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ABSTRACT

Background Locally advanced pancreatic cancer is a life-lim-
iting tumor with a wide range of incapacitating symptoms
such as cancer-associated pain. Several local ablative thera-
pies with both thermal and non-thermal sources have recently
received significant attention as modern treatment options
for local tumor control and symptomatic improvement. The
following review article provides an overview of currently
available techniques and their outcomes including our own
experience with high-intensity focused ultrasound (HIFU)
being one of the most exciting and innovative modalities.

Method Our experiences with HIFU treatment are based on
89 pancreatic cancer patients (UICC III-1V). Outcomes such as
treatment-related changes in symptoms particularly in cancer
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pain and quality of life as well as local tumor response, safety
and survival were compared to reported studies concerning
HIFU, radiofrequency and microwave ablation, cryoablation,
irreversible electroporation and stereotactic body radiation
therapy.

Results Even though all strategies appeared to be feasible,
the unique feature of noninvasiveness represents a substantial
advantage of the HIFU procedure. In 85 % of HIFU-treated pa-
tients, long-lasting pain relief was achieved. 50 % of patients
did not require any analgesic treatment 6 weeks post-abla-
tion. Unfortunately, pain palliation and quality-of-life out-
comes are only rarely reported for other local treatment mod-
alities. Tumor mass reduction could be achieved with all
ablative therapies, with a mean tumor volume reduction of
60 % after 6 months in HIFU-treated pancreatic tumors.
Differences in treatment-associated morbidity were reported.
However, they are only partially comparable due to unba-
lanced study populations.

Conclusion Various local ablative treatment modalities are
available and feasible for tumor mass reduction of advanced
pancreatic cancer but with different symptomatic benefit for
patients. An effective and long-lasting reduction of cancer-
related pain was observed following HIFU without insertion
of needles or electrodes. Randomized controlled studies for
head-to-head comparison of these modalities are warranted
in the near future.

Key points:

= Several ablative therapies are available for the local treat-
ment of inoperable pancreatic cancer.

= Tumor mass and symptom reduction are main goals of
local therapies.

= HIFU differs based on its noninvasive approach and low
complication rate.

= HIFU enables effective long-lasting pain relief in >80 % of
patients.

= HIFU-associated pain relief is independent of tumor stage
and metastatic status.
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ZUSAMMENFASSUNG

Hintergrund Das lokal fortgeschrittene Pankreaskarzinom
ist ein lebenslimitierender Tumor mit einer Vielzahl von Symp-
tomen, u.a. Tumorschmerz. Lokal ablative Verfahren, die
thermische oder auch nichtthermische Techniken anwenden,
kénnen als moderne Therapieoptionen zur Tumorkontrolle
und symptomatischen Verbesserung eingesetzt werden. Die-
ser Artikel gibt einen Uberblick iiber die derzeit verfiigbaren
Behandlungsverfahren und -ergebnisse, einschlielich unse-
rer eigenen Erfahrungen mit dem hoch-intensiven fokussier-
ten Ultraschall (HIFU).

Methode Unsere Erfahrungen mit der HIFU-Therapie beim
Pankreaskarzinom basieren auf 89 Patienten (UICC llI-1V). Ne-
ben den HIFU-Ergebnissen wurden Ergebnisse zur lokalen Tu-
morkontrolle, Sicherheit sowie Mortalitat und behandlungs-
abhédngigen Veranderung von Symptomen aus publizierten
Studien zur Radiofrequenz-, Mikrowellen- und Kryoablation,
irreversiblen Elektroporation und stereotaktischen Strahlen-
therapie einbezogen.

Ergebnisse Obwohl die unterschiedlichen Modalititen tiber-
wiegend sicher durchfiihrbar sind, bietet der HIFU mit seiner
Nicht-Invasivitdt einen entscheidenden methodischen Vorteil.

Mit HIFU konnte bei 85 % der Patienten eine effektive und lan-
ganhaltende Schmerzlinderung erreicht werden; bei 50 % war
nach 6 Wochen keinerlei analgetische Medikation erforder-
lich. Leider sind Schmerzlinderung und Lebensqualitdt bei
den anderen lokalen Behandlungsmethoden nur selten unter-
sucht. Eine Tumormassenreduktion konnte mit allen ablativen
Therapien erreicht werden, wobei diese 6 Monate nach HIFU
im Mittel bei 60 % lag. Unterschiede in der behandlungsasso-
ziierten Morbiditdt wurden berichtet, sind jedoch aufgrund
der unausgewogenen Studienpopulationen nur einge-
schrankt vergleichbar.

