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DNA repair mechanisms protects the genome from DNA 
damage both from endogenous and exogenous fac-

tors. Differences of repair capacity have been reported in 
many types of cancer. Mutations are genetic alterations 

observed in less than 1% in society but polymorphisms 
are genetic changes seen in more than 1% in population.
[1] The most common type of genetic variation in the hu-
man genome is a single nucleotide polymorphism (SNP).[2] 

Objectives: DNA repair genes protects the genome from DNA damage both of endogenous and exogenous stress fac-
tors. Due to DNA repair gene polymorphisms, there are differences in the repair capacity between several cancer types. 
The aim of this study is to evaluate the association between some of the DNA repair gene polymorphisms and clinical 
outcome in Diffuse Large B-Cell Lymphoma (DLBCL).
Methods: The association between clinical factors including stage at diagnosis, extra-nodal involvement, tumor bur-
den, bone marrow involvement, relapse status, disease-free/overall survival times and DNA repair gene polymorphisms 
including ERCC2 (Lys751Gln), XPC (Gln939Lys), ERCC5 (Asp1104His) and XRCC3 (Thr241Met) in 58 patients with DLBCL. 
T-Shift Real-Time PCR was used to detect these mutations.
Results: The median survival times were 60 months and 109 months in patients with CC genotype and CA/AA geno-
type of XPC gene polymorphism, respectively (p=0.017). More interestingly, median survival times were 9 months and 
109 months in patients with CC (XPC)/CC (XRCC3) and CA/AA (XPC)/CT/TT (XRCC3) for both XPC and XRCC3 gene 
polymorphisms,  respectively (p=0.004). Six of 18 patients with CC genotype for XPC (Gln939Lys) had bone marrow 
involvement while only one of 40 patients with CA and AA genotype of XPC (Gln939Lys) gene polymorphism had 
bone marrow involvement at diagnosis.  Statistical analysis failed to show significant relationship between other gene 
polymorphisms and survival times. Cox Regression analysis standardized by age, stage and bone marrow involvement 
showed that IPI, XPC and XRCC3 gene polymorphisms were independent factors for OS.
Conclusion: XPC and XRCC3 gene polymorphisms may be important for clinical presentation and OS in DLBCL. How-
ever this study involves relatively low number of cases and these polymorphisms must be studied in larger studies to 
confirm our results.
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Functional polymorphisms in DNA repair genes cause dif-
ferences in the risk of various cancers.[3] DNA lesions that 
can not be repaired may cause a blockage of transcrip-
tion and replication and also may cause mutagenesis and/
or cellular toxicity. Therefore these genetic changes may 
cause genomic instability and hereditary diseases, aging 
and cancer.[4–7] Lymphomas are a group of clinically and 
biologically distinct heterogeneous family of cancer.[8] The 
aim of this study is to investigate the association between 
polymorphisms of some genes involved in DNA repair and 
clinical course in DLBCL. Here, the association was investi-
gated between clinical outcome and ERCC2 (rs13181), XPC 
(rs2228001) and ERCC5 (rs17655) gene polymorphisms 
which are important in nucleotide excision repair and 
XRCC3 (rs861539) gene polymorphism which is important 
in the double helix repair.

Methods
Blood samples taken from 58 patients with DLBCL were 
used in this study at a single institution. Clinical factors in-
cluding stage at diagnosis, extra-nodal involvement, tumor 
burden, bone marrow (BM) involvement, relapse status 
and survival data were analyzed and compared with gene 
polymorphisms. BM biopsy was taken from all patients at 
diagnosis.

Local ethics committee of Cukurova University approved 
the project, and informed consent was obtained from pa-
tients.

Method
Collection of samples
5 ml of whole blood enrolled into K3 EDTA tubes from pa-
tients and tubes were stored at -20°C.

