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In order to determine the prognostic significance of cell size together with expression 
of biphenotypic markers in childhood acute myeloblastic leukemia (AML), we evaluated . 
the cell size of children with AML, 12 with and 21 without biphenotypic markers. The 
patients were followed up for at least 12 months. The cells which were stained with 
FITC conjugated surface marker antibodies were divided into small, middle or large 
cell groups according to their mean channel number of forward scatter by flow 
cytometry. Nine of 12 biphenotypic and 15 of 21 non-blphenotypic children either died 
or relapsed within the first 12 months. The percentages of the small, middle and large 
cells were similar in children and in deceased patients, regardless of whether or not 
they expressed biphenotypic markers. We believe that biphenotypic marker expression 
is a poor prognostic factor regardless of cell size. Key words: cell size, biphenotypic 
expression, childhood, acute myeloblastic leukemia.

The known prognostic factors for acute myeloblastic leukemia (AML) are not as 
definite as they are for acute lymphoblastic leukemia (ALL)1. Although many 
factors have been examined for their prognostic role, the number of studies 
which have examined biologic and prognostic significance of myeloblast size 
is very few2-3, (^published data), un|ike Wjth ALL4.

Although we have shown that the percentage of large cells and their ratio to 
small cells were higher in nAML children with very short survival than in children 
who lived3, the extensive form of this study, together with Kawada et al'.s2 study, 
demonstrated no definite relationship between individual cell size and prognosis. 
Kawada et al.2 established a relationship between myeloblast size and prognosis 
dependent on some surface markers. We established a relationship between 
blast cell size and prognosis dependent on high leukocyte count (unpublished 
data) in children with AML. Biphenotypic appearance of AML (presence of 2
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or more lymphoid markers) is known as a poor prognostic factor1. We carried out 
this study to evaluate the significance of cell size together with biphenotypic expression. 

To our knowledge, this study is the first to investigate the prognostic significance 
of cell size together with biphenotypic expression in childhood AML.

Material and Methods
Patients: Children who were diagnosed as AML and underwent flow cytometric 
evaluation at admission between November 1993 and June 1996 were included 
in the study (median age: 11; mean age: 9.80; range: 1.5-16; 16 female, 17 male). 
Of these, 32 were de novo AML; one converted to AML from Fanconi's aplastic 
anemia [diepoxybutane (DEB) positive]. According to French-American-British 
(FAB) criteria, the patients had M1 (7 cases), M2 (14 cases), M3 (4 cases), M4 
(5 cases), M6 (2 cases), M7 (1 cases) types.

Twenty-four of the patients died or relapsed from the 5th day to the 12th month of 
the treatment (median age: 10.5; mean age: 9.29; range: 2-15; 12 female, 12 male). 
Nine of the patients survived more than 12 months (median age: 13; mean age: 
11.16, range: 15-16; female, 5 male): five for 13 months, two for two years and two 
for three years. Therapy of two patients was stopped two months before the 
completion of this study. Period of follow-up has been one to three years.

Of 33 patients, 12 did (median: 13; mean: 10.4; range: 2-16; 8 female, 4 male) 
and 21 did hot (median: 10; mean: 9.59; range: 18 months-16 years; 8 female, 
13 male) express biphenotypic markers. Of these, nine of the biphenotypic 
patients and 15 of the non-biphenotypic patients died or relapsed within the 
first 12 months. The others were alive and in remission when the study ended. 
According to French-American-British classification, the deceased biphenotypic 
patients had M4 (3 cases), M2 (5 cases, 1 being granular), and M1 (1 cases) 
types; the three living biphenotypic patients had M1 (one case), M2 (1 case), 
and M4 with eosinophilia (1 case).

Twenty-eight of these children were diagnosed and treated at Hacettepe Universiy, 
İhsan Doğramacı Children's Hospital, and five in Dr. Sami Ulus Children's Hospital. 
Thirty-two patients received the Hacettepe AML protocol5 (11 received the 1993 
version of this protocol and 21 the 1995 version) and one the Denver protocol6. 

