Supplementary Appendix 1

This appendix has been provided by the authors to give readers additional information about
their work.

Supplement to: Holleman A, Cheok MH, den Boer ML, et al. Gene-expression patterns in
drug-resistant acute lymphoblastic leukemia cells and response to treatment. N Engl J Med
2004;351:533-42.
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Supplemental Table 1: LC,, values for classification of resistant and sensitive ALL for

each chemotherapeutic agent.

LC,, by MTT as described in Pieters and Kaspers et al?. Classification based on LCg-

values previously associated with treatment outcome, as described in den Boer et al®.

Drug Sensistive Resistant

Prednisolone <0.100ug/ml = 150ug/mi
Vincristine <0.391ug/ml > 1.758ug/ml
Asparaginase < 0.0331U/ml = 0.9121U/ml
Daunorubicin < 0.075ug/ml > 0.114pg/ml

Supplemental Table 2: Patient characteristics.

Included were 173 patients categorized as resistant or sensitive to one or more of the four
drugs. The sample size and the distribution of known prognostic factors (i.e., white blood cell
count (WBC) and age at diagnosis; gender, and lineage) for each antileukemic agent are

shown for (a) all patients and (b) the B-lineage ALL patients.

a. N Age at diagnosis WBC at diagnosis .
Drug [median in years] Gender [109/L] Lineage
Prednisolone Sensitive 66 5.9 36M 30F 43.0 54B 12T
Resistant 27 8.0 17M 10F 19.9 20B 7T
P=0.007* P=0.497* P=0.314* P=0.408*
Vincristine Sensitive 89 6.0 54M 35F 34.7 75B 14T
Resistant 36 6.7 20M 16F 15.4 29B 7T
P=0.651* P=0.689* P=0.172* P=0.606*
asparaginase Sensitive 81 4.4 47M 34F 30.0 66B 15T
Resistant 45 7.3 24M 21F 28.3 40B 5T
P=0.004* P=0.708* P=0.729* P=0.320*
Daunorubicin Sensitive 94 4.6 57M 37F 40.0 82B 12T
Resistant 28 7.7 17M 11F 17.6 23B 5T
P=0.031* P=1.0* P=0.378* P=0.537*
b. N Age at diagnosis WBC at diagnosis
Drug [median in years] Gender [109/L]
Prednisolone Sensitive 54 5.8 28M 26F 33.1
Resistant 20 8.9 12M 8F 8.3
P=0.016* P=0.605* P=0.012*
Vincristine Sensitive 75 6.0 46M 29F 25.6
Resistant 29 6.3 15M 14F 9.9
P=0.888* P=0.358* P=0.016*
asparaginase Sensitive 66 4.2 38M 28F 23.2
Resistant 40 7.3 21M 19F 18.5
P=0.003* P=0.688* P=0.732*
Daunorubicin Sensitive 82 4.4 49M 33F 26.8
Resistant 23 7.2 13M 10F 16.3
P=0.117* P=0.814% P=0.275*

M=male, F=female; P-values determined by *Wilcoxon rank sum test *Fisher's exact test
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Supplemental Figure 1: Unsupervised hierarchical
clustering discriminating drug resistant and drug
sensitive ALL patients.

Unsupervised hierarchical clustering of 173 patients was
performed using 14,550 probe sets. Age (red= >10 years),
white blood cell count (WBC, red= >100 x10%L), genetic or
lineage subtype (see legend) and the combined drug
resistance gene expression (GE) score for prednisolone,
vincristine, asparaginase and daunorubicin are shown for
each patient (high/resistant in red= GE score>5.58 and
low/sensitive green= GE score<4.70). Unsupervised
clustering is largely driven by ALL subtype, e.g., T- and B-
lineage ALL. None of the other known prognostic features
(patient age, WBC) clustered in an unsupervised analysis, as
was also the case for the drug resistance gene expression
score.
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Drug sensitivity based on
MTT assay COALL/DCOG
(145 B-lineage, 28 T-ALL)
PRD, VCR, ASP, DNR

Gene expression
COALL/DCOG (145 B-lineage, 28 T-ALL)
14,550 gene probe sets after initial filtering

A

Subset of resistant and sensitive patients per
drug defined by (denBoer et al., JCO 2003)

A

Rank genes based on P-values obtained from
Wilcoxon ranksum test and t-test between
sensitive and resistant patients per drug

A

Select the final gene set per drug, using P-
values and false discovery rate (g-value).
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(B-lineage ALL)

A

Compute combined drug resistance gene
expression scores based on bagging algorithm
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Construct a training set by randomly
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v
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for COALL/DCOG patients not
included in the training set; as well
as independent test set

and independent test set at St Jude (n=98)
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The mean value of 1000 iterations
was the gene expression score for
each drug in each patient
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Outcome analysis using combined drug
resistance gene expression scores

Supplemental Figure 2: Data analysis flowchart.

Supplemental Table 3: Permutation analysis and false discovery rate of probe sets

selected by Wilcoxon rank sum test and t-test.

Permutation analysis (N=1000) was computed for each dataset (prednisolone (PRED),
vincristine (VCR), asparaginase (ASP), daunorubicin (DNR) using (a) all patients and (b) only
patients with B-lineage acute lymphoblastic leukemia. For each P-value (a) using Wilcoxon
rank sum test, the number of probe sets (N), the false discovery rate (FDR) and the P-value
are listed. Numbers in red indicate the subset of genes chosen for further analyses

(Supplemental Table 4) based on a low P-value, an FDR less than 10 percent when possible,

1000 iterations



and between 25 and 100 genes for each drug. Similar results were obtained with probe sets

selected by t-test using (c) all patients and (d) only patients with B-lineage.

a. All patients
a =0.0001 o =0.0005 o =0.001
drug N FDR [%] P-value N FDR [%] P-value N FDR [%] P-value
PRED 11 10 0.021 32 18 0.017 53 22 0.019
VCR 7 13 0.028 76 15 <0.001 76 16 <0.001
ASP 24 5 0.007 91 6 <0.001 135 9 <0.001
DNR 2 22 0.060 11 45 0.080 27 45 0.065
b. B-lineage
o =0.0001 o =0.0005 o =0.001
drug N FDR [%] P-value N FDR [%] P-value N FDR [%] P-value
PRED 19 6 0.007 57 10 0.002 92 13 0.003
VCR 22 6 0.004 74 8 <0.001 138 10 <0.001
ASP 67 2 0.002 202 3 <0.001 279 4 <0.001
DNR 5 22 0.029 25 26 0.011 38 32 0.014
c. All patients
o =0.0001 o =0.0005 o =0.001
drug N FDR [%] P-value N FDR [%] P-value N FDR [%] P-value
PRED 10 12 0.058 33 17 0.021 49 24 0.034
VCR 7 8 0.032 55 11 0.012 91 13 0.012
ASP 21 5 0.028 84 7 <0.001 120 9 <0.001
DNR 3 29 0.556 19 34 0.188 34 37 0.164
d. B-lineage
a =0.0001 a =0.0005 a =0.001
drug N  FDR[%] P-value N FDR [%] P-value N FDR [%] P-value
PRED 26 4 0.014 69 8 0.003 98 12 0.003
VCR 33 3 0.016 101 5 <0.001 166 7 <0.001
ASP 71 2 <0.001 184 3 <0.001 269 4 <0.001
DNR 8 12 0.140 34 18 0.043 50 26 0.068

