Feasibility of EUS-guided Nd:YAG laser ablation of
unresectable pancreatic adenocarcinoma
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Background and Aims: EUS has become an interventional technique in which a needle may be used as a vehicle
to deliver therapeutic agents. Laser ablation (LA) has been used to treat many primary and secondary neoplasms.
This study aimed to assess the feasibility of EUS-guided LA for unresectable (UR) pancreatic cancer.

Methods: Patients with stage IIb-III pancreatic cancer underwent EUS-guided LA. All patients were unresponsive
to previous chemoradiotherapy. LA was performed by using a 300-um flexible fiber preloaded onto a 22-gauge
fine needle. A 1064-nm wavelength neodymium-yttrium aluminum garnet (Nd:YAG) laser light with different po-
wer settings of 2 W for 800 J, 1000 J, and 1200 J; 3 W for 800 J, 1000 J, and 1200 J; and 4 W for 800 J, 1000 J, and
1200 J was used. Each patient was treated with a single application of 1 of these settings. The application time of
the power settings ranged from 200 to 600 seconds.

Results: Nine patients (median age, 74.7; range 55-85) underwent Nd:Yag LA. The mean size of the focal lesion
was 35.4 mm (range, 21-45). The ablation area, demonstrated by 24-hour CT, ranged from .4 cm® (for the lower
power setting of 2 W/800 J) to a maximum of 6.4 cm® (for 4 W/1000 J). The procedure was completed in all 9
patients without adverse events.

Conclusion: In our human experience, EUS-guided LA was feasible and well tolerated in patients with UR pancre-

atic cancer.

Pancreatic ductal adenocarcinoma (PDAC) is the fourth
leading cause of death in the Western world, with rates of
incidence and mortality that are almost overlapping: 5-year
overall survival is lower than 4%. Fewer than 20% to 30% of
all pancreatic cancer patients are candidates for surgical
exploration at the time of diagnosis." Unresectable (UR)
locally advanced PDAC is associated with a very poor
prognosis, and the treatment of this group of patients
remains highly controversial. The current standard
therapy is limited to chemotherapy and/or radiotherapy.”
The introduction of FOLFIRINOX (5-FU, leucovorin, irino-
tecan, oxaliplatin) has become a viable option for advanced
pancreatic cancer with or without metastasis. This treat-
ment improves the overall survival and slows the clinical

Abbreviations: EUS-guided LA, EUS-guided Nd:YAG laser ablation; LA,
laser ablation; Nd:YAG, neodymium-yttrium aluminum garnet; PDAC,
pancreatic ductal adenocarcinoma; UR, unresectable.
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and functional deterioration compared with that of pa-
tients who receive gemcitabine.”

In recent years, several new, minimally invasive tech-
niques for thermal ablation of malignancies were devel-
oped. Among these, LA with an Nd:YAG laser has been
applied percutaneously in cases of hepatocellular carci-
noma,” liver metastasis in colorectal cancer,” malignant
thyroid nodules,” prostate cancer,” and brain tumors.”
The rate of adverse events is lower than with other
thermal techniques, such as radiofrequency and
microwave treatments.”” Among all thermal treatment
modalities, LA is unique in enabling the use of a finer
needle. These attributes make LA an attractive option
for the treatment of focal lesions in high-risk locations,
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difficult-to-reach locations, or multiple nodules that differ
in size.*

EUS has become more operative in the oncologic field
based on the technical principle of EUS-guided puncture.
The use of EUS in treating pancreatic cancer has progres-
sively increased from the application of antitumoral ther-
apy to ablative therapies, such as radiofrequency,'’ in
combination with cryotechnology'' and with the infusion
of photosensitizer substances.'” EUS control allows a
highly accurate targeting of the pancreas, which is
difficult to reach via a percutaneous approach. Previous
preliminary studies performed in both animal models
and humans'>'" suggested that EUS-guided Nd:YAG LA
(EUS-guided LA) is viable and encouraged a larger applica-
tion. To our knowledge there are no studies on the appli-
cation of EUS-guided LA on PDAC. The aim of this study
was to assess the feasibility of EUS-guided LA for nonre-
sponders with UR PDAC.

