
 

 

Introduction 
 
Numerous studies have shown that anti-
neoplastic drug effects are subject to significant 
inter-individual variability. Based on an abun-
dance of accumulated literature from twin stud-
ies, pre-clinical experimental data, clinical trials, 
biomarker-driven and epidemiologic studies, it 
is widely accepted that this variability is largely 
due to inherited genetic variation [1-3]. The aim 
of pharmacogenetics/genomics is to identify 
genetic predictors of treatment outcomes that 
would allow individualization of therapy for   

cancer patients.  
 
Identification of pharmacogenomic determi-
nants is especially needed for cancers with poor 
treatment outcomes. Acute myeloid leukemia 
(AML) in adult populations is associated with 
poor (approximately 20%) overall five-year  rela-
tive survival (OS) rates. Despite continuing ef-
forts to stratify AML patients according to prog-
nostic host and tumor characteristics, including 
crucial cytogenetic and molecular markers, and 
despite new pharmaceutical agents, outcome 
remains suboptimal [4]. Overall prognosis for 
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ing at least one variant allele may predict better treatment responses. If validated, these findings could support 
stratification of chemotherapy in secondary AML. 
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patients with secondary AML (sAML), including 
both AML following an antecedent hematologic 
disorder (AHD) and therapy-related acute mye-
loid leukemia (t-AML), is even worse, with an 
average life expectancy of eight to ten months 
from diagnosis [5,6]. Cytosine arabinoside   
(ARA-C), an antimetabolite, anthracyclines 
(daunorubicin, idarubicin) and etoposide are the 
most commonly used drugs in AML treatment. 
They have different mechanisms of action, in-
cluding inhibition of DNA synthesis, formation of 
irreversible complexes with topoisomerases, 
generation of free radicals and intracellular oxi-
dative damage, leading to accumulation of sin-
gle- and double-srand DNA breaks.  
 
Among the major DNA repair pathways, base 
excision repair (BER) is used for minor base 
alterations and non-bulky DNA adducts, while 
nucleotide excision repair (NER) is involved in 
fixing more complex DNA lesions such as bulky 
DNA adducts. The double-strand break repair 
(DSB) pathway repairs broken DNA strands by 
either homologous recombination (HR) or non-
homologous end joining (NHEJ) [7,8].  It has 
been noted previously that acquired resistance 
to alkylating agents, anthracyclines and epipo-
dophyllotoxins may develop as a result of en-
hanced DNA repair, NER repair in particular [9].  
 
Overall, more than 130 genes have been asso-
ciated with human DNA repair, and numerous 
studies have investigated associations between 
single nucleotide polymorphisms (SNPs) in 
nearly all DNA repair pathways and clinical out-
comes [10]. Variant alleles associated with less 
proficient DNA repair activity may lead to de-
creased repair of DNA damage in malignant 
cells, and thereby improve response to chemo-
therapy. However, compromised repair activity 
may also lead to accumulation of DNA damage 
in normal cells, leading to more profound treat-
ment-related toxicities in normal tissues, and 
may predispose towards secondary cancers. 
 
Germline variations in DNA repair activity of 
genes including those encoding the X-ray cross-
complementing group 1 (XRCC1) protein in the 
BER pathway and  the XPD protein in the NER 
pathway, may have a significant impact on AML 
patients’ response to treatment, including their 
induction chemotherapy outcomes, toxicity pro-
files and survival [10-13]. The XRCC1 codon 
399Gln homozygous variant genotype has been 
found to decrease risk of both de novo and        

t-AML, and has been associated with both poor 
and favorable survival outcomes for other can-
cers [14-17]. The variant XPD allele Lys751Gln 
SNP was associated with increased risk of ther-
apy-related AML (t-AML) as well as shorter dis-
ease-free survival (DFS) and OS for AML pa-
tients [18]. Additionally, AML chemotherapy is 
associated with a wide range of toxicities, the 
most serious of which are hematologic (myelo-
suppression), hematologic (myelosuppression), 
gastrointestinal, infectious, dermatologic [9,19], 
and there are few data on impact of DNA repair 
gene polymorphisms on treatment-related tox-
icities [20-23]. 
 
We previously reported on associations between 
AML and variant XPD genotypes in a cohort of 
elderly AML patients in a Southwest Oncology 
Group (SWOG) clinical trial. Those with the XPD 
751Gln/312Asp haplotype had significantly 
better odds of complete remission (CR), as well 
as significantly reduced risk of resistant disease 
[20].  Here we evaluated relationships between 
functional SNPs in XRCC1 Arg399Gln, ERCC2/
(XPD) Lys751Gln and ERCC2/ (XPD) Asp312Asn 
and patients’ responses to induction chemo-
therapy, chemotherapy-induced toxicities and 
OS in adult AML patients treated at Roswell 
Park Cancer Institute (RPCI). The latter patient 
population was larger and included a larger 
number of sAML patients, and thus therapeutic 
outcomes in sAML were investigated in this 
work. 
 
Materials and methods 
 
Patients 
 
The study population included 293 adult pa-
tients with de novo AML or sAML with all French-
American-British subtypes (FAB) other than M3 
or acute promyelocytic leukemia who were 
treated with ARA-C and anthracycline-based 
chemotherapy at RPCI between 1994 and 2006 
and had cryopreserved vials of pre-treatment 
marrow or peripheral blood cells available in the 
RPCI Leukemia Tissue Bank.  Among 79 (27%) 
patients with sAML, 57 had an AHD, 32 had t-
AML, and 10 had both. Patients were predomi-
nantly Caucasian (90%). For remission induc-
tion, 45% received standard-dose ARA-C, daun-
orubicin and etoposide, 23% received high-dose 
ARA-C and idarubicin, and 32% were enrolled in 
clinical trials and received experimental agents, 
including BCL-2 inhibitor, P-glycoprotein (P-gp) 
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modulators or arsenic trioxide in addition to ARA
-C and an anthracycline. Sixty-six patients (23%) 
underwent hematopoietic stem cell transplanta-
tion (HSCT), either allogeneic (n=41) or autolo-
gous (n=25), as part of their AML therapy. Clini-
cal information was obtained from the RPCI Leu-
kemia Section Database and from patients’ 
medical records. The study was approved by the 
RPCI Institutional Review Board.  
 
