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ABSTRACT

Background and Purpose: Immunophenotyping is
an important tool to assign acute leukemia blast cells to
myeloid lineage. The pattern of marker expression in AML
is quite heterogeneous even within the same FAB subtype.
The whole mark for diagnosis of AML is being MPO
positive; the introduction of the MPO antigen (Ag) detec-
tion by flow cytometry proved superior to both cytochem-
istry and electron microscopy. However, lack of MPO Ag
in cases which are morphologically and cytochemically
proven AML has been reported. The choice of 10% as a
cutoff in flow cytometry compared to 3% in cytochemistry
may, partly, explain this phenomenon. DR class II MHC
is another marker that is supposed to be expressed in most
AML cases, except M3. DR negative cases have been
previously reported; its impact on prognosis is controver-
sial. Leukemic cells in AML can also express lymphoid-
lineage antigens. Studies addressing the prognostic value
of immunophenotyping in AML are limited and not con-
clusive. Up to our best knowledge, there are no studies
addressing the prognostic relevance of MPO Ag negative
HLA DR negative AML.

The aim of this work is to analyze detailed immu-
nophenotyping in 193 newly diagnosed adult AML patients
excluding M3. The prognostic significance of the different
markers is verified with special emphasis on MPO Ag
negative and HLA-DR negative cases.

Patients and Methods: Excluding M3, one hundred
and ninety three newly diagnosed adult AML patients
presenting to Medical oncology department of the National
Cancer Institute, Cairo University were included in the
study. Immunophenotypic analysis was assessed by mul-
ticolor flow cytometry. According to MPO Ag% positivity,
patients were classified into 3 groups: Group I: MPO Ag
negative ≤3%, Group II: MPO Ag weak positive >3<10%,
Group III: MPO Ag positive ≥10%. Treatment and follow
up: Induction therapy for patients ≤60 years included 2
regimens: Regimen 3 & 7 and HAM regimen. Evaluation
of response was done after 2-3 weeks to determine cases
in complete remission (CR) or refractory.
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Results: Marker expression showed that CD13 and
CD33 were the most frequently expressed (89% and
86.5%); 2 cases were CD13 negative and CD33 negative.
No significant differences were encountered between
MPO Ag weak and MPO Ag positive cases; only CD33
showed near significance association with MPO Ag pos-
itive group (p0.06) which attained significance when both
positive groups were pooled (p0.02). CD34 and lymphoid
marker expression were significantly associated with MPO
Ag negative group (p<0.01 and p0.013). The significance
was attained even at single marker level namely CD5,
CD19 and CD22 and increased when MPO Ag weak
positive and MPO Ag positive groups were pooled (p0.008,
p0.007 and p0.002). MPO Ag negative DR negative cases
(10 patients, 5.2%) had special features: Female predom-
inance (M:F 1:2.33 versus 1.28:1 in the whole group),
statistically significant lower peripheral blood blast percent
(p0.04) and lower frequency of CD13 and CD34 (p0.004
and p0.025). Out of seventy-eight evaluable patients, CR
was achieved in 56. CD14 showed significant association
with CR rate (p0.04). No significant association with
MPO Ag expression was encountered.

Conclusion: The study emphasizes that >3% should
be the cutoff for MPO Ag expression by flow cytometry.
A small subset of AML cases (MPO Ag negative DR
negative AML patients) apparently showed special char-
acteristics which need collection of a larger number of
cases to verify. It seems that the combination rather than
a single marker expression would make the difference.
Apparently a new era is just starting to stratify AML cases
according to immunophenotyping besides the standard
FAB categorization.

Key Words: Immunophenotyping - AML - MPO - HLA
DR.

INTRODUCTION

Acute myeloid leukemia (AML) in adults
is a heterogeneous disease, with a variable
response to therapy with anticancer agents [1].
Using combination chemotherapy protocols,



approximately 60% of patients achieve complete
remission (CR) but only a minority remains
leukemia free [2].

A variety of clinical and biological parame-
ters have been examined for potential value in
predicting treatment response and survival,
including age, gender and cytogenetics [2].

Although immunophenotyping is an impor-
tant tool to assign acute leukemia blast cells to
myeloid lineage, its role has been largely con-
fined to differentiate it from ALL and to confirm
the diagnosis of M0, M6 and M7 [3]. Studies
addressing the prognostic value of immunophe-
notyping in AML are not conclusive. Leukemic
myeloblasts express a variety of leucocyte dif-
ferentiation antigens, which reflect commitment
to the myeloid lineage as well as level of dif-
ferentiation [4,5]. These antigenic phenotypes
have been proven very useful in the diagnosis
of AML, but the prognostic value has remained
uncertain and unclear [5]. Initial reports suggest-
ed a relationship between patterns of myeloid
lineage differentiation antigens and patient
prognosis but subsequent studies have produced
conflicting and inconsistent results [4,5,6]. Some
markers showed controversial significant prog-
nostic association in more than one study; CD13
[7,8], CD14 [9,10], CD15 [11] as well as CD34
which is claimed to be associated with poor
clinical outcome in AML [5,10].

Leukemic cells in AML can also express
lymphoid-lineage antigens [12,13]. The prognos-
tic significance of this phenomenon in AML
has also been examined, but with high conflict-
ing claims of poorer or unaltered prognosis
[5,12,14].