DNA Isolation
Wizard Genomic Purification Kit (catalog No: A1120) (Pro-
mega, Madison, WI, USA) were used for DNA isolation. Tm 

Shift chemistry, BioMark System (Fluidigm, South San Fran-
cisco, CA, USA) and Dynamic Array (Fluidigm, South San 
Francisco, CA, USA) chip was used to identify mutations. 
In the design phase of Tm shift chemistry, a short GC nu-
cleotide tail (CGC) was added to one of the alleles and a 
longer nucleotide tail (TGCCGCCTGCCTGCG) was added to 
the other alleles. Also a single common reverse primer was 
designed (Fig. 1). After PCR performed with Melting Curve 
Analysis; PCR products amplified by the short-tailed primer 
give low melting point and PCR products amplified by the 
long-tailed primer give a higher melting point. With this 
principle, it is determined mutation of DNA samples (Fig. 2).

Statistical Analysis
Student's t test and Mann-Whitney-U tests were used for 
comparison between groups of continuous variables and 
Chi-square test was used for comparison of categorical 
variables. Survival curves were estimated according to the 
Kaplan-Meier method and log-rank tests and Cox Regres-
sion Analyses were used for univariate statistical compari-
sons. Data were summarized as mean, median, n and per-
centage. All data were analyzed using SPSS version 20.0 
statistics and a p value of <0.05 was considered statistically 
significant.

Results
The distribution of demographic and clinical characteris-
tics of 58 patients were shown in Tables 1 and 2.

Genotype Frequencies
ERCC2 codon 751 gene: TT genotype was found in 24 cases 
(42.1%), TG genotype in 25 cases (43.9%) and GG genotype 
in 8 cases (14%). ERCC2 codon 751 gene mutation analysis 
could not be performed in 1 patient.

Figure 1. Tm Shift chemistry. Short and long tail added common 
allele-specific primers and reverse primers.
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Figure 2. Short and long-tailed primers and amplified DNA samples 
melting curve analysis.
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ERCC5 codon 1104 gene: CC genotype was found in 38 cas-
es (65.5%), CG genotype in 19 cases (32.8%) and GG geno-
type in 1 case (1.7%).

XPC codon 939 gene: CC genotype was found in 18 cases 
(31%), CA genotype in 30 cases (51.7%) and AA genotype 
in 10 cases (16.2%).

XRCC3 codon 241 gene: CC genotype was found in 10 cas-
es (18.5%), CT genotype in 30 cases (55.6%) and TT geno-
type in 14 cases (23.3%). XRCC3 codon 241 gene mutation 
analysis could not be performed in 4 patients (Table 2).

The association between BM involvement, B symptoms and 
gene polymorphisms: Seven patients had BM involvement 
at diagnosis. There was significant association between 
ERCC5 and XPC gene polymorphism and BM involvement. 
Statistical analysis failed to show significant association be-
tween B symptoms and 4 DNA repair genes (Table 3).

Median survival rates according to risk factors have been 
shown in Table 4. XPC gene polymorphism and XPC + 
XRCC3 gene polymorphisms have been found to be as-
sociated with prognosis. The median survival time was 60 

Table 1. Demographic and clinical characteristics of the patients included in the study