Schlussfolgerung Eine Vielzahl an lokal ablativen Behand-
lungsmodalitdten sind zur Tumormassenreduktion beim
fortgeschrittenen Pankreaskarzinom verfligbar, bieten aber
unterschiedlichen symptomatischen Nutzen. Eine effektive
und langanhaltende Reduktion von Tumorschmerzen ohne
Einfiihren von Nadeln oder Elektroden in den Tumorbereich
bietet ausschlieBlich das HIFU-Verfahren. Randomisierte,
kontrollierte klinische Studien zum direkten Vergleich der
hier vorgestellten Modalitdten sind in der ndheren Zukunft
zu befiirworten.

Introduction

More than 80 % of patients with a ductal adenocarcinoma of the
pancreas have an inoperable tumor at the time of diagnosis with
a median survival time of only 4 -6 months and a 5-year survival
rate of less than 1% without treatment, thereby resulting in the
worst prognosis among all gastrointestinal tumors. Despite new
chemotherapy regimes, the 1-year survival rate continues to be
only approximately 18 -20 %. Moreover, chemotherapy has lim-
ited efficacy in local tumor control and the reduction of pain and
symptoms. The quality of life in 80 % of affected patients is limited
by the main clinical symptom, i. e., tumor pain.

The goal of local therapies in pancreatic cancer is to prevent
the growth of the primary tumor, and tumor-associated compli-
cations, as well as to alleviate symptoms. While radiotherapy is
currently the most established local treatment method, additional
local ablation methods have been used with good success in some
cases in recent years. These methods include cryotherapy, radio-
frequency ablation (RFA), microwave ablation (MWA), irreversible
electroporation (IRE) and high-intensity focused ultrasound
(HIFU) [1-6]. However, there are currently no comparative stud-
ies and the results are largely dependent on the experience of the
particular surgeon or interventionalist. Ultrasound-guided HIFU is
a minimally invasive and effective treatment option that can be
successfully used in combination with palliative standard chemo-
therapy to reduce pain and provide local tumor control [7, 8] and
in contrast to other local ablation methods, it does not involve the
use of needles, probes, or electrodes. Based on our experience,
the following overview article compares symptomatic therapy
using US-guided HIFU in advanced pancreatic cancer to other
local ablation methods.
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High-intensity focused ultrasound (HIFU)

In HIFU, high-intensity US waves are bundled by special transdu-
cers and focused on a target point within the human body so
that coagulation necrosis and tissue destruction are induced in
the target tissue. Our experience with US-guided HIFU in ad-
vanced pancreatic cancer is based on the treatment of 89 patients
with this tumor entity (UICC stage IlI-IV) in whom the clinical use
of HIFU treatment in addition to palliative standard therapy was
prospectively investigated [9 - 12]. Half of all patients who pres-
ented for local therapy fulfilled the requirements for being treated
with this method. After HIFU ablation, the majority of patients
(approx. 85 %) experienced effective and lasting pain reduction
within the first week. The pain-reducing effect was related to the
pain intensity as well as sensation of pain [9, 10, 12, 13] and was
independent of the metastasis status. The effect on analgesic
medication was evaluated based on changes in pain medication
according to the WHO pain ladder (level I: non-opioid analgesics;
level II: mild opioids with/without non-opioid analgesics; level llI:
strong opioids with/without non-opioid analgesics). A HIFU-asso-
ciated increase in the number of patients at the low WHO levels
6 weeks after the intervention was observed with a simultaneous
decrease in the number of patients at the higher WHO levels [11].

Tumor shrinkage occurred over time starting in the third week
and was approx. 52 %+ 20 % and 58 %+ 26 % after 3 and 6 months,
respectively, regardless of the disease stage [9, 10, 12]. After a
median time of 14.4 months, tumor growth in the periphery of
the previously treated tumor regions was observed in approx.
20 % of patients and more than 60 % of these patients successfully
underwent a second HIFU treatment. Initially, there was arterial
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vessel involvement in 85 % and venous vessel involvement in 95 %
of patients [14].

