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ATM and TGFB1 genes polymorphisms in prediction of late complications 
of chemoradiotherapy in patients with locally advanced cervical cancer
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The purpose of our study was to evaluate a possible correlation between genetic polymorphisms in ATM and TGFB1 genes 
and late toxicity of chemoradiotherapy for locally advanced cervical cancer. Fifty five patients with FIGO stage IIB and higher
without a disease recurrence with a mean follow up of 6 years were included. Late toxicity was assessed by EORTC/RTOG 
late toxicity criteria. Univariate and multivariate logistic regression model was used for statistical analysis. Degree of associa-
tion between polymorphisms and late toxicity of chemotherapy was assessed on the basis of phi-coefficient (φ) as well. We
did not find any association between 5557G>A polymorphism in the ATM gene or single TGFB1 polymorphisms and late 
toxicity. TGFB1 compound homozygosity (-1552delAGG, -509C>T, L10P) was a significant predictive factor of grade III-IV
and any grade of complications in both univariate and multivariate logistic regression analyses and statistical significance of
association between polymorphisms and late toxicity of chemoradiotherapy was confirmed also by the evaluation of phi-coef-
ficient (φ). We conclude that haplotypes instead of single nucleotide polymorphic sites in the genes may better characterize
the individual radiosensitivity. 
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Cervical cancer is the third most commonly diagnosed 
gynecological cancer in the Czech Republic. In 2008, the 
incidence was 19.2/100,000, with 311 deaths. The standard
treatment method for locally advanced cervical cancers (In-
ternational Federation of Gynecology and Obstetrics [FIGO] 
stage IIB and higher) includes combination of external beam 
radiotherapy (EBRT), brachytherapy (BRT) and concomitant 
chemotherapy. This treatment provides good tumor control,
but also a risk of late complications in the irradiated area. 
Severe late complications affect 10–15 % of patients. They
include mostly tissue fibrosis, necrosis, and mucous mem-
brane atrophy, which primarily affects the rectum, bladder,
and small intestine. In the worst cases, these complications 
may lead to perforation of the intestine and bleeding, or the 
formation of fistulae.

A part of patients treated by the same doses and technique 
of radiotherapy will develop complications. A possible ex-
planation is increased individual radiosensitivity caused by 
genetic factors. From laboratory research it is known, that 

certain types of mice have a greater predisposition to develop 
typical late reactions after radiotherapy, such as postradiation
fibrosis [1]. A congenital predisposition to a higher radiosensi-
tivity was shown in patients with rare genetic syndromes such 
as ataxia telangiectasia, Fanconi anemia, and Bloom syndrome. 
Patients with these syndromes show not only increased clini-
cal but also in vitro cell radiosensitivity. All these syndromes 
are associated with hereditary mutations of genes producing 
proteins important for the detection and repair of damaged 
DNA molecules [2]. Single nucleotide polymorphisms (SNPs) 
comprise approximately 90 % of all naturally occurring genome 
sequencing modifications [3], which can give rise to hundreds
of variations in different genes. Finding associations between
the occurrence of polymorphisms in the candidate genes and 
late post-radiation tissue toxicity could help to predict the 
development of late complications after radiotherapy.

The ATM gene and its protein product ATM kinase play an 
important role in cell cycle regulation. It is a principle regulator 
in the three checkpoints of the cell cycle and contributes to 
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DNA repair, cell cycle arrest, regulation of apoptosis and stress 
response. Its name was derived from the autosomal recessive 
disease known as ataxia telangiectasia. One of the signs of this 
disease is an increased tissue radiosensitivity. These patients are
homozygous carriers of mutations in ATM, which was found 
on chromosome 11q23. Some studies proved a higher risk of 
late complications in patients with ATM 5557G>A polymor-
phism treated by radiotherapy [4, 5]. 

