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Background:  Neoadjuvant  chemoradiotherapy,  potentially  relevant  to  increase  resection  rate  in  pancre-
atic cancer,  is still debated.
Aims:  To  assess  tolerance,  resection  rate  and  outcomes  of patients  with  non-metastatic  pancreatic  ductal
adenocarcinoma  treated  by  concomitant  chemoradiotherapy.
Methods:  This  monocentric  study  included  all  consecutive  patients  treated  from  2010  to  2014  for  non-
metastatic  pancreatic  adenocarcinoma.  Chemotherapy  was  followed  by  chemoradiotherapy  in  operable
patients, surgical  resectability  being  assessed  by CT-scan.
Results:  Seventy-nine  patients  were  included:  41 patients  had  borderline  and  38 locally  advanced
tumours.  All  patients  were  treated  by chemotherapy  (FOLFIRINOX),  followed  by chemoradiotherapy
(median  dose:  59  Gy,  range  45–66  Gy)  for 94% of  patients.  Thirty-seven  patients  (47%)  could  subsequently
benefit  from  surgery  with  a complete  R0 resection  in  94%  of  cases,  with  a postoperative  mortality  of
5%. Median  overall  survival  was  21.5 months  (median  follow-up:  48.8  months).  Local control,  overall
and  disease-free  survival  were  significantly  higher  for patients  who  underwent  resection  compared  to
others,  with 89.2%  vs  59.5%  (p  =  0.01),  49.7 vs  17.4  months  (p  <  0.01)  and  25.5  vs 9.2  months  (p  <  0.01),

respectively.
Conclusion: Neoadjuvant  treatment  consisting  of  FOLFIRINOX  chemotherapy  followed  by  chemoradio-
therapy  is an  efficient  strategy  for patients  with  borderline  and  locally  advanced  pancreatic  cancer,
resulting  in  a 43%  rate  of secondary  complete  surgical  resection  associated  with  high  local  control,  overall

.
 Gast
and disease-free  survival
©  2019  Editrice

. Introduction

Pancreatic ductal adenocarcinoma (PDAC) is associated with

 poor prognosis since 5-year global survival rate is around 5%
1]. About 30–40% of patients have a locoregional non-metastatic
isease at time of diagnosis, i.e. either resectable or unresectable
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tumours. Given that surgery with clear resection margins (i.e. R0
resection) is the only curative option [2], the question of resectabil-
ity has been widely discussed in order to define criteria that could
guide the treatment strategy. In 2017, the National Comprehensive
Cancer Network (NCCN) updated their classification distinguishing
locoregional disease in resectable cancers, borderline potentially
resectable (BR) and unresectable locally advanced (LA) PDAC based
on venous and/or arterial invasion status [3]. On the one hand, unre-

sectable LA PDAC is treated by induction chemotherapy, possibly
followed by chemoradiotherapy, resulting in secondary resection
in about 20% of cases [4]. On the other hand, upfront surgery of BR
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ancers is associated with a high rate of microscopically incomplete
esection (i.e. R1 resection) [5]. Therefore, for patients with BR or LA
DAC, there is a strong rationale for neoadjuvant therapy with the
im of converting unresectable tumours to resectable for LA PDACs
nd increasing the rate of R0 resections for BR cancers. Gillen’s
eta-analysis (111 studies, 4394 patients) showed that neoadju-

ant chemoradiotherapy resulted in a secondary resection rate of
3.2% for LA initially unresectable cancers [4]. During the past cou-
le of decades, the strategy in our institution was to treat LA PDAC
y neoadjuvant chemotherapy followed by exclusive chemoradio-
herapy but with systematic assessment by CT-scan at the end
f treatment. Good responders were then considered for surgery.
ore recently, this regimen has been extended to BR tumours as

 neoadjuvant strategy because of their high rate of R1 resections
7].

The aim of the study was to assess the secondary resection rate
nd the overall and disease-free survival of patients with BR or LA
DAC treated by concomitant chemoradiotherapy in a prospective
bservational cohort.

