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MRDD studies are beneficial in the follow-up of TEL-AML1 patients with B-

precursorr Acute Lymphoblastic Leukemia 

V.. de Haas1,2, L. Oosten2, R. Dee2, OJ.H.M. Verhagen2, W. Kroes4, H. van den Berg1, and 

C.E.. van der Schoot2,3 

'Emmaa Kinderziekenhuis/Academie Medical Centre, University of Amsterdam; 2Central Laboratory of the 

Netherlandss Red Cross Blood Transfusion Service and Laboratory of Experimental and Clinical Immunology, 

Academicc Medical Centre, University of Amsterdam; department of Hematology, Academic Medical Centre, 

Amsterdam;44 Department of Cytogenetics, Academic Medical Centre, Amsterdam 

ABSTRACT T 

Thee t(12;21)(pl3;q22) translocation has been identified as the most common chromosomal 

abnormalityy in childhood acute lymphoblastic leukemia (ALL) . Initially, several 

investigatorss have reported an excellent prognosis in pediatric leukemias with this 

translocation,, but other studies showed a 20% incidence in relapsed ALL . We performed an 

extensivee analysis of 90 ALL patients. In 17 (19%) cases a TEL-AML1 fusion was found. 

However,, this group was not representative as it included a high number of relapsed 

patientss compared with the normal incidence in B-precursor ALL (54 in continuous 

completee remission (CCR) and 36 relapsed patients) and only a slightly better prognosis for 

TEL-AML1TEL-AML1 -positive patients was found (not significant) (four relapses in 17 TEL-AML1-

positivee patients versus 32 relapses in 73 r£Z,-/IMZ,/-negative patients). Comparison of 

knownn prognostic factors (age, sex, ploidy, WBC count and immunophenotype) between 

relapsedd TEL-AML1 -positive and r£Z,-,4M,/-positive patients in CCR did not reveal 

differences,, except that the white blood cell count was significantly higher in the relapsed 

groupp (p=0.001). Time between diagnosis and relapse was not different for relapsed TEL-

AML1-positiveAML1-positive group versus the relapsed TEL-AML1-negative group. In 11 TEL-AML1-

positivee patients, the minimal residual disease (MRD) level at the end of induction therapy 

wass quantified in a limiting dilution assay using IGH or TCRD junctional regions as 

polymerasee chain reaction (PCR) targets. In all four relapsed patients, the level of MRD at 

thee end of induction therapy was high (range 2.4 xlO3 - 1.2 xlO"2), whereas in all seven 

CCRR patients, the MRD level was extremely low (2.0 xlO"4 to less than 1.0 xlO"5). 

InIn agreement with previous studies in which MRD levels at the end of induction 

therapyy were found to be the strongest risk factor independent of other risk factors, we 

showw in the present study that the MRD level remains a risk factor independent of the 

presencee of a TEL-AML1 fusion gene. 
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INTRODUCTION N 

Chromosomall  aberrations are important in the pathogenesis of acute lymphoblastic 

leukemiaa (ALL) . Whereas most chromosomal aberrations have a low incidence, the 

t(( 12;21 )(p 13;q22) translocation is described as the most common genetic anomaly in 

childhoodd ALL.32;33;60~62 Although t(12;21)(pl3,q22) is often missed using classical 

cytogeneticc banding techniques, reverse transcriptase polymerase chain reaction (RT-PCR) 

analysiss revealed this translocation in 12-30% of childhood ALL cases. In RT-PCR, the 

targett is the fusion transcript of TEL on 12pl3 and AML1 on 21q22. The TEL-AML1 

translocationn defines a specific clinical subgroup of pediatric ALL patients age between 1 

andd 10 years with B-precursor immunophenotype and non-hyperdiploid karyotype.32133 The 

TEL-AML1TEL-AML1 may also delineate a subset of patients showing a specific response to anti-

tumorr therapy. Initially, it was suggested that therapy in this group of patients was so 

successfull  that relapse never occurred.32'34 Nevertheless, more recent studies show that 

relapsess do occur.63"66 

Inn the present study, we studied 90 children with B-precursor ALL in respect to 

r£X-^MZ7-positivityy versus clinical characteristics, immunophenotyping, karyotyping and 

occurrencee of a relapse. Previous studies have shown the importance of minimal residual 

diseasee (MRD) at the end of induction therapy.3;4;7;9;ll;58;67 Therefore, in this study, we 

investigatedd whether MRD levels correlated with the presence of this translocation. 

