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Abstract Pancreatic ductal adenocarcinoma (PDAC) is one
of the most lethal forms of cancer, and its incidence is rising
worldwide. Although survival can be improved by surgical
resection, when detected at an early stage, this type of cancer
is usually asymptomatic, and disease becomes only apparent
after metastasis. Adjuvant treatment does not improve surviv-
al, thus after surgery there is a lack of predictive and prognosis
biomarkers to predict treatment response and survival. The
mitogen-activated protein-kinase and phosphoinositide 3-
kinase signalling pathways play a crucial role in cancer devel-
opment and progression. Especially, activated RAS proteins
promote cell proliferation through constitutive stimulation of
the downstream effectors RAF-MEK-ERK and PI3K-AKT.
Mutational status of NRAS is required in several types of can-
cer like colorectal or cutaneous melanoma. However, muta-
tions in this gene are very scarce in PDAC patients, and NRAS

determination is not usually performed in clinical practice for
this kind of tumor. In this study, we analyse the association
between NRAS protein expression and progression-free sur-
vival and overall survival of an homogenous cohort of pan-
creatic ductal adenocarcinoma patients from a single-centre.
Interestingly, we found that patients with high expression not
only showed longer progression-free survival than those pa-
tients with low expression (22 versus 9 months, respectively)
(P = 0.013), but also longer overall survival (43 versus
19 months, respectively) (P = 0.020). These results confirm
NRAS expression could be used to differentiate patients ac-
cording to their prognosis. Proportional hazard model re-
vealed NRAS expression together with grade of differentia-
tion as pathological variables to predict patient’s outcome.
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Introduction

Pancreatic ductal adenocarcinoma (PDAC) has higher inci-
dence in the industrialised countries [1]. It is the fourth leading
cause of cancer death in the USA in both sexes, and it is
estimated that 48,960 new cases of PDAC were diagnosed
in 2015 [2]. Moreover, it is the eighth leading cause of cancer
deaths in men and the ninth among women worldwide [3].

It has been reported that the 5-year survival rate is 50%
when tumors are <2 cm in size [4] and close to 100% for
tumors <1 cm [5]. Thus, early detection of tumors is crucial
to improve survival. However, pancreatic cancer is usually
asymptomatic, and the disease only becomes apparent when
tumors invade surrounding tissues or metastasises to distant
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organs [6]. In fact, distant metastasis is found in 53% of pan-
creatic cancer patients at the time of diagnosis [2].

To date, surgical resection remains the best management
option for pancreatic cancer originating in the ampulla of
Vater, bile duct, or head of pancreas. Survival can be predicted
based on pathological characteristics such as tumor size, grade
of differentiation, and lymph-node status [7]. However, there
is a lack of clinically validated prognostic or predictive
markers that can be used in patient management after surgery
[8], although several prognostic molecular biomarkers have
been suggested, such as Smad4 or MUC1, predictive markers
including SPARC, HuR, or members of the BRCA2 family [9,
10].

Up to now, preoperative levels of carbohydrate antigen 19–
9 (CA 19–9) are the only prognostic biomarker approved by
the Food and Drug Administration (FDA) for use in cases of
resectable pancreatic cancer [11]. This marker shows a rela-
tively high sensitivity and specificity for pancreatic cancer
[12], providing superior results to those of other markers, such
as carcinoembryonic antigen (CEA), carbohydrate antigen 50
(CA-50), and DUPAN-2 [13, 14]. However, the applicability
of CA 19–9 is compromised by the fact that biliary obstruction
can increase its serum levels [15], and up to 10% of the pop-
ulation cannot synthesise this antigen [16].

The mitogen-activated protein-kinase (MAPK) signalling
pathway plays a crucial role in cancer development and pro-
gression. MAPK pathway is composed by EGFR-RAS-RAF-
MEK-ERK factors [17]. Especially, activated RAS proteins
promote cell proliferation through constitutive stimulation of
the downstream RAF-MEK-ERK effectors [18]. RAS family
are GTPases composed by Kirs ten , Harvey and
Neuroblastoma RAS genes (KRAS, HRAS and NRAS, respec-
tively) that are subcategories of at least 35 related proteins [19,
20].