. Methods and materials

This retrospective intent to treat analysis of a monocentric
rospective observational cohort included all consecutive patients
reated by FOLFIRINOX chemotherapy, followed by chemoradio-
herapy or not, from January 2010 to December 2014 for BR and
A PDAC. The treatment strategy for every patient was decided on
linical data and CT-scan images by a multidisciplinary team (MDT:
t least one oncologist, surgeon, radiologist, gastroenterologist and
athologist).The study was  approved by the institutional review
oard and the need for written informed consent was  waived.

.1. Initial staging

All tumours were cytologically or histologically proven
y echoendoscopic ultrasound-guided fine needle aspiration.
umours were classified by the multidisciplinary team as LA or BR
n CT-scan images, 1.25 mm slices, with arterial and portal con-
rast infusion. Knowing that the classification between LA and BR
umours could be a major bias in our analysis, all baseline CT-scans
ere reviewed retrospectively by a senior radiologist, and tumours

eclassified with strict accordance to NCCN classification v2-2017
3]. Post chemoradiotherapy staging was assessed by CT-scan and a
iver MRI  was done only in the case of suspicion of liver metastasis.

.2. Treatment

The treatment strategy consisted of first-line chemother-
py followed, in the absence of progression, by conformational
hemoradiotherapy. Chemotherapy consisted of 4–6 cycles of the
OLFIRINOX regimen (oxaliplatin, irinotecan, 5FU-folinic acid) as
rst choice [8]. Radiotherapy was a 3D conformal irradiation to
he tumour volume, up to 59.4 Gy in 33 fractions over 6.5 weeks.
hemotherapy associated with radiotherapy consisted of a FOLFOX
egimen (oxaliplatin, 5FU-folinic acid) as first choice, capecitabine
1600 mg/m2five days a week) or gemcitabine (600 mg/m2/week)
n the case of FOLFOX contra-indication. Reassessment was car-
ied out by the multidisciplinary team at the end of first-line
hemotherapy and 4–6 weeks after the end of chemoradiother-
py. This reassessment was based on clinical signs and performance
tatus, CA 19-9 levels and CT-scan evaluation in order to decide

n surgical resection or not. Surgery was indicated in the case
f tumour response or stability, performance status 0 or 1 and
ecrease of vascular abutment, or even, in the case of persistent
ascular abutment images if limited to less than 180◦ encasement.
er Disease 51 (2019) 1043–1049

Adjuvant chemotherapy (gemcitabine) was proposed on MDT  deci-
sion alone in the case of poor pathological features (R1 resection
or major nodal involvement) and carried out depending on the
patient’s performance status.

2.3. Surgical procedures and pathological protocol

For resectable tumours, a classic Whipple procedure was car-
ried out with an ‘artery first’ approach to determine resectability
[9], with resection of the distal stomach without pylorus preser-
vation, including removal of all lymph nodes as recommended by
the International Study Group on Pancreatic Surgery (ISGPS) group
[10]. For the left side pancreatic cancer, a radical antegrade modular
pancreatosplenectomy was  performed. If persistent vascular abut-
ment to the portal vein was found, a wedge or segmental resection
was included in the procedure, and the venous segment was clearly
identified. For segmental resection shorter than 3 cm end to end,
anastomosis without graft was  performed. In the case of segmental
resection longer than 3 cm a peritoneal graft was used. The surgeon
carried out inking of the circumferential margins before sending
on to the pathologist in order to assist subsequent localization of
the portal vein, the superior mesenteric vein groove, the superior
mesenteric artery and the posterior margins [11]. A macroscopic
pathological procedure then followed a standardized protocol by
serial slicing of the pancreatic head in a single axial plane, perpen-
dicular to the longitudinal axis of the duodenum, to obtain slices
covering the tumour and its ranges up to the inked margins [5].
R0 resection was  defined as margin strictly superior to 0 mm.  R1
resection presented tumour cells on the inked margin. Surgical
morbidity was defined as significant surgical postoperative com-
plications of Grade III, IV or V, as classified by Dindo et al. [12].
Grade III includes complications that required surgical, endoscopic
or radiological intervention, with or without general anaesthesia.
Grade IV includes life-threatening complications that require man-
agement in an intensive care unit. Grade V complications cause
postoperative death.

