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ABSTRACT

Introduction: No clinically useful predictive factor has been yet identified for
treatment of metastatic pancreatic cancer (mPC). It is noteworthy that FOLFIRINOX,
despite its high toxicity, is effective only in some patients. We retrospectively analyzed
expression of excision repair cross-complementing group-1 (ERCC1) - involved in
the repair of platinum induced damage - in patients affected by mPC treated with
FOLFIRINOX in order to evaluate its predictive role.

Results: FOLFIRINOX resulted more effective in patients with normal ERCC1
levels than in those with ERCC1 hyper-expression. Median progression free survival
(PFS) was 11 vs. 4 months (HR 0.26; 95% CI 0.14-0.50; p<.0001), median overall
survival (0S) 16 vs. 8 months (HR 0.23; 95% CI 0.12-0.46; p<.0001) and disease
control rate (DCR) 93% vs. 50% (p=0.00006). The advantage was confirmed at
univariate and multivariate analysis.

Patients and Methods: 71 patients with histologically proven mPC and treated
with FOLFIRINOX as first-line therapy were considered eligible. mRNA ERCC1
expression was determined using RT-PCR analysis.

Discussion: ERCC1 might be an effective predictor of response to FOLFIRINOX in
mPC. Patients overexpressing ERCC1 should be excluded by this often toxic therapy
and referred to an alternative treatment.

efficacy when compared to gemcitabine alone, and they
are currently considered standard treatment for patients
with good performance status [8,9].

The main reason for failure of chemotherapy is

INTRODUCTION

Metastatic pancreatic carcinoma (mPC) is the
fourth leading cause of cancer-related death in North

America and Europe [1,2]. More than 80% of patients
have unresectable locally advanced or metastatic disease
at diagnosis, therefore they are not eligible for potentially
curative surgery [3]. Among patients with early stage
disease who undergo surgical resection, more than
80% relapse within two years [4,5]. Prognosis for these
patients is extremely poor and they are mainly candidate
to chemotherapy, but the impact of standard therapy
is minimal [6,7]. Newer regimens as FOLFIRINOX
(oxaliplatin, irinotecan, fluorouracil and leucovorin)
or gemcitabine/nab-paclitaxel have shown improved

drug-resistance. Although resistance to chemotherapy
is multifactorial, DNA repair seems to play a key role in
resistance to oxaliplatin. In fact, oxaliplatin can produce
inter- and intra-strand platinum-DNA cross-links that,
in turn, lead to the inhibition of DNA replication and
transcription. Excision repair cross-complementing 1
(ERCC1) is a gene encoding a protein of the nucleotide
excision repair (NER) complex, which includes a group of
proteins that are able to repair the DNA damage induced by
adduct-forming agents, such as platinum-derivatives [10].
A functional ERCCI1 is essential for repairing platinum—
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DNA adducts and it is involved in drug-sensitivity in-vitro
[11,12]. In the past years, the role of ERCCI as predictive
factor in patients affected by gastrointestinal cancers and
treated with oxaliplatin-based chemotherapy has been
extensively investigated, but results are controversial. In
a recent meta-analysis, Ma et al. evaluated the association
between ERCC1 polymorphisms and clinical outcome of
oxaliplatin-based chemotherapy in 22 studies including
gastric and colorectal cancer [13]. For the ERCCI rs11615
polymorphism, the T allele was associated with a reduced
response to chemotherapy in Asians patients and in gastric
cancer population (p< .05) as well with a significant
shorter PFS and OS in all patients (PFS: HR =1.22, p<
.001; OS: HR=1.12, p<.001).

In the present study we retrospectively investigated
whether the expression of ERCC1 may be a prognostic or
predictive factor in patients affected by mPC and treated
with FOLFIRINOX combination therapy.

