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ABSTRACT T 

Stilll  20-30% of children with acute lymphoblastic leukemia (ALL ) suffer from a relapse. 

Measurementt of drug resistance by the colorimetric Methyl Thiazol Tetrazolium (MTT) 

assayassay determines the cellular response to chemotherapy in vitro. The level of minimal 

residuall  disease (MRD) at the end of induction therapy as determined by quantitative PCR 

measuress drug response in vivo. Both techniques have shown their significant value to 

predictt relapse and can thus be used to modify treatment. However, the correlation between 

thee data obtained by these different techniques is unknown. We retrospectively studied the 

correlationn between these two predictors of outcome in 20 patients, diagnosed with B-

precursor-- (n=17) or T-ALL ( n ^ ). 

MRDD levels ranged between less then 1.0 x 10"5 and 1.0 x 10"1 (median 2.6 x 10"4). 

LC500 values (drug concentration lethal to 50% of the cells) differed more than 1000-fold 

forr prednisolone and L-asparaginase, and more than 100-fold for vincristine between 

individuall  patients. We were not able to show a correlation between the combined or single 

drugg senstivity and the level of MRD at the end of induction. For prednisolone sensitivity, a 

trendd was seen for a correlation between the MTT assay and MRD (rho 0.45, p=0.08). We 

hypothesizee that this correlation reflects the strong influence of prednisolone on the initial 

treatmentt response, which can be used to determine the risk for relapse. This lack of a 

correlationn between the results of both assays warrants a prospective clinical study to 

investigatee whether a combination of both approaches wil l increase the predictive value of 

thee individual assay. 
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.. In vitro drug resistance and MRD 

INTRODUCTION N 

Currentlyy therapy in children with ALL has resulted in a survival rate of over 80%, 

howeverr still 20-30% of children ultimately suffer from a relapse.1 In order to reduce long-

termm effects, using less intense therapy in low-risk patients, individualization of treatment is 

needed.. Also identification of resistant leukemia cases is needed to increase survival rates. 

Thereforee more sensitive methods to provide information on the efficacy of cytostatic 

treatmentt have been developed. The clinical response of leukemia cells to chemotherapy 

cann be predicted by in vitro drug resistance assays and can be measured in vivo by the 

kineticss of MRD at the end of induction therapy and during early follow-up. 

Accuratee measurement of cellular drug resistance by in vitro drug resistance assays, 

e.g.. the colorimetric MTT assay, provides prognostically significant information.21 ;87~89 It 

hass also been shown that relapsed leukemia samples are more drug resistant in vitro, in 

agreementt with clinical experience.89 

Itt has been demonstrated that the level of MRD measured by PCR, using antigen 

rearrangementss as a target, at the end of induction therapy predicts long term outcome in 

ALL .. ' ' ' Precise quantification of cell reduction after initiation of therapy to document 

thee speed in reduction of leukemia burden, may give even more specific information about 

thee effectiveness of therapy.75186 

Bothh tests might give the same estimation on relative therapy resistance. The MTT 

assayassay is non-laborious and results are available within one week after obtaining the 

leukemicc cells, which allows an early change of therapy. Quantitative detection of MRD 

usingg antigen rearrangements as targets is quite laborious, although real-time quantitative 

RQ-PCRR techniques have decreased the time expenditure considerably.40;42;75 However, it is 

nott known yet how the results of the two tests correlate and whether both tests recognize 

thee same patients. 

Therefore,, bone marrow samples of in total 20 ALL patients were analyzed in this 

retrospectivee study, using the MTT-assay as well as the PCR-based MRD detection to 

determinee the correlation between their results. 

