
DECISION MAKING AND PROBLEM SOLVING

A one-mutation mathematical model can explain the age
incidence of acute myeloid leukemia with mutated
nucleophosmin (NPM1)
Arcangelo Liso,1 Filippo Castiglione,2 Antonio Cappuccio,2 Fabrizio Stracci,3 Richard F Schlenk,4
Sergio Amadori,5 Cristian Thiede,6 Susanne Schnittger,7 Peter JM Valk,8 Konstanze Döhner,4
Massimo F Martelli,9 Markus Schaich,6 Jürgen Krauter,10 Arnold Ganser,10 Maria P Martelli,9
Niccolò Bolli,9 Bob Löwenberg,8 Torsten Haferlach,7 Gerhard Ehninger,6 Franco Mandelli,11 Hartmut
Döhner,4 Franziska Michor,12 and Brunangelo Falini9

1Institute of Hematology, University of Foggia, Foggia, Italy; 2Istituto Applicazioni del Calcolo “M. Picone”, Consiglio
Nazionale delle Ricerche (CNR), Rome, Italy; 3Dept. Surg. Med. Spec. and Public Health, University of Perugia, Italy;
4Department of Internal Medicine III, University of Ulm, Ulm, Germany; 5Institute of Hematology, University of Tor
Vergata, Rome, Italy; 6Laboratory for Molecular Diagnostics, University Hospital Carl Gustav Carus, Dresden,
Germany; 7MLL–Munich Leukemia Laboratory, Munich, Germany; 8Department of Hematology, Erasmus University
Medical Center, Rotterdam, The Netherlands; 9Institute of Hematology, University of Perugia, Perugia, Italy;
10Department of Hematology, Hemostasis and Oncology, Hannover Medical School, Hannover, Germany; 
11Institute of Hematology, University “La Sapienza”, Rome, Italy; 12Computational Biology Center, Memorial Sloan
Kettering Cancer Center, New York, NY 10021, USA 

Citation: Liso A, Castiglione F, Cappuccio A, Stracci F, Schlenk RF,Amadori S, Thiede C, Schnittger S, Valk PJM, Döhner K, Martelli MF, Schaich
M, Krauter J, Ganser A, Martelli MP, Bolli N, Löwenberg B, Haferlach T, Ehninger G, Mandelli F, Döhner H, Michor F, and Falini B. A one-muta-
tion mathematical model can explain the age incidence of acute myeloid leukemia with mutated nucleophosmin (NPM1). Haematologica
2008; 93:000-000. doi: 10.3324/haematol.13209 

Supplementary Table 1. Poisson regression models. 

Model 95% Model 95% 
Variable 1 CI 2 CI

IRR L U IRR L U

Age
20-24 ref ref
25-29 1.6 0.90 2.7 1.8 1.1 2.8
30-34 2.2 1.4 3.7 2.5 1.7 3.8
35-39 4.1 2.5 6.5 4.2 2.8 6.1
40-44 5.3 3.3 8.5 5.9 4.0 8.6
45-49 6.9 4.3 11.0 7.3 5.0 10.7
50-54 7.5 4.7 12.0 8.8 6.0 12.9
55-59 9.8 6.2 15.5 10.5 7.2 15.4

Country
Germany ref ref
Italy 0.75 0.28 2.0 1.2 1.04 1.3
Netherlands 0.49 0.17 1.4 0.46 0.38 0.55

Age x Country
age classxGermany ref
25-29xItaly 2.0 0.65 6.1
30-34xItaly 1.7 0.58 5.0
35-39xItaly 1.2 0.43 3.5
40-44xItaly 1.6 0.57 4.5
45-49xItaly 1.4 0.52 4.0
50-54xItaly 1.8 0.65 5.0
55-59xItaly 1.6 0.56 4.4
25-29xNetherland 0.73 0.17 3.0
30-34xNetherland 1.0 0.30 3.6
35-39xNetherland 0.85 0.26 2.8
40-44xNetherland 1.0 0.32 3.2
45-49xNetherland 0.81 0.26 2.6
50-54xNetherland 1.2 0.40 3.6
55-59xNetherland 0.74 0.23 2.3

LR test p=0.85

Poisson regression models with and without AGExCOUNTRY interaction terms
respectively. IRR Incidence rate ratio; 95%CI 95% confidence interval; L: lower bound; 
U: upper bound; LR: likelihood ratio.

 



Supplementary Table 2. Mann-Witney u test.

Slope DE Slope NL Slope IT

NPM1-mutated 4.038 4.096 4.332
NPM1-mutated/FLT3-ITD 4.222 3.664 3.935
NPM1-mutated/FLT3 wt 3.927 4.657 4.752

The slopes of the three sets (NPM1-mutated, NPM1-mutated/ FLT3-ITD, 
NPM1-mutated/ FLT3 wt) are not significantly different according to 
Mann-Witney U test ( p>0.05).

Supplementary Figure 1. Comparison of the probability of diagnosis with AML, equation (1), with the direct stochastic computer simulation, system (2).
The panels show the cumulative probability of being diagnosed with AML before a certain age. Parameter values are: a) τ=30, u=10-9, q=10-4, N=104,
N=1013, r=14; b) τ=3, u=1-9, q=10-6, N=104, N=1013, r=14; c) τ=10, u=10-9, q=10-9, N=103, N=109, r=2; d) τ=100, u=10-6, q=10-7, N=100, N=109, r=2; e)
τ=50, u=10-6, q=10-10, N=100, N=109, r=2; f) τ=100, u=10-10, q=10-10, N=107, N=1010, r=2.    