METHODS

This was a prospective cohort single-center study in
a tertiary referral center. From December 2014 to February
2016 patients with locally advanced PDAC were evaluated.
Inclusion criteria were histologically confirmed PDAC, UR
PDAC, and unresponsiveness to chemotherapy or radio-
therapy. Exclusion criteria were grades 4 and 5 according
to Eastern Cooperative Oncology Group score'” and
advanced heart or pulmonary disease (American Society
of Anesthesiologists grade IV).

We intended to evaluate the feasibility of EUS-guided LA
in patients with locally advanced pancreatic cancer unre-
sponsive to previous radiochemotherapy. Therefore, the
primary outcome was the ability to create a coagulative ne-
crosis of the tumor, as demonstrated by CT scan at 24
hours and confirmed by the involution of the same area
on CT scan on 30 days.

Adverse events were defined as major if the events pre-
vented completion of the scheduled procedure and/or re-
sulted in prolongation of hospital stay, another procedure
(needing sedation/anesthesia), or subsequent medical
consultation.'® Any potential adverse event according to
previous experience'”!'" (such as pancreatitis, burns of
the gastric or duodenal walls, bowel injury, or peritonitis)
was recorded and graded according to the above-
mentioned classification.

Adverse events observed during the treatment or in the
first week after the ablation were defined as early adverse
events. Late adverse events were defined as any adverse
event that was potentially related to the procedure arising
at the site of the primary tumor within 3 months of the
Nd:YAG LA. Pancreatic enzymes, liver function tests, and
blood tests for complete blood cell counts were monitored
before the procedure and at 12 hours, 24 hours, and 1
week after the procedure. To collect all these data, a hos-

Figure 1. A delayed phase on CT showing the coagulation area (red
arrow) adjacent the biliary metal stent, with a well-demarcated rim of
postcontrast enhancement at 24 hours.

pital stay of 7 days was scheduled. Contrast-enhanced CT
scan was performed after LA, at 24 hours, and at 7 and
30 days.

The Ethics Committee of the Campus Bio-Medico Uni-
versity of Rome provided approval (Prot. no. 41/11) on
May 03, 2014. Each patient provided informed consent
for all procedures.

EUS-guided LA technique

EUS was performed using a EG-3830UTK echoendo-
scope (Pentax Medical, Hamburg, Germany), and all pro-
cedures were performed with the patient under deep
sedation with propofol. Prophylactic antibiotics were admin-
istered immediately before the procedures and for 3 days
thereafter (ceftriaxone 1 g twice daily intravenously). LA
was performed using a 1064-nm wavelength laser (Echo-
laser; Elesta s.r.l., Florence, Italy) with the insertion of a
300-um optical fiber (Elesta s.r.l.) through a 22-gauge nee-
dle (Expect Slimline; Boston Scientific, Marlborough, Mass).

All procedures were performed by an experienced
endoscopist (F.M.D.M.). Contrast-enhanced US, using an
intravenous 5-mL SonoVue injection (Bracco International
B.V., Amsterdam, Netherlands) through an antecubital vein
with a 20-gauge catheter followed by a 10-mL saline solu-
tion flush, was performed before and after each LA.