Transforming growth factor B1 (TGFB1) is a member of 
a multifunctional family of genes that encode growth factors 
acting as regulators of proliferation, apoptosis, differentiation,
and extracellular matrix regeneration. TGFB1 is located on 
chromosome 19q13 and its polymorphisms have been ex-
amined in connection with late radiotherapy toxicity. Kim de 
Ruyck et al. [6] found possible associations between TGFB1 
-1552delAGG, -509C>T, and L10P polymorphisms and late 
toxicity after radiotherapy in 78 patients treated for cervical or
endometrial carcinoma, however the results were not statisti-
cally significant. The study also investigated the relationship
between other polymorphisms in TGFB1 (-800G>A, R25P, 
and T263I) and development of late complications, but with 
negative results. 

In our retrospective study we attempted to elucidate rela-
tions between ATM 5557G>A polymorphism /rs1801516/ 
and four polymorphisms in the TGFB1 gene (-1552delAGG 
/rs11466313/, -800G>A /rs1800468/,-509C>T /rs1800469/, 
L10P /rs1800470/), and late toxicity in patients treated for 
cervical carcinoma by chemoradiotherapy. 

Patients and methods

Patients. The study included 55 patients with locally ad-
vanced cervical cancer (FIGO stage IIB and higher) treated by 
chemoradiotherapy at the Dept. of Oncology and Radiotherapy, 
University Hospital Hradec Králové, Czech Republic, between 
2001–2010. None of the patients had disease recurrence. Basic 
demographic and clinical characteristics are described in Ta-
ble 1. Patients were enrolled in the study successively as they 
come for follow up visit. The follow up was at least 6 months.
The study was approved by ethical committee and all patients
signed an informed consent. 

Treatment and follow-up. All patients received concomi-
tant chemoradiotherapy as a definitive treatment. EBRT was
delivered to the pelvis by the four field BOX technique with
parametrial boost, in cases with involvement of common iliac 
or paraaortic nodes the radiation fields were extended to the
paraaortic region. During or after EBRT, patients received
intrauterine BRT with a Fletcher three-channel applicator; 
a radiation dose was prescribed to the point A and doses 
to the rectal and urinary bladder points were calculated ac-
cording to International Commission of Radiation Units and 
Measurements (ICRU) 38. In most patients weekly doses of 
cisplatin 40 mg/m2 were used concomitantly with EBRT, in 
patients with impaired renal function cisplatin was replaced 
by weekly paclitaxel 50 mg/m2. Because of the treatment pro-

tocol modification and individual condition of some patients
(age, renal function) not all patients received the same dose of 
radiotherapy and type of chemotherapy. Treatment details are 
presented in Table1. The treatment parameters were included
to the statistic evaluation.

After the end of the treatment patients were followed up in 3
month intervals during first 2 years, in 6 months intervals from
2 to 5 years and after that in 1 year intervals. Gynecological
examination was performed during each visit, CT 1x/6 months 
and after 5 years 1x/year, chest X-ray 1x/year. In the case of
complications the visits were more frequent. 

Late complications after radiotherapy were evaluated ac-
cording to the Radiation Therapy Oncology Group/European 
Organisation for Research and Treatment of Cancer (RTOG/
EORTC) criteria. Patients were divided into three subgroups: 
subgroup without complications (subgroup 1, n=13), subgroup 
with grade I–II complications (subgroup 2, n=20), and subgroup 
with grade III–IV complications (subgroup 3, n=22). The grade
I–II complications were proctitis and cystitis, the grade III–IV 
complications were bleeding, obstructions, formation of rec-
tovaginal or vesicovaginal fistulae or intestine perforation.

DNA analysis. Two test tubes of anticoagulated blood were 
collected from each patient. From 200 µl of blood, DNA was 
extracted by micro-column method (QIAamp Mini Blood Kit, 
Qiagen, Germany). PCR reactions in the ATM and TGFB1 
genes were performed in the thermocycler ABI 2720 (Ap-
plied Biosystems, USA). Cycling conditions and sequences of 
primers for PCR amplification and restriction fragment length
polymorphism (RFLP) in ATM 5557G>A polymorphic site 
we described previously [7]. Similar approach was chosen for 
analysis of -800G>A and -509C>T TGFB1 polymorphisms 

Table 1. Patients characteristics

Variables Variables No of 
cases

Age (mean) 47 years  
(31; 74)

