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Introduction  

Acute lymphoblastic leukemia (ALL) is a 
form of leukemia, or cancer of the white 
blood cells, characterized by excess 
lymphoblasts. Immature white blood cells                                            

continuously multiply and are overproduced 
in the bone marrow. Acute leukemia is a 
heterogeneous group of neoplastic diseases 
and is categorized into two main subgroups, 
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myeloid and lymphoid. The prognosis for 
ALL in adults is poor. Despite the 
significant progress in diagnosis and 
therapeutic methods in recent years, the rate 
of mortality in adults is high, and different 
studies have estimated the rate of successful 
treatment to be 25% 40%. Although 
standard prognostic variables for acute 
lymphoblastic leukemia include age, WBC 
count, immunophenotype, and cytogenetic, 
since the discovery of cell markers and 
antigens, they have been used in the definite 
diagnosis of blasts. Although the expression 
of these antigens in immature cells is not 
always specific, it is helpful in diagnosing 
different types of leukemia and ALL (Onciu, 
2009; Appelbaum, 2004; Longo, 2008; 
Patkar et al., 2012).  

Cells surface antigens are useful in 
determining the type of leukemia. CD13, 
CD14, CD33, and CD34 are found in both 
normal immature myeloid cells and 
myeloblasts. Notably, in megakaryocyte and 
erythroid leukemia (AML), platelet and 
erythroid antigens are observed. In addition, 
in myeloid leukemia, HLA-DR is expressed 
by blasts (Belurkar et al., 2013; Ching-Hon 
Pu, 2006). Intra-cytoplasmic 
Immunoglobulin (Ig) exists in 10% of B-
ALL patients, and they are classified as pre-
B cell ALL.   

If the Ig is expressed on the surface of the 
cell, it is defined as a mature B-cell ALL 
and constitutes less than 5% of B-ALLs 
(Itaruka and Coutre, 2009; Tong et al., 2012; 
Rosenthal et al., 2012). In rare cases, 
leukemia patients blasts don t express any 
antigen, which is called undifferentiated 
leukemia. If both lymphoid and myeloid 
markers are present on one blast, it is called 
biphenotypic, and if myeloid and lymphoid 
blasts exist simultaneously, they are called 
bilineage. Generally, the prognosis of 
patients in these three groups is much worse 
than with known leukemia. 

The best therapeutic outcome is seen in the 
early pre-B cell CD10+ group. 
Approximately 25% of ALLs express T-cell 
antigens on the blasts, and less than half of 
this percentage are pre-T-cell ALLs that 
express CD3, with or without CD4 and CD8 
(Ching-Hon Pu, 2006; Itaruka and Coutre, 
2009). However, most T-cell ALLs express 
CD3 with one of the CD4 and CD8 antigens 
on their blasts. The prognosis of T-cell ALL 
is better than pre-T cell ALL (Onciu, 2009; 
Appelbaum, 2004; Longo, 2008; Patkar et 
al., 2012). About 25% of ALL patients 
express myeloid antigens and have worse 
prognosis and need more severe 
chemotherapy. Therapy and prognosis differ 
based on the immunological type of ALL. 
Therefore, the first step for ALL patients is 
the identification of the immunological 
subgroup by flow cytometry, followed by 
accumulation of prognostic factors to design 
a therapeutic protocol.  

ALL is rarely asymptomatic and the signs 
and symptoms of ALL are almost always 
based on bone marrow and extra-medullary 
involvement. Sometimes, peripheral blood 
assessment alone is sufficient for disease 
diagnosis, but clinical and laboratory 
experiments are necessary for generating a 
therapeutic protocol and obtaining 
diagnostic information (Longo, 2008). 
Although about 25 40% of adults with ALL 
are cured, one-third adults over age 60 are 
afflicted with ALL, and age is still 
considered an important limiting factor in 
treatment efficacy. Most adult ALL patients 
have experienced disease relapse, and the 
rate of successful treatment strategy for 
relapsed disease is low (Longo, 2008). Over 
80% of ALL patients with CNS 
involvement, show dissimilar recurrent 
symptoms, which may include headache, 
nausea, cervical rigidity, changes in 
intellectual abilities, and focal neurologic 
abnormalities. Other extra-medullary sites 
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involved are testis, retina, and derma. 
Additionally, the most prevalent findings on 
patient examination are paleness, petechia, 
and ecchymosis in the derma and mucosae 
(Onciu, 2009; Appelbaum, 2004; Longo, 
2008).  

