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Abstract: Pancreatic cancer (PC) is a solid tumor with still a dismal prognosis. Diagnosis is usually late,
when the disease is metastatic or locally advanced (LAPC). Only 20% of PC are amenable to surgery at
the time of diagnosis and the vast majority of them, despite radically resected will unavoidably recur. The
treatment of LAPC is a challenge. Current guidelines suggest to adopt systemic therapies upfront, based on
multi-drugs chemotherapy regimens. However, the vast majority of patients will never experience conversion
to surgical exploration and radical resection. Thus, there a large subgroup of LAPC patients where the only
therapeutic chance is to offer palliative treatments, such as interventional ablative treatments, in order to
obtain a cytoreduction of the tumor, trying to delay its growth and spread. Radiofrequency ablation (RFA)
and irreversible electroporation (IRE) demonstrated to be safe and effective in obtaining a local control of
the disease with some promising oncological results in terms of overall survival (OS). However, they should
be adopted as a treatment strategy to adopt in parallel with other systemic therapies, within multdisciplinary
choices. They are not free from complications, even serious, thus they should applied only in specialized

centers of pancreatology. This review depicts the state of the art of the two techniques.
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Introduction

Pancreatic cancer (PC) still has a dismal prognosis and by
2030 PC will become the second cause of tumor-related
death in USA (1). Most of patients receive a diagnosis when
the tumor is unresectable. Indeed only 20% of patients
have tumors that are amenable to surgery at the time of
diagnosis, and LAPC accounts for 30% of the first diagnoses
of PC (2). Chemotherapy is the standard of care for locally

advanced pancreatic cancer (LAPC) patients (3). Intensive
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chemotherapy with regimens such as FOLFIRINOX (a
combination of irinotecan, fluorouracil, leucovorin and
oxaliplatinum) or nab-paclitaxel/Gemcitabine have proved
to be able to prolong survival and to obtain promising rates
of conversion surgery (4). However, despite the efforts of
medical oncological therapies the rate of conversion surgery
with radical resection (RO) is still low (up to 25%) (4,5). For
this reason, interventional ablative treatments as emerged
as a possible palliative therapy in those patients that will
unlikely receive a radical resection due to the persistency of
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major vascular involvement, but that have not progressed
towards the metastatic stage of the disease. Several types
of ablative treatments have been adopted for the treatment
of LAPC, such as such as radiofrequency ablation (RFA),
irreversible electroporation (IRE), microwave ablation
(MWA) or cryoablation. This review will provide an
overview of safety and oncological results obtained so far by
the two most used technique, RFA and IRE.

Interventional treatments: RFA
Introduction

RFA is a thermal technique that using a high-frequency
alternating current produces tissue coagulation and protein
denaturation (6). A generator is connected to a needle-
electrode (rarely multiple needle-electrodes) that is inserted
in the core of the tumor, producing necrosis within it and
presumably, cytoreduction.

Technique

The technique is performed under ultrasound-guidance.
Bubbles are produced during the heat of the tissue and they
are clearly visible, thus the ultrasound live control is of
paramount importance to control the amount of the treated
area. If necessary, multiple passages can be performed for
bigger tumors.

In most of the studies published RFA is performed using
a traditional laparotomic approach (7-9). Recently, the
technique has been adopted with a mini-invasive approach,
percutaneously or endoscopically (10,11). The possibility
to use a mini invasive approach is important to reduce
the surgical stress of the laparotomy, the length of stay,
maintaining encouraging results in terms of safety.

Indications

RFA should be used only for LAPC already treated with
medical oncological treatment and never upfront. At the
time of re-staging after 3 to 6 months (or more) or systemic
therapy the patient is evaluated in a multidisciplinary
scenario, involving oncologists, interventional radiologists
and surgeons. If the tumor shows no signs of radiological,
laboratoristic (e.g., increase of Ca 19-9 levels) or clinical
progression then RFA may be considered as a palliative

therapeutic option.
The best LAPC to treat with RFA is a mass-forming PC,
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located at the body of the gland, where the percutaneous
approach can be used (10). Whilst for LAPC of the head of

the gland, the endoscopic one seems to be promising (11).

