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Level of minimal residual disease after consolidation therapy predicts outcome

in acute myeloid leukemia

Adriano Venditti, Francesco Buccisano, Giovanni Del Poeta, Luca Maurillo, Anna Tamburini, Christina Cox, Alessandra Battaglia,
Gianfranco Catalano, Beatrice Del Moro, Laura Cudillo, Massimiliano Postorino, Mario Masi, and Sergio Amadori

We used flow cytometry to quantify mini-
mal residual disease (MRD) in 56 patients
with acute myeloid leukemia (AML) ex-
pressing a leukemia-associated pheno-
type. Thirty-four patients aged 18 to 60
years were entered into the AML-10 proto-
col (induction, consolidation, and autolo-
gous stem-cell transplantation [ASCT]),
whereas 22 patients older than 60 years
received the AML-13 protocol (induction,
consolidation, and consolidation II). After
induction, the level of MRD that was best
associated with treatment outcome was
4.5 x 10~ residual leukemic cells. How-
ever, the outcome in patients with at least
4.5 x 1074 cells (n = 26) was not signifi-
cantly different from that in patients with

fewer leukemic cells (n = 30); there were
15 (58%) relapses in the first group and 12
(40%) relapses in the second. After con-
solidation, the most predictive MRD cut-
off value was 3.5 x 10~* cells: 22 patients
had an MRD level of 3.5 x 10~ cells or
higher and 17 (77%) of these patients had
relapse, compared with 5 of 29 patients
(17%) with lower MRD levels ( P < .001).
An MRD level of 3.5 x 10~ cells or higher
after consolidation was significantly cor-
related with poor or intermediate-risk cy-
togenetic findings, a multidrug resis-
tance 1 (MDR1) phenotype, short duration

of overall survival, and short duration of
relapse-free survival ( P =.014, .031,
.00022, and .00014, respectively). In multi-

variate analysis, this MRD status was
significantly associated with a high fre-
guency of relapse ( P < .001) and a short
duration of overall (P = .025) and relapse-
free survival ( P =.007). ASCT did not
alter the prognostic effect of high MRD
levels after consolidation: the relapse rate
after transplantation was 70%. Thus, we
found that an MRD level of 3.5 x 1074
cells or higher at the end of consolidation
strongly predicts relapse and is signifi-
cantly associated with an MDR1 pheno-
type and intermediate or unfavorable
cytogenetic findings. (Blood. 2000;96:
3948-3952)

© 2000 by The American Society of Hematology

Introduction

E/pOo|q/Aeu"suoealigndyse)/:dny woly pepeojumoq

Complete remission (CR) rates as high as 70% to 80% have beanologous stem-cell transplantation (ASCT) in AML patients &
reported in adult patients with acute myeloid leukemia (AMtE), first CR after induction therapy. Our objective was to determine t§1e
but approximately 60% to 70% patients will eventually haveffect of MRD on clinical outcome and correlate MRD with otheg
relapse due to the persistence of residual leukemic cells survivifggognized prognostic factors, such as multidrug resistanc% 1
after chemotherapy. The persistence of residual malignant clDR1) phenotype and cytogenetic findings. 3
below the threshold of conventional morphologic findings—

minimal residual disease (MRD)—may identify patients at a higher
risk of relapse. Patients and methods

Polymerase chain reaction (PCR) and flow cytometry are theiants and treatments

most commonly used techniques for detecting MRD in patiean ) . o i

. . . pproval for this study was obtained from the institutional review boa@.
with AML' Reverse transcrlptase.—PCR Stu_d'es RIFIL /RAR Informed consent was provided according to the Declaration of Helsinki. Critafia
transcripts in acute promyelocytic leukemia (APE)and of  for inclusion in the MRD study were (1) diagnosis of AML other than APE
AMLI/ETOtranscripts in patients with AML M2have demon- (patients with APL were entered into a different protocol); (2) expressionpf
strated the value of this approach for monitoring MRD. Howevelkukemia-associated phenotype; (3) eligibility for intensive chemotherapy; 34)
only a fraction of patients with AML have fusion transcriptsachievement of a morphologic CR after induction therapy. Sixty-five of 93 (7030)
suitable for PCR assay8 MRD monitoring with flow cytometry adult patients with de novo AML enrolled in the European Organization for

relies on the idea that AML cells frequently show aberrant d?esearch and Treatment of Cancer/Gruppo ltaliano Malattie Ematologﬁhe