RT pelvis dose

Follow up (mean) 6 years
(1; 10)

46/48.6 Gy 14

PS WHO No of cases 50 Gy 41
0 35 RT parametrium dose
1 17 14 Gy 38
2 1 9 Gy 17
3 2 Paraaortic radiotherapy 28
Histopathology BT dose
Spinocelular carcinoma 53 24 Gy 41
Adenocarcinoma 2 28/30 Gy 14
Grading Chemotherapy 55
1 8 Cisplatin 45
2 32 Paclitaxel 10
3 15
FIGO IIB 26
FIGO IIIB 29
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[6]. The -1552delAGG polymorphism of the TGFB1 promoter 
region was examined by fragmentation analysis (FA) in the 
ABI 3130 genetic analyzer (Applied Biosystems, USA), forward 
primer was modified at the 5´ end by 6-FAM fluorophore:
5’- FAM – CCA GGT GGA AGG TGG ATT AG – 3’; reverse 
primer: 5’- CTC CAG TCC CCA GGT AAC CAT C – 3’. Each 
RFLP or FA run contained control samples with the known 
genotype to ensure the validity of the obtained results. In first
20 examined specimens, the confirmatory sequencing with the
same results was performed (Fig. 1). For L10P analysis, direct 
sequencing of amplicons [6] was carried out. 

Statistical analysis. Logistic regression was used to analyse 
the relationship between patient characteristics or genetic 
markers and the grade of complications. The models were
computed both as univariate for all predictors and multivari-
ate for selected predictors that reached p<0.05 in univariate 
analysis. Results of statistical evaluations were accompanied 
by odds ratios (OR) with 95% confidence intervals. Degree
of association between polymorphisms and late toxicity of 
chemoradiotherapy was assessed on the basis of phi-coefficient
(φ) as well. Analyses were done with SPSS Statistics 19 (SPSS 
Statistics, 2010; IBM, USA).

The terms “compound heterozygote” and “compound ho-
mozygote” were used to indicate -1552delAGG/-509C>T/L10P 
linkage disequilibrium of these polymorphic sites.

Results 

Genotype and allelic frequencies according to the patients 
groups are presented in Table 2. In the subgroup 3 there was 
a higher percentage of homozygous carriers of -1552 delAGG, 

-509C>T (18.2 % vs 7.7 %), and L10P (22.7 % vs 7.7 %) single 
allelic variants, and -1552delAGG/-509C>T/L10P) compound 
homozygotes in comparison with the subgroup 1. 

In univariate logistic regression analysis of baseline char-
acteristics and genetic markers vs degree of chronic toxicity 
the pelvic dose 50/60 Gy, parametrial irradiation to 14 Gy, 
radiotherapy of paraaortic lymphatic nodes, TGFB1 -1552 
delAGG, -509C>T and L10P single variant homozygotes 
and TGFB1 compound homozygotes significantly correlated
with grade III–IV late toxicity and any grade of complication. 
Statistical significance of association between polymorphisms
and late toxicity of chemoradiotherapy was confirmed also by
the evaluation of phi-coefficient (φ) (Table 3).

In multivariate analysis only compound homozygosity was 
a significant risk factor for grade III–IV and any grade of com-
plications with p=0.021 and p=0.012, respectively (Table 3). 

From clinical characteristics only a parametrial dose of 14 
Gy was a risk factor for development of grade III–IV (p=0.006) 
and grade I–IV (p=0.004) complications (Table 3). 

Discussion 

In our study we tried to test correlation of possible 
clinical factors (doses, size of radiation fields, type of chemo-
therapy, age), and candidate genes polymorphisms (ATM 
5557G>A polymorphism; -1552delAGG, -800G>A, -509C>T, 
and L10P polymorphisms in TGFB1) with a risk of late 
complications on a surviving group of patients treated with 
radical chemoradiotherapy for an inoperable stage of cervi-
cal carcinoma. Taking into account negative findings of De
Ruyck study [6], we did not analyse either R25P (rs1800471) 
or T263I (rs1800472) polymorphic sites in the TGFB1 gene. 
We also omitted -800G>A (rs1800468) polymorphism from 
statistical analysis due to small number of patients with -800A 
allelic variant (six -800A heterozygotes, none -800A homozy-
gote subjects). 