The pattern of marker expression in AML
is quite heterogeneous even within the same
FAB subtype [15]. This observation has urged
trials to develop immunological classifications
that could possibly have a prognostic signifi-
cance [16,17].

The whole mark for diagnosis of AML is
being MPO positive; the introduction of the
MPO antigen (Ag) detection by flow cytometry
proved superior to both cytochemistry and elec-
tron microscopy [18]. However, lack of MPO
Ag in cases which are morphologically and
cytochemically proved AML has been reported
[16,17]. The choice of 10% as a cutoff in flow

cytometry compared to 3% in cytochemistry
may, partly, explain this phenomenon [19].
Another marker that is supposed to be expressed
in most AML cases, except M3, is DR class II
MHC. DR negative cases have been previously
reported; its impact on prognosis is controversial
[6,10,16,20,21]. Up to our best knowledge, there
are no studies addressing the prognostic rele-
vance of MPO Ag negative AML.

In this study, we are analyzing detailed
immunophenotyping of 193 newly diagnosed
adult AML patients excluding M3. The prog-
nostic significance of the different markers is
verified with special emphasis on MPO Ag
negative and HLA-DR negative cases.

PATIENTS AND METHODS

Patients:
One hundred and ninety three newly diag-

nosed adult AML patients presenting to Medical
Oncology Department of the National Cancer
Institute, Cairo University in the period from
2000 to 2003 were included in the study. Written
informed consent was obtained from the patients
and the protocol was approved by the Institution
Research Board. The age ranged from 18 to 74
years with a median of 31 and a mean of
34.55±31.87 years. They were 108 male and 84
female.

Diagnosis of AML was performed according
to standard criteria including clinical, morpho-
logical and cytochemical examination. The FAB
subtype was determined [22]. M3 cases were
excluded from the study.

Immunophenotypic Analysis:
Immunophenotypic analysis was performed

on mononuclear cells from fresh peripheral
blood or bone marrow samples taken at the time
of diagnosis. It was assessed by multicolor flow
cytometry (Coulter Epics XL, Hialeh). A wide
panel of FITC (fluorescin) or PE (phycoerythrin)
conjugated monoclonal antibodies (Mo Abs)
was used (Table 1). Double and Triple marker
labeling was performed, including proper iso-
type controls.

Detection of Surface Markers by Direct Stain-
ing:

The whole blood staining method was per-
formed. In short, 10µl labeled Mo Ab was added
to 100µl whole blood, incubated in the dark for
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20 minutes then processed by the Q prep system
(Coulter Corp, Hialeh, Fl) where immunoprep
reagent A for lysing, B as stabilizer and C as
fixative were consecutively added. The samples
were analyzed on the flow cytomter.

Detection of Intracellular Markers:
 Hundred µl of whole blood was lysed using

lysis solution (Becton & Dicknson) for 10 min-
utes. Cells were washed once and re-suspended
in 1ml PBS. A mixture of 500µl 4% paraform-
aldehyde as fixative, 500µl PBS and 5µl tween
20 as detergent was added to the cells and
incubated for 10min. The cells were washed
and 10µl Mo Ab was added and incubated for
30min at 4°C. Cells were washed, suspended
in 500µl PBS and analyzed [23].

Any antigen was considered positive when
≥20% of blast cells were stained above the
negative control except for CD34 and CD10
where ≥10% was considered positive. According
to MPO Ag% positivity, patients were classified
into 3 groups:
1- Group I: MPO negative ≤3%.
2- Group II: MPO weak positive >3<10%.
3- Group III: MPO positive ≥10%.

In an attempt to consider MPO Ag cutoff
positivity at a lower percentage (3% instead of
10%), group II and group III were compared to
each other and were considered as one group
in the statistical analysis thereafter.

Each group was further divided according
to DR expression into DR negative (a) and DR
positive (b). Fig. (1) shows an AML case MPO
Ag +/DR+.

Fig. (2) shows an AML case MPO Ag -/DR.

Treatment and Follow up:
Induction therapy for patients ≤60 years

included 2 regimens:

1- Regimen 3 and 7 was given as Duanorubcin
45mg/m2 or Doxorubicin 40mg/m2, IV,  from
day 1 to day 3 and Cytosine arabinoside
100mg/m2, by continuous infusion, from
day 1 to day 7.

2- HAM regimen: By high dose Cytosine ara-
binoside 1gm/m2/12 hours from day 1 to
day 3 by infusion over 3 hours and Mitox-
antrone 12mg/m2 from day 3 to day 5 by
short infusion.

Patients above the age of 60 years (4 cases)
received non-anthracyclin containing regimen.

Evaluation of response has been done after
2-3 weeks. Complete remission (CR) was de-
fined as cellular marrow with less than 5%
blasts, no circulating blasts, no evidence of
extramedullary leukemia and recovery of gran-
ulocytes ≥1.5x109/L and platelet ≥100x109/L.

Patients who attained CR were considered
for post remission therapy while those who
failed to respond to induction therapy were
evaluated as refractory. Post remission therapy
was risk adapted: Patients with unfavorable risk
and having HLA-identical donor were subjected
to high dose therapy and peripheral stem cell
transplantation. Those with no available donor
or with contraindication for transplantation as
well as patients with favorable prognosis were
treated with 3 more cycles of HAM regimen
and then kept under follow up. DFS and OS
were evaluated for all patients in addition; OS
was evaluated for the three MPO groups.