2.4. Statistics

The assessed end points were acute toxicity, post-operative
mortality and morbidity occurring within 30 days post-surgery,
subsequent surgery rate (R0 or R1), local control rate, overall sur-
vival (OS) and progression free survival (PFS). The Kaplan–Meier
method was used to estimate OS which was calculated from the
date of diagnosis to the date of death or last follow-up. PFS was
calculated from the date of diagnosis to the date of progression or
the last follow-up.

Univariate and multivariate analyses of survival were done
using a log-rank test and a stepwise Cox proportional hazards
model, respectively. Univariate and multivariate analyses of the
relationship between treatment factors (venous or arterial abut-
ment, tumour size, CA19.9 level at initial staging, age, gender,
tumour classification (LA vs BR)) and surgery were done using Chi-
2 test or Fisher’s exact and Whitney U test or parametric Student’s
test for qualitative and quantitative variables respectively. The
results were considered significant when p-value < 0.05. Statisti-
cal analysis was carried out with R software, version 3.2.4. Analysis
of the data was carried out in January 2016 so that a minimum 18
months follow-up was possible for all patients.

3. Results
3.1. Patients

Between 2010 and 2014, 79 patients (43 men, 36 women), with
a median age of 60 years (range 35–76) were included (Table 1).
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Table  1
Patients and tumor characteristics at initial staging.

Patient characteristics N %

Age
<65 50 63.3
≥65 29 36.7

Gender
Male 43 58.9
Female 36 45.5

Initial OMS status
0 24 30.4
1  48 60.8
2  7 8.9

Initial CA 19-9(Ui/ml) (median/range) 175 0.9–11927
Tumor characteristics
Borderline 41 51.9

Arterial contact 22 53.7a

Venous contact 40 97.6a

Locally advanced 38 48.1
Arterial contact 37 97.4b

Venous contact 32 84.2b
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Table 2
Histological results according to the initial tumour classification.

Histological results Borderline Locally advanced

Surgical resection (N) 24 (1 no histology) 13
ypT0-T1 9 5
ypT2-T3-T4 14 8
ypN0 18 9
ypN1 5 4
ypM1 1 (node)
R0  22 12
a Percentage among patients with borderline tumors.
b Percentage among patients with locally advanced tumors.

ccording to the NCCN v2-2017 classification, 41 and 38 patients
espectively had baseline BR and LA unresectable tumours (Table 1).

.2. Neoadjuvant treatment

All patients were treated by chemotherapy consisting of
OLFIRINOX (median number of cycles: 5 [1–13], resulting in Grade
–4 toxicity for 4 patients (Grade 3 toxicities were asthenia, diar-
hea and vomiting, whereas Grade 4 was a neutropenic infection).
hemotherapy was followed by chemoradiotherapy (3D conforma-
ional, median dose: 59 Gy, range 45–66 Gy) for 74 patients (94%).
en patients were referred for radiotherapy to hospitals near their
omicile, resulting in different total doses delivered. Four patients
ad metastatic disease and one presented local progression at
he CT-scan assessment after chemotherapy and therefore did not
ave subsequent chemoradiotherapy. Radiotherapy was  systemat-

cally associated with chemotherapy with FOLFOX regimen for 63
atients (85.1%), gemcitabine for 2 patients (2.7%), capecitabine for

 patients (8.1%) and oxaliplatin for 1 patient. Chemoradiotherapy
as well tolerated in 72 patients (97.3%) with a toxicity score infe-

ior or equal to Grade 2. Oxaliplatin was stopped in one patient
ecause of Grade 3 neuropathy. Three patients did not receive the
ntire treatment of chemoradiotherapy: two patients due to pro-
ression (peritoneum involvement revealed by ascites and small
owel occlusive syndrome) and one because of Grade 3 asthenia.

n one patient, the CT-scan revealed liver metastases but also an
spect of duodenal perforation without any clinical symptom 8
eeks after the end of chemoradiotherapy.