MATERIALSS AND METHODS 

Patientss and Materials 

Bonee marrow (BM) samples from children with B-precursor ALL treated between 1983 to 

19977 in the Emma Kinderziekenhuis/AMC were obtained at diagnosis and at the end of 

inductionn therapy. Immunophenotyping and cytogenetic analysis was routinely performed 

att diagnosis and relapse by using standard techniques. The cytogenetic data given in Table 

11 were classified according to ploidy level. Structural variation is given only when reported 

too be of prognostic significance. Ninety patients were selected on the basis of availability of 

sufficientt cryopreserved bone marrow samples at diagnosis. Because we were particularly 

interestedd in the occurrence of TEL-AML1 translocation in relapsed patients, a rather large 

groupp of 36 patients with a relapse was studied. The remaining 54 patients were in 

continuouss complete remission (CCR) until date (July 2000). Other clinical data used in 

furtherr analysis were sex, age at diagnosis, site of relapse and final outcome. Follow-up in 

CCRR patients ranged from 32 to 248 months (mean 120 months). 

Al ll  patients were treated according to three different protocols of the Dutch 

Childhoodd Leukemia Study Group (DCLSG)13: protocol ALL- 6 for patients diagnosed until 
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1988,, and protocol ALL-7 and ALL-8, respectively from 1988 and 1992 onwards. Protocol 

ALL- 77 and ALL-8 were Berlin-Frankfurt-Münster (BFM) -group-based protocols. Patients 

weree stratified in standard and high risk, based upon age and white blood cell count at 

diagnosis,, mediastinal enlargement and hepatosplenomegaly. In each protocol very small 

differencess occured in risk classification. The main difference between protocols ALL- 7 

andd ALL- 8 is that central nervous system (CNS) prophylaxis was given during both 

inductionn and maintenance therapy in protocol ALL-8, whereas in protocol ALL-6, it was 

onlyy given during induction therapy. In all these protocols, CNS-prophylaxis was given 

withh high-dose methotrexate (MTX) and intrathecal triple therapy [cytosine arabinoside 

(ARA-C),, MTX, prednisolone (PRED)]. Duration of maintenance therapy is 2 years in all 

protocols.. Further details were published elsewhere.13 

Tablee 1. Characteristics of TEL-AML1 positive ALL patients 

Pt t 

1 1 
2 2 
3 3 
4 4 
5 5 
6 6 
7 7 
8 8 
9 9 
10 0 
11 1 
12 2 
13 3 
14 4 
15 5 
16 6 
17 7 

Sex x 
M/F F 

M M 
F F 
M M 
F F 
F F 
M M 
F F 
F F 
M M 
F F 
F F 
F F 
M M 
F F 
M M 
F F 
M M 

Karyo--
type e 

>50 0 
Normal l 
Normal l 
Normal l 
Normal l 
t(4;11) ) 
46 6 
>50 0 
Normal l 
47-50 0 
47-50 0 
Normal l 
ND D 
<46 6 
Normal l 
ND D 
ND D 

Immuno--
type e 
diagnosis s 

CALL L 
CALL L 
CALL L 
CALL L 
CALL L 
PreB B 
CALL L 
CALL L 
CALL L 
CALL L 
CALL L 
CALL L 
CALL L 
CALL L 
CALL L 
CALL L 
CALL L 

Agee at 
diagnosis s 
(mo) ) 

181 1 
42 2 
45 5 
47 7 
24 4 
43 3 
50 0 
42 2 
147 7 
67 7 
34 4 
69 9 
42 2 
65 5 
33 3 
124 4 
38 8 

WBC C 
diagnosis s 
(x109/L) ) 

