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The use of platinated agents in combination chemotherapy regimens for advanced pancreatic cancer is controversial owing to

the lack of an outstanding impact on the outcome and a substantial increase in hematologic and extra-hematologic toxicities.

Pharmacogenetic studies to identify patients who could benefit most from such therapies are urgently needed. The Xeroderma-

Pigmentosum group-D polymorphism at codon-751 (XPD-Lys751Gln) emerged as the most significant independent predictor for

death- and progression-risk in our previous study on functional polymorphisms in 122 advanced pancreatic cancer patients

treated with cisplatin–docetaxel–capecitabine–gemcitabine and cisplatin–epirubicin–capecitabine–gemcitabine (or EC-GemCap).

To confirm the prognostic role of this variable, we further evaluated the correlation of XPD-Lys751Gln with outcome in another

125 patients treated with the same regimens, and 90 treated with gemcitabine monotherapy. Genotyping was successfully car-

ried out in the vast majority of DNA samples. Genotype frequencies followed Hardy–Weinberg equilibrium, and XPD-Lys751Gln

was associated with differential progression-free and overall-survival. Multivariate analysis confirmed its prognostic significance

in platinum-based regimens. In particular, XPD-Gln751Gln was significantly associated with risk of death (hazard ratio, HR 5 1.7,

95% confidence interval [CI], 1.1–2.6, p 5 0.011) and risk of progression (HR 5 1.7, 95% CI, 1.1–2.5, p 5 0.013). No correlation

was observed in gemcitabine monotherapy-treated patients. The analysis of DNA damage using extra-long-PCR in lymphocytes

supported the association of XPD-Gln751Gln with greater resistance to cisplatin-induced damage. The increasing evidence of

XPD-Lys751Gln impact on the outcome of gemcitabine–cisplatin-based polychemotherapy leads to plan prospective studies to

validate the role of this polymorphism as a new tool for optimization of the currently available treatments in pancreatic cancer.

Recently, the most relevant therapeutic progress in metastatic
pancreatic ductal adenocarcinoma (PDAC) has come from the
combination of several cytotoxic agents, such as the 5-fluoroura-
cil, irinotecan and oxaliplatin regimen FOLFIRINOX.1 Since
2001, we have reported the results of five studies,2–6 including a
phase III trial, showing superiority over single-agent gemcita-
bine,3 of the four-drug regimens cisplatin–epirubicin–5-fluorour-
acil–gemcitabine, cisplatin–docetaxel–capecitabine–gemcitabine
(PDXG) and cisplatin–epirubicin–capecitabine–gemcitabine
(PEXG). Furthermore, two surveys mirroring the Italian clinical
practice in the first-line therapeutic management of advanced
PDAC suggested that four-drug combinations might yield a bet-
ter outcome when compared to other regimens.7,8

However, the enthusiasm over the benefit of these regi-
mens is tempered by their associated increased hematologic
or extra-hematologic side effects. Analysis of accessible
biomarkers, such as germ-line polymorphisms, may lend im-
portant insight into the selection of the most appropriate
chemotherapeutic regimen to be used for any given patient.

The Xeroderma-Pigmentosum group-D (XPD) polymor-
phism at codon-751 (XPD-Lys751Gln) emerged as the most
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significant independent predictor for death- and progression-
risk in our previous pharmacogenetic study on 11 functional
polymorphisms in 122 advanced PDAC patients treated with
four-drug regimens.9 Patients with the XPD-Gln751Gln geno-
type had a worse prognosis (median overall survival (OS)
10.3 months; 95% confidence interval [CI], 4.0–16.5) than
patients with XPD-Lys751Lys or XPD-Lys751Gln (13.3
months, 95% CI, 10.9–15.7, p5 0.003). In the multivariate
analysis, XPD-Gln751Gln remained a significant predictor for
shorter survival, with an increased risk of death (hazard ratio,
HR) of 1.9 (95% CI, 1.3–2.9; p5 0.003). Similarly, XPD-
Gln751Gln was associated with a significantly increased risk
of progression (HR, 2.1; 95% CI, 1.2–3.5; p5 0.008).

