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Abstract
Older patients with AML have a worse outcome compared to young patients. To study for
potential contributors to their poor prognosis, we compared two NK-AML cohorts, young (< 60
years old) and old (> 60 years old), via high density SNP array analysis. Older patients had more
genomic changes (1.83±0.23 vs. 1.16±0.2, p=0.037) and a trend for a higher number of copy
number neutral loss of heterozygosity (0.5±0.2 vs. 0.24±0.08, p=0.088) compared to young
patients. We speculate that complex genomic changes in NK-AML may be a sign of an increase in
genomic instability and an indicator of a worse prognosis.

Keywords
AML; Normal karyotype; SNP array; Old age

Introduction
Increasing age is an adverse prognostic factor for survival in AML patients [1]. Older
patients, with a cutoff age of ≥ 60 years old in most reports, have a higher incidence of high
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risk cytogenetic changes and antecedent hematological disorders, and often have a poor
performance status. Nevertheless, when accounting for these risk factors, age independently
affects outcome [1-3]. Normal karyotype AML (NK-AML) comprises approximately 45%
of adult AML cases and is a highly heterogeneous group with regard to treatment outcomes
[4, 5]. While NK-AML is less common in older patients, the paucity of known changes
makes it a good candidate to study further the pathogenesis of older age AML. While NK-
AML in young patients has been previously studied for acquired genomic changes [6], this
cohort was not studied in relation to a cohort of older patients.

In the current study, we have used high density single nucleotide polymorphism (SNP) array
analysis to detect genomic changes in older NK-AML patients as well as a cohort of young
patients; we report our findings and compare them between the two cohorts.

Design and Methods
Patient samples

Diagnostic samples were obtained from 49 NK-AML (mean number of analyzed
metaphases-20, range 15-35); 24 old (age ≥ 60 years old) and 25 young (age < 60 years old).
All but 2 patients (1 young, 1 old) had de novo AML, and they were treated with standard
AML chemotherapy regimens. Clinical data including age, gender, baseline blood count,
molecular abnormalities and outcome were extracted from the patients' data files. The study
was approved by the local ethics committees.

High density single nucleotide polymorphism (SNP) array analysis
Genomic DNA was isolated from bone marrow cells and was subjected to 250 K GeneChip
Human mapping microarray (SNP-chip, Affymetrix, Santa Clara, CA, USA) according to
the manufacturer's protocol. Microarray data were analyzed for determination of both total
and allelic-specific copy numbers using the CNAG program and the AsCNAR algorithm
using non-matched controls as previously described [7, 8]. Exclusion of known copy
number variations (CNV), as well as the determination of the size, position and location of
specific genes was done with the UCSC Genome Browser (http://genome.ucsc.edu/). All
copy number abnormalities and CNN-LOH were verified by visual inspection.

Validation of acquired copy number neutral loss of heterozygosity (CNN-LOH) and copy
number abnormalities (CNA)

Presence of CNN-LOH was supported by sequencing random SNPs selected from within the
area of CNN-LOH in chromosome 1p (case #43) and demonstrating LOH compared to
random SNP sequences outside of the CNN-LOH area demonstrating heterozygous SNP
calls. Gene dosage of chromosome 11q (case #14) was determined using real time
quantitative (RQ) PCR in order to support allelic loss, as previously described [9, 10].
Validation results are shown in Supplement Figures 1 and 2.

Statistical analysis
Comparison of rates of genomic changes between young and older patients was determined
using unpaired student T test, chi square and Fisher's exact test analysis. Event free survival
(EFS) and overall survival (OS) curves were calculated and compared using the Kaplan-
Meier and log rank tests.

Results
Baseline characteristics of patients are given in Table 1. Median age was 43 years (range
23-59) for the young patients and 69 years (range 61-77) for older patients. The rate of
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molecular markers including CEBPA, NPM1, FLT3-ITD, MLL-PTD and FLT3-TKD
mutations was similar in the study cohorts.

Older patients had a higher frequency of genomic changes in SNP array analysis compared
to young patients (1.83±0.23 vs.16±0.2 per patient, p=0.037) (Figure 1). Changes were
detected in 96% of older (23/24) and 72% (18/25) of young patients, respectively (p=ns).

Copy number neutral-loss of heterozygosity (CNN-LOH)
Copy number neutral-loss of heterozygosity (CNN-LOH) strongly suggests that one affected
allele becomes mutated and is duplicated while loss of the normal allele occurs. The retained
allele can result in either loss of tumor suppressor activity or gain of oncogenic activity.
Sites of CNN-LOH occurred in 11/24 (46%) of the older individuals and 6/25 (24%) of the
young patients, p=ns and a trend for higher number of CNN-LOH per patient in older
patients was noted (p=0.088) (Figure 1 and Table 2). Recurring CNN-LOH occurred at
chromosome 13q (n=5, 10%), 1p (n=3, 7.5%), 6p (n=2, 4%) and 11q (n=2, 4%) (Figure 2).
Notably, 4/4 patients with 13q CNN-LOH examined for FLT3-ITD had the FLT3-ITD
mutation. Thus, FLT3-ITD was duplicated. A candidate gene in the common 11q LOH
region was CBL; therefore, we screened CBL exons 8 and 9 for mutations in the 2 cases
with CNN-LOH. We found a C416S CBL mutation in one case. The second case did not
have a detectable CBL mutation but did have a MLL-PTD mutation on chromosome 11q
that may have promoted its duplication with loss of the normal allele. We identified the
common deleted region (CDR) on chromosome 1p for 3 samples and interrogated the DNA
for mutations of FGR, RUNX3, CDC42 and PINK1, which all reside in this CDR. No
mutations were detected.

