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The impact of DNA damage 
response gene polymorphisms on 
therapeutic outcomes in late stage 
ovarian cancer
F. Guffanti1, R. Fruscio2, E. Rulli3 & G. Damia1

Late stage epithelial ovarian cancer has a dismal prognosis. Identification of pharmacogenomic markers 
(i.e. polymorphisms) to stratify patients to optimize individual therapy is of paramount importance. We 
here report the retrospective analysis of polymorphisms in 5 genes (ATM, ATR, Chk1, Chk2 and CDK12) 
involved in the cellular response to platinum in a cohort of 240 cancer patients with late stage ovarian 
cancer. The aim of the present study was to evaluate associations between the above mentioned SNPs 
and patients’ clinical outcomes: overall survival (OS) and progression free survival (PFS). None of the 
ATM, ATR, Chk1 and Chk2 polymorphisms was found to significantly affect OS nor PFS in this cohort 
of patients. Genotype G/G of CDK12 polymorphism (rs1054488) predicted worse OS and PFS than the 
genotype A/A-A/G in univariate analysis. The predictive value was lost in the multivariate analysis. 
The positive correlation observed between this polymorphism and age, grade and residual tumor may 
explain why the CDK12 variant was not confirmed as an independent prognostic factor in multivariate 
analysis.The importance of CDK12 polymorphism as possible prognostic biomarker need to be confirmed 
in larger ovarian cancer cohorts, and possibly in other cancer population responsive to platinum agents.

Ovarian cancer is the fourth most common cancer and the leading cause of death in gynaecologic neoplasms1. 
The lack of symptoms and efficacious screening tests account for the fact that the majority of patients are diag-
nosed with an advanced tumor stage (stage III and IV). Despite the progress in surgical techniques and its 
remarkable tumor with cytotoxicity chemo-sensitivity, the rate of tumor recurrence is high, with <20% of the 
advanced stage patients surviving in long term2. Standard first line therapy consist of platinum-taxane therapy3. 
Platinum containing drugs are agents with different effects leading to cell death and among these, the DNA 
induced lesions have been correlated with citotoxicity4. DNA damage induces a cellular response which has the 
final aim to detect and remove the damage through the coordinated action of many different proteins involved 
in DNA repair, cell-cycle arrest, and apoptosis induction5. Inability to activate such processes has been variably 
associated to sensitivity/resistance to platinum containing drugs in different tumors, including ovarian cancer6,7.

The sequencing of the human genome together with the development and implementation of new high 
throughput technologies (so called “omics”) have greatly enhanced not only our knowledge on human cancer 
biology, but have opened up the ways to breakthroughs accelerating the road towards a personalized patient 
treatment. Changes at genetic level generally cause cellular phenotypic modifications that can partly explain 
the variability in response and toxicity to chemotherapy, including to regimens containing platinum8. A part 
from mutations causing pathological syndromes and possibly aberrant response to anticancer agents, there are 
many germinal variations in DNA sequence called polymorphisms9,10. These can be short tandem repeat, gene 
copy number variations or in more than 90% of the cases are single–nucleotide polymorphisms (SNPs). Unlike 
mutations, SNPs are very common, with a frequency of at least 1% in the population and generally they do 
not have deleterious clinical consequences, whatever type of SNP, i.e. synonymous (silent) or non- synonymous 
(amino-acid substitution). Nevertheless, they can be associated with changes in expression or function of the 
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encoded protein, predisposing subjects to disease and/or possibly influencing their response to a given drug, both 
in terms of activity and toxicity11.

In this post genomic era, the possibility of individualizing cancer therapy by using molecular markers (SNPs) 
that predict the toxicity of chemotherapy has been pursued with some success12–14. More controversial are the 
results of SNPs in predicting the efficacy of anticancer agents15–17. We here report the retrospective analysis of 
7 polymorphisms in 5 genes involved in the cellular response to cisplatin (DDP): ATM, ATR, Chk1, Chk2 and 
CDK12 in a cohort of 240 cancer patients with stage III/IV ovarian cancer underwent surgery and adjuvant 
chemotherapy. The aim of the present study was to evaluate associations between the above mentioned SNPs and 
patients’clinical outcome, overall survival (OS) and progression free survival (PFS).

