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Background: Diagnosis of hematologic malignancies requires a multidisciplinary approach. Flow cytometry (FCM) has 
become an essential tool for immunophenotypic studies of malignant hematopoietic cells. 
Objective: To evaluate the utilization trend of FCM and its diagnostic yields for hematologic malignancy at a major teaching 
hospital in Thailand.
Material and Method: FCM results of bone marrow (BM) and peripheral blood (PB) specimens during 2000-2013 were 
analyzed and compared to clinical diagnosis.
Results: Overall, 7,982 specimens were submitted for diagnostic FCM including 6,561 BM and 1,421 PB. The number of 
specimens analyzed was 121, 142, 164, 299, 491, 431, 690, 611, 719, 744, 725, 863, 955 and 1,027, respectively, from 2000 
to 2013. The most common clinical diagnoses requested for FCM were acute leukemia (5,911 cases, 74%) followed by 
lymphoma (1,419 cases, 17.8%), and chronic lymphocytic leukemia (CLL) (634 cases, 7.94%). The highest diagnostic yield 
of FCM was found in acute leukemia cases (69.71%) followed by CLL (35.33%). Only 15.43% of clinically suspected 
lymphoma cases were positive by FCM. Overutilization of PB (35.6% of cases) instead of BM for lymphoma staging 
significantly contributed to low diagnostic yields of lymphoma by FCM as circulating tumor cells may not be present in 
such cases. 
Conclusion: FCM has an increasing role in the diagnosis of hematologic malignancies in Thai patients over the past                  
14 years with the highest diagnostic yield in acute leukemia. Appropriate specimen types and study indications are required 
in order to reduce futility of costly diagnostic tests and improve diagnostic yields.
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 Hematologic malignancies are a heterogeneous 
group of disorders associated with high morbidity and 
mortality rates(1,2). A multidisciplinary approach is 
needed to diagnose and classify various types of 
hematologic malignancies(3,4). One of the essential tools 
frequently utilized currently is flow cytometry (FCM) 
which analyzes and determines the immunophenotypic 
characteristics of malignant hematopoietic cells(5-8). 
The FCM profiles of millions of bone marrow and 
blood cells can be achieved quickly by flow cytometer. 
Nevertheless, FCM requires use of costly antibodies 
to make a definitive diagnosis.
 In Thailand, the most common type of 
hematologic malignancy is malignant lymphoma 

followed by acute leukemia, chronic myeloid leukemia 
(CML) and plasma cell myeloma (PCM)(9-14). The major 
types of lymphoma in Thailand are diffuse large B-cell 
lymphoma and peripheral T-cell lymphoma(10-12). 
Hodgkin’s lymphoma, which is more common in the 
developed countries, is rare in the Thai population(10,11). 
Acute myeloid leukemia (AML) is the most common 
type of leukemia in Thai adults and acute lymphoblastic 
leukemia (ALL) is the most common malignancy              
in Thai children(9,15). Although CML remains the              
most prevalent chronic leukemia in Thailand,                     
which remarkably differs from the West, the incidence 
of chronic lymphocytic leukemia (CLL) appears to              
be increasing as Thailand enters its aging society 
era(11,13,16,17).
 As FCM has become an integral part in the 
diagnosis of hematologic malignancies worldwide, this 
study aimed to analyze retrospectively the trend in the 
utilization of FCM by clinicians at a major teaching 
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hospital in Bangkok, Thailand. The correlation and 
discrepancies between clinicians and FCM results were 
studied to determine the diagnostic yield of FCM for 
frequently encountered hematologic malignancies in 
the Thai population. 

Material and Method
Patient samples
 The present study was a retrospective study 
approved by the Ethical Committee for Human 
Research, Faculty of Medicine Siriraj Hospital, 
Mahidol University. Patient samples from 2000 to  
2013 that were sent for FCM were recruited, mainly 
those with a presumptive clinical diagnosis of              
acute leukemia, CLL and lymphoma. We recently 
offered FCM for PCM in 2012; therefore, only 18 cases 
of PCM were requested in 2012-2013. The clinical 
diagnosis was retrieved through hospital request     
forms and compared to FCM results.

FCM analysis
 Bone marrow (BM) or peripheral blood (PB) 
were labeled with the following panel of monoclonal 
antibodies (BD Biosciences, CA, USA): CD2, CD3, 
CD4, CD5, CD7, CD8, CD10, CD11b, CD11c, CD13, 
CD14, CD15, CD16, CD19, CD20, CD22, CD23, 
CD33, CD34, CD38, CD41, CD45, CD56, CD57, 
CD64, CD117, CD79a, CD79b, kappa, lambda, FMC7, 
cytoplasmic MPO, TdT, and HLA-DR. After 30-minute 
incubation, cells were lysed in FACS lysing buffer     
and washed with phosphate-buffered saline (PBS). 
CD45 and side scatter (SSC) gates were used to select 
blast windows for multiparameter flow cytometric 
analysis (FACSCalibur; Becton Dickinson, San Jose, 
CA, USA. 