Genetic mutations in RAS genes can deregulate kinase ac-
tivity and constitutively hyperactivate the MAPK pathway
that eventually leads to tumorigenesis. In general, mutations
that affect MAPK/ERK pathway are singular and independent
events. Two different mutations are infrequently found in the
RAS/RAF/MEK/ERK pathway within the same tumor [21].

NRAS mutation status is found in several types of cancers
[17]. In melanoma the NRAS mutation is found from 15% to
29% of cases [22, 23]; 12% have been found in non-small cell
lung cancer [24]; 41% in thyroid cancers [25]; and 10% in
colorectal cancers [26] among other tumors. KRAS mutations
serve as predictive biomarker of anti-EGFR monoclonal-
based therapy response in colorectal cancer [27]. Concerning
pancreatic cancer, KRAS mutations have been reported to oc-
cur very frequently ~90% of cases [28] and have been found
in ~95% of earliest pre-neoplasic stages of pancreatic cancer
[29]. Nevertheless, NRAS mutations are absent in pancreatic
cancer patients [30]. It is now evident that alterations in copy-
number of KRAS and NRAS may also occur. Amplification of

KRAS has been found in 34% (10/29) of PDAC derived cell
lines [31] and in ~5% of PDAC patients [32]. However, NRAS
amplification or polisomy is rare (~1%) [32].

RAS proteins are needed to maintain cell stability and ho-
meostasis of non-transformed cells. Normal MAPK function
is also responsible for tumor suppression through induction of
senescence and ubiquitinization and degradation of proteins
that triggers cell cycle activity and survival [33, 34].
Moreover, RAS activation is able to degrade proteins required
for both migration and tumor [33]. This fact points out other
role of wild-type RAS proteins to avoid turn normal cells into
tumor cells.

To date, outcome of resected PDAC patients is clinically
predicted according to clinico-pathologic criteria and there is a
lack of molecular biomarkers after surgical resection to predict
prognosis.

Thus, the present study shows quite clearly a new role of
NRAS protein as a prognosis biomarker for resectable pancre-
atic cancer patients and suggests the potential effect of NRAS
as a protective factor for this deadful neoplasia.

Materials and Methods

Patient Samples

A total of 53 patients with PDAC who underwent
pancreaticoduonenectomy from 2007 to 2013 at the
Hepatobiliary and Pancreatic Surgery Unit (General and
Digestive Tract Surgery Department, Fundación Jiménez
Díaz University Hospital) were assessed for eligibility. Eight
patients were excluded due to insufficient sample quality for
immunohistochemistry, patients lost to follow-up, or tumors
having origins other than the head of pancreas.

Statement of human rights Ethics approval and consent to
participate: The Fundación Jiménez Díaz Institutional Review
Board (IRB) evaluated the study, granting approval on
December 9, 2014 with approval number 17/14. The clinical
samples used in the study were kindly supplied by the
Fundación Jiménez Díaz-Universidad Autónoma de Madrid
BioBank (PT13/0010/0012). All patients gave written in-
formed consent for the use of their biological samples for
research purposes.