Results
Patient’s characteristics. 240 patients with stage III/IV ovarian carcinoma diagnosis were diagnosed from 
September 1979 to December 2004 at the Clinic of Obstetrics and Gynaecology, San Gerardo Hospital (Monza, 
Italy) and included in this study. The main characteristics of our patient population are summarized in Table 1. 
The mean age at diagnosis was 54.3 years; residual tumor size was >2 cm in 175 (72.9%) patients; the predomi-
nant hystotype was serous (77.9%) and poorly differentiated grade (64.6%). All patients were treated with plati-
num-based chemotherapy.

Allele frequencies of studied polymorphisms. The ATM, ATR, Chk1 and Chk2 polymorphisms were 
selected based on their functional significance, on previous reports of association with cancer risk or clinical 
outcome or, in the case of CDK12, for the emerging role of this protein in influencing the response to therapy 
(Supplementary Table 1)18–22. As detailed in Table 2, all the polymorphisms were evaluable in most of the patient 
samples and the genotype frequencies of polymorphisms in ATM (rs664677 and rs664243), ATR (rs2229032 and 
rs2227928), Chk1 (rs521102), Chk2 (rs2267130), and CDK12 (rs1054488) were equal to those predicted by the 
Entrez data base (hyyp://www.ncbi.nlm.nhi.gov/sites/entrz?db=snp) for a Caucasian population.

n %

Age

 Median 54.3

 Q1-q3 46.5–64.9

Stage

 III 214 89.17

 IV 26 10.83

First line treatment

 Cisplatin 90 37.5

 Cisplatin + Taxol 100 41.67

 Taxol 2 0.83

 Other 48 20

Grade

 Borderline 6 2.5

  1 15 6.25

  2 64 26.67

  3 155 64.58

Histotype

 serous 187 77.92

 endometrioid 22 9.17

 clearcell 13 5.42

 mucinous 8 3.33

 undifferentiated 7 2.92

 Other 3 1.25

Tumorresidual

 <2 cm 87 36.25

 >2 cm 153 63.75

 NED/micro 41 17.08

 <1 cm 30 12.5

 1-2 cm 16 6.67

 2-5 cm 36 15

 5-10 cm 52 21.67

 >10 cm 65 27.08

Table 1.  Clinical and histopathological characteristics of the patients under study.

http://www.ncbi.nlm.nhi.gov/sites/entrz?db=snp
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Progression free and overall survival analysis. At a median follow-up of 11.26 months, 186 patients 
had progression and 178 died. OS median was 3.88 months (IQR (inter quartile range) 2.23–9.49) and PFS 
median was 2.31 months (IQR 1.26–5.92). Age at diagnosis (HR = 1.03, 95% CI: 1.01–1.04;P < 0.001), residual 
tumor size (HR = 2.3, 95% CI: 1.67–3.16; P < 0.001), and grading (HR (G2/3 vs G1/borderline) = 3.69, 95% CI: 1.73–7.87; 
p = 0.001) were the baseline covariates statistically correlated to OS; the same statistically significant correlations 
were detected considering PFS as endpoint: age at diagnosis (HR = 1.02, 95% CI: 1.01–1.02; P < 0.001), residual 
tumor size (HR = 2.11, 95% CI: 1.54–2.89; P < 0.001), grading (HR(G2/3 vs G1and borderline) = 3.03, 95% CI: 1.55–5.92; 
p = 0.001) (Table 3).

ATM (rs664677 and rs664243), ATR (rs2229032 and rs2227928), Chk1 (rs521102), and Chk2 (rs2267130) gen-
otypes did not affect either OS or PFS. The Kaplan-Meier curves for OS and PFS of the ATM, ATR, Chk1, and 
Chk2 polymorphisms are plotted in Supplementary Figure 1, Supplementary Figure 2, and Supplementary Figure 3, 
respectively and Table 4 reports the Cox models results for the ATM, ATR, Chk1, and Chk2 genetic variants.

When the CDK12 polymorphism was considered, the genotype G/G was found to be associated with a 
worse prognosis compared to the genotype A/A-A/G (HR(G/G vsA/A, A/G) = 1.56, 95% CI: 1.12–2.17; P < 0.009;  

Expected* Observed

% n %

ATM rs664677 

 C/C 14,10 26 11,11

 C /T 46,50 110 47,01

 T/T 39,40 98 41,88

ATM rs664143 

 A/A 13,90 16 6,81

 A/G 46,70 117 49,79

 G/G 39,40 102 43,40

ATR rs2229032 

 C/C 68,40 175 74,15

 C /T 28,80 55 23,31

 T/T 2,80 6 2,54

ATR rs2227928 

 A/A 16,90 33 13,87

 A/G 48,90 110 46,22

 G/G 34,20 95 39,92

Chk1 rs521102 

 A/A 25,40 75 32,33

 A/G 49,10 91 39,22

 G/G 25,40 66 28,45

Chk2 rs2267130 

 C/C 23,70 70 29,79

 C /T 49,30 102 43,40

 T/T 27,00 63 26,81

CDK12 rs1054488

 A/A 2,40 7 2,97

 A/G 27,80 70 29,66

 G/G 69,80 159 67,37

Table 2.  Expected and observed SNPs prevalence (%). *Ensembl Release 83 - December 2015.

