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In acute myeloid leukemia (AML) patients,
a variety of clinical and biologic param-
eters, including phenotype, have been
examined for potential value in predicting
treatment response and survival. The
European Group for the Immunological
Classification of Leukaemias (EGIL) has
proposed that AML be defined immuno-
logically by the expression of 2 or more of
the following myeloid markers: myeloper-

oxidase, CD13, CD33, CDw65, and CD117.

With regard to this classification, the
prognostic significance of 21 antigens
taken separately and with immunopheno-
typic subgroups were evaluated and com-
pared with other clinical and biological
variables in 177 adult AML patients. None

Introduction

of the antigens tested were associated
with treatment outcome. In contrast, pa-
tients with blasts disclosing a full expres-
sion of panmyeloid phenotype (defined
by the expression of all 5 myeloid mark-
ers) had a higher complete remission rate
(P < .0001) and differed significantly in
disease-free survival ( P = .02) and over-
all survival ( P = .008) than patients whose
cells expressed fewer than 5 of these
markers. In multivariate analysis, only
age, panmyeloid phenotype, performance
status, and permeability glycoprotein ac-
tivity influence treatment outcome. Cyto-
genetics was significant in univariate
analysis but not in multivariate analysis,
most likely because of the redundancy

with panmyeloid phenotype and a higher
sensitivity of immunophenotyping. Pa-
tients whose cells exhibit the panmyeloid
phenotype appear to define a relatively
homogeneous biological subset of AML.
The 4 independent prognostic factors
were used to create a prognostic score,
defined by the number of factors present.
This score permitted a stratification of
patients with AML, thereby allowing for
the consideration of innovative therapies
to improve outcome in the poorer out-
come groups. (Blood. 2000;96:870-877)
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Immunophenotyping is a widely used method to diagnose apdred the results of other prognostic features within the context of a
classify acute leukemias, thereby complementing morphology aladge clinical trial of adult AML patients treated with chemother-
cytochemistry.” A variety of clinical and biologic parameters, apy. Using multivariate analysis, few studies compared the prognos-
including immunophenotype, have been examined for potenti& value of immunophenotype with the other well-known prognos-
value in predicting treatment response and suniv8leveral tic factors!21419Blast cells from 177 AML patients were analyzed
reports suggested a relationship between some antigens (eg, Gith a uniform panel of monoclonal antibodies (mAbs).
CD9, CD11b, CD13, CD14, CD15, CD33, CD34, CD56, and Tdt
[deoxynucleotidal transferase terminal]) and acute myeloid leuke-
mia (AML) patient prognosi&!® But subsequent studies havePatients, materials, and methods
produced conflicting resulfst®

Leukemic myeloblasts express a variety of leukocyte differenti
tion antigens, which reflect commitment to the myeloid lineage @&om January 1994 through December 1998, 177 consecutively admitted,
well as a level of maturation. The European Group for thentreated AML patients (without acute promyelocytic leukemia [APL])
Immunological Classification of Leukaemias (EGIL) has propose#ho were diagnosed in a single center were enrolled in this study. These
an immunological classification of acute leukenfidsin this 177_ patients were analyz_ed for the myeloid phenotype as defined immyno-
classification, AMLs are defined immunologically by the expred29/cally by the expression of 2 or more of the following panmyeloid

.markers: MPO, CD13, CD33, CDw65, and CD117. APL patients were not

sion of 2 or more of the following myeloid markers: myemperox''analyzed in this study because they had received retinoic acid treatment. For

dase (MPO), CD13, CD33, CDw65, and CDFI'ANith regard to  gach patient in the study, we analyzed several clinical and biological

this classification, we attempted to evaluate the prognostic signifharacteristics: age, white blood cell (WBC) count at diagnosis, sex,
cance of different immunophenotypic subgroups. We also comerformance status, French-American-British (FAB) morphology, lactate

g_atients
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hydrogenase (LDH) level, platelet level, hemoglobin level, karyotype, arfideatment
permeability glycoprotein (Pgp) expression and function. . . . . . .
Patients with t(9:22) were excluded from the study. Cytogenetic riSl}l(one of the patients had a history of prior therapies with anticancer drugs or

groups were defined as previously repoRBone marrow for cytogenetic a diagnosis of myelodysplastic syndrome. All patients of this study were