Oncological results

The oncological results of RFA are still controversial.
Our group has already provided in the past encouraging
results in terms of overall survival (OS), that reached up
to 34 months when RFA was associated with multiple
other therapies (namely radiochemotherapy and intra-
arterial and systemic chemotherapy) (7,12). It must be
noted that the series published by our group come mostly
from retrospective cohorts and patients may overlap,
demonstrating selection and population biases. Our group
has published a retrospective series of 30 LAPC patients
in whom the SMAD4 gene was tested. The analysis of this
gene seems to be able to predict the likely growth of the
tumor, if local or systemic (13). In this series we found
that patients with a wild-type gene were more prone to
benefit from RFA, than those with a mutated gene (14).
Furthermore, the analysis of SMAD4 is cheap, not time-
consuming and it might be done at the time of diagnosis. It
is likely that this strategy might help to select LAPC with
a tendency to a local growth, where RFA (or other ablative
treatments) might play an efficacious role to obtain the local
control of the disease. However, further prospective studies
are needed to validate our findings.

Complications

The major problem of RFA is its thermal nature. Heat
spread can produce a damage of the peripancreatic
surrounding structures, that in a LAPC are mostly vascular
structures. This aspect is responsible for possible severe
adverse events, so that morbidity and mortality rates range
from 0% to 3% and from 0% to 28%, respectively (15).
Hemorrhages, pancreatic fistula, biliary or duodenal burn
and vein thrombosis are the most commonly reported
(15,16). The management of this complications might
be difficult, so RFA should always be adopted by very
specialized centers in pancreatic surgery. In this field,
the presence of uncovered metal stents is an absolute
contraindication for the treatment of LAPC of the head
of the gland, as the conductive capacity of the metal might
facilitate the spread of the heat to surrounding structures,
increasing the possibility of even serious adverse events to
the biliary tree or the duodenum.
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Follow-up

At our institution, we perform the first cross-sectional
imaging 30 days after RFA, where a “hole” can be seen as
result of the tumor necrosis produced (10,11,17). Before
this time, imaging should be done to rule out possible
complications, rather than to detect any efficacy of the
procedure. Interestingly, some patients experience a reduction
of the pre-procedure levels of RFA of Ca 19-9, a sort of
indirect demonstration of the cytoreduction induced (18).
The fact that some other patients do not experience this
demonstrates that further data are needed to clarify the
effective cytoreductive role of RFA.

Immune stimulation

Virtually all ablative treatments are able to elicitate an almost
specific anti-tumor immune response. Briefly, once the tumor
cell dies it release in the bloodstream some peculiar antigens
that, at the end, will stimulate the immune system to react
against the cancer (19). In a clinical setting this has never
been demonstrated. Our group has already demonstrated
some kind of immunomodulation after the laparotomic
application of RFA on PC. It seems that RFA is able to
delay the immunoregulation of the immune response (20).
However, this study has some inherent bias and it should be
considered as a starting point for further investigations.

Interventional treatments: IRE
Introduction

Starting from the settings adopted on electrochemotherapy
(namely reversible electroporation) to create nanopores
in the cell membrane, in 2005 Davalos ez 4/. developed a
mathematical model to irreversibly create a permeabilization
of the cell membrane. Thus, the Authors realized the
irreversible form of electroporation (IRE), claiming it
as a new valid technique to ablate substantial volumes of
tumor (21). From that moment on, IRE was applied in
surgical oncology to treat solid tumors for whom the radical
resection was not possible.

