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Leukemias Based on the EGIL Scoring System
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Background : The lineage assignment in acute leukemias is critical in therapeutic decisions. Immu-
nophenotyping by flow cytometry plays the main role in the lineage assignment; however, few studies
have been done to determine the optimal set of markers. In this regard, we tried to find out the optimal
first-line set of markers with a minimal compromise in its diagnostic sensitivity.

Materials and Methods : We retrospectively analyzed 321 cases of acute leukemias whose diag-
noses were based on the EGIL (European Group for Immunological Classification of Acute Leukemia)
scores. At our institution, flow cytometic analyses included 15 first-line markers and 4 additional sec-
ond-line markers as needed, along with immunohistochemical stains. We performed simulational
studies for the expected EGIL scores involving every possible combination of markers and analyz-
ing the overall diagnostic sensitivities in each combination.

Results : The cytoplasmic antigens including MPO stain and CD79a stain contributed greatly to
the lineage assignment. For a sensitivity over 95%, there needed a combination of MPO stain with
other 5 flow markers (CD33, CD13, CD14, CD15 and CD117) for myeloid lineage; CD79a stain with
3 flow markers [CD19, CD10, and CD20 (or TdT)] for B-lymphoid lineage; and 4 flow markers (CD2,
CD3, CD5, and CD7) for T-lymphoid lineage.

Conclusions : To maintain diagnostic sensitivities over 95% for each lineage, at least 14 markers
(including MPO stain and CD79a stain) were needed; while 16 markers were needed for a sensitiv-
ity of 100%. When combined with other important markers for specific aims such as CD45, the min-
imum number of markers needed for the accurate diagnosis of acute leukemias would be more than
about 18 to 20. (Korean J Lab Med 2006;26:393-9)
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INTRODUCTION characterized by uncontrolled rapid proliferation of clonal
hematopoietic progenitor cells[1]. This disease entity is
Acute leukemia is a heterogeneous group of diseases subdivided into myeloid or lymphoid according to the cel-
lular lineage of origin and differentiation[2, 3]. For each
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should be established in a timely manner[4, 5]. Therefore,
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However, the lineage assignment in acute leukemia is
complicated in certain cases, which fall into the subtypes
such as undifferentiated acute leukemia (UAL), bipheno-
typic acute leukemia (BAL) and bilineal acute leukemia
according to the new WHO classification[3]. Moreover,
there are a significant proportion of cases of AML or ALL
with aberrant antigen expressions, which needs to be dif-
ferentiated from BAL. In this regard, the European Group
for Immunological Classification of Acute Leukemia (EG-
IL) has proposed a scoring system for assigning the cell
lineage in acute leukemial6, 7]. When the score for a lin-
eage is greater than two points, the leukemic cells were
considered to be committed to that lineage: when the
scores for more than two different lineages are greater
than two points, the diagnosis falls into BAL.

Immunophenotyping using flow cytometry has been
adopted in many laboratories for lineage assignment of
acute leukemias because it offers a powerful tool for pre-
cise definition of cell populations in bone marrow or peri-
pheral blood specimens[4, 8]. However, it seems that in-
cluding all the 26 markers in the EGIL scoring system
for initial work-up would be too costly and labor-inten-
sive. Furthermore, the cytoplasmic and nuclear antigens
need a painstaking process of cell permeabilization so that
the monoclonal antibodies can reach the intracellular anti-
gens[9]. For this reason, most laboratory centers are con-
cerned about how many and which markers should be
included for the diagnosis of acute leukemias, but few
studies have been done to resolve this issue[10, 11].

In this study, we tried to figure out the best and min-
imum possible combination of markers that are both cost-
effective and sensitive. For this purpose, we retrospectively
reviewed the cases of acute leukemias at our institution

and analyzed the data by simulation studies.