Cytogenetic analysis was available in 10 of the 24 patients who died or relapsed 
within the first year, and eight of nine patients who lived for more than 
12 months. In the former group abnormal cytogenetic results were as follows: 
20 percent hypodiploidy, t(4;8) (q31,2;p23,1); trisomy 22; and trisomy 8 plus 
22 in the same patient, dup (17)(q24), del (Y)(q11,23), t(8;21). For the latter 
group abnormal results were: del 13 (q12,1) and t(X;21)(q27,3;q21,1) in the 
same patient and trisomy 22 in another.



Acute Myeloblastic Leukemia and Cell Size 221Volume 41
Number 2

Flow Cytometric Analysis: Heparinized peripheral blood (PB) (n:10) or aspirated 
bone marrow (BM) (n: 23) samples were obtained before the treatment. The mean 
percentage of leukemic blasts which were determined morphologically was 66.47 
percent for BM samples and 76 percent for PB samples. The size of blast cells 
were determined by flow cytometry (Becton Dickinson FAC Scan, Lysis I program) 
together with surface markers (CD2, CD3, CD5, CD7, CD22, CD10, CD20, CD19, 
HLA-DR) using fluorescein-isothiocyanate (FITC) conjugated antibodies7. Before 
analysis, the gated cells were examined on cytospin slides and the blast population 
was confirmed as more than 90 percent. The cells between 200-400,400-600, 600- 
800 on forward scatter were considered as small, middle, or large cells, respectively, 
and cells were determined as a percentage. When more than 20 percent of blast 
cells expressed two or more lymphoid markers together with myeloid markers, these 
patients were considered biphenotypic. Two classifications were made to determine 
the significance of biphenotypic expression to cell size. In the first classification, 
the percentage of small, middle or large cells of the biphenotypic patients were 
compared with those of patients who were not biphenotypic. In the second 
classification, only the deceased-relapsed patients were evaluated. Among these, 
the percentages of small, middle or large cells of biphenotypic patients were 
compared with those of the patients who were not biphenotypic.

For statistical analysis, Mann-Whitney U test was used to compare the groups.

Results
In the first classification, the small, middle and large cells of the biphenotypic 
patients were compared with those of the patients who were not biphenotypic 
(Table I). It was striking that the percentages of small, middle and large cells 
of the patients were similar whether or not they expressed biphenotypic markers 
(34.19 ±3.18 vs 39.39 ±4.60; 41.67 ±3.64 vs 38.78 ±3.31; 24.12 ±3.17 vs 
22.03 ±3.16, respectively) (p: 0.76; 0.82; 0.48).

Table I: Dispersion of Different-Sized Cells According to Biphenotypic Expression*

Small Middle Large
NB’ B NB B NB

N 12 21 12 21 12 21
Mean ± SE 34.19 ±3.18 39.39 ± 4.60 41.67 ±3.64 38.78 ± 3.31 24.12 ±3.17 22.03 ±3.16

Range 17.85-49.72 10.85-86.77 17.66-64.95 5.54-57.98 8.84-34.13 1.53-53.30

P 0.76 082 0.48

* Nine of the 12 (75%) biphenotypic patients died during the first year; three have been in remission 
for more than 12 months.

¥: Biphenotypic.
9: NB: Non-biphenotypic.
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In the second classification, only deceased patients were considered. The small, 
middle and large cells of the patients who were biphenotypic were compared with 
those of patients who were not biphenotypic (Table II). The percentages of the 
small, middle and large cells of patients who were biphenotypic were found similar 
to those of the patilents who were not biphenotypic (31.69 ± 3.19 vs 35.10 ± 4.19; 
40.76 ± 4.81 vs 43.59 ± 2.60; 27.53 ± 3.24 vs 21.59 ± 3.53) (p: 0.70; 0.61; 0.20).

Table II: Dispersion of Different-Sized Cells in 
Deceased Patients According to Biphenotypic Expression

Ÿ: Biphenotypic.
3: Non-biphenotypic.