The ablation was started if the placement of the probe
inside the tumor was successful without difficulties such
as angulation of the distal part of the instrument, hard-
ness of the tumor, stiffness of the GI wall, or vessel inter-
position. Once in the target lesion the needle was
slightly pulled back, and the fiber was gently pushed
outside the tip of the needle to a length of 5 mm
(Supplementary Fig. 1A and B, available online at www.
giejournal.org). The fiber was placed in the upper part
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TABLE 1. Characteristics of patients

Eastern
Cooperative Previous Maximum Tumor Volume of Volume of
Age Oncology Group treatment type Treatment tumor volume ablation at ablation at 30 Survival

Patients (y)/sex score at LA  Location before LA  Stent  (W/J) size (mm) (cm® 24 h (em®  days (cm?) (days)
1 81/M 2 Head RT SEMS 2/800 39 1.5 4 N 260
2 72/F 2 Head cT SEMS  2/1000 21 35 25 6 56

3 73/F 2 Tail cT — 2/1200 43 5.8 2 1.27 662
4 76/F 2 Head cT SEMS 3/800 27 25 1.03 A4 326
5 55/M 2 Head CRT SEMS 3/1000 45 8.0 7 2 237
6 79/F 2 Body RT SEMS 3/1200 33 27 1.03 4 253
7 78/M 2 Head CRT SEMS 4/800 22 3.8 2.1 0 29
8 74/M 3 Head cT SEMS 4/1000 44 10.2 6.3 1.6 45
9 85/F 2 Body CRT — 4/1200 45 1 2 1.27 150

LA, Laser ablation; RT, radiotherapy only; CRT, chemoradiotherapy; SEMS, self-expandable metal stent; —, none.

Figure 2. A, The hyperechoic spot visible at 5 mm from the tip of the needle inside the tumor (red arrow). B, At the end of the procedure, EUS showed
a hyperechoic area along the path of the probe surrounded by nonhomogeneous tissue with hyperechoic spots.

of the lesion, and based on our previous results,””'* the
laser was turned to the following power settings: 2 W for
800 ], 1000 ], or 1200 J; 3 W for 800 J, 1000 J, or 1200 J; or
4 W for 800 J, 1000 J, or 1200 J. The application time
automatically ranged from 200 to 600 seconds based
on the power settings. Because we did not aim to ablate
the entire tumor, each of the 9 patients was treated with
only a single application of 1 of the 9 settings.

If the patient received a previous placement of a biliary
self-expandable metal stent, we attempted to apply the
thermal energy away from the stent to avoid an abnormal
distribution of the heat through the metal mesh (Fig. 1).
A minimum distance of 1 cm was kept during the
procedures, and the laser fiber was placed parallel to the
stent. This positioning ensured that the temperature was
always maintained below 40°C a few millimeters from the
stent."’

RESULTS

In the study period, 44 patients with locally advanced
PDAC were treated in our hospital. Among them, 9 pa-

tients (5 women; median age, 74.7 years [range, 55-85])
fulfilled the inclusion criteria and were enrolled in our
study. All eligible patients gave informed consent and
participated in the study.

Seven patients had previous chemotherapy. Five pa-
tients had previous sessions of radiotherapy (50.4-59.4
Gy); among them 2 patients received only radiotherapy.

All patients had histologically proven pancreatic adeno-
carcinomas, located in the head of the gland in 6 patients,
in the body in 2 patients, and in the tail in 1 patient
(Table 1). The median size of the lesions was 35.4 mm
(range, 21-45). EUS-guided LA was completed as scheduled
in all 9 patients.

Needle placement in the target lesion was always ob-
tained without difficulties. The position of the echoendo-
scope was mainly in the second part of the duodenum (6
patients), in the bulb in long position (2 patients), or in
the stomach (1 patient).

The fiber was clearly visible in the target lesion during
the application of the laser energy (Fig. 2A). During the
procedure a hyperechoic area progressively surrounded
the tip of the fiber; however, this did not hamper the
endosonographic visualization of the needle within the



Figure 3. Three-dimensional reconstruction of the area by Syngo 3D soft-
ware (Siemens Healthcare GmbH, Erlangen, Germany) showing the
elliptic shape of the ablated area.

lesion. At the end of the ablations EUS revealed a
hyperechoic area along the path of the probe
surrounded by nonhomogenous tissue with hyperechoic
spots (Fig. 2B).