. . . ligne del’Adulto (EORTC/GIMEMA) protocols AML-10 and AML-13 3
leukemia-associated phenotypes resulting from asynchronous aMﬁresse d a leukemia-associated phenotype: 56 (60%) achieved a CRRand

. . . . . ex|
gen expression, cross-lineage antigen expression, antigen OVefﬁé%efore had follow-up that included MRD monitoring.

pression., and abe”am|ight'scatt(_3r proper’t‘?.éé. The EORTC/GIMEMA AML-10 randomized trial included patients
In this study, we used multiparametric flow cytometry taged 18 to 60 years. The induction treatment combined cytarabine (100
determine the levels of MRD after induction, consolidation, anehg/n? of body-surface area given intravenously on days 1-10), etoposide
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(100 mg/n# given on days 1-5), and on days 1, 3, and 5, either daunorubiciable 1. Leukemia-associated phenotypes and their distribution at diagnosis
(50 mg/n?), mitoxantrone (12 mg/A), or idarubicin (10 mg/r§, according Aberrant phenotype Frequency (%)*
to random assignment. As consolidation, patients received cytarabine (500

+ +
mg/n? every 12 hours on days 1-6) and the same anthracycline given in the CD347CD36 2
. ) : . : Nt CD34*CD14+ 5
induction (on days 4 to 6). Patients with an HLA-compatible sibling were
. ) . CD34+CD11b* 46
given allografts, whereas the others were randomly assigned to receive
: ; CD34+CD49b* 2
peripheral or bone marrow (BM) stem-cell transplantafigRigure 1. CD34°CD6Y" 10
Patients older than 60 years were entered into the EORTC/GIMEMA CD34“Icam* 15
AML-13 randomized trial. The patients received mitoxantrone (7 rgim it CD56- 6
days 1, 3, and 5), etoposide (100 mg/om days 1-3), and cytarabine (100
. ; : - CD33*CD2* 6
mg/n? on days 1-7) as induction therapy. On achievement of CR, patients CD33-CDA* 15
were randomly assigned to receive either an intravenous or an oral
o i CD33*CD7* 51
consolidation program (2 cycles). Intravenous consolidation treatment D34 CD15 Hla-Dr 1
consisted of idarubicin (8 mg/on days 1, 3, and 5), etoposide (100 mg/m N
) S CD34+CD33*CD7+* 47
on days 1-3), and cytarabine (100 mg/am days 1-5). Oral consolidation
; ) . . CD34+CD33*CD19* 5
therapy consisted of idarubicin (20 mg/ion days 1, 3, and 5), etoposide
. o CD34+CD33*CD4* 8
(100 mg/n? twice/day on days 1-3), and subcutaneously administered B
; ) . CD33-CD14*Hla-Dr* 17
cytarabine (50 mg/Atwice/day on days 1-5; Figure 1). B
CD33-CD15*Hla-Dr* 19
CD34+CD11b"*C-kit* 47
Immunophenotypic studies and detection of MRD CD34+C-kit*CD56+ 1

BM samples were collected at diagnosis, at full hematologic restoration « at|east 2 aberrant phenotypes were observed for each case.
after each treatment step (induction, consolidation | and Il, and autograft-

ing) and every 3 months for the first 2 years; a total of 437 samples were

. . o nn .
evaluated. At diagnosis, studies were done on erythrocyte-lysed whole Bip9ram (Becton Dickinson), as previously describet:* Briefly, this
samples by using a broad panel of monoclonal antibodies targetiB gram provides multidimensional, multicolor analysis of FACS-acquiri

membrane antigens, as described previotisi§16.1Briefly, each antibody I(lj_sﬁ—mode dlata ﬁlej' It allpws cle;ssification of events Ey pe?inting th%]_n_
was incubated with 1 to X 10° cells in a 100uL volume, and isotype- different colors an quantifying them as percentages of total events. Ehis

matched antibodies were used as negative controls. After 10 minutesagf’ws visualization in different plots of cell populations difficult to see in2

incubation, 2 mL lysing solution for fluorescence-activated cell sortin [mensions. The Paint-a-Gate program IS also equipped with a MOUS‘??&X
(FACS; Becton Dickinson, Mountain View, CA) was added and the samp! ontrol option that allows analysis procedures to be repeated automat|c§|ly.
incubated for another 10 minutes. After 2 washings in phosphate—buffer\é\ﬂqen this option is activated, every step taken during the analysigis

saline (PBS), cells were resuspended in 0.5 mL PBS and analyzed witfE§0rded. including the moves made with the computer mouse. Pairf-a-
flow cytometer (Facsort; Becton Dickinson). Gate stores these sequences in a file so that the analysis can be repeateg with