The XPD protein is a 50-30 superfamily-2 helicase involved
in DNA unwinding during nucleotide excision repair (NER),
which is the principal repair pathway for removing platinum-
DNA adducts. Previous studies suggested that XPD polymor-
phisms might affect DNA repair capacity, and XPD-Lys751Lys
genotype was associated with a reduced repair of X-ray-induced
DNA damage, compared to genotypes having a 751Gln allele.
XPD-Lys751Lys was also associated with greater levels of chro-
matid aberrations and UVC-induced formation of strand
breaks in lymphocytes.10,11 Conversely, in a host-cell reactiva-
tion assay using BPDE-treated plasmids or UV-irradiated plas-
mids, DNA repair capacity was reduced in subjects carrying
two XPD variant alleles (Asn312Asn and Gln751Gln) compared
to those homozygous for the respective wild-type alleles.12,13

Therefore, our study was aimed at confirming the prognostic
role of XPD-Lys751Gln in a new subset of 125 patients as well
as in all the 247 patients treated with our four-drug regimens.
Moreover, to test our hypothesis that XPD-Gln751Gln genotype
was associated with a more efficient DNA repair after cisplatin
exposure, we evaluated DNA damage using extra-long-PCR in
lymphocytes harboring the different XPD-Lys751Gln genotypes.

Methods
Patients

In the current pharmacogenetic study, 337 patients (247 treated
with gemcitabine–platinum regimens and 90 treated with gem-
citabine) were selected based on the diagnosis of histologically
confirmed locally advanced or metastatic PDAC. All the eligible
patients were chemo-naive patients treated in four Italian on-
cology units: S. Raffaele Scientific Institute (Milano), Carrara
Civic-Hospital (Carrara), Regina Elena National Cancer Insti-

tute (Roma) and Pisa University-Hospital (Pisa). Details on di-
agnosis and treatments are summarized in Supporting
Information data and Supporting Information Table S1. The
study was approved by local Hospital Ethic Committees.

Genotyping

Genomic DNA was extracted from blood samples at the Lab-
oratory Medical Oncology (VUmc, Amsterdam, The Nether-
lands) using the QIAampVR DNA Mini-Kit according to the
manufacturer’s protocol (Qiagen, San Diego, CA). The con-
centration and purity of DNAs were determined with the
NanoDropVR -1000-Detector (NanoDrop-Technologies, Wil-
mington, NC). Genotype analysis of XPD-Lys751Gln poly-
morphism was performed using TaqmanVR -probe-based assay;
PCR reactions were carried out in 12.5 mL total volume,
using 20 ng of DNA diluted in TaqManVR Universal Master
Mix with specific primers and probes (c_3145033_10,
Applied Biosystems, Foster City, CA). The ABIPRISM-7500
instrument equipped with the SDS version-2.0 software was
employed to evaluate the allelic content of the samples.

Isolation of lymphocytes from peripheral blood and

extra-long PCR

The aim of our in vitro study was to evaluate whether the
XPD-Gln751Gln genotype was associated with a more effi-
cient DNA repair after cisplatin exposure. As other determi-
nants of the NER system could affect cisplatin activity, we
selected samples with the same genotypes for ERCC1-C118T
and XPD-Arg312Asn.9 Samples (10–14 mL) were taken from
peripheral blood and mononuclear cells were isolated by
Ficoll-Isopaque (Pharmacia, Uppsala, Sweden) density gradi-
ent centrifugation as described previously.14 A total of 15
blood samples from chemo-naive healthy volunteers (five for
each XPD-Lys751Gln genotype, as determined in preliminary
genotyping analysis) were evaluated.

The cells were plated in four petri-dishes, and experiments
were performed in triplicate, with inter- and intra-assay coeffi-
cients of variation below 12%. To estimate differential DNA
repair ability in cells harboring the different XPD-Lys751Gln ge-
notypes, these cells were exposed to cisplatin and gemcitabine.
Then, a target sequence of b-globin was amplified by extra-long
PCR (XL-PCR), followed by quantification with TaqmanVR -
PCR.15 XL-PCR was performed using the specific GeneAmpVR

What’s new?