Data collection and analysis 
 
Data on patient and disease characteristics, 
toxicities of induction chemotherapy, and treat-
ment outcomes were collected and evaluated 
according to standard procedures. De novo AML 
and sAML patient subgroups were defined by 
absence or presence of AHD prior to AML diag-
nosis or t-AML. Complete remission (CR) was 
defined by normal peripheral blood cell counts, 
including absolute neutrophil count of 1x109/L 
or more, platelet count of 100x109/L or more, 
and less than 5% blasts in the peripheral blood 
or bone marrow (BM). Relapse was defined as 
reappearance of more than 5 % leukemic blasts 
in the bone marrow not attributable to any other 
cause. Overall Survival (OS) was measured from 
the date of treatment until death from any 
cause, with observation censored on the date 
the patient was last known to be alive. Relapse-
free survival (RFS) was measured from the date 
CR was achieved until the date of the first re-
lapse of AML or death from any cause, with ob-
servation censored on the date of last contact 
for patients without report of relapse. Clinical 
toxicity data during remission induction chemo-
therapy were abstracted from medical records. 
Severity of toxicities was graded 1 (mild) 
through 5 (fatal) according to the NCI Common 
Toxicity Criteria, version 3.0 (http://
ctep.cancer.gov/protocolDevelopment/electro-
nic_applications/docs/ctcaev3.pdf). For the 
analyses described here, induction chemother-
apy toxicities were combined into the following 
categories: genitourinary, gastrointestinal 
(including but not limited to: nausea/vomiting, 
diarrhea, oral mucositis, esophagitis), hepatic, 
pulmonary, cardiovascular, hemorrhage, derma-
tologic, neurologic, metabolic, hypersensitivity 
reactions and infectious complications. For 
each patient, the grade of toxicity assigned to 
an organ group was the maximum grade of all 
the specific toxicities within that group.  
 
Genotyping 
 

DNA was extracted from cryopreserved bone 
marrow samples using Gentra PureGene DNA 
extraction kits (Minneapolis, MN) and geno-
typed for SNPs in XRCC1 (rs25487) and XPD/
ERCC2 (codon 751, rs13181 and codon 312, 
rs1799793) by matrix-assisted laser desorp-
tion/ionization time of flight mass spectrometry 
(MALDI-TOF-MS) [24]. Polymerase chain reac-
tion amplification was performed using SNP-
specific primers (XPD312: F: 5’- ACGTTGGAT-
GACGACGC CCACCTGGCCAA - 3’ and R: 5’ – 
CGTTGGATGGG AGGCGGGAAAGGGACT – 3’; for 
XPD751: F: 5’- ACGTTGGATGAGCAGCTAGAATCA-
GAGGAG - 3’ and R: 5’- ACGTTGGATGCACCAG-
GAACCGTTTATG GC -3’ and for XRCC1: F: 5’- 
ACGTTGGAT GCAGGATAAGGAGCAGGGTTG - 3’ 
and R: 5’- ACG TTGGATGTAAGAGTGGGTGCTGG 
ACT -3’). Duplicate aliquots for approximately 
10% of the samples were randomly distributed 
throughout the plates for quality control pur-
poses. Controls for genotype and two ‘no tem-
plate’ controls were also included on each 
plate. All genotyping results were reviewed 
manually for quality control.  
 
Statistical analyses 
 
Chi-Square test statistics with 1 degree of free-
dom were used to test for deviation from Hardy-
Weinberg equilibrium for each polymorphism. 
The Estimation Haplotype (EH) genetic linkage 
utility program was used to evaluate possible 
linkage disequilibrium (LD) for the XPD SNPs 
located on chromosome 19q13.2-13.3. XPD 
haplotypes were coded as previously reported 
20: haplotype A=(Lys)751A/(Asp)312G; B=(Gln)
751C/(Asn)312A; C=(Lys)751A/(Asn)312A; and 
D=(Gln)751C/(Asp)312G. Data analysis was 
performed using SAS 9.1 software (SAS Insti-
tute, Cary, NC). Categorical distributions of pa-
tient, disease and outcome characteristics (age, 
sex, race, de novo vs. secondary AML onset, 
FAB type, WBC (white blood cell) count, treat-
ment outcomes, toxicity grades) were compared 
among genotypes and haplotypes using Chi-
square analysis, and Fisher’s exact tests when 
appropriate, with calculation of Monte-Carlo 
estimates for the exact p-vlaues across nine 
haplotype groups.  
 
Distributions of OS and RFS were estimated by 
Kaplan-Meier (KM) method and compared be-
tween genotypes/haplotypes by log-rank tests. 
Crude and adjusted unconditional logistic re-
gression (LR) models were run for the assess-
ment of relationships between CR, resistant 
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disease (RD) and genotype/haplotypes. Odds 
ratios (OR) and their 95% confidence intervals 
(CI) for the associations between DNA repair 
genotypes/haplotypes and CR were adjusted for 
age and WBC count (continuous), as well as 
cytogenetic group and HSCT treatment.  The 
prognostic cytogenetic groups were determined 
as favorable, intermediate, unfavorable as de-
scribed by Byrd  J. et al. from Cancer and Leuke-
mia Group B results [25]; a few patients with 
not known karyotype belonged to the ‘unknown’ 
cytogenetic prognostic group. The OR and their 
95% CI  for the associations between DNA re-
pair genoypes/haplotypes and CR were addi-
tionally adjusted for the type of induction che-
motherapy when RD outcome was modeled. 
Hazard ratios (HR) and their 95% confidence 
intervals (CI) for the associations between DNA 
repair genotypes/haplotypes and OS were ad-
justed for age and WBC count (continuous), as 
well as cytogenetic group and HSCT in the Cox 

proportional hazards regression analysis. Analy-
ses of treatment outcomes (CR, RD, OS) were 
stratified by de novo vs. secondary AML, except 
that statistical analysis between ungrouped XPD 
diplotypes and treatment outcomes was not 
stratified by AML onset due to small numbers. 
In order to make our current findings compara-
ble to the ones from the previous study, in the 
logistic regression and Cox proportional hazards 
models the grouping of XPD haplotypes into 
diplotype groups was performed in the same 
manner [20]. We also grouped the haplotypes 
by the number of variant alleles in order to ob-
serve any variant allele dose response relation-
ship and stratified the analysis by AML onset. 
Patients who underwent HSCT (n=41) were cen-
sored at the time of HSCT for all RFS analyses. 
Unconditional and polytomous logistic regres-
sion analysis of toxicities in relation to geno-
type/haplotype group was performed. For the 
unconditional regression analysis, toxicity out-

Table 1.  Summary of selected patient and disease characteristics  

 

Characteristic Description No. % 
Sex Female 135 46 
  Male 158 54 
Race/Ethnicity Asian 3 1 
  Black 15 5 
  Hispanic, NOS 6 2 
  White, non-Hispanic 264 90 

  Other/unknown 5 2 
AML Onset de novo 214 73 
  Secondary 79 27 
Cytogenetic Favorable 20 7 
Risk Group Intermediate 149 51 
  Unfavorable 96 33 
  Unknown 28 10 
FAB Type M0 17   6 
  M1 65 22 
  M2 125 43 
  M4 51 17 
  M5 13 4 
  M6 12 4 
  M7 2 1 
  Other AML 8 3 
    Median Min – Max 
Age, yrs   65 20 - 85 
Marrow Blasts (%)   62 0 – 98 
WBC (X1000/μL)   19.03 0.43 – 555 
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comes were dichotomized (grades 3-5 versus   
0-2). For each gene and each organ group, poly-
tomous logistic regression analyses were per-
formed to test whether the distributions of high-
est toxicity grade varied among genotypes (each 
of these analyses excluded patients with only 
toxicities of unknown grade). These analyses 
treated each patient’s maximum grade of a 
given type of toxicity as an ordinal response 
variable.  
 