In each random permutation, the class label (resistant or sensitive) was randomly assigned
to each patient and genes were reselected using Wilcoxon rank sum test and t-test based on
the random labels. The overall significance (P,) of the model was estimated using the
following formula:

P number of permutations with ¢ — value™ ™" < q — value®™

o

Total number of permutations

random

Where « is the P-value using Wilcoxon rank sum test or t-test; g-value, is estimated g-
value given « using random class label; g-value,” is the observed g-value given « using the

observed class label.



Supplemental Table 4: Number of significant probe sets discriminating drug

resistance for each individual antileukemic agent.

Probe sets were rank-ordered according to their P-values, with the smallest P-values
indicating the strongest statistical difference between resistant and sensitive patients. Among
predefined significance levels (a), we chose the cut-offs that provided a low FDR rate (less
than 10 percent when possible), high prediction accuracy and we limited the number of
genes so that they did not exceed the number of samples, to facilitate future statistical
analyses. The one exception was DNR (a =0.001, FDR=32%), because the FDR was never
less than 10 percent. The final genes selected were required to be significant by both
Wilcoxon rank sum test and t-test, using the selected P-value cut-offs (indicated in red in
Supplemental Table 3). Listed below are the number of probe sets with a P-value lower than
or equal to the value indicated (a), determined by Wilcoxon rank sum test and t-test, which
yielded above for (a) all samples, including 153 probe sets (146 unique) and 107 known
unique genes and 29 cDNA clones were selected by both methods for all four drugs; and (b)
only the precursor-B lineage ALL, including 177 probe sets (172 unique) and 124 known
unique genes and 28 cDNA clones were selected by both methods. Indicated in red are the

numbers of top gene probes that were used to build the final drug resistance models.

a. All patients b. B-lineage
Wicoxon rank t-test both tests Wicoxon rank t-test both tests
sum test sum test

PRED 53* 49* 32* 57" 69" 42"
VCR 76* 91* 54* 74 101" 59"
ASP 91" 81" 52" 67" 71* 54*
DNR 27* 34* 15* 38* 50* 22*
sum 153 177

¥ <0.0001, “a <0.0005, *a <0.001



Supplemental Table 5: Prediction accuracy using gene expression profiles for

classification of drug resistant and sensitive acute lymphoblastic leukemia.

Prediction accuracy in randomly selected cohorts comprising 1/3 of the training set for each

antileukemic agent using 30, 50 or 100 reselected top probe sets. The median prediction

accuracy is shown with corresponding P-values and the 95 percent confidence interval (C.1.)

for prednisolone (PRED), vincristine (VCR), asparaginase (ASP) and daunorubicin (DNR) (a)

based on all patients and (b) for only patients with B-lineage acute lymphoblastic leukemia.

The prediction accuracies were even higher (c, d), when genes were selected only once from

the entire training set, and then used to predict sensitive or resistant phenotypes in randomly

selected cohorts comprising 1/3 of the population.

a. All patients b. B-lineage
accuracy 95% P- accuracy 95% P-
N [%] C.l value [%] C.l value
PRED 30 71 58-81 0.031 75 63-88 0.025
50 71 58-81 0.031 75 63-88 0.025
100 71 58-81 0.031 75 67-87 0.025
VCR 30 68 59-78  0.029 74 62-85 0.010
50 71 59-79  0.012 76 65-85 0.004
100 71 59-79  0.012 76 65-85 0.004
ASP 30 67 52-76  0.045 71 60-83 0.018
50 67 52-79  0.045 71 57-83 0.018
100 67 55-78  0.045 71 60-80 0.018
DNR 30 73 60-80  0.007 76 65-85 0.004
50 73 60-80  0.007 76 65-85 0.004
100 73 58-76  0.007 76 67-84 0.004
c. All patients d. B-lineage
accuracy accuracy
N [%] 95% C.l. [%] 95% C.I.
PRED 30 95 88-100 98 90-100
50 93 86-100 98 90-100
VCR 30 81 71-88 81 71-88
50 81 74-90 81 71-91
ASP 30 81 71-90 83 71-90
50 83 71-91 86 74-93
DNR 30 90 83-95 95 90-100
50 90 86-98 95 90-100




Supplemental Table 6: Gene expression scores for the intermediate sensitivity group,

using genes selected to discriminate resistant and sensitive B-lineage ALL.

We randomly split the resistant and sensitive patients into 2/3 training set and 1/3 test set.
Additionally, all patients with an intermediate drug sensitivity phenotype were included in the
test set. In each random split, probe sets were reselected based on the training set. A
patient in the test set was assigned a score of 1 if classified by the model as sensitive and 2
if resistant; no score was assigned to patients in the training set. The above was repeated
1000 times to compute a gene expression score for each patient as the average of scores
assigned to the patient. Median gene expression scores of resistant (R), sensitive (S) and
intermediate (I) samples as well as the range in parentheses are presented based on 50 and
100 probe sets. The P-values are given for each pair-wise comparison, using Wilcoxon rank
sum test. Patients with intermediate drug sensitivity had median scores that were between
the median gene expression score of the drug sensitive and drug resistant groups for all four
antileukemic agents. For asparaginase and prednisolone, the gene expression scores of the
intermediate group were significantly different from both the sensitive group and the resistant
group (P<0.05, Wilcoxon rank sum test). For daunorubicin and vincristine, the intermediate

group was significantly different from the sensitive group, but not from the resistant group.