; . W%iven a combination of cytosine arabinoside (AraC) and anthracyclin with
analysis was cultured according to standard methods: 20 or more cells were . ) f . ) .
.or without etoposide. Antileukemic treatments were differentiated accord-

fully analyzed_ to exclude cI_onaI abnormalities, which were d_e-fined 'mg to age, but the treatments were similar.
accordance with the International System for Human Cytogenetic Nomen- Patients aged 60 years or younger received 100 AWaC per day for
clature (ISCN) guidelinet A successful analysis was available for 16710 days and either 45 mgfrdaunorubicin (DNR), 10 mg/fidarubicin, or
patients, representing 94% of the AML cases in the trial. A diagnostic resqltmg/mz mitoxantrone per day for 3 days with or without 100 mg/m
was not available in 10 cases because cytogenetic studies were &ghoside per day for 5 days. Those patients who achieved complete
performed (n= 3) or the studies failed (r 7). Clinical and biologic remission (CR) after 1 or 2 cycles of therapy received 1 cycle of
features are summarized in Table 1. consolidation therapy (with the same induction of anthracyclin). Patients
achieving CR were subsequently scheduled to proceed to allogeneic bone
marrow transplantation if a matched sibling donor was available (20

Table 1. Patient population patients); patients greater than 45 years of age or lacking a suitable donor
Patients Patients received an autograft transplantation.
expressing  expressing Patients 61 years of age and older were given a combination of 100
all5 myeloid  1-4 myeloid mg/n? AraC per day for 10 days and either 7 m@/mitoxantrone per day
All patients, no.  markers, no.  markers, no. for 3 days or 45 mg/MDNR per day for 3 days with or without 200 mg?m
N=177) (n =50 (n=127) P etoposide per day for 3 days. Those patients who achieved CR after 1 or 2
Age, y, mean/range 57/18-82 51+ 15 60+ 16  .05* cycles of therapy received 1 cycle of consolidation therapy (with the same
WHOPS <2,n 133 44 89 NS* induction of anthracyclin). Patients less than 70 years old who achieved CR
WABC at diagnosis, x10° were subsequently scheduled to proceed to autograft transplantation; patients
cells per L, mean/ greater than 70 years of age received a second course of consolida-
range 50/0.3-525 68 = 60 39 + 58 NS*  fion therapy.

LDH, U/L, mean/range 1803/257-15000 1740 * 1362 1853 = 1990 NS*
FAB morphology, n

Differing induction regimens did not appear to make a difference in
clinical response (ie, achievement of CR, DFS, or OS). In addition, the

