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Abstract

Background Neo-adjuvant chemotherapy (CHT) has

gained increasing importance in resectable and borderline

resectable pancreatic cancer leading to a better performing

surgery when we look at negative resection margins and

selection of patients with less aggressive disease. We apply

this principle to patients with Stage III (LAC) pancreatic

cancer undergoing RFA and try to select patients who may

benefit from a local treatment.

Methods All patients affected by LAC were treated with

RFA for a stable disease after a short CHT. Postoperative

morbidity and mortality were evaluated together with

overall survival (OS) and disease specific survival (DSS).

Results We consecutively treated 57 patients affected by

LAC. Median duration of CHT before RFA was 5 months.

The postoperative mortality rate was zero. Overall mor-

bidity was 14 % with RFA-related morbidity of 3.5 %. The

OS and DSS were 19 months and when compared to a

similar population who received RFA as up front treatment,

there was no difference.

Conclusions Our results do not support the adoption of a

short CHT as a way to identify patients to treat with RFA

with the most benefit. Based on this and by knowing the

role of immune modulation after RFA and its specific

involvement in pancreatic carcinoma, we can propose RFA

as upfront treatment.

Keywords Pancreatic tumor ablation � Pre-operative

chemotherapy � Locally advanced pancreatic cancer

Introduction

Neo-adjuvant chemotherapy (nCHT) in patients with pan-

creatic carcinoma has become widely accepted in early stage

of disease (resectable cancer) and in borderline cancer [1, 2].

The very early systemic dissemination of pancreatic cancer

[3] endorses the rationale for an up-front use of systemic

therapy [4]: this has the potential to maximize the chances of

a margin-negative resection and minimize the number of

patients harboring aggressive disease from undergoing a

fruitless surgical procedure [5]. Unfortunately, only 20 % of

cases are resectable at time of diagnosis: 40 % presents with

metastatic disease and the remnant 40 % with locally

advanced cancer [6]. In this last group of patients an increase

of resection rate is possible after nCHT as reported by dif-

ferent authors but results on survival rate are not homoge-

neous [7–11]. In our centre we defined a model of

Radiofrequency ablation (RFA) in LAC [12, 13] to obtain a

local control of disease. After a preliminary experience with

RFA performed as upfront treatment, we observed a not

negligible percentage of patients with progression of disease

within three months from the procedure [14]. We, therefore,

decided to set a pre-RFA systemic chemotherapy with the

intent to select those patients who may benefit from a cyto-

reductive treatment and, on the other side, to identify those

early progressive patients.

In this paper we retrospectively analyze this group of

patients affected by LAC treated by RFA preceded by a

short systemic chemotherapy with particular attention to

morbidity and mortality rate, time to progression (TTP),

overall survival (OS) and disease specific survival.

I. Frigerio (&) � R. Girelli � A. Giardino � P. Regi

Hepato-Pancreato-Biliary Unit, Casa di Cura Pederzoli,

Via Monte Baldo 24, Peschiera del Garda, 37019 Verona, Italy

e-mail: isifrigerio@yahoo.com

I. Frigerio � R. Salvia � C. Bassi

Department of Surgery B, Pancreas Institute, GB Rossi Hospital,

University of Verona, Verona, Italy

123

J Hepatobiliary Pancreat Sci (2013) 20:574–577

DOI 10.1007/s00534-013-0613-3



Patients and methods

The study was approved by the local medical ethics com-

mittee. Patients with histologically proven stage III pan-

creatic cancer were enrolled and received the procedure

following a short chemotherapy (CHT). The choice of

chemotherapy scheme was up to the oncologist and this

was mainly due to the variety of referral centres. Preop-

erative staging included contrast-enhanced computed

tomography (CT) scan or magnetic resonance imaging

(MRI), and serum tumour markers. For those patients who

were referred from other hospitals, the MRI or CT scan

were reviewed or done by our radiologists to confirm the

Stage. Mandatory criteria to receive RFA after CHT was

the absence of a radiological or clinical progression of

disease. The inclusion and exclusion criteria and the details

of the procedure have been previously described [12, 13].

Briefly, the procedure was performed under general

anaesthesia and laparotomy: the ultimate confirmation of

unresectability was made during surgery. A RITA� System

Generator 1500X (AngioDynamics�, USA) was used. The

probe (StarBurst XL, Talon or UniblateTM depending on

tumour size and shape) was placed in the tumour under US

monitoring. In case of biliary duct dilation or jaundice, and/

or duodenal obstruction, biliary and/or gastric by-pass was

performed. Seven days after surgery, an abdominal perfu-

sion-CT scan was performed, and the serum tumour

markers were measured. Pancreatic fistula, duodenal inju-

ries, thrombosis of the portal vein or superior mesenteric

vein are considered as RFA-related complications. Follow

up (consisting of clinical examination, abdominal CT scan

and serum tumour marker measurement) was planned on a

3-month basis. After surgery, all patients were referred to

the oncologist in order to receive chemo and/or radiother-

apy (CHT-RT) when feasible.

Statistics

Descriptive statistical analyses were performed using SPSS

package software 17.0 (SPSS, Chicago, III). The normally

distributed continuous variables were reported as percent-

age, mean and standard deviation (SD). Median and

interquartile ranges (IQR) were used to describe non-

parametric variables. Kaplan–Meier curves were adopted

to estimate the probability of survival rate at each point in

time, with the censored cases being those where the

expected event did not occur.