Recent advances in treatments of pancreatic cancer include a novel combination therapy of cisplatin-gemcitabine-based poly-

chemotherapeutic regimens. However, this treatment shows increased hematologic or extra-hematologic side effects calling

for the identification of biomarkers that predict treatment outcome. In this study, the XPD-Lys751Gln gene polymorphism was

identified as the most significant independent predictor for death and progression-risk in pancreatic cancer patients who

underwent such treatment. Determined by a simple blood test, the polymorphism offers an innovative tool for optimizing palli-

ative chemotherapy in advanced pancreatic cancers. The authors call for prospective trials to validate their findings, which

may ultimately lead to a more individualized treatment in selected pancreatic cancer patients.
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XL-PCR Kit (Applied Biosystems), starting from 100 ng of tem-
plate DNA. This DNA was extracted from mononuclear cells
untreated or exposed in vitro to 200 mM cisplatin, 1 mM gemci-
tabine or their combination for 24 hr as described previously.16

Amplification of a 17.7-kb region of the b-globin gene was per-
formed as described previously,15 using specific primers (Sup-
porting Information Table S2). These PCR reactions were
performed in a GeneAmpVR -PCR-9700 machine (Applied Bio-
systems), whereas the reaction products were quantified using
TaqManVR assays in the ABIPRISM-7500 instrument, using spe-
cific primers and probes (Supporting Information Table S2). A
standard curve of XL-PCR-amplified products for b-globin was
generated by serial dilution of XL-PCR-amplified products
from genomic DNA extracted from a mix of six untreated sam-
ples representative of the three XPD-Lys751Gln genotypes.

Statistics

Demographic and clinical information were compared across
genotype using Pearson’s v2-tests. In agreement with our pre-
vious study, the correlation with XPD-Lys751Gln genotypes
was performed combining the homozygous XPD-Lys751Lys
and heterozygous genotypes.9 OS and PFS curves were ana-
lyzed from the day of treatment start to the end point (death
or censoring) according to Kaplan–Meier method, and com-
pared by log-rank and Wilcoxon tests. The significant prog-
nostic variables in the univariate analysis were included in
multivariate analyses, using Cox’s proportional hazards
model. This analysis included a step-down procedure based
on the likelihood ratio test, where HRs were calculated to
estimate the magnitude and the direction of the effect.
Appropriate adjustment for false-positive report probability
was performed according to the Wacholder method.17 In
vitro data were expressed as mean values6 S.E., analyzed by
Student’s t-test or ANOVA followed by Tukey’s multiple
comparison. Data were analyzed using SPSS-17 software
(SPSS, Chicago, IL). All the analyses were two-sided and sta-
tistical significance was set at p< 0.05.

Results
Clinicopathological characteristics and outcome in patients

treated with gemcitabine–cisplatin polychemotherapy

regimens

To evaluate whether patient characteristics might influence
clinical outcome, we analyzed data on OS or PFS according
to the patients’ clinicopathological features. Male gender, per-
formance status (PS) �80, CA19.9 >median and stage-IV
were associated with significantly shorter OS and PFS,
whereas no differences were detected for age (Table 1).

XPD-Lys751Gln and clinical outcome in gemcitabine–

cisplatin polychemotherapy regimens

To confirm the prognostic role of XPD-Lys751Gln with out-
come, we performed genotyping analysis in a new subset of
125 patients as well as in all our 247 (i.e., 1221 125) patients
treated with gemcitabine–cisplatin polychemotherapy. Geno-

typing was successfully carried out in 246 out of 247 samples.
XPD-Lys751Gln genotype frequencies were followed Hardy–
Weinberg equilibrium and were comparable with those
reported in Caucasian populations in NCI-SNP500 databases.
No associations were found between genotypes and age, gen-
der, PS, CA19.9 or stage (data not shown).

As shown in the Kaplan–Meier curves in Figure 1, XPD-
Lys751Gln polymorphism was associated with significantly
differential OS. In the new subset, the patients with the XPD-
Lys751Lys or Lys751Gln genotypes had a median OS of 12.0
months (95% CI, 10.1–13.9), whereas patients with the XPD-
Gln751Gln genotype had a median OS of 7.0 months (95%
CI, 4.3–9.7, log-rank p5 0.01, Wilcoxon p5 0.01). Moreover,
we observed a trend toward a significant association for PFS,
with median values of 7.0 (95% CI, 5.7–8.3) and 6.0 (95% CI,
2.5–9.5) months in the patients with the XPD-Lys751Lys or
Lys751Gln and XPD-Gln751Gln genotype, respectively (log-
rank p5 0.05, Wilcoxon p5 0.09).