MATERIAL SS AND METHOD S 

Patient ss and Material s 

Initially ,, bone marrow samples from 31 children were obtained at diagnosis and at the end 

off  induction therapy (42 days of treatment). In eight patients, information on in vitro drug 

resistancee was not obtained because of a too low OD signal in drug-free control cultures or 

tooo low (<70%) percentage of ALL cells in drug-free control cultures after 4 days. In three 

patients,, it was not possible to develop an allele-specific primer that reached a minimal 
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sensitivityy of 10"4. The remaining 20 patients were successfully analysed in both assays. 

Seventeenn patients were diagnosed with B-precursor ALL and three patients had T-ALL . 

Mediann follow-up time was 75 months (ranging from 24 to 186 months). 

Thee patients were selected on the basis of presence of sufficient bone marrow 

sampless at diagnosis and at the end of induction. The mononuclear cell fractions were 

isolatedisolated by Ficoll-Hypaque (1.077 g/cm3; Pharmacia, Uppsala, Sweden) density gradient 

centrifugationn prior to cryopreservation. After thawing, one part of the leukemic cells 

(minimall  10.106) was used in the MTT-assay, whereas from the other part DNA-isolation 

wass performed on 5.106 cells in order to develop allele specific (ASO)-primers. Genomic 

DNAA was extracted from mononuclear cell fraction from normal lymphocytes (MNC) with 

thee QIAamp Blood kit (Qiagen, Chatsworth, CA, USA), as described previously.48 

Immunophenotypingg was routinely performed at diagnosis using standard techniques. 

Southernn Blot analysis was performed on samples of each patient to detect IGH or TCR-

genee rearrangements. 

Sixteenn patients were treated according to the BFM strategy-based protocol ALL- 8 

off  the Dutch Childhood Leukemia Study Group (DCLSG), three patients according to 

protocoll  ALL-9 and one patient according to protocol ALL- 6 (Table 1).13;18 The risk-group 

classificationn slightly differed between the treatment protocols. Induction therapy included 

prednisolone,, vincristine, and L-asparaginase for protocol ALL-8, whereas in protocol 

ALL- 66 and ALL-9 prednisolone was replaced by dexamethasone. The DCLSG provided us 

withh ten bone marrow samples from ALL patients; the other ten patients were all treated in 

thee Emma Kinderziekenhuis AMC. 

Inn vitr o dru g resistanc e 

InIn vitro drug resistance was measured using the cell culture MTT-assay. ' Thawed 

cryopreservedd leukemic cells from 20 patients and fresh leukemic cells from 11 patients, 

takenn at diagnosis, were cultured in RPMI 1640 (GIBCO, Uxbridge, UK), supplemented 

withh fetal calf serum, penicillin, streptomycin, fungizone, gentamycin, glutamine, insulin, 

transferrinn and sodium selenite. Three drugs (vincristine, prednisolone and L-asparaginase), 

eachh at six concentrations, were tested as previously described.21 Leukemic cells were 

incubatedd with each drug at each concentration in duplicate in wells of microculture plates 

att 37°C in humidified air with 5% C02, at a final concentration of 1.6 xlO6 cells per ml. Six 

wellss contained leukemic cells in drug-free medium to determine the survival of the control 

cellss to compare with survival of leukemic cells in presence of various drugs. Six wells 

containingg medium only were used as blank specimens for spectrophotometric analysis. 

Afterr 4 days, 10 1 (5mg/ml) MTTsalt (Sigma Chemical Corp, St Louis, MO) was added 

forr 6 hours. MTT is reduced by living cells only into colored formazan crystals. The MTT 
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crystalss were dissolved with 100 ul of acidified isopropanolol, and formazan production 

wass quantified using a spectrophotometer at 562 nm. Since the optical density (OD) is 

linearlyy related to the cell number,90 leukemic cell survival (LCS) was calculated at each 

drugg concentration using the equation LCS = (OD treated well/mean OD control wells) x 

100%,, after correction for the blank. The drug concentration lethal to 50% of the ALL cells 