Technique

The technique has been applied on several solid tumors
and in 2012 Martin et 4l. published the first experience on
PC (22). IRE was at first applied intraoperatively using a
laparotomic approach. In general, multiple needle-electrodes
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connected to a generator of current are placed in and around
the tumor. According to specific settings, local electric fields
are creates so that an irreversible permeabilization of the
cell membrane is produced. This event will ultimately lead
to the death of the cell, preserving the underlying matrix,
the vessels and the biliary structures possibly included in
the ablation area (21,23,24). The technique has been widely
described by Martin er /. (25) and in 2016 a consensus
was reached to establish the settings to adopt universally,
in order to homogenize the methods and to compare the
results (26). The laparotomic approach is the most adopted
one (22,25,27-30), however there are several reports on the
use of IRE using a laparoscopic (28) or a percutaneous one
(31-36). Anyway, the technique needs a proper preoperative
planning, calculating the target and the ablation volume,
according to tumor geometry. However, it seems that, despite
all theoretical efforts, a misestimation of the ablated volume
might happen (in excess) (37).

Indications

A therapeutic algorithm has been already proposed by the
pioneers of IRE on PC (25). Briefly, the patient has already
been received a systemic therapy for LAPC and the disease
has not been progressed either locally or systemically.
Staging and re-staging are based on clinical conditions,
performance status, imaging and Ca 19-9 levels. While for
RFA the best LAPC to treat is a mass-forming one, using
IRE, instead, all possible tumor shapes can be treated,
even when the tumor encase the peripancreatic vessels.
There is a theoretical dimensional cut-off for IRE that is
4 cm, hence greater tumors should not be treated. IRE is
more easily performed intraoperatively using a laparotomic
approach, under ultrasound-guidance. However, it can be
done percutaneously, even skilled interventional radiologists
are needed. The presence of a metal stent is not an absolute
contraindication for LAPC of the head of the pancreas,
since IRE is not a thermal ablative technique. However,
the metal might create an electric fields distortion electric
fields produced, preventing IRE from being effective
in producing the ablation area planned (38,39), or even
exposing patients to severe complications (40). When
needed, the use of covered metal stent might help to reduce
the risk of ineffective ablation or adverse events (26).

Oncological results

The oncological results of IRE seems to be promising,
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Table 1 Most representative studies (at least 10 cases) reporting results of IRE on LAPC (there is an overlap of patients among some cohorts)

References Pts (n) Technique Median OS Complications rate (%) Mortality (%)
Belfiore (31) 29 Percutaneuos 14 mo (d) 0 NA
Dunki-Jakobs (39) 65 Percut/open NA 20 NA
Kluger (30) 50 Open 12 mo (t) 245 6
Mansson (33) 24 Percutanenous 17.9 (d) 45.8 4
Lambert (32) 21 Percut/open 10 mo (t) 23.8 0
Martin (22) 27 Percut/open 17.9 mo (d) 33 4
Martin (28) 54 Open/VLS 20.2 mo (d) 59.2 2
Martin (25) 200 Open 24.9 mo (d) 37 2
Paiella (27) 10 Open 15.3 mo (d) 10 0
Vogel (29) 15 Open 16 mo (d) 53 13
Narayanan (35) 50 Percutaneous 27 mo(d) 20 6
Yan (43) 25 Open NA 36 4
Leen (36) 75 Percutaneous 27 mo (1) 25 0
Zhang (44) 21 Percutaneous NA NR NA
Scheffer (34) 25 Percutaneous 17 (d) 40 0

Mo, months; NA, not available; d, from diagnosis; t, from IRE; VLS, laparoscopy; NR, not retrievable.

with median OS from diagnosis or even treatment of 27
months (35,36). Very recently, some eastern authors report
an impressive OS of 28 months when IRE was followed
by 3 months of TS-1 regimen of chemotherapy (Tegafur,
Gimeracil and Oteracil) (41). However, other studies
report worse prognosis, around 15-17 months (27,34,42).
It is presumable that the design of the studies, and, more
probably, the expertise of the users are two important
factors that can impact even on the oncological results.
Notably, the most frequently reported results on OS are
close to those reported in a recent patient-level meta-
analysis of LAPC patients treated with FOLFIRINOX as
first-line treatment (median OS of 24.2 months) (4). Table 1
shows the list of the most representative studies published
so far about the use of IRE on LAPC.