Results

We retrospectively analyze 57 patients affected by LAC

diagnosed in our or other peripheral centers and

prospectively enrolled between February 2007 and June

2012. Patients characteristics are shown in Table 1. Sys-

temic chemotherapy was administered with different

schemes: 54 patients received Gemcitabine-based chemo-

therapy, 2 patients the four drugs scheme (PEXG) and one

patient was treated with Folfirinox protocol. The median

duration of therapy was 5 months (IQR 4–6). In three cases

palliative surgery was performed at the time of diagnosis:

two double bypass and one biliary bypass. After CHT, all

patients were evaluated in our centre and in all cases the

locally advanced stage of disease was confirmed as stable

by MRI or CT and contrast enhanced ultrasound (CEUS).

The RFA was successfully conducted in all 57 patients and

the postoperative course was uneventful in 86 % of cases

(49 pts). Mortality rate due to the procedure was zero.

Among postoperative morbidity, only 2 cases developed

RFA related complications: one case of grade 1 pancreatic

fistula [15] and one case of duodenal micro-perforation and

severe bleeding treated conservatively (Table 2). All

patients with surgery related complications had palliative

surgery, but the adverse events were not associated with the

palliative procedure itself other than in two cases of gastric

fistula. All patients were then sent to the oncologist to

complete the treatment: 84.2 % received further chemo-

radiotherapy while 15.8 % of them were not able to carry

on the treatment due to poor general conditions.

Table 1 Patients characteristics

Total number 57

M/F 31/26

Median age (IQR) 63 (55–72)

Tumor site [n (%)]

Head 41 (72)

Body tail 16 (28)

Ca19.9, median (IQR) 164 U/mL (36–480)

Surgery associated to RFA [n(%)] 30 (52.5)

Single bypass 18 (31.5)

Double bypass 10 (17.5)

Cholecystectomy 2 (3.5)

Table 2 Postoperative course

Mortality rate [n (%)] 0 (0)

Morbidity rate [n (%)] 8 (14)

RFA related 2 (3.5)

Pancreatic fistula 1 (1.7)

Duodenal injuries 1 (1.7)

Surgery related 6 (10.5)

Fluid collection 2 (3.5)

GEA fistula 2 (3.5)

Gastric ulcer 1 (1.7)

Jaundice 1 (1.7)
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We observed 7 cases (12.3 %) of progression of disease

within 3 months from the procedure: two hepatic pro-

gressions and 5 cases with local progression. The median

time to progression (TTP) was 10 months (IQR 7.7–13.2).

Among patients with a minimum follow up of 12 months

(29/57), 29.8 % died from the disease, 12.2 % are alive

with stable disease, 3.5 % are alive without radiological

evidence of disease and 1.7 % are alive with progression.

Two patients (3.5 %) died from other causes.

The median overall survival (OS) and disease specific

survival were both 19 months (Figs. 1, 2). We compared

this survival data to a similar population of patients

affected by LAC, observed at the same time, who under-

went RFA as upfront therapy and we saw that there was no

difference in survival depending on the timing of RFA

(p value 0.6) as shown in Fig. 3.

Discussion

We were surely surprised from the results we obtained

from this study. The purpose of demonstrating that a che-

motherapy done before RFA could be the key to select the

patients who may benefit from a local treatment, has not

been successful. The chemotherapy regimens were not the

same in all patients, but they were almost all Gem-based

therapies and we defined such with our oncologists, for the

purpose of selection the early progressive patients with

3 months therapy, the differences between different drugs

were not so important. We should not forget that RFA is a

cytoreductive treatment which does not aim to eradicate the

tumor: what is left in site after RFA can be specifically

targeted by following radiotherapy and systemic or intra-

arterial chemotherapy. These results seem in contrast to

what has been recently published by Cantore and us [16]

where a combined multi-treatment followed by RFA could

significantly prolong survival: as Cantore himself states in

his paper the extraordinary survival rate of 25.6 months

may reflect the inherent selection bias that is inevitable in

some patients who receive second-line RFA, who must

have benefited from an earlier treatment in order to receive

RFA later.

Fig. 1 Overall survival

Fig. 2 Disease specific survival

Fig. 3 Timing of RFA
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The rate of early progression was the same with or

without chemotherapy (12.3 and 16 %, n.s.) and so was the

survival rate (19 months): we can therefore propose RFA

as an upfront treatment with no fear of neglect as a neo-

adjuvant treatment? This being an observational and not

randomized study, the interpretation of these data can be

not univocal. Immune modulation is the other strong

motivation to propose RFA [17] as up front treatment to

patients with LAC: an increasing number of studies have

been published regarding the role of thermal ablation in

stimulating and modulating the immune system and the

immune response against the tumor [18–21]. Dromi et al.

[22] demonstrates in animals an increase of dendritic cell

infiltration, which are the most powerful antigen presenting

cells, following the ablation: subtotal RFA treatment

results in systemic antitumor T cell immune responses and

tumor regression.

The natural lack of dendritic cells in pancreatic carci-

noma, as compared to other solid neoplasm [23], makes

LAC the natural candidate for thermal ablation to obtain a

systemic effect from a local treatment.
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