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In the past decades different techniques have been proposed
for ablation of locally advanced pancreatic cancer. Those are
commonly divided in thermal and nonthermal ablative
techniques. Radiofrequency ablation (RFA), High-intensity
focused ultrasound (HIFU), and irreversible electroporation
(IRE) are currently the most used and most promising
techniques in the ablation panorama, each one with its
own pros and cons.

Radiofrequency ablation (RFA) of pancreatic cancer gains
its roots from the positive experience in liver, kidney, and
other organs ablation."? One of the first pancreatic applica-
tion in an ex vivo model is dated 1999, in an attempt to ablate
a porcine pancreas. The study analyzed technical feasibility,
safety, and effect of the RFA providing positive results in
obtaining an area of circumscribed necrosis.> Later, a lot of
studies regarding pancreatic RFA have been published.*8
The ablative therapies were then used in different contexts,
ranging from intraoperative approaches to mini-invasive
ones (endoscopic and percutaneous).

The most frequent pancreatic lesion treated with RFA is
the ductal adenocarcinoma® which represents about the 90%
of pancreatic malignancies.'® However, ablative treatment of
different lesions has been described in literature, from
neuroendocrine tumors to pancreatic metastases.''-'2
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Radiofrequency ablation (RFA) is emerging as a safe and feasible technique to treat
various pancreatic lesions. In particular, pancreatic ductal adenocarcinoma (PDAC) is
the most frequent treated lesion. Nowadays, PDAC treatment by means of RFA is
limited to locally advanced, non-resectable, but non-metastatic lesions. The aim of this
article is to describe the RFA technique, its results and possible complications.

Radiofrequency Ablation: Imaging
Guidance, Materials and Techniques

RFA is a thermal ablative technique that consists in the
application of a high alternating current to generate high
temperatures to induce protein denaturation and coagula-
tive necrosis inside tissues.'> RFA seems also to have a role in
systemic immunogenic stimulation which is not completely
understood but probably related to activation of tumor-
specific T-lymphocytes and release of heat shock proteins
that stimulate immunological processes.'*1°

Approaches

RFA can be performed with different types of guidance
(e.g., computed tomography [CT] and ultrasound [US]), but
most commonly, it is applicated with US guidance using
different approaches: intraoperatively, usually associated
with biliary and gastric bypass for pancreatic head tumors,
or with mini-invasive approaches, both percutaneously and
endoscopically.“’m’17 The percutaneous approach is preferred
for lesions located in the pancreatic body, whereas for pan-
creatic head tumors the endoscopic intervention is recom-
mended. Thanks to mini-invasive approaches, major concerns
regarding impaired immune response and invasiveness due to
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laparotomy are avoided.? The procedure is performed under
local anesthesia for the mini-invasive approaches and under
deep sedation if applied during laparotomy. The endoscopic
approach has been widely described and applied to different
pancreatic lesions.’®20 Intraoperative approach has been
largely validated,*'®-2" whereas few studies have investigated
the percutaneous approach so far.?2

The Needle

Every patient is treated with a tailored approach, with
different choice of needle and opening degree of the electro-
des, mostly based on tumor location, shape, and size.

Two kinds of needles are currently available: those with
multiple expandable electrodes and those with single elec-
trode. The first type is provided of several electrodes opened
at the needles’ top; in this case, the needle tip should be
positioned immediately before the lesion and so the electro-
des have to be opened inside the lesion. An advantage of this
kind of needle is the possibility to treat small tumors, thanks
to the different degrees of needle opening, but difficulties
related to electrodes flexibility have to be considered, espe-
cially for really hard lesions treatment. A variant of this type
of needle is, however, equipped with electrodes that open
from the back; in this case, needle has to be positioned inside
the lesion for at least 2 cm within the mass before electrodes
are opened; those electrodes are stiffer and allow to treat
harder lesions, but the necessity to position the main needle
inside the lesion for at least 2 cm represent a problem related
to tumor location and size. Both types of expandable needles
provide an ovoidal necrotic area that ranges from 2 to 6 cm,
according to the different grade of opening of electrodes.