Results 
 
Patient and disease characteristics are shown 
in Table 1. Median age was 65 years, with ap-
proximately equal numbers of men and women. 
Seventy-nine (27%) patients had sAML. Out-
comes of remission induction therapy in the 
293 patients included CR in 157 (53%), RD in 
83 (28%), death in 50 (17%) and unknown due 
to lack of BM evaluation in three. Most patients 
(256, or 87%) experienced grade 3-5 toxicities 
of one or more organ systems during remission 
induction therapy. The most common grade 3-5 
toxicities were infectious in 151 (52%) patients, 
pulmonary in 30%, cardiac in 27%, metabolic in 
26%, dermatologic in 23%, neurologic in 17%, 
genitourinary in 16%, diarrhea in 15% and mu-
cositis in 14%. Outcomes correlated with previ-
ously established adverse prognostic factors for 
AML, including unfavorable cytogenetic group, 
secondary AML and age 60 years and greater 
26-28 (log rank p<0.0001). OS and RFS did not 

differ by race (White non-Hispanic vs. others), 
gender, or FAB types (data not shown), but OS 
differed significantly for standard versus high-
dose cytarabine induction regimens with or with-
out inclusion of investigational drugs 
(p<0.0001) and HSCT (p<0.0001). 
 
Final sample sizes were 289 for the XRCC1 
SNP, 288 for the XPD codon 751 SNP, 277 for 
the XPD codon 312 SNP and 273 patients for 
XPD haplotypes due to DNA amplification fail-
ure. All genotypes were in Hardy Weinberg equi-
librium. DNA repair genotype/haplotypes did not 
differ significantly by age, WBC count or cytoge-
netic risk groups, remission induction outcomes 
or toxicity grades (data not shown). Significant 
differences were observed for XPD312 geno-
types by AML onset (p=0.02), and for XPD312 
and XPD751 distributions by race (p=0.01 and 
p=0.003, respectively), though the latter obser-
vations may be due to small numbers of non-
Caucasian patients.  
 
There were no significant associations between 
XRCC1 genotypes or XPD diplotypes and OS 
(Figures 1 and 2) or RFS (data not shown). 
Though we previously found that the DA XPD 
diplotype was associated with better treatment 
outcomes, OS did not differ among XPD haplo-
type group categories including DA as a sepa-
rate diplotype group (Figure 3).  
 
Table 2 displays associations between CR and 

Figure 1. Overall survival by DNA repair XRCC1 Arg399Gln genotypes (rs25487). Referent genotype – GG, variant 
genotype – AA. No differences by XRCC1 genotypes were observed (Log-Rank P-value=0.58). 
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Figure 2. Overall survival by ERCC2 Lys751Gln genotypes (rs13181).  Referent genotype – AA, variant genotype – CC. 
No differences by XPD, codon 751, genotypes were observed (Log-Rank P-value=0.93). 

Figure 3.  Overall survival by ERCC2 Asp312Asn genotypes (rs1799793). Referent genotype – GG, variant genotype – 
AA. No differences by XPD, codon 312, genotypes were observed (Log-Rank P-value=0.74). 
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OS and XRCC1 and XPD genotypes. Significantly 
increased odds of CR were associated with one 
or both variant XPD751 genotypes (OR 2.05; 
95% CI, 1.20-3.52 for AC+CC). Patients with 
sAML and any of the variant genotypes had 
highly significant greater odds of achieving CR 
(OR=8.42 [2.08-34.01] for AC+CC). Similar 
trends were observed for the XPD312 geno-
types: in the overall AML RPCI cohort the odds 
of achieving CR in homozygous variant AA geno-
type carriers were 4 times higher than in those 
with the common GG genotype (OR 4.34, [1.80-
10.48], and within the sAML subgroup, odds 
were 11-fold higher (OR 11.23, 95% CI, 2.23-
56.63). Variant XPD312 (GA, AA, GA+AA) and 
XPD751 (CC, AA+CC) genotypes predicted sig-
nificantly lower hazards of death among pa-
tients with sAML, with OR 0.39 [0.20-0.79] and 
OR 0.46 [0.23-0.88] for the XPD312 Asn/Asn 
(or AA) genotype and XPD751 Gln/Gln (or CC) 
genotypes, respectively. In the sAML subgroup 
there were inverse associations between risk of 
RD and the AC XPD751 gene polymorphism 
(OR=0.28 [95% CI, 0.08-0.88]), but no other 
significant associations with RD were seen 
(data not shown).  
 
Associations between CR, RD, OS and XPD hap-
lotypes are presented in Table 3. Because of 
the limited number of CRs in each of the seven 
ungrouped XPD diplotypes (and CC and DD were 
excluded due to their small numbers), these 
analyses were not stratified by AML onset.  The 
AA diplotype (with all common genotype alleles 
for both XPD polymorphisms) was used as the 
referent category. The BB diplotype (containing 
all variant alleles of both XPD genotypes) was 
the best predictor of CR achievement (OR=4.53, 
95% CI, 1.60-12.87). When a joint analysis was 
performed grouping haplotypes by number of 
variant alleles, no clear effect was observed. 
However, the DC diplotype with two variant al-
leles was associated with a 2-fold increase in 
CR odds (OR=2.00, 95% CI 1.04-3.83), and pa-
tients with the BB diplotype (with four variant 
alleles) had the highest CR odds, as mentioned 
above. Signficantly higher CR odds were not 
observed in patients with the DA diplotype and/
or the D haplotype-containing diplotype group 
(DA, DB, DC, DD), and XPD haplotypes were not 
associated with RD.  
 