RESULTS

Patient characteristics and treatments

Seventy-one out of 82 patients with histologically
proven diagnosis of mPC treated in our center between
August 2010 and October 2014 were considered eligible.
Patients were divided into two groups, according to the
established cutoff value of ERCCI: those with mPC
carrying ERCC1 overexpression (ERCCI1+) and patients
with normal ERCC1 levels (ERCC1-). In ERCC1+ group
most of patients were male (70%), in ERCC1- group male
and female were balanced (49% and 51%, respectively);
median age at first diagnosis of mPC was 60 years (range
44-78) and 63 years (range 40-81) in the two groups,
respectively. Performance status at diagnosis was better in
ERCC1+ patients (ECOG-PS =0 in 53% of cases; ECOG-
PS =1 in 47% of cases) than in ERCCI- group (ECOG-
PS =0 in 39% of cases; ECOG-PS =1 in 61% of cases).
Only six out of 71 patients (8.4%) underwent surgery
and received an adjuvant treatment with gemcitabine
(1000 mg/m?, on days 1-8-15 of a 21 days cycle for 6
courses); only one out of 6 patients received adjuvant
radiotherapy. Primary site was the pancreatic head in 53%
and 56% ERCC1+ and ERCCI- patients and pancreatic
body/tale in 47% and 44% of patients in the two groups,
respectively. The ERCC1- cohort included more patients
with lymph nodes-limited disease (32 vs 10%), although
the two groups are quite balanced considering patients
with multiple metastatic sites (54% and 63% in ERCC1-
and +, respectively). FOLFIRINOX was started at full
doses in 57% of ERCCI1+ group and 61% of ERCCI-
patients, whereas it was started at 75% of the full dose in
43% and 39% of patients in the two cohorts, respectively.
Twelve courses of chemotherapy were completed more
frequently in ERCCI1- patients (80%) than in ERCC1+
patients (23%). Forty out of 71 patients underwent a

second-line treatment: 25 out of 41 (61%) patients in
ERCCI1- group and 15 out of 30 (50%) in ERCC1+ group.
In most cases, a monochemotherapy with gemcitabine
(47.5%) was administered; otherwise patients received
nab-paclitaxel (27.5%) or oral capecitabine (25%). In
ERCCI1- group, 60% of patients received gemcitabine,
36% nab-paclitaxel and 4% oral capecitabine. In ERCC1+
patients, oral capecitabine was administered in 60% of
cases, gemcitabine in 27% and nab-paclitaxel in 13%.
Patients’ characteristics are summarized in Table 1.

At a median follow-up of 36 months, 63 deaths
(89%) had occurred and only one patient with normal
expression of ERCC1 (1%) did not experience progressive
disease during or after FOLFIRINOX treatment. In the
whole cohort of patients, median PFS was 7 months and
median OS 12 months. No differences in PFS and OS were
found when primary site was pancreatic head or pancreatic
body/tale (PFS: 8 vs. 7 months, HR 0.92, 95% CI 0.58-
1.47, p=.71; OS: 12 vs. 13 months; HR 1.14, 95% CI
0.70-1.87, p= 0.57). There was no significant relationship
between ERCC1 expression and sex or site of primary
tumor (pancreatic head or body/tale) or metastatic sites
(lymph nodes, liver or multiple sites) or previous adjuvant
treatment.

Response and survival

The efficacy of FOLFIRINOX was higher in 41
patients with normal ERCCI levels than in 30 patients
with ERCC1 hyper-expression; PFS was 11 vs. 4 months
(HR 0.26; 95% CI 0.14-0.50; p<.0001), OS was 16 vs.
8 months (HR 0.23; 95% CI 0.12-0.46; p<.0001) and
DCR was 93% and 50% (p= .000006), respectively
(Figures 1-2 and Table 2). Patients with pancreatic
head adenocarcinoma and normal ERCCI1 levels had a
significant survival benefit when compared to those hyper-
expressing ERCC1 (PFS: 11 vs. 3 months, HR 0.30, 95%
CI 0.13-0.70, p< .0001; OS: 16 vs. 7 months; HR 0.23,
95% CI 0.09-0.57, p<.0001) and a better DCR (91% vs.
44%; p=.003). Similar results were obtained comparing
patients with pancreatic body/tale adenocarcinoma with
normal levels of ERCCI to those with higher expression
(PFS: 11 vs. 5 months, HR 0.24, 95% CI 0.09-0.62, p<
.0001; OS: 14 vs. 8 months; HR 0.25, 95% CI 0.09-0.66,
p<.0001; DCR 94% vs. 57%; p=.03).

ERCCI1+ and ERCC- cohorts were unbalanced
when the number and the sites of metastases were
considered (lymph nodes-limited disease, liver-limited
disease or pluri-metastatic disease). Nevertheless, the
advantage in terms of survival in ERCC1- patients was
confirmed in all subgroups, in lymph nodes-limited
disease (PFS: 12 vs. 4 months, HR 0.10, 95% CI 0.004-
2.56, p<.0001; OS: 22 vs. 8 months; HR 0.16, 95% CI
0.01-2.05, p=.00006), in liver-limited disease (PFS: 11
vs. 5 months, HR 0.46, 95% CI 0.16-1.36, p=.08; OS:
14 vs. 8 months; HR 0.39, 95% CI 0.13—1.17, p=.034)