Small Middle Large

NB3 B NB B NB

N 9 15 9 15 9 15
Mean ±SE 31.69 ±3.19 35.10±3.19 40.76 ± 4.81 43.59 ± 2.60 27.53 ±3.24 21.59 ±3.53

Range 17.85-42.69 10.85-66.03 17.66-64.95 27.01-57.98 17.18-42.97 1.53-46.14

P 0.70 0.61 0.20

Discussion
In ALL, the size of the blasts are known to have prognostic significance. Presence 
of blasts with a large diameter (more than 2 times that of the erythrocyte diameter 
of the same patient established by peripheral blood smear examination) is a 
poor prognostic factor for survival independent of age and total leukocyte count4. 
In patients with lymphoma, cell size has been examined to determine any 
relationship with surface antigen expression8-9. In AML, the significance of blast 
cell size has been the subject of a few studies2-3-10,(unpublished da,a). The first 
study was conducted by Kawada et al.2, who planned to establish the role of 
cell size on heterogeneity of myeloblasts and to determine the relationship 
between cell size and surface markers in 23 adults with AML. It was demonstrated 
that the percentage and/or mean fluoresclence intensity (MFI) of surface markers 
(CD13, CD33, CD38, CD34, HLA-DR) were higher on the large cells than on 
the small cells. Furthermore, patients with a low ratio of MFI of antigen expression 
(CD13, CD38, CD33, HLA-DR) on the large cells to antigen expression on the 
small cells as a percentage exhibited longer remission durations or survival 
periods. The second study was ours3. In this preliminary study consisting of 
seven children with AML it was shown that the average percentage of large 
cells and the average ratio of large cell percentage to small cell percentage 
was higher in deceased patients than in patients who lived; surface markers 
were not taken into account3. And, in another study which was an extensive 
form of this study, we could not establish a definite relationship between cell
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size at admission and prognosis (unpublished data). However, we determined 
that cell size of the blasts affected prognosis dependent on high leukocyte 
count (unpublished data). Kwong et al.10 demonstrated near tetraploidy in large 
blasts of an adult AML patient.
The DNA synthesis rate and, therefore, cell proliferation rate, determined by 
tritiated thymidine uptake test in patients with infectious mononucleosis were 
demonstrated to be higher in the monocytes than in the large lymphocytes and 
higher in large lymphocytes than in small lymphocytes. In addition it was shown 
that a large mononuclear cell in infectious mononucleosis was equivalent to a 
myeloblast in the bone marrow11. DNA content in the band cells of normal people 
have been more than that found in the neutrophils12. Gavasto et al.13, who 
examined the proliferation rate of blasts in connection with blast size in eight 
patients with different kinds of leukemia, demonstrated that thymidine uptake 
increased as blast size increased. Terasima et al.14 demonstrated in 
synchronously dividing populations of HeLa cells that cell volume gradually 
increased during mitosis, reached maximum at the 18th hour and then gradually 
decreased. Although Minden et al.15 showed in 1978 that the young progenitor 
cells were small in volume, contrary to general expectations, this has not been 
confirmed. In view of this, we consider the large cells determined by flow 
cytometry in our study as young cells with a high proliferation capacity.
In this study, death of nine of the 12 biphenotypic patients supports the theory 
that presence of biphenotypic expression is a poor prognostic factor. However, 
no difference could be established in the percentages of cells with different 
size, whether the patients were biphenotypic or not. Therefore, biphenotypy is 
a poor prognostic factor independent of cell size.
It has been reported that CD3 and CD7 were expressed most often on small 
(mature) cells, in patients both with good and poor prognosis (unpublished data). 
On the other hand, the CD3 percentage in small cells was found significantly 
higher than that of deceased-relapsed patients.
CD10 was found more often on the large (immature) rather than middle cells of the 
patients with a poor prognosis, while the percentages of CD10 on small, middle and 

• large cells of patients with a good prognosis were similar. Moreover, the ratio of the 
percentage of CD20 expression on large and small cells was significantly higher in 
the deceased or relapsed patients compared to patients who lived. Therefore, we 
believe that CD 10 and CD20 may be valuable parameters for poor prognosis.
On the other hand, the expression of CD10 more often on the large rather than 
middle cells in patients with a good prognosis and the similarity of CD19 expression 
on small, middle and large cells of patients with a poor prognosis (unpublished 
data) suggest that further studies in larger series are necessary to evaluate the 
prognostic role of expression of biphenotypy with each individual lymphoid marker.
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