MO (ooftoral 40) o 4 03T distribution of variables analyzed as the panmyeloid phenotype (defined by
M1 35 (20) 12 2 the expre_ssion of all 5 myeloid markers),_ WHO_ performance status,
M2 63 (36) 16 47 cytogenetics, FAB st_Jb_types, WBC count at diagnosis, LDH level, and Pgp
M4 35 (20) 15 20 expression and agtlwty was not dlfferent between dlffererjt treatm(_ent
MAE 70 4 3 re_g!mens. In the “intent to treat” analy5|s,_there was n9 dl_fferenc_e in
M5 25 (14) 3 2 pllnlcal response (DFS or _QS) between the dlffe.ren't.consol_ldatlon regimens
M6 704 0 5 in our departm.ent. In addl_tlon, ther(_e were no S|gn|f|cant differences in the
M7 1(=1) o N treatment received according to antigen expression.
Karyotype, n (% of total) 003t Immunological phenotyping
GTSS(E;(;QMS'S' n 2§ @3 li 1§ The immunophenotype was performed by multiparameter flow cytometry
18:21) 15 6 9 (FACSORT flow cytometer, Becton Dickinson, Le Pont de_ Claix, Franc_e).
,me”;]ediate Flow cytometry was perfo_rmed on blast cells ggte(_j on their abnormal light
prognosis 113 (63) 35 78 scatter_ characteristics using mAps (Becton ‘chklnson and Immunotech,
No abnormality 78 25 53 Marseille, France) for the following 21 antigens: CD2 (Leu5b), CD3
+8 15 5 10 (Leud), CD4 (Leu3a), CD5 (Leul), CD7 (Leu9), CD8 (Leu2), CD10 (J5),
1123 6 1 5 CD13 (LeuM7), CD14 (LeuM3), CD19 (SJ25C1), CD20 (Leul6), CD22
Other abnormalities 14 4 10 (Leul4), CD33 (LeuM9), CD34 (HPCA?2), CD41 (SZ22), CD56 (Leul9),
Unfavorable prognosis 32 (22) 2 30 CD_W65_(88H7), and CD117 (95C3). In addition, the cells were Iabel_e(_j with
Complex 10 0 10 antibodies to TdT, HLA-DR, and MPO. Several panels containing 3
_7 9 0 9 conjugated antibodies each were used for immunophenotyping analyses:
Del(5q) or —5 s 5 6 HLA-DR-CD33-CD34; CD79a-CD34-CD20; CD10-CD19-CD34; MPO-
Abn(3q) 5 0 5 cCD3-CD34; CD4-CD8-mCD3; CD10-CD22-CD19; CDw65-CD117-
Failure or not done 10 6) 1 9 CD34; CD7-CD4-CD34; CD2-CD5-CD34; TdT-cCD22-CD34; CD34-
Pgp expression, mean 0.15 + 0.09 011+007 019012 Ng+ CD14-CD13; CD56-CD33-CD34; and CD41-CD33-CD34. A membrane

- marker was considered positive when more than 20% of the blast cells
Pgp activity, mean

(n = 150) 042 + 019 037 +019 052+021 .05* expressed it. A cytoplasmic marker was considered positive when more
In vitro sensitivity to than 20% of the blast cells expressed it. These values were selected by
DNR, pmol/L reference to previous published immunophenotyping AML studies and to
(n = 90)t 0.53 = 0.41 0.27 £0.27 078 £0.72 .04* the recent proposals of the EGIL grotip.
In vitro sensitivity to f
AraC, pumoliL Level of Pgp expression
(n = 90)f 13.4 = 85 85*57 17.9+164 .04

