Additional patient information

Cytogenetic analyses of diagnostic samples were performed by Cancer and Leukemia Group B
(CALGB)-approved institutional cytogenetic laboratories as part of the cytogenetic companion
study 8461 and confirmed by central karyotype review.'” To establish cytogenetically normal
acute myeloid leukemia (CN-AML), >20 metaphase cells from diagnostic marrow had to be
analyzed and the karyotype found to be normal.” Patients were treated on one of the following
CALGB frontline treatment protocols: 9720,% 9420,* 8525,° 8923 and 10201.” CALGB 9720
was initiated as a phase III trial in untreated AML patients aged 60 years or older evaluating
multidrug resistance (MDR) modulation by valspodar (PSC-833) during induction and
consolidation therapy with cytarabine, daunorubicin, and etoposide, and subcutaneous low-dose
recombinant interleukin-2 (rIL-2), a regimen previously piloted in older AML patients in
CALGB 9420" as maintenance therapy. The valspodar (PSC-833)-containing induction and
consolidation arm was closed after random assignment of 120 patients because of excessive early
deaths.” CALGB 9720 continued as a phase III study of rIL-2 maintenance therapy, with all
patients receiving cytarabine, daunorubicin, and etoposide chemotherapy, without PSC-833.
Notably, patients assigned to the rIL-2 immunotherapy regimen had disease-free survival (DFS)
and overall survival (OS) similar to those of patients assigned to no further therapy
demonstrating lack of beneficial effects of rIL-2.* CALGB 8525 evaluated three dose
schedules of cytarabine (high dose, 3g/m?’; intermediate dose, 400mg/m” and low dose,
100mg/m?) as consolidation treatment for AML patients in first complete remission (CR) and
demonstrated a dose-dependent improvement in survival in the core-binding factor and CN-
AML cytogenetic subgroups. CALGB 8923 evaluated a regimen of modified high-dose
cytarabine plus mitoxantrone compared with a standard lower dose cytarabine scheme; the
former failed to show a benefit compared to the latter.” CALGB 10201 evaluated the BCL-2
antisense, Oblimersen (Genesense; G3139) administered with induction and consolidation
chemotherapy and found no difference in outcome relative to chemotherapy alone.” Per protocols,
patients enrolled on these studies did not receive allogeneic stem cell transplantation in first CR.
Patients enrolled on the treatment protocols were also enrolled on the companion protocols
CALGB 9665 (Leukemia Tissue Bank) and CALGB 20202 (molecular studies in AML), and
gave informed consent for pretreatment marrow and blood collection and their research use in
accordance with the Declaration of Helsinki.

Definition of clinical end points

CR was defined as recovery of an absolute neutrophil count >1,500/uL, platelet count
>100,000/uL, no leukemic blasts in the blood, marrow cellularity >20% with maturation of all
cell lines, no Auer rods, <5% marrow blast cells, and no evidence of extramedullary leukemia,
all of which had persisted for at least 1 month.'” Relapse was defined by >5% marrow blasts,
circulating leukemic blasts, or the development of extramedullary leukemia. OS was measured
from the date on study until the date of death, and patients alive at last follow-up were censored.
DFS was measured from the date of CR until the date of relapse or death; patients alive and
relapse-free at last follow-up were censored. For cumulative incidence of relapse (CIR), time
was calculated from date of CR until relapse. Patients alive without relapse were censored.
Because in the studied patient group, there were no remission deaths, similar information was
attained when DFS or CIR were considered as endpoints (see Figures 1 and S1).



Statistical analyses

Differences for baseline demographic, clinical, and molecular features in patients according to
FLT3-1TD status were assessed using the Fisher’s exact and Wilcoxon rank sum tests for
categorical and continuous variables, respectively. CR rates were compared using the Fisher’s
exact test. Estimated probabilities of OS and DFS were calculated using the Kaplan-Meier
method, and the log-rank test evaluated differences between survival distributions. To control for
multiple comparisons for the allelic ratio survival analyses, we used the Sidak adjustment.'’
Multivariable proportional hazards models were constructed for OS and DFS to evaluate the
impact of FLT3-ITD. For the analyses including all 219 patients, factors considered for inclusion
in these models were FLT3-1TD, NPM1, WT1 and CEBPA mutational status, hemoglobin level,
platelet count, white blood count (WBC), percentage of blood and bone marrow (BM) blasts, age,
race, and sex. Protocol effect (i.e. a categorical variable with five levels, one for each protocol)
was evaluated in univariable analyses for outcome, and was not significant in any of the models
(CR: P=.85; DFS: P=.76; OS: P=.86). In addition, we also tested whether adding protocol effect
to the models evaluating the impact of FL73-ITD on outcome, modified any of the results. Our
analyses showed that protocol effect remained insignificant and the effect of FL73-1TD on
outcome stayed the same. Thus protocol effect was not included in multivariable modeling. For
the subset analyses in the 60-69 year-old patients, factors considered for inclusion in the models
were FLT3-ITD, NPM1 and CEBPA mutational status, hemoglobin level, platelet count, WBC,
percentage of blood and BM blasts, age, race, and sex. Of the above factors, those significant at
a=.20 from univariable analyses were used in a limited backwards selection procedure to build
multivariable models. Variables remaining in the final models were significant at a=.05. The
proportional hazards assumption was checked for each variable individually. If the proportional
hazards assumption was not met for a particular variable, then an artificial time dependent
covariate was included in all models that contained that variable.'? For survival end points,
hazard ratios with their corresponding 95% confidence intervals were obtained for each
significant prognostic factor.

