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Simple Summary: Recently, tumour local thermal ablation has been investigated in pancreatic ductal
adenocarcinoma (PDAC), hypothesizing that it may add local efficacy to the chemotherapy systemic
activity inducing changes of tumour microenvironment and increased intra-tumour drug efficacy. In
this phase II randomized controlled trial we investigated the efficacy of thermal ablation with the
HybridTherm probe under endoscopic ultrasound-guidance (EUS) as complement to chemotherapy
(HTP-CT arm) versus standard chemotherapy alone (CT arm), in locally advanced and borderline
resectable PDAC. A sample size of 33 patients per arm was calculated to verify a 20% improved
6-months progression-free survival (6-PFS) rate with HTP-CT. We randomized 17 and 20 patients to
HTP-CT and CT arms, respectively. Although not significantly, we found an improved 6-PFS rate
in the HTP-CT arm. However, the overall survival was similar between the two arms. Thus, as the
study is underpowered, further investigation of EUS-guided thermal ablation in selected patients
is suggested.

Abstract: Endoscopic ultrasound-ablation with HybridTherm-Probe (EUS-HTP) significantly reduces
tumour volume (TV) in locally-advanced pancreatic ductal adenocarcinoma (LA-PDAC). We aimed
at investigating the clinical efficacy of EUS-HTP plus chemotherapy versus chemotherapy (HTP-
CT and CT arms) in LA- and borderline-resectable (BR) PDAC, with 6-months progression-free
survival (6-PFS) rate as primary endpoint. In a phase-II randomized-controlled-trial, 33 LA /BR-
PDAC patients per-arm were planned to verify 20% improved 6-PFS rate. Radiological response
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(Choi criteria), TV and serum CA19.9 were assessed up to 6-months. Seventeen and 20 LA /BR-PDAC
patients were randomized to HTP-CT or CT. Baseline and CT-related features were balanced. At
6-months, 6-PFS rate was 41.2% and 30% in HTP-CT and CT arms (p = 0.48), respectively. A decrease
>50% of serum CA19.9 was achieved in 75% and 64.3% of HTP-CT and CT patients (p = 0.53),
respectively. TV reduced up to 6-months in 64.3% and 47.1% of HTP-CT and CT patients (p = 0.35),
respectively. Resection rate, PFS-time and overall survival (OS-time) were similar. HTP-CT achieves
a non-significant 11.2%, 10.7% and 17.2% improved 6-PFS, CA19.9 decrease >50% and TV reduction
rates over CT, without any impact on resection rate, PFS-time and OS-time. As the study was
underpowered, these results suggest further investigation of EUS-local ablation in selected patients
with localized disease after induction CT.

Keywords: pancreatic cancer; ablation technique; endoscopic ultrasonography; randomized
controlled trial

1. Introduction

The National Comprehensive Cancer Network (NCCN) subclassified the “locally-
advanced” pancreatic ductal adenocarcinoma (PDAC) into borderline-resectable (BR) and
locally-advanced (LA) categories and established the 4- or 6-months induction chemother-
apy (CT) as standard of care to control and eventually downsize the LA-PDAC and select
the BR-PDAC at higher risk of non-radical resection [1,2]. However, CT and radiotherapy
regimens in LA-PDAC have only led to a marginal survival improvement [2-5].

Local thermal ablation (LTA) has been investigated for LA-PDAC [6], hypothesizing
that it may add local efficacy to the CT systemic activity, possibly leading to changes of the
desmoplastic PDAC microenvironment and increased intra-tumour drug efficacy [7]. Their
application in PDAC has been limited because of thermal injury risk to the pancreas and
surrounding structures.

We have reported that ablation with the Hybrid Therm-Probe (HTP, ERBE ElektroMedi-
zin GmbH, Tiibingen, Germany) [8-10], an internally carbon dioxide—cooled bipolar ra-
diofrequency (RF)-energy device, under endoscopic ultrasound (EUS)-guidance, was safe
in 22 LA-PDAC patients after failure of first-line CT or unfit for CT, inducing a significant
tumour volume reduction at 1-month imaging. We also showed that the tumour volume re-
duction rate and radiological response using the Choi criteria were significantly associated
with the patients” overall survival (OS) [10].