The single-electrode needle needs to be positioned inside
the lesion and the necrotic area width and length (usually
cylindrical, range 1-3 c¢cm) depends on the length of the
uncovered electrode and from the time the current is
applied. This kind of needle is better indicated for small
ovoidal lesions with difficult approaching route, thanks to
their lower caliper (e.g., 17G).>1°

Parameters Setting

There are two main parameters that have to be settled for the
RFA, power (expressed in Watts) and time. Usually, the treat-
ment ranges from 5 to 10 minutes with different power settings
that influence directly the temperature reached (that should be
kept under 90°C) and indirectly the treated volume. Some
systems provide also impedance evaluation, which increases
during the procedure with the development of tissue necrosis,
and that could help in deciding when to stop the procedure.

Cooling, Thermal Issues and Technical Tips

Since the first application of pancreatic RFA, major concerns
were about the pancreatic anatomical position and relation-
ship with other vital structures, with the possibility of a life-
threatening thermal injury as a side effect. Many complica-
tions have been described during the development of the
technique®> and nowadays, there is still a lack of homoge-
neity in how the RFA parameters should be settled to
diminish complications. On one hand, application of higher
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temperatures leads to more homogeneous necrotic areas; on
the other hand these higher temperatures increase the risk of
complications without a true favorable effect. Girelli et al
have proposed temperatures of approximately 90°C and to
keep a safe distance of approximately 5 mm from vital
structures, while ablating the lesion, obtaining a reduction
in the complication rate.*

For the laparotomic approach, some authors also suggest
the use of a cold wet gauze placed over the inferior vena cava to
protect it from heating and a continuous duodenal perfusion
with cold saline solution through a nasogastric tube placed in
the second part of the duodenum to avoid thermal injury.*®

Heat sink effect has been described as a potential limit of the
procedure,?* decreasing treatment efficacy of tumors that
surround large vessels due to the cooling effect of blood flow.
Considering that the first therapeutic effect of ablative techni-
ques is tumor cytoreduction,?® heat sink effect could compro-
mise the success of the procedure. Anyway, it can also provide a
protective effect against thermal injury to major vessels.

Thanks to the development of internally cooled electrodes
for RFA, an increased energy delivery to tissues has been
obtained that results in an increased volume of induced
coagulative necrosis.?® Nevertheless, during pancreatic
tumor ablation the necrotic area should always be bound
inside the lesion borders leaving a viable residue at tumor
periphery, unlike procedures performed on other organs,
where it is possible to ablate outside the tumor margins to
achieve a complete necrosis of the lesion.?’

Before, during and after the Procedure

Before the procedure an accurate evaluation of CT and mag-
netic resonance (MR) imaging is essential to evaluate the
correct indication and also the feasibility of the procedure.
Moreover,a common B-mode US and color-Doppler evaluation
is crucial to choose a safe route for the needle to avoid vessels
and peripancreatic vital structures. All the ablation procedure
is constantly monitored with US while the lesion is replaced by
a hyperechoic gas-filled area. Usually the procedure is stopped
when a change of impedance is noted on the RFA instrument or
when a large gas-filled hyperechoic area is obtained. After the
procedure, it is possible to check immediately for complica-
tions with US and also to assess if there is an abundant
neoplastic remnant passible of an immediate second treat-
ment. Moreover, clinical surveillance, laboratory tests and
imaging studies (=Fig. 1) should be performed to monitor
eventual complications.

Complications
Most of the complications due to local ablative techniques
are the result of thermal injury in the structures surrounding
the tumor. The correct positioning of the electrodes and the
careful evaluation of a safe route to the lesion are essential to
reduce the risk of a direct lesion due to the needle tip. Then,
the other most important factor to reduce complication rate
is the correct setting of RFA parameters.

Thefirst clinical applications of pancreatic RFA was burdened
by a high rate of morbidity (0-40%) and mortality (0-25%)
48.23,28-30 and a systematic review by Rombouts et al®' that
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Fig. 1 Contrast enhanced computed tomography scan before (A) and after (B) the radiofrequency ablation (RFA) procedure. (A) Unresectable
hypodense pancreatic mass in the venous phase (arrow). (B) After the RFA procedure a necrotic area appearing markedly hypodense in the

venous phase is well visible within the pancreatic mass (curved arrow).

reported a RFA-related morbidity (range, 4-22%) and an RFA-
related mortality (range, 0-11%). Nowadays, a recent applica-
tion of percutaneous RFA for locally advanced pancreatic ade-
nocarcinoma on 18 patients reported a 0% rate of morbidity and
mortality.?? The main complications that could be encountered
are gastrointestinal hemorrhages and minor local bleedings,
acute pancreatitis, pancreatic and biliary fistulas, duodenal
injury and portal vein thrombosis.>?