Elliptical volumes of the ablated areas (Fig. 3) were
analyzed by Syngo 3D software (Siemens Healthcare
GmbH, Erlangen, Germany). At 24 hours and 7 and 30
days after the procedure, the CT control scans provided
well-defined coagulative necrotic areas (Figs. 4 and 5).
There were similar clear margins at 7 and 30 days after
the procedure.

The involution of the ablation areas and the hypoen-
hancement in the ablation site were confirmed on follow-
up by CT scan.'® At 30 days from the treatment the
ablated areas decreased in all cases: The mean ablation
volumes obtained at 800 J collapsed in 85% (1.18 cm® at
24 hours vs .17 cm® at 30 days). The mean ablation
volumes at 1000 J collapsed in 76% (3.16 cm® at 24 hours
vs .80 cm’ at 30 days). Finally, the mean ablation volumes
at 1200 J collapsed at 44% after 30 days from treatment
(1.77 cm® at 24 hours vs .98 cm® at 30 days) (Fig. 6).

No major adverse events were recorded. Three patients
developed thin peripancreatic fluid collections that were
demonstrated by the 7-day follow-up CT scan; the fluid
collections spontaneously disappeared at 30 days. None
of the patients experienced clinical symptoms after the
procedure. Two patients showed a postablation increase
of 3 times the serum amylase level. In these patients hos-
pital stay was not prolonged.

One patient (4 W/300 J) died from myocardial infarction
before the CT-scan follow-up at 30 days. Median post-LA
survival of the patients was 7.4 months (range, 29-662
days). All patients died after disease progression.

DISCUSSION

This is the first in vivo study of EUS-guided LA in pa-
tients with locally advanced PDAC after ineffective chemo-

radiotherapy. We used thin fibers that were applied
through a 22-gauge needle. This standard needle allowed
us to accurately position the probe inside the pancreatic
tumors in all 9 patients while overcoming the stiffness of
the GI wall, the desmoplastic reaction of the tumor, and
infiltration and fibrosis because of previous radiation treat-
ment. As previously described for liver application, the flex-
ibility of the needle and fiber could potentially allow the
performance of additional consecutive applications to the
tumor, in accordance with the tumor volume.”

The accuracy of EUS guidance with color Doppler anal-
ysis prevented injury to the vessels and surrounding struc-
tures. Unlike with radiofrequency ablation we did not have
adverse effects.'” '

In patients who had a self-expandable metal stent, the
minimum distance of 1 cm was kept between the stent
and the fiber. In most cases the fiber and stent were
kept parallel to each other. This positioning implies a
safe and marked temperature drop a few millimeters
away from the laser tip. Recently, the authors evaluated
temperature distribution in low power (4 W) LA in an
in vivo animal model. At a lateral distance of 5 mm from
the tip, the temperature is 44°C, whereas at 8 mm it is
40°C. These data proved that placing the source of heat
at least 1 cm away from the metallic stent is not
dangerous.'’

Based on previous data from in vivo and ex vivo animal
models and theoretical simulations,”** the lowest effec-
tive power settings were applied to avoid potential damage
to the adjacent normal parenchyma. According to the re-
sults of this human application, the power setting 4 W/
1000 J achieved the largest ablation volume without clinical
adverse events. As expected, it was not possible to monitor
the precise extension of the LA in real time by EUS. The
contrast-enhanced EUS at the end of the procedure did
not allow us to define the final volume of the ablation.
On the contrary, the postprocedural imaging obtained by
CT scan allowed us to clearly measure the ablation zone
and to exclude early adverse events.'®

In this preliminary experience our aim was not to ablate
the entire tumor but to observe an evident cytoreductive
effect on the primary tumor. Nevertheless, we could spec-
ulate that to obtain a complete tumor ablation, it may be
possible for the small size of the needle and fiber to
perform multiple applications to the target lesion and to
customize the ablated area to the shape of the tumor.