Supportive Care:
Blood components transfusion was given to

keep the hemoglobin level at 8gm/dl or higher.
Theraputic platelet transfusion was given to
patients with bleeding manifestation and
thrombocytopenia. Prophylactic platelet trans-
fusion was given when platelet count <10x109/L
or at a higher level if patients had complications
or planned for invasive procedure.

Evaluation and management of infection
was applied according to the rules recommended
for infection management in the immunocom-
promised patients [24] and according to the
ongoing institutional protocols.

Statistical Analysis:
Statistical package for social sciences (SPSS)

version 9 was used. Quantitative variables were
summarized using mean and SD, median, min-
imum and maximum values. Qualitative data
were summarized using frequencies and per-
centage.

The relation between quantitative variables
was tested by Spearman Correlation. Chi or
Fisher’s exact tests were used whenever appro-
priate to test the association between the differ-
ent qualitative variables. Differences were con-
sidered significant at a p value of ≤0.05 and
highly significant at a p value of ≤0.01 [25].
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RESULTS

The study included 193 newly diagnosed
adult AML cases, (excluding M3). FAB classi-
fication was available for 105 cases. M1 was
the predominant FAB subtype (p0.02). The
results are summarized in (Table 2). Peripheral
blood blast median was 65% with a range of
20-96% and a mean of 53.74±31.79%.

Marker Expression:

CD13 and CD33 were the most frequently
expressed; 2 cases were CD13 negative, CD33
negative; one was M1 (MPO Ag negative, DR
negative and CD5 positive) and the other was
M5 (MPO Ag positive, DR negative, CD14
negative, CD2 and CD7 positive).

CD14 was significantly associated with M4
and M5 (p<0.01) being expressed in 61.5% and
46% respectively vs. 0% in M0 and M7, 7.3%
in M2 and 7.4% in M2.

MPO Ag expression was 61.1% (118/193
cases). According to MPO Ag % positivity cases
were divided into 3 groups:

• Group I (MPO Ag negative ≤3%): 47 cases.

• Group II (MPO Ag weak positive >3% and
<10%): 28 cases.

• Group III (MPO Ag positive ≥10%): 118 cases.

With regards to myeloid markers expression
in context of MPO Ag expression, only CD33
showed near significant association with MPO
Ag positive group (p0.06), which attained sig-
nificance when MPO Ag weak positive and
MPO Ag positive groups were, pooled (p0.02).

CD34 showed statistically significant asso-
ciation with MPO Ag negative group (p<0.01).
The significance increased when MPO antigen
weak positive and MPO Ag positive groups
were pooled (p0.005).

Lymphoid marker expression was signifi-
cantly associated with MPO Ag negative group
(p0.013). The significance was attained even at
single marker level namely CD5, CD19 and
CD22 (p0.03, 0.03 and 0.009 respectively). The
significance increased when the MPO Ag weak
positive and MPO Ag positive groups were
pooled (p0.008, 0.007 and 0.002 respectively).

HLADR Status:
Each of the 3 MPO groups was further di-

vided according to the DR status into DR neg-
ative (a) and DR positive (b).

Group I: 47 cases including 10 DR negative
(Ia) and 37 DR positive (Ib). Group Ia showed
female predominance (M: F 1:2.33), though not
statistically significant (p0.08), statistically
lower peripheral blood blast percent (p<0.04),
lower frequency of CD13 and CD34 (p0.004
and 0.025 respectively). The 2 CD5 positive
cases lied in this group (p0.006). Table (3)
shows marker expression in the 10 MPO Ag
negative DR negative AML cases.

Group II: 28 cases including 7 DR negative
(IIa) and 21 DR positive (IIb). None of the
tested markers showed any significant associa-
tion with either group.

Group III: 118 cases, including 35 DR neg-
ative (IIIa) and 83 DR positive (IIIb). Group
IIIa showed significantly lower frequency of
CD13 expression (p<0.01).

Clinical Outcome:
Seventy-eight patients were evaluable while

31 cases showed early death during induction
and were considered non-evaluable. The main
cause of death was infection, bleeding and organ
failure.

Complete remission (CR) was achieved in
56 patients (71.1%). Out of the 56 patients, 6
were subjected to peripheral blood stem cell
transplantation as post remission therapy. No
significant association was encountered between
CR on one hand and age, sex, TLC, or surface
markers expression on the other hand except
for CD14. CR in CD14 negative cases was
76.5% vs. 50% in CD14 positive AML cases
(p0.04) table (4). When cases were stratified
according to MPO antigen status, CD14 retained
its significance only for the MPO antigen pos-
itive group (p0.05). With regard to MPO, no
significant impact was encountered but there
was grading of the CR rate in the three groups
being 59% in MPO Ag –ve, 75% in MPO Ag
weak and 83.3% in MPO Ag +ve.

DFS was 44% for all patients with a median
observation of 12 and range of 1-33 months.
OS was 32% (Fig. 3). OS was 24.2% versus
35.6% in MPO Ag negative group and MPO
Ag positive patients respectively (Fig. 4).
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Table (1): Panel of monoclonal antibodies (mAbs).

