferative disorder that gives rise
to an overproduction of cells of the myeloid lineage1. It was
first described in 1845, and ever since, multiple studies have
led to a better understanding of its pathophysiology, genetics,
treatment, and prognosis.2 Genetically, it is characterized by
presenting the Philadelphia chromosome, a consequence of a
reciprocal translocation between the long arms of chromosomes
9 and 22. This produces the BCR/ABL transcript, a constitutively
active abnormal tyrosine kinase that causes an abnormal
proliferation of the entire hematopoietic line, preserving its
differentiation. Atypical chronic myeloid leukemia (aCML)
is a rare clonal hematopoietic stem cell disorder with the
absence of a detectable BCR-ABL1 fusion or the Philadelphia
(Ph) chromosome.1,3
CML incidence varies depending on geographical areas, and
it is estimated to affect about one in 100 000 people per
year.3 Due to the low incidence of aCML compared to other
hematologic disorders, it is hard to estimate a global report of
aCML epidemics. Nevertheless, a study by Smith et al. (2015)
using the SEER database 18, spanning from 1973 to 2011,
reported a total of 114 cases with negative BCR/ABL CML and
a final analysis of 82 cases of negative BCR/ABL CML.4 The
mean age of the patients was 69 years, 57% were male, and
81%, Caucasian.4
Signs and symptoms of CML can be classified in three phases
and, depending on the stage, patients may present fatigue,
night sweats, malaise, weight loss, left upper quadrant pain,
discomfort, satiety, and splenomegaly. Less commonly,
they may refer priapism, retinal hemorrhages, thrombosis,
bleeding, or hepatomegaly.1 The clinical features of BCR/
ABL-negative CML resemble those of BCR/ABL-positive and
thus specific genetics studies must be done to identify BCR/
ABL and other genetic abnormalities. The 2019 American
Cancer Society guidelines suggest blood count with blood
film differential, cytogenetics, and bone marrow aspirate with
differential to include percentages of blasts, promyelocytes,
myelocytes, eosinophils, and basophils. In addition, karyotyping
by G-banding is recommended to identify chromosomal
abnormalities other than t(9;22) while translocation and
reverse transcriptase PCR for BCR-ABL1 mRNA transcripts help
in CML diagnosis. However, health care systems and technology
variations between countries might hinder the fulfillment of
those recommendations.5
In the past, the treatment for CML consisted of chemotherapeutic
agents such as busulfan and hydroxyurea, but they are not
very effective in eliminating the malignant clones. Novel
therapies targeting specific genetic characteristics of the
disease, as tyrosine kinase inhibitors (TKIs) like imatinib, have

revolutionized CML therapy by improving clinical outcomes and
patient prognosis.5 However, the use of TKIs in aCML has not
been vastly studied and new outcomes are evaluated every year
to adequate this therapy for aCML patients.5,6 In this work, we
present the case of a 19-year-old female diagnosed with aCML
and the early outcomes of her treatment with imatinib. We also
show the challenges for the diagnosis and the expectations for
her prognosis based on the current literature.

Case report
On June 23, 2021, a 19-year-old female patient attended our
health center; she had no personal or family medical history
relevant to the current pathology. Respecting the current
ailment, the patient referred asthenia, adynamia, headache, and
nausea for a month. Moreover, the patient informed she had
suffered considerable weight loss (around 12 kg). The physical
examination revealed pallor and splenomegaly of 4 cm (ULCB).
Hematic biometry was requested and the results are
summarized in Table 1, showing compatibility with a
myeloproliferative disorder. Due to the tests and abnormal
laboratory results, a cytogenetic analysis was performed and
revealed a 46, XX,t(9;22)(q34.1;q11.2) Philadelphia positive.
A molecular biology analysis of negative p210 BCR/ABL
fusion gene by RT-PCR was performed twice. The patient was
diagnosed with aCML.
Table 1. Initial hematic biometry results (06/21/2021).