Table 4 presents results for XPD diplotype 
groups, stratified by AML onset. In these analy-
ses, the DC and BB diplotypes emerged as pre-
dictors of better CR and OS: The AA group 

served as the referent and consisted of all com-
mon XPD alleles. As mentioned above, there 
was a 4.56-fold increase in odds of CR in the BB 
group, likely associated with deficient DNA re-
pair. The associations were not significant in de 
novo AML, but among sAML patients an 18.31-
fold higher CR rate [OR=18.31, 95% CI, 2.08-
283.57] was observed in the BB group; due to 
small numbers (7 patients with CR in BB diplo-
type category) the exact conditional probabilities 
were calculated in the logistic regression model 
for these estimates. Overall Survival in the BB 
group was also longer among sAML patients 
only [HR=0.31, 95% CI, 0.14-0.73]. Compared 
to the AA diplotype, a significantly higher CR 
rate was also observed in the DC//CC/DD 
group, but results were only significant in sAML 
(OR=6.35, 95% CI, 1.14-47.16). Since there 
were only one patient with CC diplotype (who 
had de novo AML and achieved CR) and three 
patients with DD diplotype (two with sAML who 
failed to achieve CR and one with de novo onset 
who achieved CR), the DC diplotype most likely 
contributes to these findings. OS in the DC/CC/
DD group was also longer among sAML patients 
only [HR=0.44, 95% CI, 0.23-0.87]. No evident 
associations were noted for RD (results not 
shown).  
 
Tables 5 and 6 present polytomous regression 
results of toxicity categories in relation to 
XRCC1 and XPD genotypes/haplotypes. Analy-
ses of toxicities by haplotypes were limited to 
combined haplotype categories due to small 
numbers. As shown in Table 5, the homozygote 
variant XPD genotypes C751C and A312A were 
both associated with significantly reduced risks 
of nausea/vomiting [OR=0.47 (.23-0.94) and 
OR=38 (0.17-0.81), respectively]. The BB diplo-
type was associated with a three-fold reduction 
in risk of nausea/vomiting (OR 0.31; 95% CI, 
0.11-0.79), and  the heterozygote XPD geno-
types A751C and G312A were both associated 
with increased risk of infectious complications 
[OR=1.71 (1.05-2.78) and OR=1.68 (1.03-
2.76), respectively]. The DC diplotype group was 
also associated with increased risk of infectious 
complications (OR=1.77, 95%CI: 1.02-3.11). 
The XRCC1 variant genotypes were associated 
with metabolic and pulmonary toxicities (Table 
6). 
 
Discussion 
 
In this study, we evaluated the role of XPD and 
XRCC1 gene polymorphic variation in response 
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* CR and OS estimates are adjusted for the following covariates: age, cytogenetic group, white blood cell count, HSCT 
** Referent genotype  

Polymorphism 

            Complete Remission (CR) *  

Total  CR, Overall 
 

     CR in  de novo AML CR in Secondary AML 
N OR CI N OR CI N OR CI 

XRCC1  
Arg399Gln:           GG**  137 73 

 
1.00 

 
--- 106/64 1.00 --- 31/9 

 
 1.00 

 
--- 

GA 123 66 1.05 0.60 -- 1.83 84/53 1.01 0.53 --1.95 39/13 1.10 0.35 -- 3.46 
AA 29 15 1.03 0.42 --  2.50 20/10 0.65 0.23 -- 1.86 9/5 2.56 0.44 -- 14.79 

GA or AA 152 81 1.05 0.62 -- 1.77 104/63 0.92 0.50 --1.70 48/18 1.29 0.43 -- 3.86 

Total 289 154         
XPD  
Lys751Gln:        AA** 125 57 

 
1.00 

 
--- 93/52 

 
1.00 

 
--- 32/5 1.00 --- 

AC 118 68 2.00 1.12 -- 3.56 90/55 1.39 0.72 -- 2.67 28/13 9.52 2.10 -- 43.12 
CC 45 27 2.22 1.00 --  4.91 27/19 1.68 0.61 --  4.60 18/8 7.07 1.42 -- 35.18 

AC or CC 163 95 2.05 1.20 -- 3.52 117/74 1.44 0.78 -- 2.68 46/21 8.42 2.08 -- 34.01 

Total 288 152         
XPD  
Asp312Asn:     GG** 127 60 

 
1.00 

 
--- 93/53 

 
1.00 --- 34/7 1.00 --- 

                        GA 113 64 1.54 0.86 -- 2.75 90/54 1.24 0.64 -- 2.40 23/10 3.39 0.89 -- 12.85 
                        AA 37 26 4.34 1.80 --10.48 21/16 2.97 0.95 --9.23 16/10 11.23 2.23 -- 56.63 

GA or AA 150 90 1.98 1.15 -- 3.40 111/70 1.47 0.79 -- 2.75 39/20 5.19 1.54 -- 17.51 

Total 277 150         

 Overall Survival (OS) 

Polymorphism 
Total 

N 

OS OS in de novo AML OS in Secondary AML 

Deaths HR CI Deaths HR CI Deaths HR CI 
XRCC1  
Arg399Gln:         GG 137 107 

  
1.00 

 
--- 78 

 
 1.00 

 
--- 29 

 
 1.00 

 
--- 

                      GA 123 97 0.96 0.72 – 1.27 62 1.05 0.75 – 1.48 35 0.84 0.48 – 1.46 

                             AA 29 20 0.77 0.48 –1.25 12 0.89 0.48 – 1.64 8 0.56 0.23 – 1.35 

                  GA or AA 152 117 0.92 0.70 – 1.20 74 1.02 0.74 – 1.40 43 0.78 0.46 – 1.33 

                          Total 289 224   152   72   

XPD  
Lys751Gln:         AA 125 99 

 
 

 1.00 

 
 

--- 69 

 
  

1.00 

 
 

--- 30 

 
 

 1.00 

 
 

--- 
                            AC 118 91 0.86 0.65 – 1.15 65 1.00 0.71 – 1.41 26 0.59 0.34 – 1.04 
                            CC 45 35 0.81 0.54 – 1.21 20 1.15 0.69 – 1.92 15 0.46 0.24 – 0.88 
                 AC or CC 163 126 0.85 0.65 – 1.11 85 1.03 0.75 – 1.42 41 0.53 0.32 – 0.88 

                         Total 288 225   154   71   
XPD  
Asp312Asn:        GG 127 94 1.00 --- 62 

 
1.00 --- 32 1.00 --- 

                            GA 113 91 1.01 0.76 – 1.36 71 1.32 0.93 – 1.86 20 0.48 0.26 – 0.86 

                            AA 37 29 0.77 0.50 – 1.19 15 1.09 0.61 – 1.93 14 0.39 0.20 – 0.79 

                GA or AA 150 120 0.95 0.72 – 1.25 86 1.27 0.91 – 1.77 34 0.44 0.26 – 0.75 

                         Total 277 214   148   66   

Table 2.  Associations between Complete Remission, Overall Survival and DNA Repair Gene Polymorphisms
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Table 3.  Associations between Treatment Outcomes and  XPD Haplotypes*  