Among clinical factors, pelvic dose >50 Gy, parametrial 
boost of 14 Gy and extended field radiotherapy of paraaortic
nodes were predicting factors for grade III–IV complications 
and any grade of complications in univariate logistic regres-
sion models but in multivariate analysis only boost of 14 Gy 
was statistically significant.

The 5557G>A polymorphism of ATM has been a subject of 
several studies that examined the development of late compli-
cations after radiotherapy with ambiguous results. Andreassen
et al found a significant association between hetero- or ho-
mozygous carriership of 5557G>A and the development 
of subcutaneous fibrosis after radiotherapy [8]. A study of
Damaraju et al [9], which included 83 patients treated with 
radiotherapy for localized prostate cancer, investigated the 
association between SNPs of several candidate genes. They
found an association between 5557G>A and the development 
of late radiotherapy toxicity. Another study of Andreassen et 
al. did not prove an association between carriership of 5557G> 
A and the development of late complications in 120 breast 

Figure 1. Sequencing analysis of TGFB1 -509C>T genetic polymorphism 
(underlined). Upper part: wild-type genotype; middle part: heterozygous 
subject; lower part: -509T variant homozygous patient
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cancer patients with adjuvant radiotherapy after mastectomy
[10]. Also we did not find 5557G>A polymorphism to be
a predictive factor for chronic toxicity after radiotherapy in
patients treated for advanced cervical cancer.

Fibrosis plays an important role in the development of late 
reactions after radiotherapy. The TGFB1cytokine has been
demonstrated to be a key mediator of fibrogenesis in number of
pathologic conditions, including postradiation tissue reactions 
[11]. Numerous studies reporting the association between high 
TGFB1 plasma levels in cancer patients and the development 

of severe radiation-induced fibrosis demonstrated the involve-
ment of TGFB1 and its functional polymorphisms in clinical 
radiosensitivity. Theses studies included patients treated by
radiotherapy for lung cancer [12, 13], prostate 14], head and 
neck cancer [15], breast cancer [16, 17], rectal cancer [18]. 
However, other studies have been somewhat confusing [19]. 

TGFB1 peptide is a product of TGFB1 gene and some geno-
type changes can alter TGFB1 production. De Ruyck et al [6] 
investigated the association between six TGFB1 polymorphisms 
(-1552delAGG, -800G>A, -509C>T, L10P, R25P, T263I) and 