The median time between initial diagnosis and HIFU interven-
tion was 6.8 months (0.4 -34.7 months). The median overall
survival was 16.2 months from initial diagnosis and 8.3 months
from HIFU intervention. Patients with UICC-III disease (approx.
40 %) had a longer median overall survival (25.6 months) than
those with UICC-IV disease (approx. 60 %; 15.5 months). The pro-
gression-free survival rate was 93.1% after 6 months and 25.2%
after 36 months. A median progression-free survival of 31.7
months was seen in patients with UICC-III disease and of 16.7
months in those with UICC-IV disease (p<0.05). In this patient
cohort, the leading cause of death was the progression of the
tumor disease (progressive liver metastases, diffuse peritoneal
carcinosis) in 82 % of patients. The non-tumor-related causes of
death included myocardial infarction, pulmonary embolism, and
stroke (n =1 in each case) as well as critical illness of infectious ori-
gin as a result of immunosuppression (n =2). According to current
knowledge, HIFU therapy is a low-risk interventional procedure
with a low side effect rate when indications and contraindications
are considered [15]. Apart from our study data, only fewer addi-
tional study results from Europe are available. This data is limited
to two publications involving US-guided (n=48) and MR-guided
(n=6) HIFU treatment of pancreatic cancer [16, 17]. Moreover,
the efficacy of US-quided HIFU with a low rate of side effects has
been described in many, primarily retrospective case series and
reports from East Asia [18 - 26]. » Table 1 provides a summary
of the HIFU results [9, 16 - 18, 21 -25, 27 -31].

Other location ablation methods

In recent years various ablation treatment methods have been
used for tumor mass reduction in patients with locally advanced
pancreatic cancer without distant metastases, such as radiofre-
quency ablation (RFA), microwave ablation (MWA), cryotherapy,
irreversible electroporation (IRE, NanoKnife®) and stereotactic ra-
diation therapy (Gamma-Knife®, CyberKnife®) [32 - 36]. Photody-
namic therapy (PDT) and electrochemotherapy (ECT) are used less
frequently. The therapeutic effects of these palliative treatment
approaches are associated with the induction of intralesional
necrosis, cytolysis, and cell death ultimately resulting in tumor
cytoreduction. Some studies describe an additional increase in
the tumor-induced immune response after ablation [37]. The var-
ious techniques can be divided into two main groups: (1) Methods
using thermal ablation; (2) Methods using non-thermal ablation
that cause direct damage to neoplastic cells. Many of the tech-
niques can be performed during an operation via laparotomy or
laparoscopy as well as via percutaneous or endoscopic access.
The most commonly used methods are discussed in detail in the
following.

Radiofrequency ablation (RFA)

Radiofrequency ablation causes coagulation necrosis and tissue
damage due to high, locally applied temperatures (up to 90 °C in
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pancreatic cancer) generated by a high-frequency alternating
current. RFA is highly valuable in the treatment of hepatocellular
carcinoma and is part of the standard therapy for this tumor
entity. Due to the retroperitoneal location of the pancreas which
makes the organ difficult to access, RFA in pancreatic cancer is
typically performed via an open surgical access with intraopera-
tive US control. In the case of good accessibility of the tumor,
RFA can be performed percutaneously in rare cases and endo-
scopically in individual cases. Percutaneous and endoscopic
ablation can be performed under local anesthesia and sedation.
Appropriate access route, needle type, and electrode opening
are selected depending on tumor location, configuration, and
size. A safety distance of approx. 5mm between the tip of the
electrode needle and risk structures, such as peripancreatic
vessels, should usually be maintained. » Table 2 summarizes
results of RFA studies in locally advanced pancreatic cancer
[33, 38-44].

With respect to the use of RFA in pancreatic cancer, some
interesting additional findings have been described previously.
On the one hand, it was reported that vital tumor parts in the per-
iphery of the treated region that remained untreated to prevent
thermal damage to surrounding risk structures were also partially
damaged which may possibly increase the immune response by
potentially recruiting immune cells [45]. On the other hand, early
disease progression was seen in patients who were initially treated
with RFA. This was not the case for patients treated with neoadju-
vant chemotherapy and subsequent local RFA as a secondary
treatment [41].