www.impactjournals.com/oncotarget

35160

Oncotarget



Table 1: Patients’ characteristics

ERCC1 + (n. 30) ERCC1 — (n. 41) P value
Sex
- Male 21/30 (70%) 20/41 (49%) 0.12
- Female 9/30 (30%) 21/41 (51%)
Median age at diagnosis 60 63 e
(range 44-78) (range 40-81)
Performance status at diagnosis
-0 16/30 (53%) 16/41 (39%) 0.33
-1 14/30 (47%) 25/41 (61%)
Primary site
- Head 16/30 (53%) 23/41 (56%) 0.99
- Body/tail 14/30 (47%) 18/41 (44%)
Site of metastases
- Lymph nodes 3/30 (10%) 13/41 (32%)
- Liver 8/30 (27%) 6/41 (14%) 0.08
- Multiple sites 19/30 (63%) 22/41 (54%)
Previous adjuvant treatment 1/30 (3%) 5/41 (12%) 0.37
FOLFIRINOX dose-intensity
- Full dose 17/30 (57%) 25/41 (61%) 0.90
- Lower dose (75%) 13/30 (43%) 16/41 (39%)
FOLFIRINOX x12 cycles
- Completed 7/30 (23%) 33/41 (80%) <0.0001
- Not completed 23/30 (77%) 8/41 (20%)
SECOND-LINE THERAPY 15/30 (50%) 25/41 (61%) 47
- Gemcitabine 4/15 (27%) 15/25 (60%)
- Nab-paclitaxel 2/15 (13%) 9/25 (36%) .0001

- Capecitabine

9/15 (60%)

1/25 (4%)

and in pluri-metastatic tumors (PFS: 10 vs. 4 months,
HR 0.24, 95% CI 0.11-0.55, p< .0001; OS: 14 vs. 7
months; HR 0.25, 95% CI 0.11-0.57, p<.0001). In these
subgroups DCR was significantly higher only in pluri-
metastatic patients (p=.002) (Table 2).

Also in frail patients who started FOLFIRINOX at
75% of the full dose, efficacy of chemotherapy was greater
when normal levels of ERCC1 were expressed (PFS: 9 vs.
3 months, HR 0.32, 95% CI 0.13-0.78, p=.0001; OS: 17
vs. 8 months; HR 0.25, 95% CI 0.09-0.67, p=.0001; DCR
81% vs. 31%; p=.01).

On multivariate analysis including ERCCI1
expression, performance status, site and number
of metastasis, initial dose of FOLFIRINOX and

number of chemotherapy courses administered, only
normal ERCCI1 levels (p< .0001; 95% CI: 2.82-9.38)
and completion of twelve courses of chemotherapy
(p= .0046; 95% CI: 0.27-0.78) were independently
associated with longer PFS. The same variables were
evaluated for OS outcome; the only independent
prognostic variables were normal ERCCI1 levels (p<
.0001; 95% CI: 3.15-11.3) and completion of twelve
courses of chemotherapy (p=.018; 95% CI: 0.28-0.88).

Furthermore, we evaluated the influence of
ERCCI expression in second-line therapy: median PFS
in ERCC1+ and ERCCI- patients was similar and not
statistically significant (2 vs. 2 months; HR 0.99; 95% CI:
0,49-1,99; p=.98).
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PFS in ERCC1+ vs. ERCC1-
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Figure 1: Progression free survival (PFS) in ERCC1+ versus ERCC1- population.
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Figure 2: Overall survival (OS) in ERCC1+ versus ERCC1- population.
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Table 2: Disease control rate (DCR) in all subgroups of ERCC1+ and ERCC1- patients

CR+PR+SD = DCR Pvalue
ERCC1 + mPA 15/30 (50%) 0.00006
ERCC1 - mPA 38/41 (93%)
Pancreatic head ERCC1 + 7/16 (44%) 0.003
Pancreatic head ERCC1 — 21/23 (91%)
Pancreatic body/tale ERCC1 + 8/14 (57%) 0.03
Pancreatic body/tale ERCC1 — 17/18 (94%)
ERCC1 + mPA (lymph nodes-limited disease) 2/3 (67%) 0.18
ERCC1- mPA (lymph nodes-limited metastasis) 13/13 (100%)
ERCC1 + mPA (liver-limited metastasis) 5/8 (63%) 0.58
ERCC1- mPA (liver-limited metastasis) 5/6 (83%)
ERCC1 + mPA (pluri-metastatic) 8/19 (42%) 0.002
ERCC1 — mPA (pluri-metastatic) 20/22 (91%)
ERCC1 + mPA (Liver-limited + pluri-metastatic) 14/27 (52%) 0.003
ERCC1 — mPA (Liver-limited + pluri-metastatic) 25/28 (89%)
ERCCI1 + frail patients 4/13 (31%) 0.01
ERCCI1 — frail patients 13/16 (81%)

CR, complete response; PR, partial response; SD, stable disease; mPA, metastatic pancreatic adenocarcinoma.