87 7 
129 9 
124 4 
185 5 
7.7 7 
21.6 6 
3.3 3 
25.7 7 
8.4 4 
6.8 8 
10.5 5 
20.3 3 
3.9 9 
12.8 8 
21.3 3 
7.4 4 
10.2 2 

Agee at 
relapse e 
(mo) ) 

205 5 
62 2 
62 2 
58 8 

Site e 
Relapse e 

BM M 
CNS S 
BM,, testis 
BM M 

Final l 
Outcome e 
(follow-up p 
mo) ) 
Died d 
Died d 
Died d 
Died d 
Alivee (113) 
Alivee (152) 
Alivee (109) 
Alivee (71) 
Alivee (161) 
Alivee (54) 
Alivee (48) 
Alivee (260) 
Alivee (202) 
Alivee (192) 
Alivee (219) 
Alivee (203) 
Alivee (142) 

DNAA and RNA isolation 

Cryopreservedd mononuclear cell fractions, isolated by density gradient centrifugation prior 

too cryopreservation were used. DNA was extracted from 5xl06 thawed mononuclear cells, 

byy means of the QIAamp Blood Kit (Qiagen, Dusseldorf, Germany), as described before,48 

andd was stored at 20°C. Total RNA was extracted from cryopreserved bone marrow, using 

thee RNAzol method according to the manufacturer's instructions (Campro Scientific, 

Veenendaal,, the Netherlands). cDNA-synthesis using random hexamer primers (Boehringer 
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Mannheim,, Germany) and MMLV reverse transcriptase was carried out in a total volume of 

200 fj.1 according to the standard protocol (Life Technologies, BRL, Gaithersburg, MD, 

USA).. The integrity of the cDNA samples was verified by amplifying a part of the normal 

c-ABLL gene. 

Detectionn of TEL-AML1 translocation 

Analysiss of TEL-AML1 translocation was performed in a nested RT-PCR on samples 

obtainedd at diagnosis. Primers were kindly provided by Prof. Dr J.J.M. van Dongen and 

developedd by the BIOMED-1 Concerted Action.31 PCR mixtures and temperatures were as 

describedd previously.31 After amplification, 10 ul of the PCR products were run at a 2.5% 

agarosee gel stained with ethidium bromide and visualised under an ultraviolet (UV) lamp. 

Thee REH-cell line, having a TEL-AML1 translocation, was used as a positive 

control.. In each experiment, negative and positive controls were included. 

Targett identification and quantification of MRD levels by limiting dilution 

Al ll  IGH and TCRD (V82/D53 or D82/D83) targets were identified as described 

previously.3;35;366 All targets were checked for oligoclonality by Southern Blot analysis or 

heteroduplexx analysis. In addition, all relapsed and some of the CCR patients were screened 

forr oligoclonality by radioactive fingerprinting PCR because this approach is slightly more 

sensitivee in the detection of oligoclonality.50;68 For detection of MRD a two-round 

heminestedd allele-specific PCR was performed. In the first round, IGH and TCRD 

junctionall  regions were amplified with consensus primers FR3 and JH21; V82-3, D82-3 

andd D83-3 respectively. In the second round, a PCR was performed using a primer specific 

forr the junctional region of one allele, the so-called allele-specific oligonucleotide (ASO) 

primer,, in combination with consensus primer JH21 or D83-3, respectively. Reactions were 

performedd in mixtures as previously described.3 The input of genomic DNA was 1 ug per 

reaction.. The PCR protocol took place in a thermal cycler (Perkin Elmer Cetus Model 

9600;; Norwalk, CT) and consisted of 10 min at 95°C, followed by 35 cycles of 30 s at 95 

°C,, 45 s at 55°C and, finally 5 min at 72°C. The second round of the heminested PCR had 

ann input of 2 ul of PCR product generated in the first reaction. After testing the ASO 

primerss at various temperatures, it was determined that 60°C was the ideal 

annealing/extinctionn temperature for most of these primers. The PCR protocol of the 

secondd round consisted of 10 min at 95°C, followed by 35 cycles of 30 s at 95°C and 45 s at 

60°CC and, finally 10 min at 72°C. 