Microwave ablation (MWA)

Microwaves heat a material by causing water molecules to vibrate
thus generating friction and heat and inducing cell death via coag-
ulation necrosis. In contrast to an electrical current, microwaves
can spread through biological tissue types with a high impedance.
Consequently heat can be generated in greater tissue volumes.
For this reason, the use of microwaves can result in faster and
greater ablation with higher temperatures than with RFA. MWA
can be performed via percutaneous endoscopic, laparoscopic, or
open surgical access. Consequently, either analog sedation or
general anesthesia of the patient is necessary. The location of
the target lesion is usually determined under either US or CT
guidance.

Only a few data regarding MWA in pancreatic cancer is currently
available (> Table 3) [46, 47].

Cryoablation

Cryoablation is based on the destruction of tumor cells by means
of cold and intracellular and extracellular freezing that causes di-
rect cell damage via the quick formation of ice crystals leading to
cell death. Furthermore, slower tissue freezing favors the forma-
tion of ice crystals in the extracellular space with a change in
osmolarity resulting in cell dehydration with subsequent cell
death. The low temperature needed for cell death and applied
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» Table 1 High-intensity focused ultrasound (HIFU) in pancreatic cancer.

reference number access pain reduction quality of life morbidity median survival
of patients
Anzidei et al. [16] 6 MR guidance 83% not reported not reported not reported
Gao et al. [18] 39 US guidance 79.5% not reported 12.8% 11 months
complete 23.1%
partial 56.4 %
Lietal. [21] 25 US guidance 92% not reported not reported 10 months
Marinova et al. [9] 50 (19 111) US guidance 84% T no further <10% 16.2 months
details 8.3 months after
HIFU
Orsi et al. [27] 6 US guidance 75% T no further not reported 7 months after HIFU
details
Sofuni et al. [28] 30 (16111) US guidance 66.7 % 1 no further 10% not reported
details
Sung et al. [22] 46 US guidance >60% not reported 10.9% 12.4 months
7 months after HIFU
Vidal-Jove et al. [17] 43 US guidance not reported not reported 11.3% 12.5 months
Wang et al. [23] 40 (13 111) US guidance 87.5% not reported not reported 10 months
complete 22.5 %
partial 65%
Wang et al. [24] 224 (86 111) US guidance not reported not reported 5.8% not reported
Wu et al. [25] 8 (311 US guidance 100% T no further not reported 11.3 months
details
Xiong et al. [29] 89 (39 111) US guidance 78.6% not reported 11.2% 11.2 months
Zhao H. et al. [30] 39 (31 1) US guidance 78.6% not reported no further 12.6 months
complete 32.2% details
partial 46.4 %
ZhaoJ. etal. [31] 381 US guidance not reported not reported <25% 10.3 months
I1I: UICC stage III; US: Ultrasound; MR: Magnetic resonance.
» Table2 Selected studies on radiofrequency ablation (RFA) in pancreatic cancer.
reference number of access pain reduction  quality of life morbidity median survival
patients
Cantore et al. [38] 107 surgical (via laparotomy) not reported not reported 28% (n=30) 25.6 months
D’Onforio et al. [33] 18 percutaneous with US guidance  not reported not reported notreported  not reported
Frigerio et al. [39] 57 not reported not reported not reported 14%(n=18) 19 months
Girelli et al. [40] 50 surgical (via laparotomy) with 69 % not reported 24%(n=12) notreported
US guidance
Girelli et al. [41] 100 surgical (via laparotomy) with not reported not reported 24%(n=24) 20 months
US guidance
Matsui et al. [42] 20 surgical (via laparotomy) not reported not reported 10% 5 months
Spiliotis et al. [43] 12 surgical with US guidance not reported not reported not reported 13 -19 months
Wu et al. [44] 16 surgical (50 %) not reported 19% not reported

US: Ultrasound.

Marinova M et al. Advanced Pancreatic Cancer... Fortschr Réntgenstr 2019; 191: 216-227
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» Table 3 Selected studies on microwave ablation (MWA) in pancreatic cancer.

number of access
patients

reference

Carrafiello et al. [46] 10 percutaneous (n=5)
surgical (laparotomy)

(n=5)

Lygidakis et al. [47] 15 surgical (laparotomy)

» Table4 Cryoablation in pancreatic cancer.

reference number of access pain reduction
patients

Li et al. [49] 68 surgical not reported

Song et al. [50] 46 (72 control surgical not reported
group)

via a needle-like cryoprobe varies (between -35°C and -20 °C).
Multiple cryoprobes are often needed to achieve sufficient
ablation which is also associated with a longer treatment time
(approx. 25 -30min). After the procedure, cellular components
are not infrequently released into the circulation so that systemic
complications like cryoshock can occur. Cryoablation with
intraoperative US guidance is used most frequently. Percutaneous
access with US or CT guidance is also possible in selected cases
[48]. Larger tumors (>3 cm) usually require multiple probes or
multiple ablation procedures. At present, fewer data regarding
cryoablation in pancreatic cancer is available (> Table 4). [49, 50].