				    Last status

		  Alive		  Exitus		  Total

		  n	 %	 n	 %	 n	 %

Gender
	 Male	 18	 60.0	 12	 40.0	 30	 51.7
	 Female	 18	 64.3	 10	 35.7	 28	 48.3
Smoking
	 No	 20	 66.7	 10	 33.3	 30	 53.6
	 Yes	 15	 57.7	 11	 42.3	 26	 46.4
Stage
	 Stage 1	 11	 73.3	 4	 26.7	 15	 27.8
	 Stage 2	 7	 58.3	 5	 41.7	 12	 22.2
	 Stage 3	 11	 64.7	 6	 35.3	 17	 31.5
	 Stage 4	 4	 40.0	 6	 60.0	 10	 18.5
Extranodal involvement
	 No	 21	 61.8	 13	 38.2	 34	 58.6
	 Yes	 15	 62.5	 9	 37.5	 24	 41.4
Bone marrow involvement
	 No	 33	 64.7	 18	 35.3	 51	 87.9
	 Yes	 3	 42.9	 4	 57.1	 7	 12.1
Multipl - Extranodal involvement
	 No	 33	 60.0	 22	 40.0	 55	 94.8
	 Yes	 3	 100.0	 0	 0.0	 3	 5.2
B - symptom
	 No	 17	 70.8	 7	 29.2	 24	 45.3
	 Yes	 16	 55.2	 13	 44.8	 29	 54.7
IPI
	 0	 12	 85.7	 2	 14.3	 14	 24.1
	 1	 11	 61.1	 7	 38.9	 18	 31.0
	 2	 10	 50.0	 10	 50.0	 20	 34.5
	 3	 3	 60.0	 2	 40.0	 5	 8.6
	 5	 0	 0.0	 1	 100.0	 1	 1.7
IPI
	 <=1	 23	 71.9	 9	 28.1	 32	 55.2
	 >1	 13	 50.0	 13	 50.0	 26	 44.8
IPI
	 <=2	 33	 63.5	 19	 36.5	 52	 89.7
	 >2	 3	 50.0	 3	 50.0	 6	 10.3
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Table 2. Genotype distributions based on prognosis of patients included in the study

				    Last status

			   Alive		  Exitus		  Total

			   n	 %	 n	 %	 n	 %

ERCC2	 TT		  14	 58.3	 10	 41.7	 24	 42.1
	 TG		  16	 64	 9	 36	 25	 43.9
	 GG		  5	 62.5	 3	 37.5	 8	 14
ERCC2	 TT		  14	 58.3	 10	 41.7	 24	 42.1
	 TG + GG		  21	 63.6	 12	 36.4	 33	 57.9
ERCC5
	 CC		  26	 68.4	 12	 31.6	 38	 65.5
	 CG		  10	 52.6	 9	 47.4	 19	 32.8
	 GG		  0	 0	 1	 100	 1	 1.7
ERCC5	 CC		  26	 68.4	 12	 31.6	 38	 65.5
	 CG + GG		  10	 50	 10	 50	 20	 34.5
XPC	 CC		  8	 44.4	 10	 55.6	 18	 31
	 CA		  22	 73.3	 8	 26.7	 30	 51.7
	 AA		  6	 60	 4	 40	 10	 17.2
XPC	 CC		  8	 44.4	 10	 55.6	 18	 31
	 CA + AA		  28	 70	 12	 30	 40	 69
XRCC3	 CC		  5	 50	 5	 50	 10	 18.5
	 CT		  19	 63.3	 11	 36.7	 30	 55.6
	 TT		  9	 64.3	 5	 35.7	 14	 25.9
XRCC3	 CC		  5	 50	 5	 50	 10	 18.5
	 CT + TT		  28	 63.6	 16	 36.4	 44	 81.5
	 ERCC2	 ERCC5
ERCC2 + ERCC5
(TT–TG–GG) + (CC–CG–GG)	 TT	 CC	 10	 66.7	 5	 33.3	 15	 25.9
	 TT	 G allele	 22	 64.7	 12	 35.3	 34	 58.6
	 G allele	 CC						    
	 GG	 GG	 4	 44.4	 5	 55.6	 9	 15.5
ERCC2 + ERCC5	 TT	 CC	 10	 66.7	 5	 33.3	 15	 25.9
	 TT	 G allele	 26	 60.5	 17	 39.5	 43	 74.1
	 G allele	 CC						    
	 GG	 GG						    
	 XPC	 XRCC3
XPC + XRCC3
(CC-CA-AA) + (CC-CT-TT)	 CC	 CC	 1	 20	 4	 80	 5	 8.6
	 CA	 T allele	 14	 66.7	 7	 33.3	 21	 36.2
	 A allele	 CC						    
	 AA	 TT	 21	 65.6	 11	 34.4	 32	 55.2
XPC + XRCC3	 CC	 CC	 1	 20	 4	 80	 5	 8.6
	 CA	 T allele	 35	 66	 18	 34	 53	 91.4
	 A allele	 CC						    
	 AA	 TT						    
	 XRCC3	 ERCC2
XRCC3 + ERCC2
(CC-CT-TT) + (TT–TG–GG)	 CC	 TT	 4	 50	 4	 50	 8	 13.8
	 CT	 G allele	 15	 62.5	 9	 37.5	 24	 41.4
	 T allele	 TT						    
	 TT	 GG	 17	 65.4	 9	 34.6	 26	 44.8
XRCC3 + ERCC2	 CC	 TT	 4	 50	 4	 50	 8	 13.8
	 CT	 G allele	 32	 64	 18	 36	 50	 86.2
	 T allele	 TT						    
	 TT	 GG						    
Last status	 Live		  31	 100	 0	 0	 31	 53.4
	 Live + Relapse		  5	 100	 0	 0	 5	 8.6
	 Exitus		  0	 0	 6	 100	 6	 10.3
	 Exitus + Relapse		  0	 0	 16	 100	 16	 27.6
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months in patients with CC genotype of XPC gene poly-
morphism while 109 months in patients with CA or AA 
genotype (p=0.017). When we evaluated XPC and XRCC3 
gene co-polymorphisms we found that median survival 
time was only 9 months in patients with CC (XPC) and 
CC (XRCC3) gene polymorphism for two genes but 109 
months in patients with CA/AA (XPC) and CT / TT (XRCC3) 
gene polymorphisms (p=0.004). Statistical analysis failed to 
show significant association between other gene polymor-
phisms and survival rates. According to the Cox Regression 
analysis standardized by age, stage and BM involvement 
we found that IPI, XPC and XRCC3 gene polymorphisms 
were found to be independent factors for OS.