 

 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

*  Haplotypes: A=Lys751A/Asp312G; B=Gln751C/Asn312A; C=Lys751A/Asn312A;     
     D=Gln751C/Asp312G; Haplotype frequencies: A=0.424; B=0.121; C=0.211; D=0.242 
 
CR and OS estimates are adjusted for the following covariates: age (continuous), AML onset (de novo vs. secondary), cytogenetic group 
(favorable, intermediate, unfavorable, unknown), peripheral white cell count (continuous), type of HSCT (allogenic, autologous, none); RD 
estimates are adjusted for: age, AML onset, cytogenetic group, induction therapy, HSCT 
     ** Referent haplotype or haplotype category 
        OR = estimated odds ratio, HR = estimated hazard ratio, CI = 95% confidence interval 
  † Haplotypes CC (n=1) and DD (n=3) were excluded from this analysis because of small numbers 
    OR = estimated odds ratio, HR = estimated hazard ratio, CI = 95% confidence interval. 

 
 

XPD  
Haplotype Total N 

Complete Response Resistant Disease Overall Survival 

N OR CI N OR CI 
N of 
Deaths HR CI 

  AA** 105 48 1.00 --- 31 1.00 --- 80 1.00 --- 

AC 11 4 0.84 0.19 -- 3.63 6 2.35 0.61 -- 9.09 10 1.21 0.62 -- 2.36 

BB 24 17 4.53 1.60 --12.87 6 0.66 0.23 -- 1.88 19 0.71 0.42 -- 1.19 

BC 10 6 3.58 0.81 -- 15.81 2 0.40 0.08 -- 2.09 8 0.92 0.44 -- 1.92 

DA 18 10 2.05 0.64 -- 6.54 4 0.63 0.19 -- 2.15 12 0.74 0.40 -- 1.36 

DB 16 9 0.82 0.21 -- 3.17 4 1.14 0.31 -- 4.14 12 1.15 0.62 -- 2.14 

DC† 85 50 2.00 1.04 -- 3.83 22 0.73 0.37 -- 1.45 68 0.90 0.65 -- 1.25 

AA  
(‘0’ variant alleles) 105 48 1.00 --- 31 1.00 --- 80 1.00 --- 

AC/DA  
(1 variant allele) 29 14 1.45 0.57 -- 3.70 10 1.09 0.43 – 2.73 22 0.90 0.56 -- 1.45 

CC/DD/DC  
(2 variant alleles) 89 52 2.00 1.05 -- 3.79 24 0.75 0.38 -- 1.48 71 0.89 0.65 -- 1.24 

BC/DB  
(3 variant alleles) 26 15 1.62 0.57 -- 4.59 6 0.71 0.25 -- 2.05 20 1.04      0.63 -- 1.72 

BB  
(4 variant alleles) 24 17 4.56 1.60 --12.95 6 0.65 0.23 -- 1.86 19 0.71      0.42 -- 1.18 

  AA** 105 48 1.00 --- 31 1.00 --- 80 1.00 --- 

DA 18 10 2.05 0.64 -- 6.53 4 0.63 0.19 -- 2.16 12 0.74 0.40 -- 1.36 

 DC  85 50 2.00 1.04 -- 3.83 22 0.72 0.36 -- 1.44 68 0.90 0.65 -- 1.25 

Other 65 38 2.20 1.08 -- 4.48 20 0.91 0.45 -- 1.86 52 0.90 0.63 -- 1.30 

AA/AC/BB/BC/CC 151 76 1.00 --- 45 1.00 --- 118 1.00 --- 

DA/DB/DC/DD 122 70 1.27 0.74 -- 2.16 32 0.84 0.48 -- 1.49 94 0.95 0.72 -- 1.25 

Total 273 146   77   212   
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 Table 4.  Associations between treatment outcomes and XPD haplotypes, effect of AML onset  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

* N1=number of CR/deaths with certain haplotype 
** models adjusted for age, cytogenetic group, AML onset (if not stratified), HSCT, WBC count 
†  Exact OR and CR are calculated; ††p-value=0.02 (DC), 0.05 (Other), 0.03 (CC/DD/DC), 0.004 (BB) accordingly 
 

Haplotype group Total N 
CR in  de novo AML CR in secondary AML 

N1* 
OR/ 
HR CI N1* 

OR/ 
HR CI 

AA/AC/BB/BC/CC 151 62 1.00 --- 14 1.00 --- 

DA/DB/DC/DD 122 58 1.08 0.58 -- 2.02 12 1.92 0.64 -- 5.75 

Total 273 120   26   

  AA** 105 43 1.00 --- 5† 1.00 --- 

 DA  18 8 1.25 0.34 – 4.64 2† 10.55 0.45 – 287.48 

DC 85 41 1.42 0.68 – 2.45 9†† 7.73 1.36 – 59.24 

Other 65 28 1.79 0.75 – 4.26 10†† 5.05 0.98 – 34.50 

AA  
(‘0’ variant alleles) 105 43 1.00 --- 5† 1.00 --- 

AC/DA  
(1 variant allele) 29 12 1.13 0.39 – 3.29 2† 4.32 0.24 – 72.29 

CC/DD/DC  
(2 variant alleles) 89 43 1.52 0.73 – 3.13 9†† 6.35 1.14 – 47.16 

BC/DB  
(3 variant alleles) 26 12 1.28 0.34 – 4.78 3† 2.99 0.31 – 28.12 

BB  
(4 variant alleles) 24 10 2.54 0.70 – 9.21 7†† 18.31 2.08 – 283.57 

  OS in  de novo AML OS in secondary AML 

AA/AC/BB/BC/CC 151 77 1.00 --- 41 1.00 --- 

DA/DB/DC/DD 122 70 1.06 0.77 – 1.47 24 0.70 0.41 – 1.21 

Total 273 147   65   

  AA** 105 55 1.00 --- 25 1.00 --- 

DA 18 7 0.69 0.31 -- 1.52 5 0.62 0.21-- 1.83 

 DC 85 54 1.15 0.79 -- 1.68 14 0.41 0.20 -- 0.83 

Other 65 31 1.33 0.79 -- 2.23 21 0.61 0.30 -- 1.23 

AA  
(‘0’ variant alleles) 105 55 1.00 --- 25 1.00 --- 

AC/DA  
(1 variant allele) 29 14 0.94 0.52 – 1.69 8 0.60 0.25 – 1.45 

CC/DD/DC  
(2 variant alleles) 89 55 1.13 0.78 – 1.65 16 0.44 0.23 – 0.87 

BC/DB  
(3 variant alleles) 26 12 1.40 0.73 – 2.68 8 0.58 0.25 -- 1.35 

BB  
(4 variant alleles) 24 11 1.09 0.56 -- 2.11 8 0.31 0.14 -- 0.73 
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Table 5.  Results of polytomous logistic regression (LR) analysis on DNA repair genotypes/haplotypes and selected toxicity categories†      
             