Adverse events and tolerability

The most frequent adverse events were
myelosuppression, diarrhea, anorexia, nausea and
vomiting, mucositis and paraesthesia. There was no
treatment-related death both in ERCC1+ and ERCC1-
population, but ten cancer-related deaths (33%)
occurred in ERCC1+ cohort. Adverse events of grade
3/4 were infrequent and comparable in the two groups.
Nine patients with ERCC1 normal levels (22%) and 7
patients with ERCC1 hyper-expression (23%) required
dose reduction for treatment-related adverse events,
while 25 ERCCI1- patients (61%) and 19 ERCCI+
patients (63%) had a dose delay for myelosuppression
and diarrhea. Treatment interruption due to serious
adverse events occurred in four patients in the ERCC1+
cohort (13%) and in four patients with normal levels of
ERCCI1 (10%).

Thirty-three out of 41 ERCC1- patients (81%) and
eight out of 30 ERCCI1+ patients (26%) experienced an
improvement of performance status after treatment with
FOLFIRINOX.

DISCUSSION

Only few studies have been aimed to evaluate
prognostic and predictive factors in pancreatic cancer.
In the present retrospective analysis we evaluated the

role of ERCCI1 in patients affected by mPC treated with
FOLFIRINOX. In-vitro studies suggest that the repair of
oxaliplatin-induced DNA damage is related to platinum
salts resistance [14,15,16]. The NER pathway is mainly
involved in this process, in which the endonuclease
encoded by the ERCC-1 gene is the rate-limiting step
[17,18,19]. Overexpression of ERCC1 has been related
to resistance to platinum-based therapy in different
solid tumors [20,21,22,23,24]. However, other studies
have excluded any association between ERCCI1 and
clinical outcome after oxaliplatin-based chemotherapy
[25,26]. Anyway, ERCC1 seems an independent poor
prognostic marker regardless of oxaliplatin-contaning
chemotherapy, as high expression is associated with
reduced survival [27]. In a recent study Maithel et
al. prospectively selected 95 patients who underwent
pancreaticoduodenectomy for pancreatic adenocarcinoma
to perform immunohistochemistry for ERCC1 expression;
seventy-three out of 95 patients (77%) received adjuvant
chemotherapy =+ radiation after resection. [28] In these
patients high ERCC1 expression was associated with
shorter recurrence free survival (p = 0.03) and OS (p
= 0.019). A negative predictive role for ERCC1 was
suggested by Mancuso et al. who reported that high
ERCCI expression was associated with reduced survival
in 160 patients with advanced pancreatic cancer treated
with second-line platinum therapy [29]. In this study,
median survival was significantly longer in patients with
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low ERCCI levels (11.9 versus 9.9 months; p < 0.05)
and a trend towards a longer time to progression was also
observed, whereas no difference in OS was observed in
patients not treated with platinum-based chemotherapy.
A retrospective study in a mixed population of 89 patients
affected by non-small-cell lung cancer (n. 45), ovarian
cancer (n.27) and pancreatic cancer (n.17), but treated
with cisplatin-containing regimens, has shown that median
survival of patients with low level of ERCC1 expression
was 18 months in comparison to 12 months of those with
high level of expression [30]. No statistically significant
association was found between ERCC1 expression and
response to therapy in the small group of patients with
pancreatic cancer, in which 5 out 17 patients (29%) were
treated with gemcitabine alone.

Therefore, the prognostic or predictive role of
ERCCI1 in pancreatic cancer is still unclear and the
present analysis is to our knowledge the first study in a
cohort of patients with mPC treated in first-line with the
same oxaliplatin containing regimen. Despite the small
sample size and the retrospective nature, in our study
ERCCI expression levels were strongly associated with

Pancreatic head

Pancreatic body/tale

Lymph nodes-limited disease
Liver-limited disease

Pluri-metastatic disease

Liver-limited + pluri-metastatic disease

Frail patients

Total (fixed effects)