Too quantify leukemic cells limiting dilution assays were performed with a 

heminested-patient-specificc PCR using a consensus primer set FR3/JH21 or a consensus 
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primersett V52-3 or D82-3 / D83-3 in the first reaction and a clone-specific sense primer in 

thee second round on two-fold serial diluted DNA samples. Reactions were performed in 

mixturess as previously described.3 In preliminary experiments five-fold serial dilutions of 

DNAA samples in water were tested in five replicas to investigate at which dilution the PCRs 

becamee negative. Subsequently, two-fold serial dilutions in 20 replicates were tested 

rangingg from the highest preliminary dilution showing amplification to the lowest 

preliminaryy dilution not showing amplification in the fivefold-diluted samples. After size 

separation,, each PCR product was visualized by ethidium bromide staining. Specificity was 

testedd by amplification of 1 u.g of normal DNA from peripheral blood mononuclear cells. 

Sensitivityy was tested by performing PCR on serial dilutions of leukemic DNA mixed with 

DNAA isolated from normal mononuclear cells. The number of cells at each dilution was 

verifiedd by amplification of the FcyReceptorlllb gene, present in each cell.52 The ratio of 

leukemicc cells to total bone marrow cells was calculated from the ratio of leukemic to Fc-

receptorr (FCR) targets, considering the presence of one rearranged IGH allele and two FCR 

geness per cell. Because both nested PCRs are able to detect a single cell, the number of 

positivee PCR reactions at a certain dilution is distributed according to a Poisson 

distribution,, and, as such, quantification of malignant cells is possible.37138 The mean 

numberr of targets required to give a positive reaction was determined by the Taswell 

method.544 A computer program, developed at the University of Tilburg and Maastricht 

39;53;54;555 w ag u g e (j tQ pe rf o rm m e necessary calculations. 

Wee have compared this limiting dilution analysis with the real-time quantitative 

PCRR (RQ-PCR) using germline IGH Taqman probes, both approaches gave exchangeable 

results.41* 2 2 

Statisticall analysis 

Forr comparison of patient and disease characteristics, the Mann-Whitney U-test and the %2-

testt were applied. Each factor was first tested as a single variable in a univariant analysis. 

Factorss tested included age at diagnosis, age at relapse, gender, karyotype and white blood 

celll  count at diagnosis. Second, a logistic regression model was used in a multivariate 

analysiss to investigate whether r£X->4ML/-positivity/negativity at diagnosis predicts 

events-freee survival independent of these above mentioned parameters. The 95% 

confidencee interval was also calculated. 
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RESULTS S 

Presencee of TEL-AML1 transcripts and clinical characteristics 

Inn 13 out of 54 CCR patients (24%) and in four out of 36 relapsed (11%) patients, the TEL-
AMLlAMLl transcript was present. Univariate analysis of these data shows that there was no 
significantt association between the presence of TEL-AML1 and outcome [X2-test; p=0.44; 
RRR 0.74 (0.33-1.65)]. For the group of 7£X-,4ML ƒ-positive patients the major clinical 
characteristicss and known risk factors are shown in Table 1. Although the incidence of the 
TEL-AML1TEL-AML1 transcript was only slightly higher in the CCR group than in the relapsed group, 
multivariatee analysis of all 90 patients, performed in a logistic regression, did not show a 
significantt correlation between positivity for TEL-AML1 and outcome [logistic regression, 
p=0.39;; RR 0.537 (95% CI 0.219-1.314)]. 

Comparisonn between TEL-AML1 -positive patients in CCR and relapse 

Seventeenn patients were positive for the TEL-AML1 transcript. Thirteen patients are still in 
CCRR after 148 months (range 48 - 260 months), whereas four patients relapsed within 11 -
411 months (median 20 months). In both groups, men and women were equally represented. 
Inn the relapsed group, the average age at diagnosis (94 months) was comparable with the 
CCR-groupp (90 months). In the group of TEL-AML1 patients, "age at diagnosis" was not a 
significantt risk factor (p=0.4). The average white blood cell count at diagnosis was 
significantlyy higher in the relapsed group (average 124 xl09/L versus 12.3 xl09/L in the 
CCR-group)) (p=0.001). 