Two Cox regression models were applied to determine in-
dependent factors for OS. In first model; XPC, XRCC3, ERCC2 
and ERCC5 gene mutations were individually introduced to 
models. CA and AA genotype of the XPC gene was identi-
fied as a good prognostic factor and was found to be asso-
ciated with longer OS (OR: 0.27, 95%CI: 0.08-0.86, p=0.027) 
(Table 5). CC genotype of XPC gene has been identified as 
a poor prognostic factor and was found to be associated 
with shorter OS (OR: 3.63, 95%CI: 1.15-11.41, p=0.027).

Discussion
DNA repair system has important role in carcinogenesis.
[6,9] Gene polymorphisms involved in DNA repair system 
lead to variation in DNA repair and they can change the 

sensitivity of individuals to cancer.[10,11] In previous studies 
it has been shown variable associations between polymor-
phisms in DNA repair genes and susceptibility to several 
types of cancer.[12–19] In this study, we aimed to evaluate to 
association between ERCC2, XPC, ERCC5 (involved in nu-
cleotide excision repair) gene polymorphisms and XRCC3 
(involved in the repair of double-stranded) gene polymor-
phism with presentation and clinical outcome of 58 pa-
tients with DLBCL.

Polymorphic alleles in genes involved in DNA repair are 
variable in different populations and in cancer types. The 
differences for prevalence in cancer types in different pop-
ulations may be due to the polymorphisms in DNA repair 
genes. Similarly, changes in response to similar treatments 
in different ethnic groups may be related with polymor-
phisms in DNA repair genes.

XPC protein allows early recognition of damage and intro-
duction of a nucleotide excision repair.[20,21] Polymorphism 
in DNA repair genes can change the capacity of organism 
in recognition of DNA damage and repair process. XPC 
Lys939Gln polymorphism results change in the glutamine 
instead of lysine at codon 939. XPC Lys939Gln polymor-
phism has been investigated in many cancers such as skin, 
lung, colorectal and bladder cancer and has been found 
to be associated with increased risk of cancer.[16,22–26] In 
our study, 18 of 58 patients had CC genotype for XPC Lys-
939Gln and 6 of these 18 patients had BM involvement 