Copy number abnormalities (CNA)
CNA were found in 22 older patients (88%) (11 deletions, 11 gains) and in 19 young
patients (79%) (12 deletions, 7 gains), p=ns (Table 3).

Although not statistically significant, genomic losses tended to be larger than gains with an
average size of 0.6 MB compared to 0.22 MB. Losses were larger in the young (average
size-0.87 MB) compared to older patients (average size- 0.34 MB), while the size of gains
was similar in both groups with an average of 2.21 and 2.23 MB for young and older
patients, respectively. Genomic areas containing genes of interest including 4q24 (#81),
11q23.3 (#14) and 7p12.2-12.1 (#2) were screened for mutations in TET2, CBL and IKZF1,
respectively (Figure 2), revealing TET2 D1384H and CBL L380P mutations but none
involving the IKZF1 gene. No areas of recurrent copy number changes were detected in
either of the study cohorts.

Correlations between clinical data and SNP array results
No correlations between baseline blood counts and the presence of genomic changes were
found. The frequency of SNP array changes in the different molecular subgroups is given in
Table 4. Of notable significance, the presence FLT3-ITD was associated with genomic
changes in SNP array analysis (Figure 3). For example, 19/20 (95%) of patients with the
FLT3-ITD mutation had genomic changes (CNN-LOH, deletions or gains) compared to
16/24 (67%), p=0.027. When analyzed according to the nature of the genomic changes,
patients with FLT3-ITD mutation were more likely to harbor CNN-LOH compared to
patients without FLT3-ITD, p=0.025. In contrast, no difference occurred in the rates of CNA
in patients either with or without FLT3-ITD. Young patients with FLT3-ITD mutations had
a higher rate of genomic changes compared to young patients with no FLT3-ITB mutations
(p=0.002) and a higher rate of CNN-LOH (p=0.015). The association of FLT3-ITD mutation
with genomic changes was not seen in the cohort of older patient. Of note, although the
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FLT3-ITD mutation was associated with chromosome 13q CNN-LOH in 4 patients, 6
additional patients with FLT3-ITD had CNN-LOH in other chromosomes, suggesting that
FLT3-ITD may be associated with a propensity for CNN-LOH in all chromosomes.

No correlation occurred between genomic changes and the presence of either a CEBPA,
NPM1, MLL-PTD or FLT3-TKD mutation. However, a lower rate of any genomic change
and CNN-LOH was found in the subgroup of patient with who had NPM1 mutation and no
FLT3-ITD mutation, compared to any other mutation combination (50% compared to 86%,
p=0.042 and 0 compared to 39%, p=0.041, respectively).

Correlation between clinical outcome and genomic changes
Median event free survival (EFS) was 807 and 324 days in the young and older patients
cohorts, respectively, p=0.2; while the median overall survival was not reached in the young
patients cohort, it was 324 days in older patients, p=0.05 (Figure 4).

The presence of genomic changes was not significantly associated with EFS and OS rates.
The median EFS in the entire study group was 200 days in patients with CNN-LOH
compared to 391 days in patients without CNN-LOH, p=0.12, and the respective median OS
were 356 and not reached, p=0.06 (Figure 4). CNN-LOH was not significantly associated
with either EFS or OS when analyzed separately for the young and older patients' cohort
(Figure 4).

Discussion
This is the first study to look specifically at genomic changes in older (≥ 60 years old)
patients with NK-AML as a group and compare these changes to those in a young (<60
years old) patient's cohort. Our main findings are a higher frequency of genomic changes in
older compared to young patients, and in particular a higher prevalence of CNN-LOH in
older patients. The 46% frequency of CNN-LOH in older patients in our study is 2-3 times
higher than the 24% and 15%) prevalence found in younger patients in this study and in a
recent report [6], respectively. In addition, a trend towards a worse outcome was noted in
patients with CNN-LOH, although this must be cautiously interpreted due to the relatively
small patients numbers. Two questions arise from these results: 1. why do more genomic
changes / CNN-LOH occur in older patients? 2. Are these changes directly related to the
worse outcome of older patients?