Statistical analysis
 Data were described as median and range 
when continuous and as absolute and relative    
frequency when categorical. 

Results
 There were 7,982 cases submitted for 
diagnostic FCM including 1,421 PB and 6,561 BM 
samples. The number of cases sent to the FCM 
laboratory was 121, 142, 164, 299, 491, 431, 690, 611, 
719, 744, 725, 863, 955 and 1,027, respectively,             
from 2000 to 2013. Fig. 1 shows the trends for acute 
leukemia, lymphoma, and CLL. Acute leukemia had 
the most notable increase in the number of FCM 
requests (8-fold increase in 14 years) whereas in CLL 

and lymphoma the numbers were much lower. Only 
18 cases of PCM were studied in 2012-2013, so the 
numbers are not displayed in this figure.
 Table 1 shows demographic data of specimens 
submitted to FCM laboratory. The most common 
clinical diagnoses requested for FCM were acute 
leukemia (5,911 cases, 74.22%) followed by lymphoma 
(1,419 cases, 17.82%), and CLL (634 cases, 7.96%). 
BM samples were more frequently sent to the FCM 
laboratory than PB (BM 82.2% vs PB 17.8%). More 
males were found in CLL than females whereas males 
and females were almost of equal number in acute 
leukemia and lymphoma. Acute leukemia cases were 
relatively young (median age, 45) as compared to CLL 
(median age, 65) and lymphoma (median age, 58).
 Table 2 shows the diagnostic yield of each 
type of hematologic malignancy. The highest diagnostic 
yield of FCM was found in acute leukemia samples 
(63.53%) followed by CLL (35.33%). Only 15.43% of 
lymphoma cases were positive by FCM. A significant 
proportion of samples sent for lymphoma diagnosis 
were PB (35.6% of cases), instead of BM, as shown    
in Table 1. 
 Among 5,911 clinically suspected acute 
leukemia samples, 3,755 cases (63.53%) could be 
confirmed as acute leukemia by FCM (Table 3).          
Five hundred and twenty-five cases were recognized as 
acute leukemia in complete remission (CR), 451 cases 
were diagnosed as myelodysplastic syndrome (MDS), 
220 samples as CML, and 74 samples as lymphoma 
by FCM. If acute leukemia in CR samples are excluded, 
the diagnostic yield for acute leukemia by FCM became 
69.71% out of 5,386 requested cases. Non-diagnostic/
other disorders comprised 15% of clinically suspected 
acute leukemia requests.

Fig. 1 Increasing number of samples requested for FCM 
at Siriraj Hospital from 2000-2013 (CLL = chronic 
lymphocytic leukemia; Lma = lymphoma; AL = 
acute leukemia).
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Discussion
 In the present study, the authors described   
the increasing trend in the utilization of FCM for             
the diagnosis of adult hematologic malignancies            
in Thailand from 2000 to 2013. The present study 
represents the largest study ever reported from 
Southeast Asia with respect to FCM analysis and 
diagnostic yields in major hematologic malignancy 
patients. As acute leukemia is the most prevalent type 
of leukemia, it is not surprising to have received the 
most samples from clinicians for acute leukemia 
diagnosis by FCM. Moreover, FCM is known to be 
very useful for confirmation and differentiation                 
of various subtypes of acute leukemia according to            
the immunophenotypic characteristics of leukemic 
cells(5-8). The authors found that in a proportion of 
clinically suspected acute leukemia cases, the final 
diagnosis had to be changed from AML to ALL and 
ALL to AML by FCM (data not shown), underscoring 
the importance of FCM for acute leukemia diagnosis. 
In addition, not only that acute leukemia subtypes were 
changed, we also found that many clinically suspected 
acute leukemia cases turned out to be non-acute 
leukemia, including MDS (7.62%), CML (3.72%)              
and CLL/lymphoma (1.25%). In such MDS cases 
diagnosed by FCM, the criteria to exclude AML was 
blasts <20%. For clinically suspected acute leukemia 
cases that turned out to be CLL/lymphoma cases                 
by FCM, myeloid or lymphoid blasts could not be 
visualized in the blast window to implicate acute 
leukemia. For clinically suspected acute leukemia cases 
that turned out to be CML by FCM, we could not 
significantly find the blasts in the blast window and the 
predominant granulocytic profile and confirmation by 
BCR-ABL genetic tests were evident.
 With respect to the specimen types, the          
most common type of received specimen at FCM 
Laboratory was BM in all categories of hematologic 
malignancies, and proportionately more for acute 
leukemia than CLL and lymphoma cases (Table 2). 
This was not unexpected for acute leukemia as BM 
aspiration is always indicated in the initial diagnosis 
of acute leukemia. It was surprising, however, to find 
that in CLL, Thai clinicians prefer to send more BM 
than PB (60% and 40%, respectively), and, even more 
unexpected, was that at least 35% of samples sent for 
lymphoma diagnosis and staging were PB specimens. 
Although a minority of lymphoma cases and some 
subtypes have circulating abnormal cells, BM studies 
are still needed for diagnosis of stage IV lymphomatous 
involvement(18,19).Ta
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What this study adds?
 This study shows the trend of FCM submission 
requests for hematologic malignancy diagnosis in Thai 
patients.  This trend represents a useful estimate for 
the development of FCM’s efficient support strategies 
for the increasing numbers of such samples in the 
future.
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การใชโฟลซัยโตเมทรีเพื่อตรวจวินิจฉัยมะเร็งระบบโลหิตในประเทศไทย: แนวโนมการสงตรวจท่ีเพ่ิมขึ้นและ      
ผลการวินิจฉัยในสิ่งสงตรวจ 7,982 ตัวอยาง