Tissue Microarray, Immunohistochemistry
and Quantification

A tissue microarray (TMA) was conducted for immunohisto-
chemistry analysis and contained 90 cores (2 cores per patient)
using the MTA-1 tissue arrayer (Beecher Instruments, Sun
Prairie, USA). Each core (diameter, 1 mm) was punched from
pre-selected tumor regions in paraffin-embedded tissues.
Staining was conducted in 2-μm sections. Slides were
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deparaffinised by incubation at 60 °C for 10 min and incubat-
ed with PT-Link (Dako, Denmark) for 20 min at 95 °C in a
high pH buffered solution. To block endogenous peroxidase,
holders were incubated with peroxidase blocking reagent
(Dako, Denmark). Biopsies were incubated for 20 min with
1:1000 dilution of NRAS antibody against a synthetic peptide
of 15 amino acids from near the C terminus of Human NRAS
isoform 1 (NP_002515) (ab167136; Abcam, Cambridge, UK)
followed by incubation with the appropriate anti-Ig horserad-
ish peroxidase-conjugated polymer (EnVision, Dako,
Denmark) to detect antigen-antibody reaction. A human pan-
creatic tissue was used as a positive control for immunohisto-
chemical staining (according to the human protein atlas avail-
able at http://www.proteinatlas.org). Sections were then
visualised with 3,3′-diaminobenzidine as a chromogen for
5 min and counterstained with haematoxylin. Photographs
were taken with a stereo microscope (Leica DMi1, Wetzlar,
Germany). Immunoreactivity was quantified blind as tertiles
according to the intensity of positively stained cells (Fig. 1).
Quantification for each patient biopsy was calculated with the
average of both cores by two independent pathologists.

Statistical Analysis

The association between NRAS expression and progression-
free survival after resection was the primary endpoint, and

overall survival was the secondary endpoint. Progression-
free survival was defined as the interval between the dates of
surgery and recurrence (local or distant). Overall survival was
defined as the interval between the dates of surgery and death
from any cause. Survival curves were generated using the
Kaplan-Meier method, and significant differences in survival
between groups were determined by the log-rank test.

The association between UNR expression and clinico-
pathological variables was evaluated by Chi-square or Fisher
exact tests.

The Cox proportional hazards model was used to assess the
hazard ratios and confidence intervals of both molecular and
clinical variables. Thus, only statistically significant variables
found in the univariate analysis were included in the multivar-
iate analysis. P-values ≤0.05 were considered significant.
Analysis was performed with the IBM SPSS programme, ver-
sion 20.0.

TCGA-Pancreatic Cancer Dataset Analysis

A dataset of 186 pancreatic adenocarcinoma patients from
TCGA (The Cancer Genome Atlas) and obtained from
cBioportal [35, 36] were eligible for the study. We selected
patients with complete sequence and copy-number analysis
(n = 149/186). NRAS protein expression Z-scores were avail-
able on 100/149 patients of this dataset and were obtained by

Fig. 1 Representative
micrographs of PDAC patients
samples with low NRAS
expression (a and b), medium
expression (c and d), and high
expression (e and f). Scale bar:
110 μM
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reverse-phase protein array. NRAS mRNA expression Z-
scores were available in 149/149 patients and were obtained
by RNASeq Version 2 [37]. The Z-score threshold for both
protein and mRNA NRAS expression was +/− 1.96 (for P-
value <0.05, and 95% Confidence Interval with two tailed
distribution).

Mutation data from PDAC patients was extracted from
whole exome sequencing.

Putative copy-number variation was determined using
GISTIC 2.0. Values were considered as follows: −2 = homo-
zygous deletion; −1 = hemizygous deletion; 0 = neutral / no
change; 1 = gain; 2 = high level amplification.

The association between NRAS protein or mRNA expres-
sion and mutation status of KRAS or NRAS, and copy-number
variation of KRAS or NRAS was analysed with Fisher exact
test. Statistical analysis was performed with the IBM SPSS
programme, version 20.0. P-values ≤0.05 were considered
significant.

Results

Patient Characteristics

Our cohort was composed by 60% of female patients. The
median age of patients was 66 years (range, 37–82 years).
Pathologic diagnosis revealed the size of the resected tumors
to be lower than 3 cm in 82% of cases. Twenty percent of
tumors were stage I and 80% stage II, of them 62%were stage
IIB. Patients were confirmed to be low-grade resectable
PDAC in 76% of cases according to the recommendations
of the College of American Pathologists [38]. Negative surgi-
cal margins were found after surgery in 85% of cases. And 65
% of patients showed lymph-node involvement and most pa-
tients had neural and vascular invasion (71% and 69%, respec-
tively). Adjuvant treatment based on gemcitabine alone or
gemcitabine plus radiotherapy was administered post-
surgery in 40% of patients based on consensus of a multidis-
ciplinary team. Gemcitabine was administered in 3–12 cycles
depending on radiotherapy doses (45–54 Gy in 1.8–2.5 Gy
fractions). Nevertheless, adjuvant treatment did not impact
neither in progression-free survival (P = 0.921, data not
shown), nor in overall survival (P = 0.899, data not shown).
The clinical features of the PDAC patients included in the
study are summarised in Table 1.