Fortunately, flow cytometry and 
immunophenotyping studies on leukemia 
patients had been performed ten years ago in 
the Shahid Ghazi Hematology and Oncology 
Center. Therefore, we decided to study the 
ALL patients at this center to determine the 
efficiency of immunophenotyping in the 
successful diagnosis of immunological 
subgroups. Additionally, we expected to 
study the changes and specialized markers 
that are needed for definite diagnosis of 
ALL. The treatment protocol of the 
mentioned cases and the response to 
treatment based on immunological 
subgroups were also assessed.  

Materials and Methods  

This research was a descriptive and 
analytical study. The statistical population of 
the study constituted ALL patients over 12 
years old who were hospitalized at the 
Shahid Ghazi Hematology and Oncology 
Center in Tabriz for acute leukemia, who 
were morphologically diagnosed and for 
whom flow cytometry was performed. A 
total of 134 ALL patients were selected 
from among individuals who were 
hospitalized in this center over 10 years, by 
means of in-access consecutive sampling.  

Laboratory data and patient records were 
studied and the values of hematological 
indices specified by flow cytometry were 
recorded. Demographic information, clinical 
symptoms of patients and 
immunophenotyping indices according to 
peripheral blood study, aspiration, and bone 
marrow biopsy (which was the basis for 

dividing ALL patient into pre-B cell ALL, 
B-cell ALL, and T-cell ALL) were all 
studied and organized in groups.  

The correlation between factors such as age 
and sex with response rate to therapy and 
general response rate up to complete 
remission were studied. The induction 
therapeutic regimen that was to be assessed 
in this study was a 28-day protocol regimen, 
containing Vincristine, Danurubisin, 
Cyclophosphamide, L- asparaginase, and 
Prednisolone according to the approved 
guidelines of the ward.  

To ensure the accuracy of the markers and 
also to ensure a positive response of the 
blasts in the cellular sample, the cellular 
population of the target blasts was first 
selected according to size and specifications 
of intracellular appendages (Forward 
Scatter, Side Scatter), and all marker-related 
analyses were conducted on the selected 
population. All the purchased markers were 
then assessed according to the standard 
protocol recommended by the manufacturer 
(batch-control). Further, IgG-PE was 
utilized for all negative control 
examinations, including IgG-FITC. The 
number of cells in the experiment was 
adjusted between 5 and 10 thousand per 
microliter and 100 microliters of the sample 
was transferred to the flow cytometry 
cylinder (Becton Dickinson). Ten 
microliters of each of the antibodies 
conjugated with FITC (Fluorescein 
Isothiocyanate) and PE (PhycoErythrin) 
were added to each sample cylinder, then 
incubated in the dark at room temperature 
for 45 minutes, and the results were assessed 
with the Cell Quest software.  

According to the criterion of the World 
Health Organization (WHO), if 20% of 
nucleate cells express an unusual antigen 
(marker) they are supposed to be positive. 
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Data obtained from this study was analyzed 
using the statistical software SPSS 13. 
Qualitative data were described as 
percentage and frequency, while central and 
dispersion statistics were used for 
description of quantitative data. The relation 
of qualitative variables was evaluated with 
Chi-squared test and Fisher exact test. The 
difference between the means of two groups 
was assessed with independent student t-
Test, and data was considered significant at 
p<0.05.  

Result and Discussion  

Of 134 patients, 11 were omitted from the 
study because of uncertainty in ALL 
diagnosis, and of the remaining 123 cases, 
only 86 patients had acceptable flow 
cytometry results for determination of 
immunological subgroups (Table 2). Of the 
123 patients assessed, 56 (45.5%) were 
women and 67 (54.5%) were men. Based on 
the immunological subgroups, although sex 
differences were insignificant, T-cell ALL 
was distinctively more common in men. The 
mean age of the patients was 28.5 ± 1.56 
years, with a range of 12 to 80 years. There 
was no significant correlation between age 
and immunological and morphological 
subgroups.   

In terms of geographical location, 61.3% of 
patients lived in urban areas and 38.7% lived 
in rural areas, and there was no significant 
difference between immunological and 
morphological subgroups and the place of 
residence. Disease incidence was almost the 
same in cold and hot seasons without any 
significant difference.   

