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ABSTRACT
Chronic myelomonocytic leukemia (CMML) is a malignant hematopoietic stem cell disorder with clinical and 
pathological features of both a myeloproliferative neoplasm (MPN) and myelodysplastic syndrome (MDS). 
CMML is characterized by peripheral blood monocytosis accompanied by bone marrow dysplasia; cytopenias 
and hepatosplenomegaly are common. The pathogenesis of CMML is poorly understood. CMML arises by the 
serial acquisition of somatic genetic events that create multiple, distinct neoplastic cell clones. Transformation to 
acute myeloid leukemia (AML) is a well-known phenomenon and reaches 15-20% of cases. However, we report 
here a rare type of transformation to B cell acute lymphoblastic leukemia (B-ALL) in a 71-year-old female. There 
is a paucity of case reports on this particular transformation where only one case in adults and another case in 
a 10-month-old infant. The transformation of other subtypes of MDS such as refractory anemia with or without 
sideroblasts and or with increased blasts to B-ALL has been reported in the past. It is not very clear if there is 
a specific provocative factor for this particular transformation since the cytogenetic and molecular markers in 
our patients were all negative except pathogenic variants in the NRAS and TET2 genes at high allele frequencies 
on retrospective analysis. The new lymphoid malignancy /clone for our case was cleared after 2 cycles of mini 
HCVAD protocol. We focused our treatment on this new lymphoid clone which was cleared after 2 cycles of mini 
HCVAD protocol. Although the transformation of CMML into B-ALL is a rare complication, we believe further 
analysis or cohort study on  larger CMML cases to elaborate more on the risk factors,  cytogenetic and molecular 
events that might contribute to such complication. 
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Introduction
Chronic myelomonocytic leukemia (CMML) is a clonal 
hematopoietic stem cell-derived disorder characterized by 

abnormal bone marrow (BM) production of monocytes resulting 
in absolute (≥1×10 9/L) and relative (>10%) peripheral blood (PB) 
monocytosis, dysplasia in any or all hematopoietic cell lineages [1].

CMML is the most frequent entity among myeloproliferative 
/ myelodysplastic syndromes, as defined by the World Health 
Organization (WHO) classification of myeloid malignancies 
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in 2008 [2]. CMML was recognized as a distinct entity by the 
French-American-British (FAB) group in 1976 [3]. Based on the 
percentage of blast cells in the bone marrow and peripheral blood, 
CMML is further stratified into CMML-1 (< 5% in blood, < 10% 
in the bone marrow) and CMML-2 (5 to 19% in the blood; 10 to 
19% in the bone marrow, or less if Auer inclusions are present) [4].

The median age at diagnosis of CMML is 65 to 75 years with 
moderate male predominance. The actual incidence of CMML 
may be higher than that predicted by cancer databases since the 
nonspecific symptoms may evade detection in the early stages of 
the disease, while other cases may not undergo definitive testing, 
such as bone marrow biopsy, due to comorbidities and very 
advanced age [5]. Clinical presentation of CMML patients can be 
non-specific and the disease would be suspected upon the initial 
blood work up when changes of anemia, neutropenia, monocytosis 
and thrombocytopenia are detected. However, splenomegaly tends 
to occur in up to 25% of patients and is often accompanied by 
hepatomegaly, lymphadenopathy, or nodular cutaneous leukemic 
infiltrates [6,7].

Case history
Seventy-one year old Saudi female from the northern region 
presented in March 2018 with bleeding per gum and skin 
ecchymosis. She is known to have type 2 diabetes mellitus and 
hypothyroidism.

Clinical examination revealed scattered skin ecchymosis and 
petechial spots mostly on upper limbs. Hepatosplenomegaly was 
evident with enlarged spleen 10 cm below left costal margin and, 
liver of 15 cm below right costal margin.

Complete blood count (CBC) on admission showed Hb of 70 g/l, 
MCV 87fl, WBC 5.1 x10^9/L, ANC 1.9 x10^9/L, lymphocytes 
1.6 x10^9/L, monocytes 1.3 x10^9/L (25 %) and Platelets 39 
x10^9/L. Peripheral Blood smear showed left shifted granulocytes, 
occasional Pseudo Pelger-Huet neutrophils, rare medium- sized 
circulating blasts with high nuclear/cytoplasmic (N/C) ratio and 
some monocytes. Few large platelets were noted with no platelet 
aggregates (Figure 1a).