The analysis of all the 246 patients showed that patients
harboring the XPD-Lys751Lys or Lys751Gln genotypes had sig-
nificantly longer median OS (log-rank p< 0.01, Wilcoxon
p< 0.01). Similarly, the median PFS of patients carrying the
XPD-Gln751Gln genotype was significantly shorter than the
median PFS of XPD-Lys751Lys or XPD-Lys751Gln patients
(log-rank p< 0.01, Wilcoxon p5 0.01, Table 1). None of the
XPD-Gln751Gln patients survived more than 22 months. Con-
versely, a total of ten patients harboring the XPD-Lys751Lys or
XPD-Lys751Gln genotypes survived more than 35 months af-
ter treatment started, including seven patients who did not
progress at this time point. These data suggest that a subpopu-
lation of PDAC cases with XPD-Lys751Lys or XPD-Lys751Gln
genotypes clearly improves with cisplatin treatment. The 25,
50 and 75% OS and PFS values of the patients stratified by ge-
notype are listed in Supporting Information Table 3.

In the multivariate analysis, male gender, PS� 80 and stage-
IV were significantly associated with increased risk of death and
progression (Table 1). However, the Cox proportional hazards
regression model also showed the prognostic significance of
XPD-Lys751Gln. The XPD-Gln751Gln genotype was significantly
associated with increased risk of death (HR5 2.1, p< 0.01) as
well as with increased risk of progression (HR5 1.9, p< 0.01).

XPD-Lys751Gln and clinical outcome in gemcitabine

monotherapy

A total of 90 patients treated with gemcitabine monotherapy
were evaluated for an exploratory analysis to endorse the hy-
pothesis of the specific value of XPD-Lys751Gln polymor-
phism in patients treated with platinum-based regimens.
Although the purpose of our analysis was not to perform a
case–control study, we compared the baseline demographic
characteristics of these groups. No significant differences
were measured across series (data not shown). XPD-
Lys751Gln genotypes were successfully detectable in all these
patients, and their allelic frequencies were similar to those in
patients treated with gemcitabine–cisplatin polychemotherapy
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Table 1. Clinical outcome according to clinicopathological characteristics and XPD-Lys751Gln polymorphism of patients treated with the four-
drug regimens PDXG, PEXG and ECGemCap

Characteristics Patients, n (%) OS median mo. (95% CI) p-Value1 PFS median mo. (95% CI) p-Value1

Univariate analysis

No. patients 247 12.0 (11.0–13.0) 9.0 (7.9–10.1)

Age (years)

�65 145 (58.7) 13.0 (10.5–15.5) 0.05 10.1 (8.7–11.5) 0.07

>65 102 (41.3) 11.0 (8.9–13.1) 7.0 (5.6–8.4)

Sex

Male 141 (57.1) 11.0 (9.7–12.3) 0.01 8.3 (7.0–9.6) 0.17

Female 106 (42.9) 16.0 (12.2–19.7) 10.0 (8.2–11.7)

PS

�80 87 (35.2) 10.0 (7.4–12.6) <0.01 6.0 (4.9–7.1) <0.01

>80 160 (64.8) 13.0 (10.3–15.7) 10.1 (8.8–11.4)

CA19.9

�Median 124 (50.2) 13.0 (10.8–15.2) 0.04 10.1 (8.4–11.8) 0.04

>Median 123 (49.2) 12.0 (10.3–13.7) 8.0 (6.6–9.4)

Clinical stage

III 81 (32.8) 18.0 (15.2–20.8) <0.01 13.5 (10.5–16.4) <0.01

IV 166 (67.2) 10.0 (8.7–11.2) 7.0 (5.7–8.2)

XPD-Lys751Gln

Lys751Lys 1 Lys751Gln 213 (86.2) 13.0 (11.4–14.6) <0.01 9.3 (8.0–10.5) 0.01

Gln751Gln 33 (13.8) 7.0 (4.0–10.0) 6.0 (4.3–7.7)

Multivariate analysis

Covariates for OS Covariates Hazard ratio 95%CI df p-Value2

Sex Male 1.4 1.0–1.8 1 0.04

Female 1 (ref)

PS �80 1.6 1.1–2.2 1 <0.01

>80 1 (ref)