Monoclonal Ab

Myeloid Markers:
CD13
CD14
CD33
CD41
Glycophorin A
Myeloperoxidase

Lymphatic Markers:
B Lineage:

CD19
CD22

T Lineage:
CD1
CD2
CD3
CD4
CD5
CD7
CD8

NK:
CD16
CD56

Others:
CD45
HLA-Dr
CD10
CD34

Isotypic Controls:
IgG1 (Mouse)
IgG1 (Mouse)
IgG2a (Mouse)
IgG2a (Mouse)

Coulter Hialeah, FL
Coulter Hialeah, FL
Coulter Hialeah, FL
Coulter Hialeah, FL
Coulter Hialeah, FL
DAKO

Immunotech Marseille, France
Immunotech Marseille, France

Coulter Hialeah, FL
Coulter Hialeah, FL
Coulter Hialeah, FL
Immunotech Marseille, France
Coulter Hialeah, FL
Coulter Hialeah, FL
Immunotech Marseille, France

Coulter Hialeah, FL
Coulter Hialeah, FL

Coulter Hialeah, FL
Immunotech Marseille, France
Coulter Hialeah, FL
Immunotech Marseille, France

DAKO/COULTER/DIACLONE
DAKO/COULTER/DIACLONE
DAKO/COULTER/DIACLONE
DAKO/COULTER/DIACLONE

Source

My7 - PE
RmO52 PE
M9 - PE
P2 - FITC
11E4B.7.6 (KC16)
MPO7 FITC

BL6 - FITC
Sd10 PE

BL6
39C1.5 FITC
UCHT1 FITC
13B8.2 - FITC
BL1A - PE
3A FITC
B9.11 - PE

3G8 FITC
N901 (NKH-1) PE

Immu 19.2 - FITC
B8.12.2 FITC
d5 FITC
581

FITC
PE
FITC
PE

Clone

Table (2): Characterization of 193 AML cases according to MPO antigen percent expression.

* Median (range).             ** Cytoplasmic CD22.

31 (18-74)
1.28:1
36 (0.54-236)
(105 cases)
2 (1.9%)
47 (44.8%)
29 (27.6%)
13 (12.4%)
13 (12.4%)
1 (1%)

193 cases

172 (89%)
166 (86.5%)
42 (21.8%)
1 (0.5%)

73 (37.3%)
10 (5.2%)
3 (1.6%)
2 (1%)
12 (6.2%)
2 (1%)
22 (11.4%)
3 (1.6%)
9 (4.7%)
19 (9.8%)

141 (73.1%)
50 (26.7%)
1 (0.5%)

AML casesParameters

Age: (years)*
M:F
TLC:X109/L*
FAB:
M0
M1
M2
M4
M5
M7

Marker expression:
Myeloid lineage:
CD13
CD33
CD14
CD41

Lymphoid markers:
CD19
CD22**
CD24
CD2
CD5
CD7
CD4
CD16(NK)
CD56(NK)

Other markers:
HLADR
CD34
CD10

26 (18-70)
1.19:1
35 (0.54-194)
(29 cases)
2 (6.9%)
14 (48.3%)
5 (17.2%)
4 (13.8%)
4 (13.8%)
0

47 cases

41 (87%)
36 (76.6%)
8 (17%)
0

27 (55.3%)
6 (12.8%)
3 (6.4%)
1 (2.1%)
2 (4.3%)
2 (4.8%)
7 (14.9%)
1 (2.1%)
2 (4.5%)
6 (13%)

37 (78.7%)
18 (43.9%)
0

Group I
(MPO Ag -ve ≤3%)

Group II
(MPO Ag weak +ve>3 %< 10%)

38 (18-74)
2.5:1
25.6(2.4-78)
(14 cases)
0
4 (28.6%)
5 (35.7%)
3 (21.4%)
1 (7.1%)
1 (7.1%)

28 cases

24 (85.7%)
24 (85.7%)
6 (21.4%)
1 (3.5%)

8 (32.1%)
1 (3.6%)
0
0
4 (14.3%)
0
3 (10.7%)
0
2 (7.1%)
1 (3.6%)

21 (75%)
8 (28.6%)
0

Group III
(MPO Ag +ve ≥10%)

30 (18-70)
1.14:1
36.9(0.6-236)
(62 cases)
0
29 (46%)
19 (30%)
6 (9.7%)
8 (12.9%)
0

118 cases

107 (90.7%)
107 (90.7%)
28 (23.7%)
0

38 (31.4%)
3 (2.6%)
0
1 (1.2%)
6 (5.1%)
0
12 (10.3%)
2 (2.4%)
5 (4.3%)
12 (10.2%)

83 (70.3%)
24 (20.3%)
1 (1.2%)
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Table (3): Marker expression in MPO antigen negative DR negative AML cases.

–: Negative.
+: Positive.
*: Sudan black B positive.

Cases

Case 1

Case 2

Case 3

Case 4

Case 5

Case 6

Case 7*

Case 8

Case 9

Case 10

M0

M4

M1

M2

M1

M0

M1

M1

M1

M2

FAB

–

–

+

+

+

+

–

+

+

–

CD13 CD33

+

+

–

+

+

+

–

+

+

+

CD14

–

+

–

+

–

–

–

–

–

–

CD34

+

–

–

–

–

–

–

–

–

–

CD19

–

+

–

–

+

–

–

–

–

–

CD22

–

–

–

–

+

–

–

–

–

–

CD2

–

–

–

–

–

–

–

–

–

–

CD5

+

–

–

–

–

–

+

–

–

–

CD7

–

–

+

–

–

+

–

–

–

–

CD16

–

–

–

+

–

–

–

–

–

–

CD56

–

–

–

–

–

–

–

–

–

–

Table (4): CR rate in relation to surface marker expression in 78 evaluable AML cases.