Bone marrow was performed and revealed hyper cellular marrow 
for patient`s age with around 80% cellularity, adequate trilineage 
hematopoiesis with dysplasia mainly noted in erythroid precursors 
in the form of significant megaloblastoid changes and basophilic 
stippling. Some small and hypolobated megakaryocytes (small 
and hypolobated) precursors. The blasts are increased and account 
for around 12% of marrow nucleated cells, while the monocytes 
account for 1.2% (Figure 1b).

The Flow cytometry analysis from bone marrow detected 
around 1% myeloblast expressing positivity for CD34, CD117, 
CD13, CD33, and partial positivity for CD7. Interestingly, there 
were about 3.6% B lymphoblasts with a hematogone pattern of 
expression for CD19, CD10, CD20, CD79a, CD22 and TdT.

Conventional cytogenetic showed normal female karyotype 
(46; XX) and extensive FISH panel for myelodysplasia and 
myeloproliferative neoplasm disorder including BCR/ABL1, 
PDGFRA and PDGFRB were performed and did not demonstrate 
positive abnormalities. Likewise molecular analysis for NPM1, 
FLT3-ITD and KIT mutations were all negative. However, 
molecular testing for myeloid tumor panel was retrospectively 
requested. A presence of pathogenic variants in the NRAS and 
TET2 genes at high allele frequencies are detected.

In view of the patient`s presentation of cytopenia, splenomegaly, 
persistent peripheral blood monocytosis (>10% of total WBC) 
with no clinical evidence of infection or other malignancy, 
significant bone marrow dysplasia in two cell lineages , negative 
mutations for BCR-ABL1, JAK2 and NPM1 and absence of 
rearrangement of PDGFRA, PDGFRB,   FGR1, the diagnosis of 
Myelodysplastic / Myeloproliferative neoplasm in the form of 
chronic myelomonocytic leukemia (CMML) was made. Given the 
percentage of bone marrow blasts less than 20 % the patient was 
diagnosed with chronic myelomonocytic leukemia-2 (CMML-2).

The patient was started on Azacitidine 100 mg s/c daily for one 
week/month in April 2018 for a total of 13 months. Despite the fact 
that her count did not improve dramatically, the patient herself felt 
more energetic and active. In addition, most of the skin ecchymosis 
and bruises have disappeared and no more spontaneous bleeding 
episodes.

The patient requested treatment break after cycle 13, she remained 
mildly pancytopenic with persistent hepatosplenomegaly.

A follow up marrow biopsy in January 2019 showed increased 
cellularity to 90% with no immunomorphological evidence for 
disease progression as blasts were 10-11% and the picture as a 
whole still consistent with CMML-2. Flow cytometry, Cytogenetic 
and FISH analysis showed no new changes compared to the bone 
marrow at presentation one year earlier.

Since there was no evidence of disease progression and given 
the fact that the patient was enjoying a reasonable quality of life, 
she decided to stay off treatment with regular clinic visits and 
assessment.

Due to worsened anemia and thrombocytopenia, a bone marrow 
was performed in February 2020 that showed raised blast count 
to 46%. These blasts unexpectedly resemble lymphoblast by 
morphology (Figure 2a and b). The flow cytometry detected 
around 20% blasts expressing CD 34, CD22, HLA-DR, CD10, 
CD19, cytoCD79a and TdT, the immunophenotypic profile of 
B lymphoblastic leukemia (B- ALL). The hyper cellular bone 
marrow trephine revealed a large collection of small to medium 
size blasts of which the immunohistochemistry also concord with 
flow cytometry finding for the presence of lymphoblast (Figures 
2c and d).
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Figure 1: Peripheral blood smear and bone marrow in March 2018 consistent with a diagnosis of chronic myelomonocytic leukemia. a: Patient 
peripheral blood smear showing monocyte and two Pseudo Pelger-Huet neutrophils. b: Patient bone marrow aspirate showing hypercellularity with 
prominent monocytes precursors, dysplastic granulocyte precursors and increased blasts (× 50 high power magnification).