(LC50)) was used to express the level of drug resistance. Samples were considered 

evaluablee if the drug-free control wells contained more than 70% leukemic cells after 4 

dayss of culture and if the control optical density at day 4 exceeded 0.050. The MTT assay 

givess reliable results under these conditions.21190 The percentage of leukemic cells was 

determinedd by May-Grunwald-Giemsa staining and light microscopy. Previous studies have 

shownn that the use of cryopreserved versus fresh samples in the MTT assay, did not alter 

thee drug sensitivity results.91 

Identificatio nn of antige n recepto r PCR target s at diagnosi s 

Completee VH-D-JH rearrangements of the IGH gene were amplified with family specific 

Frameworkk Region 1 primers (VH1/7, V H 2, V H 3, V H 4/6, V H 5) or consensus Framework 

Regionn 3 (FR3), in combination with the consensus Jh21 reverse primer.3;35;36:92 

Immunoglobinn Kappa Deleting rearrangements (JGK) were amplified using either VK 

familyy primers or the intron RSS primer in combination with a Kde primer.93 For the 

rearrangementss of the TCR-delta (TCRD), respectively TCR-gamma (TCRG) receptor gene, 

thee consensus forward V82-3, respectively Vy family primers, were used in combination 

withh the D83-3, respectively Jy reverse primer.35;49;82;94;95 Generally, major PCR bands on 

ethidiumm bromide stained polyacrylamide gels were excised and eluted in lOmM Tris 

pH8.0.. After a second round PCR with the same primer combination, the PCR product was 

directlyy used for the sequence analysis using the Big Dye terminator Cycle Sequencing 

Readyy Reaction Kit and an ABI PRISM 377 Automated Sequencer (PE Biosystems, Foster 

City,, CT, USA). Ig/TCR gene rearrangements were identified using DNAPLOT software 

(W.. Muller, H-H. Althaus, University of Cologne, Germany¥http://www/mrc-

cpe.cam.ac.uk/imt-docA.79:8° ° 

Quantificatio nn of MRD by Real-tim e Quantitativ e PCR (RQ-PCR) 

Onn basis of the sequence data of the Ig and TCR gene rearrangements, primers and probes 

weree designed using Primer Express (PE Biosystems) and Oligo 6 software (W. Rychlik, 

Nationall  Biosciences, Plymouth MN USA), according to the manufacturer's guidelines. 

Allele-specificc oligonucleotides (ASO's) were developed complementary to the VH-DH, 

VK-Kde,, V82-D83 or Vy-Jy junctional regions. The forward primer always contained the 
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N-regionn of the junctional region. The reverse primer was designed complementary to the 

intronn downstream of each JH segment respectively Kde, D83, ]y. ' ' For RQ-PCR 

analysiss the TaqMan 1000 reactions Gold with Buffer A kit (PE Biosystems) was used. 

Reactionn mixtures and conditions were as described previously.40 Real-time information 

wass obtained using ABI-PRISM 7700 Sequence Detection System containing a 96-well 

thermall  cycler (PE Biosystems). A standard curve for quantifying the leukemia-specific-

quantitiess in follow-up samples, is established using a serial dilution of diagnosis DNA. To 

correctt for the quantity and amplifiability of DNA in the follow-up samples, the albumin 

genee was used as a control.40 An albumin standard curve was established using MNC DNA 

dilutedd in water in 10-fold dilutions. Corrections on MRD quantities in follow-up samples 

weree performed according to the manufacturer's guidelines (PE biosystems). Briefly, the 

quantitiess established by the leukemia-specific target were divided by that of albumin. 

Subsequently,, the quantity at diagnosis was set at 1.0 and leukemia-specific quantities in 

follow-upp samples were related to the value at diagnosis, in order to obtain an accurate 

determinationn of the tumor load. Standard deviations were corrected accordingly. For the 

standardd curve, all RQ-PCR experiments were carried out in duplo and the follow-up 

sampless were analysed in triplicate. Several negative controls were included. 