High NRAS Expression is Associated to Better Clinical
Outcome in PDAC Patients

Due to importance of NRAS in development of several neo-
plasias we decided to study the role of this factor in this kind
of patients. NRAS mutations are rare in PDAC patients [30];

thus, we determined NRAS in PDAC patients by
immunohistochemistry.

All positive stained samples exhibited a cytoplasmic ex-
pression pattern (Fig. 1) and some diffuse membrane
localisation, especially in some cases with medium or high
expression levels (Fig. 1d, e and f). Subsequently, patient’s
samples were stratified into three groups as low, medium or
high, according to NRAS intensity of expression (Fig. 1).

Table 1 Clinico-
pathological
characteristics of
resectable PDAC
patients enrolled in the
study

Characteristics N (%)

Age

<65 years 20 (44%)

>65 years 25 (56%)

Sex

Female 27 (60%)

Male 18 (40%)

Size

<3 cm 37 (82%)

>3 cm 5 (11%)

N/A 3 (7%)

Stage

IA 6 (13%)

IB 3 (7%)

IIA 8 (18%)

IIB 28 (62%)

Grade

Low grade 34 (76%)

High grade 11 (24%)

Lymph nodes involved

No 15 (33%)

Yes 29 (65%)

N/A 1 (2%)

Adjuvant treatment

No 25 (56%)

Yes 18 (40%)

N/A 2 (4%)

Positive margins

No 38 (85%)

Yes 7 (15%)

Origin

Pancreas 23 (51%)

Biliar Duct 12 (27%)

Ampulla 10 (22%)

Vascular invasion

No 14 (31%)

Yes 31 (69%)

Neural invasion

No 13 (29%)

Yes 32 (71%)

N/A not available
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The association betweenNRAS expression and outcomewas
assessed. Survival analysis in terms of progression-free survival
showed statistically significant differences between three arms
(P = 0.025) (Fig. 2a). Interestingly, it was observed that patients
stratified according to low and medium expression levels had
similar behaviour according to progression-free survival, while
patients from high expression presented a clearly better out-
come. Therefore, high expression arm was established as cut-
off point for NRAS expression. This new stratification achieved
higher statistical power and indicated high NRAS expression as
better outcome event in PDAC patients (P = 0.013) (Fig. 2b).
Median analysis revealed that patients with low-mediumNRAS
expression took them 9 months to experience disease progres-
sion (range, 7–11 months). However, those patients with high
expression took over 22 months to develop disease progression
(range, 8–35 months).

Overall survival according to NRAS expression was analysed
as a secondary endpoint. Kaplan-Meier curveswith low,medium
and high NRAS expression did not achieve statistical signifi-
cance (P = 0.052) (Fig. 3a). Then, we grouped low and medium
NRAS expression arms to compare with highNRAS expression.
Here, statistical significant differences were found between both
cohorts and high NRAS expression that showed longer overall
survival and a subsequent better outcome (P = 0.020) (Fig. 3b).
Median overall survival of patients with low andmediumNRAS
expression was 15 months (range, 8–22 months) while median
was not reached for high NRAS expression arm. While mean
overall survival for high expression was found to be twice longer
than mean of low and medium NRAS expression cohort. Albeit,
mean overall survival was found to be 19 months (range, 12–

26 months) for low and medium expression while high NRAS
expression patients took an average of 43 months until death
(range, 34–52 months). The results obtained validates NRAS
expression thus to be used to differentiate PDAC patients accord-
ing to their better or poor prognosis.