Total (random effects)

all clinical parameters of efficacy resulting significantly
lower in patients overexpressing ERCCI1, in agreement
with the hypothesis arising from its biochemical action. In
the present study median PFS and median OS of the whole
population considered are 7 months and 12 months, similar
to results of the ACCORD trial in which FOLFIRINOX
- compared to gemcitabine as monochemotherapy - met
both the primary endpoint (OS) and secondary endpoints
(PFS and quality of life, QoL). In our study, despite some
unbalancement in characteristics of the two groups, in
particular the higher percentage of patients with only
lymph nodes involvement in ERCC1- group, ERCCI-
patients achieved a 4-months advantage both in PFS and
OS when compared to ERCC1+ patients, that means an
increase of 50% and 30% in PFS and OS, respectively.
The survival advantage in ERCC1- cohort was confirmed
in all subgroups (Figures 3-4) and was independent from
primary site (pancreatic head or body/tale), number and
site of metastases (lymph nodes-limited disease, liver-
limited disease, pluri-metastatic disease) and patients’
frailty. Also DCR was higher in patients with normal levels
of ERCCI and this result was statistically significant in all

Subgroup analysis (PFS)

06 -02 02 06
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ERCC1+  ERCCI-

Figure 3: Subgroup analysis for progression free survival (PFS).
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Figure 4: Subgroup analysis for overall survival (OS).

subgroups, except for patients with lymph node-limited
and liver-limited disease, suggesting that the prevalence of
locally advanced patients in ERCC1- subgroup probably
does not represent a significant bias. The greater efficacy
of FOLFIRINOX in ERCCI- arm was emphasized by
the larger proportion of patients in this subgroup who
completed 12 courses of chemotherapy (83% in ERCC1-
arm and 23% in ERCC1+ arm; p<.0001), due to a better
disease control rate as well as to improved performance
status. In addition, we demonstrated that no survival
advantage was seen in second-line setting according to
ERCCI status, suggesting that the survival advantage
in terms of OS for ERCCI- group is mainly due to
FOLFIRINOX treatment.

Our results support the hypothesis that lower levels
of ERCCI1 may confer higher sensitivity to oxaliplatin-
containing regimens in mPC; as a consequence, patients
overexpressing ERCC1 should not be treated with a
potentially toxic combination as FOLFIRINOX. Whether
ERCCI should be considered a prognostic or predictive
factor is not clear. However, even if RT-PCR analysis
to determine actual mRNA levels of ERCCI is costly

Subgroup analysis (OS)

A\ 4

ERCC1+ ERCC1-

and time/labor expensive, it may be considered a useful
parameter in the choice of chemotherapy combination
in mPC. Nevertheless, our study has some limitations
due to its retrospective nature, to the small sample size
as well to inclusion criteria not so strict as in prospective
clinical trials. Despite these biases, some results might be
useful in the clinical practice, thus taking into account the
toxicity of FOLFIRINOX and the discouraging scenario
of therapeutic options in mPC, the hypothesis generated
by the present study needs validation in larger randomized
prospective trials.

PATIENTS AND METHODS

Patient selection

The study was designed as a retrospective
analysis of patients (aged > 18 years) with histologically
proven mPC and at least one measurable metastatic
lesion, treated in our center between August 2010 and
October 2014. Among eighty-two treated with first-
line FOLFIRINOX, 71 patients were selected based on
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availability of sufficient tissue for ERCC1 expression
analysis. All mutational analyses on histologic samples
were conducted in the laboratory of Diagnostic Molecular
Pathology at the Catholic University of Sacred Heart
(Rome, Italy). Additional inclusion criteria were: a) good
performance status (ECOG PS = 0-1); b) first-line therapy
with FOLFIRINOX (at full or modified dose on clinical
judgement); c) imaging assessment (CT or PET-CT)
performed at regular intervals (no longer than 3 months);
d) complete informations on performance status,
toxicities, dose reductions, previous adjuvant treatment.
Patients were excluded in case of concomitant or prior
malignancies within 5 years before starting treatment for
mPC. Patients treated after December 2014 were also
excluded to assure a minimum follow-up of at least one
year. The study has been conducted in accordance with the
rules of the local Ethics Committee and the Declaration of
Helsinki. All patients provided a written consent for use of
their clinical data, including molecular analyses.

