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Abstract
Chronic myeloid leukaemia most commonly presents in chronic phase (CML-CP) and it is characterised by granulocytic 
proliferation. Many patients have an excellent response to tyrosine kinase inhibitor therapy; however, a small proportion 
will develop lymphoid or myeloid blast crisis, with inferior clinical outcomes. Detection of lymphoblasts at diagnosis of 
CML-CP has been reported in small case series with conflicting results on the risk of subsequent blast crisis. The aim of this 
study was to identify the incidence and immunophenotype of abnormal lymphoblast populations in CML-CP. Retrospective 
review of bone marrow flow cytometry results of consecutive patients with newly diagnosed CML-CP between June 2012 
and February 2021 was performed. Lymphoblasts, myeloblasts, haematogones, and mature lymphocytes were evaluated. 
Fifty-nine patients had bone marrow flow cytometry results available for review. Abnormal lymphoblast populations were 
detected in four patients (7%) comprising 0.05–0.19% of bone marrow events. The immunophenotype was similar but distinct 
from haematogones. The most common distinguishing features of the abnormal lymphoblast populations were abnormally 
bright expression of CD19 or CD10, weak CD38 or aberrant CD20 expression on CD34 + cells. The clinical case of one of 
the patients with abnormal lymphoblasts detected at diagnosis who went on to subsequent blast crisis is discussed. Abnormal 
lymphoblasts can be identified in CML-CP and may be under-recognised. Their detection requires careful analysis in order 
to distinguish them from normal precursors. The clinical significance of such populations requires further study.
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Introduction

Chronic myeloid leukaemia (CML) is a myeloproliferative 
neoplasm originating from a pluripotent haematopoietic 
stem cell with the potential to differentiate into malignant 
myeloid and/or lymphoid populations. Typically, CML pre-
sents in chronic phase (CML-CP) with granulocytic pro-
liferation, and the majority of patients will have an excel-
lent response to tyrosine kinase inhibitor (TKI) therapy [1]. 

However, in those who progress to blast phase the prognosis 
remains poor with 5-year survival of less than 20% in the 
modern era [2]. The most important predictor of progression 
is response to TKI therapy. Other factors predicting risk of 
transformation or death include age, spleen size and basophil 
count [3–5].

Flow cytometry allows for sensitive detection of abnormal 
haematopoietic populations. As CML-CP is characterised 
by proliferation of predominantly granulocytes and granu-
locytic precursors without immunophenotypic aberrancy or 
maturation arrest, flow cytometry has been considered to 
be of limited utility in this phase of disease. However, in 
cases where flow cytometry has been performed, there are 
reports of detection of abnormal lymphoblast populations 
with conflicting data on the subsequent risk of development 
of blast phase [6–9].

We report here a case of CML-CP with an abnormal 
lymphoblast population identified at diagnosis. Addition-
ally, a review of cases of CML-CP at our institution was 
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performed with the aim of identifying the incidence and 
immunophenotype of abnormal lymphoblast populations at 
diagnosis in patients with CML-CP.

Methods

At our community-based laboratory flow cytometry is per-
formed on all bone marrow specimens. Samples are col-
lected in lithium heparin anticoagulant and analysed within 
24 h. Samples are prepared using Beckman coulter FP100, 
and flow cytometry is performed on the Beckman Coulter 
Navios flow cytometer. Ten-colour flow using screening 
tubes to assess myeloid maturation and examine lymphocyte 
populations (Table 1) is performed with additional analysis 
as required. Data collection on our antibody tube designed 
to interrogate myeloid lineage has 2 stops: 100,000 events 
or 5 min whichever comes first. The tubes designed to inter-
rogate T cell and B cells, respectively, have an additional 
stop of 5000 events occurring in the “lymphocyte gate” on 
CD45 versus side scatter.

The case described below was identified through routine 
analysis, and additional clinical information was provided 
by the treating clinician with patient consent.