Comparisonn of TEL-AML1 -positive, relapsed patients (n=4) with TEL-AML1 -negative, 
relapsedd patients (n=32) 

Thirty-sixx out of 90 patients relapsed within 3-70 months post diagnosis. As described 
above,, four of these were positive for the TEL-AML 1 translocation. Again, in both groups, 
thee sex ratio was equally represented. Structural abnormalities in the TEL-AML 1-negative 
relapsedd group, one t(4;ll), one t(9;22) and one t(l;19), were found. Karyotypic results 
weree not available for four patients. 

Averagee age at diagnosis was similar for both groups (average 94 months in the 
TEL-AMLTEL-AML 1-positive relapsed group vs 85 months in the TEL-AML J-negative relapsed 
group)(p=0.8).. Average white blood cell count at diagnosis in the TEL-AML 1-negative 
groupp was lower (52.4 xl09/L versus 124 xl09/L) in the TEL-AML 1-positive group; but this 
differencee did not reach significance (p=0.06). 
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Thee time between diagnosis and relapse was similar for both groups of patients 

(p=0.4).. The 32 TEL-AML1 -negative relapsing patients, relapsed within 3-70 months post 

diagnosiss with an average of 29 months (median 24 months). Relapse occurred in the TEL-

AMLAML/-positive/-positive patients a littl e earlier (22.6 months average, median 20 months). In the 

TEL-AML1TEL-AML1-negative-negative group, site of relapse was mainly in the bone marrow (26 out of 32 

cases),, combined with CNS-relapse in three cases. Three isolated CNS relapses, one eye 

andd two testis relapses were additionally seen. From the 32 relapsing patients, eight patients 

weree still alive after 248 months. The site of relapse in TEL-AML1 -positive group were 

similar;; the bone marrow in three out of four cases, in one case combined with a testicular 

relapse.. In one case a CNS-relapse occurred. All four patients died during the course of the 

diseasee due to later relapses. 

Tablee 2. Results of quantification of MRD 

Ptnr* * 

6 6 
7 7 
8 8 
5 5 
9 9 
10 0 
11 1 
2 2 
1 1 
3 3 
4 4 
12c c 
13c c 
14c c 
15c c 
16c c 
17c c 
18c c 
19c c 
20c c 
21c c 
22c c 

TEL-AML1 1 

+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 

--
--
--
--
--
--
--
--
--
--
--

CCR/REL L 

CCR R 
CCR R 
CCR R 
CCR R 
CCR R 
CCR R 
CCR R 
REL L 
REL L 
REL L 
REL L 
CCR R 
CCR R 
CCR R 
CCR R 
CCR R 
CCR R 
CCR R 
CCR R 
REL L 
REL L 
REL L 

Diagnosis s 

7.6 6 
4.3 3 
16.4 4 
9.0 0 
9.7 7 
3.6 6 
5.5 5 
8.3 3 
7.2 2 
9.4 4 
12.2 2 
7.8 8 
7.9 9 
24.5 5 
18.6 6 
8.3 3 
7.8 8 
12.4 4 
3.6 6 
7.9 9 
11.6 6 
16.0 0 

SO O 

6.0-11.5 5 
3.33 - 6.7 
10.7-21.0 0 
6.5-13.3 3 
7.1-14.3 3 
2.4-- 4.1 
3.6-- 6.9 
5.5-14.3 3 
4.33 - 9.7 
6.2-15.6 6 
8.00 - 25.6 
5.6-11.5 5 
2.55 - 9.2 
8.11 -25.0 
12.5-36.3 3 
5.5-16.0 0 
5.3-15.0 0 
7.4-18.5 5 
0.7-5.6 6 
6.2-11.7 7 
8.8-16.6 6 
12.2-23.0 0 