After the immunophenotype of the leukemic cells was established@Y different data files. Thus, for each patient expressing a Ieuker%a-

samples from patients with leukemia-associated phenotypes were sele&iigP¢iated phenotype, the MouseTrax Control option was used to setgp a
and reinvestigated by staining them with the (double-triple) relevaﬁ?'lored procedure that exactly defined the phenotypic patient’s profile. T§|s

combinations of antibodies. A given combination of markers was regardgaocedure was memorized and run automatically to analyze BM when %R

as relevant if it was expressed in more than 50% of the blasts (Table 1). THiRs achieved and during subsequent follow-up. R

step served to define a phenotypic patient profile which was in turn used to MRD studies during remission were performed on erythrocyte-lysgd
track possible residual leukemic cells during follow-up. At least 2 antibod/"0'€ BM sgm[?les by using the same association of antibodies def!nlngghe
combinations for each case were used to minimize problems causedsﬂ)efc'f'c patlents_; profile. During datg acqm_smon, a I|ve—gat_e |nc|ud|pg t@e
phenotypic switché8 that sometimes accompany relapses. CellQueyfiPhomonocytic and granuloblastic region and excluding debris ad
software (Becton Dickinson) was used for acquisition of flow cytometrieIatelet aggregates was used, wittf tddal eyents acqued for all samplesg
data, with application of live gates on the forward-light—orthogonal Iigh-{-he acquired events were analyzed with the Paint-a-Gate program&by

scatter (gate 1, blast region) and fluorescence plots (gates 2 and 3, doliifiing the MouseTrax Control option as described above. Studies &f a
and triple positive events). series of normal BM samples from healthy donors created an interpal

Samples were then analyzed by using the Paint-afGaseftware stand_arq referenge for distinguishing normal from leukemic pat_ﬂ_@ﬂ?s. ;
Dilution experiments were also performed to test the sensitivity of tge

assessment technique. Thus, leukemic blasts were mixed with normal  BM

samples in decreasing concentrations {0 10-5). After the instrument was §

dyse//:dpy wouy papeojumo(

EORTC/GIMEMA . . . .
EORTC/GIMEMA AML-1.’£ protocol cleaned, faint clusters of leukemic cells were still detected at the dilutiorréf 10
AML-10 protocol However, when BM samples from patients in CR were processed, no clusters of
l residual leukemic cells were observed below the threshold ¢f ftterefore, we
. assumed that the sensitivity of the technique ranged frorfith@ 05,1011
. Induction
Induction v
MDR1 expression and cytogenetic studies
R
l MDR1 expression was tested in all samples by using Moab MRK16
Consolidation /\ (Immunotech, Marseille, France), whigh reacts with_an extracgllular epitope
n o of the human 170-kd P-glycoprotein, as described previddsifhe
Consolidation Consolidation

. procedures for cytogenetic analysis were previously described in &etail.
oral intravenous

R Karyotypes were classified according to International System for Human
/ \ Cytogenetic Nomenclaturé.
auBMT auPsCT Statistical analysis

1I Consolidation The relation between MRD and patients’ characteristics and response to
Figure 1. Treatment design in 2 protocols for treatment of acute myeloid tr_eatment Wa? assessed with use of a 2-8)&60,‘]’ Fisher exact test (when
leukemia (AML). The AML-10 protocol included patients aged 18 to 60 years,  €ither group included fewer than 20 cases) Aalue of .05 or less was
whereas only patients older than 60 years were included in the AML-13 protocol. considered to represent significance. The Spearman rank corre 3 tieas(
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used to assess the relation between the level of MRD after consolidation and 10
time to relapse. The Kaplan-Meier meti3davas used to estimate overall 0.9
survival (OS) and relapse-free survival (RFS). For comparisons of survival
and remission duration in 2 or more groups, the log-rank test was applied.
CR and relapse were defined according to standard crite@s was
calculated from the date of diagnosis to the date of death or last follow-ups °¢
evaluation. RFS was measured from achievement of CR until relapse. Tg os
evaluate the simultaneous effect of different variables on relapse rate ang
duration of OS and RFS, we performed a multivariate analysis using a8 0s
stepwise regression model.