* Significance p≤.0.05.

Positive cases out of 78 evaluable patients CR rat
p-value*

0.8

0.46

0.045

0.9

0.54

0.5

0.6

0.8

Percent

71.4

73.8

50

72.2

67.8

80

80

66.7

50

45

7

39

19

4

8

2

Number

70

61

14

54

28

5

10

3

Number

89.7

78.2

17.9

69.2

35.9

6.4

12.8

3.8

Percent
Surface markers

CD13

CD33

CD14

HLA-DR

CD34

CD2

CD7

CD16

Fig. (1): An AML case MPO Ag +/DR+.

(F1)[C] Z0010209.lmd : FL2 LOG/FL1 LOG (F1)[C] Z0010168.lmd : FL2 LOG/FL1 LOG



DISCUSSION

In this work we have studied 193 newly
diagnosed AML cases. Their age ranged from
18-74 with a median of 31 years. This is in
agreement with previous Egyptian studies that
reported a similar median age [26,27] but it is
much lower than what is reported in Western
series with a median of 64 years [28]. The male:
female ratio in this study was 1.28:1 which is
comparable to previous Egyptian reports [26,27]
and to Western data [17]. TLC median in this
study was 36x109/L which is higher than corre-
sponding figures in Western series being
15x109/L in the largest series available com-
prising 909 patients [17]. In the present study,

M1 was significantly the predominant FAB
subtype being 44.8% of our cases. This is com-
parable to results reported by a previous Egyp-
tian study which was 47.1% [27] compared to
about 27% in the largest Western series so far
reported [17] denoting a relatively more imma-
ture nature of our cases. The incidence of M4
and M5 in the present study is comparable to
Casasnovas’ report [17].

The present study emphasizes the marked
heterogeneity of AML immunophenoytypes
reported in the literature [1]. As previously
reported, CD13 and CD33 were the most fre-
quently encountered. CD13, CD33 and CD117
combined were claimed to be superior in the
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Fig. (2): An AML case MPO Ag -/DR-.

Fig. (4): Overall survival (O.S) in MPO Ag –ve vs. MPO
Ag +ve cases.

Fig. (3): Overall survival (O.S) in AML cases.

(F1)[C] Z0010191.lmd : FL2 LOG/FL1 LOG (F1)[C] Z0003860.lmd : FL2 LOG/FL1 LOG
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diagnosis of AML [17] than the unique detection
of MPO antigen [18]. Lack of expression of both
CD13 and CD33 was encountered in 2 cases of
our series. CD13 and CD33 negative AML cases
have been previously reported and were viewed
as possible examples of extreme asynchrony in
sequence of morphologic and immunologic
maturation or abnormal epitope expression in
leukemic cell molecules [8]. CD14 was encoun-
tered in 21.8% of our cases; figures in the
literature varied between 9% and 35% probably
reflecting the relative incidence of M4 and M5
[5,10,16,17]. Another factor, however, is the
known epitopic variability of the antigen [5].
The frequency of CD34 expression in our series
was 26.7%. A similar figure was reported [16].
However this figure is much lower than that
reported by most workers with a frequency of
42-65% [5,10,17]. The lymphoid marker expres-
sion encountered in our series was 37.3%; the
most frequent being CD7 (11.4%) followed by
CD2 (6.2%), CD19 (5.2%) CD22 (1.6%) and
CD5 (1%); other markers were very low. A
comparable figure was reported [14]. We have
previously reported an incidence of 20% lym-
phoid marker expression being 23.8% in chil-
dren and 15.4 in adults [29]. The two cases
expressing cyt CD22 are considered bipheno-
typic; they were not excluded on account of
their classical morphological and cytochemical
patterns; they were both M1. Variable incidence
of lymphoid marker expression was reported
with figures as low as 15% [16] and as high as
44-50% [5,10,17,30]. A lower frequency of CD7
(9%) was reported in a large series of 909
studied by Casasnovas et al. [17] but higher
figures varying from 15 to 32% were reported
by others [5,6,10,16,30]. Expression of other
lymphoid markers were also variable [5,6,
10,17,30].

DR was expressed on 73.1% of our cases.
The figures previously reported varied between
65% and 90% [10]. Our figures for the various
maker expression were nearest to those of Casas-
novas et al. [17] in their 909 patient series. In
this work we categorized our patients according
to MPO Ag expression into MPO Ag negative
group <3% (29.4%), a group with weak MPO
Ag expression of >3 <10% (14.5%) and a MPO
Ag positive group with ≥10% MPO Ag +ve
blast cells (61.1%). Excluding MPO Ag negative
AML has been previously reported [16] in 49/325
(15%) of their cases and by Casanovas et al.

[17] in a special subset of their series (CD13-
ve, CD33-ve) to be 39%. The standard cutoff
for MPO Ag expression by Flow Cytometry is
≥10%. However, this has been recently criticized
and the cutoff of >3% used for cytochemistry
was adopted [19].

The cutoff for cytochemistry was determined
on the assumption that the bone marrow could,
normally, contain up to 3% myeloblasts; any
extra blast cell(s) would belong to the leukemic
population. When Flow cytometry was used for
detection of MPO Ag, this fact was ignored and
a cutoff similar to that adopted for other markers
e.g. CD10 was automatically applied. In fact,
we would go further and suggest that any MPO
Ag positive blast cells in the peripheral blood
whether detected by cytochemistry or by Flow
cytometry should be taken as an indication of
the myeloid nature of the leukemia provided
that the cell is definitely documented as a blast
and not one of the more mature myeloid series
namely a promyelocyte or a myelocyte. In all
previous reports on MPO Ag negative AML,
the 10% cutoff level was used and neither MPO
or DR status were considered in the two avail-
able trials to establish an immunological clas-
sification of AML [16,17].