N Score Score Score P-value P-value P-value
Resistant (R) Intermediate (1) Sensitive (S Rvs.S Ruwvs.l 1vs. S

( )
PRED 50 1.28(1.01-1.96) 1.04(1-1.88)  1.02(1-1.65) <0.001 0.002  0.044
100  1.29(1-1.99)  1.01(1-1.92)  1.01 (1-1.72)  <0.001 0.001  0.035
VCR 50 1.28(1.01-1.88) 1.29 (1.01-1.61) 1.11(1.01-1.9) 0.006 0.659  0.002
100  1.26 (1-1.93)  1.24(1-1.68)  1.08(1-1.94)  0.002 0518  0.002
ASP 50 153(1.03-1.91) 1.31(1.02-1.88) 1.14(1.01-1.97) <0.001 0.013  0.004
100 1.51(1.02-1.91)  1.31(1-1.92) 11(1-1.98)  <0.001 0.024  0.008
DNR 50  1.16 (1-1.5) 111 (1-1.71) 1.04 (1-16)  0.021 0404 0.09
100 1.15(1-1.47)  1.07(1-1.81)  1.01(1-1.56)  0.019 0.583 0.045

10
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Supplemental Figure 3: Supervised hierarchical clustering discriminating drug

resistant and drug sensitive ALL patients (B- and T-lineage ALL).

Genes that were significant (P<0.001) by both Wilcoxon rank sum test and t-test, were used
for hierarchical clustering of all 173 patients, according to sensitivity to prednisolone (PRED),
vincristine (VCR), asparaginase (ASP) and daunorubicin (DNR). Each column represents an
ALL sample, labeled according to drug sensitivity (red= resistant, green= sensitive) and each
row depicts a gene probe set. The heat maps indicate high (red) or low (green) levels of

expression relative to the mean, according to the scale shown Fig 2. For PRED, 32

11



significant probe sets (26 genes, 6 ESTs), for VCR 54 probe sets (37 genes, 12 ESTs), for
ASP 52 probe sets (35 genes, 14 ESTs) and for DNR 15 probe sets (13 genes, 2 ESTs)

were found to significantly discriminate resistant from sensitive ALL samples.

Prednisolone

Vincristine

65 SR8, |

sensitive }
resistant

Asparaginase

-

28
1

sensitive t
resistant

Daunorubicin

sensitive t
resistant

sensitive t
resistant

Supplemental Figure 4: Principal component analysis of drug resistant and sensitive

ALL samples for the four antileukemic agents (B- and T-lineage ALL).

lllustrated are the top three principal components based on the significant discriminating
genes for prednisolone (PRED), vincristine (VCR), asparaginase (ASP) and daunorubicin
(DNR) in all 173 patients. Each sphere represents an ALL patient, labeled according to drug
sensitivity (red= resistant, green= sensitive). Axes are represented in the same units as

indicated by the gridlines.
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Standard deviations from the mean

gene name gene symbol _R/S ratio
citrate synthase cs 0.82
CDC28 protein kinase regulatory subunit 18 CKS1B 0.39
[E1B-55kDa-associated protein 5 E1B-AP5 0.70
amino-terminal enhancer of split AES 0.60
KIAA0922 protein KIAAD922 0.65
CCCTC-binding factor (zinc finger protein) CTCF 0.67
SWI/SNF related, matrix associated, actin dependent regulator SMARCB1 0.76
CDK2-associated protein 1 CDK2AP1 0.47
hepatoma-derived growth factor (high-mobility group protein 1-| HDGF 0.71
hepatoma-derived growth factor (high-mobility group protein 1-| HDGF 0.70
ubiquitin-specific protease otubain 1 FLJ20113 0.79
KIAA1649 protein KIAA1649 0.71
WW domain-containing adapter with a coiled-coil region WAC 0.69
PRP18 pre-mRNA processing factor 18 homolog (yeast) PRPF18 0.72
NICE-5 protein HSA243666 0.77
hypothetical protein LOC123803 LOC123803 0.59
heterogeneous nuclear ribonucleoprotein R HNRPR 0.82
HRIHFB2206 protein HRIHFB2206 0.54
hypothetical protein MGC2718 MGC2718 0.81
sorting nexin 3 SNX3 0.77
endothelial-derived gene 1 EG1 0.76
poly(rC) binding protein 1 PCBP1 0.67
coagulation factor Vlll-associated (intronic transcript) F8A 0.51
SMT3 suppressor of mif two 3 homolog 2 (yeast) SMT3H2 0.69
carbonic anhydrase IV CA4 1.56
protocadherin alpha 9 PCDHA9 1.63
matrilin 1, cartilage matrix protein MATN1 204
contactin 5 CNTNS 1.58
3-phosphat GAPD 125
3-phosphat GAPD 137
3-phosphat GAPD 121
3-phosphat GAPD 1.20
3-phosphat GAPD 126
myeloid cell leukemia sequence 1 (BCL2-related) MCL1 1.72
poliovirus receptor-related 2 (herpesvirus entry mediator B) PVRL2 201
solute carrier family 2 (facilitated glucose transporter) SLC2A14 207
v-maf musculoaponeurotic fibrosarcoma oncogene homolog F MAFF 169
v-maf musculoaponeurotic fibrosarcoma oncogene homolog F MAFF 2.06
biliverdin reductase B (flavin reductase (NADPH)) BLVRB 231
stomatin STOM 1.84
purinergic receptor P2Y, G-protein coupled, 5 P2RY5 291
CD69 antigen (p60, early T-cell activation antigen) CD69 226

R/S ratio: ratio of the median expression in drug resistant versus sensitive ALL.

Supplemental Figure 5: Supervised hierarchical clustering discriminating
prednisolone resistant and sensitive B-lineage ALL.

Standard deviations from the mean

3 2 1 o 1 2 3
ene name gene symbol RIS ratio

: 218325_s_at death associated transcription factor 1 DATF1 1.59
1k 207753_at  zinc finger protein 304 ZNF304 1.66

E 201851_at  SH3-domain GRB2-like 1 SH3GL1 1.52
— 210162_s_at nuclear factor of activated T-cells, cytoplasmic, calcineurin-dep NFATC1 1.80
‘I: [213831_at  major histocompatibility complex, class II, DQ alpha 1 HLA-DQA1 3.55
215127_s_at RNA binding motif, single stranded interacting protein 1 RBMS1 1.38

218647 _s_at hypothetical protein FLJ23476 FLJ23476 1.28
‘E 204914_s_at ESTs, Weakly similar to F36H12.3.p 17.68
219528_s_at B-cell CLL/lymphoma 11B (zinc finger protein) BCL11B 2.11

‘I: 213604_at  Homo sapiens clone 24582 mRNA sequence 125
212037_at  pinin, desmosome associated protein PNN 1.49

E 202392_s_at phosphatidylserine decarboxylase PISD 143
[212492_s_at KIAA0876 protein KIAA0876 1.46

209705_at  ESTs 1.30

E 204837_at  myotubularin related protein 9 MTMR9 1.40
212438_at  putative nucleic acid binding protein RY-1 RY1 1.57

200757 _s_at calumenin CALU 1.28

LE 202946_s_at BTB (POZ) domain containing 3 BTBD3 1.79
55872_at KIAA1196 protein KIAA1196 1.54