Table 3. Distribution of gene polymorphisms of ERCC2, XPC, ERCC5 and XRCC3 according to Bone marrow involvement and B symptoms

			   Bone marrow involvement				    B Symptom

		  No		  Yes		  Total	 No		  Yes		  Total

		  n	 n	 %	 n	 %	 n	 n	 %	 n	 %

ERCC2
	 TT	 22	 2	 28.6	 24	 41.4	 13	 9	 31.0	 22	 37.9
	 TG	 21	 4	 57.1	 25	 43.1	 8	 14	 48.3	 22	 37.9
	 GG	 7	 1	 14.3	 8	 13.8	 2	 6	 20.7	 8	 13.8
ERCC5
	 CC	 35	 3	 42.9	 38	 65.5	 15	 19	 65.5	 34	 58.6
	 CG	 16	 3	 42.9	 19	 32.8	 9	 9	 31.0	 18	 31.0
	 GG	 0	 1	 14.3*	 1	 1.7	 0	 1	 3.4	 1	 1.7
XPC
	 CC	 12	 6	 85.7	 18	 31.0	 6	 9	 31.0	 15	 25.9
	 CA	 29	 1	 14.3	 30	 51.7	 16	 12	 41.4	 28	 48.3
	 AA	 10	 0	 0.0*	 10	 17.2	 2	 8	 27.6	 10	 17.2
XRCC3
	 CC	 8	 2	 28.6	 10	 17.2	 4	 4	 13.8	 8	 13.8
	 CT	 28	 2	 28.6	 30	 51.7	 11	 19	 65.5	 30	 51.7
	 TT	 11	 3	 42.9	 14	 24.1	 5	 6	 20.7	 11	 19.0

*p<0.05.
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Table 4. The average overall survival and disease-free survival and median overall survival according to risk factors

			   Exitus/Alive n/n	 % of Alive		  Overall survival (OS)			   Desease free survival (DFS)

					     Mean	 Medyan	 p*	 Mean	 Medyan	 p* 
					     (Month)	 (Month)		  (Month)	 (Month)

Stage								      
	 Stage 1		  4/11	 73.3	 85.8	 –		  84.5	 –
	 Stage 2 + 3		 11/18	 62.1	 79.8	 94.0		  77.4	 88.0
	 Stage 4		  6/4	 40.0	 49.6	 60.0	 0.150	 38.5	 33.0	 0.150
	 Stage								      
	 Stage 1 - 2		  9/18	 66.7	 82.2	 115.0		  80.7	 115.0	
	 Stage 3 - 4		  12/15	 55.6	 63.4	 70.0	 0.238	 58.6	 87.0	 0.454
Involvement								      
	 Nodal		  13/21	 61.8	 78.9	 94.0		  73.4	 88.0	
	 Extranodal		 9/15	 62.5	 77.4	 73.0	 0.748	 74.3	 115.0	 0.782
Bone marrow involvement
	 No	  	 18/33	 64.7	 81.6	 109.0		  77.4	 88.0	
	 Yes 		  4/3	 42.9	 49.8	 56.0	 0.069	 74.3	 115.0	 0.782
IPI								     
	 <=1		  9/23	 71.9	 90.5	 115.0		  85.6	 115.0	
	 >1		  13/13	 50.0	 59.6	 87.0	 0.023	 55.8	 87.0	 0.089
ERCC2								      
	 TT		  10/14	 58.3	 74.9	 94.0		  66.2	 88.0	
	 TG		  9/16	 64.0	 80.6	 87.0	 0.704	 79.4	 87.0	 0.627
	 GG		  3/5	 62.5	 59.5	 73.0	 0.921	 54.1	 –	 0.022
ERCC2								      
	 TT		  10/14	 58.3	 74.9	 94.0		  66.2	 88.0	
	 TG + GG		  12/21	 63.6	 78.4	 87.0	 0.773	 77.2	 87.0	 0.496
ERCC5								      
	 CC		  12/26	 68.4	 83.6	 109.0		  80.7	 115.0	
	 CG		  9/10	 52.6	 63.2	 87.0	 0.230	 57.1	 87.0	 0.213
	 GG		  1/0	 0.0	 56.0	 56.0	 0.133	 16.0	 16.0	 0.109
ERCC5								      
	 CC		  12/26	 68.4	 83.6	 109.0		  80.7	 115.0	
	 CG + GG		  10/10	 50.0	 62.7	 87.0	 0.177	 54.0	 87.0	 0.140
XPC								      
	 CC		  10/8	 44.4	 58.0	 60.0		  54.3	 33,0	
	 CA		  8/22	 73.3	 87.4	 94.0	 0.015	 81.5	 88.0	 0.026
	 AA		  4/6	 60.0	 93.9	 109.0	 0.218	 85.3	 115.0	 0.283
XPC								      
	 CC		  10/8	 44.4	 58.0	 60.0		  54.3	 33.0	
	 CA + AA		  12/28	 70.0	 88.5	 109.0	 0.017	 82.8	 88.0	 0.028
XRCC3								      
	 CC		  5/5	 50.0	 58.3	 70.0		  57.7	 68.0	
	 CT		  11/19	 63.3	 83.4	 109.0	 0.437	 76.7	 87.0	 0.322
	 TT		  5/9	 64.3	 70.5	 94.0	 0.420	 63.9	 88.0	 0.381
XRCC3								      
	 CC		  5/5	 50.0	 58.3	 70.0		  57.7	 68.0	
	 CT + TT		  16/28	 63.6	 80.6	 94.0	 0.429	 75.6	 88.0	 0.564
ERCC2 + ERCC5								      
	 ERCC2	 ERCC5								      
	 TT	 CC	 5/10	 66.7	 83.4	 109.0		  68.6	 –
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Table 4 (cont). The average overall survival and disease-free survival and median overall survival according to risk factors