Treatments

Forty-two out of 71 patients received full-
dose FOLFIRINOX as first-line therapy at full doses
(oxaliplatin 85 mg/m?, irinotecan 180 mg/m? bolus
5-fluorouracil 400 mg/m?, 5-fluorouracil 2400 mg/m?
as continuous infusion over 46 hours, leucovorin 400
mg/m?); the remaining 29 patients were treated with 75%
of dose on clinical judgement based on patient frailty.
The treatment was continued until disease progression,
unacceptable toxicity or patient’s withdrawal. Forty
patients received a second line treatment with gemcitabine
(1000 mg/m? on days 1, 8, and 15 every 4 weeks) or nab-
paclitaxel (125 mg/m? on days 1, 8, and 15 every 4 weeks)
or oral capecitabine (1000 mg/m? twice daily on days
1 to 14 every 3 weeks). The clinical response to treatment
was classified as complete response (CR), partial response
(PR), stable disease (SD) or progressive disease (PD)
according to the RECIST 1.1 criteria.[31]

mRNA extraction and ERCC1 expression

After being deparaffined, three 10-um slides
were digested overnight at 55 °C in 200 ul of TENS 1x
(10mM Tris pH 7.4, 10mM EDTA, 100mM NaCl and
1% SDS) with 100 mg ml! proteinase K, and RNA was
then extracted by the RNAsi mini kit (Qiagen), following
the manufacturer’s protocol. The quantity and quality of
the RNA were assessed spectrophotometrically (E260,
E260/E280 ratio, spectrum 220-320 nm; Biochrom,
Cambridge, UK) and by separation on an Agilent 2100
Bioanalyzer (Palo Alto, CA, USA). RNA was treated
with RQ1 RNase-Free DNase (Promega, Milan, Italy)
and concentrations of samples were determined by
spectrophotometer. The amplification and quantification
of ERCC-1 mRNA and ACTB mRNA (taken as the

internal reference gene) were performed using the iScript
one-step RT—PCR kit for probes (Bio-Rad, Milan, Italy)
following the manufacturer’s protocol. The sequences of
the primers and probes used are as follows: for ERCC-
1, forward 50-GGGAATTTGGCGACGTAATTC-3’,
reverse 5’-GCGGAGGCTGGAACAG-3’, probe (FAM)-
5’-CACAGGTGCTCTGCCCAGCACATA-3’(TAMRA);
for ACTB, forward 5’-TGAGCGCGGCTACAGCTT-3’,
reverse 5’-TCCTTAATGTCAGCACGATTT-3’, probe
(FAM)-5’-ACCACCACGGCCGAGCGG-3’(TAMRA).
All primers were used to study intron spanning to avoid
contamination with genomic DNA. Thermocycler
conditions were as follows: 50°C to 10 min and 95°C for
5 min, followed by 40 cycles at 95°C for 15 min and 60°C
for 35 min. The relative levels of expression of the target
gene (ERCC-1), compared with the internal reference
gene (ACTB), were expressed as 2-ACt, where ACt is the
difference between two absolute measurements: the value
of Ct (cycle threshold at which the fluorescence curve
reaches an exponential) of the interest gene and the value
of Ct internal reference gene (ACTB).

We determined the ERCC-1 expression on primary
tumor samples while the ERCC-1 normal level was
established in 20 normal pancreatic tissues of those
patients underwent surgical resection for pancreatic
tumor. Relative mRNA expression (tumor/normal ratio)
was calculated as (ERCC-1/B-actin in tumor)/(ERCC-
1/B-actin in paired normal tissue). Excision repair cross
complementing group-1 mRNA expression did not show
a statistically significant difference in three different
measurements. We found that the median of relative
ERCC-1 expression was 5.21x103(range, from 0.18 to
220.67)+£45.51. This value was established as the cutoff
value for ERCC-1 expression. In addition, we found that
ERCC-1 mRNA expression in the pancreatic tissue of
30 healthy controls was not significantly different from
the ERCC-1 expressed in normal pancreatic tissue of
patients. Each assay was performed in triplicate and data
were processed using the CFX96 optical system software
(Bio-Rad).

Statistical analyses

Primary endpoint was progression free survival (PFS);
disease control rate (DCR) was considered as primary co-
endpoint. Secondary endpoint was overall survival (OS). PFS
was defined as the time from the beginning of FOLFIRINOX
therapy until radiologically assessed disease progression or
death for any cause. DCR was defined as the proportion of
patients achieving a complete/partial response plus those
achieving a stable disease. OS was defined as the time from
diagnosis of metastatic disease until death for any cause or
last follow-up contact. The outcome was censored if a patient
had not reached survival endpoints (progression/death) at the
time of last follow-up. Kaplan-Meier method and the log-
rank test were used to estimate PFS and OS. Multivariate
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Cox regression model was used to identify the predictive
effect of different variables on PFS and OS. Exact Fisher test
and Chi-squared test were used to establish the significance
of the association between DCR and other variables. All
reported p values are two-tailed and a level of 0.05 or less
was considered statistically significant. Cox proportional-
hazards regression analysis was used to examine the effect
of variables on survival outcomes of the study population. To
remove a variable from the model, the corresponding p-value
had to be >0.10.