No randomized clinical trials (RCTs) have investigated whether the addition of LTA
to CT results in improved clinical outcomes in PDAC. The present single center phase
II RCT aimed to explore the EUS-HTP efficacy in controlling the tumour progression of
LA/BR-PDAC, comparing the effects of upfront EUS-HTP plus CT versus CT alone.

2. Materials and Methods

This RCT (N. HTP/2014; NCT02336672) was approved by the Ethics Committee of the
San Raffaele Scientific Institute (Milan, Italy) and performed according to the Declaration
of Helsinki guidelines. Written informed consent was obtained from each patient for
enrolment, treatments and data collection.

2.1. Study Population and Design

Inclusion criteria were: age 18-80 years; PDAC cytological /histological diagnosis and ra-
diological LA /BR staging (NCCN criteria [1], Union for International Cancer Control (UICC)
Tumour-Node-Metastasis classification [11]), by contrast-enhanced (CE) total-body multi-
detector computed-tomography (MDCT), abdomen double-weighed magnetic resonance
imaging (DW-MRI), EUS and eventually positron emission tomography (PET); patients treat-
ment naive and candidate to CT; lesion size > 30 mm; Karnofsky Performance Status > 70%;
life expectancy > 6 months; white blood count > 3500/ mm?3, neutrophils > 1500/ mm?3,
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platelets > 100,000/ mm?, haemoglobin > 10 g/dL, creatinine < 1.5 mg/dL, International
Normalized Ratio (INR) < 1.5.

Eligible patients, identified by a multidisciplinary team with PDAC expertise, were
subsequently randomly allocated (1:1) within 3 weeks from basal staging to receive upfront
EUS-HTP plus CT (HTP-CT arm) or CT alone (CT arm). Randomisation was performed
using a computer-generated random list generator held by ERBE, responsible also for
monitoring data accuracy, completeness and reliability. Investigators and patients were
not masked to treatment allocation. An internal research team was responsible for data
collection in case record forms.

In the HTP-CT arm, up to 3 EUS-HTP sessions were planned, at one month apart
each other, based on the tumour’s size allowing HTP insertion into lesion, and patient’s
conditions, in absence of PD. CT was started after one week from the first EUS-HTP session.

In both the arms, CT was planned at the oncologists” discretion according to the
Medical Oncology Italian Association (AIOM) guidelines (Table S1), to ensure adherence to
the oncological therapy, and administered for a minimum of 6 cycles, or until progressive
disease (PD), unacceptable toxicity, patient’s refusal or medical decision.

Restaging evaluations were performed at 2-, 4- and 6-months from CT onset at San Raf-
faele Scientific Institute, using CE-MDCT, DW-MRI and, if necessary, PET, and measuring
the carbohydrate-antigen 19.9 (CA19.9) serum levels.

At 4- and 6-months, in absence of radiological or biological PD, patients were eval-
uated for surgical exploration. Patients who at 4-months showed unresectable tumour,
without metastases, prosecuted on CT for other 2 months. At 6-months, patients who were
unsuitable for resection and still PD-free prosecuted on concomitant chemoradiotherapy.

Chemoradiotherapy was also recommended as adjuvant therapy (Figure S1).

The end of the trial was the date of the 6-months evaluation of the last enrolled patient.
All patients were followed-up until death. Database lock for the present analysis was
February 2020, when all patients had completed a minimum of 6-months follow-up.

2.2. Study Methods

As previously described [8-10], the active tip (26-mm length) of the needle-shaped
(14-gauge) HTP was placed directly into target lesion under EUS-guidance using colour
power-doppler to avoid vascular structures, and activated at fixed RF power of 18W and
cooling pressure of 650 psi, with application time between 240 and 480 s for a 2-cm up
to >3-cm mass or until the electric resistance, induced by tumour tissue desiccation and
devitalization, increased.

Serum blood count with leukocyte formula, amylase, lipase, activated-protein-C,
lactate-dehydrogenase, glucose, calcium, creatinine, INR and CA19.9 were assessed at the
post-operative 3-days, along with CE-MDCT and DW-MRI to exclude adverse events (AEs).
Timing and severity of EUS-HTP related AEs were classified according to the American
Society for Gastrointestinal Endoscopy (ASGE) lexicon for endoscopic AEs [12].