Irreversible electroporation (IRE)

Irreversible electroporation (Nano-Knife®) is a non-thermal abla-
tion method and can be used for treating locally advanced pan-
creatic cancer. The ablative effect with the subsequent induction
of cell death is based on the use of short pulses of strong electrical
fields that induce nanometer-sized pores in cell membranes
thereby causing cell damage. In contrast to the other minimally
invasive ablation methods, IRE disrupts cellular homeostasis and
induces cell death by apoptosis. A theoretical advantage of IRE is
that the surrounding risk structures, such as nerves and vessels,
can be protected. However, this has not been confirmed by prac-
tical use. For example, acute portal vein thrombosis (n=3) and
splenic vein thrombosis (n=1) have been observed, after
CT-guided percutaneous IRE in 50 patients with locally infiltrative
pancreatic cancer [51].

In the case of a high current intensity, this technique can also
cause some thermal damage thus inducing coagulation necrosis
in the tissue as in the case of RFA or MWA. IRE probes are thinner
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pain reduction

not reported

not reported

quality of life morbidity median survival

1 no further details 20% not reported

not reported 29% not reported

quality of life  morbidity median survival

not reported no significant difference with 350 days

respect to the control group
except for delayed gastric
emptying (approx. 36 % vs. 5 %)

1 no further no significant difference with 5 months
details respect to the control group

but significantly more expensive than RFA or MWA probes, for
example. IRE is performed in most cases as part of a surgery with
the electrodes being placed within the target lesion. In addition to
the palliative approach to tumor mass reduction, this method is
also used for downstaging with subsequent surgery.

» Table5 provides an overview of selected IRE studies in
pancreatic cancer patients [35, 51-57].

Stereotactic radiotherapy

In stereotactic radiotherapy (stereotactic body radiation therapy,
SBRT) usually in combination with systemic therapy (gemcita-
bine), targeted high-energy photons induce cell destruction in
the tumor region. lonizing radiation results in the formation of
highly toxic radicals that damage the genetic material of the cells
causing apoptosis. However, the method should be restricted to
locally advanced tumors (<5 cm). High-precision accelerators are
used, such as CyberKnife® and Gammaknife®, or accelerators
from various manufacturers with micro-multileaf collimators
(True beam®, Novalis® Radiosurgery, etc.) which have the neces-
sary radiation modulation capability and resulting beam accuracy
and can be combined in some cases.

A particular difficulty with respect to SBRT of pancreatic
tumors is the mobility of the pancreas. Even normal breathing
can result in displacement of the tumor of up to 3 cm due to
movement of the diaphragm. This should be taken into considera-
tion in radiation treatment planning to avoid insufficient dose de-
position in the periphery of the target volume and a radiation
overdose in surrounding organs. As in the case of tumors of the
lung, liver or other moving organs, motion tracking or respiratory
gating in which gold markers (seeds) previously placed in or
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» Table5 Studies on irreversible electroporation (IRE) in pancreatic cancer.

pain reduction

not reported

not reported

not reported

not reported

quality of life

T no further
details

not reported

not reported

not reported

morbidity

not reported

high, no further
details

high (up to 30%)
64%

median survival

14 months

Not reported

12.03 months
17.9 months,

reference number of access
patients
Belfiore et al. [52] 29 percutaneous
with CT guidance
Dunki-Jacobs et al. [53] 65 percutaneous (n=12)
surgical (n=53)
Kluger et al. [54] 50 surgical
Mansson et al. [55] 24 percutaneous
with US guidance
Martin et al. [56] 200 surgical
with intraoperative US
guidance
Narayanan et al. [51] 50 percutaneous
with CT guidance
Scheffer et al. [35] 25 percutaneous
with CT guidance
Yan et al. [57] 25 surgical
with intraoperative US
guidance

US: Ultrasound.

around the tumor are used to detect the target region during
image-guided treatment to improve beam accuracy.