Variable

OS PFS

Hazard 
Ratio

Lower 
95% CI

Upper 
95% CI p value

Hazard 
Ratio

Lower 
95% CI

Upper 
95% CI p value

Grade (2,3 vs borderline,1) 3.69 1.73 7.87 0.001 3.03 1.55 5.92 0.001

Tumor residual (>2 cm vs <2 cm) 2.41 1.72 3.38 <0.001 2.18 1.57 3.02 <0.001

Age (for 1 yearincrement) 1.03 1.01 1.04 <0.001 1.02 1.01 1.04 <0.001

Stage (IV vs III) 1.39 0.89 2.17 0.148 1.37 0.89 2.12 0.156

Hystotype (serousref.) reference reference

 endometrioid 1.03 0.6 1.76 0.911 1.02 0.62 1.69 0.94

 other 1.33 0.86 2.05 0.203 1.21 0.79 1.86 0.373

Table 3.  Prognostic evaluation of clinical and histopathological characteristics.
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HR (G/G vs A/A, A/G) = 1.51, 95% CI: 1.09–2.08, p = 0.013 for OS and PFS respectively) (Fig. 1). The median OS for 
those with genotype G/G was 3.3 months, compared to a median OS of 5.1months for those with A/A, A/G gen-
otype (Fig. 1A). The median PFS for those with genotype G/G was 2.2 months, compared to a median PFS of 3.1 
months for those with A/A, A/G genotype (Fig. 1B). The significance detected in the univariate analysis was lost 
in the multivariate analysis, after adjustment for grade, age and residual tumor. (HR (G/G vs A/A, A/G) = 1.25, 95% CI: 
0.89–1.76, p = 0.195;HR (G/G vs A/A, A/G) = 1.23, 95% CI: 0.88–1.72, p = 0.013 for OS and PFS respectively); however 
the trend was again suggestive of an association between G/G and a worse prognosis.

Correlation between the selected polymorphisms and patient characteristics. CDK12 A/A, 
A/G genotypes statistically correlated with both low grade (p = 0.0028) and residual tumor <2 cm (p = 0.032) 
(Table 5). No correlations with other clinical variables were found. All the other SNPs did not show any correla-
tion with the considered patient clinico-pathological characteristics (Supplementary Table 2).

Effect of CDK12 polymorphism on CDK12 mRNA levels. For 70 of the 240 analyzed patients (29.1%) 
we were able to determine the expression of CDK12 mRNA in tumor. As shown in Supplementary Table 3, 
the CDK12 mRNA normalized expression level did not differ between the genotypes (G/G vs A/G and A/A; 
Kruscal-Wallis test, p = 0.554)

Discussion
DNA damages are repaired by defined DNA repair pathways; there are however common sensor proteins that are 
activated by the presence of the damage and that coordinate the cellular response with the final aim to block cell 
cycle progression to allow repair, if the damage is reparable, and /or activate cell death, if the damage is too severe 
to be repaired23,24. The signalling network that coordinates the interaction and cross-talk among DNA repair, cell 
cycle and apoptosis is the DNA damage response (DDR) that represents an important barrier to oncogenesis25 
and involves many proteins5,26–29. Among them, ATR, ATM, Chk1 and Chk2 play a crucial role19,20,22,30,31.

This study investigated the association of genomic variations in five different genes and outcomes in advanced 
stage ovarian cancer patients receiving chemotherapy. The selected genes code for proteins involved in key 