In both the arms, blood tests were performed before treatments and repeated after 2-,
4- and 6-months, in conditions of jaundice absence for CA19.9 measurements.

In patients with CA19.9 > 34 U/mL (upper normal limit), the lowest value measured
at any time for each patient compared with baseline represented the CA19.9 nadir. Patients
with <50%, 50-89%, and >90% decrease of CA19.9 at nadir were defined as biological non-,
minor- and major-responders [13].

Radiological response to treatment was determined according to RECIST1.1 and
revised using Choi-criteria [14,15], which consider changes of tumour size and density
attenuation coefficient, evaluating the difference of imaging assessments between the
previous and current examinations. We used Choi-criteria after recently confirming that
they allowed better prediction of OS than RECIST1.1 in LA-PDAC patients treated with
EUS-HTP after primary CT [11]. Patients with complete response, partial response (PR)
or stable disease (SD) to treatment were defined as presenting disease control; those
experiencing PD were non-responders.
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Tumour volume (cubic centimeter, cc) was also measured at each follow-up, using
a computer-aided detection system (IntelliSpace Portal-ISP7.0, Philips Medical System
DMC, Hamburg, Germany) [10,16]. Post-HTP vital tumour volume was defined as the
difference between the lesion and necrosis volumes [10,17,18]. These measurements were
double-checked by two radiology experts in pancreatic imaging.

2.3. Study Outcomes

Primary endpoint was the 6-months progression-free survival (6-PFS) rate, evaluated
as the proportion of patients still PD-free at 6-months follow-up.

Secondary endpoints were: (a) proportion of patients who achieved radiological and
biological response to treatment; (b) post-treatment vital tumour volume reduction rate,
calculated as the vital tumour volume percentage variation between the baseline and
current examinations; (c) radical (R0O) resection rate after 4-/6-months CT; (d) EUS-HTP-
related feasibility and complication rates; (e) PFS- and OS-time, evaluated as the time
interval from the randomisation to the first radiological evidence of PD (or death) and to
the death or last follow-up assessment.

2.4. Sample Size Calculation and Statistical Analysis

A 20% increase of the 6-PFS rate was hypothesized when using HTP-CT versus CT
(80% vs. 60%), based on previous reports showing that 6-PFS rate ranged at around
50% with Gemcitabine and 70% with PEXG [19,20]. With 5% significance level, 80%
power and 10% estimated drop-out, the final sample calculation was of 100 patients
per arm. This RCT, originally designed as multi-center, consisted of two phases (II/III),
with the first one including 33 patients per arm to assess whether the sample of patients
who receive HTP-CT shows a 6-PFS improvement over CT alone. According with the
power calculation, if the 6-PFS difference between the two arms in the phase II trial was:
(a) >20% the trial could go on; (b) between 5-19% the trial could go on with a sample size
recalculation; (c) <5% the trial had to be stopped. This study presents the results from
the phase II trial. Student t-test (mean =+ standard deviation, StDe) or Mann-Whitney and
Wilcoxon correction tests (median with interquartile range (IQR) for continuous variables,
accordingly to the Shapiro-Wilk test for normal distribution, and Fisher’s exact test for
categorical variables (numbers and percentages), are used to assess inter-arm differences.
Safety analysis is performed on patients receiving at least one EUS-HTP session and/or one
cycle of CT. The Kaplan-Meier survival curves are compared using the Log-rank test (Chi-
squared statistic). The median progression-free survival and overall survival time and their
95% confidence interval (CI) are calculated according to Brookmeyer & Crowley, 1982 [21].
The hazard ratios and their 95% CI are calculated according to Altman et al., 2000 [22].
Data analysis is performed both as Intention-To-Treat (ITT-set), including all randomized
patients meeting eligibility criteria, and Per-Protocol (PP-set), including patients who did
not violate the protocol, using MedCalc version 19.2.1 (MedCalc Statistical Software bvba,
Ostend, Belgium). p-values < 0.05 are considered as statistically significant.