Endd Induction 

2.0x10"1 1 

<1.0x10"5 5 

<1.0x10-5 5 

<1.0x10"5 5 

<1.0x10'5 5 

<1.0x10"5 5 

<1.0x10'5 5 

8.4x10 3 3 

2.4x10"3 3 

1.22 x10"2 

4.6x10"3 3 

3.0x10 -4 4 

5.0x10"5 5 

3.0x10"5 5 

5.0x10 -4 4 

2.0x10 5 5 

1.00 x10"5 

2.0x10 -4 4 

3.0x10"4 4 

1.33 x10"2 

6.0x10"3 3 

5.0x10 -3 3 

SD D 

1.0-6.0X10"4 4 

6.0-1.4x10"3 3 

1.0-4.0x10"3 3 

8.0-22x10"3 3 

3.0-5 .6x10 3 3 

1.0-4.0x10"3 3 

4 .0 -1 .0x10 5 5 

4.0-1.0x10"5 5 

4.00 - 0.1 x KT4 

1.0-0.4x10"5 5 

5.0-2.0x10"5 5 

5.0-1.0x10"5 5 

8.0-211 x10"3 

4.0-8.0x10"3 3 

4.0-7.0x10"3 3 

** Patient number refers to number as shown in Table 1. The eleven control patients are numbered from 
12cc to 22c. 
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Determinationn of Minimal Residual Disease 

Fromm 11 out of 17 TEL-AMLl-positive patients sufficient material for quantification of 

MRDD at diagnosis and at the end of induction was available. This group consisted of seven 

CCRR and four relapsed patients. In addition, MRD studies were performed in an equal 

numberr control patients negative for the TEL-AMLl translocation (patients 12c to 22c). 

Resultss for all patients are shown in Table 2. 

Too follow the kinetics of disappearance of the leukemic cells, we performed a two-

roundd PCR, using consensus FR3-JH21 or V82-3 - DS2-3/D83-3 primers in the first 

reactionn and a clone-specific sense primer in the second round, in serial dilutions in water 

off  samples taken at diagnosis and at the end of induction therapy. 

Al ll  r£jL-v4MZ,/-positive CCR patients showed a remarkably fast reduction of MRD 

duringg induction. At the end of induction, extremely low levels of MRD were detectable 

(<< 1.0 xlO5), except for patient 1 (2.0 xlO"4). In contrast to the CCR patients, the relapsed 

patientss showed higher levels of MRD at the end of induction (> 1.0 xlO"3). Levels of 

residuall  disease varied in these patients from 2.4 xlO"3 to 1.2 xlO"2. 

Thee same trend was seen in the 11 TEL-AMLl-negative control patients. This group 

consistedd of eight CCR patients and three relapsing patients. All relapsing patients showed 

highh levels of MRD varying from 5.0 xlO"3 to 1.3 xlO"2, whereas the patients in CCR were 

havee a strong reduction in leukemic burden (MRD levels varying from 1.0 xlO"5 to 3.0 x 10* 
4).. These levels were higher than the MRD level in the TEL-AMLl -positive CCR group 

(pO.001). . 

DISCUSSION N 

Inn the present study we analyzed in ninety children with B-precursor ALL the response on 

therapyy and ultimate outcome in respect to 7ï~X-,4M,7-positivity. Despite the higher 

incidencee of TEL-AMLl in the CCR-group (24%) as compared with the relapse group 

(11%),, TEL-AMLl was not a significant prognostic factor in our patient group in either 

univariatee or in multivariate analysis. However, it should be stressed that our sample size 

wass small, resulting in a low power to detect any association between the relapse rate of 

TEL-AMLl-positiveTEL-AMLl-positive and TEL-AMLl -negative patients. Despite this shortcoming, it is 

noteworthyy that we have looked at a rather large patient group in comparison with other 

studies.. The relatively high incidence of TEL-AMLl in relapsed patients seems to be in 

contrastcontrast with previous reports in which an excellent prognosis for TEL-AMLl -positive 

patientss was found.32"3*69 Selection bias in our study may be a cause of this discrepancy. 