— 218951 _s_at hypothetical protein FLJ11323 FLJ11323 1.69
‘I: 213939_s_at Homo sapiens cDNA FLJ12012 fis, clone HEMBB1001668. 4.12
212222 _at  proteasome activator 200 kDa PA200 1.40

206033_s_at desmocollin 3 DSC3 1.72

‘E 202668_at  ephrin-B2 EFNB2 215
218642_s_at hypothetical protein MGC2217 MGC2217 1.34

212345_s_at hypothetical protein DKFZp586F2423 DKFZP586F2423 1.78

203910_at  PTPL1-associated RhoGAP 1 PARG1 242

213301_x_at transcriptional intermediary factor 1 TIF1 255

204391_x_at transcriptional intermediary factor 1 TIF1 291

204849_at  transcription factor-like 5 (basic helix-loop-helix) TCFL5 5.26

221011_s_at likely ortholog of mouse limb-bud and heart gene LBH 1.36

213017_at  abhydrolase domain containing 3 ABHD3 269

206231_at  potassium i I lcil ctivated ¢l KCNN1 3.29

202517_at  collapsin response mediator protein 1 CRMP1 259

209296_at  protein phosphatase 1B (formerly 2C), magnesium-dependent PPM1B 1.40

212956_at  KIAA0882 protein KIAA0882 3.64

219471_at  chromosome 13 open reading frame 18 C13o0rf18 231

144790_s_at  chromosome 13 open reading frame 18 C130rf18 3.13

204434_at  spermatogenesis associated 2 SPATA2 1.36

203707 _at  zinc finger protein 263 ZNF263 1.32

213225_at  protein phosphatase 1B (formerly 2C), magnesium-dependent PPM1B 1.45

213360_s_at POM121 membrane glycoprotein (rat) POM121 1.32

200593 _s_at nuclear ri in U HNRPU 0.76

[202209_at  LSM3 homolog, U6 small nuclear RNA associated LsSm3 0.77

217733 _s_at thymosin, beta 10 TMSB10 0.78

200031_s_at ribosomal protein S11 RPS11 0.84

200088_x_at cDNA (AK026491) 0.79

213377 _x_at 1,8 c18 0.78

200781_s_at ribosomal protein S15a RPS15A 0.81

200909_s_at ribosomal protein, large P2 RPLP2 0.85

— 218672_at  hypothetical protein MGC3180 MGC3180 0.70
208690_s_at PDZ and LIM domain 1 (elfin) PDLIM1 0.53

218608_at  putative ATPase HSA9947 0.10

202598_at ~ S100 calcium binding protein A13 S100A13 0.69

[201268_at  non-metastatic cells 2, protein (NM23B) expressed in NME2 0.67

210240_s_at cyclin-dependent kinase inhibitor 2D (p19, inhibits CDK4) CDKN2D 0.66

201426_s_at ribosomal protein, large P2 RPLP2 052

217523_at  CD44 antigen CD44 0.30

204490_s_at CD44 antigen CD44 0.36

R/S ratio: ratio of the median expression in drug resistant versus sensitive ALL.
Supplemental Figure 6: Supervised hierarchical clustering discriminating vincristine

resistant and sensitive B-lineage ALL.
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Standard deviations from the mean

e e coms © "
IR robe 1D ne name jene symbol R/S ratio
208579_x_at histone 1, H2bk HIST1H2BK 0.49
209806_at  histone 1, H2bk HIST1H2BK 0.6
| 203521_s_at endocrine regulator ZFP318 0.54
212070_at G protein-coupled receptor 56 GPR56 0.39
201015_s_at junction plakoglobin Jup 0.63
203388_at  arestin, beta 2 ARRB2 0.57
mannosidase, alpha, class 1A, member 1 MAN1A1 0.39
Homo sapiens cDNA: FLJ22425 fis, clone HRC08686. 0.35
1211559 s _at cydlin G2 CCNG2 063
CGI-101 protein F-LAN-1 0.71
hypothetical protein similar to small G proteins, especially RAP-LOC57826 0.64
203311_s_at ADP-ribosylation factor 6 ARF6 0.67
ccoagulation factor Vlll-associated (intronic transcript) F8A 0.62
chromosome 14 open reading frame 32 C140rf32 0.74
217750_s_at hypothetical protein FLJ13855 FLJ13855 0.69
201156_s_at RAB5C, member RAS oncogene family RAB5C 0.71
201140_s_at RAB5C, member RAS oncogene family RAB5C 0.63
hypothetical protein FLJ20202 FLJ20202 1.87
205131_x_at stem cell growth factor; lymphocyte secreted C-type lectin SCGF 3.38
211709_s_at stem cell growth factor; lymphocyte secreted C-type lectin SCGF 281
201163_s_at insulin-like growth factor binding protein 7 IGFBP7 202
DKFZP434C171 protein DKFZP434C171 218
202315_s_at breakpoint cluster region BCR 157
211940_x_at H3 histone, family 3A H3F3A 1.22
208755_x_at H3 histone, family 3A H3F3A 127
213828 _x_at H3 histone, family 3A H3F3A 127
209602_s_at GATA binding protein 3 GATA3 6.54
209604_s_at GATA binding protein 3 GATA3 3.12
212481_s_at tropomyosin 4 TPM4 147
217807_s_at glioma tumor suppressor candidate region gene 2 GLTSCR2 143
eukaryotic translation initiation factor 3, subunit 7 zeta EIF387 1.39
eukaryotic translation initiation factor 3, subunit 6 interacting prc EIF3S6IP 1.38
210501_x_at large tumor suppressor, Drosophila homolog 1 1.32
211623_s_at fibrillarin FBL 15
ribosomal protein S5 RPS5 146
guanine nucleotide binding protein (G protein) GNB2L1 1.27
— ribosomal protein L11 RPL11 125
213080_x_at ribosomal protein L5 RPL5 137
200034_s_at ribosomal protein L6 RPL6 1.35
200715_x_at ribosomal protein L13a RPL13A 142
200689 _x_at eukaryotic translation elongation factor 1 gamma EEF1G 1.27
ribosomal protein S3 RPS3 1.25
211927 _x_at similar to $22655 translation elongation factor eEF-1 gamma chain 123
200089_s_at ribosomal protein L4 RPL4 1.3
200705_s_at eukaryotic translation elongation factor 1 beta 2 EEF1B2 1.46
215963 _x_at similar to $34195 ribosomal protein L3, cytosolic 1.39
201217_x_at ribosomal protein L3 RPL3 142
211666_x_at ribosomal protein L3 RPL3 143
211073_x_at ribosomal protein L3 RPL3 143
212039_x_at ribosomal protein L3 RPL3 1.38
214167_s_at ribosomal protein, large, PO RPLPO 1.51
! 217740_x_at ribosomal protein L7a RPL7A 1.32
E 201818_at  hypothetical protein FLJ12443 FLJ12443 1.85
215115_x_at neurotrophic tyrosine kinase, receptor, type 3 NTRK3 1.39
R/S ratio: ratio of the median expression in drug resistant versus sensitive ALL.
Supplemental Figure 7: Supervised hierarchical clustering discriminating
asparaginase resistant and sensitive B-lineage ALL.
Standard deviations from the mean
onR [ TG I, e
4 sasibsnsssmatsiin o probe 1D gene name gene symbol _R/S ratio
205062_x_at retinoblastoma binding protein 1 RBBP1 0.73
200059_s_at ras homolog gene family, member A ARHA 0.75
205070_at inhibitor of growth family, member 3 ING3 0.76
202521_at  CCCTC-binding factor (zinc finger protein) CTCF 0.71
219119_at  LSM8 homolog, U6 small nuclear RNA associated LSM8 0.70
218438_s_at endothelial-derived gene 1 EG1 0.67
202777_at  soc-2 suppressor of clear homolog (C. elegans) SHOC2 0.67
213264_at  mitogen-activated protein kinase kinase kinase 12 MAP3K12 0.40
218010_x_at chromosome 20 open reading frame 149 C200rf149 0.74
222251_s_at glucocorticoid modulatory element binding protein 2 GMEB2 0.67
213061_s_at hypothetical protein LOC123803 LOC123803 0.58
208735_s_at conserved gene amplified in osteosarcoma 0s4 0.71
207452_s_at contactin 5 CNTN5 1.82
210966_x_at likely ortholog of mouse la related protein LARP 127
219737_s_at protocadherin 9 PCDH9 297
203887_s_at thrombomodulin THBD 1.61
201694_s_at early growth response 1 EGR1 1.83
204401_at K intermediate/small conductance calcium-activated channel KCNN4 1.75
209429_x_at eukaryotic translation initiation factor 2B, subunit 4 delta EIF2B4 1.49
201184_s_at chromodomain helicase DNA binding protein 4 CHD4 147
209953_s_at CDC37 cell division cycle 37 homolog (S. cerevisiae) CDC37 1.39
220948_s_at ATPase, Na+/K+ transporting, alpha 1 polypeptide ATP1A1 141

