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Background: Aberrant expression of cross-lineage antigens gives valuable 
insight into the diagnosis and prognosis of acute leukaemia. In countries 
like India, cytogenetic tests are widely accessible. Exploring the prognostic 
value of an accessible test is of great importance. Therefore, establishing a 
population-specific immunophenotype database will enable to design an 
antibody panel equipped to detect cross-lineage antigen expression. The 
aim of this study was to determine the frequencies of cross-lineage antigen 
expression in Acute Lymphoblastic Leukaemia (ALL), its relationship with 
clinical features, and changes in blood counts during the treatment course. 

Methods: This was a retrospective observational study conducted at a tertiary 
care hospital. Consecutive ALL cases over 2 years were reviewed. Relation of 
cross-lineage aberrant antigens with blood counts and clinical features were 
studied. Chi-square test and Fisher’s exact test were used. 

Results: A total of 149 ALL cases were included in the study. Thirty (20.1%) 
cases showed expression of cross-lineage antigens. CD7 was the most 
commonly expressed cross-lineage antigen, seen in 14 (10.5%) cases of 
B-ALL. CD13, seen in eight (5.3%) patients, was the most frequent aberrant 
myeloid antigen. Myeloid aberrancies were associated with lower WBC count 
and blast count while aberrancies of T-cell antigens on B-ALL showed higher 
WBC count and blast count.

Conclusions: Cross lineage antigenic aberrancies influence blast count 
and WBC count. Documentation of these aberrancies in ALL helps in 
prognostication and monitoring of the disease.
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Acute Lymphoblastic Leukaemia (ALL) is a clonal 
hematopoietic stem cell malignancy. World Health 
Organisation incorporates antigenic expression and 
genetics for the sub-classification of ALL into B-cell 
ALL (B-ALL) and T-cell ALL (T-ALL) [1].  There is 
no specific morphologic feature that distinguishes 
B and T lymphoblasts [2]. Multiparametric flow 
cytometry helps in the evaluation of lineage-specific 
antigens and the detection of leukaemia-associated 
immunophenotype [3,4].
Diagnostic dilemma occurs when a single clustered cell 
population shows co-expression of antigens of more 
than one lineage. This is known as cross-lineage antigen 
expression [3,5,6]. It is a qualitative attribute accredited 
to ‘lineage infidelity’ and ‘lineage promiscuity’. Lineage 
infidelity is the manifestation of an abnormal genetic 
constitution because of leukaemogenesis, and lineage 
promiscuity is due to the expansion of a physiological 
multipotent progenitor. Both these mechanisms are 
poorly understood and invoke enigma in areas of 
research [5].
The clinical significance and prognosis of cross-lineage 
antigen expression remain controversial [7,8]. A few 
studies have shown that cross-lineage myeloid antigen 
expression in T-ALL has higher rates of induction 
failure while other studies have shown no such 
association [9,10]. Further, some studies have shown 
that ALL patients expressing myeloid aberrancies have 
a poor response to therapy, while others have negated 
this inference [8,11,12,13]. Other studies have shown 
that the absence of myeloid antigen expression in 
ALL is associated with low platelet counts in children 
which makes them prone to bleeding [7]. Seemingly, 
no consensus has been reached on the implications 
of cross-lineage aberrant expressions. The World 
Health Organisation recognizes cross-lineage antigen 
expression as a key feature for the diagnosis of leukemic 
blasts which also provides useful clues to underlying 
cytogenetic and molecular abnormalities [14].
Diagnosis and prognostication of ALL based on the 
World Health Organisation classification require 
expensive cytogenetic and molecular tests available 
only in referral laboratories. On the other hand, 
immunophenotyping by multiparametric flow 
cytometry has gained popularity in India. Therefore, 
it can be used as a surrogate for testing for specific 
cytogenetic and molecular abnormalities, if the clinical 

and prognostic significance of cross-lineage antigen 
expression is known. Based on the presence of these 
aberrancies, a cost-effective diagnostic algorithm 
can be developed [7,15,16]. Most of the research on 
phenotypic aberrancies in acute leukaemia is from 
western literature. As racial and environmental factors 
affect leukaemogenesis, the frequency of cross-lineage 
antigen expression may be different in different 
geographies. Therefore, establishing a population-
specific immunophenotype database will enable to 
design a comprehensive antibody panel specifically 
equipped to detect cross-lineage antigen expression.  
This study aimed to compare the frequencies of cross-
lineage antigen expression in adult and paediatric ALL 
and to observe their relationship with clinical features 
at presentation and blood counts during the treatment 
course.