The cytoreductive effect on the tumor has been
described to trigger and modulate systemic immune
response against the tumor.”* Therefore, some authors
have proposed the combination of ablative treatment and
systemic chemotherapy to enhance the efficacy.”’
Further studies of LA in advanced pancreatic cancer are
needed to confirm this role.

The limitations of this study include the dearth of
information about human effects of LA on the
neoplastic pancreatic tissue,”’ the small sample size, and



Figure 4. A, CT scan: pretreatment arterial phase showing a focal lesion of the pancreatic body, adjacent to the mesenteric artery with infiltration signs.
Delayed phase showing the coagulation area in the body of the pancreas, well demarcated by a rim of postcontrast enhancement at 24 hours (B), 7 days
(C), and 30 days (D). Power setting, 4 W, 1000 J, 250”.

Figure 5. A, CT scan: pretreatment arterial phase showing a pancreatic head focal lesion. Delayed phase showing the coagulation area adjacent the biliary
metal stent, with a well-demarcated rim of postcontrast enhancement at 24 hours (B), 7 days (C), and 30 days (D). Power setting, 3 W, 800 J, 270”.
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Figure 6. The changes of ablation volume on CT scan expressed in cm? in
relation to observation time at 24 hours, 7 days, and 30 days after EUS-
guided laser ablation.

the short-term follow-up for end-stage pancreatic disease
of the recruited population. Moreover, the aim of our
study was not to ablate the whole tumor, and therefore
only a single treatment for each patient was performed.
In conclusion, in this preliminary experience EUS-
guided LA was a feasible and well-tolerated procedure.
The use of thin fibers enabled their insertion into standard
22-gauge EUS needles to obtain a selective ablation of
pancreatic adenocarcinoma. If future studies will demon-
strate superiority of current standards of care, then this
minimally invasive technique could become an interesting

alternative in the management of patients with locally
advanced pancreatic tumor.

REFERENCES

1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2015. CA Cancer J Clin
2015;65:5-29.

2. Hosein PJ, Macintyre J, Kawamura C, et al. A retrospective study of
neoadjuvant FOLFIRINOX in unresectable or borderline-resectable
locally advanced pancreatic adenocarcinoma. BMC Cancer 2012;
12:199.

3. Gourgou-Bourgade S, Bascoul-Mollevi C, Desseigne F, et al. Impact of
FOLFIRINOX compared with gemcitabine on quality of life in patients
with metastatic pancreatic cancer: results from the PRODIGE
4/ACCORD 11 randomized trial. J Clin Oncol 2013;31:23-9.

4. Francica G, Petrolati A, Di Stasio E, et al. Effectiveness, safety, and local
progression after percutaneous laser ablation for hepatocellular carci-
noma nodules up to 4 cm are not affected by tumour location. AJR Am
J Roentgenol 2012;199:1393-401.

5. Vogl TJ, Straub R, Eichler K, et al. Colorectal carcinoma metastases in
liver: laser-induced interstitial thermotherapy local tumour control
rate and survival data. Radiology 2004;230:450-8.

6. Pacella CM, Mauri G, Achille G, et al. Outcomes and risk factors for
complications of laser ablation for thyroid nodules: a multicenter study
on 1531 patients. J Clin Endocrinol Metab 2015;100:3903-10.

7. Gianduzzo TR, Chang CM, El-Shazly M, et al. Laser nerve-sparing lapa-
roscopic radical prostatectomy: a feasibility study. BJU Int 2007;99:
875-9.

8. Sharma M, Balasubramanian S, Silva D, et al. Laser interstitial thermal
therapy in the management of brain metastasis and radiation necrosis
after radiosurgery: an overview. Exp Rev Neurother 2016;16:223-32.

9. Arienti V, Pretolani S, Pacella CM, et al. Complications of laser ablation
for hepatocellular carcinoma: a multicenter study. Radiology 2008;246:
947-55.

10. Song TJ, Seo DW, Laskhtakia S, et al. Initial experience of EUS-guided
radiofrequency ablation unresectable pancreatic cancer. Gastrointest
Endosc 2016;83:440-3.