Radiofrequency Ablation of Pancreatic
Adenocarcinoma

Pancreatic adenocarcinoma is one of the most aggressive
cancers with a 5-year overall survival of approximately
5%.3334 It represents the most common malignancy of the
pancreas and at the time of diagnosis only in the 20% of cases
it is eligible for surgical intervention. The other 80% is
represented by metastatic disease and by locally advanced
pancreatic cancer (LAPC),35

Current management of LAPC is based on a multimodality
approach comprehending chemotherapy and radiother-
apy.'® With the advent of new chemotherapeutic regimens
(FOLFIRINOX and Gemcitabine/Abraxane), there is an
increasing number of patients that will remain with stable
LAPC disease for longer time.'”-3®-37 In this kind of patients, a
tailored approach enriched by a cytoreductive RFA treatment
could be considered.

The application of pancreatic RFA is not comprehended in
current guidelines because of the lack of a clinical randomized
trial that confirms a survival benefits due to RFA.10-38 Nowadays,
this procedure is limited to nonmetastatic locally advanced
pancreatic cancer.22%2>3° Most of the literature is focused on
the surgical and endoscopic approach, but, more recently, also
the percutaneous mini-invasive approach has been validated.??

The effects obtained by this technique are several: a
cytoreductive action with a decrease in CA 19.9 values,*%°
a systemic effect due to the activation of the immune
system,'®'® and a pain relief. #2830

About the survival, many papers reported their experi-
ence. Cantore et al?' reported a median overall survival (OS)
of 25.6 months in a cohort treated with multitreatment
modality including RFA alone or in conjunction with radio-
chemotherapy, and/or systemic chemotherapy, and/or intra-
arterial chemotherapy combined with systemic chemother-
apy. Frigerio et al reported an overall survival of 9 months,*
while Girelli et al*® and Paiella et al® reported an OS of
20 months and 19 months, respectively. As previously
reported, we still lack randomized controlled trials confirm-
ing the additional value of local ablative therapies over
systemic palliative chemotherapy alone.

Pancreatic adenocarcinoma is the most frequent pancrea-
tic lesion treated with RFA. Many groups have reported
application of this treatment to other types of lesions as
described by Keane et al.>3 Carrafiello et al'' treated a
pancreatic metastasis from renal cell carcinoma with percu-
taneous RFA with fluoro-CT guidance in a patient that
refused surgical intervention. The procedure was followed
by minor complications (diffuse abdominal pain, slight
increase of serum amylase and small peripancreatic fluid
collection) and the 1 year follow-up showed no disease
recurrence. Pai et al'® treated with endoscopic-RFA eight
patients, two with a neuroendocrine tumor and six with a
cystic pancreatic lesion, with good safety results. Wu et al*!
treated a gastrinoma located in the pancreatic tail with
multiple liver metastases; they performed a CT-guided
transplenic RFA with radioactive 125-lodine seed implanta-
tion, without major complications and reducing clinical
symptoms, with no recurrence in 20 months of follow-up.
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Conclusions

RFA of pancreatic tumors, in particular of pancreatic adeno-
carcinoma, could now be considered a safe and feasible
technique. Mini-invasive approaches should be preferred
and preferably performed in high volume centers for pan-
creatic pathology. The indication to perform this kind of
treatment should always be evaluated and decided by a
multidisciplinary team after all the validated therapies
have been proposed. As this treatment represent a cytore-
ductive technique and not a curative one, we should always
consider the possibility of further treatments following RFA
and it is mandatory to apply the treatment modality in
combination with all other palliative therapies. Among the
ablative techniques, a consideration could be made as a
matter of discussion, whether using RFA just to obtain a
tumor debulking and cytoreduction or whether to use IRE
that could ablate larger areas, thanks to the preservation of
critical anatomical structures. RFA of pancreatic cancer,
compared with other ablative methods, considering the
single-needle insertion technique, remains easily applicable
and available with low costs and complications.
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