Pgp expression was measured by labeling fresh viable cells with the UIC2
Values are expressed as the mean plus or minus SE. The P value indicates the ~ MAD (Immunotech) and phycoerythrin (PE)-labeled second antibody as
comparison of a patient group with the presence of all 5 myeloid markers and agroup ~ described previousK? The expression of Pgp was established with blast
with the absence of one or several myeloid markers. The normal value of LDH is less cells selected by the CD34 mAb (2-color assay) or other markers (eg,
;h;ln 61;3 U/L. NSblndlcatles :Ot S|gn|f|camblileRl u_]d:fates cr;romosog?e. delettljork arg:d CD33/CD7, CD33/CD2, CD33/CD19, or CD33/CD22 by 3-color assays)
Cytgsi':e';ra;;snoasiggrma chromosome. indicates daunorubicin and AraC. \, hanever possible. Physical characteristics were used to establish expres-
*Indicates that the Mann-Whitney U test was used. sion of Pgp only if blast cells did not express characteristic markers.
tIndicates that the Eisher exact test was used. Fluorescence was analyzed on a FACSORT flow cytometer. The D value
tIndicates that the MTT assay was used. generated for Pgp expression compared gated leukemic blasts stained with
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UIC2 versus isotype control by means of the Kolmogorov-Smirnov (KSYlay-Grinwald-Giemsa staining and by immunophenotyping, which was
test. This statistic, denoted D, measures the difference between 2 distriperformed by flow cytometry. We performed this functional test on 90 adult
tion functions and generates a value ranging frethO to 1.0?2 Correla-  AML patients among the 177 total AML patients.
tions with clinical outcome were largely performed using the D value as a
continuous variable, in accordance with consensual recommend&#ns. gyatistical analysis
Staining with UIC2 was considered positive ia D value of at least
0.15. This D value cutoff point was derived based on observations dhe association between variables was analyzed by the Fisher exact test for
previous work$?2 categorical variables and by the Mann-Whitney U test for continuous
variables. Clinical and biological factors were investigated for their
influence on remission rate by the Fisher exact test for binary variables and
by the Mann-Whitney U or Kruskal-Wallis tests for continuous variables.
Pgp function was measured as described previgégiefly, cells exposed DFS was measured from the establishment of CR until relapse or death
to the nonfluorescent calceim (Sigma, St Quentin-Fallarrer, France)from any cause, with observation censored for patients last known alive
become fluorescent following the intracytoplasmic cleavage of cakoein- without report of relapse. OS was measured from diagnosis until death from
by cellular esterases, which produced the fluorescent derivate calcein. Bgp cause, with observation censored for patients last known alive. DFS and
actively extruded the calceism. When we measured the calcein-uptake  OS were estimated by the Kaplan-Meier metHoand compared by the
by flow cytometry, we assessed the amount of fluorescent calcein that hgglrank test. Analyses of prognostic factors for treatment outcomes were
been converted from the nonfluorescent caleein\When the Pgp protein based on proportional hazards regression models for DFS an# OS.
was active, less calceimm was retained and less was converted tGignificance was defined &= 0.5, as determined by the 2-tailed test. The
fluorescent calcein. Therefore, calceim-uptake (with specific modulators Cox proportional model was used for the multivariate analyses on DFS and
of Pgp) could be used to assess whether Pgp was functional. In our previgg32 The median follow-up time for censored patients was 716 days. We
studies, calceimm uptake with or without cyclosporin A (CsA) provided aincluded the 177 patients in this study from January 1994 through
functional test for AML cells as specific and sensitive as Rh323sA, the  December 1998: 16 patients in 1994, 37 in 1995, 41 in 1996, 42 in 1997,
most specific and sensitive Pgp functional #st. and 41 in 1998. The time-point used for the proportion of DFS and OS was
We performed this functional test in 150 adult AML patients among thaugust 31, 1999.
177 total AML patients. The cells were incubated with 0.1 pmol/L
calceinam for 15 minutes at 37°C in Roswell Park Memorial Institute
medium (RPMI 1640) without or with 2 umol/L CsA. The cells WereReSUHS
washed twice in cold phosphate-buffered saline (PBS), and the samples
were analyzed with a FACSORT flow cytometer. All samples were analyz‘ﬁ’i'lmunophenotype
without fixation. As for Pgp expression, the D value measures the difference
between 2 distribution functions (with and without a modulator). Thd he expression of 21 antigens for the group of 177 assessable adult
function of Pgp was established with blast cells selected as aboveML patients is presented in Table 2. Among different markers, the
Correlations with clinical outcome were performed using the D value asraost positive markers were the following (percentage of positivity
continuous variable, in accordance with several consensual recommengigted in parentheses): the myeloid lineage antigens CD13 (95%),
tions?324Positive uptake of calceimm was definedsia D value of atleast cp33 (91%), and MPO (73%) and the hematopoietic progenitor
0.3. This D vazlue cutoff point was derived based on observations @b markers HLA-DR (87%), CD117 (73%), and CD34 (68%).
previous works: Another myeloid lineage marker, CDw65, was positive in only
40% of the patients. CD7, a stem cell marker, was positive in 37%
of the patients. We detected the T-cell markers CD2 in 18% of
In vitro cytotoxicity was measured as described previotisgrevious patients, CD5 in 4%, cCd3 in 2%, and CD8 in 0%, whereas we
studies, using the methyl-thiazol-tetrazolium (MTT) assay for the predidetected the B-cell markers CD19 in 16%, CD10 in 10%, cCd22 in
tion of chemoresistance in adult AML, suggested that the assay may #8% and CD20 in 0%. CD4 and CD14 were positive in 63% and
helpful for risk group stratification in adult AME®2627 Stratification also 2504 of the patients, respectively.
has a strong value in the prediction of clinical response in childhood The expression of the 5 myeloid antigens (ie, MPO, CD13,