11. Arcidiacono PG, Carrara S, Reni M, et al. Feasibility and safety of EUS-
guided cryothermal ablation in patients with locally advanced pancre-
atic cancer. Gastrointest Endosc 2012;76:1142-51.

12. Choi J-H, Oh D, Lee JH, et al. Initial human experience of endoscopic
ultrasound-guided photodynamic therapy with a novel photosensi-
tizer and a flexible laser-light catheter. Endoscopy 2015;47:1035-8.

13. Di Matteo F, Martino M, Rea R, et al. EUS-guided Nd:YAG laser ablation
of normal pancreatic tissue: a pilot study in a pig model. Gastrointest
Endosc 2010;72:358-63.

14. Di Matteo F, Picconi F, Martino M, et al. Endoscopic ultrasound-
guided Nd:YAG laser ablation of recurrent pancreatic neuroendocrine
tumour: a promising revolution? Endoscopy 2014;46(Suppl 1 UCTN):
E380-1.

15. Oken MM, Creech RH, Tormey DC, et al. Toxicity and response criteria
of the Eastern Cooperative Oncology Group. Am J Clin Oncol 1982;5:
649-55.

16. Cotton PB, Eisen GM, Aabakken L, et al. A lexicon for endoscopic adverse
events: report of an ASGE workshop. Gastrointest Endosc 2010;71:446-54.

17. Saccomandi P, Giraudeau C, Marchegiani F, et al. Real-time tempera-
ture monitoring and estimation of thermal damage in pancreas under-
going magnetic resonance-guided laser ablation: first in vivo study.
Instrumentation and Measurement Technology Conference (I2MTC),
2017 IEEE. Available at imtc.ieee-ims.org.

18. Ahmed M, Solbiati L, Brace CL, et al. Tumour ablation: updated
standard-ization of terminology and reporting criteria. Radiology
2014;273:241-60.

19. Girelli R, Frigerio |, Salvia R, et al. Feasibility and safety of radiofre-
quency ablation for locally advanced pancreatic cancer. Br J Surg
2010;97:220-5.