Figure 2: Microscopic examination of the bone marrow in February 2020. a: Bone marrow aspirates showing medium size lymphoblast with scanty 
cytoplasm (× 50 high power magnifications). b: Bone marrow biopsy showing large collection of small to medium size blasts (× 40 high power 
magnification). c: Blasts with positivity for CD79a immunohistochemical stain (× 20 high power magnification). d: Blasts with positivity for TdT 
immunohistochemical stain (× 40 high power magnification).



Volume 3 | Issue 1 | 4 of 7Cancer Sci Res, 2020

Bone marrow Chromosome analysis revealed female karyotype 
with unbalanced translocation between long arms of chromosome 
1 and 14 in 5% of all examined cells Karyotype: 46,XX,der(14)
t(1;14)(q21;p11.1)[2]/46,XX[18]. This finding was also confirmed 
by a FISH study that revealed an extra copy of 1q25 region in 
2.4 % of examined cells, based on metaphases third copy of 1q25 
region showed on chromosome 14 (Figure 3A and B). 

The FISH for B lymphoblastic and myeloid leukemia panel did not 
detect any positive abnormalities. 

With the new developments of our patient disease pathology, the 
management plan had to be changed to target the new leukemia 
clone of B-ALL where she received two rounds of mini HCVAD 
protocol. Disease progression evaluation by bone marrow 
examination revealed resolution of the B-ALL clone and the return 
to CMML 2 immunomorphological status.

Discussion
CMML is a relatively rare disease, with an approximate incidence 
of 0.3 to 0.7per 100,000-person-year, median age at diagnosis 
of 71–74 years, and a strong male predominance (M: F ratio, 
1.5/3:1) [8-11]. Clinical heterogeneity is broadly captured by the 
historical categorization into proliferative type (MPN-CMML) 
and dysplastic type (MDS-CMML) CMML, based on the presence 
of a white blood cell (WBC) count ≥13×109/L in the former [12]. 

The 2016 World Health Organization (WHO) criteria for the 
diagnosis of CMML include all of the following: 1) Persistent (≥3 
months) peripheral blood monocytosis; absolute monocyte count 
>1000/microlitre and greater than 10 percent of the entire white 
blood cell differential. 2) Not meeting WHO criteria for BCR-
ABL1 positive chronic myeloid leukemia, primary myelofibrosis, 
polycythemia vera, or essential thrombocytosis. 3) <20 percent 
myeloblasts, monoblasts and promonocytes in peripheral blood 
and bone marrow. 4) Dysplastic changes in one or more myeloid 
lineages. If myelodysplastic changes are absent or minimal, the 
diagnosis of CMML can be made if the above three criteria are met 
and: a) An acquired clonal cytogenetic (or mutational abnormality) 
is present in bone marrow cells or b) Persistent monocytosis for ≥3 
months and all other causes of monocytosis have been excluded 
[12]. The WHO classification sub classifies cases into one of three 
groups based on prognostic value: 1) CMML 0, <2 percent blasts 
in the peripheral blood and <5 percent blasts in the marrow 2) 
CMML1, 2 to 4 percent blasts in the peripheral blood and/or 5 to 
9 percent blasts in the marrow 3) CMML 2, 5 to 19 percent blasts 
in the peripheral blood, 10 to 19 percent blasts in the marrow, or 
presence of one or more Auer rods [14]. Cytogenetic abnormalities 
occur in approximately 30% of patients with CMML. Common 
abnormalities include trisomy 8, -Y, abnormalities of chromosome 
7 (monosomy 7 and or del 7q), trisomy 21 and complex karyotype. 
Cytogenetic risk stratification by the Spanish group was developed 
and categorized patients into three groups: high risk (trisomy 

Figure 3: FISH and Cytogenetic Karyotyping images from patient Bone Marrow culture in 2020. A) Cytogenetic karyotyping revealed a female with 
46, XX, der (14) t (1; 14) (q21; p11.1) (Black arrow). B) A metaphase hybridized with combined probes for 1p36 (Red)/1q25 (Green) and IGH gene 
(Dual color of Green/Red) on chromosome 14. Yellow arrows indicate presence of two normal chromosome1 while the white arrow indicate presence 
of one normal chromosome 14 and the red arrow indicate the derivation chromosome of 14 involved combining of extra segment of the long arm 
chromosome 1 with the other homologue of chromosome 14. 
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8, chromosome 7 abnormalities and complex karyotype), 
intermediate-risk (all chromosomal abnormalities except those 
in high and low risk groups) and low risk (all normal karyotype 
or –Y) with 5 year overall survival (OS) of 4%, 26% and 35 % 
respectively [15]. Trisomy 1q is known to play part on a complex 
chromosome change affecting the subtypes of MDS other than 
CMML. Rare reports detect this abnormality in CMML [16]. Gene 
mutations occur in approximately 90% of patients with CMML 
[17], and can be divided according to the major class of these 
mutations (Table 1).