1. Introduction

2. Material and Methods
This was a retrospective observational study conducted 
on cases of ALL from August 2016 to August 2018. 
All procedures followed were in accordance with the 
ethical standards of the responsible committee on 
human experimentation (institutional and national) 
and with the Helsinki Declaration of 1975, as revised in 
2008. The study protocol was reviewed and approved 
by the institutional committee (IEC513-2018). 
Informed consent was obtained from all patients as a 
part of the in-patient admission procedure.

2.1 Patient recruitment: 
Patients’ details were retrieved from the laboratory 
information system. Consecutive cases of B-ALL and 
T-ALL between August 2016 and August 2018 which 
have multiparametric flow cytometry data of complete 
acute leukaemia panel of antibodies, treated at a tertiary 
care centre with standard chemotherapy regimen and 
have at least 6 months of follow-up, were included in 
the study. Cases of Acute Myeloid Leukaemia or Acute 
Leukaemia of Ambiguous Lineage and/or cases treated 
elsewhere and referred to our institute for follow-up 
were excluded from the study.

2.2 Clinical details and complete blood count pa-
rameters
Clinical details were collected from hospital 
records. Blood cell counts at diagnosis, at the end of 
induction, and during the maintenance phase were 
retrieved from the laboratory information system.
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Ethylenediaminetetraacetic acid anticoagulated 
peripheral whole blood samples were analyzed on 
Beckman Coulter UniCel® DxH 800 and DxH 600 
haematology analyzers. Differential leucocyte count 
was performed manually on Leishman-stained 
peripheral smears. Bone marrow was examined for 
cellularity, trilineage haematopoiesis, and dyspoiesis. 
Manual all nucleated cell differential count was 
performed. Quality control protocols were as per the 
Standard Operating Procedure of the laboratory. 

was assigned if the blasts expressed cytoplasmic or 
surface CD3.
A surface marker was considered positive when 
more than 20% of the gated events expressed 
the antigen, while a cytoplasmic marker was 
considered positive when more than 10% of the 
gated events showed antigen expression [17]. The 
blasts were considered positive for cytoplasmic 
Myeloperoxidase when >3% of gated events were 
positive. Intra-tube controls (normal B cells, 
normal T cells, neutrophils, and monocytes) 
and unstained controls were used to define a 
positive and negative expression for each marker 
(Supplementary S2).

Immunophenotyping reports of patients were reviewed 
concerning leukaemia associated immunophenotype 
and pattern of antigenic expression. Multiparametric 
flow cytometry had been performed on peripheral 
blood and/or bone marrow aspirate at diagnosis 
(treatment naïve). Flow cytometric acquisition and 
analyses were performed using BD FACSCantoTM II 
Flow Cytometer with 3 lasers with 4-3-3 combination 
and BD FACSDivaTM Software version 8.0.3.
Cytometer settings and instrument optimization 
was done using laboratory standards. Application 
settings were performed using BD OneflowTM setup 
beads. Staining of markers was performed by the 
standardized protocol. Samples were processed such 
that each tube had a cell concentration of one million 
cells per 100 microlitres. In four primary tubes, cells 
were stained with an eight-colour antibody panel 
(Supplementary S1). The monoclonal antibodies 
were conjugated to fluorochromes which included 
fluorescein isothiocyanate (FITC), allophycocyanine 
(APC), APC H7, phycoerythrin (PE), PE Cyanin 7 (PE 
Cy 7), peridinin chlorophyll protein cyanin 5.5 (PerCP 
Cy5.5), V450 and V500. All reagents were obtained 
from Becton Dickinson Biosciences, USA. 
The diagnosis of ALL and cross-lineage antigen 
expression was based on the World Health 
Organisation 2008/2016 criteria.[14] After doublet 
discrimination and debris exclusion, all viable events 
were plotted against Cluster of Differentiation (CD)45 
and side scatter area (SSC). Events expressing low 
to moderate CD45 and low side scatter were gated 
as blasts. B-cell lineage was assigned when blasts 
had an expression of CD19 with more than one of 
the following: cytoplasmic CD79a, CD10, or CD20. 
T-lymphoblasts were suspected when blasts had bright 
CD45 expression and low side scatter. T-cell lineage

A total of 149 patients of ALL were included in the 
study. 