A mediastinal mass was observed in 3 
(2.4%) cases and all the cases belonged to 
the T immunological subgroup. 
Splenomegaly was observed in 53 (43.5%) 
cases, while 60 (48.8%) patients had 
adenopathy for which the most common 

sites were cervix, submandibular, axillary, 
and inguinal regions. CNS involvement 
during the disease incidence was observed in 
7 (5.7%) cases but was observed in a total of 
25 (20.5%) of patients, regarding the 
immunologic subgroups, it was more 
frequently observed in B-cell rather than T-
cell ALL patients. The existence of blast 
cells in the peripheral blood was seen in 75 
(61%) patients without any significant 
difference among the various subgroups.   

Tumor lysis syndrome was seen in 4 cases 
of all patients and was significantly more 
prevalent in the L3 morphological subgroup, 
although the immunological subgroups 
didn t present significant differences with 
this phenomenon. An elevated ESR was 
observed in 22 (17.8%) cases without a 
significant difference in subgroups. LDH 
increased in 96 (78.4%) patients without any 
significant difference (Table 2).  

Morphologically, 3 (2.4%) patients were in 
group L1 and 115 (93.5%) were in L2 and 5 
(4.1%) were in group L3. In terms of 
immunological subgroups, the following 
prevalence was observed: 19 (16%) patients 
were pro-B cell ALL, 63 (51%) were pre-B 
cell+ B-cell and 41 (33%) were pre-T cell+ 

T-cell.  

None of the patients in subgroup L1 
achieved complete remission after primary 
induction therapy, while in the L2 subgroup, 
57.9% achieved complete remission and 
100% in the L3 subgroup achieved complete 
remission. Duration of remission in B-cell 
ALL patients ranged from 28 to 546 days, 
with a mean of 177 days and it was 45 to 
220 days in T-cell ALL patients, with a 
mean of 189 days.  

A comparison of the survival rate among the 
subgroups showed that in group B, the 
survival rate ranged from 3 to 2000 days 
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with a mean of 588.42 days. In group T, of 
the 16 patients, the survival rate ranged 
between 9 to 950 days with a mean of 
416.41 days. Of the 58 patients in the B-
ALL group, 24 patients achieved complete 
remission, and of the 28 patients in the T-
ALL group, 11 achieved complete 
remission. However, the difference between 
the groups was not statistically significant.  

With regards the response to therapy or 
complete remission followed by primary 
induction therapy in the morphological 
groups, both the patients in group L1 and L3 
achieved complete remission. Since the 
number of patients in L1 and L3 was low, no 
specific conclusion could be reached; 
however, 60.4% in the ALL (L2) subgroup 
achieved complete remission which 
corroborates previous results. Considering 
that ALL remission varies based on 
prognostic factors, treatment of patients 
based on prognostic factor indices can be 
helpful in improving response to treatment. 
In terms of responsiveness to induction 
therapy on classification into immunological 
subgroups, 36% of patients in the pro-B cell 
group, 73.9% in the pre-B cell group, and 
28.6% in the T-cell group (both mature T-
cell and pre-T cell) achieved complete 
remission, indicating a high complete-
remission rate in pre-B cell patients. Further 
studies are warranted, as is a comparison 
with similar research, to determine whether 
the factors considered in our study improved 
the response to treatment, either alone or 
along with certain other factors.  

Immunophenotyping now constitutes an 
important part of diagnosis and selection of 
the treatment protocol in leukemia patients 
and increasingly specialized markers are 
being introduced to facilitate definite 
diagnosis of different types of leukemia 
every day. Diagnosis of leukemia types 
according to their morphology has become a 

historic event in the progression of 
hematological science, and currently 
diagnosis and therapy are impossible in the 
absence of immunophenotyping, 
cytogenetic, identification of genes by FISH 
(fluorescence in situ hybridization), etc. But 
from a developing country point of view, the 
first step in achieving diagnosis and therapy 
would be developing a cost effective assay 
(Patkar et al., 2012).  