.3. Surgical resection

Among all patients, 37 (46.8%) underwent surgery (Whipple
rocedure : 30 patients, radical antegrade modular pancre-
tosplenectomy: 7 patients) with a complete R0 resection in 34
94%). Regarding post-operative morbidity, 30 patients (81.1%) had

 Dindo score of 1 or 2. Only five patients (13.5%) had a Dindo 3–4:
wo patients with post pancreatectomy haemorrhage Grade B and
ve patients with post operative pancreatic fistula Grade C [13,14].
ost-operative mortality was 5.4%. Two patients died within one
onth of surgery: one due to peritonitis and severe sepsis from
ost-operative fistula and the second due to haemorrhage.
Out of 74 patients who completed chemoradiotherapy, 13 were

iagnosed with metastases and 16 with persistant vascular abut-
ent at restaging by CT-scan. In addition, 7 patients had a surgical
R1  1 1
ypT0N0R0 3 4

exploration but were not finally resected due to carcinomatosis [2],
liver metastasis [1], nodal metastasis [1] or non resectable vascular
contact [3]. Finally, 37 patients underwent surgical resection, 24
(58.5%) with BR tumours initially, and 13 (34.2%) with LA tumours
initially (Fig. 1). Twenty-three of the 37 (62.2%) resected PDAC
patients underwent a venous resection (portal vein and/or mesen-
teric vein); one of them also had a mesenteric artery resection and
a hepatic artery reconstruction.

Four patients (11%) received adjuvant chemotherapy with gem-
citabine. For 2 patients, adjuvant chemotherapy was indicated by
the MDT  but could not be delivered due to infection (1 patient) and
acute renal failure (1 patient).

3.4. Pathological analysis

Among the patients operated, 34 (94.4%) had a R0 resection with
22 BR and 12 L A patients. Of note 28 patients (75.6%) had limits
>1 mm (Table 2). Importantly, 13 patients had a complete or sub-
complete response ypT0-T1N0 (9 patients were initially BR and 4
patients were initially LA). One LA patient had a ypT1N1R0.

3.5. Outcomes and survival

Median follow-up was 48.8 months (range: 18.6–68 months) for
the entire population.

At the time of analysis, 56 patients had died: 27 (65.8%) among
BR patients and 29 (76.3%) among LA patients. Among operated
patients, 15 (40.5%) had no sign of recurrence, whereas 18 (48.6%)
saw metastatic progression (Fig. 1). Noticeably, no local relapse,
without metastasis, was evidenced in operated patients, and only
4 patients (10.8%) had local relapses, but with systematic metastatic
disease. In the non-operated group, only 2 patients (4.7%) saw
no progression. For 8 patients (19%) progression was local, for 23
(54.7%) it was  metastatic and 9 (21.4%) had both (Fig. 1). The local
control rate was  significantly higher in the operated group with
89.2% as compared to 59.5% in the non-operated group (p = 0.01).

Median overall survival for the entire population was 21.5
months [CI 95%: 18–29 months].

Overall survival and progression-free survival were significantly
different (p < 0.01) in favour of the operated group. The median OS
was 49.7 months [CI 95%: 26.7-NR] for the operated group versus
17.4 months [CI 95%: 15.2–22.2] for the non-operated group (Fig. 2)
and the median PFS was 25.5 months [CI 95%: 18.8-NR] for the
operated group versus 9.2 months [CI 95%: 7.6–12.7] for the non-
operated group. Complete or sub-complete response ypT0-T1N0
was associated with a significantly better overall survival compared
to ypT2-4 or N1 (OR: 0.26 [CI 95%: 0.15−0.45]) (Fig. 3).

3.6. Prognostic factors
In univariate analysis, the only prognostic factor of OS and
of PFS was surgical resection (p < 0.001). Other parameters were
not significantly associated. Therefore no multivariate analysis
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Fig. 1. Patients’ outcome. PDAC: pancreatic ductal adenocarcinoma; LA: locally advanced; BR: borderline; CT: CT-scan.