To assess the incidence of abnormal lymphoblast popula-
tions in patients with CML-CP, consecutive patients with a 
BCR-ABL1 fusion detected by RT-PCR with a bone marrow 
aspirate and trephine performed between June 2012 and Feb-
ruary 2021 were identified. Patients were then excluded if 
they did not have a diagnosis of CML-CP. Flow cytometry 
of these patients were reviewed by the first and/or last author 
using Kaluza C version 1.1.

Using our Navios cytometers, with our particular anti-
body combinations and settings:

Early haematogones are described as CD19weak/ + , 
CD10 + / +  + , CD38 + / +  + , CD20-, CD34 + , CD45weak 
with very low side scatter (SS). Later haematogones are 
CD19 + , CD10 + , CD38 + / +  + , CD20 variable from 
– to + , CD34-, CD45 + with very low SS. We selected for 
early haematogones by sequentially gating on CD34 versus 
SS, then CD19 positivity, ensuring that the events appeared 
in the correct area on CD45 vs SS. This was correlated 
with CD19weak, CD10 + / +  + , CD38 + / +  + events 
with CD45weak/very low SS on a second analysis. Later 

haematogones were identified and enumerated by the char-
acteristics above. Aberrant B lymphoblasts were identified 
by CD19 expressing CD10 ± , surface membrane immu-
noglobulin (SMIg) negative events of any CD45 inten-
sity that were not plasma cells (CD38 + +) nor abnormal 
mature B-cells and deviated from the normal maturation 
pattern described.

A minimum of 20% positive events was used for anti-
gen positivity, and populations comprising less than 20 
events were not included. All populations are reported as 
a percentage of total bone marrow events unless otherwise 
stated.

Patient outcomes, aside from those in the clinical case, 
have not been included as we are unable to guarantee the 
completeness of follow up through our community-based 
laboratory.

Results

Clinical case

A 73-year-old lady presented with neutrophilia 
(10.5 ×  109/L) and basophilia (1.2 ×  109/L) on routine blood 
tests. BCR/ABL1 dual colour FISH detected the BCR-ABL1 
gene fusion (p210 transcript) and bone marrow aspirate 
and trephine confirmed CML-CP. Flow cytometry on the 
bone marrow aspirate identified an abnormal lymphoblast 
population comprising 0.2% of all cells. The phenotype 
of the lymphoblasts was CD45weak/ + , CD34weak/ + , 
CD19 + / +  + , CD10 +  + , CD38weak/ + , CD9 +  + , 
CD20 + /variable, SMIg—with slightly higher side scatter 
than normal haematogones (Fig. 1).

The patient commenced imatinib 400 mg daily, achiev-
ing a major molecular response (MMR). Four years later, 
she progressed with abrupt lymphoblast crisis. The phe-
notype of the lymphoblasts was similar, but not identical, 
to those detected at diagnosis: CD45 + , CD34 + /partial, 
CD19 + / +  + , CD10 +  + , CD38 weak, CD9 weak, CD20 
variable, HLA-DR +  + , cCD79a + , CD11b weak, cTDT + , 
CD33 weak, SmIg-. She commenced treatment with dexa-
methasone, vincristine, and dasatinib, again achieving 
MMR.

Table 1  Screening tubes performed on bone marrow aspirate samples

Fluorochromes FITC PE ECD PC5.5 PC7 APC APCA-700 APCA-750 KO Pac Blue
Tubes

1 CD15 CD11b CD13 CD33 CD34 CD117 CD14 CD71 CD45 CD19
2 CD16 CD56 CD19 CD5 CD7 CD2 CD8 CD3 CD45 CD4
3 Kappa Lambda CD19 CD38 CD10 CD9 CD5 CD45 CD20
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A total of 65 patients with a new diagnosis of CML-CP were 
identified. Of these patients, 6 flow cytometry files were not 
available for review, and the final analysis was performed 
on the remaining 59 patients. The median age was 64 years 
(range 32–85 years) and 56% of patients were female. Fifty-
seven patients had the p210 BCR-ABL1 fusion transcript; 
in one patient the p190 transcript was detected, and one did 
not have this information available. Two patients had BCR-
ABL1 translocations involving additional chromosomes; 
one had a cryptic insertion detected on FISH and PCR but 
not on conventional karyotype. An additional 4 patients had 
abnormalities detected on conventional karyotype besides 
t(9;22); these were inv(2)(p25q21), t(5;15)(q13;q22), and 
two patients with -Y.