MATERIALS AND METHODS

1. Subjects

We included a total of 321 patients who had been diag-
nosed as having acute leukemia based on the findings
from flow cytometric analyses and immunohistochemical
stains along with cytogenetic and molecular studies from
April 2003 to January 2006 at our institution. The final

diagnosis was established according to the WHO classifi-
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cation employing the EGIL scoring system for lineage assi-
gnment, The cases consisted of 191 AML (59.9%, includ-
ing 4 cases of megakaryoblastic leukemia), 87 precursor
B-cell acute lymphoblastic leukemia (B-ALL, 27.1%), 14
precursor T-cell acute lymphoblastic leukemia (T-ALL,
44%), 18 BAL (56%), 9 UAL (28%), and 2 bilineal
acute leukemia (6.2%). The four acute megakaryoblastic
leukemia cases with CD61 positive results whose EGIL
score did not exceed 2 points were excluded in the simu-
lation analysis; two bilineal cases were also excluded. Four-
teen of the 18 BAL cases were myloid/B-lymphoid (M/
B-BAL), 3 cases were myloid/T-lymphoid (M/T-BAL),
and 1 case was B-lymphoid/T-lymphoid (B/T-BAL).

2. Flow cytometry

The immunophenotype was determined on bone marrow
or peripheral blood cells by flow cytometry by the direct
immunofluorescence method using monoclonal antibodies
against cellular antigens: double labeling was carried out
by using monoclonal antibodies conjugated with fluores-
cein isothiocyanate (FITC) and phycoerythrin (PE). The
analysis was performed on the FACSort flow cytometer
(Becton-Dickinson, CA, USA), gating the blast population
on CD45/side-scatter. A marker was considered positive
if expressed in more than 20% of the gated cells in excess
of negative control.

We used a first-line panel of markers, and added a se-
cond-line panel when the lineage was not clear: the ma-
jority of these cases were ALL with expression of myeloid
antigens whose myeloid score were between 05 and 2
points. The first-line panel consisted of myeloperoxidase
(MPO), CD13, CD33 and CD14 for myeloid lineage: CD10,
CD19, CD20, CD2, CD5, CD7 and terminal deoxynucleotidyl
transferase (TdT) for lymphoid lineage: and CD34, CD45,
CD61 and HLA-DR. The second-line panel consisted of
CD15, CD64, CD65 and CD117 when additional myeloid
markers were needed and CD3, CD4, CD8, CD16/56 and
cytoplasmic # (cMu) when additional lymphoid markers
were needed. All of these monoclonal antibodies were pur-
chased from the Becton-Dickinson Company except for the
Mouse Anti-human MPO/RPE antibody (DakoCytoma-
tion, Glostrup, Denmark) and the Anti-TdT-FITC anti-
body (GenTrak, Plymouth Meeting, PA). CD2, CD3, CD4,
CD5, CD7, CD10, CD15, CD34, CD45, CD61, CD65 and TdT
were FITC-labeled: and MPO, CDS8, CD13, CD14, CD33,
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CD19, CD20, CD64, CD16/56, CD117 and HLA-DR were
PE-labeled. CD45 was labeled with PerCP.

3. Immunohistochemical stain

Routine immunohistochemical stains were done in the
majority of cases; MPO (stMPO), CD3 (stCD3), CD20
(stCD20), TdT (stTdT) and CD79a (stCD79a) stains were
performed on paraffin-embedded bone marrow section
slides. Cytochemical stains for peroxidase, alpha-naphthyl
butyrate esterase (ANBE), Sudan black B (SBB), and
periodic acid-Schiff (PAS) were done by using reagents
of the Sigma Chemical Company (St. Louis, MO, USA).
Reagents and monoclonal antibodies of immunostains were
purchased from DakoCytomation except for those of stCD3,
which were purchased from Novocastra (Newcastle, UK).
Noncontributory results of inadequate specimen qualities

were excluded.