Despite the noninvasiveness of SBRT, both acute gastrointesti-
nal side effects (nausea, vomiting, tenesmus) and delayed reac-
tions (mucosal ulcerations, strictures, duodenal perforation)
have been reported due to the close proximity to neighboring
risk organs. The method is limited by the extent of the tumor to
be treated and the tolerance of the surrounding risk structures
such as the stomach and the small intestine so that it is difficult
to define a standardized dose scheme. Individual fractionated do-
ses between 6 and 25 Gy are described in various fractionation
schemes in the literature. However, the ability to compare the
patient populations is limited. Most studies (> Table 6) report a
median overall survival rate between 10 and 20 months, but infor-
mation regarding quality of life and pain control is provided in
only a few studies [58 - 73].

Discussion

For the local treatment of inoperable pancreatic cnacer various
local ablation methods have become more popular in recent years
in order to reduce symptoms by causing local tumor destruction,
to prevent progression of the disease, and to improve the survival
rate of patients [6, 74 - 76]. The main advantages and disadvanta-
ges of these treatment options are summarized in » Table 7.
A direct comparison of the various local ablation procedures
is currently not possible since the published studies have
been performed with differently defined and unbalanced patient

Marinova M et al. Advanced Pancreatic Cancer... Fortschr Réntgenstr 2019; 191: 216-227

7 months after IRE

not reported not reported 37% 24.9 months
not reported not reported 42% 27 months,
14.2 months after
IRE
none partial { or 40% 17 months,
increase in no change 11 months after
pain IRE

not reported not reported 36% Not reported

populations and indications and controlled comparative studies
are currently not available.

Data regarding the clinical use of radiofrequency and micro-
wave ablation, irreversible electroporation, cryoablation, radio-
therapy and high-intensity focused ultrasound indicate that this
procedures can be used relatively safely for (temporary) local
tumor control of inoperable pancreatic cancer. As a result of the
thinner electrodes and the non-thermal mechanism of action,
IRE may have an advantage with respect to the protection of
neighboring large vessels and nerves. However, this has not yet
been definitively proven in studies. Apart from stereotactic radia-
tion, HIFU is currently the only one of the local ablation methods
described above that does not involve the use of needles, electro-
des, probes, or similar [77, 78]. Therefore, HIFU treatment can
even be performed in patients with tumors in the direct vicinity
of vessels, the bowel, or a biliary stent. In addition, potential
complications caused by puncture, particularly bleeding (e.g. in
the case of extensive collateral vessels in tumors obstructing the
mesenteric veins) or seeding metastases in the puncture channel,
are not an issue in the case of HIFU. Surgical access is usually
selected for the other local ablation methods. For example, in
the largest treatment series to date including 200 patients under-
going IRE, 149 complications were described in 74 patients
(37 %), including 5.5 % vascular complications, when differentia-
tion between IRE-related complications and those caused by
surgical access seems to be very difficult [56]. Although stereo-
tactic radiotherapy based on the intratumoral administration of
radiation using advanced image guidance techniques is slightly
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» Table 6 Selected studies on stereotactic radiotherapy in pancreatic cancer.

reference

Algappan et al. [58]

Chuong et al. [59]

Comito et al. [60]

Dholakia et al. [61]
Gurka et al. [62]

Herman et al. [63]

Hoyer et al. [64]
Koong et al. [65]

Mahadevan et al. [66]

Mahadevan et al. [67]

Rwigema et al. [68]

Schellenberg et al. [69]

Schellenberg et al. [70]

Song et al. [71]

222

number of
patients

208

73

43

32
10

49

22
15

36

39

71

16

20

59

dose/fraction (Gy)

12.5-25n=103
25-45

in 5 fractions
n=105

25-35in 5 fractions

45 in 6 fractions

33 in 5 fractions

25 in 5 fractions

33 in 5 fractions

25 in 3 fractions
15n=3
20n=5
25n=7

24-36in 3 fractions

24 -36 in 3 fractions

25n=5
24 n=43
22n=13
20n=4
18n=2
fractionated n=4

25

25

35-50in
3-8 fractions

local control (%)