Fig. 2. Overall survival according to surgery.
Kaplan–Meier estimates of overall survival (OS) were significantly different (p < 0.01) in favour of operated versus non-operated patients. The median survival time was
estimated to be 49.7 months [CI 95%:26.7-NR] in the operated group versus 17.4 months [CI 95%:15.2–22.2] in the non-operated group.
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ig. 3. Overall survival according to complete/sub-complete response.
aplan–Meier estimates of overall survival (OS) in months were significantly differ
as  not reached for patients achieving ypT0-1, N0 versus 26.6 months for patients 

as performed. Five main factors were significantly related to
ecreased probability of secondary surgery: abutment with the
uperior mesenteric artery and hepatic artery, arterial contact,
nitial classification as LA, and post-chemoradiotherapy CA 19-

 ≥ 20 U/mL. In the case of abutment with the superior mesenteric
rtery, only 34.9% of patients were operated versus 61.1% with
o contact (p = 0.022, OR = 0.34 [0.14−0.85]). For hepatic artery
butment, this ratio was 28 versus 55.6% of patients (p = 0.026,
R = 0.31 [0.11−0.87]). Initial classification as BR was  linked to

ncreased probability of surgery (p = 0.032, OR = 2.71 [1.09–6.77])
ompared with LA (Table 3). Finally 36.7% of patients with a
ost-chemoradiotherapy Ca19.9 ≥ 20 U/mL were operated versus
4.3% of patients with a CA 19-9 < 20 U/mL (p = 0.036, OR = 3.11
1.06–9.09]).

. Discussion

The aim of this retrospective study was to determine the tol-
rance, secondary resection rate and patient outcome after a
eoadjuvant or induction strategy including FOLFIRINOX-based
hemotherapy followed by chemoradiotherapy, for patients with
R or LA pancreatic cancers. R0 resection is associated with a better
utcome [2,5]. We  therefore hypothesized that neoadjuvant treat-
ent could allow secondary resection in PDAC considered as locally

dvanced at baseline and increase the R0 resection rate in BR can-
ers. This was further supported by the fact that even if a tumour is
onsidered as BR and can be resectable at the cost of venous resec-
ion, the risk of R1 resection remains major. Furthermore, even if
0 resections are achieved, venous resection has been identified as
n unfavourable prognostic factor [15].

Firstly, we found that neoadjuvant treatment was  well-tolerated

ith less than 3% of Grade 3–4 toxicity, and 90% of patients complet-

ng the treatment schedule. This is in agreement with the results
f the AGEO cohort with FOLFIRINOX neoadjuvant chemotherapy
16]. Furthermore, post-operative mortality was  5%, similar to pub-
 favour of patients with complete or sub-complete response. Median survival time
pT2-4 or N1 (OR: 0.26 [CI 95%: 0.15−0.45]).

lished results of upfront pancreatectomy [17], and in agreement
with Liu’s meta-analysis that found similar post-operative mortal-
ity rates between patients operated with or without neoadjuvant
chemoradiotherapy in resectable patients [18]. Interestingly, some
authors report even less frequent post-operative complications in
patients operated after neoadjuvant chemoradiotherapy in partic-
ular regarding pancreatic fistula [19,20].

Secondly, we found that this neoadjuvant strategy achieved 47%
of secondary resections with 94% R0 resections when R0 resec-
tion means >0 mm but 75.6% if R0 means ≥1 mm.  These results are
slightly comparable to the 69.5% (CI 62.1%–76.4%) rate of explo-
ration with resection in 77.9% (CI 72.4%–82.9%) of cases published
in the meta-analysis by Gillen et al. combining the results of 111
studies, including LA and BR patients [4]. However, our complete
resection rate was  higher than or in the range of previously pub-
lished rates (72.4–85.2%) depending on R0 definition (>0 mm or ≥
1 mm)  [4,21,22]. Differences in the proportion of LA versus BR pan-
creatic cancers in the published studies might explain variations
in resection rates. Interestingly, a secondary resection was pos-
sible for 34.2% of LA initially non resectable tumours, with 92.3%
R0 resection, compared to 26% in the meta-analysis of Suker et al.
which included 355 patients treated by induction FOLFIRINOX for
LA PDAC. Of note, 63.5% of patients received chemoradiotherapy
after induction chemotherapy. Our result is in agreement with the
one third of secondary resection rate published in 3 different meta-
analyses [4,22,23]. This carries strong clinical value, given the fact
that chemoradiotherapy still remains controversial in this context.
Indeed, chemoradiotherapy is considered as an option after neoad-
juvant chemotherapy since it results in improved time without
treatment compared to chemotherapy alone, but without improve-
ment in survival [24]. Chemoradiotherapy may  enable vascular

