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Introduction
The obesity epidemic is responsible for a substantial 
economic burden. It is already responsible for 2–8% of 
health costs and 10–13% of deaths in developed countries 
[1]. Being overweighed is a well-established risk factor 
for many chronic diseases, such as diabetes, hypertension 
and cardiovascular events. 

Survivors of pediatric acute lymphoblastic leukemia 
(ALL) have increased risk of developing obesity [2, 3]. 
However, treatment related, as well as inherited risk 
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ABSTRACT
Background: Overweight is a serious late complication of 
acute lymphoblastic leukemia (ALL). The aim of the study 
was to assess the role of the rs9939609T>A polymorphism 
of the FTO gene in development of overweight in ALL 
survivors.
Methods: Genotyping for the above genetic variant was 
performed in 191 patients, who completed treatment for ALL. 
Results: The presence of the rs9939609A allele correlated 
with post-treatment overweight incidence in patients 
receiving cranial radiotherapy, whereas the rs9939609T allele 
seemed to protect against overweight development. 
Conclusion: The rs9939609T>A variant can influence 
overweight risk in selected patients with ALL.
Keywords: overweight, leukemia, genetic predisposition, 
population, FTO gene, cranial irradiation
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The rs9939609T>A polymorphism of the FTO  
gene and overweight in survivors of ALL

Polimorfizm rs9939609T>A genu FTO  
a występowanie nadwagi u osób wyleczonych z ALL

STRESZCZENIE
Wstęp: Nadwaga jest poważnym późnym powikłaniem 
ostrej białaczki limfoblastycznej (ALL). Celem niniejszego 
badania była ocena roli polimorfizmu rs9939609T>A genu 
FTO w rozwoju nadwagi u pacjentów wyleczonych z ALL. 
Metody: Genotypowanie w kierunku powyższego wariantu 
genetycznego zostało przeprowadzone u 191 pacjentów, 
którzy zakończyli leczenie z powodu ALL. 
Wyniki: Obecność allela rs9939609A korelowała z wystę-
powaniem nadwagi u pacjentów leczonych radioterapią 
czaszki, podczas gdy allel rs9939609T wykazywał działanie 
protekcyjne w stosunku do rozwoju nadwagi. 
Wnioski: Wariant genowy rs9939609T>A może wpływać na 
ryzyko wystąpienia nadwagi u pacjentów z ALL. 
Słowa kluczowe: nadwaga, białaczka, predyspozycje 
genetyczne, populacja, gen FTO, radioterapia czaszki

factors for overweight are poorly understood. Among 
others, cranial radiotherapy (CRT) has been suggested 
as one of such risk factors [3]. On the other hand genetic 
variations in the fat mass and obesity associated gene 
(FTO) were also linked to the obesity phenotype [4, 5]. 
Therefore, the aim of the study was to assess the role 
of rs9939609T>A polymorphism of the FTO gene in 
overweight development in patients treated for ALL. 
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Methods
A group of 191 persons (99 females/93 males) aged 4–28 
years (median 14) who have completed ALL therapy, 
were ascertained in Department of Oncology and 
Hematology, Jagiellonian University. The patients started 
treatment from 6/11/1979 through 8/24/2005. The age at 
diagnosis was 1–18 (median 4.6) years. Median time from 
completion of treatment was 4.7 years. 

ALL therapy was conducted according to subsequent 
revisions of modified BFM (147 patients) and New York (44 
patients) regimens [6, 7, 8]. A group of 137 (72%) patients 
received less intensive treatment (BFM for standard/
intermediate risk patients), whereas 54 (28%) were treated 
with more intensive protocols (New York and BFM for high 
risk patients, second protocol for relapse). Prophylactic 
and/or therapeutic CRT was introduced in 93 patients 
according to treatment protocols, in doses 12 to 24Gy 
(median 18.2Gy). The majority of patients who were treated 
with more intensive protocols (94.4%) received CRT.

Blood samples were collected at routine outpatient 
visits; DNA was extracted from peripheral blood 
leukocytes. Subsequently, genotyping for polymorphism 
rs9939609T>A of the FTO gene was performed by means of 
PCR technique followed by direct sequencing. The primer 
sequences were as follows: forward – tctaggttccttgcgactgc 
and reverse – gttaatggcttcagggtaccagc. 

The Body Mass Index (BMI) and BMI percentile were 
calculated by means of on-line BMI calculators (www.cdc.
gov/healthyweight/assessing/bmi/index.html and www.
halls.md/body-mass-index/bmi.htm). Patients with BMI 
percentile ≥85 were classified as overweighed.

The correlations of the FTO gene variant 
rs9939609T>A and overweight in ALL survivors were 
analyzed. Descriptive statistics, odds ratio (OR) with 95% 
confidence interval and the Fisher’s exact test were used.

Local ethics committee accepted the study protocol. 
All parents and adolescent patients signed informed 
consent before blood sample collection. 

Results and Discussion 
The median BMI percentiles at diagnosis and after 
treatment were 51.2 and 60.8 respectively. Only slight 
increase of overweight frequency was observed in the 
entire studied population (18.8% of children at diagnosis 
and 20.9% after treatment). However, if analyzed in 
subgroups, the overweight frequency visibly increased in 
the cohort of patients treated without cranial radiotherapy 
and with less intensive protocols (18.4% vs. 27.6% and 
16.1% vs. 23.4% respectively). On contrary, it decreased in 
the groups of patients receiving cranial radiotherapy and 
in patients treated with more intensive protocols (19.3% 
vs. 14% and 25.9% vs. 14.8% respectively). 

No correlation of the FTO gene polymorphism 
rs9939609T>A with overweight before treatment was 

found for the entire studied group and for the subgroups. 
On contrary, increased frequency of the rs9939609A 
variant was detected after treatment in overweighed 
patients who received cranial radiotherapy (OR 2.59; 
95% CI 1.11-6.02; p = 0.04). Details on genotyping are 
presented in Table 1.

The 9939609T>A polymorphism of the FTO gene has 
recently been suggested as additional factor contributing 
to the development of obesity. As overweight is a known 
treatment-related complication in patients with leukemia, 
one could expect that presence of the above polymorphism 
increases risk of overweight development in these patients. 
The results of our study seem to partially confirm this 
hypothesis. Although we assessed a relatively large group 
of leukemia survivors, we were not able to detect the 
expected correlation in the entire studied group. However, 
in patients who were treated with additional cranial 
radiotherapy, the presence of 9939609A allele correlated 
significantly with overweight after leukemia treatment. 

Cranial irradiation has the potential to cause 
hypothalamic damage, which in turn can affect the 
amount of body fat tissue. Our results show, that 
combination of cranial radiotherapy and of presence of 
the 9939609A variant significantly increases the risk of 
development of overweight in patients with ALL. The 
cohort of patients receiving more intensive treatment 
overlapped with the CRT group, what could explain the 
presence of similar trends in the “more intensive” patients 
(Table 1). Interestingly, although the number of patients 
with overweight after treatment is relatively low in the 
“cranial irradiation” and “more intensive” groups (what 
is probably an incidental finding), a trend indicating 
protective role of the 9939609T variant against overweight 
development is visible (Table 1). The above protective 
effect of the 9939609TT (wild type) genotype remains to 
be confirmed in further studies as it could be of practical 
interest for clinicians taking care of children with ALL.

In conclusion, as overweight is a well-established 
risk factor for many chronic diseases, genotyping for the 
rs9939609T>A polymorphism of the FTO gene might 
be useful in predicting increased (in AA homozygotes) 
or lower (in TT homozygotes) risk of overweight 
development in patients with ALL.
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