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

†  ORs and 95% CI from polytomous logistic regression models are adjusted for induction treatment regimen and age 

* GI toxicity includes: nausea/vomiting, oral mucositis, diarrhea, esophagitis/dysphagia, other 
** referent genotype       
 

 Gene Genotype Patients Nausea Vomiting  Oral Mucositis  Diarrhea  GI toxicity*  Skin Toxicity  Infections  
    No % OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI 

XRCC1 GG   137 46.8 1 --- 1 --- 1 --- 1 --- 1 --- 1 --- 
 GA   123 41.9 0.90 0.56 – 1.44 0.82 0.52 – 1.27 0.88 0.56 – 1.38 0.88 0.56 – 1.37 0.90 0.57 – 1.43 0.91 0.58 – 1.44 

 AA   29   9.9 0.97 0.45 – 2.04 1.18 0.57 – 2.44 0.85 0.41 – 1.76 0.96 0.47 – 1.93 0.83 0.39 – 1.71 0.76 0.35 – 1.62 

 GA or AA 152  0.91 0.58 – 1.43 0.89 0.58 – 1.35 0.87 0.57 – 1.34 0.89 0.59 – 1.36 0.89 0.58 – 1.37 0.88 0.57 – 1.36 

XPD AA** 125 42.7 1 --- 1 --- 1 --- 1 --- 1 --- 1 --- 
Lys751Gln AC 118 40.3 0.92 0.56 – 1.49 0.77 0.48 – 1.22 0.85 0.53 – 1.35 0.77 0.49 – 1.23 0.98 0.60 – 1.58 1.71 1.05 – 2.78 

 CC  45 15.4 0.47 0.23 – 0.94 1.20 0.64 – 2.24 0.73 0.37 – 1.41 0.94 0.50 – 1.77 1.33 0.70 – 2.50 1.22 0.64 – 2.30 
 AC or CC 163  0.77 0.49 – 1.21 0.87 0.57 – 1.34 0.82 0.53 – 1.26 0.82 0.53 – 1.25 1.07 0.69 – 1.67 1.54 0.99 – 2.43 

XPD GG** 127 43.3 1 --- 1 --- 1 --- 1 --- 1 --- 1 --- 
Asp312Asn GA 113 38.6 1.04 0.63 – 1.72 1.09 0.68 – 1.75 1.01 0.63 – 1.62 1.11 0.70 – 1.78 0.91 0.56 – 1.49 1.68 1.03 – 2.76 
 AA 37 12.6 0.38 0.17 – 0.81 0.99 0.51 – 1.90 0.64 0.31 – 1.33 0.83 0.42 – 1.63 1.57 0.79 – 3.12 1.39 0.70 – 2.76 

 GA or AA 150  0.81 0.51 – 1.29 1.06 0.69 – 1.64 0.91 0.58 – 1.41 1.03 0.67 – 1.59 1.05 0.67 – 1.65 1.60 1.02 – 2.53 

XPD All other 151 55.3 1 --- 1 ---         

haplotype D-group 122 44.7 1.23 0.76-1.97 0.87 0.56-1.76 0.97 0.61—1.52 0.92 0.59—1.43 0.86 0.54—1.35 1.26 0.80—2.00 

 AA 105 38.5 1 --- 1 ---         

 DA 18 6.6 0.87 0.33-2.26 0.86 0.34-2.12 0.79 0.31—1.93 0.86 0.36—2.11 0.59 0.22—1.48 0.71 0.26—1.86 
 DC 85 31.1 1.08 0.61-1.89 0.86 0.50-1.46 0.92 0.54—1.57 0.91 0.54—1.54 0.99 0.57—1.72 1.77 1.02—3.11 
 Other 65 23.8 0.49 0.26-0.91 1.26 0.72--2.21 0.79 0.43—1.42 1.00 0.56—1.77 1.20 0.67—2.15 1.38 0.77--2.47 

 AA 105 38.5 1 --- 1 ---         
 DA/AC 29 10.6 0.85 0.39-1.86 1.24 0.60—2.59 0.99 0.46—2.08 1.21 0.58—2.53 0.64 0.29—1.39 0.94 0.42—2.04 

 DD/CC/DC 89 32.6 1.06 0.61-1.85 0.82 0.48—1.40 0.91 0.54—1.55 0.85 0.50—1.43 1.08 0.63—1.86 1.73 1.00—3.01 

 DB/BC 26 9.5 0.57 0.24-1.31 1.19 0.52—2.72 0.90 0.39—2.05 0.97 0.42—2.24 0.82 0.36—1.83 1.50 0.66—3.39 
 BB 24 8.8 0.31 0.11-0.79 1.21 0.56—2.61 0.53 0.21—1.27 0.92 0.42—2.07 1.60 0.69—3.68 1.30 0.57—2.93 
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Table 6.  Results of polytomous LR analysis on DNA repair genotypes/haplotypes and selected toxicity categories (cont.) † .     

             
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

†  ORs and 95% CI from polytomous logistic regression models are adjusted for induction treatment regimen and  age 

** referent genot

 Gene Genotype Patients Cardiac  Pulmonary Genitourinary Neurologic Metabolic  Overall Toxicity 
    No % OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI   

XRCC1 GG   137 46.8 1 --- 1 --- 1 --- 1 --- 1 --- 1 --- 

 GA   123 41.9 1.42 0.88 – 2.28 1.78 1.09 – 2.94 1.20 0.67 – 2.14 1.13 0.67 – 1.89 1.11 0.71 – 1.73 1.24 0.79 – 1.97 
 AA   29   9.9 1.47 0.69 – 3.05 1.71 0.78 – 3.69 0.41 0.09 – 1.31 1.02 0.42 – 2.30 2.38 1.15 – 4.96 1.00 0.46 – 2.15 

 GA or AA 152  1.43 0.92 – 2.24 1.77 1.11 – 2.85 1.03 0.59 – 1.81 1.10 0.68 – 1.80 1.28 0.84 – 1.95 1.19 0.77 – 1.85 