abutments to be sterilized. Therefore, it is a strong therapeutic
option from the point of view of converting non resectable tumours
to resectability, or in increasing the rate of complete R0 resection,
as shown in the AGEO study [25]. It might also play a role in iden-
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Table  3
Parameters associated with resectability :OR (odds ratio), CI (confidence interval).

Parameters Modality N % OR CI P value

SMA  contact
No Contact 36 61.1 –
Contact 43 34.9 0.34 0.14–0.85 0.022

Coeliac axis contact
No contact 60 51.7 –
Contact 19 31.6 0.43 0.14–1.29 0.132

Hepatic artery contact
No contact 54 55.6 –
Contact 25 28 0.31 0.11–0.87 0.026

Arterial contact
No contact 20 70 –
Contact 59 39 0.27 0.09–0.81 0.02

Retroportal infiltration
No 37 43.2 –
Yes 42 50 1.31 0.54–3.19 0.548

SMV  contact
No contact 19 42.1 –
Contact 60 48.3 1.29 0.45–3.65 0.636

SMV  stenosis
0 56 42.9 –
Inferior to 50% 7 85.7 8 0.9–70.93 0.062
Superior to 50% 16 43.8 1.04 0.34–3.18 0.949

Venous contact
No contact 7 42.9 –
Contact 72 47.2 1.19 0.25–5.72 0.825

Classification
Locally advanced 38 34.2 –
Borderline 41 58.5 2.71 1.09–6.77 0.032

Pre-CRT Ca19.9 (Ui/ml)
<175 33 57.6 –
≥175 33 36.4 0.42 0.16–1.13 0.087

After  CRT Ca 19.9 (Ui/ml)
≥20 30 36.7
<20 28 64.3 3.11 1.06–9.08 0.036

Age  (years)
<65 50 46
≥65 29 48.3 1.1 0.44–2.74 0.845

Performance status (OMS)
0 48 41.7
1  24 41.7 2.33 0.85–6.38 0.099
2  7 28.6 0.56 0.1–3.18 0.513

Tumor size (mm)
<35 37 56.8 –
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≥35 39 

old letters highlight significant results.

ifying patients with rapid progressive or metastatic disease, for
hom frontline surgery would not be beneficial.

For BR tumours, our study found a 58.5% secondary resection
ate, R0 in 95% of cases, consistent with published results, which
owever show great variability. Several reasons can explain the
ide heterogeneity of published R0 resection rates [4,18–20].

Firstly, resectability criteria are still debated. Several definitions
ave been proposed for LAPC depending on the extent of vascu-

ar contact, such as the M.D.Anderson or the Callery consensus
26]. The main classification used is the NCCN classification which
s, however, regularly updated, leading to potential retrospective
ifferences in the distribution of patients among the groups (BR
ersus LA) [3]. Secondly, resection rates could also depend on the
ultidisciplinary decision at assessment after neoadjuvant treat-
ent. Indeed, analysis of resectability after neoadjuvant treatment

s even more challenging since post-treatment images are difficult
o analyze. The ability to predict R0 resectability with a CT-scan
as reduced in the case of neoadjuvant treatment (58% vs 83%,