leukemiag?®2°® Therefore we used the MTT assay to assess the in vity - -
resistance to drugs. In our previous study, patients who exhibited high Ietr%?:gs’ CDw65, and CD117) defining the panmyeloid phenotype

concentration of 50% (LC50) DNR and/or high LC50 of AraC had a pooré’ya,s analyzed in the 177 patients. Le.ukemllc blasts frpm these 177
prognosis than the other patieAts. patients expressed 2 of these antigens in 13 patients (7%), 3

In vitro sensitivity of cells to DNR, Ara-C, and etoposide wasdntigens in 49 patients (27%), 4 antigens in 65 patients (36%), and
determined by planting X 1CP cells in a 200 pL growth medium, without 5 antigens in 50 patients (28%).
any specific growth factor, containing several dilutions of the drug in
96-well microtitre plates. Each concentration of drugs was repeated incgyrelations of antigen expression and other
wells. After incubation at 37°C for 3 days with 5% carbon dioxide (5O jinical and biological variables
cell viability was determined using the MTT assay as described by Kaspers
et al30 Briefly, 20 uL MTT (5 mg/mL in PBS) was added to each well andThe correlations of antigen expression and other clinical and
incubated for 6 hours. The medium and MTT were then removed from théological variables are shown in Table 2. Age was significantly
wells by centrifugation, and formazan crystals were dissolved in 200 [dorrelated with CD19 and Tdt; WBC count with CD34, CD33,
dimethyl sulfoxide (DMSO). The absorbance was recorded in a microplat¥D 14, and CD7; WHO performance status with CD117; LDH level
reader (Model MR5000; Dynatex Laboratories, Issy-les-Moulineaux, FranGg)th CD14; cytogenetics with CD34, MPO, CD4, CD5, and CD19;
at the wavelength of 550 nm. The effect of drugs on growth inhibition COU'EAB morphology with all markers except CD33, CD13, CD5, and
be assessed as: % of growth inhibitienl — [(absorbance of d_rug—treated CD56; Pgp expression with CD33; and Pgp activity with CD34,
cells/absorbance of untreated celis)100]. LC50 was determined as the&DB& CDW65, CD14, CD10, and Tdt. Interestingly CD34 and

drug concentration that resulted in a 50% growth inhibition. The sampl ’ .
were considered evaluable if the drug-free control wells contained moqplg were seen in good and poor cytogenetic groups. In contrast,

than 80% of leukemic cells before culture and more than 70% of leukenficP4 .expre.lc,sion was lower in QOQd and poor CYtOQ?HEtiC groups
cells after 3 days of culture. The MTT assay gave reliable results und&an in the intermediate cytogenetic group. No significant correla-
these condition® The percentage of blast cells was determined btions were found between platelet level, hemoglobin levelraadkers.

Functional analysis of Pgp using calcein-  Am

Methyl-thiazol-tetrazolium cytotoxicity test
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Expression of panmyeloid antigens and other for OS, 48% vs 17%, with a median of 780 days vs 190 days,
clinical and biological variables respectively P = .008) (Table 3). An examination of the possible

Table 1 shows significant associations between the presence of 4]]89Nn0stic relevance of the other combination of antigens for the
myeloid markers (panmyeloid phenotype) and cytogeneti&R rate, DFS, and OS yielded no further information (data

(P = .003), FAB subtypes{ = .03), young ageR = .05), and low not shown).