2.3 Immunophenotyping: 

2.4 Statistical methods: 
The relationship between the expression of markers 
and clinical features were analyzed by the Chi-square 
test and Fisher’s exact test. Quantitative data were 
expressed as mean along with standard deviation 
(mean±SD) and median, and the distribution of 
quantitative variables was determined using the 
Kolmogorov-Smirnov test. Mean values of quantitative 
variables were compared using the independent 
samples t-test data (for data with normal distribution) 
and Mann-Whitney test (for skewed data). A p-value 
of <0.05 was considered statistically significant.

3. Results:

3.1 Clinical details and complete blood count pa-
rameters
The age of patients ranged from one to 70 years. The 
median age among paediatric patients was 4.5 years 
and among adults was 36 years. The overall male-to-
female ratio was 1.32:1. B-ALL was more common 
than T-ALL. The distribution of patients in each 
category with range, mean and median of blast count, 
white blood cell count, and platelet count at diagnosis 
is shown in Table 1. Fever was the most common 
presenting feature. Hepatomegaly and splenomegaly 
were common in B-ALL, while mediastinal mass 
and lymphadenopathy were common in T-ALL. The 
spectrum of clinical features with frequency is shown 
in Figure 1.
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and their distribution among adult and paediatric 
patients is shown in Figure 2.

Figure 1: Clinical features in Acute Lymphoblastic 
Leukaemia in adult and paediatric patients . Figure 2: Aberrant antigens in Acute Lymphoblastic 

Leukaemia - Frequencies among adult and paediatric 
patients

Table 1. Distribution of patients in each category with white blood cell count, platelet count and blast count at diagnosis in 
Acute Lymphoblastic Leukaemia

B-ALL T-ALL

Adult
B-ALL

[n=59(39.5%)]

Pediatric 
B-ALL

[n=74(49.6%)]

Adult 
T-ALL

[n=7 (4.6%)]

Paediatric 
T-ALL

[n=9 (6.0%)]

White blood cell (x109/litre)

Platelets (x109/litre)

Blasts (%)

Range
Mean

Median

Range
Mean

Median

Range
Mean

Median

0.3 - 112
20.4

10.45

5 – 279
50.64
152

0 – 94
47.5
71.5

0.9 – 215
20.3
8.65

6.0 – 302
59.7
36

0 – 88
36.4
33

1.5 – 205
74.1
57.3

16 – 304
89.3
32

0 – 86
44.5
45

39.6 - 460
250
273

8 – 439
85.3
39

30 – 99
78.1
84

Total	                                                                          n=133 (89.2%)                             n=16 (10.7%)

3.2 Immunophenotyping by multiparametric flow 
cytometry:
Out of the total 149 cases of ALL, 30 (20.1%) showed 
cross-lineage aberrant expression. CD13 was the most 
frequent myeloid antigen that was expressed in ALL. 
Aberrant CD7 expression was the most common 
T-cell antigen expressed in B-ALL. The frequency of 
cross-lineage antigen expression is shown in Table 2. 