Table 2. Allele and genotype frequencies in patients groups

Alleles/genotypes ATM TGFB1

5557G>A -1552 -800 -509 10
Group I
 allele wt 24 (92.3 %) 15 (57.7 %) 24 (92.3 %) 15 (57.7 %) 15 (57.7 %)
 allele M 2 (7.7 %) 11 (42.3 %) 2 (7.7 %) 11 (42.3 %) 11 (42.3 %)
 wt/wt 11 (84.6 %) 3 (23.1 %) 11 (84.6 %) 3 (23.1 %) 3 (23.1 %)
 M/wt 2 (15.4 %) 9 (69. 2%) 2 (15.4 %) 9 (69.2 %) 9 (69.2 %)
 M/M 0 (0.0 %) 1 (7.7 %) 0 1 (7.7 %) 1 (7.7 %)
-1552/-509/10 het 9 (69,2%)
-1552/-509/10 hom 1(7.7%)
Other genotypes 3 (23.1%)
Group II
 allele wt 36 (90.0 %) 32 (80.0 %) 37 (92.5 %) 32 (80.0 %) 27 (67.5 %)
 allele M 4 (10.0 %) 8 (20.0 %) 3 (7.5 %) 8 (20.0 %) 13 (32.5 %)
 wt/wt 17 (85.0 %) 13 (65.0 %) 17 (85.0 %) 13 (65.0 %) 9 (45.0 %)
 M/wt 2 (10.0 %) 6 (30.0 %) 3 (15.0 %) 6 (30.0 %) 9 (45.0 %)
 M/M 1 (5.0 %) 1 (5.0 %) 0 1 (5.0 %) 2 (10.0 %)
-1552/-509/10 het 5(25%)
-1552/-509/10 hom 1(5%)
Other genotypes 14(70%)
Group III
 allele wt 40 (90.9 %) 30 (68.2 %) 43 (97.7 %) 30 (68.2 %) 27 (61.4 %)
 allele M 4 (9.1 %) 14 (31.8 %) 1 (2.3 %) 14 (31.8 %) 17 (38.6 %)
 wt/wt 18 (81.8 %) 12 (54.5 %) 21 (95.5 %) 12 (54.5 %) 10 (45.5 %)
 M/wt 4 (18.2 %) 6 (27.3 %) 1 (4.5 %) 6 (27.3 %) 7 (31.8 %)
 M/M 0 (0.0%) 4 (18.2%) 0 (0.0%) 4(18.2%) 5 (22.7%)
-1552/-509/10 het 5(22.7%)
-1552/-509/10 hom 4(18.2%)
Other genotypes 13(59.1%)
Group II + III
 allele wt 76 (90.5 %) 62 (73.8 %) 80 (95.2 %) 62 (73.8 %) 54 (64.3 %)
 allele M 8 (9.5 %) 22 (26.2 %) 4 (4.8 %) 22 (26.2 %) 30 (35.7 %)
 wt/wt 35 (83.3 %) 25 (59.5 %) 38 (90.5 %) 25 (59.5 %) 19 (45.2 %)
 M/wt 6 (14.3 %) 12 (28.6 %) 4 (9.5 %) 12 (28.6 %) 16 (38.1 %)
 M/M 1 (2.4 %) 5 (11.9 %) 0 5 (11.9 %) 7 (16.7 %)
-1552/-509/10 het 10 (23.8%)
-1552/-509/10 hom 5(11.9%)
Other genotypes 27(64.3%)

M = mutation 
Wt = wild type
1552/-509/10 het = compound heterozygotes for 1552delAGG, -509C>T, and L10P 
1552/-509/10 hom = compound homozygotes for 1552delAGG, -509C>T, and L10P 
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the occurrence of late normal tissue reactions after gynecologic
radiotherapy in 78 women with cervical or endometrial can-
cer. The reason for screening of these polymorphisms is their
possible contribution to the genetic control of TGFB1 plasma 
levels. The -1522delAGG, -800G>A, and -509C>T polymor-
phisms are located in the 5‘ end of the TGFB1 promoter region 
and could affect the production of the cytokine. Both L10P
and R25P polymorphisms are located in the signal sequence, 
which is responsible for the export of the newly synthesized 
protein across the membranes of the endoplasmatic reticulum. 
The T263I is possibly involved in the stability and activity of
the protein. The study showed that TGFB1 -1552delAGG, 
-509C>T, and L10P homozygosity may be associated with se-
vere clinical radiosensitivity after gynecological radiotherapy.
-1522delAGG/-509C>T/L10P homozygous patients had a 2.4 
(p=0.347) times increased risk for developing moderate or severe 
RT reactions and a 3.6 (p=0.26) times increased risk to develop 
severe RT reactions. However, the results were not statistically 
significant using late reactions in the pelvis as endpoint.

In our study, TGFB1 -1552delAGG, -509C>T, and L10P 
homozygous variants were significantly associated with a risk

of grade III–IV and of any grade of complications in univariate 
logistic regression analysis, but not in multivariate analysis. 
On the other hand, TGFB1 -1522delAGG/-509C>T/L10P 
compound homozygotes were significantly associated with
grade III-IV and any grade of complications in both univari-
ate and multivariate logistic regression models. In our study 
there is higher percentage of patients with severe late reaction 
(40 %) in comparison with the De Ruyck study (14 %). The
explanation could be, that we examined patients in order they 
occurred for a visit and women with complications had more 
frequent appointments. 