Univariate Cox regression models

OS PFS

ATM rs664677

(T/T vs C/T, C/C) 0.94 0.7 1.27 0.684 1 0.75 1.35 0.974

ATM rs664143

(G/G vs A/G, A/A) 0.94 0.7 1.27 0.697 1 0.75 1.34 0.991

ATR rs2229032

(C/C vs C/T, T/T) 0.92 0.66 1.29 0.634 0.83 0.6 1.15 0.266

ATR rs2227928

(G/G vs A/G, A/A) 1.02 0.75 1.37 0.916 0.97 0.73 1.31 0.857

Chk1 rs521102 (A/A) reference reference

(A/G) 1.09 0.76 1.56 0.635 1.12 0.79 1.6 0.511

(G/G) 1.31 0.89 1.93 0.164 1.25 0.86 1.82 0.246

Chk2 rs2267130 (C/C) reference reference

(C/T) 1.05 0.74 1.48 0.804 0.95 0.68 1.34 0.786

(T/T) 0.9 0.6 1.33 0.585 0.8 0.54 1.17 0.251

Multivariate Cox regression models

ATM rs664677

(T/T vs C/T, C/C) 0.84 0.62 1.13 0.245 0.91 0.68 1.22 0.531

ATM rs664143

(G/G vs A/G, A/A) 0.87 0.65 1.18 0.379 0.94 0.7 1.26 0.682

ATR rs2229032

(C/C vs C/T, T/T) 1.03 0.74 1.45 0.852 0.91 0.66 1.27 0.591

ATR rs2227928

(G/G vs A/G, A/A) 0.93 0.69 1.26 0.639 0.87 0.64 1.17 0.341

Chk1 rs521102 (A/A) reference reference

(A/G) 1.06 0.74 1.52 0.745 1.09 0.77 1.55 0.627

(G/G) 1.48 1 2.18 0.047 1.37 0.94 2 0.103

Chk2 rs2267130 (C/C) reference reference

(C/T) 1.08 0.76 1.54 0.656 0.99 0.7 1.4 0.946

(T/T) 1.01 0.68 1.5 0.971 0.87 0.59 1.28 0.482

Table 4.  Univariate and multivariate Cox regression models by ATM, ATR, Chk1 and Chk2 genotypes. HR: 
Hazard Ratio; CI: Confidential Interval.
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pathways of cellular response to different DNA damaging agents, including platinum26,32,33, that represents the 
gold standard in ovarian adjuvant therapy. Cisplatin (DDP) is an alkylating agent, whose cytotoxic effects are 
mainly related to its ability to cause DNA damage, that is repaired by the coordinated action of homologous 
recombination (HR), nucleotide excision repair (NER) and fanconi anemia (FA)34. The functional cellular DNA 
repair ability has been shown to modulate DDP sensitivity/resistance, being cells deficient in FA, HR and NER 
quite sensitive to the drug, while an over-activation of these pathways are associated with a lower drug activ-
ity35–37. As a general rule, gene polymorphisms do not have deleterious clinical consequences; however they can be 
associated with changes in expression or function of the encoded protein, predisposing subjects to disease and/or 
possibly influencing their response to a given drug, both in terms of activity and toxicity11. While polymorphisms 
of genes involved in specific DNA repair pathways have been studied in correlation with platinum-efficacy in 
many different patients cohort (i.e lung and ovarian patients)18,37–40, less information is available in upstream sen-
sor DDR proteins. This is why we focused on the role of polymorphisms in genes involved in the initial activation 
of the cellular response to a given damage (ATM/Chk2 and ATR/Chk1 axis) and on CDK12, recently recognized 
as an important regulator of DDR in ovarian cancer33. None of the ATM, ATR, Chk1 and Chk2 polymorphisms 
was found to significantly affect OS nor PFS in ourcohort of advanced stage ovarian cancer patients treated with 
adjuvant chemotherapy, while genotype G/G of CDK12 polymorphism (rs1054488) predicted worse OS and PFS 
than the genotype A/A-A/G in univariate analysis. Its predictive value was lost in multivariate analysis, even if the 
trend was again suggestive of an association between G/G and a worse prognosis.

No data on the association of these polymorphisms and response to therapy in ovarian cancer have been 
reported yet, while few data on the ATM, ATR, Chk1 and Chk2 SNPs under study have been reported in other 
tumor types. The ATM rs664143 polymorphism occurs at the G60A of intron 7 and has been postulated to be the 

Figure 1. Overall Survival (left panel) and Progression Free Survival (right panel) curves by CDK12 
genotypes. 