88.5

90

not reported

not reported

78

57
100

78

85

57.5-77.3
<vs. 215ml tumor
volume

81

81

90
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quality of life

not reported

not reported

not reported

not reported

no significant
pain reduction

significant pain
reduction

not reported

not reported

not reported

not reported

not reported

not reported

not reported

not reported

morbidity

not reported

fatigue
grade Ill: 3
fatigue: 16
acute Gl side
effects:
grade I-IIl: 5

late Gl side effects:

grade II: 2
not reported

acute Gl side
effects:
grade I-1I: 11

late Gl side effects:

grade I: 1

minimal Gl side
effects: Grade I-II

no significant Gl
side effects

Gl side effects

grade I: 15
grade II: 9
grade IlI: 3
grade II: 9
grade IIl: 3
acute Gl side
effects:
grade I: 17
grade II: 8
grade IIl: 3

late Gl side effects:

grade I: 3

mild acute side
effects

late Gl side effects:

grade II: 5
grade lll: 1
grade IV: 1

Gl side effects
grade I: 18
grade lI: 3

late side effects:
grade IV: 1

acute/late Gl side
effects:
grade I-1l: 61 %

late Gl side effects:

grade lll: 1

median survival

14 months

15 months

19 months

18.8 months
12.2 months

13.9 months

5.7 months

11 months

14.3 months

20 months

10.3 months

11.4 months

11.8 months

12.5 months
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» Table6 (Continuation)

reference number of dose/fraction (Gy) local control (%) quality of life morbidity median survival
patients

Tozzi et al. [72] 30 36-45in 6 fractions 86 pain reduction fatigue: 12 11 months
acute Gl side
effects:
grade I: 5
grade lI: 3

Zhu et al. [73] 417 30-46 not reported not reported mild Gl side effects 10 months

8in 5 - 8 fractions grade -l

grade lll: 1

less invasive, the reported rate of side effects is similarly high with
a relatively high number of late complications.

All of the discussed local ablation methods are currently only
considered in the case of inoperable tumors. If such a situation is
detected on the basis of pretherapeutic imaging, it may be ques-
tionable if a surgical intervention for probe placement is indicated
when the results do not provide a convincing advantage.
However, intraoperative local tumor ablation, e. g. via IRE, could
be indicated in the case of a tumor that is assumed to be locally
operable but then proves to be unresectable during surgical
procedure.

However, the greatest clinical relevance of local ablation meth-
ods may be the symptomatic benefit as shown particularly for
HIFU therapy. Both effective and lasting tumor-associated pain re-
duction was achieved in the majority of patients with advanced
pancreatic cancer (75-80%). Other available pain-reduction op-
tions are either of short duration (e. g. celiac plexus block) or
have numerous side effects (e. g. opioids). Both pain intensity
and pain sensation were significantly reduced after HIFU regard-
less of the tumor stage and the presence of distant metastases.
The pain-reducing effect was already observed in the first week
after therapy in some cases, i. e., significantly earlier than any
identifiable tumor shrinkage [10, 11, 31-39]. The early pain re-
duction achieved by HIFU apparently precedes tumor shrinkage.
One possible explanation for this is the destruction of local noci-
ceptive nerve fibers in the ablation region, resulting in a reduction
of central nociceptive sensitivity [13, 31-39]. In addition pain
caused by the compression of surrounding structures is reduced
by a subsequent tumor shrinkage, resulting in a further reduction
of the pain level. The pain relief achieved by HIFU had a long-term
effect that lasted for months. However, local HIFU treatment can-
not be used for every pancreatic tumor. For example, the tumor
must be able to be visualized on ultrasound and be at a depth of
no more than approximately 12 cm. Moreover, no large calcifica-
tions or surgical clips should be present in the target region since
they can cause potentially dangerous scattering of the sound
waves.
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To date, pain reduction by RFA has only be reported in one
study (in 69 % of patients) [40]. To our knowledge, effects on qual-
ity of life have not yet been described in any study (even though
multiple current studies can be found under ClinicalTrials.gov).
The extent to which symptom improvement can be achieved
with the other local ablation methods cannot be determined
from the literature. In fact, symptom worsening was even report-
ed in one study following IRE [35].

With respect to survival, local ablation methods may provide
additional advantages for patients with advanced pancreatic
cancer even if this effect has not yet been proven. On the whole,
a longer median survival was reported in patients treated with
RFA, IRE, and radiation compared to patients treated with HIFU
(» Table 1, 2, 5). This can be partly explained by the fact that
RFA and IRE are primarily used in patients with locally advanced
disease but without distant metastases and sometimes in oper-
able tumors. In comparison, HIFU was used in Germany in patients
with contraindications for surgery, in advanced tumor stages and
with distant metastases in approximately 60 % of cases. The medi-
an overall survival of 16.2 months from initial diagnosis and 8.3
months from HIFU intervention indicates a positive prognostic
tendency with a longer survival compared to previously published
results (10 - 13 months from initial diagnosis, 6 - 8.4 months for
patients with UICC-IV disease [17, 22, 23]).