Complications

Despite its non-thermal nature, some complications may
occur after IRE and the list of possible adverse events entails
a heterogeneous number of complications, such as pancreatic
fistula, venous and arterial thrombosis, pseudoaneurysm or
pancreatic abscess (16,45). The morbidity rate can reach
up to 30% and the morbidity is not nil (15). These number
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highlights the importance of the learning curve and the need
to adopt IRE only in specialized centers.

Imaging

One of the most controversial topics about the use of IRE
on PC is how to interpret post-procedural imaging. The
radiological findings can be divided into tumorous and
non-tumorous. Schulz ez 4/. found that within 30 days of
IRE a multi-phase contrast-enhanced CT-scan (ceCT)
of the abdomen is not useful and, in order to detect non-
tumorous findings, it should be done within 15 days of IRE.
In this sense, frequent findings were abdominal wall edema
or ascites, with no clinical impact, or even gastrointestinal
hemorrhage, portal vein thrombosis or bowel perforation
with clear clinical impact (46). The effect of IRE on vessel
wall is still debated, as some authors report a narrowing/
compression (46), but some others do not (47).

The tumorous findings are heterogeneous, as
immediately after IRE the ablation zone might be bigger
than expected and hypodense. This will solve with time as
edema and hyperemia, reduce and scar tissue takes place.
If a lesion is stable for a long, and then increase in volume
and contrast enhancement are appreciated afterwards, then
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concerns about a possible local recurrence should be paid.

Post-IRE magnetic resonance imaging (MRI) findings
have been investigated too. Vroomen et 4/. found that most
of the treated LAPC revealed absent or decreased contrast
enhancement, with a typical hyperintense rim on ceMRI.
Even at ceMRI the ablation volume increases in the early
phases (the first 6 weeks) and then decreases (48). This
finding should be considered and integrated with other
data (increase of Ca 19-9 levels), to detect any early local
recurrence of the disease.

In general, for IRE, as well as for RFA, both RECIST (49)
and mRECIST (50) criteria do not seem adequate to assess
the effects of the ablation on PC.

Immune stimulation

The type of cell death caused by IRE is apoptosis (51). Thus,
it is reasonable that the tumor antigens are more intact than
those produced with the necrosis caused by RFA. In 2007,
Al-Sakere et 4l. found in preclinical models that IRE does
not elicitate an immune response (52). However, opposite
results came afterwards from studies on animal models, that
claimed that IRE can trigger the immune response, even
stronger than RFA in this sense (53). Furthermore, recently
Lin et al. discovered that the combination of IRE and
allogeneic NK cell played a synergistic effect, enhancing the
immune function of patients demonstrating a fruitful post-
IRE immunomodulation that can amplify systemically the
results obtained locally (54). These controversial results rely
on the complex interaction between the immune system
and PC (55). A project on mouse models of PC treated with
RFA and IRE is running at our Institution.

Conclusions

The treatment of LAPC is still a challenge. Only a small
percentage of LAPC patients will be surgically explored
and only a minority will receive a radical resection. The
vast majority will still continue to receive various lines
of chemotherapy, variously associated with radiotherapy,
according to the natural history of the tumor, to the clinical
conditions and to the possible side effects of the systemic
treatments. A subgroup of LAPC will never undergo surgery
as the tumor will not shrink nor downstage after systemic
therapies. For these LAPC a valid palliative option might be
to perform interventional treatments, such as RFA and IRE.
These techniques would help to obtain a local control of the
disease and they must be chosen within multidisciplinary
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decisions. The aim of RFA and IRE is to offer a palliative
treatment, possibly with a mini-invasive approach, to
LAPC patients with a good performance status, that have
already been treated with a consolidative systemic therapy.
Considering the possible complications, even serious, of whom
they might be cause of, they should be adopted only by expert
users in specialized centers of interventional pancreatology.
The selection of LAPC to treat is of paramount importance,
as mass-forming ones might be safely treated with RFA, while
those still entailing major peripancreatic vessels might benefit
from a treatment with IRE.

Finally, further studies will be necessary to clarify
whether RFA and IRE might be used to boost the immune
system to react against PC.
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