3.3 Relationship of cross lineage antigen expression 
with complete blood count parameters and clinical 
features at diagnosis
At diagnosis, the mean blast count, white blood cell 
count, and platelet count in adult and paediatric 
patients were different for each aberrant antigen. The 
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Table 2. Frequency of individual antigen aberrancy in Acute Lymphoblastic Leukaemia

Category CD marker Frequency

CD13
CD33
CD15
CD14

CD117
MPO

sCD3
cCD3
CD4
CD7

CD56

CD79a

8 (5.3%)
5 (3.3%)
5 (3.3%)
2 (1.3%)
2 (1.3%)
1 (0.6%)

3 (2.2%)
3 (2.2%)
2 (1.5%)

14 (10.5%)
3 (2.2%)

2 (12.5%)

Aberrant expression of myeloid markers on Acute Lymphoblastic Leukaemia 
(n=149)

Aberrant expression of T-cell markers on B-cell Acute Lymphoblastic Leukaemia 
(n=133)

Aberrant expression of B-cell markers on T-cell Acute Lymphoblastic Leukaemia 
(n=16)

Figure 3: Blast count, white blood cell count, and platelet count at diagnosis in B-cell Acute Lymphoblastic 
Leukaemia with cross-lineage antigen expression in adult and paediatric patients.

mean ±SD for complete blood count parameters, at 
diagnosis, concerning individual aberrant antigens, 
in adult and paediatric B-ALL is shown in Figure 3. 
Some patients showed clinical features which were

associated with specific antigen aberrancies. A summary 
of associations of statistical significance between 
individual antigenic aberrancy and blast count, platelet 
count, and clinical features is shown in Table 3. 
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Table 3. Statistically significant associations between individual cross-lineage antigen expression and blast count, platelet count 
and clinical features

Cross-lineage aberrant antigen in B-cell 
Acute Lymphoblastic Leukaemia

Blast count
(p-value)

Presentation
(p-value)

CD117 (n=2)
CD15 (n=5)
CD14 (n=2)
CD7 (n=4)
cCD3 (n=3)
sCD3 (n=2)

CD56 (n=3)
CD7 (n=10)
sCD3 (n=1)

Adult

Paediatric

- Higher than the mean count
- Lower than the mean count	
-- - No significant associations

Platelet count
(p-value)

(0.027)
(0.027)
(0.027)
--
--
--

(0.001)
--
(0.001)

Weakness (0.041), Gum hypertrophy (0.038)
--
--

Cough (0.04)
Cough (0.02)

Mediastinal mass  (0.038)

Anaemia (0.014)
Lymphadenopathy (0.04)

--

--
--

(0.010)
--
--
--

--
--

(0.014)

3.4 Relationship of cross lineage antigen expression 
with complete blood count parameters in the induc-
tion phase and during the maintenance phase
Myeloid antigen expression showed lower than mean 
blast count and white blood cell count, and a higher 
than mean platelet count in the induction phase. 
Blasts were not seen in the maintenance phase in any 
of these cases. Although these associations were not 
statistically significant, the findings were clinically 
relevant. The relation of myeloid antigen expression 
with white blood cell count and platelet count is shown 
in Figure 4.

Figure 4: Association of aberrant myeloid antigen 
expression with white blood cell count and platelet count 
in the post-induction phase and during the maintenance 
phase.