 = 0.039) mostly due to overestimation of tumour size and vascular
ontacts and a diffuse peripancreatic inflammation [26–28].
Biopsies by laparoscopy are recommended to rule out secondary
ite or persistence of vascular abutment. Thirdly, the sequential
urgical strategy carried out in our institution could also influence
35.9 0.43 0.17–1.07 0.07

the secondary resection rate. After the absence of carcinomatosis
has been verified, biopsies of persistent arterial vascular abutment
are carried out with extemporaneous histopathological analysis.
Resection is continued only in the case of sterilization of biop-
sies, with venous resection if necessary [6] Fourthly, R0 resection
is also dependent on a systematic and standardized histopatholog-
ical analysis protocol. Resection specimen orientation and margin
inking by the surgeon are critical. In addition, R0 rates vary among
studies, between 77% if R0 means margins are over 0 mm,  and 29%
if R0 means margins are over 2 mm [5,29].

Prognostic factors associated with secondary resection were as
already published, in particular arterial abutments with SMA, and
were in agreement with definition of LA. Venous invasion, initial
tumour size and initial CA19-9 were not associated with resectabil-
ity [29,30]. However, a post-chemoradiotherapy Ca19.9 under 20
was associated with resectability.

Our survival results are in the range (13.7–24.2 months) found
for LA PDAC treated with FOLFIRINOX regimen as a first line treat-
ment [22]. Importantly, overall survival results were remarkably
high in operated patients (49.7 [IC95%: 26.7-NR]). In addition, over-

all survival was significantly higher in patients with complete or
sub-complete ypT0-T1N0M0 response (respectively NR versus 26.6
months, (OR: 0.26 [CI95%: 0.15−0.45])), which may be an argu-
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cinoma. Eur J Surg Oncol 2009;35.
[33] Habermehl D, Brecht IC, Bergmann F, Welzel T, Rieken S, Werner J, et al.
C. Pouypoudat et al. / Digestive a

ent for intensification of neoadjuvant treatment. Noticeably, the
ocal control rate was high in patients treated by chemoradiother-
py and surgery with no local relapse, without metastasis and
nly 10.8% local relapses but with systematic metastatic disease,
hereas frontline surgery is usually associated with 35–86% of local

elapse [31–33], suggesting the high relevance of this strategy even
or patients with initially resectable tumours.

Therefore we can not exclude a bias of selection of patients,
eading to favourable results. Indeed, our recruitment was  mainly
one by the hepato-biliary and pancreatic surgery department,
ith patients referred for surgery from primary and secondary cen-

res, explaining our high rate of BR patients (52%), which does not
eflect the general recruitment in this pathology. However, this also
roves the expertise of our centre, practicing >65 pancreatectomies
er year, knowing that the annual caseload of pancreatectomy has
een shown to be an independent predictor of mortality [17].

In addition, the decision for resectability could vary among
hysicians according to the time of decision, since classification
as evolved during the timeline of the cohort treatment. To address
his issue, we decided to carry out a central review of all patient CT-
can imaging according to the latest version of classification at the
ime of analysis, in order to make patient distribution consistant
ccording to resectability criteria.

In conclusion, our data confirms that neoadjuvant treatment
onsisting of FOLFIRINOX chemotherapy followed by chemora-
iotherapy is an efficient strategy for patients with BR and LA
ancreatic cancers, resulting in a good rate of secondary complete
urgical resection and pathological response. Furthermore, well-
olerated, this strategy results in high local control of the disease.
ngoing randomized prospective clinical trials are currently testing

his therapeutic approach.

onflict of interest statement
r. Blanc reports personal fees from Baxalta, outside the submitted
ork. No COI to disclose for the other authors.

eferences

[1] Lutz MP, Zalcberg JR, Ducreux M,  Aust D, Bruno MJ,  Büchler MW,  et al. 3rd
St.  Gallen EORTC Gastrointestinal Cancer Conference: Consensus recommen-
dations on controversial issues in the primary treatment of pancreatic cancer.
Eur  J Cancer 2017;79(July):41–9.

[2] Neoptolemos JP, Stocken DD, Dunn JA, Almond J, Beger HG, Pederzoli P, et al.
Influence of resection margins on survival for patients with pancreatic can-
cer treated by adjuvant chemoradiation and/or chemotherapy in the ESPAC-1
randomized controlled trial. Ann Surg 2001;234(6):758.