Microarray data analyses

Microarray gene and microRNA expression analyses were performed using BRB-ArrayTools
version 3.4.0 (R. Simon and A.P. Lam, National Cancer Institute, Bethesda, MD) and using R
version 2.3.1 (R Foundation for Statistical Computing, Vienna, Austria).

For gene-expression microarrays, summary measures of gene expression were computed for each
probe set using the robust multichip average (RMA) method, which incorporates quantile
normalization of arrays."> Expression values were logged (base 2) before analysis. A filtering
step was performed to remove probe sets that did not display significant variation in expression
across arrays. In this procedure, a chi-square test was used to test whether the observed variance
in expression of a probe set was significantly larger than the median observed variance in
expression for all probe sets using 0=.01 as the significance level. A total of 24,437 probe sets
passed the filtering criterion. A gene-expression signature was derived by comparing available
microarray profiles from FLT3-ITD (n=38) versus FLT3 wild-type (FLT3-WT; n=79) patients.
Univariable significance levels of a=.001 for gene-expression profiling were used to determine
the probe-sets that comprised the signature.



For microRNA microarrays, the signal intensity was calculated for each spot making an
adjustment for local background. Intensities were log-transformed and log-intensities from
replicate spots were averaged. Quantile normalization was performed on arrays using all human
and mouse microRNA probes represented on the array.'* For each microRNA probe, an
adjustment was made for batch effects (ie, differences in expression related to the batch in which
arrays were hybridized). Further analysis was limited to the 895 unique human probes
represented on the array. A comparison between available patient samples with (n=40) and
without (n=80) FLT3-ITD was performed, using a univariable significance level of a=.005.

We used GenMAPP version 2.1 and MAPPFinder version 2.0 to assess which biological
processes (as designated by the Gene Ontology project at www.geneontology.org) were
overrepresented among the genes comprising the FLT3-1TD signature. An overrepresented
biological process is one with more associated genes (also referred to as members) in the gene-
expression signature than expected by chance. In our analysis, we only considered biological
processes that were represented by at least five members among the genes that could be analyzed
in our microarray-expression database. MAPPFinder uses a permutation procedure to determine
overrepresented biological processes. An alpha level of .005 was used for identifying such
biological processes. Furthermore, we only report the overrepresented biological processes for
which at least half of their members (ie, genes) analyzed in our microarray-expression database
were identified as part of the FLT3-ITD signature.

To test for an interaction between age group (60-69 vs >70 years) and FLT3-ITD mutation status
for each probe-set and microRNA probe studied, an ANOVA model was fitted with expression
of the probe-set or microRNA probe as the response variable and age group, FLT3-ITD mutation
status, and age group by FLT3-ITD mutation status interaction as explanatory variables in the
model. Global tests were then performed based on a permutation procedure to determine if the
number of probe-sets or microRNA probes with a significant interaction effect (P-value <.001
for probe-sets, P-value <.005 for microRNA probes) was greater than expected by chance.

All statistical analyses were performed by the CALGB Statistical Center.


http://www.geneontology.org/
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Table S1. Multivariable Cox regression models for outcome in all patients

End point/variables in final models HR 95% CI P
Disease-free survival
FLT3-ITD*, positive vs negative 2.10 1.36-2.23 <.001
NPM1, mutated vs wild-type 0.59 0.41-0.85 .005
WBC*, continuous, 50-unit increase 1.44 1.07-1.95 .028
Hemoglobin*, continuous 1.27 1.01-1.60 .045
Overall survival
FLT3-ITD, positive vs negative 1.97 1.45-2.68 <.001
NPM1, mutated vs wild-type 0.54 0.40-0.73 <.001

HR indicates hazard ratio; Cl, confidence interval; DFS, disease-free survival; OS, overall survival; WBC, white
blood count; FLT3-ITD, internal tandem duplication of the FLT3 gene; and NPM1, nucleophosmin 1.