In order to compare the potential prognosis value of NRAS
expression with the other clinico-pathological variables we
performed a Cox proportional hazards model analysis
(Table 2). Then, univariate analysis revealed NRAS expres-
sion as statistical significant factor for both progression-free
survival (HR = 0.326; 95%CI = 0.128–0.837; P = 0.020) and
overall survival (HR = 0.268; 95%CI = 0.082–0.881;
P = 0.030) together with tumor stage. High grade appeared
to be a poor prognosis factor for both progression-free surviv-
al (HR = 3.256; 95%CI = 1.283–8.266;P= 0.013) and overall
survival (HR = 3.832; 95%CI = 1.374–10.688; P = 0.010). In
the multivariate analysis for progression-free survival both
variables stayed statistically significant. Thus, NRAS expres-
sion (HR = 0.328; 95%CI = 0.127–0.852; P = 0.022) could be
used to predict progression-free survival in PDAC patients
together with tumor grade (HR = 3.492; 95%CI = 1.327–
9.188; P = 0.011). Unfortunately, only tumor grade remained
statistically significant in multivariate analysis for overall sur-
vival (Table 2).

To verify if expression of NRAS expression could be asso-
ciated to any clinico-pathological variable registered in the
study, a crosstab was performed thereafter (Table 3).
However, no statistically significant association was found
in this analysis that included age (P = 0.807), gender
(P = 0.555), adjuvant treatment (P = 0.678), tumor origin
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Fig. 2 NRAS expression predicts longer progression-free survival. a
Kaplan-Meier analysis for progression-free survival after surgery of
patients stratified into three groups as low (blue line), medium (green
line) or high (yellow line), according to NRAS intensity of expression.

b Kaplan-Meier analysis for progression-free survival with high NRAS
expression (green line) established as cut-off point to separate patients
into high- and low risk. P-values ≤0.05 were considered significant
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Fig. 3 NRAS expression predicts longer overall survival. a Kaplan-
Meier analysis for overall survival of patients stratified into three
groups as low (blue line), medium (green line) or high (yellow line),
according to NRAS intensity of expression. b Kaplan-Meier analysis

for overall survival with high NRAS expression (green line) established
as cut-off point to separate patients into risk groups. P-values ≤0.05 were
considered significant

Table 2 Cox uni- and multivariate analysis with molecular and clinical variables on progression-free survival and overall survival PDAC patients

PFS Univariate OS Univariate

HR 95% CI P HR 95% CI P
Lower Upper Lower Upper

Age 0.832 0.239
>65 years vs <65 years 1.091 0.488 2.441 1.892 0.654 5.469

Sex 0.896 0.592
Male vs Female 1.057 0.461 2.400 1.374 0.430 4.392

Adjuvant treatment 0.925 0.898
No 1.000 1.000
Gemcitabine 0.952 0.351 2.581 0.926 0.268 3.194
Gemcitabine + RT 1.154 0.385 3.455 0.716 0.159 3.219

Origin 0.953 0.648
Pancreas 1.000 1.000
Biliar Duct 1.071 0.395 2.908 1.137 0.360 3.587
Ampulla 1.186 0.398 3.537 0.551 0.113 2.684

Size 0.737 0.456
>3 cm vs <3 cm 1.233 0.363 4.183 1.647 0.444 6.114

Grade 0.013 0.010
High vs Low 3.256 1.283 8.266 3.832 1.374 10.688

Stage 0.159 0.187
II vs I 2.389 0.712 8.022 3.926 0.514 29.971

Positive margins 0.856 0.183
Yes vs No 1.120 0.331 3.783 2.202 0.689 7.035

Vascular Invasion 0.876 0.912
Yes vs No 1.077 0.425 2.725 1.068 0.334 3.410

Neural Invasion 0.906 0.878
Yes vs No 1.058 0.418 2.678 1.095 0.343 3.498

Lymph nodes affected 0.445 0.166
Yes vs No 1.406 0.575 3.439 2.885 0.645 12.909

NRAS 0.020 0.030
High vs Low 0.326 0.128 0.837 0.268 0.082 0.881

Grade 0.011 0.029
High vs Low 3.492 1.327 9.188 3.389 1.137 10.103

NRAS 0.022 0.091
High vs Low 0.328 0.127 0.852 0.345 0.101 1.184

PFS progression-free survival, OS overall survival, HR hazard ratio, CI confidence interval, RT radiotherapy, vs versus.
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(P = 0.738), grade (P = 0.190), stage (P = 0.673), positive
margins of resection (P = 0.363), lymph nodes involvement
(P = 0.186), vascular invasion (P = 0.373) or neural invasion
(P = 0.190). Intriguingly, NRAS expression showed a trend
towards significance with tumor size (P = 0.093) (Table 3).