Since HIFU therapy does not interact negatively with standard
palliative therapy and is a low-risk interventional procedure with
few transient side effects, chemotherapy can be continued
without interruption. Even without chemotherapy, e. g. when not
tolerated (approx. 10 % of cases), a significant tumor volume
reduction could be observed in the postinterventional course
after HIFU ablation alone. The median overall survival for patients
undergoing only chemotherapy/radiochemotherapy is 6.2 -
11 months. In the advanced stage (UICC 1V), this time is
shortened to 6.2 - 8.4 months and without any tumor-oriented
therapy even to 1.1 months [79]. In our patient population, a me-
dian progression-free survival of 16.9 months from initial diagno-
sis and of 6.8 months after HIFU intervention was seen, both
of which are longer than with palliative chemotherapy alone
(3.4-5.5 months).
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» Table7 Overview of the advantages and disadvantages of the various local ablation me

technique advantages

US-guided HIFU

noninvasive, repeatable

US guidance with anatomical real-time imaging

no needles, electrodes, probes needed, therefore no
seeding of tumor cells and no risk of puncture-associated
bleeding

no ionizing radiation

precise local ablation

very effective pain reduction technique

usually short hospital stay (1 -3 days)

good protection of surrounding risk structures
low-risk method with a low complication rate

can be combined with other methods

possible HIFU-based immune modulation

RFA = theoretically broad availability
= possible to explore the peritoneal cavity with open
surgical access
= possible RFA-based immune modulation
MWA = possible to explore the peritoneal cavity with open

surgical access
faster ablation possible (than for example with RFA)

suspected abscopal effect particularly in combination
with immune therapy

cryoablation

IRE use of primary tumor control after resection
repeatable

possible in the vicinity of critical structures

(bile ducts, large blood vessels)

not susceptible to heat-sink effect

exploration of the peritoneal cavity possible during
intraoperative use

theoretically broad availability

radiation usually noninvasive

outpatient treatment possible
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thods in pancreatic cancer.

disadvantages

limited availability

long treatment time (1 -4 hours) depending on the
size and location of the tumor

general anesthesia or analog sedation required
adequate acoustic window needed, no US access
behind gas-filled organs

no histological specimen

not possible to explore the peritoneal cavity
specific bowel preparation required prior to therapy
skin burns/damage (0.4 -1%)

inpatient treatment required

tumor debulking possible on a limited basis with
safety distance from risk structures (upper abdominal
vessels, bile ducts) being required

reduced treatment efficacy due to heat-sink effect
near large vessels

relatively high complication rate (up to 28 %)
primarily open surgical approach, percutaneous
access rarely possible

radiation exposure during CT-guided probe
placement

inpatient treatment required

limited availability

primarily open surgical approach, percutaneous
access rarely possible

limited data regarding use in pancreatic cancer
radiation exposure during CT-guided probe
placement

inpatient treatment required

limited availability

cryoshock syndrome

hemorrhages due to tears caused by ice crystals
intraoperative access needed for larger probes
no survival advantage of cryoablation described
to date

minimal available data

inpatient treatment required

no standardized protocol
high complication rate (up to 30 %)
inpatient treatment required

multiple treatment cycles

no standardized data regarding radiation dose
repeated treatment usually not possible

lower dose at the tumor borders to protect
neighboring risk organs

relatively high complication rate (up to 29 %)
risk for late complications (>3 months)
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Conclusion

A number of local ablation treatment options are available for
tumor mass reduction in locally advanced pancreatic cancer.
Even though these ablation procedures are all largely safe, HIFU
has a decisive advantage in its non-invasiveness. At present, the
greatest clinical and symptomatic benefit of HIFU treatment is
referred to significant pain reduction since most patients with
advanced disease and progressive tumor pain have exhausted
the pain therapy options. However, to date, the use of local abla-
tion procedures in pancreatic cancer has been investigated only
insufficiently so that randomized controlled comparative studies
are urgently needed.
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