Supplemental Figure 8: Supervised

hierarchical

daunorubicin resistant and sensitive B-lineage ALL.
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206209_s_at
210423 s_at
206267_s_at
206905_s_at
210140_at
207988_s_at
201061_s_at
214057_at
216907_x_at
202771_at
219380_x_at
203139_at

Standard deviations from the mean

PHD finger protein 2
hypothetical protein LOC123803

E1B-55kDa-associated protein 5
amino-terminal enhancer of split
poly(rC) binding protein 1
coagulation factor Vlll-associated (intronic transcript)
endothelial-derived gene 1
g hi homolog, i (D
SMT3 suppressor of mif two 3 homolog 2 (yeast)
U2 small nuclear ribonucleoprotein auxiliary factor (65kD)
Homo sapiens mRNA; cDNA DKFZp43411626

of inner 17 homolog A
v-crk sarcoma virus CT10 oncogene homolog (avian)-like
nuclear ril in R
ubiquitin-specific protease otubain 1
KIAA1649 protein

endocrine regulator

harakiri, BCL2 interacting protein (contains only BH3 domain)
KIAA0922 protein

carbonic anhydrase IV

solute carrier family 11

megakaryocyte-associated tyrosine kinase

matrilin 1, cartilage matrix protein

cystatin F (leukocystatin)

actin related protein 2/3 complex, subunit 2, 34kDa
stomatin

myeloid cell leukemia sequence 1 (BCL2-related)
killer cell immunoglobulin-like receptor

KIAA0233 gene product

polymerase (DNA directed), eta

death-associated protein kinase 1

RIS ratio: ratio of the median expression in drug resistant versus sensitive ALL.

Supplemental Figure 9: Supervised

prednisolone resistant and sensitive ALL (B-

hierarchical

and T-lineage ALL).

Standard deviations from the mean

SWI/SNF related, matrix associated, actin dependent regulator SMARCB1

gene symbol __R/S ratio

PHF2 0.51
LOC123803 0.68

0.82
E1B-AP5 0.65
AES 0.71
PCBP1 0.68
F8A 0.61
EG1 0.72
MAGOH 0.76
SMT3H2 0.72
U2AF65 0.81

0.54
TIMM17A 0.67
CRKL 0.74
HNRPR 0.70
FLJ20113 0.81
KIAA1649 0.85
ZFP318 0.49
HRK 0.30
KIAA0922 0.68
CA4 1.48
SLC11A1 141
MATK 218
MATN1 1.86
CsT7 221
ARPC2 1.25
STOM 179
MCL1 1.60
KIR3DL2 1.32
KIAA0233 217
POLH 1.89
DAPK1 171