MRDCons =
& o7
2

rvi

P =0.00022

MRDCons *

Cumulaf

0.0
ReSUItS 0 365 730 1085 1460 1825 2150 2555 2920 3285

. . . . Days
Determination of MRD after induction
Figure 2. Actuarial probability of overall survival according to MRDCons status.

Clinical characteristics of the 56 patients included in the study gatients with MRDCons* status had a median overall survival time of 10 months, a
shown in Table 2. At the end of induction therapy, the median Iev%(i'nt ot reached by those with MRDCons™ stattis.

of MRD was 3.5x 10°* residual leukemic cells (range,

0-8.1X 107?). The cutoff value that had the best statisticahe MRDCons group, which had relapse rates of 77% (17/22) aad
correlation with outcome was 4% 10-% 58% (15/26) of patients 179% (5/29), respectively(< .001). Of the 21 patients in theo

with 4.5 10~ cells or more (the MRDInd group) had relapse, MRDInd* group, 7 became MRDConsnd are in continuous CR.Z >

whereas 40% (12/30) of those with less than4.50-4 cells (the Ten (71%) of the remammg 14 pat|ents in the MRDtrgj—oup who
MRDInd" group) did sof = .097). No significant correlation was did not become MRDConshad relapse R = .001). Similarly,
found between MRDInd status and the expression of MDR1lamong the 30 patients in the MRDIndgroup, 8 had positive=
phenotype or the presence of poor- or intermediate-risk cytogeneigdings after consolidation and 7 (87%) of them had relapse. "1n
findings. Similarly, no significant differences in OS or RFS wergontrast, only 5 (23%) of the remaining 22 with MRDCorstatus

observed between the MRDIhénd the MRDInd group. had relapseR = .007).

Importantly, the presence of a certain number of residual leuke
cells &3.5X 1074 after consolidation was significantly correlate:
Five patients with MRDInd status had relapse before or duringvith poor- and intermediate-risk cytogenetic findings and the MD
consolidation and died of progressive disease; thus, 51 patients penotype. In fact, 95% (19/20) of patients with MRDCoatatus had
MRDInd* and 30 MRDInd) could be evaluated for MRD at the an unfavorable or intermediate karyotype, whereas 40% (10/25) of t
end of consolidation. The median MRD value after consolidation the MRDCons group had favorable cytogenetic findings .014).
was 3.1X 104 residual leukemic cells (range, 0-6:81072). A Similarly, 68% (15/22) of MRDCons patients expressed the MDR
level of 3.5x 104 residual malignant cells divided the 51phenotype, whereas 62% (18/29) of those with MRDCastatus did
evaluated patients into 2 distinct groups: the MRDComup and not (P =.031). Also, duration of OS and RFS was SIQnIflcantEI

associated with the level of MRD at the end of consolidation. Patlentﬁ in
Table 2. Clincal characierisiics of oati " | the MRDCong group had a median OS of 10 months, a point n§t
fortreat.mer:tlof acute myelloirlj IeukE;iI:rszaf)cor natoprotoce rgachfed by those in the MRDCongroup @ = .0002_2; F'gu'_’e 2 §

Likewise, the median RFS was not reached by patients with MRD-
Cons status, whereas it was 7 months among those in the MRDCOE]S

BOJUMOQ

olqndyse;/:di

Bﬁo|qnau‘s

Determination of MRD after consolidation

1

segd'ﬂsvae/g/ge/;pd@mﬁ/

9

AML-10 protocol AML-13 protocol All patients

Characteristic (n=34) (n=22) (n = 56) ; .

