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คํารหัส: การตรวจวิเคราะหอิมมูโนฟโนทัยป โรคมะเร็งเม็ดเลือดขาวชนิดเฉียบพลัน การระบุชนิดของเซลลมะเร็งเม็ดเลือดขาว  โฟล ซัยโทเมตรี

บทคัดยอ
วัตถุประสงค: 
 เพือ่ประเมินบทบาทของผลการตรวจอิมมโูนฟโนทยัปดวยเทคนิคโฟล ซยัโทเมตรีในการระบุชนดิของ
เซลลมะเร็งในผูปวยโรคมะเร็งเม็ดเลือดขาวชนิดเฉียบพลัน
วัสดุและวิธีการ: 
 ศึกษาผูปวยโรคมะเร็งเม็ดเลือดขาวชนิดเฉียบพลันจํานวน 100 รายท่ีไดรับการตรวจวินิจฉัยท่ี
โรงพยาบาลมหาราชนครเชียงใหม คณะแพทยศาสตร มหาวิทยาลัยเชียงใหม ในระหวางป พ.ศ. 2553 
โดยเปรียบเทียบผลอิมมูโนฟโนทัยปจากการตรวจดวยเทคนิคโฟล ซัยโทเมตรี กับการตรวจสัณฐานวิทยา
ผลการศึกษา: 
 วิธีทางสัณฐานวิทยาสามารถระบุชนิดของเซลลมะเร็งที่ตรวจพบในผูปวยไดครบทั้งหมด แตพบวา
การตรวจอิมมูโนฟโนทัยปดวยเทคนิคโฟล ซัยโทเมตรีใหผลตางจากการตรวจดวยวิธีทางสัณฐานวิทยาอยางมี
นัยสําคัญ (p<0.001) จํานวนทั้งหมด 16 ราย (16%) โดยเปล่ียนจากชนิดลิมฟอยดเปนชนิดมัยลอยดจํานวน 8 
ราย และจากชนิดมัยลอยดเปนชนิดลิมฟอยดจํานวน 8 ราย
สรุป: 

 ผลการศึกษาคร้ังนี้ไดแสดงใหเห็นถึงประโยชนและชวยยืนยันถึงความจําเปนในการวิเคราะหผล
อิมมูโนฟโนทัยปดวยเทคนิคโฟล ซัยโทเมตรี เพื่อการรักษาท่ีถูกตองเหมาะสมของผูปวยโรคมะเร็งเม็ดเลือด
ขาวชนิดเฉียบพลัน
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Introduction
 Assignment of lineage is very important in the 
diagnosis of acute leukemia, as treatments for acute my-
eloid leukemia (AML) and acute lymphoblastic leukemia 
(ALL) are diff erent. Identifi cation of myeloid and lymphoid 
lineage may be recognized based on cellular morphology, 
cytochemical staining, and immunophenotyping (expres-

sion of lineage-specifi c antigens). The diagnosis and 
classifi cation of hematopoietic neoplasms have greatly 

improved from the general application of immunopheno-
typing during the past two decades. The identifi cation of 

hematopoietic neoplasms by their association to normal 
hematopoietic lineages and stages of diff erentiation is a 
basic datum of current classifi cation systems, such as 

the World Health Organization (WHO) classifi cation. This 
information is largely provided by immunophenotyping 
and has resulted in the addition of immunophenotypic 
data into the defi nition of many hematopoietic neoplasms. 
At present, the certain diagnosis and classifi cation of 

hematopoietic neoplasms cannot be confi dently made 
without immunophenotypic data.1,2,3  Myeloid antigen 