In this work, Lack of MPO Ag (≤3%)
showed significant association with CD34 and
lymphoid markers expression while MPO Ag
expression showed nearly significant association
with CD33 (p0.06) but no association with FAB.
This denotes a less differentiated phenotype of
the MPO negative AML expressing the stem
cell marker (CD34), lacking the myeloid marker
(CD33) and having aberrant expression of lym-
phoid markers; the cell has not yet frankly
adopted the myeloid differentiation pathway
from the point of view of marker expression
even though it is morphologically and cytochem-
ically documented as AML. Taking in consid-
eration that the majority of our cases were M1
which is still early in the pathway of differen-
tiation we may speculate that some of them
have not yet acquired the full array of myeloid
markers and that the malignant transformation
had occurred in a relatively immature cell.

In this work the group with weak MPO Ag
expression (>3 <10%) showed no significant
association with any other markers, probably
on account of its small number. When the two
positive groups were pooled together the sig-
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nificant associations remained the same and the
nearly significant association with CD33 (p0.06)
acquired statistical significance (p0.02) which
is in harmony with the assumption that the more
differentiated the cells, the more myeloid mark-
ers they express. It also emphasizes the sugges-
tion that the cutoff should be >3 rather than
≥10.

In this work we have further subdivided our
AML cases according to the DR status. The
MPO –ve DR –ve group showed significant
lower frequency of other markers namely CD13
and CD34 (p=0.004 and 0.002 respectively).
Thus we, apparently, have a subgroup lacking
many markers denoting relative immaturity.
This group showed female predominance though
insignificant (p=0.08) against male predomi-
nance in the whole series. It also showed sig-
nificantly lower percentage of peripheral blood
blasts (p=0.04) and the 2 CD5 positive cases
lied in this group (p=0.006). Thus, in spite of
the small number being only 10 cases, this
group has a certain pattern, the significance of
which awaits studying of a larger number.

Within the MPO Ag +ve group, there was
significant association between CD13 and DR
which further emphasizes the findings in the
MPO Ag –ve group. There was, as well, signif-
icant negative association with CD14; this is
an expected finding as CD14 +ve monocytic
leukemia usually lack MPO. The same applies
to the significant positive association between
CD14 and DR, where monocytic cells are ex-
pected to express class II MHC.

In the present study, CR was attained in
56/78 evaluable cases (71.7%). The correspond-
ing figures in the literature ranged from 60-
80% [17,31,32]. DFS was 44% at a median ob-
servation period of 12 months. Reported DFS
at 4 years was 30-40% in patients less than 60
years [32]. In the present study, 6 of our patients
received post remission allogenic peripheral
blood stem cell transplantation (SCT). This was
not based on randomization but rather on avail-
ability of a matched donor and fulfilling specific
eligibility criteria such as age. Comparative
analysis in AML patients achieving CR consis-
tently showed markedly reduced relapse rate
following allogenic SCT [33,34].

We have studied the impact of various mark-
er expression on CR. CD14 was associated with
a lower CR (50%vs.76.6%, p=0.045). When

analyzed in context of MPO Ag expression, it
retained its significance only in the MPO Ag
positive group (p<0.05) while the significance
was lost for the MPO Ag –ve group (p=0.329).
None of the other markers showed impact on
CR including CD34 and CD7. None of the
markers studied showed an impact on survival.
Previous reports have addressed the prognostic
relevance of various markers. CD14 was report-
ed to be associated with low OS [17,30] especially
when associated with CD7 [30]. CD7 is one of
the most extensively studied markers with a lot
of controversy. In the aforementioned study, it
showed an adverse effect on CR (p<0.002),
CCR (p<0.001) and OS (p<0.001) which was
confirmed by multivariate analysis. The adverse
effect has been reported by other workers
[35,36,37]. On the other hand this was denied by
Tien et al. [13]. With regard to CD34 expression,
the majority of reports documented its adverse
effect as an independent prognostic factor [17,38]
which we failed to detect in this series and in
a previous one as well [39] Sporadic reports are
available for other markers including a high
CR rate in CD2+ CD19+ AML cases with su-
perior survival [14], lack of prognostic impact
of HLA DR –ve cases, if M3 is excluded [21].
The marked controversy in the reports on the
prognostic value of different markers has urged
the search for an immunological classification
of AML that might have a prognostic relevance.
Two main proposals for such a classification
are available in the literature. In the first [16],
the authors concentrated on developing a scoring
system for better discrimination between M0
and ALL. The second [17] comprised 909 AML
cases studied in two stages, 176 as a test series
and 733 as a training series to validate the
findings obtained from studying the first group.
They classified the cases according to the pattern
of marker expression into five groups (MA-
ME), taking in account the expression of 4
groups of markers namely CD13 or CD33 or
CD117, CD7, CD35 or CD36, and CD15. They
tested the prognostic impact of other markers
in context of these five groups (MA-ME). Spe-
cific independent prognostic factors were related
to poor overall survival in each of these groups
namely CD34+ in MA and MD, CD7+ in MB-
non- APL, and CD14 in MD and ME. The study
emphasizes the findings obtained in this work
that it is the combination rather than a single
marker expression which might make the dif-
ference, though we used two different markers
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namely MPO and DR for categorization of our
cases. It seems that a new era is just starting to
evaluate the prognostic value of immunopheno-
typing of AML which was previously confined,
mostly, to diagnose M0, M6 and M7.