In a number of previous studies, ALL 
patients were organized in groups based on 
their immunophenotyping as follows: B-cell 
type ALL is divided into pre-pre-B cell, pre-
B cell, and B-cell; T-cell type ALL is 
divided into pre-T cell and mature T-cell 
(Onciu, 2009; Appelbaum, 2004; Longo, 
2008; Patkar et al., 2012; Belurkar et al., 
2013; Ching-Hon Pu, 2006; Itaruka and 
Coutre, 2009). Although the determination 
of B and T subgroups was impossible 
because of limitations in procurement of the 
same antibodies (so that in some cases 
elimination of some patients from the study 
list was inevitable), the priority was to use 
the complete panel of markers to accurately 
determine the ALL subgroups. 
Unfortunately with immunological 
classification using flow cytometry, because 
of a scarcity of utilized markers and the 
absence of useful markers for the precise 
determination of new immunological 
subgroups, only the determination of B, T, 
and pre-B cell subgroups was possible, 
while distinguishing pre-T ALL from T-
ALL and differentiating between mature B-
cell ALL and pre-B ALL was impossible. 
Patient prognosis based on B-cell and T-cell 
groups is as follows: in the B-cell group, the 
more immature the blast cell is, the better is 
the prognosis and response to therapy, while 
in the T-cell group, prognosis of mature T-
cell is better than pre-T cell. Regarding the 
importance of subgroups in choosing the 
treatment method of ALL patients and the 



  

120

 
necessity for differentiation of subgroups in 
using novel therapeutic methods, identifying 
additional markers is considered more 
important. This is an important limitation of 
our current study.   

In the remaining 86 patients, these results 
were obtained using flow cytometry criteria 
and cellular antigen expression: 14 patients 
(16.2 %) were in the pro-B cell group and 44 
(51.3 %) were in the pre-B cell and mature 
B-cell group; however differentiation 
between them was impossible. Twenty-eight 
patients (32.5 %) were organized in the T-
ALL group and of course differentiation 
between pre-T ALL and mature T-ALL was 
impossible. Different studies have identified 
10% 50% expression of myeloid antigens in 
lymphoid blasts in adult ALL (Itaruka and 
Coutre, 2009; Tong et al., 2012). 
Additionally, the expression of B markers 
on T-cell blasts and T markers on B-ALL 
was considered in this study.  

With regards the expression of myeloid 
antigens, CD13 (the most prevalent myeloid 
marker) is expressed secondarily in 
lymphoid blasts. In our study 40% of B-
ALL blasts and 50% of T-ALL blasts 
expressed the CD13 antigen. CD33 marker 
was aberrantly expressed at 29.3% in B-
ALL and 31% in T-ALL, corroborating the 
results of previous studies (Longo, 2008; 
Ching-Hon Pu, 2006). In other words, the 
aberrant expression of myeloid markers 
CD13 and CD33 is more prevalent in T-
ALL than B-ALL patients.  

In another study at the Shahid Ghazi Center 
in Tabriz, prevalence of lymphoid markers 
on lymphoid blasts was reported as 45% for 
TdT, 28% for CD7, 21% for CD2, 14% for 
CD10, but unlike other studies CD19 (5%) 
and CD20 (9%) were less prevalent. The 
most prevalent myeloid markers expressed 
on lymphoid blasts were CD13 and CD33 
with a prevalence of 16% and 10%, 

respectively. CD34 was expressed in 64% of 
lymphoid blasts, which translated as a good 
prognosis (Rosenthal et al., 2012; Asvadi 
Kermani, 2002).  

In a study conducted in the Pathology 
Department of the Aga Khan University in 
Karachi Pakistan, 209 ALL patients were 
studied according to immunophenotyping 
classification and the amount of T-ALL 
were reported at 17.22%. The mean age of 
patients afflicted with ALL was 17.2 years 
and T-ALL was more prevalent in adults 
than in children (21.95% against 14.17%, 
respectively). T-ALL was more prevalent 
among men than women (69.40% against 
25.36%, respectively). CD7 was the most 
sensitive marker observed in pediatric and 
adult T-ALL with a prevalence of 94.4%. 
The markers utilized in these patients were 
CD22, CD20, CD17, HLA-DR, CD33, 
CD13, CD7, CD5, CD1, and CD10 (11).  

In another study conducted by Xu et al. 
(2003) at the hematology department of 
Nanfang hospital at the Medical University 
of China s army, the expression rate of 
myeloid antigens on blasts of 29 ALL 
patients was 34.5%. Additionally, the 
expression rate of lymphoid antigens on 
blasts of 71 AML patients was reported at 
23.9 %. A study conducted by Zhu et al. 
(2002) in the West hospital of China s 
Sichuan University demonstrated that the 
expression rate of myeloid antigens in 28 
patients was 30%; 10.3% of cases expressed 
CD13 and 20.7% expressed CD33. This 
study demonstrated that there is no 
difference in the expression rate of myeloid 
antigens between T-ALL and B-ALL types, 
while the CD33 expression was significantly 
higher in the T-cell type (P<0.001). 
However, in the study by Xu et al., myeloid 
antigen expression in ALL patients who 
expressed CD34 was more than in the 
CD34-negative patients (P = 0.036, 13.3% 



  

121

 
against 77.8%, respectively) (Zhu et al., 
2002). In our current study, since the flow 
cytometry file was incomplete, we couldn t 
evaluate the expression rate of myeloid 
antigens on lymphoid blasts based on the 
presence of CD34.  