expression in acute leukemia that is morphologically 

Abstract
Objective: 
 To assess the role of routine multiparameter fl ow cytometry, for lineage assignment of leukemic cells 
in patients with acute leukemia.
Materials and Methods: 
 One hundred cases of adult and children patients diagnosed with acute leukemia admitted at Maharaj 
Nakorn Chiang Mai Hospital during 2010 were reviewed. Bone marrow samples were immunophenotyped by 
multiparameter fl ow cytometry compared to morphology.
Results: 
 In our retrospective analysis of 100 cases, morphology established lineage in all cases (100%). 
However, immunophenotyping signifi cantly indicated lineage assignment diff erence from morphology in 16 cases 
(16%) with p<0.001. The fi rst group of 8 cases was reported to be lymphoid from previously reported myeloid. 
The second group of 8 cases was confi rmed to be myeloid from previously reported lymphoid.  
Conclusion: 
 The results addressed the signifi cant benefi t and supported routine application of immunophenotyping 
in the diagnosis of acute leukemia.
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and cytochemically undiff erentiated helps to identify the 
French–American–British (FAB) M0 subtype of AML in 
the FAB classifi cation or minimally diff erentiated  AML in 
the World Health Organization (WHO) classifi cation.4,5  At 
Maharaj Nakorn Chiang Mai Hospital, diagnostic evalua-
tion of acute leukemia has routinely included immunophe-

notyping by multiparameter fl ow cytometry, in addition to 
morphologic results. We, therefore retrospectively ana-

lyzed the lineage assignment role of immunophenotyping 
in acute leukemia compared to morphology.

Materials and Methods
 Patients: One hundred cases of acute leukemia 

diagnosed continuously in adults and children at Maharaj 
Nakorn Chiang Mai Hospital during the year 2010 were 
reviewed.
 Morphology: Bone marrow aspirate smears 
were stained with Wright-Giemsa for morphological 

analysis. Morphological results were compared with the 
immunophenotypic results.
Immunophenotyping: Bone marrow specimens were 
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immunophenotyped by multiparameter fl ow cytometry 
in the Laboratory of Flow Cytometry at Maharaj Nakorn 
Chiang Mai Hospital. Cell suspensions were stained with 
multiple panels of three monoclonal antibodies labeled 
with fl uorescein isothiocyanate (FITC), phycoerythrin (PE), 
and peridinin chlorophyll protein (PerCP). Immunophe-
notypic data were acquired on a FACSCanto II fl ow 
cytometer (BD Biosciences). Data were analyzed using 
BD FACSDiva software. Antigen-positivity was defi ned by 
reactivity above IgG isotype matched controls of leukemic 
cells. Intracellular antigen was not done in this retrospec-
tive studies, therefore analysis were based on surface 
expression. Gating was done by the combination of FSC 
versus SSC and CD45 versus SCC dot plots. 
 Statistical analysis: Proportions of acute leuke-
mia was expressed using descriptive statistics. Chi-square 
was used for the analysis of categorical data by SPSS 
program version 11.5 for Windows.

Results
 One hundred cases of acute leukemia were 
diagnosed at Maharaj Nakorn Chiang Mai Hospital dur-
ing the year 2010. Morphological analysis established 
lineage in all patients (100%). Myeloid and lymphoid line-
age was identifi ed in 61 and 39 patients respectively. 
Immunophenotyping changed the lineage assigned based 

on morphology in 16 cases (16%); 8 changed from 

lymphoid to myeloid, and 8 from myeloid to lymphoid. All 
cases with acute promyelocytic leukemia (APL) can be 
distinguished based on morphology (100%) which has 
been confi rmed by immunophenotyping.
 Among 39 patients with ALL based on mor-
phology, immunophenotyping demonstrated lymphoid 
immunophenotypes in 31 patients (26 cases of B-ALL 
and 5 cases of T-ALL), but demonstrated myeloid 
immunophenotypes in 8 patients. These 8 cases of 
myeloid immunophenotypes had present bright expres-
sion of CD33 and/or CD13, and absence of lymphoid 
markers with the exception of aberrant dim expression 
of CD19 (2 cases), CD4 (1 case), CD56 (2 cases), and 
CD20 (2 cases).
 Among 61 patients with AML based on morphol-
ogy, 53 patients had myeloid immunophenotypes, but 8 
patients had lymphoid immunophenotypes (7 cases of 
B-ALL and 1 case of T-ALL). B-ALL was identifi ed by 
the HLA-DR, CD34, CD19, and CD22 phenotype in all 
7 cases, with aberrant dim expression of CD4 (1 case) 
and CD33 (1 case). T-ALL was identifi ed by the HLA-DR, 
CD34, CD3, and CD7 phenotype.
 There were signifi cantly diff erent between mor-
phological analysis and fl ow cytometric analysis (p<0.001 
by Pearson Chi-square test). Results were shown in Table 
1 and 2.