4. Simulation studies and data analyses

The cases of AML, M/T-BAL and M/B-BAL were
defined as myeloid positive group (204 cases): B-ALL,

Table 1. The distribution of scores for each lineage according
to the types of leukemias

Lineage  Score AML B-ALL T-ALL  M/B-BAL
M score 0 - 32/87 6/14 -
(36.8%) (42.9%)
0.5-2 - 55/87 8/14 -
(63.2%) (57.1%)
2.5-4 119/187 - - 13/14
(66.3%) (92.9%)
>4 63/187 - - 1/14
(33.7%) (7.1%)
B score 0 128/187 - 914 -
(68.4%) (64.3%)*
0.5-2 59/187 - 5/14 -
(31.5%) (85.7%)"
254 - 34/87 - 10/14
(39.1%) (71.4%)
>4 - 53/87 - 4/14
(60.9%) (28.6%)
T score 0 147/187 80/87 - 14/14
(78.6%)*  (92.0%)* (100%)*
0.5-2 40/187 7/87 - 0
(214%)*  (8.0%)"
2.5~4 - - 3/14 -
(21.4%)
>4 - - 1114 -
(78.6%)

*CD10 and TdT were excluded.
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M/B-BAL and B/T-BAL as B-lymphoid positive group
(102 cases): and T-ALL, M/T-BAL and B/T-BAL as
T-lymphoid positive group (18 cases). The positivity of
individual markers acquired from the flow cytometric anal-
yses and immunohistochemical stains in each case was
recorded on the data sheet of the Microsoft Excel pro-
gram. These data were analyzed by obtaining the expected
EGIL score when each possible combination of markers
was applied and by estimating the overall sensitivities of
each combination; the sensitivity means the percentage of
cases above 2 points according to the EGIL scoring sys-
tem in each combination. The combination was classified
according to the number of markers: two-marker combi-
nation, three-marker combination, and so on. We compared
them and searched the best combination of markers that
yielded the highest sensitivity for each given number of
markers, Target sensitivities were set as high as 95% (in
laboratory aspects) and 100% (in clinical aspects). All
analyses were done by aid of the Macros and the Func-

tions implemented in the Microsoft Excel program.

RESULTS

1. Distribution of scores

The distribution of scores for each lineage according to
the types of acute leukemias was summarized in Table 1.
The percentages of aberrant expression of B-lymphoid and
T-lymphoid markers in AML cases were 31.5% and 214
%, respectively: the expression of myeloid antigens in B-
ALL and T-ALL was observed in 632% and 571%, res-
pectively, CD10 and TdT, which are both B-lymphoid and
T-lymphoid markers, were excluded in assessing the aber-
rant expression of T-lymphoid antigens in B-ALL, and
vice versa (Table 1).

The concordance rates of flow cytometric markers and
immunohistochemical stains are shown in Table 2. The
concordance rate was relatively high between TdT and
stTdT (95.9%). For MPO, immunohistochemical stain was
more sensitive than flow cytometry. For CD3, CD20 and
TdT, there were no significant differences in sensitivities
between the two methods., For identifying the monocy-
toid lineage, ANBE was more sensitive than CD14, except
for 4 cases that were CD14-positive but ANBE-negative.
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2. Myeloid lineage

We evaluated the first-line markers and second-line
markers separately: the second-line panel was assessed
in 140 cases to establish the exact scores for myeloid lin-
eage: among them, 66 cases (35.3% of AML cases) were
diagnosed as AML and 11 (78.6% of M/B-BAL cases)
were diagnosed as M/B-BAL.

Among the first-line markers, MPO was shown to be
the most important marker for myeloid lineage, MPO stain
being more sensitive than flow cytometric MPO (Table
3). CD33 and CD13 were the second most contributory

markers, with similar significances. CD14 showed a minor

Table 2. The concordance rate between flow cytometric mark-
ers and immunocytochemical stains

Concordance

+H+ - -+ - NC
rate

MPO/stMPO 107 2 23 82 101 88.3%
CD3/stCD3 3 3 2 21 286 82.8%
CD20/stCD20 35 8 3 45 224 87.9%
TdT/stTdT 81 2 2 12 218 95.9%
CD14/ANBE 11 4 19 111 170 84.1%

Abbreviations: NC, not comparable; MPO, myeloperoxidase; stMPO,
MPO stain; stCD3, CD3 stain; stCD20, CD20 stain; TdT, terminal deoxy-
nucleotidyl transferase; stTdT, TdT stain; ANBE, alpha-naphthyl butyrate
esterase.