Quantificatio nn of MRD in a Limitin g Dilutio n Assa y (LDA) 

Too quantify residual leukemia cells, limiting dilution assays were performed with a 

seminestedd patient-specific PCR using a consensus primer set FR3/Jh21 or a consensus 

primersett VÖ2-3 or D82-3/D53-3 in the first reaction, and a clone specific sense primer, 

designedd complementary to each JH segment, in the second round on two-fold serial diluted 

DNAA samples as described previously.76 Reactions were performed in mixtures (total 

volumee 50ul) as previously described.76 The PCR protocol took place in a thermal cycler 

(Perkinn Elmer Cetus Model 9600; Norwalk, CT). The second-round of the heminested PCR 

hadd an input of 2ul of PCR product from the first PCR reaction. After testing the ASO-

primerss at various temperatures, it turned out that 60°C was the ideal annealing/extension 

temperaturee for most of these primers. In preliminary experiments, five-fold serial dilutions 

off  DNA samples in water were tested in five-fold replicates to investigate at which dilution 

thee PCRs became negative. Subsequently, two-fold serial dilutions in 20-fold replicates 

weree tested ranging from the highest preliminary dilution showing amplification to the 

lowestt preliminary dilution not showing amplification in the five-fold diluted samples. 

Afterr size separation each PCR product was visualized by ethidium bromide staining. 

Specificityy was tested by amplification of lug of normal DNA from peripheral blood 

mononuclearr cells. Sensitivity was tested by performing PCR on serial dilutions of 
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leukemiaa DNA mixed with DNA isolated from normal mononuclear cells. The number of 

cellss at each dilution was verified by amplification of the FcyReceptorlllb gene, present in 

eachh cell.52 The ratio of leukemia cells to total bone marrow cells was calculated from the 

ratioo of leukemia to Fc-receptor (FCR) targets, considering the presence of one rearranged 

IgIg allele and two FCR genes per cell. Because both nested PCRs are able to detect a single 

cell,, the number of positive PCR reactions at a certain dilution is distributed according to a 

Poissonn distribution, and as such quantification of malignant cells is possible.37'38'39 The 

meann number 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 by 

Leoo Strijbosch39'55 was used to perform the necessary calculations. We have previously 

comparedd this limiting dilution analysis with the RQ-PCR using germline Ig TaqMan 

probes,, both approaches gave comparable results.41 ;42 

Statistica ll  analysi s 

Correlationn for the continuous variables was studied using non-parametric tests, i.e. 

Spearmann test. A drug sensitivity profile was made for each patient by combining the 

resultss of in vitro prednisolone (PRD), vincristine (VCR) and L-asparaginase (ASP) 

cytotoxicityy and resulted in an individual "PVA-score" that varied between 3 (sensitive to 

alll  three drugs) and 9 (resistant to all three drugs). The MRD level < 1.0 xlO'4 was defined 

ass low MRD, MRD level between 1.0 xlO"4 and 1.0 xlO*2 as intermediate MRD and finally 

ann MRD level > 1.0 xlO"2 was described as high MRD, based on results of previous 

(semi)quantitativee MRD studies.7'9 Statistical analysis for the different groups was 

performedd by the Wilcoxon matched paires signed-ranks and Mann-WhitneyU tests. Both 

testss were used two-tailed at the level of significance 0.05. 

R E S U L TS S 

200 Patients were successfully analyzed in both MRD detection and MTT assay. 

Quantificationn of MRD by PCR was done for 10 patients using a limiting dilution assay and 

forr 10 patients by real-time quantitative RQ-PCR. In nine patients an IGH-, in four patients 

ann IGK-, in five cases a TCRD- and in two cases a rCtfG-rearrangement was used as a 

targett in the PCR reaction. 

Result ss  of dru g resistanc e testin g 

LC500 values for all drugs varied markedly between the patient samples as shown in table 1. 