The patient reported above is one of four patients we iden-
tified with an abnormal lymphoblast population (Table 2). 
The index patient had the highest percentage of aberrant 
lymphoblasts and was the only patient reported prospec-
tively with confidence. The immunophenotype in those with 
abnormal lymphoblast populations was similar but distinct 
from haematogones. The median percentage of haemato-
gones in these patients was 0.36% (44% of B cells) compared 

to 0.05% (16% of B cells) in those without abnormal lymph-
oblasts. These patients otherwise had similar age, myeloblast 
percentage, and incidence of aberrancy to the remainder of 
the cohort. An additional four patients had abnormal mature 
B cell populations predominantly of a chronic lymphocytic 
leukaemia (CLL) phenotype (Table 3).

Unexpectedly, an abnormal myeloblast immunophe-
notype was detected in 88% of patients with all of these 
patients expressing weak CD11b (Table 3). Additional aber-
rant markers were detected in 34% with the most common 
being weak CD7.

Discussion

The 2017 revised 4th edition of the World Health Organisa-
tion classification of myeloid neoplasms and acute leukae-
mia includes abnormal lymphoblast populations in CML as a 
possible indicator of an aggressive disease course [5]. In our 
case study, the relationship between the aberrant lympho-
blast population at diagnosis and the B-lymphoblastic leu-
kaemia clone at transformation is interesting but has not 
been proven to be causative. Our pattern of referrals and 
follow-up after treatment did not permit detailed follow-up 

Fig. 1  Flowcytometry dot plot of CD19 + events in our patient; the abnormal lymphoblast population is highlighted in green, haematogones in 
purple and mature lymphocytes in orange
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of most cases. However, in units where diagnostic and fol-
low-up marrows tend to remain within one centre, it would 
be of interest to analyse diagnostic marrows in individuals 
treated for chronic phase CML who have subsequently trans-
formed to B-lymphoblastic leukaemia with the objective of 
establishing whether there existed an aberrant precursor 
B-lymphoblast population in those individuals at diagnosis 
of chronic phase CML.

To date there have been 18 reported cases of abnormal 
lymphoblasts in CML-CP [6–9]. There is an overall high 
rate of transformation reported with 6/18 (33%) progress-
ing to blast phase with follow-up of 1–67 months despite 
all patients receiving treatment with TKI therapy. The rates 
of progression vary significantly between studies, with five 
of the patients who progressed being included in two pub-
lications [8, 9]. This is in comparison to the publications 
by Vrotsos et al. and Soma et al. who reported only a sin-
gle blast crisis from 11 patients [6, 7]. It is also important 
to note that of these 18 cases, at least six were children or 
adolescents, a group who may have a more aggressive clini-
cal course than adults [10]. In those who did develop blast 
phase, the time to progression was not consistent between 

studies. In our clinical case, the patient had an abrupt pro-
gression with lymphoblast crisis several years following her 
diagnosis suggesting that if the risk of lymphoblast crisis is 
increased, it may not be imminent.

In many of the cases reported, as in our case, the lympho-
blast populations were associated with a phenotype similar 
to haematogones. Common immunophenotypes included 
abnormally bright CD19, bright CD10, weaker CD38, and, 
in some cases, aberrant expression of CD20 on CD34 + cells 
[6, 7, 11]. In the cases described in this paper, haematogones 
comprised small percentages of cells overall. This is con-
sistent with the typically marked granulocytic hyperplasia 
at an initial diagnosis of CML-CP. Comparing still these 
small percentages amongst our cases analysed, we noticed 
a trend towards marginally more prominent hematogones 
in the marrows of patients who had abnormal B-precursors 
identified relative to those marrows where CML-CP was 
diagnosed without abnormal B-precursors. We also noted, 
as previously documented, that in all cases where aberrant 
B-precursors were present in the marrow, there were at least 
equivalent percentages or greater of normal hematogones 
present [6, 7]. A thorough examination of the phenotype 
of these relatively small populations of B-cell precursors is 
required to identify and contrast the abnormal populations 
with the typical precursor B-cell phenotype, but the presence 
of normal precursors is useful in this regard.