3. Results

The study was redesigned as single centre (San Raffaele Scientific Institute) due to
difficulties of other centres to enrol and follow-up patients. Between November 2014
and June 2019, 40 patients were randomly allocated to HTP-CT arm (n = 20) or CT arm
(n =20). Due to the slow accrual due to inclusion criteria and the HTP withdrawal by the
manufacturer in 2020, it was established to stop enrolment and perform the phase II trial
analysis despite the smaller sample size than the required.



Cancers 2021, 13, 4512

50f15

3.1. Patients and Therapeutic Features

Figure 1 shows the flow-diagram of enrolled patients.

| n =40 pts randomized |

| n =20 pts allocated to HTP-CT arm | | n =20 pts allocated to CT arm |

n =3 pts drop-out n =1 pt withdrew
P P P

n =15 pts received allocated treatment
n= 1 failed EUS-HTP due to tumour stiffness

n =1 did not receive CT after 15t EUS-HTP due to complicated
percutaneous biliary drainage

n =19 pts received allocated treatment

n =1 pt (who failed EUS-HTP) lost to follow-up n =2 pts lost to follow-up

n =15 pts assessable for PFS and OS outcomes

n =17 pts assessable for PFS outcome

n =19 pts assessable for OS outcome

n =15 patients assessed as PP analysis for for PFS outcome

n =17 patients assessed as PP analysis

PFS and OS outcomes n =19 patients assessed as PP analysis

for OS outcome

n =17 patients assessed as ITT analysis for n =20 patients assessed as ITT analysis for

PFS and OS outcomes both PFS and OS outcomes

Figure 1. Patients CONSORT flow-diagram. Pts: patients; N: number; HTP-CT: HybridTherm Probe plus Chemotherapy;
CT: Chemotherapy; EUS-HTP: endoscopic ultrasound-guided ablation with HybridTherm Probe; PFS: progression-free

survival; OS: overall survival; PP: per-protocol; ITT: intention-to-treat.

Three patients of the HTP-CT arm were excluded after randomisation because metastatic
disease was detected at MDCT /MRI re-evaluation before EUS-HTP.

In the HTP-CT arm, 7 patients were treated with three HTP sessions, other 7 with two
sessions and 2 with one session. In one patient EUS-HTP was not feasible due to tumour
stiffness. Thus, EUS-HTP feasibility rate was 94.1% (mean application time: 175.3 & 39.6 s;
mean ablation size: 21.9 £ 5.1 mm x 30.3 £ 5.9 mm). One HTP-CT patient did not receive
CT after EUS-HTP due to complicated percutaneous biliary drainage. Assigned HTP-CT
treatment was, therefore, performed in 15 patients. Second and third sessions were feasible
in 14/15 and 7/11 eligible patients. In 5 patients (one at the second session), EUS-HTP was
not performed because of tumour reduction (<26 mm). Other patients were not eligible to
third session because of PD.

In the CT arm, one patient withdrew after randomization. Other 19 patients received
the allocated treatment. Two patients were lost to follow-up (after 52 and 73 days) due to
patients’ choice.

CT-related features were evenly balanced between the two arms (Table S2).

The PFS-time and OS-time were assessable both in 15 patients (17 ITT-set) of the
HTP-CT arm and, respectively, in 17 and 19 patients (20 ITT-set) of the CT arm.

Statistically, baseline clinical and tumour features of HTP-CT (1 = 17) and CT (n = 20)
patients were evenly balanced (Table 1).
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Table 1. Baseline clinical and tumour features of the enrolled patients according with randomization in the two treatment arms.

Variables HTP-CT Arm CT Arm p-Value
Patients enrolled, N. 17 20
Sex, males/females, N. (%) 9(52.9)/8 (47.1) 9 (45)/11 (55) 0.74
Age (years), mean =+ StDe 635+ 11.4 65.1 £5.03 0.58
Tumour site, head /body-tail, N. (%) 10 (58.8)/7(41.2) 12 (60)/8 (40) 1.00
Tumour size (mm) at MDCT scan, mean (4 StDe)

short axis 333+9 29.8 +10.7 0.51

long axis 471+ 11.6 43 +16.2 0.30
Tumour volume (cc) at MDCT scan, median (IQR) 32.1 (22.8-47.5) 20.2 (11-28.4) 0.23
Tumour staging, N. (%)

borderline resectable 5(29.4) 5(25) 1.00

locally advanced 12 (70.6) 15 (75)
7th TNM classification, N. (%) [11]