[3] Tempero MA,  Malafa MP,  Al-Hawary M,  Asbun H, Bain A, Behrman SW,  et al.
Pancreatic adenocarcinoma, version 2.2017, NCCN clinical practice guidelines
in  oncology. J Natl Compr Canc Netw 2017;15(August (8)):1028–61.

[4] Gillen S, Schuster T, Meyer zum Büschenfelde C, Friess H, Kleeff J. Preoper-
ative/Neoadjuvant Therapy in Pancreatic Cancer: A Systematic Review and
Meta-analysis of Response and Resection Percentages. Seiler C, editor. PLoS
Med. 2010 Apr 20;7(4):e1000267.

[5] Delpero JR, Bachellier P, Regenet N, Le Treut YP, Paye F, Carrere N, et al.
Pancreaticoduodenectomy for pancreatic ductal adenocarcinoma: a French
multicentre prospective evaluation of resection margins in 150 evaluable spec-
imens. HPB 2014;16(January (1)):20–33.

[6] Denost Q, Laurent C, Adam J, Capdepont M,  Vendrely V, Collet D, et al.
Pancreaticoduodenectomy following chemoradiotherapy for locally advanced
adenocarcinoma of the pancreatic head. HPB 2013;15(September (9)):716–23.

[7] Neuzillet C, Tijeras-Raballand A, Bourget P, Cros J, Couvelard A, Sauvanet A,
et  al. State of the art and future directions of pancreatic ductal adenocarcinoma
therapy. Pharmacol Ther 2015;155:80–104.

[8] Balaban EP, Mangu PB, Khorana AA, Shah MA,  Mukherjee S, Crane CH,
et  al. Locally advanced, unresectable pancreatic cancer: American society
of clinical oncology clinical practice guideline. J Clin Oncol 2016;34(August
(22)):2654–68.

[9] Sanjay P, Takaori K, Govil S, Shrikhande SV, Windsor JA. ‘Artery-first’ approaches

to pancreatoduodenectomy. Br J Surg 2012;99(August (8)):1027–35.

10] Tol JAMG, Gouma DJ, Bassi C, Dervenis C, Montorsi M,  Adham M,  et al. Definition
of  a standard lymphadenectomy in surgery for pancreatic ductal adenocarci-
noma: a consensus statement by the International Study Group on Pancreatic
Surgery (ISGPS). Surgery 2014;156(September (3)):591–600.
er Disease 51 (2019) 1043–1049 1049

11] Adsay NV, Basturk O, Saka B, Bagci P, Ozdemir D, Balci S, et al. Whipple made
simple for surgical pathologists: orientation, dissection, and sampling of pan-
creaticoduodenectomy specimens for a more practical and accurate evaluation
of  pancreatic, distal common bile duct, and ampullary tumours. Am J Surg
Pathol 2014;38(4):480–93.

12] Dindo D, Demartines N, Clavien P-A. Classification of surgical complications:
a  new proposal with evaluation in a cohort of 6336 patients and results of a
survey. Ann Surg 2004;240(August (2)):205–13.

13] Wente MN,  Veit JA, Bassi C, Dervenis C, Fingerhut A, Gouma DJ, et al. Postpan-
createctomy hemorrhage (PPH)—an international study group of pancreatic
surgery (ISGPS) definition. Surgery 2007;142(July (1)):20–5.

14] Bassi C, Marchegiani G, Dervenis C, Sarr M,  Abu Hilal M,  Adham M,  et al. The
2016 update of the International Study Group (ISGPS) definition and grading
of  postoperative pancreatic fistula: 11 Years after. Surgery 2017;161(March
(3)):584–91.

15] Delpero JR, Boher JM,  Sauvanet A, Le Treut YP, Sa-Cunha A, Mabrut JY, et al.
Pancreatic adenocarcinoma with venous involvement: is up-front synchronous
portal-superior mesenteric vein resection still justified? A survey of the asso-
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