 Flow cytometric analysis 
Total 

AML B-ALL T-ALL 

M
or

ph
ol

og
ica

l a
na

lys
is AML 

Count 45 7 1 53 

% within Morphology 84.9% 13.2% 1.9% 100% 

ALL 
Count 8 26 5 39 

% within Morphology 20.5% 66.7% 12.8% 100% 

APL 

(M3) 

Count 8 0 0 8 

% within Morphology 100% 0% 0% 100% 

Total 
Count 61 33 6 100 

% within Morphology 61% 33% 6% 100% 

 

Table 1 Diagnosis of acute leukemia based on morphology and immunophenotyping



12 วารสารเทคนิคการแพทยเชียงใหม

Discussion
 Flow cytometry is now considered to be an 
important component of immunophenotyping in hemato-
pathology. Because plentiful of commercially available 
monoclonal antibodies against clusters of diff erentiation 
(CD) molecules with conjugated fl uorochromes, advanced 
fl ow cytometry hardwares and softwares, improved gating 
strategies, and multiparameter analysis have made fl ow 
cytometry a valuable method for immunophenotyping. 
Gating procedure is extremely important in separating 
non-blast cells from blast cells. Proper gating is a crucial 
step in data interpretation of the results in fl ow cytometry.6

 Lineage assignment is very important for proper 
therapy for acute leukemia, as treatment regimens for ALL 

and AML diff er clearly. The diagnosis and classifi cation 
of hematopoietic neoplasms is enhanced by the ability 
to accurately identify abnormal cells, assign lineage and 
determine stage of maturation, principally for chronic 
lymphoproliferative disorders and acute leukemias. Flow 

cytometry is now extensively used for this purpose. 3,7,8

 In our retrospective analysis of routine immu-
nophenotyping in the diagnosis of 100 cases of acute 

leukemia, immunophenotyping was essential for lineage 
assignment in 16 cases, by corrected the lineage that 
was assigned from morphology. The frequency which 

immunophenotyping changed the lineage assigned from 

 Morphological

analysis 
Total 

AML ALL 

Fl
ow

 c
yt

om
et

ric
 

an
al

ys
is 

AML 
Count 53 8 61 

% within Flow cytometry 86.9% 13.1% 100% 

ALL 
Count 8 31 39 

% within Flow cytometry 20.5% 79.5% 100% 

Total 
Count 61 39 100 

% within Flow cytometry 61% 39% 100% 

 

Table 2 The diff erence between morphological analysis and fl ow cytometric analysis

morphology was 16%. There were signifi cantly diff erent 
between morphological analysis and fl ow cytometric 
analysis (p<0.001).
 The original FAB classifi cation was based on 
morphological and cytochemical fi ndings to classify 
leukemias.9,10 The EGIL and WHO recommended an               
immunological classifi cationof leukemias withdevelopment 
of scoring system to classify between various subtypes of 
leukemia.3,11,12 The crucial role of fl ow cytometry in acute 
leukemia is classifi cation. Classifi cation is mainly about 

lineage assignment and association with normal stage of 
maturation. The accurate lineage determination between 

myeloid and lymphoid lineage of leukemic cells is critical 
for the proper therapeutic regimens.

 The discrepancy between morphology and 
immunophenotypic fi ndings were range from 7% to 10% 
in the other previous studies.13,14 In this retrospective 
analysis of routine immunophenotyping in 100 cases of 
acute leukemia, immunophenotyping was essential for 
lineage correction in 16% of cases (p<0.001). These 

data supported an augmentation for routine utilization of 
immunophenotyping in the diagnostic method of acute 
leukemia.
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