CA19.9 �Median 1 (ref) 1 0.21

>Median 1.2 0.9–1.6

Clinical stage III 1 (ref) 1 <0.01

IV 1.8 1.3–2.6

XPD-Lys751Gln Lys751Lys1Lys751Gln 1 (ref) 1 <0.01

Gln751Gln 2.1 1.4–3.3

Covariates for PFS Covariates Hazard ratio 95%CI df p-Value2

PS �80 1.5 1.1–2.0 1 <0.01

>80 1 (ref)

CA19.9 �Median 1 (ref) 1 0.11

>Median 1.2 0.9–1.6

Clinical stage III 1 (ref) 1 <0.01

IV 1.8 1.3–2.4

XPD-Lys751Gln Lys751Lys 1 Lys751Gln 1 (ref) 1 <0.01

Gln751Gln 1.9 1.3–2.9

There were 189 deaths (even rate, 76.5%), whereas 33 patients were alive without progression at last contact (October 2011), with a median fol-
low-up for living patients of 15.0 months (range, 4.4–63.5).
A total of 246 patients, including 122 patients from our previous study,9 were assessable for the XPD-Lys751Gln polymorphism.
1Log-rank test p-values.
2Wald p-values.
Abbreviations: CA19.9, carbohydrate antigen 19.9; CI, confidence interval; df, degrees of freedom; mo., months; OS, overall survival; PFS, progres-
sion-free survival; PS, performance status and Ref, reference value.



regimens (p> 0.05 in the Pearson v2-test). No significant dif-
ferences were observed in OS and PFS for XPD-Lys751Gln
(Supporting Information Fig. 1).

XPD-Lys751Gln and XL-PCR results

The extent of DNA-repair ability was determined based on
the reduction in PCR amplification of a target sequence in

treated samples normalized to untreated controls. As shown
in Figure 2, after cisplatin treatment the cells with the XPD-
Gln751Gln genotypes had a significantly greater relative
amplification in comparison to the cells with XPD-Lys751Lys
(p< 0.01) or XPD-Lys751Gln genotypes (P5 0.03). These
data suggest that the XPD-Gln751Gln genotype might confer
an increased activity to XPD in its DNA-repair function, and

Sh
or
t
R
ep
or
t

Figure 1. Kaplan–Meier survival curves. OS (a–c) and progression-free survival (PFS) (d–f) according to XPD-Lys751Gln genotypes in the

new subset (N 5 124) and in all of the PDAC patients treated upfront with gemcitabine–cisplatin-based four-drug polychemotherapy

regimens. In the new subset of patients, a total of 108 and 16 patients had the XPD-Lys751Lys or XPD-Lys751Gln, and the XPD-Gln751Gln

genotypes, respectively. Considering all the patients, a total of 213 and 33 patients had the XPD-Lys751Lys or XPD-Lys751Gln, and the

XPD-Gln751Gln genotypes, respectively. p-Values were calculated with the log-rank and the Wilcoxon test.
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thus reduce the anticancer activity of cisplatin. This effect
was additionally increased by the cisplatin–gemcitabine com-
bination (p< 0.01 for XPD-Gln751Gln vs. XPD-Lys751Gln
and p< 0.001 for XPD-Gln751Gln vs. XPD-Lys751Lys).

Discussion
In our study, we demonstrated the importance of XPD-
Lys751Gln polymorphism as a predictive marker for death-
and progression-risk in a new panel of 125 as well as in a
global analysis of 247 advanced PDAC patients treated with
four-drug polychemotherapy regimens. These results are in
agreement with our previous study,9 and might be explained
by the central role of XPD in DNA-repair and platinum activ-
ity. However, we performed further analyses in patients treated
upfront with gemcitabine alone. In these patients, the lack of
correlation between XPD-Lys751Gln polymorphism and out-
come suggested that the NER system does not affect the repair
of gemcitabine-induced DNA damage. These data are in ac-
cordance with the previous studies in PDAC patients treated
with neoadjuvant gemcitabine concomitant to radiotherapy.18

The XPD-Lys751Gln polymorphism has been associated
with survival after platinum-based chemotherapy in different
tumor types, and we recently observed a significant associa-
tion of XPD-Gln751Gln with shorter PFS (p5 0.02) and OS
(p5 0.04) in 93 advanced non small cell lung cancer
(NSCLC) patients treated with second-line carboplatin plus
pemetrexed.19 However, a recent meta-analysis of 12 studies
reported inconclusive data in NSCLC.20 These discrepancies
suggest that pharmacogenetic associations are not always re-
producible in small size studies, with different clinical
settings, tumor types, stage and treatment. Larger multicentre

studies are critical to explore the role of emerging biomarkers
before planning of prospective trials.