: group P = .00014; Figure 3). The relation between MRD level aftér
Median (range) age, y 47 (18-61) 68 (61-78) 54 (18-78) . . . ,
Sex (MIF) 17717 814 95131 consolidation and time to relapse was also analyzed as a contingous
WBC. X 1091L variable by using the Spearman rank test; this approach showeég an

<50 2 19 “ inverse correlation between the level of MRD after consolidation md
50-100 8 2 10 time to relapser(= —0.62;P = .000001; Figure 4). §
> 100 4 1 5
FAB class
0.0
MO 3 1 4
M1 7 7 14 0.1
M2 10 10 20 0.2
MRDC *
M4 3 . 3 03 ons
M5 10 4 14 2
a 04
M6 1 — 1 §
Cytogenetic findings* 3 05 P =0.00014
Favorable 8 2 10 % 06
Intermediate 13 12 25 g 07
Unfavorable 10 4 14 08 MRDCons -
Induction 34 22 56 = ]Jd T mTmEmmTT o oo mo s oo
Consolidation 33 18 51 os
i i 10
Consolidation Il - 1 1 0 365 730 1095 1460 1825 2190 2555 2920
ASCT 28 — 28

Days

WBC indicates white blood cell count; FAB, French-American-British leukemia  Figure 3. Actuarial probability of relapse according to MRDCons status.
classification system; and ASCT, autologous stem-cell transplantation. Patients with MRDCons* status had a median relapse-free survival time of 7 months,
* Available for 49 of 56 patients. a point not reached by those with MRDCons ™~ status.
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Determination of MRD after consolidation Il Table 3. Results of multivariate analysis of minimal residual disease

and outcomes in AML
Of 22 patients entered into the AML-13 protocol (Table 2), 4 with Duration of
MRDInd* status had relapse before receiving the first consolida Duration of relapse-free
tion treatment and 7 with MRDConsstatus had relapse before Relapse  overall survival survival
receiving the second consolidation. Thus, 11 patients were givRDCons* <.001 025 .007
consolidation Il therapy and could be evaluated for MRD. AmonigPR1 phenotype 03 NS NS

these 11 patients, 9 had MRDConstatus and the MRD level| Unfavorable or intermediate
remained below 3.5 104 residual leukemic cells, even after_ cytogenetic findings
consolidation II; all these patients remain in CR. The remaining 2 il data are Pvalues.
patients had MRDCorfsstatus and did not benefit from consolida ~ MRDCons* indicates minimal residual disease (= 3.5 x 10~ residual leukemic
tion 1l therapy in that the level of MRD remained above théells) after consolidation; MDR1, multidrug resistance 1; and NS, not significant.

4 . . The results indicated that MRDCons* status is independently associated with
threshold of 3.5< 10~ residual ma“gnant cells. One of these 2relapse rate, duration of overall survival, and duration of relapse-free survival.

patients had relapse after 13 months.

NS .036 .025

Determination of MRD after ASCT

Of 34 patients recruited to the AML-10 protocol (Table 2), 6 did ndPISCUSSION

undergo transplantation because of patient refusal (1 patient), medi L . ) o o .
g b P (tp ) i\%ﬂD testing in patients with AML in clinical remission is a potentlallfi

reasons (3 patients), or relapse (2 patients, 1 with MRDIstdtus ) . e .
before consolidation and 1 with MRDCanstatus before transplanta useful tool for assessing the risk of relapse and guiding therapegtic
egcisions. We found that the persistence of high levels of MRD E

ojumoq

tion). The patient who chose not to undergo transplantation was in@; % 104 residual mali ¢ cells) aft lidation. but not afte
MRDCons group and had relapse 15 months later, whereas thq . residual malignant cells) after consolidation, but not after

iInduction, was associated with a significant likelihood of subseqLﬁ}nt
relapse and a short duration of OS and RFS. Thus, the magnituce of
oreduction after consolidation appears to be critical to the cIini§aI
outcome of disease, regardless of the tumor reduction achieved gvith
é’ﬁguction. The lack of a significant correlation between MRDIsthtus ‘é
and the occurrence of relapse or duration of OS and RFS supportsgthis
assumption. Moreover, patients with MRDndtatus who later had§
Cons status had a lower probability of relapse than patients with
Ind~ status who did not enter the MRDCorgroup. '%
Our findings appear to be at variance with those of San Migl%e
et al* who observed a correlation between level of MRD and t@e
probability of relapse not only after intensification but also aft&r
Prognostic determinants induction. The different therapeutic regimens used in the 2 studies