Initial hematic
biometry

Reference values

243 x 10 L

4-11 x 10 L

Hemoglobin

9 g/dL

13.0-16.0 g/dL

Hematocrit

25%

35.5-44.9%

Lymphocytes

13%

24-38%

1.295 x 10 L

120-400 x 10 L

Total leukocytes

Platelets

An initial treatment with hydroxyurea (1 g/kg/day) as single
dose was established, with a monthly progress schedule checked
by hematic biometry. The first month analysis reported total
leukocytes of 243,000/mcL, hemoglobin of 9,3, blasts at 4%, and
platelets at 1,295,000. There was no improvement on anemia
since the normal range of hemoglobin normal is 9.7–9.3 g/dL
(Table 1), that of thrombocytosis is 1.128,000–1,295,000 mcL,
and leukocytes range from 204 to 243/mcL. In addition, no
reduction in the spleen size was observed. Then, the treatment
was changed to imatinib (400mg/day), with a monthly schedule
for progress check-up by hematic biometry.
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After two months of therapy with imatinib (monthly checkups), the patient’s laboratory tests showed remarkable clinical
changes in hematologic parameters. As shown in Figure 1, there
was an improvement in hemoglobin, blasts, and platelets. After
the first month (30 days), the results showed an increase in total
leukocytes versus the last hydroxyurea report. However, the
second measurement (60 days after beginning the treatment)
showed a slight reduction in the total leukocyte count with
respect to the previous report.
This report was written before the check-up in the third month.

DISCUSSION
An initial CML diagnosis can represent a severe challenge due
to several factors, such as epidemiological differences between
countries and regions, lack of laboratory and genetics diagnosis
equipment, the inexperience of clinicians, and even the
ignorance of the pathology itself.7 CML is a myeloproliferative
neoplasm commonly, characterized by a triphasic natural
history: an indolent chronic phase, followed by an accelerated
phase, and finally, an aggressive blast phase. Depending on
the phase, signs and symptoms might be confused with other
diseases by the time patients see a clinician.7,8 Likewise, it must
be noted that our patient’s age is outside the diagnostic mean
(between the sixth and seventh decade of life) in addition to the
incompatibility with the epidemiological male predominance.
The initial blood studies suggested a hematological disorder
with abnormal cell proliferation. Nevertheless, the literature
reports several differential diagnoses (chronic myelomonocytic
leukemia, chronic neutrophilic leukemia, and essential
thrombocythemia, among others) that must be excluded

before a final diagnosis is established. Simple differences in
hematological biometry can lead clinicians to suspect a specific
blood disorder.7 The characteristic blood count features of CML
are absolute leukocytosis (median of 100,000/µL), a normal or
elevated platelet count, and thrombocytopenia suggesting an
alternative diagnosis or an advanced stage of the disease.1,8
Once the suspected CML has been established, additional tests
are necessary to identify specific genetic and morphologic
characteristics. If it is intended to differentiate CML from aCML,
the initial tests should focus on excluding the BCR-ABL1 fusion.
Cytogenetics, FISH, and PCR can help to distinguish other
aCML common genetic alterations, like PDGFRA, PDGFRB,
and FGFR1, among others.7,9 In our diagnostic approach, we
performed a cytogenetic analysis that revealed a 46, XX,t(9;22)
(q34.1;q11.2) karyotype, and the result confirmed the existence
of Philadelphia. A molecular biology analysis of BCR/ABL by
RT-PCR was performed twice with a negative result for the
p210 gene fusion. Despite the current American Cancer Society
guidelines recommending karyotyping by G band as well as
other blood parameters, the lack of technology resources
and professionally trained physicians made it impossible to
follow those recommendations. The sum of the results of all
the studies performed led us to the diagnosis of aCML. We
consider it important to highlight that if the diagnosis of aCML
or other myeloproliferative disorders is unclear, recent guideline
updates suggest implementing mutation sequencing, targeting
JAK2, CALR, MPL, TET2, and SRSF2 among others, to reach the
correct diagnosis.5
As stated before, the treatment for CML used to consist of
hydroxyurea in combination with low doses of cytarabine or
interferon. Still, the literature has reported that this therapy
has poor results in increasing life expectancy and reducing