Thee LC50 for VCR ranged from less than 0.049 to 28.182 ug/ml (median 0.65 ug/ml). The 
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LC500 for L-ASPA ranged from less than 0.002 to >10.0 IE/ml (median 0.10 IE/ml). PRD 
LC500 values ranged from 0.029 to more than 250.0 g /ml (median 0.925 g/ml). 

Tablee 1: Result s of MTT assay for PRD, VCR and ASPA and MRD detectio n by LDA/RQ-PCR 

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 
18 8 
19 9 
20 0 

Immuno--
phenotype e 
Pree BALL 
Pree BALL 
Pree BALL 
Pree BALL 
T-ALL L 
Pree BALL 
T-ALL L 
Pree BALL 
T-ALL L 
Pree BALL 
Pree BALL 
Pree BALL 
Pree BALL 
Pree BALL 
Pree BALL 
Pree BALL 
Pree BALL 
Pree BALL 
Pree BALL 
Pree BALL 

Treatment t 
Protnr r 
8 8 
8 8 
8 8 
8 8 
8 8 
8 8 
8 8 
8 8 
8 8 
8 8 
8 8 
8 8 
8 8 
8 8 
8 8 
8 8 
9 9 
9 9 
9 9 
6 6 

LC50PRD D 
(itfl/ml) ) 
2.880 0 
13.020 0 
0.363 3 
0.480 0 
1.370 0 
24.740 0 
251.0 0 
251.0 0 
251.0 0 
0.029 9 
0.199 9 
0.459 9 
0.448 8 
0.350 0 
251.0 0 
0.046 6 
0.050 0 
251.0 0 
0.050 0 
251.0 0 

LC50VCR R 
(Mg/ml) ) 
2.273 3 
28.182 2 
10.795 5 
0.679 9 
0.195 5 
1.333 3 
0.629 9 
0.900 0 
2.188 8 
4.766 6 
5.509 9 
2.009 9 
2.009 9 
0.609 9 
1.972 2 
0.550 0 
0.365 5 
0.643 3 
4.625 5 
0.040 0 

LC50ASP P 
(iu/ml) ) 
0.033 3 
0.748 8 
1.179 9 
1.314 4 
0.015 5 
1.644 4 
0.002 2 
0.054 4 
11.000 0 
0.011 1 
0.033 3 
0.012 2 
1.685 5 
1.945 5 
0.282 2 
11.000 0 
0.012 2 
0.002 2 
1.265 5 
0.002 2 

PVA A 
score* * 
6 6 
7 7 
8 8 
7 7 
4 4 
7 7 
6 6 
7 7 
9 9 
6 6 
6 6 
6 6 
8 8 
7 7 
8 8 
6 6 
3 3 
6 6 
7 7 
5 5 

MRDD Level 
Endd Induction 
5 .0x10" " 
1.00 x10*3 

1.0x10" " 
6.00 x10"5 

9.00 x10"5 

3.0x10" " 
1.00 x10"1 

4.00 x10"2 

<1.0x10" " 
<1.0x10"5 5 

2.4x10" " 
1.55 x10"3 

<1.0x10" " 
2.0x10"5 5 

2 .7x10" " 
1.00 x10"2 

<1.0x10"5 5 

1.55 x10"2 

2.5x10" " 
8.44 x10"3 

MRD# # 
1-2-33 " 
2 2 
2 2 
1 1 
1 1 
1 1 
2 2 
3 3 
3 3 
1 1 
1 1 
2 2 
3 3 
1 1 
1 1 
2 2 
3 3 
1 1 
3 3 
2 2 
3 3 

** PVA-score represents the combined score of in vitro prednisolone, vincristine and L-asparaginase 
cytotoxicity:: varying from 3 (sensitive to all agents) to 9 (resistant to all three drugs). 