Since genomic aberrations like mutations or variation in
NRAS copy number may occur in PDAC, although to a lesser
extent, we wonder if could be a link between NRAS expression
and genomic alterations. Taking into consideration the scarce
number of patients of our cohort and the low rate of NRAS
alterations in PDAC, we decided to evaluate the association
between NRAS expression and alterations of NRAS using a
public PDAC database from TGCA in order to found more
positive cases with NRAS alterations. This dataset comprises
149 patients with complete genomic information from a total
of 186 patients. Unfortunately, these analyses could not be
assessed because neither of the patients presented NRAS muta-
tion (n = 0/149) nor alteration in copy number (n = 0/149).

Due KRAS alterations are more frequent in PDAC, we
wonder if NRAS expression could be linked to mutation or
amplification of KRAS. The incidence of KRAS mutation was
91% (n = 135/149), and G12D was the most numerous with
41% of positive cases (n = 61/149), followed by G12 V (26%,
n = 39/149), G12R (18%, n = 27/149), Q61H (4%, n = 6/149),
Q61R (1%, n = 2/149), and others like G12A, G12C, G12S or
G13C that were present in very low incidence (<1%, n = 1/149
each). The association between KRAS mutation and NRAS
expression (protein or mRNA) revealed no statistically signif-
icant association (P = 0.593 and P = 0.694, respectively)
(Supplementary Table 1).

Copy-number variation analysis of KRAS showed amplifi-
cation in 4% of patients (n = 6/149). Fisher exact test per-
formed with KRAS amplification and NRAS protein or
mRNA expression did not achieve statistical significance
(P = 1.000 and P = 0.586, respectively) (Supplementary
Table 2).

Discussion

PDAC is one of the most deadful cancers worldwide because
tumor cells tend to metastasize vital organs what reduces sur-
vival significantly. Surgical resection is currently considered
the best option so far to improve survival. Not every patient is
a good candidate for this procedure, though. [39]. The survival
rate of resected patients reaches 3.5 years, however it de-
creases to 0.8 years in non-operated patients. Therefore, over-
all mean life expectancy is 1.4 years (P < 0.001) [40].
Adjuvant therapy is usually based on 5FU or gemcitabine
and combined with radiation therapy according to clinical
guidelines depending on the clinical and pathologic character-
istics [41, 42]. But, as we have checked in our cohort of pa-
tients, adjuvant therapy has a scarce benefit in survival, and it
is mostly used as a palliative intent [43, 44]. Therefore,
unresectable patients with limited treatment options are en-
couraged to participate in clinical trials at any stage of disease.

The current FDA-approved marker for PDAC, CA19–9, is
not recommended for its use in disease recurrence nor for
response to therapy prediction [45]. Several pre- and clinical
studies have suggested the potential use of BRCA2 mutations
as biomarkers for platimun-based chemotherapy and PARP
inhibitors [10]. However, secondary genomic alterations will
prompt patients to acquired resistance [46]. It is therefore im-
perative to find new treatments, predictive tools and prognos-
tic biomarkers to improve survival.

IHC is an easy, cost-effective and reliable technique com-
monly used in clinical practice to determine not only protein
expression but also RAS mutations with high sensitivity and
specificity of antibodies [47]. Thus, we decided to determine
NRAS expression by this method.