A hazard ratio greater than 1 (less than 1) corresponds to a higher (lower) risk for higher values of continuous
variables and the first category listed of a dichotomous variable. Variables considered in the multivariable models
were those significant at a=.20 from the univariable models. Variables considered in the models were as follows: for
DFS, FLT3-ITD (positive vs negative), NPM1 (mutated vs wild-type), WT71 (mutated vs wild-type), hemoglobin, WBC
and race (white vs nonwhite); for OS, FLT3-ITD (positive vs negative), NPM1 (mutated vs wild-type), WT7 (mutated
vs wild-type), platelets, WBC, race (white vs nonwhite) and performance status (Grade 2, 3 or 4 vs Grade O or 1).

* FLT3-ITD, WBC and hemoglobin did not meet the proportional hazards assumption for DFS. Initially, FLT3-ITD
significantly increases the risk for relapse or death, but the strength of its impact seems to lessen after about 9
months; the HR for FLT3-ITD is provided at 6 months. Higher WBC is associated with worse DFS until about 5
months; the HR for WBC is provided at 3 months. Higher hemoglobin is associated with worse DFS until about 3
months; the HR for hemoglobin is provided at 2 months.




Table S2. Comparisons of DFS and OS of older primary CN-AML patients according to
FLT3-ITD allelic ratio

. R : . P [ [
End point (:E3h6) (h:‘:’ivﬁ) V\erl‘ti:z%e High vs High vs Low vs
low wild-type wild-type
Disease-free survival .95 .01 .09
Median, y 0.4 0.5 1.0
Disease-free at 3 y, % (95% CI) 10 (2-26) 11 (3-26) 18 (12-26)
Overall survival .38 <.001 .04
Median, y 0.5 0.8 1.4
Alive at 3 'y, % (95% CI) 14 (5-27) 14 (5-27) 23 (16-30)

* High and low FLT3-ITD allelic ratios are based on the median (0.615) FLT3-ITD/WT allelic ratio; wild-type is FLT3-
ITD/WT allelic ratio equal to zero.

T P-values for DFS and OS variables were from the log-rank test. These P-values were adjusted for multiple
comparisons using the Sidak procedure (Westfall PH, Tobias RD, Rom D, Wolfinger RD, Hochberg Y. Multiple
Comparisons and Multiple Tests Using the SAS System. Cary, NC: SAS Institute Inc; 1999).

Median follow-up was 3.8 years (range, 2.3-11.6) for patients alive.




Table S3. Multivariable Cox regression models for outcome in patients age 60-69 years

End point/variables in final models HR 95% CI P
Disease-free survival
FLT3-ITD*, positive vs negative 2.94 1.67-5.18 <.001
Hemoglobin*, continuous 1.50 1.05-2.15 .018
Overall survival
FLT3-ITD, positive vs negative 2.79 1.85-4.20 <.001
NPM1, mutated vs wild-type 0.62 0.41-0.93 .021

HR indicates hazard ratio; Cl, confidence interval; DFS, disease-free survival; OS, overall survival; and FLT3-ITD,

internal tandem duplication of the FLT3 gene.

A hazard ratio greater than 1 (less than 1) corresponds to a higher (lower) risk for higher values of continuous
variables and the first category listed of a dichotomous variable. Variables considered in the multivariable models

were those significant at a=.20 from the univariable models. Variables considered in the models were as follows: for

DFS, FLT3-ITD (positive vs negative), hemoglobin, and WBC; for OS, FLT3-ITD (positive vs negative) and NPM1

(mutated vs wild-type).

* FLT3-ITD and hemoglobin did not meet the proportional hazards assumption for DFS. Initially, FLT3-ITD
significantly increases the risk for relapse or death, but the strength of its impact seems to lessen after about 9

months; the HR for FLT3-ITD is provided at 6 months. Higher hemoglobin is associated with worse DFS until about 3

months; the HR for hemoglobin is provided at 2 months.