*** MRD profile: #1=low level<10", #2 intermediate level 10"2 - 10" and #3=high level >10"2 

Result ss  of PCR-based MRD detectio n 

Inn all PCR reactions a minimal sensitivity of 10"4 was reached. Levels of MRD, as 
determinedd at the end of induction therapy, ranged from < 1.0 xlO"5 to 1.0 x 10"'. The mean 
MRDD at this time-point was 9.0 xlO"3 (median 2.6 xlO'4). Distribution was not according to 
aa Gaussian pattern. In five out of 20 cases, the MRD level was higher than 8.4 xlO'3. The 
otherr patients had low MRD levels below 1.5 xlO"3. Considering the three groups with 
differentt levels of MRD, eight patients had low MRD, eight patients had intermediate 
levelss of MRD and four patients were having high MRD. 

Compariso nn of MTT and PCR result s 

Thee MRD level at the end of induction therapy was not significantly related to the 
combinedd PVA-score (p=0.48). Analysis of the individual drug sensitivity of VCR and L-
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ASPAA did not correlate at all with the MRD level at the end of induction therapy (p=0.8; 

p=0.55 respectively). For prednisolone sensitivity, a trend was seen for correlation between 

thee MTT-assay and MRD assays, but the correlation was too weak to become significant in 

thiss small group (rho 0.45, p=0.08). Analysis of all 20 patients (although differently treated) 

showedd a significant correlation between the LC50 for PRD and the MRD level (rho 0.49, 

p=0.015)(figure).. The rho-values for the other drugs were not influenced. 

Alsoo looking at the drugsensitivity for PRD, VCR and ASPA versus the patients 

withh low or high MRD level, a correlation between both assays could not be demonstrated 

(p=0.77,, p=0.62; p=0.72 respectively). 

i i 
##

** *

— ii  1 1 1 
3.1x10-»» 1 32 1024 

LCS00 prednisolo n (log ) 

Figure .. Correlatio n betwee n LC50 prednisolon e and MRD level , as determine d by RQ-PCR and 
LDAA in the tota l grou p of patient s (p=0.015). The four differently treated patients are indicated by (*). 

DISCUSSION N 

AA considerable number of ALL patients relapses and these relapses can only partially be 

predictedd with the current risk factors such as age, white blood cell count, 

immunophenotypee and genotype. An additional prognostic factor to determine the risk for 

relapsee is the response to chemotherapy, which can be measured both in vivo and in vitro. 

Thee two used techniques in this study, i.e. the determination of in vitro drug resistance by 

thee MTT-assay at diagnosis and in vivo detection of MRD by PCR using gene 

rearrangementss as a target during follow-up, have individually shown strong prognostic 

significance.. ' ' '9' ''87'96 It seems likely, considering the high prognostic significance of both 

factors,, that the same patients are identified as low or high risk. We compared both 

O) ) 

o o 

a a 
^^ -

6.1x10 0 
9.8* * 
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techniquess to examine whether they measure the same relative therapy resistance or 

whetherr they may complement each other. 

Thiss study with both tests successfully performed in 20 children with ALL , showed 

noo significant correlation between in vitro drug resistance and the level of MRD as detected 

byy PCR at the end of induction therapy for the group of 16 equally treated patients. Both 

thee combined drug resistance, as defined in the PVA-score, and the drug senstivity to 

prednisolone,, vincristine and L-asparaginase as single drugs, were not correlated to the 

MRDD kinetics. Also comparison of low/high MRD levels in PRD, VCR and ASP sensitive 

versuss resistant cases showed no significant differences. 