T3 6(35.3) 9 (45) 0.55

T4 7 (41.2) 6 (30) 0.48
8th TNM classification, N. (%) [11]

T2 1(5.9) 1(5) 091

T3 0 2 (10) 0.19

T4 3 (17.6) 2 (10) 0.51
CA19.9 serum levels (U/mL), median (IQR) 733.2 (54.4-4049.9) 835 (75.2-5411.2) 0.61

>upper laboratory normal limit, N. (%) 16 (94.1) 14 (70)
Metal biliary stent, N. (%) 8 (47.05) 10 (50) 0.88
Vessel invasion in locally advanced, N. (%) *

superior mesenteric/portal vein 10 (83.3) 13 (86.7)

hepatic artery 2 (16.7) 3(20)

superior mesenteric artery 7 (58.3) 5(33.3)

celiac axis 2 (16.7) 3(20)

splenic vein 3(25) 5(33.3)

splenic artery 5(41.7) 4(26.7)

gastroduodenal artery 0 3 (20)
Vessel invasion in borderline resectable, N. (%) *

superior mesenteric/portal vein 4 (80) 5 (100)

splenic vein 1(20) 0

splenic artery 1(20) 0

HTP-CT: HybridTherm Probe plus Chemotherapy; CT: Chemotherapy; N: number; cc: ce timeter cube; StDe: standard deviation; IQR:
interquartile range; MDCT: Multi-detector computed tomography; TNM: tumour-node-metastasis. * Percentages added to more than
100% because some patients having more than one vessel invaded, thus no statistical comparison was made for variables related to

vessel invasion.

3.2. Six-Months Progression-Free Survival and Radiological Response to Therapy

Using Choi criteria, the 6-months PFS rate was of 41.2% and 30% in the HTP-CT and
CT arms, respectively, with 7/17 HTP-CT and 6/20 CT patients still PD-free (p = 0.48).
Table 2 reports the radiological response using Choi criteria and RECIST1.1.

In the HTP-CT and CT arms, respectively, partial response was achieved in 9/17 (52.9%)
and 11/20 (55%) patients, whilst stable disease in 3/17 (17.6%) and 3/20 (15%) patients.

The overall radiological response rate was of 71% (12/17) and 65% (13/20) in the

HTP-CT and CT arms, respectively (p = 0.95).

Two-months PD occurred in 17.6% and 20% (RECIST1.1:17.6% and 15%) of HTP-CT
and CT patients, respectively.
Local PD developed in 23.5% and 40% (RECIST1.1:11.8% and 35%) whilst distant PD
in 29.4% and 25% of HIP-CT and CT patients, respectively.
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Table 2. Rates of radiological disease control (partial response + stable disease) at 2-, 4- and 6-months restaging, according

Table 1. Patients experiencing progression disease at a restaging time-point were excluded from the analysis of the

radiological response at the subsequent restaging time-point.

6-Months Progression-Free Survival and HTP-CT Arm CT Arm p-Value
Radiological Response to Therapy PP-Set ITT-Set PP-Set ITT-Set PP-Set ITT-Set

Radiological disease control rate (Choi criteria)

. 80 (12/15) 71(12/17)  72.2(13/18% 65 (13/20) 0.61 0.70
2 months, % (N.) N.8PR, N. 4 SD N.7 PR, N. 6 SD

. 66.7 (8/12) 471(8/17)  69.2(9/1385) 45 (9/20) 0.90 0.90
4 months, % (N.) N.3PR,N.5SD N.5PR, N. 4SD

. 87.5(7/8) 412 (7/17) 66.7 (6/9) 30 (6/20) 033 0.48
6 months, % (N.) N.4PR,N.3SD N.3PR, N.3SD

. 80 (12/15) 71(12/17)  722(13/18%) 65 (13/20) 0.88 0.95

Overall response to therapy, % (N.) N.9 PR, N.3 5D N.11 PR, N.3SD
6-PFS, % (N.) 46.7 (7/15) 41.2(7/17) 35.3(6/17) 30 (6/20) 0.52 0.48
Radiological disease control rate (RECIST1.1)