) . . . may explain this discrepancy. In the study of San Miguel et al, l§e
All releyant prognqstlc variables (age, FrenCh'Amer'can'B”t'SFEmission-induction therapy consisted of 1 or 2 courses of &n
leukemia class, white blood cell count, MDR1 phenotype, cytog8nracycline and cytosine arabinoside{@ regimen), followed g
netic findings, MRDInd status, and MRDCorisstatus) were y,, o identical consolidation course. This was followed by 1 of&2
pooled into a multivariate model to determine to what extent they, . sification courses consisting of intermediate- or high-d(%e
independently affected outcome. MRDCorstatus emerged as anciosine arabinoside and either daunorubicin or idarubicin. The
independent variable that was significantly associated with a hlg‘ L-10 and AML-13 protocols are 3-drug—based regimens
frequency of relapseM(< .001) and a short duration of OSyyhich an anthracycline is used in association with cytosife
(P =.025) and RFSR = .007). Cytogenetic findings were found apinoside and etoposide. In addition, in the AML-10 protoce,
to independently affect duration of OS and RAS<.036 and (yisine arabinoside was given for 10 days instead of 7 during he
P = .025, respectively), whereas MDR1 phenotype was signifiqy,ction phase. Thus, in the study of San Miguel et al, a milder
cantly associated with a high frequency of relajpse-(03; Table 3). - gepyiking effect achieved with a less intensive therapy may

account for the higher level of MRD (8 1023 leukemic cells after
induction and 2< 103 after intensification) at which a significant
influence on disease outcome was found. This may also explain
why, in their study, the number of residual leukemic cells correlated
with the rate of relapse and RFS after both induction and
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, intensification whereas, in our experience, such a correlation was
r-52 P =0.000001 found only after consolidation.
Although our patients with MRDCoris status underwent
° ASCT, they had a relapse rate of 70%. These results confirm the
highly predictive role of MRD status at the end of consolidation
o o T, 5 and are in keeping with those of Lahuerta et®alyho reported a
poor prognosis for patients with an MRD level of 0.8% or higher

1e6 immediately before ASCT. Additional cytoreduction before ASCT

0 365 730 1095 1460 1825 2190 2555 2920 . .
or alternative strategies (use of matched, unrelated-donor trans-

Figure 4. Correlation between level of minimal residual disease after consolida- plants_ or fuII-hapIo_type mismatched transpléﬂtwould be. desir .
tion and time to relapse. Most patients with durable CR are in the group with less able in these patients. In contrast, only 28% of patients with
than 3.5 x 10~ residual leukemic cells at the end of consolidation. MRDCons status had relapse after ASCT and, in 2 of them, a

excluded for medical reasons are in CR (1 has MRDCastetus). The
remaining 28 patients (10 with MRDConsstatus and 18 with
MRDCons status) underwent transplantation and subsequent M
determinations. Among the 10 patients with MRDCosistus, 7 (70%)
had relapse and, in all but 1 patient, the level of residual leukemic ¢
did not fall below 3.5< 1074, even after ASCT. Conversely, only 5 of
the 18 (28%) patients with MRDConsad relapse and, in 2 of them,
disease recurrence was preceded by a gradual increase in MRD tcﬁﬁ%
level of 1.4X 1072 leukemic cells. The difference in relapse rat
between the MRDCorisand MRDCons groups was significant
(P =.031).

0.035

351e4

t.og Tumor after Consolidation

o

Time to relapse (Days)
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pending relapse was suspected because of a gradual increase intlietectable disease after consolidation, we hypothesize that they
level of MRD during follow-up after ASCT. This observationstill have AML, as confirmed by a cytometric pattern showing a
illustrates the need for an accurate MRD determination in monitarniquely identifiable cluster of leukemia cells. Thus, the limited
ing the quality of remission over time in patients with AML treatedollow-up time may explain why we have not yet observed relapse
with ASCT. If these results are confirmed in a larger series @i these patients.
patients, they will indicate that an early therapeutic intervention In conclusion, we found that detection of MRD using flow
may be required to prevent overt relapse in patients showing a trasydometry is a useful approach for predicting outcome in patients

toward an increased MRD level.