AA previous study in a small number of children with ALL (n=29) as well, has shown 

aa significant correlation between the LC50 for PRD with the MRD level.97 In our study 

withh 16 patients, we also see a trend for correlation between the LC50 for PRD as a single 

agentt and the MRD level at the end of induction (rho 0.45, p=0.08). Moreover, if we 

includedd four extra patients in our analysis, we were able to show a significant correlation 

(rhoo 0.49, p=0.015). Nevertheless, we have to remark that these four patients were 

differentlyy treated from the other 16 patients, with dexamethasone instead of prednisolone 

duringg induction therapy. Glucocorticoids are highly cytotoxic to lymphoblasts and are thus 

importantt in the treatment of childhood ALL . A poor in vivo clinical response to initial 

PRDD monotherapy was shown to be associated with poor prognosis.98;l22 Acute 

Lymphoblasticc Leukemia protocols of the BFM Study Group, some of which were also 

usedused by the Dutch Childhood Leukemia Study Group (ALL-7 & 8), used the clinical 

responsee to one week PRD monotherapy as one of the determinants of the risk-group 

stratification.stratification.1717''9999 Previously, a significant correlation was reported between the anti-

leukemicc activity of PRD in vitro and the in vivo response to PRD monotherapy.100 

Similarly,, study of MRD during induction therapy has shown that the rapid decrease of 

MRDD in the first month of treatment, as determined by quantitative RQ-PCR at two and 

fourr weeks, has important consequences for prognosis and may be highly informative.75186 

Thiss may be reflected in the PRD resistance data. We hypothesize that in early treatment a 

patientt group can be defined, characterized by PRD resistance and high MRD levels, which 

havee a high relapse risk. The lack of correlation in our equally treated patient group of 

patientss may be due to the low number of patients. The correlation seen in our total patient 

groupp of 20 patients, indicates that at least a larger group of patients has to be studied to see 

iff  a real correlation between LC50 for PRD and MRD level exists. 

Inn our study no correlation was found between the in vitro resistance to VCR and 

ASPP as single agents versus MRD level at the end of induction therapy, while both drugs 

playy a major role in induction treatment for ALL . In vitro resistance to the single agents 

PRDD and ASP, but also to VCR, of ALL cells obtained at initial diagnosis, predicted the 
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occurrencee of relapse.21'87 We have no explanation for the lack of a significant correlation 

betweenn in vitro resistance to VCR and ASP with MRD levels, although patient numbers 

weree small in this retrospective study. 

Itt is important to stress that although both techniques are influenced by drug 

sensitivity,, they are fundamentally different, as they take hold of two different mechanisms. 

Whereass the MTT assay reflects the in vitro drug resistance to a standard set of cytostatic 

drugss of a subset of leukemic cells that survive during a four-day culture period, the 

numberr of leukemic cells as detected by PCR is an in vivo measurement of kinetics of all 

leukemicc cells and is dependent upon multiple factors like pharmacokinetics, dosage and 

administrationn of drugs, and proliferation of vital leukemic cells. These differences between 

thee two techniques might explain the lack of a strong correlation between the two tests. 

Becausee both tests have been shown to predict relapse-risk in patients treated with this 

inductionn regimen, our results might implicate that a combination of both tests wil l give an 

evenn better correlation with disease outcome. However, it should be stressed that a 

relativelyy large group of patients had to be excluded from our initial patient group, because 

off  a too low survival in control cultures. 

Inn conclusion, we have not shown a correlation between in vitro drug resistance and 

thee post-induction MRD level as detected by PCR. Both techniques, using tests that each 

havee proven independent prognostic significance, may identify at least in part different 

patientss at lower or higher risk of relapse, and combining the information obtained by both 

techniquess may have additional prognostic significance. As these techniques may be 

implementedd in routine clinical diagnostics and used for individualization of treatment, 

studiess that show which of both techniques is the most informative, or whether both 

techniques,, if used in tandem, will give the most relevant information, are important. A 

prospectivee study on a large number of equally treated patients, in which both techniques 

aree performed and evaluated with regard to clinical outcome is warranted. Such a study is 

currentlyy being performed in the Netherlands by the DCLSG (ALL-9) and in Germany by 

thee COALL group (ALL-97). Within a few years, combined clinical and laboratory data 

wil ll  become available from these treatment protocols. 
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