. 80 (12/15) 71 (12/17) 833 (15/18) 75 (15/20) 0.81 0.79
2 months, % (N.) N.125D N.4PR, N. 11D

. 75(9/12) 529(9/17)  71.4(10/145) 50 (10/20) 0.84 0.86
4 months, % (N.) N.9SD N.1PR, N.9SD

s 100 (9/9) 52.9(9/17) 70 (7/10) 35 (7/20) 0.08 0.28
6 months, % (N.) N.2PR,N.7SD N.1PR,N. 65D

. 80 (12/15) 71 (12/17) 83.3(15/18) 75 (15/20) 0.81 0.79

Overall response to therapy, % (N.) N.2 PR, N.10SD N.6 PR, N. 9 SD
6-PFS, % (N.) 60 (9/15) 529 (9/17) 412 (7/17) 35 (7/20) 0.30 0.28

HTP-CT: HybridTherm Probe plus Chemotherapy; CT: chemotherapy; N: number; PR: partial response; SD: stable disease; PD: progression
disease; PP: Per-Protocol; ITT: Intention-To-Treat; RECIST1.1: Response Evaluation Criteria in Solid Tumours, version 1.1; 6-PFS: 6-months
progression-free survival. * One patient of the CT arm was lost to follow-up before 2-months restaging. 8 One patient of the CT arm was

lost to follow-up after 2-months restaging.

3.3. Biological Response to Therapy

Compared with baseline, minor and major biological responses were, respectively,
recorded in 9/16 (56.3%) and 3/16 (18.8%) HTP-CT patients, whilst in 5/14 (35.7%) and
4/14 (28.6%) CT patients.

The overall biological response rate was of 75% (12/16) and 64.3% (9/14) in the
HTP-CT and CT arms (p = 0.53), respectively (Table 3).

Table 3. Rates of <50% (non-biochemical responders), 50-89% (minor biochemical responders) and >90% (major biochemical
responders) decrease of CA19.9 serum levels (Ul/mL) at 2-, 4- and 6-months follow-up. Only patients with basal upper
limit of laboratory normal for CA19.9 were considered (HTP-CT arm: n = 16; CT arm: n = 14).

CA19.9 Percentage Change versus HTP-CT Arm CT Arm p-Value
Basal Value PP-Set ITT-Set PP-Set ITT-Set PP-Set ITT-Set
CA19.9 decrease < 50%, % (N.)
2 months 0 0 214 (3/14%  21.4(3/14) 0.07 0.06
4 months 0 0 15.4 (2/13) 143 (2/14) 0.15 0.12
6 months 0 0 18.2 (2/11) 14.3 (2/14) 0.15 0.12
CA19.9 decrease 50-89%, % (N.)
2 months 714 (10/14) 62,5 (10/16) 50 (7/14 %) 50 (7/14) 0.26 0.50
4 months 61.5 (8/13) 50 (8/16) 385 (5/13) 35.7 (5/14) 0.25 0.44
6 months 545 (6/11) 37.5(6/16) 18.2 (2/11) 14.3 (2/14) 0.08 0.16
CA19.9 decrease > 90%, % (N.)
2 months 14.3 (2/14) 125(2/16)  214(3/14%  21.4(3/14) 0.63 052
4 months 23.1(3/13) 18.8 (3/16) 30.8 (4/13) 28.6 (4/14) 0.66 0.53
6 months 273 (3/11) 18.8 (3/16) 36.4 (4/11) 28.6 (4/14) 0.65 0.53
Overall CA19.9 decrease > 50%, % (N.) 85.7 (12/14) 75 (12/16) 64.3 (9/14) 64.3 (9/14) 0.20 0.53

HTP-CT: HybridTherm Probe plus Chemotherapy; CT: chemotherapy; N: number; PP: Per-Protocol; ITT: Intention-To-Treat. * One patient
of the CT arm was lost to follow-up after 2-months restaging.
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Among the non-responders, a decrease < 50% was recorded in 3/14 CT patients
(21.4%), and an increase was observed in the other patients (1 = 2 of the HTP-CT arm, n =1
of the CT arm).