clustering discriminating
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3 2 - 0 1 2
robe ID ene name gene symbol R/S ratio
212210_at  DKFZP586J0619 protein DKFZP586J0619 047
200593 _s_at nuclear ril in U (scaffold attachmer HNRPU 077
217733 _s_at thymosin, beta 10 TMSB10 0.87
200809_x_at ribosomal protein L12 RPL12 0.84
200088_x_at cDNA (AK026491) 0.81
214271 _x_at ribosomal protein L12 RPL12 0.83
200725_x_at ribosomal protein L10 RPL10 0.85
200061_s_at ribosomal protein $24 RPS24 0.78
213084 _x_at ribosomal protein L23a RPL23A 0.81
208825_x_at ribosomal protein L23a RPL23A 0.81
208834 _x_at ribosomal protein L23a RPL23A 0.78
200963 _x_at ribosomal protein L31 RPL31 0.82
213377 _x_at 1,8 c1s 0.83
200781_s_at ribosomal protein S15a RPS15A 0.80
200909_s_at ribosomal protein, large P2 RPLP2 0.86
212433 _x_at ribosomal protein S2 RPS2 0.79
200680_x_at high-mobility group box 1 HMGB1 0.83
201268_at  non-metastatic cells 2, protein (NM23B) expressed in NME2 0.71
204559_s_at LSM7 homolog, U6 small nuclear RNA associated Lsm7 0.76
218608_at  putative ATPase HSA9947 0.18
214369_s_at RAS guanyl releasing protein 2 (calcium and DAG-regulated) RASGRP2 0.65
218672_at  hypothetical protein MGC3180 MGC3180 075
204490_s_at CD44 antigen (homing function and Indian blood group system’ CD44 043
201426_s_at ribosomal protein, large P2 RPLP2 0.58
212335_at i tyl)-6-sulfat disease D) ~ GNS 145
218647_s_at hypothetical protein FLJ23476 FLJ23476 1.31
213225_at  protein 1B (formerly 2C), PPM1B 1.37
201088_at  karyopherin alpha 2 (RAG cohort 1, importin alpha 1) KPNA2 1.40
202392_s_at phosphatidylserine decarboxylase PISD 1.26
213604_at  Homo sapiens clone 24582 mRNA sequence 1.29
212049_at  Homo sapiens cDNA FLJ30463 fis, clone BRACE2009517. 1.19
221752_at  slingshot 1 SSH1 1.19
200757_s_at calumenin CALU 122
215127_s_at RNA binding motif, single stranded interacting protein 1 RBMS1 1.33
204434_at  spermatogenesis associated 2 SPATA2 1.34
55872_at KIAA1196 protein KIAA1196 1.45
210791_s_at Rho GTPase-activating protein RICS 1.59
215616_s_at KIAAQ876 protein KIAA0876 272
212492_s_at KIAAQ8BT6 protein KIAA0876 1.45
210187_at  FK506 binding protein 1A, 12kDa FKBP1A 1.35
212345_s_at hypothetical protein DKFZp586F2423 DKFZP586F2423  1.47
213301_x_at transcriptional intermediary factor 1 TIF1 246
204391 _x_at transcriptional intermediary factor 1 TIF1 2.56
37986_at erythropoietin receptor EPOR 219
212438_at  putative nucleic acid binding protein RY-1 RY1 1.40
213939_s_at Homo sapiens cDNA FLJ12012 fis, clone HEMBB1001668. 3.63
213017_at  abhydrolase domain containing 3 ABHD3 1.93
221011_s_at likely ortholog of mouse limb-bud and heart gene LBH 1.45
44790_s_at chromosome 13 open reading frame 18 C130rf18 2.06
206574_s_at protein tyrosine phosphatase type VA, member 3 PTP4A3 210
209695_at  protein tyrosine phosphatase type IVA, member 3 PTP4A3 1.69
206033 _s_at desmocollin DSC3 1.71
206231_at  Kir i lci tivated channel  KCNN1 1.65
208056_s_at core-binding factor, runt domain, alpha subunit 2; translocated { CBFA2T3 1.50

R/S ratio: ratio of the median expression in drug resistant versus sensitive ALL.

Supplemental Figure 10: Supervised hierarchical clustering discriminating vincristine

resistant and sensitive ALL (B- and T-lineage ALL).

15



AT el T

Standard deviations from the mean

3 2 - 0 1 2 3

+ I I Db 1D gene name gene symbol RIS ratio
217602_at  peptidylprolyl isomerase A (cyclophilin A) PPIA 0.66
208656_s_at cyclin | CCNI 0.85

| 218802_at  hypothetical protein FLJ20647 FLJ20647 0.65
203388_at  arrestin, beta 2 ARRB2 0.70
202557_at  stress 70 protein chaperone, microsome-associated STCH 0.68
216862_s_at mature T-cell proliferation 1 MTCP1 0.72
218027_at  mitochondrial ribosomal protein L15 MRPL15 0.69
203094_at  gene predicted from cDNA with a complete coding sequence CMT2 0.78
201668_x_at myristoylated alanine-rich protein kinase C substrate MARCKS 0.53
201670_s_at myristoylated alanine-rich protein kinase C substrate MARCKS 0.27
201669_s_at myristoylated alanine-rich protein kinase C substrate MARCKS 0.20
211255_x_at death effector domain containing DEDD 0.81
203521_s_at endocrine regulator ZFP318 0.58
218614_at  hypothetical protein FLJ10652 FLJ10652 0.72
212749_s_at zinc finger protein 363 ZNF363 0.77
211559_s_at cyclin G2 CCNG2 067
202769_at  cyclin G2 CCNG2 073
200987 _x_at proteasome (prosome, macropain) activator subunit 3 PSME3 0.74

at nuclear i in F HNRPF 0.74
201140_s_at RAB5C, member RAS oncogene family RABSC 0.72
217750_s_at hypothetical protein FLJ13855 FLJ13855 075
203311_s_at ADP-ribosylation factor 6 ARF6 0.67
212643_at  chromosome 14 open reading frame 32 C14orf32 0.78
218333_at  CGI-101 protein F-LAN-1 0.74
218438_s_at endothelial-derived gene 1 EG1 079
203274_at ion factor VIII (intronic F8A 0.70
212544 _at  thyroid hormone receptor interactor 3 TRIP3 0.82
205644 _s_at small nuclear ribonucleoprotein polypeptide G SNRPG 0.74
208739_x_at SMT3 suppressor of mif two 3 homolog 2 (yeast) SMT3H2 0.81
212792_at  KIAAQ877 protein KIAAQ877 173
204770_at  transporter 2, ATP-binding cassette, sub-family B (MDR/TAP) TAP2 1.32
215544 _s_at ortholog of mouse ubiquitin conjugating enzyme 7 interacting pt UBCE7IP5 1.40
215115_x_at neurotrophic tyrosine kinase, receptor, type 3 NTRK3 1.34
216344_at  nephronophthisis 4 NPHP4 1.47
210501_x_at large tumor suppressor, Drosophila) homolog 1 1.26
200034_s_at ribosomal protein L6 RPL6 1.28
217807_s_at glioma tumor suppressor candidate region gene 2 GLTSCR2 1.32
200010_at  ribosomal protein L11 RPL11 1.22
217740_x_at ribosomal protein L7a RPL7A 1.23
201217_x_at ribosomal protein L3 RPL3 1.33
208692_at  ribosomal protein S3 RPS3 1.21
220306_at  hypothetical protein FLJ20202 FLJ20202 177
204897_at  prostaglandin E receptor 4 (subtype EP4) PTGER4 254
219833_s_at hypothetical protein FLJ10466 FLJ10466 220
212886_at  DKFZP434C171 protein DKFZP434C171  1.87
60528_at 1 A2, group IVB PLA2G4B 117
214873_at  Homo sapiens mRNA; cDNA DKFZp43400213 270
202315_s_at breakpoint cluster region BCR 1.48
212715_s_at KIAA0819 protein KIAA0819 2.56
204836_at  glycine dehydrogenase GLDC 1.67
206335_at  galactosamine (N-acetyl)-6-sulfate sulfatase GALNS 1.45
216908_x_at RNA polymerase | transcription factor RRN3 RRN3 1.21

R/S ratio: ratio of the median expression in drug resistant versus sensitive ALL.