relapse occurred. We believe that use of more advanced deviaequate surveillance in patients with

with AML treated with intensive regimens. If confirmed, our results
In one case in our series, the relapse was unexpected andwilitindicate that future clinical trials should take into account this
preceded by an increase in MRD level, nor were phenotypicformation in order to verify the applicability of pre-emptive
switches documented at the time of recurrence. We hypothestherapeutic intervention in patients with a high level of MRD after
that the amount of MRD had remained below the threshold of tlwnsolidation therapy. We also believe that MRD monitoring
sensitivity of the assessment technique used until the morpholodigring follow-up after therapy is clinically useful, providing

residual

leukemia

such as a dual-laser—equipped cytometer, which allows 4 or mg¥e3.5x 10-4 cells) or those with a tendency toward increased MRD.
antibodies to be combined, would improve the sensitivity of th@n the other hand, we assume that patients with negative findings for a
method. In 2 patients in our series, relapse occurred after periphemedr after consolidation Il therapy or ASCT do not need furth‘ggr
ASCT and, once again, neither changes in the level of MRD niwilow-up and are likely to be cured. Moreover, the expanding knowl-
phenotypic switches were observed before or at relapse. Howeaslge about the antigenic composition of leukemic cells will ma&e
both patients had a high CD34ell count & 10 X 10°/kg) in the  sequential follow-up suitable in most patients with AML. Finally, flog

peripheral harvest. According to a recent report from the EORTCytometric assays can efficiently complement molecular technique% in

GIMEMA cooperative group, mobilization of a large number ofin integrated approach to determination of MRD.
autologous stem cells in patients with AML is associated with a
poor outcomé&’ Therefore, “very good” mobilizers should be

closely monitored for circulating residual leukemic cells. WeAcknowledgment

recently started a protocol for MRD determination that is directed

not only at BM but also at peripheral blood and apheresis producte authors thank Dr Dario Campana for reviewing the manusc

References

1.

10.

With regard to the 5 patients who are in continuous CR in spind providing helpful suggestions.

Burnett AK, Goldstone AH, Stevens RMF, et al.
Randomised comparison of addition of autolo-
gous bone-marrow transplantation to intensive
chemotherapy for acute myeloid leukaemia in first
remission: results of MRC 10 trial. Lancet. 1998;
351:700-708.

Harousseau JL, Cahn JY, Pignon B, et al. Com-
parison of autologous bone marrow transplanta-
tion and intensive chemotherapy as postremis-
sion therapy in adult acute myeloid leukemia.
Blood. 1997;90:2978-2986.

Bishop JF, Matthews JP, Young GA, et al. Aran-
domized study of high-dose cytarabine in induc-
tion in acute myeloid leukemia. Blood. 1996;87:
1710-1717.

Zittoun RA, Mandelli F, Willemze R, et al. Autolo-
gous or allogeneic bone marrow transplantation
compared with intensive chemotherapy in acute
myelogenous leukemia. N Engl J Med. 1995;332:
217-223.

Mayer RJ, Davis RB, Schiffer CA, et al. Intensive
postremission chemotherapy in adults with acute
myeloid leukemia. N Engl J Med. 1994;331:896-903.

Heil G, Hoelzer D, Sanz MA, et al. A randomized,
double-blind, placebo-controlled, phase Il study

of filgrastim in remission induction and consolida-
tion therapy for adults with de novo acute myeloid
leukemia. Blood. 1997;90:4710-4718.

Lo Coco F, Diverio D, Falini B, et al. Genetic diagno-
sis and molecular monitoring in the management of
promyelocytic leukemia. Blood. 1999;94:12-22.

Lo Coco F, Diverio D, Awvisati G, et al. Therapy of
molecular relapse in acute promyelocytic leuke-
mia. Blood. 1999;94:2225-2229.

Tobal K, Newton J, Macheta M, et al. Molecular
quantitation of minimal residual disease in acute
myeloid leukemia with t(8;21) can identify pa-
tients in durable remission and predict clinical
relapse. Blood. 2000;95:815-819.

Campana D, Pui C-H. Detection of minimal re-

11.

12.

13.

14.

15.

16.