CONFLICTS OF INTEREST

The authors declare to have no conflict of interest.

ETHICAL CONDUCT OF RESEARCH

The study has been conducted in accordance with
the rules of the local Ethics Committee and the Declaration
of Helsinki. The patient provided a written consent for use
of her clinical data.

REFERENCES

1. Malvezzi M., Bertuccio P., Levi F., La Vecchia C. and Negri
E. European cancer mortality predictions for the year 2013.
Ann Oncol. 2013; 24: 792-800.

2. Siegel R.,Mal., Zou Z., and Jemal A. Cancer statistics, 2014.
CA Cancer J. Clin. 2014; 64: 9-29.

3. Vincent A, Herman J, Schulick R, Hruban RH, Goggins M.
Pancreatic cancer. Lancet 2011; 378: 607—620.

4. Hattangadi J.A., Hong T.S., Yeap B.Y., and Mamon H.J.
Results and patterns of failure in patients treated with adjuvant
combined chemoradiation therapy for resected pancreatic
adenocarcinoma. Cancer. 2009; 115: 3640-3650.

5. Sperti C., Pasquali C., Piccoli A., and Pedrazzoli S.
Recurrence after resection for ductal adenocarcinoma of the
pancreas. World J. Surg. 1997; 21: 195-200.

6. Hawes R.H., Xiong Q., Waxman I., Chang K.J., Evans D.B.,
Abbruzzese J.L. A multispecialty approach to the diagnosis
and management of pancreatic cancer. Am. J. Gastroenterol.
2000; 95: 17-31.

7. Sultana A, Tudur Smith C, Cunningham D, Starling N,
Neoptolemos JP, Ghaneh P. Meta-analyses of chemotherapy
for locally advanced and metastatic pancreatic cancer:
results of secondary end points analyses. British Journal of
Cancer. 2008; 99: 6-13.

8. Conroy T, Desseigne F, Ychou M, Bouché O, Guimbaud R,
Bécouarn Y, Adenis A, Raoul JL, Gourgou-Bourgade S, de
la Fouchardiere C, Bennouna J, Bachet JB, Khemissa-Akouz
F et al. FOLFIRINOX versus gemcitabine for metastatic
pancreatic cancer. N Engl J Med. 2011; 364: 1817—1825.

9. Von Hoff DD, Ervin T, Arena FP, Chiorean EG, Infante J,
Moore M, Seay T, Tjulandin SA, Ma WW, Saleh MN, Harris
M, Reni M, Dowden S et al. Increased survival in pancreatic

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

cancer with nab-paclitaxel plus gemcitabine. N Engl J Med.
2013; 369 :1691-1703.

Martin LP, Hamilton TC, Schilder RJ. Platinum resistance:
the role of DNA repair pathways. Clin Cancer Res. 2008; 14:
1291-1295

Arnould S, Hennebelle I, Canal P, Bugat R, Guichard S.
Cellular determinants of oxaliplatin sensitivity in colon cancer
cell lines. Eur J Cancer 2003; 39:112.

YulJ, Lee KB, Mu C, Li Q, Abernathy TV, Bostick-Bruton
F, Reed E. Comparison of two human ovarian carcinoma cell
lines (A2780/CP70 and MCAS) that are equally resistant to
platinum, but differ at codon 118 of the ERCCI gene. Int J
Oncol 2000; 16: 555-560

Shou-Cheng Ma, Yue Zhao, Tao Zhang, Xiao-Ling
Ling, Da Zhao. Association between the ERCC1 rs11615
polymorphism and clinical outcomes of oxaliplatin-based
chemotherapies in gastrointestinal cancer: a meta-analysis.
Onco Targets Ther. 2015; 8: 641-648.

Reed E. Platinum-DNA adduct, nucleotide excision repair and
platinum based anti-cancer chemotherapy. Cancer Treat Rev
1998; 24: 331-344.

Shellard SA, Fichtinger-Schepman AM, Lazo JS, Hill BT.
Evidence of differential cisplatin-DNA adduct formation,
removal and tolerance of DNA damage in three human lung
carcinoma cell lines. Anticancer Drugs 1993; 4: 491-500.

Altaha R, Liang X, Yu JJ, Reed E. Excision repair cross-
complementinggroup 1: gene expression and platinum
resistance. Int J] Mol Med 2004; 14: 959-970.