4. Discussion:
Diagnosis and prognosis of ALL are based on 
clinical features, morphological examination, 
immunophenotype, molecular genetics, and post-
induction minimal residual disease status [8,18]. In 
this study, 149 cases of ALL were included. The male-
to-female ratio was similar to as reported in previous 
studies [8,11,18]. Thirty (20.1%) cases showed aberrant 
expression of at least one cross-lineage antigen. This 
frequency varied widely from 9.8 to 70.3% among 
different studies [15,19,20]. Commonly expressed 
aberrant myeloid markers in ALL are CD13, CD33, 
CD117, and CD15. Their reported frequency in ALL 
varies widely among different studies. Supriyadi et 
al in their review found that expression of myeloid 
antigens on ALL ranged between five to 36%, and their 
study reported 25% of ALL cases to show aberrance 
of myeloid antigens [8]. Lopes et al reported a higher 
frequency of 49.2% among paediatric ALL.6 Indian 
studies, mainly representing the population from 
Northern India showed 42.5% and 64.7% of all ALL 
cases to have aberrant myeloid antigen expression.
[16,20,21] We found a lower frequency in this study. 
Only 11 (7.3%) of all cases of ALL showed myeloid 
antigen expression. Most studies have reported CD13 
and CD33 as the commonest myeloid aberrant antigens 
expressed in ALL [11, 15, 21]. Putti et al suggested that 
the co-expression of CD13 and CD33 on ALL is so
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common that it may be considered a representative of 
all myeloid antigens seen in ALL.[12] Aberrant CD13 
expression ranges from 15.6 – 32.3%.[13, 17] Aberrant 
CD33 expression ranges from 14.3 – 22.8% [11,13]. 
In the present study, CD13 was the most common 
myeloid antigen, and was seen in five (3.3%) patients. 
CD33 expression was also seen in only five (3.3%) 
patients. 
The significance of aberrant expression of myeloid 
markers in ALL remains controversial. World Health 
Organisation 2008/2016 has recognized the frequent 
association of CD13 aberrance with B-ALL with 
ETV6-RUNX1 translocation, which has a good 
prognosis [14]. In contrast, some studies have noted 
the expression of myeloid markers in ALL in relation to 
poor response to therapy and prognosis.[11,23] A few 
studies have reported expression of CD13 is associated 
with lower than median complete blood count 
parameter values [24,25]. Sharma et al reported that 
there was a statistically significant decrease in white 
blood cell count and blast count in ALL patients with 
myeloid antigens [16]. Contrary to this, a few studies 
have reported no association of aberrant myeloid 
antigen expression with initial white blood cell count 
[10, 13]. Lopes et al noted a lower than median platelet 
count in children lacking myeloid markers in ALL 
thus increasing the risk of bleeding in the absence of 
myeloid aberrance [6]. Differing from this, Bhushan 
et al and Supriyadi et al reported that myeloid antigen 
expression in patients with ALL had no association 
with clinical/biological features, response to therapy, 
or long-term outcome [8, 25,26]. Hence, no consensus 
has been reached yet. In this study, we found that 
expression of either CD13 or CD33 was associated 
with lower blast count, lower white blood cell count, 
and a lower platelet count at diagnosis, this feature is 
clinically relevant, though not statistically significant.
The aberrant expression of CD117 in ALL varies 
between 10.3 – 54% [11,27,28]. Sarma et al reported 
CD117 to be the most commonly expressed myeloid 
antigen in their study [26]. World Health Organisation 
2008/2016, however, considers the aberrant expression 
of CD117 on ALL to be rare [13, 14]. CD117 may be 
used as a surrogate for Feline McDonough Sarcoma-
like tyrosine kinase 3 (FMS-like FLT3) mutation and 
patients benefit from FLT3 inhibitors [28].
In this study, we found CD117 expression in only two 
(1.3%) patients, and it was associated with lower than 
mean blast count, white blood cell count, and platelet