XPD AA** 125 42.7 1 --- 1 --- 1 --- 1 --- 1 --- 1 --- 

Lys751Gln AC 118 40.3 1.24 0.76 – 2.02 1.05 0.64 – 1.75 0.94 0.51 – 1.73 1.20 0.70 – 2.07 0.93 0.58 – 1.48 1.03 0.63 – 1.67 
 CC  45 15.4 1.04 0.53 – 1.99 1.01 0.49 – 2.02 0.76 0.30 – 1.77 1.21 0.58 – 2.47 0.69 0.37 – 1.27 0.56 0.29 – 1.09 
 AC or CC 163  1.18 0.75 – 1.85 1.04 0.65 – 1.67 0.89 0.50 – 1.58 1.20 0.73 – 1.99 0.85 0.55 – 1.31 0.87 0.56 – 1.37 

XPD GG** 127 43.3 1 --- 1 --- 1 --- 1 --- 1 --- 1 --- 
Asp312Asn GA 113 38.6 1.08 0.65 – 1.78 0.91 0.55 – 1.52 0.73   0.37 – 1.40 1.02 0.59 – 1.76 0.88 0.55 – 1.42 1.05 0.64 – 1.71 

 AA 37 12.6 0.95 0.46 – 1.90 0.79 0.36 – 1.68 1.06 0.43 – 2.43 1.25 0.58 – 2.62 0.86 0.45 – 1.65 0.70 0.35 – 1.39 
 GA or AA 150  1.04 0.66 – 1.65 0.88 0.55 – 1.42 0.81 0.45 – 1.47 1.07 0.65 – 1.78 0.88 0.57 – 1.35 0.94 0.60 – 1.49 

XPD All other 151 55.3             
haplotype D-group 122 44.7 1.08 0.68—1.73 1.01 0.62—1.63 0.76 0.41—1.39 0.94 0.56—1.57 0.79 0.50—1.24 0.95 0.60—1.51 

 AA 105 38.5             
 DA 18 6.6 1.12 0.44—2.77 0.68 0.24—1.78 1.56 0.50—4.44 1.08 0.37—2.93 1.26 0.50—3.15 0.68 0.26—1.78 
 DC 85 31.1 1.20 0.68—2.12 0.97 0.55—1.71 0.64 0.30—1.36 1.09 0.59—2.01 0.83 0.48—1.42 1.01 0.59—1.77 

 Other 65 23.8 0.99 0.54—1.80 0.82 0.43—1.55 1.13 0.52—2.37 1.06 0.54—2.03 0.90 0.52—1.58 0.73 0.40—1.32 

 AA 105 38.5             

 DA/AC 29 10.6 1.22 0.57—2.59 0.62 0.26—1.39 1.50 0.58—3.68 1.02 0.41—2.37 1.55 0.74—3.27 0.88 0.40—1.94 
 DD/CC/DC 89 32.6 1.23 0.70—2.15 0.96 0.55—1.69 0.67 0.31—1.40 1.06 0.58—1.95 0.79 0.46—1.34 0.96 0.55—1.66 
 DB/BC 26 9.5 0.58 0.21—1.43 0.95 0.35—2.37 1.75 0.61—4.74 0.69 0.23—1.78 0.90 0.42—1.94 0.76 0.32—1.77 

 BB 24 8.8 1.20 0.51—2.72 0.88 0.34—2.37 0.64 0.17—1.92 1.71 0.70—4.09 0.74 0.33—1.63 0.64 0.28—1.47 
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to induction chemotherapy, toxicities and sur-
vival in a population of 293 predominantly Cau-
casian adult patients treated for AML. We found 
that the strongest predictors of CR were Asn/
Asn codon 312 XPD genotypes and BB diplotype 
(751Gln/312Asn-751Gln/312Asn). 
 
Variant DNA sequence in ERCC2/XPD gene 
codons 312 and 751 is associated with im-
paired DNA repair activity 29-31. In accordance, 
Morvan et al.32 showed that ERCC2 expression 
in the NCI-60 tumor cell line panel was associ-
ated with reduced DNA NER activity, and en-
hanced drug cytotoxicity. If variant alleles of 
NER-related polymorphisms are associated with 
less proficient DNA repair activity, they may lead 
to decreased repair of DNA damage in malig-
nant cells, facilitating their apoptosis. Hence, 
less resistance to chemotherapy and better 
odds of achieving CR can be anticipated, as well 
as longer survival of patients. Furthermore, 
compromised repair activity may lead to accu-
mulation of more DNA damage, leading to more 
profound treatment-related toxicities in normal 
tissues, and may predispose towards secondary 
cancers.  
 
Our findings at least partially confirm the above 
hypothesis. First, we observed significantly 
higher CR rates after induction chemotherapy 
for AML in association with variant codon 312 
and codon 751 XPD gene polymorphisms, as 
well as diplotypes containing variant alleles (BB, 
DC). Highly significant increased CR odds were 
observed among sAML patients with variant 
allele genotypes/haplotypes in the two studied 
XPD polymorphisms. In particular, in the BB dip-
lotype group, patients had 18.31 times higher 
chance of achieving CR (95% CI, 2.0-283.57) 
compared to the AA diplotype category. In re-
gard to OS, lower hazards of dying were associ-
ated with variant XPD genotypes or XPD haplo-
type group, containing variant alleles, in the 
sAML subgroup.  
 
The reasons for the association of variant XPD 
genotypes and haplotypes and better treatment 
outcomes in sAML, but not de novo AML, are 
not fully understood. These results could reflect 
germ-line XPD alleles that predispose toward 
development of MDS or t-AML by compromised 
DNA repair activity and resultant accumulation 
of mutations. The same alleles may then predict 
better reponse to chemotherapy by virtue of 
less proficient repair of cytotoxic damage. It is 