The incidence of abnormal lymphoblast populations 
reported in these publications ranged from 2 to 11%, and 
in our cohort was 7%. As flow cytometry is often not per-
formed in CML-CP it is possible that these populations may 
be underrecognised [9]. Alternatively, this high incidence 
may reflect reporting bias, with centers only publishing 
cases where they have detected aberrant populations, and 
particularly when these have been associated with subse-
quent development of blast phase.

It has been traditionally thought that CML-CP involves 
granulocytic proliferation without immunophenotypic aber-
rancy. We had the unexpected finding of aberrant myelo-
blasts in the majority of patients with a high incidence of 
CD11b expression on CD34 + myeloblasts and approxi-
mately one third expressing additional aberrant markers, 

Table 2  Patients with abnormal lymphoblast populations

* Index case

Patient age 
(years)

Haematogones Lymphoblast  
population

Immunophenotype

72 * 0.42 0.19 CD19 +  + , CD10 +  + , CD20 + /variable, CD38 + , CD9 + , CD34 + , CD45weak
81 0.3 0.05 CD19 + / +  + , CD10 + , CD38 +  + , CD34 + , CD45 + (stronger than typical for 

haematogones)
52 0.64 0.07 CD19 +  + , CD10 + , CD38weak, CD20weak/-
68 0.14 0.07 CD19 + / +  + , CD10 +  + , CD38 + , CD34 + , CD45 + 

Table 3  Bone marrow populations in CML-CP

* Other markers detected: CD4, CD16, CD56

Bone marrow populations Median (range)

Blasts 0.7 (0.16–3.0)
B lymphocytes 0.38 (0.06–5.15)
Haematogones 0.06 (0–1.2)
Immature haematogones 0.01 (0–0.16)
Abnormal populations n (%)
Abnormal myeloblast populations 52 (88)
CD11b 52 (88)
wCD7 15 (25)
Other * 7 (12)
Abnormal lymphoblast populations 4 (7)
Abnormal mature B cell populations
CLL phenotype 3 (5)
Other 1 (2)
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most commonly CD7. It is noted that CD11b expression on 
myeloid blasts in CML-CP has in fact been described in the 
literature. Janssen et al. found CD11b expression on a pro-
portion of stem cells which were Philadelphia chromosome 
positive, whereas normal stem cells were generally CD11b 
negative or low [12]. Our finding of CD11b expression 
on > 20% of myeloid blasts in 88% of our CML-CP cases 
is in keeping with this. We have reported CD7 expression 
on blasts as aberrant although the literature is not unified in 
whether weak CD7 may be expressed in normal early stem 
cell to myeloid differentiation [13]. Moreover CD7 + blasts 
were also CD11b + , increasing the level of confidence of 
aberrance.

Previous studies have noted the presence of aberrant mye-
loblasts co-expressing CD7 or CD56 in just over a quarter of 
CML-CP [9]. The implications of these aberrant myeloblasts 
requires further study with small case series reporting infe-
rior outcomes in patients with aberrant stem cells including 
the presence of CD7, CD11b, and CD56 compared to those 
who did not display any aberrant markers [12].

The limitations of this study include its retrospective 
design; however, all flow cytometry was prospectively re-
analysed and blinded from previously reported results and 
patient outcomes. Additionally, several cases were identi-
fied where an abnormal population may have been present 
however due to low numbers of events, below our defined 
threshold, these were not reported. Finally, complete follow-
up could not be guaranteed for our cases identified (besides 
that reported in the index case) and as such has not been 
included.

This case highlights the ongoing possibility of a relation-
ship between abnormal lymphoblast populations at diagnosis 
in CML and the risk of blast crisis which continues in the 
era of TKI therapy. More studies preferably with prospec-
tive rare event analyses are required to further define the 
frequency of abnormal lymphoblast populations in CML and 
the risk of progression in these patients.
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