Supplemental Figure 11: Supervised hierarchical clustering discriminating

asparaginase resistant and sensitive ALL (B- and T-lineage ALL).

Standard deviations from the mean

T I T e

.. probe ID gene name gene symbol _R/S ratio
213061_s_at hypothetical protein LOC123803 LOC123803 0.61
203112_s_at Wolf-Hirschhorn syndrome candidate 2 WHSC2 0.70
218438_s_at endothelial-derived gene 1 EG1 0.70
202777_at  soc-2 suppressor of clear homolog (C. elegans) SHOC2 0.63
222251_s_at glucocorticoid modulatory element binding protein 2 GMEB2 0.71
205070_at  inhibitor of growth family, member 3 ING3 0.76
213264_at  mitogen-activated protein kinase kinase kinase 12 MAP3K12 0.39
218010_x_at chromosome 20 open reading frame 149 C200rf149 0.76
203517_at  metaxin 2 MTX2 1.60
209429 _x_at eukaryotic translation initiation factor 2B, subunit 4 delta EIF2B4 143
204401_at K intermediate/small conductance calcium-activated channel KCNN4 1.70
210423_s_at solute carrier family 11 SLC11A1 1.33
204794_at  dual specificity phosphatase 2 DUSP2 2.09
201184_s_at chromodomain helicase DNA binding protein 4 CHD4 1.29
207194_s_at intercellular adhesion molecule 4 ICAM4 1.49

R/S ratio: ratio of the median expression in drug resistant versus sensitive ALL.

Supplemental Figure 12: Supervised hierarchical clustering discriminating

daunorubicin resistant and sensitive ALL (B- and T-lineage ALL).
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Supplemental Figure 13: Gene Ontology classification of genes discriminating drug

resistance in patients with acute lymphoblastic leukemia (B- and T-lineage ALL).

Functional classification in Gene Ontology (GO) of the probe sets discriminating drug
resistance in ALL compared to the entire genome, as represented by all probe sets on the
U133A GeneChip (22,283 probe sets; 12,983 with GO annotation) for four antileukemic
agents. For prednisolone (PRED) 32 significant probe sets were identified, for vincristine
(VCR) there were 54 significant probe sets, for asparaginase (ASP) 52 probe sets, and for
daunorubicin (DNR) 15 probe sets discriminated resistant and sensitive ALL cells. There
were 19, 33, 30 and 11 probe sets annotated in the GO database for PRED, VCR, ASP, and
DNR, respectively. Functional categories that were proportionally over-represented in
discriminating resistance drug compared to the entire genome, are indicated by an asterisk

(P< 0.05, Fisher’s exact test). Redundant gene symbols were counted as one.
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Supplemental Table 7: Genes previously linked to drug resistance or prognosis in

ALL.

Gene expression ratios of resistant (R) and sensitive (S) samples are presented.
These genes were not significant at the level required for inclusion in our model
(Supplemental Table 4), but those indicated in red were significant at the *P<0.05 or

**P<0.001 level.

Category Ratio R/S Ref. Category Ratio R/S Ref.
PRED VCR ASP DNR PRED VCR ASP DNR
Drug efflux pumps: Apoptosis:
MRP1 1.3 101 103 102 * BAD 075 0.97 1.09 0.93 °°
MDR1 111 099 160 090 “ BAK 099 110 1.06 1.10 *°
LRP 1.08 087 106 135 * BAX 096 095 1.12 0.85 °°
BCRP 115 094 101 117 7 BCL2 134 1.01 113 1.16 ¢
BCL2:BAX 0.72 094 099 074 °
Drug metabolism: BCL2L1 086 128 1.04 0.89 °°
GSTA1 125 0.83 114 095 8 BAG1 120 082 126 113 °
GSTM1 112 1.04 106 114 8 CASP3 142 1.30* 092 098 °
GSTP1 096 0.79* 094 094 %° cD95 098 09 09 093°
MT1E 121 094 124* 127 "7 XIAP 074 088 099 094 "
MT1F 150 0.81 1.68* 1.60* "
NM23A 0.82 0.78 1.07 1.25 ™  Transcription factors:
NKFB1 122 094 095 113 ™
Intracellular drug targets: RELA 093 091 119 1.00 ™
GR 097 1.18* 097 097 ™ FOS 123 101 114 150 "
MAP4 093 082 09 082 " JuUN 145 095 135 146 "
TUBB1 101 1.04 120 103 " WwWT1 129 093 227 177 "
TUBB4 096 085 091 090
TOP2A 0.84 1.01 1.08 094 "  Miscellaneous:
TOP2B 0.71* 095 118 074 '® PARP-1 097 101 124 121* "
HSP27 211 128 079 169 %
Cell cycle: HSP70 216 139 074 118 %
MDM2 097 123 09 107 ™ HSP90 115 099 1.04 1.06 ?
P15INK4B 111 078 1.09 132 2 ATM 098 100 124 123 &
P16INK4A 0.88 1.07 098 0.88 %  ASNS 056 1.48 2.89* 208 %
P21 090 098 089* 093 % GCS 124 112 1.81** 148 %
TP53 078 082 1.06 1.13 ¥  VEGF 127 116 092 117 %
RB1 1.02 098 1.03 092 %
CCND1 136 149 08 098 ¥

Red indicates *P<0.05, **P<0.001 for Wilcoxon rank sum test and t-test.

For example, we found that the gene encoding asparagine synthetase (ASNS) was
significantly over-expressed in ALL that was resistant to asparaginase, consistent with

previously reported differences in the NCI panel of 60 human cancer cell lines.*"*? However,
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ASNS (P<0.001, Wilcoxon rank sum test; P<0.001, t-test) was not among the 54 most
discriminating genes for asparaginase sensitivity, as defined by P<0.0001 (Supplemental

Table 4).

RF

LTA

L4

Supplemental Figure 14: Pathway analysis of genes associated with asparaginase

resistance in B-lineage ALL.

The 54 probe sets that were discriminative between asparaginase resistant and sensitive B-
lineage ALL served as the input for the pathway analysis using Ingenuity software
(http://www.ingenuity.com). The probe sets were mapped to the corresponding gene within
the Ingenuity Pathway Knowledge Base. The pathway shown here is the biological network

that included the highest number of genes queried. Highlighted genes are present in the set
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of 54 probe sets that were associated with asparaginase resistance in B-lineage ALL. The
figure indicates the ratio of expression between resistant and sensitive cases (R/S ratio);
green color represents underexpression and red color represents overexpression in

asparaginase resistant ALL.

Supplemental Table 8: Multivariate analysis of gene expression and known prognostic
factors (age, WBC count) to discriminate in vitro drug resistance.