In our study we tried to evaluate a role of ATM and TGFB1 
in late toxicity of chemoradiotherapy for cervical cancer be-
cause the combined treatment is a standard approach in this 
diagnosis. Platinum based chemotherapy itself induces bulky 
DNA damage with ATM and TGFB1 responses [23]. One of 
explanations of chemotherapy related radiosensitation is inhi-
bition of repair of radiation damage due impairment of DNA 
damage response pathway including mutations in responsible 
genes. Several studies supporting mutagenic effects of cisplatin
[ 24, 25]. were previously published. 

Table 3. Prediction of complication grade in univariate and multivariate logistic regression models

Grade III–IV complications vs. no complications1 Any grade complications vs. no complications1

OR (95% CI) p uni p multi OR (95% CI) p uni p multi
Age at treatment (years) 1.018 (0.944;1.099) 0.643 0.993 (0.929;1.060) 0.826
Age category 41–502 1.350 (0.211;8.617) 0.751 0.700 (0.138;3.558) 0.667
Age category >502 1.350 (0.211;8.617) 0.751 0.800 (0.159;4.023) 0.787
BMI 1.014 (0.876;1.172) 0.856 0.988 (0.874;1.117) 0.848
BMI category ≤24.93 1.806 (0.391;8.348) 0.449 1.970 (0.495;7.832) 0.336
BMI category >29.93 1.250 (0.146;10.699) 0.839 1.136 (0.162;7.995) 0.898
EBRT pelvis 50/60 Gy4 33.600 (3.381;333.885) 0.003 9.600 (2.338;39.423) 0.002
EBRT parametrium 14 Gy5 14.250 (2.619;77.542) 0.002 0.006 9.562 (2.341;39.060) 0.002 0.004
EBRT PALU 4.815 (1.027;22.571) 0.046 4.902 (1.173;20.479) 0.029
CHT CDDP 0.833 (0.068;10.202) 0.887 1.667 (0.139;20.014) 0.687
CHT paclitaxel 1.618 (0.266;9.852) 0.602 1.294 (0.238;7.028) 0.765
TGFB1 -1552/-5097 
homozygous8

5.988 (1.332;27.027)
(φ=0.410; p=0.015) 0.020 5.618 (1.451;21.739)

(φ = 0.356; p=0.008) 0.012

TGFB1 L10P 
homozygous8

4.831 (1.096;21.277)
(φ=0.363; p=0.032) 0.037 3.650 (0.964;13.889)

(φ = 0.266; p=0.049) 0.056

TGFB1 compound 9 
homozygous8

7.634 (1.634;35.714)
(φ=0.459; p=0.007)

0.010 0.021 7.194 (1.821;28.571)
(φ = 0.406; p=0.003)

0.005 0.012

1Odds ratio (OR, supplied with 95% confidence interval) for univariate (p uni) models based on logistic regression; multivariate (p multi) regression based
on backward stepwise selection algorithm.
2Reference category is ≤40 years.
3Reference category is BMI 25–29.9.
4Reference category is 46/48.6 Gy; EBRT of pelvis 50/60 Gy is identical to BRT 18/24 Gy with reference category BRT 28/30 Gy (patients who received EBRT 
of pelvis 50/60 Gy also received BRT 18/24 Gy.
5Reference category is 9 Gy EBRT of parametrium.
7TGFB1 -1552delAGG and -509C>T polymorphisms are in perfect linkage equilibrium [6].
8Reference categories are wild-type homozygotes and heterozygotes.
9-1552delAGG/-509C>T/L10P TGFB1 compound homozygotes 
BMI = body mass index
CHT = chemotherapy
PALU – paraaortic EBRT
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Our observation that single nucleotide polymorphism of 
TGFB1 does not correlate with normal tissue radiosensitivity 
corresponds with results of recent studies [20, 21]. We think 
that the finding the statistically significant relationship between
compound homozygosity and late complications, even in the 
small patients group, is interesting and deserves further evalu-
ation. It seems, that haplotypes instead of single SNPs could be 
more helpful to characterize the individual radiosensitivity if 
TGFB1 is assumed to be a key player [22]. It could be a small 
step towards better understanding of a complex multi-factorial 
process of radiation fibrosis.
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