Table S5. Overrepresented biological processes in the FLT3-ITD-associated gene-
expression signature

GOID GO Name Percentage of members P
studied that appear in
the FLT3-ITD signature

48291 isotype switching to IgG isotypes 100.00 0.003
48302 regulation of isotype switching to IgG isotypes 100.00 0.003
18196 peptidyl-asparagine modification 90.00 <0.001
18279 protein amino acid N-linked glycosylation via asparagine 90.00 <0.001
9081 branched chain family amino acid metabolic process 81.82 <0.001
9083 branched chain family amino acid catabolic process 77.78 0.002
6778 porphyrin metabolic process 76.47 <0.001
33013 tetrapyrrole metabolic process 76.47 <0.001
42168 heme metabolic process 73.33 <0.001
6779 porphyrin biosynthetic process 71.43 <0.001
33014 tetrapyrrole biosynthetic process 71.43 <0.001
51187 cofactor catabolic process 71.43 <0.001
9451 RNA modification 69.23 0.001
6783 heme biosynthetic process 66.67 0.003
6099 ftricarboxylic acid cycle 66.67 <0.001
9109 coenzyme catabolic process 66.67 <0.001
46356 acetyl-CoA catabolic process 66.67 <0.001
6084 acetyl-CoA metabolic process 62.50 <0.001
42440 pigment metabolic process 61.54 <0.001
9063 amino acid catabolic process 59.52 <0.001
46483 heterocycle metabolic process 58.82 <0.001
6487 protein amino acid N-linked glycosylation 58.62 0.002
9310 amine catabolic process 58.33 <0.001
19748 secondary metabolic process 57.58 <0.001
46148 pigment biosynthetic process 56.52 0.003
44270 nitrogen compound catabolic process 56.00 <0.001
6096 glycolysis 55.56 <0.001
6007 glucose catabolic process 52.17 <0.001
6418 tRNA aminoacylation for protein translation 51.16 <0.001
43038 amino acid activation 51.16 <0.001
43039 tRNA aminoacylation 51.16 <0.001
46164 alcohol catabolic process 50.00 <0.001

Gray-shaded rows indicate GO terms involved in cellular metabolic processes.



Table S6. FLT3-ITD-associated microRNA expression-signature derived from a
comparison of FLT3-ITD versus FLT3-WT patients in older primary CN-AML, sorted by
decreasing fold-change

Fold-change:
Target microRNA' FLT3-ITD/FLT3- P
WT
Overexpressed in FLT3-ITD patients
miR-155 2.81 <1e-07
miR-125b-2* 1.96 <1e-07
miR-146b-5p 1.60 4 67E-05
miR-378 1.52 0.00023
miR-136* 1.47 0.00260
miR-196a 1.46 0.00082
miR-135a 1.36 0.00098
miR-20a 1.35 1.00E-07
miR-196a* 1.34 0.00389
miR-16-2* 1.33 3.01E-05
miR-20b 1.30 7.80E-06
miR-106a* 1.28 0.00019
miR-92a 1.25 0.00149
miR-17 1.23 0.00338
miR-106a" 1.22 0.00036
miR-106b 1.21 0.00055
miR-19a 1.19 0.00384
Underexpressed in FLT3-ITD patients
miR-107* 0.79 0.00080
miR-107* 0.79 0.00028
miR-103-as 0.78 0.00014
miR-185 0.77 0.00154
mir-640 (precursor) 0.74 0.00257
mir-514 (precursor) 0.70 0.00175
miR-342-3p 0.69 0.00012
mir-451 (precursor) 0.68 0.00154
miR-512-5p 0.65 0.00485
miR-150 0.60 6.79E-05
miR-144 0.53 0.00198
miR-451 0.40 9.00E-07
miR-144* 0.36 1.00E-06
miR-488 0.36 6.00E-06
miR-486-5p 0.33 1.40E-06

TTarget microRNAs are annotated using standard nomenclature
(Griffiths-Jones S. miRBase: microRNA sequences and annotation.
Curr Protoc Bioinformatics. 2010, Chapter 12:Unit 12.9.1-10).
1Target microRNA represented by two probes in the signature.
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Figure S1. Cumulative incidence of relapse (CIR) for patients with or without FLT3-ITD
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Figure S2. Kaplan-Meier survival plots of older (260 years) patients with cytogenetically
normal, primary acute myeloid leukemia according to FLT3-ITD: wild-type (WT) allelic
ratio

(A) Disease-free and (B) overall survival.
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Figure S3. Heat maps of the gene- and microRNA-expression signatures derived from a

comparison of FLT3-ITD and FLT3-WT primary CN-AML patients 260 years of age

Rows represent A) probe-sets or B) microRNA probes and columns represent patients.
Patients are grouped by FLT3-ITD status and, within the FLT3-ITD group, ordered from left to
right by increasing ITD/WT allelic ratio indicated by the triangle. Genes and microRNAs are
ordered by hierarchical cluster analysis. The complete list of genes corresponding to each row
is given in Table S4, Excel worksheet 2. Expression values of the probe-sets and microRNA
probes are represented by color, with blue indicating expression less than and red indicating
expression greater than the median value for the given probe-set or microRNA probe. Arrows
indicate genes or microRNAs that are discussed in the text. Four microRNAs are listed in

duplicate because they are represented by two distinct probes in the signature.
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Figure S3B
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