Hanawalt PC. Subpathways of nucleotide excision repair and
their regulation. Oncogene 2002; 21: 8949-8956.

Rosell R, Mendez P, Isla D, Taron M. Platinum resistance
related to a functional NER pathway. J Thorax Oncol 2007;
2:1063-1066.

Li Q, Yu JJ, Mu C, Yunmbam MK, Slavsky D, Cross CL,
Bostick-Bruton F, Reed E. Association between the level of
ERCCI1 expression and the repair of cisplatin-induced DNA
damage in human ovarian cancer cells. Anticancer Res 2000;
20: 645-652.

Ferry KV, Hamilton TC, Johnson S. Increased nucleotide
excision repair in cisplatin-resistant ovarian cancer cells: role
of ERCC1-XPF. Biochem Pharmacol 2000; 60: 1305-1313.

Britten RA, Liu D, Tessier A, Hutchison MJ, Murray D.
ERCCI1 expression as a molecular marker of cisplatin
resistance in human cervical tumor cells. Int J Cancer 2000;
89: 453-457.

Cobo M, Isla D, Massuti B, Montes A, Sanchez JM,
Provencio M, Vifolas N, Paz-Ares L, Lopez-Vivanco G,
Muiioz MA, Felip E, Alberola V, et al. Customizing cisplatin
based on quantitative excision repair cross-complementing
1 mRNA expression: a phase III trial in non-small cell lung
cancer. J Clin Oncol 2007; 25: 2747-2754.

Breen D, Barlesi F. The place of excision repair cross

complementation 1 (ERCC-1) in surgically treated non-small
cell lung cancer. Eur J Cardiothorax Surg 2008; 33: 805-811.

www.impactjournals.com/oncotarget

35167

Oncotarget



24.

25.

26.

217.

28.

Benhar M, Engelberger D, Levitzki A. Cisplatin-induced
activation of the EGFR receptor. Oncogene 2002; 21:
8723-8731.

Van Huis-Tanja LH, Kweekel DM, Lu X, Franken K,
Koopman M, Gelderblom H, Antonini NF, Punt CJ,
Guchelaar HJ, van der Straaten T. Excision repair cross
complementation group 1 (ERCC1) C118T SNP does not
affect cellular response to oxaliplatin. Mutat Res. 2014;
759:37-44.

Zaanan A, Dalban C, Emile JF, Blons H, Fl¢jou JF, Goumard
C, Istanbullu M, Calmel C, Alhazmi K, Validire P, Louvet
C, de Gramont A, Laurent-Puig P et al. ERCC1, XRCC1
and GSTP1 Single Nucleotide Polymorphisms and Survival
of Patients with Colon Cancer Receiving Oxaliplatin-Based
Adjuvant Chemotherapy. Journal of Cancer. 2014; 5: 425-432.
Gossage L, Madhusudan S. Current status of excision repair
cross complementing-group 1 (ERCC1) in cancer. Cancer
Treat Rev. 2007; 33: 565-577.

Maithel SK, Coban I, Kneuertz PJ, Kooby DA, El-Rayes
BF, Kauh JS, Sarmiento J, Staley CA 3rd, Volkan

29.

30.

31.

Adsay N. Differential expression of ERCC1 in pancreas
adenocarcinoma: high tumor expression is associated with
carlier recurrence and shortened survival after resection. Ann
Surg Oncol. 2011; 18: 2699-2705.

Mancuso A, Sacchetta S, Saletti PC, Tronconi C, Milesi
L, Garassino M, Martelli O, Leone A, Zivi A, Cerbone
L, Recine F, Sollami R, Labianca R et al. Clinical and
molecular determinants of survival in pancreatic cancer
patients treated with second-line chemotherapy: results of
an Italian/Swiss multicenter survey. Anticancer Res. 2010;
30: 4289-4295.

Ulker M, Duman BB, Sahin B, Gumurdulu D. ERCC1 and
RRMI as a predictive parameter for non-small cell lung,
ovarian or pancreas cancer treated with cisplatin and/or
gemcitabine. Contemp Oncol (Pozn). 2015; 19: 207-213.
Eisenhauer EA, Therasse P, Bogaerts J, Schwartz LH,
Sargent D, Ford R, Dancey J, Arbuck S, Gwyther S, Mooney
M, Rubinstein L, Shankar L, Dodd L et al. New response
evaluation criteria in solid tumours: revised RECIST guideline
(version 1.1). Eur J Cancer. 2009; 45: 228-247.

www.impactjournals.com/oncotarget

35168

Oncotarget