Figure 1. Hematic biometry (total leukocytes, hemoglobin, blasts, and platelets).
Results after treatment with Hydroxyurea and first and second month after treatment with Imatinib.
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laboratory parameters worsening after 8–10 months of
treatment.7 Over the last 20 years, novel therapies, specifically
TKIs, have shown promising results in treating this disease as
well as other neoplastic pathologies. Focusing on aCML, several
studies (most of them case reports) have shown that treatment
with imatinib has succeeded in improving laboratory parameters
like total leukocytes, blasts, hemoglobin, myeloid-lymphocytic
rate, and symptomatology.10 Although life expectancy has
not been specified in the literature, we suggest some causes
might the be absence of follow-up and reports of results after
several years and death of patients due to other causes, just
to mention a few examples.
Despite the reported success of imatinib usage in aCML patients,
some reports suggest that specific BCR-ABL and other genetic
mutations may produce resistant clones against imatinib.11 For
example, studies correlate the expression of the Ikaros variant
Ik6 with high BCR-ABL1 mRNA levels and imatinib resistance in
Ph+ cases.12 Furthermore, a report from 2011 strongly suggested
the existence of another oncogene present in CML and aCML
that might be responsible for imatinib resistance by activating
the PI3K/AKT1/mTOR pathway.13 Nevertheless, further research
must be done before establishing a direct relation between
genetic aberrations and imatinib resistance.
Due to the availability of medications and the costs policy
for initial therapies in oncology at our health center, our
patient started treatment with hydroxyurea (1 g/kg/day) for
two months. After two check-ups, the treatment showed
no favorable results, so it was changed to imatinib 400 mg/
day (being this the standardized initial dose recommended),
providing a favorable clinical response so far.5 Further molecular
tests must be performed to identify a possible molecular
improvement. The total leukocytes increased in the first
measurement of this treatment, which can be explained by
the null response of the patient to the two-month treatment
with Hydroxyurea. Furthermore, the second measurement after
imatinib treatment showed a decrease in this parameter. We
expect this decrease to continue and our patient to present
better hematic parameters and clinical response.
The reported side effects related to imatinib treatment
include developing nonspecific clinical symptoms, such as
the appearance of diarrhea, muscle aches, and fatigue.
According to laboratory findings, persistent leukopenia and
thrombocytopenia might also be present. In these cases, it is
recommended to readjust the dosage of imatinib and evaluate
a possible treatment resistance. Moreover, cases of genetic
alterations as trisomies and tetrasomies have been reported
after the abandonment of treatment due to non-compliance
with cycles adapted to the needs of the patients.14,15

hemoglobin lower than 10mg/dL, the presence of blasts
examined by peripheral blood smear, and some genetic
mutations like trisomy 8 clones. Nevertheless, no reports
confirm that these abnormalities directly affect patient
prognosis.12 According to the Sokal index, our patient has an
intermediate risk of 0.85. Using this therapy for three months,
we expect a positive hematological response, along with a
normalization of the abnormalities in the hematic cytometry
and the disappearance of the splenomegaly.
It would be premature to discuss the prognosis of our patient;
sometimes genotypic diagnosis is usually omitted since the
karyotype of patients with CML is obviated. Obtaining the
karyotype of each patient is essential to proceed to an accurate
diagnosis and personalized treatment. In the literature reviews
consulted, leukocytosis, blasts in peripheral blood, anemia,
splenomegaly, and the atypical age of the patient remain
negative factors in the prognosis of this disease, while the
mean survival reported does not usually exceed 25 months.1
For these reasons, the most pertinent route is to wait for the
response to the treatment with constant clinical and molecular
monitoring to evaluate the response to the treatment and its
follow-up over the months. It is planned to perform a third
RT-PCR after the third month of treatment to find possible
genetic alterations in our patient.

CONCLUSION
Due to the complexity of its diagnosis and high mortality rate,
aCML is an important hematological disease. As seen in the
ongoing treatment of our patient and confirmed data of the
existing literature, hydroxyurea is not an efficient treatment
for this pathology. Still, the treatment with imatinib has shown
promising results, improving the patient’s symptomatology
and laboratory measurements, which correlates with previous
reports of TKI usage in aCML patients. Our case faced
technological and clinical limitations for the initial diagnosis.
Regarding the follow-up of the patient’s condition, molecular
tests were performed to identify molecular improvement,
molecular aberrations, or side effects likely related to the
treatment. More research of common treatments for CML
applied to aCML patients must be done to identify possible side
effects and prognosis. We aim to contribute to this purpose by
reporting significant outcomes of this patient as the treatment
with imatinib goes on.
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Some of the adverse prognostic factors have been reported
in patients with a leukocyte count greater than 50 x 10⁹/L,
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