Table 3. The best combinations and sensitivities for myeloid markers
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contribution to lineage assignment of myeloid cells, The
sensitivity increased gradually as the number of markers
increased, and the full first-line flow cytometric markers
(MPO, CD13, CD33 and CD14) could give a sensitivity
of 77.0%, whereas the combination of MPO stain raised
the sensitivity up to 86.9%.

Among the second-line markers, CD15 and CD117 mod-
erately contributed to the improvement of sensitivity, fol-
lowed by CD65. The maximum sensitivity could be achi-
eved by adding these three markers. Sensitivity over 95%
required the combination of MPO stain and other 5 flow
cytometric markers (CD33, CD13, CD14, CD15 and CD117).
MPO stain and flow cytometric MPO plus other 4 mark-
ers (CD33, CD13, CD14 and CD15) yielded a similar sen-
sitivity (>95%). The former combination would be more
suitable because CD117 can be assessed additionally and
the detection of surface markers is technically easier than
that of cytoplasmic markers, Even when all the flow cyto-
metric markers were combined, the maximum sensitivity
reached was 94.1%. The maximum sensitivity of 100%
could be achieved by combining stMPO plus all available
flow markers except for CD64: CD64 exhibited no contri-

bution to the myeloid lineage assignment in this study.

Combination Number of Best combination Positive Sensitivity
flow markers (%)
Flow marker only 2 MPO+CD33 152/204 745
3 MPO+CD33+CD13(or CD14) 152/204 745
4 MPO+CD33+CD13+CD14 157/204 77.0
4+1 MPO+CD33+CD13+CD14+CD117 178/204 87.3
442 MPO+CD33+CD13+CD14+CD117+CD15 187/204 917
443 MPO+CD33+CD13+CD14+CD117+CD15+CD65 192/204 94.1
4+4 MPO+CD33+CD13+CD14+CD117+CD15+CD65+CD64 192/204 94.1
With stMPO 1 stMPO+CD33 122/145 84.1
2 stMPO+CD33+CD13(or CD14) 122/145 84.1
3 stMPO+CD33+CD13+CD14 123/145 84.8
3+1 stMPO+CD33+CD13+CD14+CD15 135/145 93.1
3+2 stMPO+CD33+CD13+CD14+CD15+CD117 139/145 95.9
3+3 stMPO+CD33+CD13+CD14+CD15+CD117+CD65 142/145 97.9
3+4 stMPO+CD33+CD13+CD14+CD15+CD117+CD65+CD64 142/145 97.9
MPO with stMPO 2 stMPO+MPO+CD33 125/145 86.2
3 stMPO+MPO+CD33+CD13(or CD14) 125/145 86.2
4 stMPO+MPO+CD33+CD13+CD14 126/145 86.9
4+1 stMPO+MPO+CD33+CD13+CD14+CD15 138/145 95.2
442 stMPO+MPO+CD33+CD13+CD14+CD15+CD117 142/145 97.9
443 stMPO+MPO+CD33+CD13+CD14+CD15+CD117+CD65 145/145 100
444 stMPO+MPO+CD33+CD13+CD14+CD15+CD117+CD65+CD64 145/145 100

Abbreviations: See Table 2.
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Table 4. The best combinations and sensitivities for B-lymphoid
markers
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Table 5. The best combinations and sensitivities for T-lymphoid
markers