Genomic instability in AML has been linked to increased ROS production as a mediator of
endogenous DNA damage. FLT3-ITD, in particular, was shown to increase ROS production
via STAT5 signaling and activation of RAC1 [11]. Indeed, the higher frequency of genomic
changes including CNN-LOH in patients with FLT3-ITD in our study supports this concept.
Interestingly, the increased risk was maintained in subgroup analysis in the young and not
the older patients' cohort, suggesting another unidentified mechanism for genomic instability
in older patients. In support of our finding of an increased rate of genomic changes in older
patients, a recent analysis of genomic changes in myeloproliferative neoplasms (MPN)
found a higher rate of genomic changes in older compared to younger patients [12]. We
found a higher rate of 1p CNN-LOH than was previously described in young patients with
NK-AML [6, 13, 14]. Combined with our previous report [15] the frequency of 1p CNN-
LOH was 9% in older patients compared to 2.8% in young patients, and in other reports on
young patients the frequencies were either 1.3% [6], or 0 [13, 14]. Although the numbers are
small, the CDR in chromosome lp detected in our study may be an area to study further for
gene mutations and epimutations in older patients AML.
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Complex karyotype is a well-known adverse prognostic factor in AML [5], not only because
of the simple summation of specific abnormalities, but most probably because it is a sign of
increased genomic instability. In parallel, we speculate that in NK-AML, abundance of
genomic changes, which can be detected in SNP array analysis, are a sign of increased
genomic instability which may be associated with a worse outcome. A recent SNP array
analysis in unselected AML patients showed, in a similar manner, that an increase in the
number of genomic changes was associated with worse overall survival rates [16]. This can
partially explain the poor outcome in older patients.

In conclusion, we found a higher rate of genomic changes, and in particular of CNN-LOH in
older compared to younger patients. The number or type of genomic changes may become
additional prognostic indicators in NK-AML.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Rates of genomic changes (A. p=0.037) and CNN-LOH (B. p=0.088) per patient as detected
in SNP array analysis in old compared to young patients.
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Figure 2.
Selected single nucleotide polymorphism (SNP) array findings with correlating molecular
features: (A) Alignment of chromosome 13q CNN-LOH cases and corresponding FLT3
aberrations. (B) Alignment of chromosome 11q CNN-LOH cases and a sequence trace
showing an acquired CBL mutation in one of the chromosome 11q cases. (C) SNP array
tracing showing a deletion in chromosome 4q24 with a corresponding sequence tracing
showing an acquired TET2 mutation in this case (background normal allele can be seen
probably due to contamination with normal cells) (D) SNP array tracing demonstrating a
deletion in chromosome 11q with a corresponding sequence tracing showing an acquired
Cbl mutation in this case.
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Figure 3.
Correlation of FLT3-ITD mutational data with SNP array findings. (A) Frequency of
genomic changes (left panel) and CNN-LOH (right panel) in patients either with or without
FLT3-ITD in the entire cohort. (B) and (C) show frequency of genomic changes (left panel)
and of CNN-LOH (right panel) in young and older patients, respectively, either with or
without FLT3-ITD. p = level of significance (Fisher exact test).
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Figure 4.
Kaplan-Meier curves for event free survival (EFS) and overall survival (OS). (A) EFS (left
panel) and OS (right panel) in young compared to older patients. (B) EFS (left panel) and
OS (right panel) in patients either with or without CNN-LOH.
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Table 1
Characteristics of patients

Young (n=25) Old (n=24)

Age median (range) 43 (23-59) 68 (61-76.6)

Gender M (%) 13 (54) 12 (48)

de novo AML (%) 23 (96)a 24 (96)b

Diagnostic CBC

mean ±sem (range)

 Hbg/dL 9.6±0.35 (6.4-11.9) 10.2±0.54 (3.2-14.2)

 WBC × 109/L 67.7±15.4 (4.0-190) 74.5±21.7 (2.4-386)

 PLT × 109/L 67.9±13 (6.0-194) 65.3±10 (10-197)

Molecular changes N/N

studied (%)

 FLT3-ITD 12/25 (50) 7/19 (35)

 FLT-TKD mutation 2/18(12) 2/13 (15)

 NPM1 mutation 14/25 (58) 11/19(55)

 CEBPA mutation 3/16(19) 1/10(10)

 MLL-PTD 2/25 (8) 2/19(10)

 NPM1 mutation/ FLT3- 4/25 (16) 4/19(21)

ITD negative

a
patient had therapy-related AML

b
patient had AML secondary to MDS

CBC complete blood count; Hb hemoglobin; WBC white blood cells; PLT platelets; FLT3-ITD FLT3 internal tandem duplication; FLT-TKD FLT3
tyrosine kinase domain; NPM1 nucleophosmin; CEBPA CCAAT/enhancer-binding protein-alpha; MLL- PTD MLL partial tandem duplication
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Table 4
Frequency of SNP array changes in molecular subgroups

Molecular change Any SNP array change N/N studied (%) CNN-LOH N/N studied (%) Median EFS (days)

FLT3-ITD 19/20 (95) 10/20 (50) 223

NPM1 mutation 21/26(81) 9/26 (35) 281

CEBPA mutation 3/4 (75%) 2/4 (40) NR

NPM1 mutation/FLT3-ITD negative 4/8 (50) 0/8 (0) 325

FLT3-ITD FLT3 internal tandem duplication; NPM1 nucleophosmin; NR not reached
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