			   Exitus/Alive n/n	 % of Alive		  Overall survival (OS)			   Desease free survival (DFS)

					     Mean	 Medyan	 p*	 Mean	 Medyan	 p* 
					     (Month)	 (Month)		  (Month)	 (Month)

	 TT	 G allele	 12/22	 64.7	 80.1	 94.0	 0.848	 78.8	 88.0	 0.720
	 G allele	 CC								      
	 GG	 GG	 5/4	 44.4	 53.6	 56.0	 0.172	 46.1	 16.0	 0.520
ERCC2 + ERCC5								      
	 TT	 CC	 5/10	 66.7	 83.4	 109.0		  68.6	 –	
	 TT	 G allele	 17/26	 60.5	 75.5	 87.0	 0.588	 73.5	 88.0	 0.926
	 G allele	 CC								      
	 GG	 GG								      
XPC + XRCC3								      
XPC	 XRCC3								      
	 CC	 CC	 4/1	 20.0	 31.0	 9.0		  30.2	 9.0	
	 CA	 T allele	 7/14	 66.7	 79.8	 .	 0.077	 78.9	 –	 0.093
	 A allele	 CC								      
	 AA	 TT	 11/21	 65.6	 84.9	 94.0	 0.001	 78.9	 88.0	 0.007
XPC + XRCC3								      
	 CC	 CC	 4/1	 20.0	 31.0	 9.0		  30.2	 9.0	
	 CA	 T allele	 18/35	 66.0	 82.7	 109.0	 0.004	 78.2	 88.0	 0.013
	 A allele	 CC								      
	 AA	 TT								      
XRCC3 + ERCC2								      
	 CC	 TT	 4/4	 50.0	 60.1	 9.0		  60.1	 9.0	
	 CT	 G allele	 9/15	 62.5	 77.2	 94.0	 0.650	 61.9	 68.0	 0.453
	 T allele	 TT								      
	 TT	 GG	 9/17	 65.4	 82.2	 87.0	 0.397	 80.8	 115.0	 0.308
XRCC3 + ERCC2								      
	 CC	 TT	 4/4	 50.0	 60.1	 9.0		  60.1	 9.0	
	 CT	 G allele	 18/32	 64.0	 79.7	 94.0	 0.591	 75.1	 88.0	 0.372
	 T allele	 TT
	 TT	 GG

P *Log Rank Test.