In Conclusion: The role of immunopheno-
typing in AML is not, any more, confined to
diagnosis. Characterization of specific subsets
is required to establish an immunological clas-
sification with potential prognostic relevance.
In this study, as a first step, we have indicated
a potentially distinct subtype namely MPO Ag
–ve HLA DR –ve. A large number of this ap-
parently infrequent phenotype is needed to
verify its significance.

REFERENCES

1-   McCulloch EA, Kellecher CA, Miyauchi J, Wang C,
Cheng G, Minden M et al. Heterogeneity in acute
myeloid leukemia. Leukemia. 1998, 238s.

2-   Rowe  JM, Liesveld  JL. Treatment and prognostic
factors in acute myeloid leukemia. Bailliere Clin
Hematol. 1996, 87-105 (Abstract).

3-   Claxton DF, Albitar M. Acute leukemia: Phenotyping
and genotyping. Leukemia. 1995, 9: 2150-52.

4-  Foon  K, Todd R. Immunologic classification of
leukemia and lymphoma. Blood. 1986, 68: 1-9.

5-  Bradstock K, Mathews J, Benson E, Page F, Bishop
J and the Australian Leukemia Study Group. Prognos-
tic value of immunophenotyping in acute myeloid
leukemia. Blood. 1994, 4 (15): 1220-25.

6-  Chang H, Salma F, Yi QL, Patterson B, Brien B,
Minden M. Prognostic relevance of immunopheno-
typing in 379 patients with acute myeloid leukemia.
Leuk Res. 2004 Jan, 28 (1): 43-53.

7-  Griffin J, Davis R, Nelson D, Davey F, Mayer R
Schiffer C, et al. Use of surface marker analysis to
predict outcome of adult acute myeloid leukemia.
Blood. 1986, 68: 1232-39.

8-   Kraguljac N, Marisavljevic D, Jankovic G, Radosevic
N, Pantic M, Donfrid M, et al. Characterization of
CD13 and CD33 surface antigen-negative acute my-
eloid leukemia. Am J Clin Pathol. 2000, 114 (1): 29-
34.

9-   Tucker J, Dorey E, Gregory W, Simpson A, Amess J,
Lister T, et al. Immunophenotype of blast cells in
acute myeloid leukemia may be a useful predictive
factor for outcome. Hematol Oncol. 1990, 73: 323-
30.

10- Solary E, Casasnovas RO, Campos L, Bene MC, Faure
G, Maingon P, et al. Surface markers in adult acute
myeloblastic leukemia: correlation of CD19+, CD34+
and CD14+/DR- phenotypes with shorter survival.
Groupe d'Etude Immunologique des Leuckmies
(GEIL). Leukemia. 1992, 6 (5): 393-99.

11- Schwarzinger I, Valent P, Koeller U, Marosi C,
Schneider B, Haas O, et al. Prognostic significance
of surface marker expression on blasts of patients
with de novo myeloblastic leukemia. J Clin Oncol.
1990, 8: 423-29.

12- Cross AH, Goorha RM, Nuss R, Behm FG, Murphy
SB, Kalwinsky DKET AL. Acute myeloid leukemia
with T-lymphoid features: A distinct biologic and
clinical entity. Blood. 1988, 72 (2): 579-87.

13- Tien HF, Wang CH, Chen YC, Shen MC, Lin DT, Lin
KH. Characterization of acute myeloid leukemia
(AML) co expressing lymphoid markers: Different
biologic features between T-cell antigen positive and
B-cell antigen positive AML Leukemia. 1993, 7 (5):
688-95.

14- Ball ED, Davis RB, Griffin JD, Mayer RJ, Davey FR,
Arthur DC, et al. Prognostic value of lymphocyte
surface markers in acute myeloid leukemia. Blood.
1991, 15; 77 (10): 2242-50.

15- Khalidi H, Medeiros L, Chang KL. The immunophe-
notype of adult acute myeloid leukemia. Am J Clin
Path. 1998, 109: 211-20.

16- Thalhammer-Scherrer R, Mitterbauer G, Simonitsch
I, Jaeger U, Lechner K, Schneider B, et al. The im-
munophenotype of 325 adult acute leukemias: rela-
tionship to morphologic and molecular classification
and proposal for a minimal screening program highly
predictive for lineage discrimination. Am J Clin Pathol.
2002, 117 (3): 380-89.

17- Casasnovas RO, Slimane FK, Garand R, Faure GC,
Campos L, Deneys V, et al. Immunological classifi-
cation of acute myeloblastic leukemias: relevance to
patient outcome. Leukemia. 2003, 17 (3): 515-27.

18- Buccheri V, Shetty V, Yoshida N, Morilla R, Matutes
E, Catovsky D. The role of an anti-myeloperoxidase
antibody in the diagnosis and classification of acute
leukaemia: A comparison with light and electron
microscopy cytochemistry. Br J Haematol. 1992, 80
(1): 62-8.