Variable

CDK12 rs1054488

Chi square test p valueA/A, A/G (%) G/G (%)

Grade

 Borderline, 1 13 (16.88) 8 (5.03) 0.0028

 2,3 64 (83.12) 151 (94.97)

Histology

 Serous 57 (74.03) 127 (79.87)

 Endometrioid 9 (11.69) 13 (8.18) 0.5678

 Other 11 (14.29) 19 (11.95)

Tumor residual

 NED/micro 18 (23.38) 22 (13.84) 0.0233

 <1 cm 13 (16.88) 16 (10.06)

 1-2 cm 1 (1.3) 15 (9.43)

 2-5 cm 13 (16.88) 23 (14.47)

 5-10 cm 18 (23.38) 33 (20.75)

 >10 cm 14 (18.18) 50 (31.45)

Age Mean years
 (std)

52.61 55.42 t-test

(14.36) (12.65) p = 0.1279

Table 5.  Associations between clinic-pathological patients characteristics and CDK12 rs1054488 
polymorphism.
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binding site for intronic splicing enhancers and/or repressors leading to alter protein splicing41. The A allele in 
ATM rs664143 polymorphism has been associated with a lower DNA repair capacity42 and in a case-control study, 
it was found associated with increased risk of lung cancer compared to G allele43 and aggressiveness in prostate 
cancer41. No association with response to treatment in non-small cell lung cancer patients44 and with relapse 
free-survival in prostate cancer41 have been reported, in line with the data of the present manuscript. On the con-
trary,a significant reduced overall survival was associated with the heterozygous variant allele (HR = 2.35–95% 
CI 1.24–4.46; p = 0.007) in 119 patients with potentially resectable pancreatic cancer receiving neo-adjuvant 
therapy21. ATR is a gene encoding for a protein kinase important for the maintaining of genomic integrity45. 
Specifically, the kinase is activated by different damages that block the replication fork and activate Chk1 on Ser 
34546. Both the selected ATR polymorphisms are missense variants causing a change in one single amino acid, 
preserving the protein length. These two genotype variants were investigated by Okazaki et al. in a cohort of pan-
creatic patients and only the rs2227928 C/C genotype was marginally associated with worse OS and lower success 
rate of tumor resection (p = 0.079 and 0.051, respectively)21, while no association was found with both OS and 
PFS in our patients population.

Chk1 and Chk2 are tyrosine kinases involved in the DDR pathway able to activate p53, modulate repair and 
block the cell cycle to favour damage repair30. Few data exist on the role of the Chk1 and Chk2 polymorphisms 
in response to therapy. Only, Chk1A/A genotype was found to be significant independent predictor of survival 
after adjusting for different clinical co-variates (sex, race, diabetes, CA19-9 and tumor resection; P = 0.007) in 
pancreatic cancer patients21. We could not corroborate this finding in our cohort of late stage ovarian patients, 
possibly suggesting a different role of Chk1 in the response to platinum containing regimens in different tumor 
type (ovarian vs pancreatic tumor).

CDK12 is a cyclin dependent kinase involved in the regulation of transcription and in post-transcriptional 
mRNA processing through the phosphorylation of the C-terminal domain (CTD) of RNA polymerase II 
(RNAPII)47. CDK12 has been implicated in modulating the transcription of long and complex genes, i.e. genes 
involved in DNA repair48,49. It has been shown to be mutated in different tumortypes33 and the Cancer Genome 
Atlas Research Network (TGCA) revealed it to be mutated in 3% of the 316 high grade ovarian sequenced sam-
ples, with a prevalence similar to the one observedfor BRCA-1 and BRCA-2 (3.5 and 3.2% respectively)50. More 
importantly, these mutations have been shown to have functional consequences disabling the enzyme catalytic 
activity and hampering the ability of CDK12 to promote target gene expression51. In addition, cells expressing 
catalytic inactive CDK12 display functional defects in homologous recombination (HR), repair and depletion of 
CDK12 sensitized ovarian cells to cisplatin and PARP inhibitors52. Given this background, we wanted to explore 
the role, if any, of CDK12 polymorphism in treatment response in ovarian cancer patients. The selected poly-
morphism is located in the 3′ UTRregion of CDK12. As a general rule, the 3′ UTR sequences harbour regulatory 
motifs that influence mRNA turnover, stability, and localization governing in such a way the post-transcriptional 
gene regulation. To our knowledge no data have been published on the role CDK12 polymorphisms in response to 
therapy in any tumor type. We found that the G/G genotype predicted a worse OS and PFS in univariate analysis 
than the A/A and A/G genotype. The positive correlation observed between this polymorphism and age, grade 
and residual tumor may explain why this CDK12 variant was still present as a trend, but could not be confirmed 
as a significant independent prognostic factor in multivariate analysis, where the above mentioned characteristics 
maintained their predictive role. We tried to explore the functional consequence of the selected polymorphism 
on CDK12 mRNA expression level, as recently has been published on the predictive role of CDK12 mRNA level 
in OS of ovarian cancer patients53. However, we found that the different genotypes were not associated with a dif-
ferent CDK12 mRNA level, suggesting that other factors (i.e. protein translation, microRNAs, catalytic function) 
could be at the basis of the role of this CDK12 polymorphism in being associated with OS.