Pgp activity P = .05). Associations were not noted with WBC In most cases, except for a few markers, these results were

count, LDH level, WHO performance status, and Pgp expression‘?onﬁrmed for both groups of patients: less than 60 years and 60
years or older (data not shown). For younger patients (less than 60

Relationship between immunophenotype years), CDw65 was associated with a higher CR rate than older
and treatment outcome patients (90% vs 60%, respectively;= .01). Similarly, for older

Out of 177 patients, 101 (57%) achieved CR. None of the antigeﬁ%t_;_e(';ti(aggisé;:t% i?;?%fﬁ el:ngcue dzsl?/ggr%[)slo P =.06), and

tested were associated with a higher or lower CR rate. The analysIs
of DFS and OS curves likewise failed to show any prognostic . o ) )
significance for the antigens tested. In contrast, patients w%her clinical and biological parameters influencing
leukemic blasts disclosing the expression of the panmyelo(?(‘j'tcc"ne of treatment

phenotype had a higher CR rate compared with those patients wite factors influencing achievement of CR are summarized in
did not disclose expression (80% vs 48%, respectiiekz; .0001) Table 3. CR rate significantly decreased with increasing age
(Table 3). DFS and OS of patients expressing the panmyeldi@ < .0001), increasing WHO performance statBs<.01), cyto-
phenotype also differed significantly from patients whose leukemienetics P = .005), and increasing Pgp activitl & .04). How-
cells expressed only 1-4 antigens (Figure 1); for DFS, 52% vs 16%yer, CR rate was not associated with the other variables.

with an unattained median vs 360 days, respectiviely (.02), and In univariate analysis (Table 3), the estimated probability of a

Table 3. Relationship between clinical and biological variables and treatment outcome

Patients, no. CR, % P*t Pt 3-y DFS, %/median d P*§ Pt 3-y OS, %/median d P*§ Pt
Panmyeloid antigens <.0001 .02 .02 .04 .008 .04
+ 50 80 52/NR 48/680
- 127 48 16/390 17/231
Age <.0001 .001 .01 .02 <.0001 .002
<60 80 35 14/290 19/164
=60 97 75 41/580 43/784
WHO performance status .01 .01 .01 .03 .005 .02
<2 133 62 40/439 37/484
=2 44 41 14/392 20/180
Cytogenetic .005 NS .01 NS .01 NS
Good 22 82 59/NR 53
Intermediate 113 59 33/518 31/345
Poor 32 34 12/189 19/201
Failure or not done 10 50
FAB subtypes NS NS NS NS NS NS
MO 4 75 0/170 20/170
M1 35 54 0/130 0/185
M2 63 59 34/579 34/531
M4 35 54 60/NR 51/NR
M4E 7 86 40/380 50/NR
M5 25 52 22/170 21/190
M6 7 57 0/227 40/200
WBC count, X109/L NS NS NS NS NS NS
=30 59 47 29/430 23/295
<30 118 62 38/588 36/300
LDH level, U/L NS NS NS NS NS NS
=2000 48 46 32/350 32/277
<2000 129 61 33/537 34/599
Pgp expression|| NS NS NS NS NS NS
+ 87 50 14/370 16/286
- 90 63 37/352 24/245
Pgp activity (n = 150)1 .04 .05 .04 .05 .04 .05
+ 48 50 0/321 8/231
- 102 68 14/360 33/348

NR indicates not reached; NS indicates not significant.

*Indicates univariate analysis.

TIndicates that the Fisher exact test was used.

FIndicates multivariate analysis.

§Indicates that the log-rank test was used.

|Staining with UIC2 was considered positive when D = 0.15. This D value cutoff point was derived based on observations of previous works.2:
fUptake of calcein-am was considered positive when D = 0.3. This D value cutoff point was derived based on observations of previous works.2:
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A Patients with normal cytogenetic
LS (overall survival)
Patients with
8 panmyeloid phenotype 1]
h 1 Patients with a
6 . 40 patients . 8 " panmyeloid phenotype
4 _ 6 - 25 patients
50 61 patients rox
1 _ 1 53 patients
0 Other patients p=0.02 2 < 2
P ) e S TR iy SRS e RGN SR e sy EGS (R [ o | 1 Other patients
0 400 800 1200 1600 01 p=0.03
Days from complete remission ' ' ' ' J ' ' C
0 400 800 1200 1600
B Days from diagnosis
1 . . Figure 2. OS of patients with normal cytogenetics, expressing all 5 myeloid
Patients “:"lth markers, or lacking 1 or more of these myeloid markers.
g panmyeloid phenotype
1 : (D < 0.15 vs D= 0.15), and the subgroup of panmyeloid pheno-
6 ' 30 patients type (panmyeloid markers, less than 5 vs 5). We have pooled
£] patients in accordance with the number of independent prognostic
s S factors: good prognostic (no poor prognostic factors), intermediate
i 127 patients prognostic (1 poor prognostic factor), and poor prognostic (2-4
2] o o poor prognostic factors). The estimated probability of 3-year DFS
1 . and OS for each group is shown in Figure 2A and 2B, respectively.
0 - Other patients p=0.008
-T—T—T——TTT T T T Expression of panmyeloid phenotype and correlation
0 400 200 1200 1600 with in vitro resistance variables