Our group has recently reported NRAS expression in 31
low-grade PDAC patients and a high trend towards signifi-
cance was found between NRAS expression and both
progression-free survival (P = 0.054) and overall survival
(P = 0.092) [48]. Then, we increased the number of PDAC
patients, and we included not only low-grade but also high-
grade patients for the present study. Interestingly, survival
analyses according NRAS expression achieved statistical sig-
nificance for both progression-free and overall survival. Cox
proportional hazards model confirmed the potential role of
NRAS as a prognosis biomarker for progression-free survival
together with tumor grade. Unfortunately, NRAS expression
had not enough statistical power when compared to tumor
grade for overall survival prediction. These results not only
support NRAS expression as a prognosis biomarker of
progression-free survival but also set NRAS at the same level
that tumor grade to predict patients’ prognosis above other
clinico-pathological variables like stage or lymph node
involvement.

To date, NRAS prognosis value is based on its oncogenic
mutational status. KRAS and NRAS mutations activate RAF-

Table 3 Association
between NRAS
expression and clinico-
pathological parameters

Clinico-pathological parameters P

Age 0.807

Gender 0.555

Adjuvant treatment 0.678

Origin 0.738

Size 0.093

Grade 0.190

Stage 0.673

Positive margins 0.363

Lymph nodes involvement 0.186

Vascular invasion 0.373

Neural invasion 0.190
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MEK-ERK effectors through constitutive stimulation of
MAPK pathway and the subsequent cell proliferation [17].

Both KRAS and NRAS mutation status has become an es-
sential tool in the clinical guidelines for the use of anti-EGFR
treatments for colorectal cancer patients [49]. It is estimated
that ~35% of colorectal cancer patients carry KRAS mutation,
however NRAS mutation is only found in ~4% [50]. The inci-
dence of NRAS mutations is higher in cutaneous melanoma
(~15%) and plays an important role in melanocyte homeosta-
sis [51]. Since genomic alterations of NRAS could appear in
PDAC, although in very low incidence [30, 32, 52], we de-
cided to study the link between NRAS expression and NRAS
mutation or copy-number variation. One of the limitations of
our study was the low number of patients recruited, and then it
could be hardy to found positive cases for NRAS mutation
and/or genomic amplification. Therefore, we decided to study
the link between NRAS expression and NRAS genomic alter-
ations in a public repository (TGCA) with higher number of
patients and with availability of expression profile and geno-
mic information. Unfortunately, genomic alterations in NRAS
were absent in this dataset. In contrast, KRAS mutation and
amplification was found in 91% and in 4% of patients respec-
tively. However, no statistical association was found between
NRAS expression and KRAS mutation or amplification.

To the best of our knowledge, this is the first time NRAS
expression plays a protective effect against cancer. In fact, sev-
eral scientific reports support the opposite but none dealing with
PDAC. Nras down-regulation by miR-340 and miR-143 has
been reported to be a good prognosis event in glioblastoma
[53, 54]. Moreover, increased expression of NRAS has been
associated to Vemurafenib resistance in melanoma derived cell
lines [55, 56]. Low expression of wild-type NRAS showed
better response rates to dacarbazine and longer progression-
free survival in metastatic melanoma patients [57].

It has been reported that NRAS present 5 different isoforms
with differential activation or repression potential of the
downstream pathways in both normal and tumor tissues such
as lung, thyroid, skin, and colon [58]. Isoforms 1 and 5 present
an increased ability to phosphorilate both downstream path-
ways RAF-MEK-ERK and PI3K-AKT. Isoform 2 activates
phosphorilation of PI3K but not RAF. In contrast, isoforms
3 and 4 present a reduced phosphorilation capability of the
both pathways RAF-MEK-ERK and PI3K-AKT. Of them all,
isoform 5 is the more aggressive variant [58]. In our study, we
have determined expression of NRAS isoform 1 in PDAC
patients. Thus, according to the results it is suggested that
the increased expression of isoform 1 has a protective effect
in such disease. We cannot compare between results because
PDAC has not been included in the above-mentioned report.
So, further research is necessary to verify activation ofMAPK
and PI3K pathways in PDAC.

Overall, the results presented here suggest a clear associa-
tion between NRAS expression and a better prognosis. Then,

NRAS expression could be a potential biomarker of better
outcome in PDAC.
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