
AN EFFICIENT COMPUTATIONAL APPROACH TO EVALUATE THE EXPRESSION PROFILE 
OF INDIVIDUAL ACUTE LEUKEMIA PATIENTS 

M icroarray and sequencing studies have been 
instrumental in the mapping of genome wide 

associations in hematological diseases. Thus, the 
MILE Study1 has taught us that it is possible to  
robustly classify and predict leukemia subgroups.  
Several factors have impeded the general use of 
such data and methods in the everyday clinical 
setting: technical expertise may not be available 
and inter-study variations have hampered direct 
comparison of results between centers. As a con-
sequence the practical implications of analyzing 
single patient samples have to some extent been 
overlooked.  We hypothesized that combining data 
from MILE Study and data mining at the single pa-
tient level by novel scripts could help delineate the 
leukemia subtype and profile the unique expres-
sion signature. 

AIMS:  1  To develop an algorithm for imple-
menting results from large profiling studies (micro-
array or RNA-seq) without the need for normaliza-
tion between sample sets. 2  To predict leukemia 
subtype of single samples in a timely fashion, thus 

3  enabling informative exploration within the pri-
vate expression profile of genes of interest.

METHODS:      We accessed the MILE Study data 
(2096 samples from Stage I study), to generate a 
single compressed dataset for individual leukemia 
prediction of 21 separately run samples (Aarhus, 
DK) derived from microarray analysis (HG-U133A  

arrays, Affymetrix Inc., CA, USA) of bone marrow aspirates. 
This resulted in a reference matrix, covering 2181 
predictor genes in total and 15 leukemia subtypes, 

denoting genes as upregulated, unaltered or down-
regulated, evaluated via the Leukemia Gene Atlas2. 
The patient samples were comprised of three clini-
cally defined subtypes (see fig. 2). The evaluation of 
individual molecular subtypes were subsequently 
performed by entry-wise matrix multiplication and 
scoring (fig. 1). Data mining was performed by cou-
pling external sources and results, utilizing Wolf-
ram Mathematica as computational and prototyp-
ing platform3 (fig. 3A/C).

RESULTS: Prediction of leukemia subtype 
matched clinical diagnoses in all cases (21/21 eg. fig. 
2). Consecutive data mining enabled us to evalu-
ate and emphasize individual expression patterns, 
which are otherwise masked by attempts to draw 
parallels between samples. At the individual level 
a substantial part of the genes with increased or 
decreased expression was directly leukemia asso-
ciated in a gradient-like fashion (median values of 
17–62 in sets of 74–230 MILE marker genes, evalu-

ated through DisGeNET database4). Of these sets 
each gene was found to have two or more MeSH 
term associated references in the PubMed data-
base. It was also observed that the majority of bio-
logical gene functions at the extremes (eg. |Δeij| ≥ 
Log2[8]) matched potentially oncogenic signature, 
i.e. cell cycle, migration, defense response and sig-
nal transduction, but represented unique a set for 
each patient with only partial overlap (fig. 3B). 

CONCLUSIONS:  Here we present a prac-
tical algorithm and data mining approach that can 
be utilized for fast prediction and individual expres-
sion profiling of single patients. Hopefully, with 
shortened lab turn-over time for omic study work-
flows, as the presented involving minimal compu-
tational effort, should result in speedy information 
flow from research to the clinic with much more 
detailed characterization of the single patient.  
A standalone beta-version software (under devel-
opment) is available upon request (fig. 3C, OS X).
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Figure 1) Overview of the computational algorithm (A) and numerical 
evaluation of the 8-fold di�erentially expressed genes (∆8x) shared in sub-
types and with MILE Study markers (B) and a low number of common genes
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 Figure 2   Sample #11 
predicted to be of leuke-
mia subtype AML inv(16)  
is shown (arrow) in this 
single patient diagram. 
The acute leukemia sub-
type closest to this predic-
tion with respect to expres-
sion pattern is APL in this 
case. This may supply the 
researcher with valuable  
information even in am-
biguous cases.  In this study 
all samples were predicted 
correctly according to the 
clinical available informa-
tion. The 21 samples com-
prised 3 acute subtypes:
6 AML inv(16), 8 t(8;21) 
and 7 ALL t(12;21).

 Figure 1    The prediction algorithm used in the workflow. This represents 
a simple approach, where significantly deregulated expression markers of 
large studies, such as MILE, are used to evaluate the expression profile in 
samples of another study under similar conditions (bone marrow aspirates). 
Apart from required validity and robust design of the large scale studies, the 
strength partly stems from the build-in penalty function, i.e. contradictive 
observation (R) substracts by the size of fold expression difference between 
sample and reference (ΔE) when the evaluation matrix (LS) is summed. Ref-
erence values (R) of 1 denotes significant upregulated expression, -1 down-
regulated and 0 denotes no altered expression. 

 Figure 3   Overview of the 
general workflow (A) and nu-
merical evaluation of the ≥8-
fold differentially expressed 
genes shared in subtypes and 
with MILE Study markers (B) 
and a generally low number 
of common genes differen-
tially expressed at this level, 
showing the need for a more 
personalized profiling. (C) 
Screendump of two of the 
tools in the developed soft-
ware (sample #11), which in 
concert help to focus on the 
individual patient swiftly.  
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