unclear whether the association described is 
direct or indirect.  In a direct association, the 
SNPs studied here would directly govern the 
responses to agents in the AML cells. In a direct 
association, the SNPs should play a similar role 
in de novo and secondary AML cells, but this 
was not the case, suggesting that other modifier 
elements likley had an impact.  Zijno et al. [33] 
demonstrated that healthy volunteers with XPD 
751 Gln/Gln genotype had  a 4.55-fold higher 
rate of sister chromatid exhanges per cell than 
individuals with Lys/Lys genotype. In addition, 
Allan et al. [18], had previously reported that 
the Gln/Gln genotype XPD751 polymorphism 
was associated with a 2.22-fold increased risk 
of t-AML development among patients treated 
with chemotherapy only [18]. In that study, how-
ever, Lys/Lys de novo patients had a better sur-
vival, which we cannot confirm. In another UK 
study by Seedhouse et al. [14], sAML was not 
associated with XPD genotypes, but carrying at 
least one variant XRCC1 399Gln allele pre-
dicted a lower risk of t-AML. Investigators from 
the Children’s Oncology Group, however, did not 
observe any associations of XPD with outcome 
in children with AML [34]. In our previous analy-
sis of the same XRCC1 and XPD genotypes in 
relation to clinical outcomes of a smaller-sized 
AML patient population from SWOG clinical tri-
als (n=200), we did not observe significant as-
sociations with XPD variant genotypes. How-
ever, the ‘D’ (751Gln/312Asp) haplotype was 
associated with 4-fold higher odds of CR. In that 
study, we analysed patients with de novo and 
secondary AML together and did not stratify 
analyses by AML onset. Similarly to those obser-
vations, in the present study we did not observe 
any significant associations between XRCC1 
genotypes and any treatment outcome [20], but 
we were unable to replicate the previous results 
with respect to significantly higher CR rates for 
the DA diplotype and D-haplotype overall.  
 
Our findings suggest that in AML, variation in 
the XPD gene may be associated with subopti-
mal DNA repair activity and may thus predis-
pose to sAML development. However at the 
same time, suboptimal DNA repair capacity may 
contribute to better sensitivity to chemotherapy 
and better treatment outcomes in AML. Since 
the multiplicative interaction between AML on-
set and genotypes/haplotypes was not ob-
served and the numbers for the sAML analysis 
were limited, leading to wide confidence inter-
vals, it cannot be clearly concluded from our 
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data whether the genotype effect on treatment 
outcomes is limited to the patients with sAML. 
 
The impact of DNA repair pathway polymor-
phisms has also been studied in other malig-
nancies. A 1.3-fold longer time to treatment 
failure was associated with ERCC2 (XPD) codon 
751 SNP, compared to the Lys/Lys common 
homozygote genotype  in patients with multiple 
myeloma treated with autologous stem cell 
transplantation [35]. The authors attributed 
better reponse to suboptimal DNA repair associ-
ated with the Gln allele, which is in accordance 
with our hypothesis and observations.  Numer-
ous studies were also previously conducted to 
investigate relationships between the XRCC1 
Arg399Gln, XPD codon 751 and 312 SNPs and 
therapy outcome of solid tumors treated with 
platinum analogs. Quintela et al. [15] observed 
significantly longer median OS in carriers of the 
XPD 751Gln, XPD 312Asn and XRCC1 399Gln 
variant alleles receiving cisplatin for head and 
neck squamous cell carcinoma in a small Euro-
pean population (n=103). In contrast to our 
findings and others mentioned above, variant 
alleles of either of these polymorphisms were 
strong predictors of treatment failure in patients 
with advanced colorectal cancer [36-38], eso-
phageal cancer [39] and lung cancer [40]. Con-
sidering the amount of literature on BER and 
NER pharmacogenetics, it becomes clearer that 
modest genetic effects can be only partly, if at 
all, explained by single polymorphisms, and that 
effects are tissue- and treatment-specific.  
 
It is not understood how DNA repair, and NER 
and BER mechanisms in particular, could play a 
role in our finding that decreased nausea/
vomiting toxicity and increased risk of infectious 
complications are significantly associated with 
genetic variation in XPD. These associations 
could be due to LD with other true causative 
alleles or may be due to chance because of 
small numbers of events. Even though we previ-
ously reported associations between XRCC3 
(double-strand break repair  pathway) 241Met 
allele and codon 751 XPD and liver toxicities, 
XPD and genitourinary and gastrointestinal tox-
icities, and ERCC1 (NER) and lung, metabolic 
toxicities in AML patients on SWOG trials [20], 
these associations might be random due to 
small numbers of events. Previously, several 
other studies also investigated the role of DNA 
repair gene polymorphisms in toxicity outcomes, 
but only a few were conducted in AML patient 

populations. In a recent Chinese report [41] on 
treatment outcomes in adult AML, the risks of 
neutropenia, nausea and vomiting, and alopecia 
were significantly higher among patients with 
variant XRCC3 Thr241Met genotypes. The risk 
of hematuria was also significantly higher in 
patients with the variant, compared to the wild-
type, genotype. More than  two-fold increased 
risk of grade 3-4 gastrointestinal toxicity was 
reported in cisplatin-treated lung cancer pa-
tients with variant ERCC1 C8092A and XRCC1 
Arg399Gln alleles in North American and Chi-
nese studies respectively [21,22]. A recent ex-
ploratory study [23] investigated associations 
between toxicities and treatment outcomes in 
107 Caucasian advanced colorectal patients 
treated with irinotecan-based regimens, and 
XRCC1 haplotypes. Although no genetic variants 
were associated with diarrhea or grade 3/4 he-
matologic toxicity, none of the patients homozy-
gous for XRCC1 GGCC-G haplotype experienced 
severe neutropenia. Additional data are needed 
to interpret the associations between NER ge-
netic variation and toxicity outcomes. 
 
A limitation of this study is that application of 
the candidate-gene approach with a small num-
ber of candidate genes and SNPs does not ac-
count for genomic multi-genetic effects. This 
study was initiated several years ago, before the 
availability of current opportunities for genome-
wide association studies. However, the signifi-
cance of XRCC1 Arg399Gln, XPD Lys751Gln 
and Asp312Asn SNPs in modifying DNA repair 
functional capacity and cancer outcomes is well 
established [42]. As recently noted, cancer ge-
netic lesions tend to cluster around certain 
pathways after exposure to therapeutic agents, 
rather than representing activation of single 
oncogenes [43,44]. Multiple gene variants 
within pathways more than likely interact with 
each other during repair processes [45,46]. 
Thus, the biological pathway approach may pro-
vide more in-depth analysis of genetic variation 
responsible for clinical outcomes, as well as 
provide clues for the follow-up functional stud-
ies. Due to explorative nature of this analysis 
and small number of selected genotypes  the 
adjustment for multiple comparisons has not 
been performed. This could increase the odds 
of false positive significant findings. However, 
the consistency of our results across both XPD 
genotypes and diplotypes  suggest that XPD 
variant alleles are associated with suboptimal 
repair, with relevant biological plausibility for 
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differential clinical outcomes. 
 
To our knowledge, this is the first report of asso-
ciations between XPD haplotypes and therapy 
outcomes in sAML, as well as chemotherapy-
induced toxicities. If confirmed in larger studies, 
genotyping for XPD SNPs could potentially lead 
to modifications of treatment strategies in sAML 
by incorporating stratification based on pharma-
cogenetic data. 
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