Platinum compounds inhibit cell proliferation by damaging
DNA through the formation of intrastrand crosslinks. There-
fore, platinum resistance occurs mostly because of the removal
of damaged DNA or efficient repair of DNA by the NER sys-
tem. This system consists of at least 30 identified polypeptides,
including XPD, which is a major player in the DNA repair.21

Variations in the XPD sequence are found among the general
population, and the codon-751 variant changes the electron
configuration of the resulting peptide. This is a major change,
located in the important domain of interaction between XPD
and its helicase activator, p44 protein, inside the TFIIH com-
plex.22 In theory, the consequences of Lys751Gln polymorphism
are the most important in terms of XPD activity and repair of
cisplatin-induced DNA damage. Therefore, we performed func-
tional studies to evaluate whether the XPD-Gln751Gln genotype
might alter the cellular response to the DNA damage induced
by cisplatin and gemcitabine. Using a validated XL-PCR tech-
nique, we found that XPD-Gln751Gln genotype was associated
with more efficient DNA repair toward cisplatin-induced DNA
damage. Our XL-PCR analyses, as well as other assays,10–13

have several limitations in evaluating all relevant pathways
affecting the repair of cisplatin damage, such as Fanconi path-
ways and recombinant and recombination or mismatch
repair.23 However, this is also the first XL-PCR study, suggest-
ing a role of the XPD-Lys751Gln polymorphisms in the syner-
gistic interaction of cisplatin and gemcitabine. Accordingly,
previous in vitro studies showed that cisplatin–gemcitabine
synergism was mainly dependent on an increase in platinum-
adduct formation possibly related to changes caused by gemci-
tabine incorporation in DNA.13,24
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Figure 2. Evaluation of DNA repair after exposure to cisplatin and gemcitabine by XL-PCR. Lymphocytes from healthy volunteers characterized

for their differential XPD-Lys751Gln genotypes (N 5 5 in each group) were plated in Petri-dishes and treated as described in the Methods sec-

tion. XL-PCR was performed using primers specific for a target sequence in the b-globin gene. Then, TaqMan quantification of XL-PCR ampli-

cons was performed using specific primers and probe, and is presented as amplification relative to untreated control. Columns, mean values;

bars, SD. *Significantly different from XPD-Gln751Gln. **Significantly different from XPD-Gln751Gln and XPD-Lys751Gln (p<0.05).
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A major strength of our study is that it was performed in
a homogeneous setting of patients from a multicentric series.
The results of multivariate analysis indicate the noteworthi-
ness of the prognostic role of XPD-Lys751Gln. Moreover, the
minor allele frequency of this polymorphism in a random
Caucasian population is frequent (i.e., 28% according to the
SNP-NCBI cancer database). Thus, these findings might be
relevant to a large number of patients.

However, a recent study showed that DNA repair capacity
in peripheral lymphocytes was inversely correlated with sur-
vival in NSCLC patients treated with platinum-based chemo-
therapy. This suggests that a phenotypic DNA repair marker
might be more accurate than genetic variations in the predic-
tion of outcome.25 Furthermore, the real predictive role of
XPD-Lys751Gln for platinum-based chemotherapy activity
should be established in prospective randomized studies with
a control arm of patients treated with other regimens.

The increasing evidence that indicates that XPD-Lys751Gln
has a direct impact on the outcome of PDAC patients treated
with gemcitabine–cisplatin polychemotherapy leads to consider

the analysis of this polymorphism as a relevant strategy to opti-
mize treatment efficacy. Thus, prospective studies are ongoing,
also in different clinical settings, such as in the perioperative
setting. In particular, a pharmacogenetic study is currently
underway within a three-arm phase II–III clinical trial (Clini-
calTrials.gov-Identifier, NCT01150630) involving more than 20
Italian centers. Ultimately, the validation of the role of XPD-
Lys751Gln might create new approaches in PDAC treatment.
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