Multiple logistic regression was used with gene expression score (described in Supplemental
Table 6), age and WBC count as continuous variables for the analysis in B-lineage ALL. An

odds ratio >1 indicates increased probability of in vitro resistance.

predictor odds ratio (95% C.1.) P-value
PRED gene expression score 57.8 (4.9-681.6) 0.001
age [years] 1.17 (1.01-1.36) 0.038
WBC count [10%/L] 1.0 (0.98-1.01) 0.427
VCR gene expression score 13.5 (1.97-92.6) 0.008
age [years] 1.0 (0.89-1.13) 0.995
WBC count [10%/L] 0.99 (0.99-1.0) 0.084
ASP gene expression score 22.1 (4.8-102.6) <0.001
age [years] 1.13 (1.01-1.26) 0.033
WBC count [10%/L] 1.0 (0.99-1.01) 0.792
DNR gene expression score 151.2 (4.1-5533.6) 0.006
age [years] 1.04 (0.93-1.17) 0.455
WBC count [10°/L] 1.0 (0.99-1.0) 0.273

Supplemental Table 9: Association of the LC50 scores with gene expression scores

and other known prognostic variables.

The relation of the combined LC50 score (by MTT assay) to disease-free survival was
assessed in a univariate analysis. This revealed that in this cohort of patients
(COALL/DCOG), PVAD LC50 score was not statistically significant at the P<0.05 level
(intermediate LC50 score: hazard ratio =1.7, P=0.27; high LC50 score: hazard ratio =2.12,

P=0.14), whereas the combined gene expression (GE) score was significantly associated
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with disease-free survival (intermediate GE score hazard ratio =2.34, P=0.07; high GE score
hazard ratio =3.8, P=0.0023). The combined LC50 score and the combined gene expression
score are significantly correlated with each other (R=0.69, P-value<0.0001, Pearson
correlation), and thus can confound each other in a multivariate analysis.

The table below summarizes results of a multivariate analysis in which LC50 values, gene
expression scores, and other known prognostic variables (patient age, WBC at diagnosis)
were all included in the model to assess their relation to treatment outcome (disease free
survival). As shown, WBC (>100x10%L) and gene expression score were statistically related

to treatment outcome, whereas patient age is marginally significant, and LC50 scores are

not.
Variable Hazard Ratio P-value
(95% C.1.)
Age (years) 1.08 (1.0, 1.17) 0.054
WBC (10°/L) 1.48 (1.15, 1.91) 0.0024
Combined drug restlstance LC50 0.91 (0.75, 1.10) 0.310
score

Combined druq reS|stan§:e gene 1.78 (1.10, 2.80) 0.016
expression score

or prednisolone, vincristine, asparaginase, daunorubicin

In a multivariate analysis in which the four LC50 scores for each patient were included in the
analysis along with drug resistance GE score, the GE score was marginally significant
(intermediate GE score hazard ratio =2.37, P=0.098; high GE score hazard ratio =2.85,

P=0.072).

Supplemental Table 10: Association of the drug resistance gene expression scores

and minimal residual disease (MRD).

To test the relation between the combined drug resistance gene expression score (GE score)
and the presence (20.01 percent) or absence (<0.01 percent) of minimal residual disease

(MRD) on day 19 of treatment and on day 43 (end of induction), we used MRD data that
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were available for a subset of the SUICRH cohort (independent test set). MRD results were
available on 33 patients on day 19 and 44 patients on day 43. Despite the small number of
patients for whom both MRD and gene expression were available in our cohort, there was an
association between the GE score and MRD on day 19 (a), with a resistant (high) GE score
associated with presence of MRD (P=0.10, Wicoxon rank sum test). In contrast, there was
no evidence of an association between the GE score and MRD on day 43 (b) (P=0.52,
Wicoxon rank sum test). The predominant components of treatment were prednisolone,
vincristine, asparaginase and daunorubicin (PVAD) during the first 19 days, whereas
etoposide and cytarabine were also given between days 19 and 43, consistent with the GE
score being an important predictor of disease response to these four agents (i.e., day 19
MRD). Over the entire course of treatment (2.5 to 3 years) PVAD constituted a substantially
greater proportion of treatment than other agents such as etoposide and cytarabine,
consistent with GE score being significantly related to long term outcome, as observed in the

training set and the independent test set.

a. MRD day19
Combined drug resistance gene expression score’
Intermediate
Low (<4.7) (4.7-5.58) High (>5.58) Total
MRD day 19
<0.01% 5 11 2 18
MRD day 19
20.01% 2 7 6 15
Total 7 18 8 33
b. MRD day43
Combined drug resistance gene expression score*
Intermediate
Low (<4.7) (4.7-5.58) High (>5.58) Total
MRD day 43
<0.01% ! 18 4 29
MRD day 43
20.01% 4 7 4 15
Total 11 25 8 44

*for prednisolone, vincristine, asparaginase, daunorubicin

22



When MRD is included in a multivariate survival analysis with the GE score (n=33), there is
an association of a poor outcome in patients with a resistant (high) GE score, after adjusting
for MRD status, but the sample size limits the power of such an analysis in our patient
cohorts. (a) Day 19 MRD negative status (<0.01 percent) was associated with a lower
probability of relapse (hazard ratio of 0.014, P=0.09), and a drug resistant (high) GE score
was associated with a higher risk of relapse (hazard ratio = 2.69, P=0.13), after adjusting for
MRD. (b) Using day 43 MRD data (N=44), the hazard ratio for MRD negative patients was
0.04 (P=0.001), and for patients with a resistant (high) GE score the hazard ratio was 2.38

(P=0.08) after adjusting for MRD status.

a.
Variable No. of Hazard Ratio P-value
patients  (95% C.l.)
Combined drug resistance
gene expression score’ 33 2.69 (0.75, 9.36) 0.13
MRD day19
MRD day19 20.01% 15 1.0*
MRD day19 <0.01% 18 0.14 (0.014, 1.34) 0.09
b.
Variable No. of Hazard Ratio P-value
patients (95% C.l.)
Combined drug resistance 2.38(0.88,6.44)  0.08
gene expression score
MRD day43
MRD day43 20.01% 15 1.0*
MRD day43 <0.01% 29 0.04 (0.006, 0.30) 0.001

*Reference subgroup
*or prednisolone, vincristine, asparaginase, daunorubicin

It is also important to note that even if MRD were to overwhelm the prognostic significance of
the gene expression (GE) score, this would not obviate the importance of the association
between gene expression and drug resistance or disease outcome. The primary reason is
that MRD is a marker of poor response, but it tells one nothing about why a given patient has
had a poor response. The gene expression signature provides insights into the basis of drug
resistance and poor response, thereby offering strategies whereby more effective therapy

can be pursued.
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