The polymorphisms of genes involved in the upstreamof DDR investigated in this study were not associated 
with PFS and/or OS in this cohort of ovarian patients; in addition, our data highlight the importance of CDK12 
polymorphism as a possible prognostic biomarker in ovarian cancer. The relatively small sample size requires 
further studies to confirm these findings in ovarian patients; in addition, these data foster investigation of the role 
of this polymorphism in other cancer population responsive to platinum agents.

Materials and Methods
Patients and sample collection. Biopsies collected at primary surgery at the San Gerardo Hospital 
(Monza, Italy) were immediately frozen and stored at −80 °C. The collection and use of tumor samples were 
approved by the Ethics Committee of San Gerardo Hospital, and patients gave written informed consent and the 
study was carried out following the principles of the Declaration of Helsinki. Samples were comprised of >70% of 
tumor cells, as examined after hematoxylin and eosin staining.

SNP selection and genotyping. DNA from tumor was extracted using the Maxwell 16 DNA Purification 
kit (Promega, Milan, Italy). DNA was amplified using Go Taq Hot Start Polymerase (Promega). The seven SNPs 
were studied using TaqMan SNP Genotyping assays (Applied Biosystems, Monza, Italy): CDK12 (rs1054488), 
ATM (rs664677 and rs664143), ATR (rs2229032 and rs2227928), Chk1 (rs521102), and Chk2 (rs2267130) 
(Supplementary Table 1). These SNPs were selected based on the fact that these genes have been described to have 
a role in the cellular response to cisplatin18–22. PCR was performed in 384-well plates prepared with automatic 
liquid handling (epMotion 5075; Eppendorf, Milan, Italy).

RNA isolation and Real Time PCR. Tumor fragments were homogenized in RNA lysis buffer in ice with 
an Ultra-turrax and RNA was purified using the Maxwell 16 LEV Simply RNA Kit (Promega). Retro-transcription 
to cDNA was done using the High Capacity cDNA Archive Kit (Applied Biosystem). Optimal primer pairs for 
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CDK12 (Forward 5′-tgtcacagataaacaagatgcac-3′, Reverse 5′-tgcaccaaaccagattctagc-3′) were chosen, spanning 
splice junctions, using PRIMER-3 software (http://frodo.wi.mit.edu/cgi-bin/primer3/primer3_www.cgi) and 
the specificity was verified by detecting single-band amplicon of the PCR product. Absolute copy numbers of 
mRNA were determined by real time RT-PCR (ABI-7900, Applied Biosystems) with the SYBR Green technique, 
using an EP Motion 5075 robot (Eppendorf). Standard curve was included for absolute quantification of mRNA. 
Data were normalized with the housekeeping cyclophilin gene (forward 5′- GACCCAACACAAATGGTTCC-3′,  
reverse 5′- TTTCACTTTGCCAAACACCA-3′).

Statistical methods. A consecutive cohort of patients with ovarian cancer for which biological material 
was available was identified and retrospectively enrolled in this monocentric study. Baseline covariate distribu-
tions were summarized using descriptive statistics (median and range for continuous variables; absolute and per-
centage frequencies for categorical variables); t-test for continuous covariates and chi square test for categorical 
covariates were used to detect statistical association. Progression Free Survival (PFS) was defined as the time from 
the date of diagnosis up to the date of first progression or death from any cause, whichever came first. Subjects 
who have not progressed or died while on study were censored at the last disease assessment date. Overall sur-
vival (OS) was defined as the time from the date of diagnosis up to the date of death from any cause. Subjects 
who have not died while on study were censored at the last follow-up. Survival curves were estimated with the 
Kaplan-Meier method. Cox proportional hazards models were used for univariate and multivariate analysis to 
estimate and test demographic characteristics, clinical features, and biological parameters for their associations 
with PFS and OS. Results were expressed as Hazard Ratios (HRs) and their 95% confidence intervals (95% CIs). 
When the genotype frequency was lower than 20%, the polymorphism was analyzed combining the genotype 
with low number of patient with the heterozygous allele genotype. Statistical analyses were carried out using SAS 
version 9.2 (SAS Institute, Cary, NC).
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