Number

Number

Combi- of flow Best combination Postive >2SMY Combi- of flow Best combination Postive >SSV
nation (%) nation (%)
markers markers
Flow marker 3 CD19+CD10+TdT 740102 725 1st-line 3 CD2+CD5+CD7 1318 722
only 4 CD19+CD20+CD10+TdT 88/102  86.3 markers 4 CD2+CD5+CD7+CD10 16/18 889
With stCD79a 1 stCD79a+CD19 73/78 93.6 5 CD2+CD5+CD7+CD10+TdT 16/18 889
2  stCD79a+CD19+CD10 73/78 936 5+1 CD2+CD5+CD7+CD10+ 18/18 100
(or CD20) TdT+CD3
stCD79a+CD19(or CD10  73/78 93.6 1st-line 2  CD3+CD7 1214 857
or CD20)+TdT markers 3 CD3+CD7+CD2(orCD50r  12/14 857
3 stCD79a+CD19+CD10+  77/78 98.7 with CD3 CD10 or TdT)
CD20(or TdT) CD3+CD2+CD5(or TdT) 1214 857
4 stCD79a+CD19+CD10+  78/78 100 CD3+CD10+TdT 1214 857
CD20+TdT 4 CD3+CD7+CD2+CD5 14/14 100
5 CD3+CD7+CD2+CD5+ 14/14 100
Abbreviation: stCD79a, CD79a stain. CD10(or TdT)
- 6 CD3+CD7+CD2+CD5+ 14/14 100
3. B-Lymphoid lineage CD10+TdT

Total 102 cases were defined as B-lymphoid group, and
CD79a was assessed in 78 cases only by immunohistoche-
mical stains. When only three surface flow cytometric
markers and TdT were combined, the maximum sensi-
tivity did not reach 90% (Table 4). If CD79a stain was
added, CD79a stain with only one flow cytometric marker
yielded 93.6% of sensitivity, with CD19 being most con-
tributory. For a sensitivity over 95%, at least 3 flow cyto-
metric markers [CD19+CD10+CD20 (or TdT)] combined
with stCD79a were needed; and 4 markers (CD19+CD10+
CD20+TdT) with stCD79a give a sensitivity of 100%.
Cytoplasmic u was assessed in 9 cases, and 8 cases were
also positive for CD79a stain, The remaining one case did
not have CD79a stain result: instead, positive cMu yielded
a B-lymphoid score above 2. Due to the limited number
of cases, the value of cMu could not be fully assessed in
this study. However, it seemed that more than one cyto-
plasmic antigen were needed to maintain a high sensitivi-

ty in the lineage assignment of B-lymphoid cells,

4. T-lymphoid lineage

Due to the small number of cases, we could not per-
form full simulation analyses. Among the first-line mark-
ers, markers assigned to the T-lymphoid lineage in the
EGIL scoring system were CD2, CD5, CD7, CD10 and
TdT: surface CD3 was assessed in 14 cases. The sensi-
tivity did not exceed 90% even though all the 5 first-line

markers were combined, but it increased up to 100% by

adding CD3 (Table 5). When we analyzed only the 14
cases with CD3 data, CD3 was shown to be the most con-
tributory marker, followed by CD7. We also performed the
CD3 stain in 8 cases, but the CD3 stain did not contribut-
ed to the overall sensitivities no better than the flow cyto-
metric analyses of surface CD3. The target sensitivity (>95
%) could be achieved by combining four flow cytometic
markers, CD2, CD3, CD5, and CD7.

DISCUSSION

The role of immunophenotyping has four major aspects
in the diagnosis of acute leukemias[11]: i) lineage assign-
ment that is fundamental for therapeutic decisions, ii) de-
tection of BAL, iii) application of current immunopheno-
typic classifications, and iv) determination of aberrant anti-
gen expression patterns useful for the follow-up of patients
and detection of minimal residual disease. This study was
primarily focused on the first two aims. The target sensi-
tivities were set as high as 95% and 100% because acute
leukemia is very acute and aggressive in its nature, and
thus accurate diagnosis is critical to the patients’ survival.