19- Peffault de Latour R, Legrand O, Moreau D, Perrot
JY, Blanc CM, Chaoui D. Comparison of flow cytom-
etry and enzyme cytochemistry for the detection of
myeloperoxydase in acute myeloid leukaemia: Interests
of a new positivity threshold. Br J Haematol. 2003,
122 (2): 211-16.

20- Casasnovas RO, Campos L, Mugneret F, Charrin C,
Bene MC, Garand R, et al. Immunophenotypic patterns
and cytogenetic anomalies in acute non-lymphoblastic
leukemia subtypes: A prospective study of 432 patients.
Leukemia. 1998, 12 (1): 34-43.

21- Wetzler M, McElwain BK, Stewart CC, Blumenson
L, Mortazavi A, Ford LA, et al. MR. HLA-DR antigen-
negative acute myeloid leukemia. Leukemia. 2003,
17 (4): 707-15.

22- Bennet JM, Catovsky D, Daniel MT: Proposed revised
criteria for the classification of acute myeloid leuke-
mia. Ann Inter Med. 1985, 103: 262-67.

40 MPO Antigen Negative HLA-DR Negative Acute Myeloid Leukemia



23- Jung T, Schauer U, Heusser C, Neumann C, Rieger
C: Detection of intracellular cytokines by flow cytom-
etry. Immunol Method. 1993, 159-97.

24- Freifeld A, Walsh T, Pizzo P. Infection in the cancer
patient. Cancer Principles and Practice of Oncology.
2000, 5th ed., 2659-705.

25- Saunders DB, Trap GR. Basic and clinical biostatistics,
3rd edition. Connecticut, Appleton and Lang, 2001.

26- Hamza MR, Ibrahim AS, Mansour MA, Iskander R,
Gad Elmawla N, Khalil I: Clinicopathologic study of
leukemia: Analysis of 220 cases managed in the
National Cancer Institute. J Egypt Nat Cancer Inst.
1982, 1: 29-33.

27- El Zawahry HM. Mattar M, ElAmir M, ElGammal
M: Acute myelogenous leukemia mottality pattern
and cost benefit effectiveness. M.Sc. Thesis Cairo
University. 1995.

28- Row JM. Acute leukemia forum: Advances and con-
troversies in the biology and treatment of acute my-
elogenous leukemia and myelodysplasia. Leukemia.
1998, 12 (Suppl. 1): 1.

29- Kamel A, El Sharkawy N, Ghaleb F, Shaker H,  Yassin
D , Hamdy N. A suggested flow chart for diagnosing
biphenotypic (Hybrid) acute leukemia. The Egyptian
Journal of Hematology. 2000, 25 (3): 415-33.

30- Del Poeta G, Stasi R, Venditti A, Suppo G, Aronica
G, Bruno A, et al. Prognostic value of cell marker
analysis in de novo acute myeloid leukemia. Leukemia.
1994, 8 (3): 388-94.

31- Esty EH, Kantarjan H, Keating M. Therapy for acute
myeloid leukemia. Hematology Basic Principles and
Practice, Hoffman L and Benz G, 5th Ed. 2000, 1025-
42.

32- Lowenberg B, Grtffin J, Tallman M. Acute myeloid
leukemia and acute promyelocytic leukemia. American
Society of Hematology Education Program, Schechter
G and Berliner N (ed5). 2003, 82-102.

33- Cassileth P, Harrington D, Appelbaum F. Chemotherapy
compared with autologus allogenic bone marrow
transplantation in the management of acute myeloid
leukemia in first remission. N. Engl J Med. 1998,
339: 1649-56.

34- Burnett AK, Wheatlry K, Steven R. Further data to
question the case of allo BMT in AML complete
remission in addition to intensive chemotherapy. The
MRC experience in 715 patients less than 44 years
with donors available. Blood. 2002, 10 (11): 369a.

35- Jensen AW, Hokland M, Jorgensen H, Justesen J,
Ellegaard J, Hokland P. Solitary expression of CD7
among T-cell antigens in acute myeloid leukemia:
identification of a group of patients with similar T-
cell receptor beta and delta rearrangements and course
of disease suggestive of poor prognosis. Blood. 1991,
78(5): 1292-1300.

36- Bassan R, Biondi A, Benvestito S, Tini ML, Abbate
M, Viero P, et al. Acute undifferentiated leukemia
with CD7+ and CD13+ immunophenotype. Lack of
molecular lineage commitment and association with
poor prognostic features. Cancer. 1992, 69 (2): 396-
404.

37- Venditti A, Del Poeta G, Buccisano F, Tamburini A,
Cox-Froncillo MC, Aronica G, et al. Prognostic rele-
vance of the expression of Tdt and CD7 in 335 cases
of acute myeloid leukemia. Leukemia. 1998, 12 (7):
1056-63.

38- Repp R, Schaekel U, Helm G, Thiede C, Soucek S,
Pascheberg U, et al. AML-SHG Study Group. Immu-
nophenotyping is an independent factor for risk strat-
ification in AML. Cytometry B Clin Cytom. 2003, 53
(1): 11-19.

39- Kamel A, El Sharkawy N, Yassin D, Shaaban K,
Hussein H, Sidhom E, Abo EL Naga S, Ameen M, El
Hattab O, Aly El-Din N. P-gp expression and RH 123
efflux assay have no impact on survival in Egyptian
pediatric acute lymphoblastic leukemia patients. Ac-
cepted in the Journal of The National Cancer Institute.

Azza M. Kamel, et al. 41


	B_5