Table 5. Results of two cox regression models

	 Model 1			   Model 2

	 OR (95% CI)	 p		  OR (95% CI)	 p

Age	 0.99 (0.95–1.03)	 0.665	 Age	 0.99 (0.96–1.03)	 0.968
Stage (3 or 4)	 1.43 (0.43–4.78)	 0.555	 Stage (3 or 4)	 1.14 (0.36–3.52)	 0.820
Bone marrow involvement (+)	 1.02 (0.20–5.19)	 0.977	 Bone marrow involvement (+)	 1.34 (0.30–5.89)	 0.699
IPI (>1)	 2.16 (0.68–6.81)	 0.187	 IPI (>1)	 4.43 (1.32–14.84)	 0.016
XPC (AA)	 0.27 (0.08–0.86)	 0.027	 Co-expression of XPC and 
			   XRCC3 (At least one mutant)	 0.13 (0.29–0.58)	 0.008
XRCC3 (TT)	 0.67 (0.21–2.11) 	 0.508
ERCC2 (GG)	 0.77 (0.29–2.06)	 0.615	 Co-expression of ERCC2 and 
			   ERCC5 (At least one mutant)	 0.89 (0.30–2.84)	 0.896
ERCC5 (GG)	 1.40 (0.48–4.12)	 0.539

OR: Odds ratios; CI: Confidence interval.
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while only one of 40 patients with CA and AA genotype of 
XPC gene had BM involvement in first presentation. This 
finding suggests that XPC gene polymorphism may have a 
protective effect against BM involvement. Two Cox regres-
sion models were applied to determine independent fac-
tors affecting total survival and this model showed that AA 
genotype of the XPC gene is an independent factor that 
is associated with longer overall survival (OR:0.27, 95%CI: 
0.08-0.86, p=0.027).

Studies showing gene polymorphism and clinical outcome 
is relatively limited in lymphomas. In our previous study we 
showed the protective effect of ERCC5 Asp1104His poly-
morphism in B cell lymphomas and this effect was found to 
be more prominent in the male sex. Also, AA genotype of 
XPC gene in non-smoker group was found to be protective 
from the disease.[27]

It has been shown that glutathione S-transferase (GST) 
variant genotypes are unsuccessfull in detoxifying the car-
cinogenes and drug metabolites and these patients are 
more susceptible to the development of some cancers.
[28] GST polymorphisms in breast cancer has been studied 
and GG genotype and G allele for GSTP1 rs1695 gene have 
been found to be associated with poor response to chemo-
therapy and longer OS in patients with G allele compared 
to patients who had not G allele.[28]

The presence of GSTM1 / GSTT1 genotype has been found 
to be associated with poor response to chemotherapy.[29] 
Whereas in a trial from India failed to show relationship be-
tween GST and response to chemotherapy.[30] In another 
trial from China it has been found an association between 
GSTP1 Val/Val genotypes, absence of GSTM1 genotype and 
response to chemotherapy and survival time in breast can-
cer.[31] In these trials, inconsistent and contradictory data 
may be associated with ethnic differences, cancer type, 
stage of disease, variable exposure to carcinogenes in vari-
ous populations, the combination of sensitivity variants or 
most importantly the number of patients in these studies.

The limitations of our study is the relatively small number 
of patients and also the retrospective nature of study.

In conclusion; DNA repair gene polymorphisms change the 
function of proteins and this may cause to some diseases 
and also different response to therapy and clinical outcome 
in these diseases. DNA repair gene polymorphisms may be 
a prognostic and may be helpful in the design of individu-
alized treatment. Therefore more studies are needed in or-
der to better determine the relationship between polymor-
phisms of these genes and diseases.
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