For the myeloid lineage, we included all 8 markers in
the EGIL scoring system. To achieve the target sensitivity
over 95%, 6 markers (stMPO, CD33, CD13, CD14, CD15
and CD117) were needed in this study. The number of
markers needed for the myeloid lineage was relatively lar-

ger when compared to that for B- or T-lymphoid lineages,
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which is thought to be due to the presence of certain sub-
sets of AML such as minimally differentiated AML that
express a paucity of myeloid antigens. The differential dia-
gnoses of these subtypes of AML need to be established
by the observation of negative expression of the most of
the myeloid antigens. Moreover, there were cases of AML
whose EGIL score did not exceed 2 (for example, CD61
positive cases).

Among the B-lymphoid markers in the EGIL scoring
system, CD22, CD24, and cytoplasmic IgM were not usu-
ally included, and CD79a was assessed only by immuno-
histochemical stain in this study. So we could present sim-
ulation data from limited combinations of markers on B-
lymphoid lineage: however, very high sensitivities could
be achieved, nonetheless. This was due to the presence
of two highly lineage-specific markers (CD79a and CD19)
for the B-lymphoid lineage: simply combining these two
markers yielded a diagnostic sensitivity of 93.6%. Our
results showed that the combination of 4 markers, stCD79a,
CD19, CD10, and CD20 (or TdT) would be optimal. We
did not perform a full-marker assessment for the T-lym-
phoid lineage, either: CDla, anti-TCR and cytoplasmic
CD3 (surface CD3 was optionally tested) were not includ-
ed. Although the data analyses had some limitations due
to the small number of cases, our results showed that the
combination of 4 surface flow markers (CD2, CD3, CD5,
and CD7) was acceptable. Both for B- and T-lymphoid
lineages, further studies involving a larger number of cases
and more markers including those not assessed in this
study are needed to confirm our conclusions.

Some markers are important not for lineage assignment,
but for other purposes. CD45 is a pan-leukocytic antigen
that displays different patterns of expression in different
subpopulations of normal leukocytes and malignant cells
[12]. The step of primary gating for CD45 antigen exp-
ression along with side scatter (CD45/SSC) provides a
clear discrimination of cells of interest (in this case, leu-
kemic blasts), and thereby enables the determination of
the immunophenotype specific to the leukemic cells min-
imizing the contamination of the innocent hematopoietic
cells[11, 13]. Thus the CD45/SSC gating is considered to
be an essential step in the flow cytometric analysis of
acute leukemias, CD34 and/or HLA-DR are markers indi-
cating immaturity, and these are useful for the diagnosis
of “undifferentiated” stem-cell acute leukemia that exp-

resses only these two markers, Furthermore, they can
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serve as useful follow-up markers because they may re-
main on blasts at later stages of maturation providing an
abnormal pattern that can be a landmark for follow-up
[11]. These three markers (CD45, CD34, and HLA-DR)
were also considered to be essential by most experts from
the Clinical Cytometry Society (CCS) in ISAC 2000 Con-
gress[10].

Lastly, certain markers are critical for the determination
of subtype of acute leukemias: CD41 or CD61 for the
identification of acute megakaryoblastic leukemia: CD71
or glycophorin A for acute erythroid leukemia: and CD56
for acute leukemia of the natural killer (NK) cell lineage,
for example[6, 12, 14]. These markers are needed based
on other lines of evidence such as morphologic or clinical
findings.

Collectively, the minimum number of markers for the
lineage assignment to achieve a sensitivity over 95% was
14 (including 2 immunohistochemical stains), while 16 was
needed for a sensitivity of 100%. Including other essential
markers for other purposes than lineage assignment, at
least 18 for a sensitivity of 95% and 20 for a sensitivity
of 100% was required for appropriate diagnosis of acute
leukemias in our marker panels. This conclusion is in accor-
dance with the consensus from the CCS meeting after a
questionnaire survey in a group of experts, which estimat-
ed 13-15 as the number of indispensable markers and 20-
24 for the appropriate number of markers needed for com-
plete diagnosis[10]. More studies on a large number of
cases using more panels of markers would be required for
the establishment of optimal number of markers, as well

as the standardization of immunophenotyping techniques.
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