http://refhub.elsevier.com/S0016-5107(18)30110-X/sref1
http://refhub.elsevier.com/S0016-5107(18)30110-X/sref1
http://refhub.elsevier.com/S0016-5107(18)30110-X/sref2
http://refhub.elsevier.com/S0016-5107(18)30110-X/sref2
http://refhub.elsevier.com/S0016-5107(18)30110-X/sref2
http://refhub.elsevier.com/S0016-5107(18)30110-X/sref2
http://refhub.elsevier.com/S0016-5107(18)30110-X/sref3
http://refhub.elsevier.com/S0016-5107(18)30110-X/sref3
http://refhub.elsevier.com/S0016-5107(18)30110-X/sref3
http://refhub.elsevier.com/S0016-5107(18)30110-X/sref3
http://refhub.elsevier.com/S0016-5107(18)30110-X/sref4
http://refhub.elsevier.com/S0016-5107(18)30110-X/sref4
http://refhub.elsevier.com/S0016-5107(18)30110-X/sref4
http://refhub.elsevier.com/S0016-5107(18)30110-X/sref4
http://refhub.elsevier.com/S0016-5107(18)30110-X/sref5
http://refhub.elsevier.com/S0016-5107(18)30110-X/sref5
http://refhub.elsevier.com/S0016-5107(18)30110-X/sref5
http://refhub.elsevier.com/S0016-5107(18)30110-X/sref6
http://refhub.elsevier.com/S0016-5107(18)30110-X/sref6
http://refhub.elsevier.com/S0016-5107(18)30110-X/sref6
http://refhub.elsevier.com/S0016-5107(18)30110-X/sref7
http://refhub.elsevier.com/S0016-5107(18)30110-X/sref7
http://refhub.elsevier.com/S0016-5107(18)30110-X/sref7
http://refhub.elsevier.com/S0016-5107(18)30110-X/sref8
http://refhub.elsevier.com/S0016-5107(18)30110-X/sref8
http://refhub.elsevier.com/S0016-5107(18)30110-X/sref8
http://refhub.elsevier.com/S0016-5107(18)30110-X/sref9
http://refhub.elsevier.com/S0016-5107(18)30110-X/sref9
http://refhub.elsevier.com/S0016-5107(18)30110-X/sref9
http://refhub.elsevier.com/S0016-5107(18)30110-X/sref10
http://refhub.elsevier.com/S0016-5107(18)30110-X/sref10
http://refhub.elsevier.com/S0016-5107(18)30110-X/sref10
http://refhub.elsevier.com/S0016-5107(18)30110-X/sref11
http://refhub.elsevier.com/S0016-5107(18)30110-X/sref11
http://refhub.elsevier.com/S0016-5107(18)30110-X/sref11
http://refhub.elsevier.com/S0016-5107(18)30110-X/sref12
http://refhub.elsevier.com/S0016-5107(18)30110-X/sref12
http://refhub.elsevier.com/S0016-5107(18)30110-X/sref12
http://refhub.elsevier.com/S0016-5107(18)30110-X/sref13
http://refhub.elsevier.com/S0016-5107(18)30110-X/sref13
http://refhub.elsevier.com/S0016-5107(18)30110-X/sref13
http://refhub.elsevier.com/S0016-5107(18)30110-X/sref14
http://refhub.elsevier.com/S0016-5107(18)30110-X/sref14
http://refhub.elsevier.com/S0016-5107(18)30110-X/sref14
http://refhub.elsevier.com/S0016-5107(18)30110-X/sref14
http://refhub.elsevier.com/S0016-5107(18)30110-X/sref15
http://refhub.elsevier.com/S0016-5107(18)30110-X/sref15
http://refhub.elsevier.com/S0016-5107(18)30110-X/sref15
http://refhub.elsevier.com/S0016-5107(18)30110-X/sref16
http://refhub.elsevier.com/S0016-5107(18)30110-X/sref16
http://imtc.ieee-ims.org
http://refhub.elsevier.com/S0016-5107(18)30110-X/sref18
http://refhub.elsevier.com/S0016-5107(18)30110-X/sref18
http://refhub.elsevier.com/S0016-5107(18)30110-X/sref19
http://refhub.elsevier.com/S0016-5107(18)30110-X/sref19
http://refhub.elsevier.com/S0016-5107(18)30110-X/sref19

20.

21.

22.

Wu Y, Tang Z, Fang H, et al. High operative risk of cool-tip radiofre-
quency ablation for unresectable pancreatic head cancer. J Surg Oncol
2006;94:392-5.

Elias D, Baton O, Sideris L, et al. Necrotizing pancreatitis after radiofre-
quency destruction of pancreatic tumours. Eur J Surg Oncol 2004;30:
85-7.

Di Matteo F, Martino M, Rea R, et al. US-guided application of Nd:YAG
laser in porcine pancreatic tissue: an ex vivo study and numerical simu-
lation. Gastrointest Endosc 2013;78:750-5.

23.

24.

25.

Saccomandi P, Schena E, Caponero MA, et al. Theoretical analysis and
experimental evaluation of laser induced interstitial thermotherapy in
ex vivo porcine pancreas. |[EEE Trans Biomed Eng 2012;59:2958-64.
Haen SP, Pereira PL, Salih HR, et al. More than just tumour destruction:
immunomodulation by thermal ablation of cancer. Clin Dev Immunol
2011;2011:160250.

Cantore M, Girelli R, Mambrini A, et al. Combined modality treatment
for patients with locally advanced pancreatic adenocarcinoma. Br J
Surg 2012;99:1083-8.

Supplementary Figure 1. A, A 22-gauge Needle Flex from Boston Scientific preloaded before the procedure. B, The fiber out from the tip of the needle
(5 mm).
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