i P We compared patients with leukemic blasts disclosing expression
y g of all 5 myeloid markers with those who did not. The results
Figure 1. DFS and OS of patients with or without all myeloid markers. DSF is showed, respectively: a lower activity of Pgp (0.37.26 vs
shown in panel Aand OS n panel 8. 0.52+ 0.25,P = .05); a higher sensitivity to DNR (0.2F 0.27
mol/L vs 0.78+ 0.72 umol/L,P = .04); and a higher sensitivity

3-year DFS and OS, respectively, was significantly poorer f 5 AraC (8.5+ 5.7 umol/Lvs 17.9- 16.4 umol/LP = .04) (Table 1).

patients with unfavorable cytogenetiéd€ .01 andP = .01). The
probability decreased significantly with increasing age=(.01
and P < .0001), increasing performance statud .01 and

. . s All patients
P = .005), and increasing Pgp activity & .04 andP = .04).

A "I B iy 32 patients
Multivariate analysis 2] 81
. . . . . oA 30 patients 0 factor o 0 factor
In multivariate analysis, only ag® (= .001), panmyeloid antigens . ] .
.. h 33 patients 4 - 1 factor
(P = .02), WHO performance statu® & .01), and Pgp activity , S ! factor 5] 52 patienss °
(P = .05) influenced achievement of CR (Table 3). A Cox multivar- ] ot factors om0 B Spuients -
iate analy_3|s_ of DFS gn_d OS was performed.Th_e following patient 7T - Tt 0 e momn e
characteristics (predictive, in univariate analysis, for an unfavor- Days from complete remission Days from diagnosis
able outcome) were included in the model: age, WHO performance Patients with normal cytogenetics
status, presence of all 5 myeloid markers (panmyeloid phenotype{p | e o 1 D
cytogenetics, and Pgp activity. DFS and OS were influenced, ;] e 1 patients 05"
respectively, by ageR(= .02 andP = .002), the subgroup of ] o
panmyeloid phenotypd(= .04 andP = .04), WHO performance 4 18 patients 4 S e
/i 1 factor patients actor
status P = .03 and P = .02), and Pgp activity K = .05 and 2] |14 patients 2 N
P= 05) 0 2to 4 factors p=0.01 o 2to 4 factors p=0.002
) Cll 40‘0 I 800 1200 1600 l; 4(;0 ‘ 800 I 12;30 I 1600
Prognostic score Days from complete remission Days from diagnosis

We have included in this prognostic score all independent progng¥lre 3. Score system stratifying AML patients.  DFS (A) and OS (B) of all

. . | th 60 tl t 60 W@g&ents and DFS (C) and OS (D) of patients with normal cytogenetics. The factors of
tic factors: age (ESS an years vs at leas years), " poor prognosis include a WHO performance status greater than 2, a positive Pgp
performance status (less than 2 vs at least 2), Pgp activiyivity, expression of only 1-4 myeloid markers, and older age (at least 60 years).
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Normal cytogenetics and panmyeloid markers ties. In the same way, normal cytogenetics (an intermediate