Major class of genetic mutation Genes involved

Mutations in epigenetic control of 
transcription

histone modification (EZH2, ASXL1, 
UTX), and DNA methylation (TET2, 
DNMT3A, IDH1 and IDH2) [18-22]

Mutations in the splicesome machinery (SF3B1, SRSF2, U2AF1, ZRSR2, 
PRPF8) [11]

Mutations in genes that regulate cell 
signaling

(JAK2, KRAS, NRAS, CBL, PTPN11 
and FLT3) [23-27]

Mutations in transcription factors and 
nucleosome assembly (RUNX1, SETBP1) [28,29]

Mutations in DNA damage response 
genes TP53 and PHF6 [30]

Table 1: Classification of somatic mutations in CMML.

The most frequent mutations in patients with CMML are TET2, 
SRSF2, ASXL1 and RAS pathway with a frequency of 60%, 50%, 
40% and 30% respectively [17,31]. Leukemic transformation of 
CMML to AML is associated with risk factors such as high-risk 
karyotype, PB blast percentage, absolute monocytic count (AMC) 
>10 × 109/L, ASXL1, RUNX1, NRAS, SETBP1, DNMT3A 
and NPM1 mutations [32-34]. This transformation is usually 
associated with poor outcome, 1, 3,5 year survival rates of 25%, 
9% and 6% respectively with OS of 6 months in one large study 
[35]. Blast transformation to lymphoid malignancies is generally 
rare; however, few cases of transformation into monoclonal 
gammopathy of uncertain significance, multiple myeloma, chronic 
lymphocytic leukemia and angioimmunoblastic lymphoma have 
been reported [36-40]. Although the transformation of CMML 
to acute lymphoblastic leukemia is rare, several cases of MDS 
transformed into B-ALL in adults have been reported [41]. 
Infantile CMML suggested being clonal disorders arising in a 
pluripotent stem cell that can also differentiate along the lymphoid 
cell lineage [42].

In our patient high allele frequencies of NRAS and TET2 genes 
were detected. TET2 mutations can be detected in both myeloid 
and lymphoid malignancies [43].    In TET2-mutated lymphoid 
malignancies, the detection of a mutated allele in immature 
myeloid progenitors suggest that a common genetic background 
could generate both myeloid and lymphoid diseases [44,45]. 
The presence of new cytogenetic abnormality of t(1;14) later 
at diagnosis of B-ALL and on subsequent bone marrow after 
disappearance of lymphoblast clone and its correlation with the 
blast transformation is not yet clearly understood. The use of 
azacitidine in the treatment of CMML was approved by FDA after 
early trials have shown activity in the treatment of myelodysplastic 

syndromes where CMML represented a minority of the study 
population [46]. Due to the fact that lymphoid malignancy 
transformation in CMML patients is rare, no specific guidelines on 
how these transformations should be managed. Nevertheless, on 
implementing the standard of care in the management of B-ALL, 
our patient went into remission after receiving a modified HCVAD 
protocol which is the usual scenario given the fact that it was not 
associated with recurrent cytogenetic or molecular markers.

Conclusion
CMML is a bone marrow disorder characterized by 
myeloproliferative and myelodysplastic features. Comprehensive 
mutational studies based mainly on next-generation sequencing 
technologies have scripted the mutational landscape of CMML 
and identified recurrently mutated genes involved in epigenetic 
regulation, pre-messenger RNA splicing, and cell signaling. 
Leukemic transformation usually to AML is a well-known 
complication. Lymphblastic transformation is a rare complication 
with a handful of reports in the literature. Further investigations 
and deep analysis warranted on this particular transformation. 
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