อรทัย พรหมสุวิชา, สุพัตรา กานขาว, วยุรี สองเมือง, จิรายุ เอื้อวรากุล

ภูมิหลัง: การวินิจฉัยมะเร็งระบบโลหิตตองอาศัยวิธีการตรวจหลากหลายวิธี โฟลซัยโตเมทรีเปนอีกวิธีหนึ่งท่ีมีความจําเปนสําหรับ
การศึกษาลักษณะทางอิมมูโนฟโนทัยปของเซลลมะเร็ง
วัตถุประสงค: เพื่อประเมินแนวโนมของการสงตรวจดวยโฟลซัยโตเมทรีและผลการวินิจฉัยมะเร็งระบบโลหิตดวยโฟลซัยโตเมทรี 
ณ คณะแพทยศาสตร ศิริราชพยาบาล
วัสดุและวิธีการ: ทําการศึกษาขอมูลยอนหลังทั้งจากไขกระดูกและเลือด ตั้งแต พ.ศ. 2543 ถึง พ.ศ. 2556 โดยเปรียบเทียบผล
ของการตรวจดวยโฟลซัยโตเมทรีกับการตรวจวินิจฉัยทางคลินิก
ผลการศึกษา: โดยรวมมีผูปวยจํานวนท้ังสิ้น 7,982 ราย ที่มีการสงตรวจดวยวิธีโฟลซัยโตเมทรี เปนการสงตรวจไขกระดูก        
6,561 ราย และสงเลือด 1,421 ราย โดยมีจํานวนที่สงตรวจสําหรับ พ.ศ. 2543 ถึง พ.ศ. 2556 เรียงตามลําดับป ดังน้ี 121, 142, 
164, 299, 491, 431, 690, 611, 719, 744, 725, 863, 955 และ 1,027 ราย โรคที่มีการสงตรวจโฟลซัยโตเมทรีมากที่สุดคือ 
มะเร็งเม็ดเลือดขาวชนิดเฉียบพลัน (5,911 ราย คิดเปนรอยละ 74) ตามมาดวยมะเร็งตอมนํ้าหลือง (1,419 ราย คิดเปนรอยละ 
17.8) และมะเร็งเม็ดเลือดขาวลิมฟอยดชนิดเรื้อรัง (634 ราย คิดเปนรอยละ 7.94) ผลการวินิจฉัยทางคลินิกท่ีไดรับการยืนยัน
ดวยโฟลซัยโตเมทรีในอัตราสูงทีส่ดุคอื มะเร็งเม็ดเลือดขาวชนิดเฉียบพลัน (รอยละ 69.71) ตามมาดวยมะเร็งเม็ดเลือดขาวลิมฟอยด
ชนิดเร้ือรัง (รอยละ 35.33) โดยมะเร็งตอมนํ้าหลืองไดรับการยืนยันดวยโฟลซัยโตเมทรีเพียงรอยละ 15.43 ของจํานวนท่ีสงตรวจ
ทัง้หมด การสงตรวจมะเร็งตอมนํา้หลอืงโดยใชเลอืด (รอยละ 35.6 ของจํานวนทัง้หมด) แทนท่ีจะสงไขกระดูก อาจเปนเหตผุลหนึง่
ที่ทําใหวิธีโฟลซัยโตเมทรีสามารถยืนยันการวินิจฉัยมะเร็งตอมนํ้าเหลืองไดนอย เนื่องจากผูปวยอาจไมมีเซลลมะเร็งในกระแสเลือด
สรุป: การศึกษาน้ีแสดงใหเห็นวามีแนวโนมการสงตรวจมะเร็งระบบโลหิตดวยวิธีโฟลซัยโตเมทรีมากข้ึนอยางชัดเจนในระยะเวลา   
14 ปที่ผานมา โดยเฉพาะอยางยิ่งในมะเร็งเม็ดเลือดขาวเฉียบพลัน อยางไรก็ตาม ชนิดของตัวอยางสงตรวจและขอบงช้ีที่เหมาะสม
ทางคลินิกจะชวยลดการสิ้นเปลืองของการตรวจวินิจฉัยราคาแพง และเพ่ิมผลการตรวจวินิจฉัยใหมีประสิทธิภาพดียิ่งขึ้น