In patients with normal cytogenetics, a favorable subgroup COH[ognaossétic factoff regroups patients with heterogeneous dis-
sisted of patients who had the following: expression of all §2€** In this subgroup of patients, those expressing all the 5

myeloid markers (Figure 3), low WHO score, young age, and |owy_eloid markers_ have a better prpgnosis than others. Therefore
Pgp activity in univariate analysis. In this subgroup of normdfalients expressing the panmyeloid phenotype (28% of patients)

cytogenetic patients, a multivariate analysis revealed that th&l@fined a subgroup of AML with a particularly good prognosis.
were the same 4 good independent prognostic indicators of Besides the panmyeloid phenotype, other independent prognos-
survival: young ageR = .03), WHO scoreR = .03), Pgp activity tic factors identified in the current series included older age, higher
(P = .04), and panmyeloid phenotype & .05). Using our prog- Pgp activity, and higher performance status. Even if the treatment
nostic score, the estimated probability of a 3-year DFS and OSGhYounger and older patients was very similar, treating patients
each group is shown in Figure 2C and 2D, respectively. The otHéifferently based on age may confound conclusions about the

subgroups of cytogenetics were too small to analyze the prognosiignificance of age in determining treatment outcome. Cytogenet-
significance of the panmyeloid phenotype. ics was not selected by this multivariate analysis because of a

probable redundancy with panmyeloid phenotype and a higher
sensitivity of immunophenotyping. These features are key compo-
nents of our prognostic model for adult AML. This model classified
patients by 3 risk groups. This score stratifies patients well;
The results concerning the prognostic implications of surfad@novative therapies may be used to improve outcome in the poorer
antigen expression in AML have been controver$idlBut the —outcome groups, while for patients with a better prognadsisjnished
comparability of the results can be hampered by methodologdixicity with standard effective therapy can be proposed.
differences in the detection of antigen expression as well as by The correlation between Pgp activity and CD34 in AML was
differences in patient populations studied and treatment regimditst emphasized by Te Boekhorst e¥’aind is now establishe®:3
administered:1°Our study involved immunophenotyping examinain accordance with other publications, we also found a strong
tions in addition to several clinical and biological parameters in@orrelation between CD34 expression and Pgp acti¥idowever,
large number of adults with newly diagnosed AML. the relationship of Pgp expression or activity to other markers
Our results do not indicate that the expression of 1 antigen ckangely remains unclear and a debated quesfiéhin this study,
be applied for risk stratification in adult AML at diagnosis. In factPgp activity was positively correlated with CD34 expression and
the majority of markers are associated with both poor and gooegatively correlated with CD10, CD14, CD33, CDw65, and TdT
prognostic factors. For example, several studies reported a peapression. In a recent study by Wuchter et?al,D14 and CD65
response to induction chemotherapy in patients with CD34 andisere also negatively correlated with Pgp activity. Interestingly,
CD7 AML.%015|n our study, CD34 patients were associated withmore of these markers (CD10, CDw65, and TdT) influenced
both good prognostic factors (cytogenetics of t(8;21) and Inv(1&eatment outcome in subgroups of patients (CDw65 for younger
and low WBC count at diagnosis) as well as poor prognostic factgeatients, CD10 and TdT for older patients) in our study. This also
(cytogenetics of poor prognosis and high Pgp activity). AMlemphasized the importance of the patient population studied. In
patients expressing 1 antigen, such as CD34 or CD7, do rmmntrast to other markers, the positive value of the presence of all 5
comprise a sole biological entity of AML but correspond to anyeloid markers was found in the whole population including
heterogeneous group. Using the EGIL classificatibnye have older and younger patients. This displays the value of panmyeloid
shown that patients expressing all the 5 myeloid markers hadhenotype as prognostic factor.
better prognosis than other patients. Perhaps this subgroup ofin conclusion, the expression of the 5 myeloid markers is an
patients, expressing a combination of several markers, recognizeddependent prognostic factor for outcome in patients with adult
more homogeneous biological entity of AML. These patients havaViL. Patients who express all 5 myeloid markers probably define
a younger age, a lower Pgp activity, and a lower in vitro resistaneerelatively homogeneous biological entity of AML. The results
to DNR and AraC than other patients. Similarly, they are associatdm this study will be used to help develop treatment strategies
with particular FAB subtypes as well as chromosomal abnormathat are based on the risk factors of the individual patient.

Discussion
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