In a study conducted by Al Gwaiz et al., in 
the hematology department of the medicine 
faculty of King Khalid University Hospital 
and King Saud University Medical College, 
using flow cytometry and Immuno-
histochemistry (IHC), it was shown that of 
the 50 patients, 37 (74%) had pre-B ALL 
markers, 10 (20%) were T-ALL, and 3 (6%) 
were mature B-ALL (Al Gwaiz and 
Bassioni, 2008).  

A few other studies have documented the 
prevalence rate of T-ALL at 20 25%, while 
in our study it is 32.5%, which is relatively 
high (Lenormand  et al., 1998; Chen  et al., 
2007; Goldberg  et al., 2003). Due to the 
possibility of bone marrow and peripheral 
blood involvement in high degree 
lymphomas being misdiagnosed as ALL, the 
necessity of utilizing supplementary 
methods has gained importance. A few other 

studies have documented the percentage of 
pre-B cell, T-ALL, and B-ALL as 75%, 
20%, and 5%, respectively (Onciu, 2009; 
Appelbaum, 2004; Itaruka and Coutre, 
2009).  

It is obvious that for identifying the role of 
immunological subgroups in adult ALL, it is 
essential to determine the expression of 
CD19, CD20, CD21, SIg, cIg, TdT, CD2, 
CD3, CD4, CD7, CD1a and to consider the 
common marker CD45 and several myeloid 
markers (CD13, CD33) (Belurkar et al., 
2013; Vitale et al., 2006; Patte et al., 2001; 
Hamouda et al., 2007). Further, when the 
co-expression of special antigens is 
considered, performing the task can be 
helpful in determining the expression of B 
markers on T-cell and vice versa (Pui et al., 
2003; Qiu et al., 2009). Two other studies, 
conducted in the hematology department of 
China s People University, analyzed the 
expression of T antigens (CD2, CD7) and 
demonstrated that T antigens are rarely 
expressed in B-ALL blasts (Qiu et al., 2009; 
Wang et al., 2003).    

Table.1 The immunophenotyping of the various subgroups of patients was conducted based on 
the following criteria, according to previous reports:    

Pro-B cell CD19+, HLADR+, CD34 + 

Early Pre-B cell CD19+, CD10+, TdT+, CD22+,CD79+ 

Pre-B cell CD19+, CD20+, CD21+, CD10- 

Mature B-cell CD19+, CD20+, CD21+, CD22+,sIg M, IgD 
Pre-T cell CD2+, CD7+, CD3+, CD8+, CD4+  or  CD2+, CD7+, CD3+, CD8-, 

CD4- 

Mature T-cell CD2+, CD7+, CD3+, CD4-, CD8+, TCR+  or  CD2+, CD7+, CD3+, 
CD4+, CD8- 

     



  

122

 
Table.2 Immunophenotyping classification of ALL patients studied  

ALL subtype Frequency (%) Mean ± Std 
Pro-B cell 14(10.4%) 25.86±14.79 
Pre-B cell 4(3%) 37.25±25.78 
B-cell 32(23.9%) 29.19±18.67 
Pro-T cell 1(0.7%) 12±0 
T-cell 35(26.1%) 25.63±15.42 
Total 86(64.2%) 27.35±16.99 

 

Conclusion  

The results of this study on the response to 
induced therapy are different from the 
studies that consider a good prognosis for T-
cell ALL. The inability to differentiate pre-T 
cell ALL from T-cell ALL can primarily 
explain this difference, because the pre-T 
cell subgroup has a worse prognosis than T-
cell ALL based on hematological studies. 
The expression of myeloid T-cell ALL 
markers is more prevalent than B-cell ALL. 
Almost all the studies seem to agree that 
immunophenotyping is extremely important 
in the treatment and prognosis of ALL 
patients. Unfortunately, in the Tabriz Shahid 
Ghazi hematology center, 
immunophenotyping faced certain failures 
and defects that need to be improved upon.  
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