count. The reduction in blast count was statistically 
significant (p=0.027). In addition, this study showed 
adult patients with CD117 expression to have a 
significant association with weakness (p=0.041) and 
gum hypertrophy (p=0.038) at presentation. Previous 
studies, however, found no association between the 
aberrancy of CD117 with clinical presentation [13, 
25].
Aberrant expression of CD15 in ALL is rare and has 
been found only in a few studies [13,15,29]. CD15 
expression in ALL is associated with the KMT2A-
rearranged type of B-ALL, which is associated with 
poor prognosis [14,30] CD15 is linked to a greater 
risk of relapse, regardless of other prognostic factors.
[31]. We found aberrance of CD15 was associated with 
higher than mean blast count and this was found to 
be statistically significant (p=0.027). White blood cell 
count and platelet count were lower than the mean 
value. However, it had no statistical significance. 
Rare expression of myeloperoxidase was observed in 
a few studies. Suggs et al and Mazher et al reported 
two and one cases respectively.[10, 18] We had a single 
case of paediatric B-ALL that was dim positive for 
myeloperoxidase. 
The expression of T-cell markers in B-ALL is 
uncommon and ranges between 7 – 13.4% [17,31,32]. 
In this study, among 133 cases of B-ALL, the most 
commonly expressed aberrant T-cell marker was CD7, 
seen in 14 (10.5%) cases. This was followed by CD4, 
which was seen in only two (1.5%) cases. Previous 
studies have, however, reported CD4 to be the most 
common T-cell aberrancy on B-ALL, followed by 
CD7 [17, 20, 32]. In this study, patients with aberrant 
expression of CD7 had higher than mean blast count, 
white blood cell count, and lower than mean platelet 
count in adult and paediatric B-ALL however, this had 
no statistical significance. It was noted that patients 
with CD7 aberrancy had cough and mediastinal mass 
at presentation. These clinical features had significant 
statistical correlation (p=0.04). 
A few studies have reported aberrant expression of 
CD3 on B-ALL. Shahni et al reported 3% of B-ALL 
cases to express aberrant surface CD3 [20]. This 
was similar to our observation of the expression of 
cytoplasmic CD3 (dim) and surface CD3 (variable) 
in three (2.2%) patients each. Patients, in this study, 
with aberrant surface CD3 expression had a significant 
association with cough (p=0.02) and mediastinal mass 
(p=0.038) at presentation. Expression of surface CD3 
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blast count but this association was not of statistical 
significance. Cytoplasmic CD3 expression did not 
show any specific relation with clinical presentation or 
changes in blood counts.
The presence of aberrant expression of the Natural-
Killer (NK) cell marker, CD56, was observed in a few 
studies and its frequency ranges from 3.1 – 5.1% [30, 
32]. According to World Health Organisation 2016, 
this expression pattern is not associated with any 
specific cytogenetic abnormality. In this study, three 
(2.2%) cases of B-ALL expressed CD56. Patients with 
CD56 expression had higher than mean blast count 
and this was statistically significant (p=0.001).
Aberrant B-cell marker expression on T-ALL has 
been reported to be 15% [17]. In this study, out of 
16 cases of T-ALL, two (12.5%) cases showed B cell 
antigen expression. Both cases expressed CD79a. The 
frequency of CD79a expression on T-ALL is reported 
to range between 16 – 47.3% [17, 28]. Aberrant 
cytoplasmic CD79a expression did not have any 
statistically significant associations with complete 
blood count parameters or clinical presentation. 
The opinion relating the expression of aberrant 
antigens and response to treatment is varied. 
Literature supports the presence of myeloid antigen 
aberrancy on lymphoblasts as a key factor in poor 
response to treatment and delayed remission [10, 12]. 
However, there was no difference in the survival of 
patients with T-ALL with and without expression of 
myeloid antigens [10]. In contrast to this, studies have 
also shown no association of cross-lineage antigen 
expression with response to treatment, concluding 
that these expression profiles should not be used for 
any therapeutic choices [13].
In this study, patients with cross-lineage myeloid 
antigen expression had lower than mean blast count 
in the post-induction phase. No blasts were seen 
during the maintenance phase. However, there was 
no significant association between any cross-lineage 
aberrancy with post-induction phase and maintenance 
phase counts. 
Limitations of the study: Due to retrospective design, 
the number of cases in the study is less to arrive 
at a definitive conclusion about the effect of cross 
lineage antigen expression on prognosis. Event-free 
survival and overall survival were not assessed in this 
study due to a lack of long-term follow-up. Minimal 
residual disease assays were outsourced and hence the 
disease status was not accessible in all cases. A larger 

prospective analysis of treatment naïve ALL for cross-
lineage antigen expression and their effect on blood 
counts at predefined intervals (during induction, 
post-induction, and maintenance phase) along with 
long-term follow-up to assess their association with 
prognosis is likely to overcome the limitations.

5. Conclusion
The frequencies of cross-lineage antigen expression 
are different in various populations across the 
globe. Myeloid antigen expression is common in 
ALL. However, these have no significant prognostic 
implications. Aberrant CD13 and CD33 expressions 
are common in adult B-ALL; and, CD7 and CD3 in 
paediatric B-ALL. Aberrant expression of CD117, 
CD15, CD14, CD56, and CD3 have a significant 
association with the blast count, white blood cell 
count, and platelet count at diagnosis. The presence of 
cross-lineage antigen expression influences the blast 
count, white blood cell count, and platelet count in the 
induction phase and maintenance phase. This finding 
is clinically relevant though not statistically significant.
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