Butt other studies also report a normal incidence of about 20-24%66;7° or a slightly lower 

incidencee of 19%71"73 of TEL-AMLl fusion in relapsed patients. In these studies, the 
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analysess were mainly carried out on leukemic cells collected at relapse and the 

translocationn may have occurred during therapy; at initial diagnosis the leukemic cells 

mightt have been negative for a TEL-AML1 fusion transcript. However, our results indicate 

thatt the high incidence in patients suffering from a relapse is not a result of secondary 

eventss as the testing in this study was done on samples collected at initial diagnosis. 

InIn the patients treated on Dana Farber Clinical Institute (DFCI) protocols,333 only one 

off  the 32 relapsed children had the TEL-AML1 rearrangement detected. The low frequency 

inn that study might be related to treatment as patients with white blood cells (WBCs) > 20 

xl09/LL were already scheduled on a high-risk protocol. Our relapsed TEL-AML1-positive 

patientss had a significant higher leucocyte count at initial diagnosis. 

Comparingg our r£Z.-v4MZ,/-positive relapsed patients with the TEL-AML1 -negative 

relapsedd patients, no significant differences in age, sex, immunophenotype, ploidy, 

remissionn duration and presentation of relapse were found. Cytogenetic analysis showed no 

differencee in hypodiploidy, hyperdiploidy or structural abnormality rates. Recently, Seeger 

etet a/.70 reported that median remission duration was 42.5 months in the TEL-AML1 -positive 

childrenn versus 27 months in the TEL-AML 1-negative group. In the TEL-AML 1-positive 

relapsedd group, the median duration of first CCR was 20 months, whereas in the TEL-

AMLAML 1-negative relapsed group, relapse occurred at 24 months (median) after initial 

diagnosis.. The observation of Harbott et al.66, who tested nine TEZ-^MLZ-positive relapsed 

patientss and found that none relapsed earlier than 2 years after diagnosis, is not confirmed 

byy our data. From the four TEL-AML 1-positive relapsed patients, three have relapsed rather 

early,, i.e. within 11,17 and 20 months after diagnosis. 

Comparisonn of characteristics of TEL-AML 1 -positive relapsed patients and TEL-

AMLAML 1-positive CCR patients revealed only a significant difference in the WBC count: four 

outt of four TEL-AML 1-positive patients with WBC > 50 xlO9 /L relapsed compared with 

nonee out of 13 with a WBC <50 xl09/L. It should be noted that it could not be concluded 

fromfrom this small group of four relapsed TEL-AML 1 -positive patients that their specific 

characteristicss (i.e. high initial WBC, early relapse and death) are general features of this 

subgroup.. In fact they seem to differ from the characteristics of TEX-^A/IZ-positive 

patientss generally described in the literature.63'65'70"72 However, studies describing the 

incidencee of TEL-AML1 fusion transcript in relapsed ALL patients did not analyse these 

characteristics.. They focused mainly on the differences between TEL-AML1 -positive and -

negativee relapsed patients, whereas other characteristics in the comparison of TEL-AML J-

positivee relapsed and CCR patients were not included. 

Forr several years, the presence of high levels of MRD at the end of induction 

therapyy has been known to be strongly correlated with the occurrence of a relapse and, as 

such,, negativity in MRD testing at the end of induction therapy is an important independent 
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prognosticc factor.3;4;5;7;9 Here, we have demonstrated a similar correlation of MRD level 
withh prognosis in both the TEL-AML1 -positive and TEL-AML1 -negative patients. To our 
knowledge,, no other reports deal with this subject. In all CCR cases, MRD at the end of 
inductionn therapy was shown to be highly reduced to levels of < 1 x 10"5, while the relapsed 
casess remained positive at the end of induction therapy. This means that the detection of the 
TEL-AMLTEL-AML 1 translocation does not rule out a relapse and quantification of MRD is still 
necessaryy even in TuX-^ML/-positive cases. 

Inn conclusion, comparing the clinical data of relapsed versus CCR patients with 
TEL-AML1TEL-AML1 reveals that risk assessment based on this fusion gene is still cumbersome. 
Quantitativee analysis of MRD at the end of induction therapy is a more reliable method to 
identifyy the patients who have a higher risk for relapse and who, as a result, need more 
intensivee therapy. 
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