17.

sidual disease in acute leukemia: methodological
advances and clinical significance. Blood. 1995;
85:1416-1434.

San Miguel JF, Martinez A, Macedo A, et al. Im-
munophenotyping investigation of minimal re-
sidual disease is a useful approach for predicting
relapse in acute myeloid leukemia patients.
Blood. 1997;90:2465-2470.

Terstappen LW, Loken MR. Myeloid cell differen-
tiation in normal bone marrow and acute myeloid
leukemia assessed by multi-dimensional flow cy-
tometry. Anal Cell Pathol. 1990;2:229-240.

Terstappen LW, Conemann S, Safford M, et al.
Flow cytometry characterization of acute myeloid
leukemias. Il. Phenotypic heterogeneity at diag-
nosis. Leukemia. 1991;6:70-80.

Venditti A, Buccisano F, Tamburini A, et al. The
amount of minimal residual disease after consolida-
tion therapy predicts outcome in acute myeloid leu-
kemia [abstract]. Blood. 1999;94(suppl 1):695a.

Zittoun R, Suciu S, De Witte L, et al. Comparison
of three intercalating agents in induction and con-
solidation in acute myelogenous leukemia (AML)
followed by autologous or allogeneic transplanta-
tion: preliminary results of the EORTC-GIMEMA
AML-10 randomized trial [abstract]. Blood. 1999;
94(suppl 1):658a.

Venditti A, Del Poeta G, Buccisano F, et al. Prog-
nostic relevance of the expression of Tdt and
CD7 in 335 cases of acute myeloid leukemia.
Leukemia. 1998;12:1056-1063.

Venditti A, Del Poeta G, Battaglia A, et al. Enu-
meration of CD34*+ hematopoietic progenitor cells
for clinical transplantation: comparison of three
different methods. Bone Marrow Transplant.
1999;9:1019-1027.

. Venditti A, Del Poeta G, Stasi R, et al. Triple im-

munofluorescence evaluation of CD15, CD34
and class Il expression by flow cytometry in nor-
mal and leukemic bone marrows. Haematologica.
1993;78:359-363.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Terstappen LW, Mickaels R, Dost R, et al. In-
creased light scattering resolution facilitates mul-
tidimensional flow cytometric analysis. Cytometry.
1990;11:506-512.

Del Poeta G, Venditti A, Stasi R, et al. P-glycopro-
tein and terminal transferase expression identify
prognostic subsets within cytogenetic risk classes
in acute myeloid leukemia. Leuk Res. 1999;23:
451-465.

Stasi R, Del Poeta G, Masi M, et al. Incidence of
chromosome abnormalities and clinical signifi-

cance of karyotype in de novo acute myeloid leu-
kemia. Cancer Genet Cytogenet. 1993;67:28-34.

Mitelman F, ed. ISCN. An International System for
Human Cytogenetic Nomenclature. Basel, Swit-
zerland: Karger; 1995.

Kaplan EL, Meier P. Nonparametric estimations
from incomplete observations. J Am Stat Assoc.
1958;53:457-461.

Cheason BD, Cassileth PA, Head DR, et al. Re-
port of the National Cancer Institute—sponsored
workshop on definitions of diagnosis and re-
sponse in acute myeloid leukemia. J Clin Oncol.
1990;8:813-819.

Lahuerta JJ, Montalban MA, de la Serna J, et al.
Minimal residual disease by flow cytometry immedi-
ately before autologous stem cell transplantation in
acute myeloid leukemia: a critical factor in outcome?
[abstract]. Blood. 1999;94(suppl 1):580a.

Aversa F, Tabilio A, Velardi A, et al. Treatment of
high-risk acute leukemia with T-cell-depleted
stem cells from related donors with one fully mis-
matched HLA haplotype. N Engl J Med. 1998;
339:1186-1193.

Keating ES, Suciu S, Zittoun RA, et al. Mobilization
of high numbers of autologous blood stem cells for
patients with AML is associated with poor outcome:
results of the EORTC-GIMEMA AML-10 amended
trial [abstract]. Blood. 1999;94(suppl 1):665a.

20z Aey 81 uo ysanb Aq Jpd-8r6£000£28U/¥98699 L/8Y6€/Z1/96/sPd-0[0lIE/POTH AU SUOHED!IgNdySE//

pt