The median time to CA19.9 nadir was 4 months (IQR: 2-5) and 3.5 months (IQR: 2-4)
in the HTP-CT and CT arms, respectively.

3.4. Tumour Volume Changes

Three and two patients of HTP-CT and CT arms, respectively, refused to undergo
DW-MRI and had the tumour volume measured on CE-MDCT [13].

In the HTP-CT and CT arms, respectively, the vital tumour volume was measured in
14/15 and 17/17,12/14 and 16/17,10/12 and 12/13 patients at 2-, 4- and 6-months. In
the remaining patients the tumour and/or necrotic area had unclear edges that did not
allow calculation.

Overall, 10/14 (71.4%) and 13/17 (76.5%) patients of the HTP-CT and CT arms,
respectively, experienced a vital tumour volume reduction compared with baseline, with a
significant difference between the two treatment arms at 2-months (p = 0.02). However,
observing the vital tumour volume trend during the follow-up, 9/14 (64.3%) and 8/17
(47.1%) patients of the HTP-CT and CT arms, respectively, showed a consistent vital tumour
volume reduction rate up to 6-months, without a significant difference (p = 0.39); in the
other patients it increased over time. Compared with baseline, a maximum median vital
tumour volume reduction rate of 43.7% (IQR: —64.8-27.7%) and 22.1% (IQR: —31-43.9%)
was recorded in the HTP-CT and CT arms, respectively, at 6-months (Table 4), even if not
significantly in both the treatment arms.

Table 4. Median (IQR) basal and post-treatment tumour volume at 2-months (HTP-CT arm n = 14; CT arm n = 17), 4-months
(HTP-CT arm n = 12; CT arm n = 16) and 6-months (HTP-CT arm: n = 10; CT arm: #n = 12) follow-up and median (IQR) vital
tumour volume reduction rate versus baseline.

Vital Tumour

Reduction Rate vs. Basal p-Value vs. Basal

Volume (cc) HTP-CT Arm CT Arm p-Value Tumour Volume (Median, IQR) Tumour Volume
Basal, median, 31.3 20.2 0.06
(IQR) (22.6-49.1) (11-28.4) HTP-CT Arm CT Arm HTP-CT Arm CT Arm

2 months, 30.4 18.1 0.02 —16.7 —5.9% 0.82 0.85
median (IQR) (18.5-37) (15.5-25.8) (—38.5-45.1%) (—21.6-3%)

4 months, 314 16.7 0.17 —-14.3 —20.5% 0.60 0.77
median (IQR) (15.6-39.4) (13.8-23) (—64.6-51.1%) (—28.3-9.6)

6 months, 20.1 18.2 0.39 —43.7% —22.1% 0.31 0.89
median (IQR) (16.5-34.7) (14.3-28.7) (—64.8-27.7%) (—31-43.9%)

HTP-CT: HybridTherm Probe plus Chemotherapy; CT: Chemotherapy; TV: tumour volume; cc: centimeter cube; IQR: interquartile range;
CI: confidence interval.

3.5. Surgical Outcomes

Two HTP-CT patients (n =1 LA, n = 1 BR) were resected after 6 cycles of induction CT
and two EUS-HTP sessions with tumour reduction.

In the CT arm, one (LA) and other 3 patients (n =2 LA, n = 1 BR) were resected after
5 and 6 cycles of induction CT, respectively, despite the best response was SD in all of them.

The achieved resection rate was of 11.8% (2/17) and 20% (4/20) in the HTP-CT and
CT arms, respectively (p = 0.51), with RO resection in both the HTP-CT patients and in 3/4
CT patients.

Pathological results [11,23] are reported in Table S3.

3.6. Adverse Events

AEs occurred in 11/37 EUS-HTP procedures (29.7%). Of these, 8.1%, 10.8% and 10.8%
were intra-procedural (n = 1 moderate and n = 2 mild bleeding at needle puncture site
resolved, respectively, through endoscopic intervention and spontaneously), early (n =1
moderate jaundice requiring endoscopic biliary stenting, n = 3 mild including fever, splenic
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vein thrombosis and asymptomatic perigastric collection, resolved with medical therapy or
spontaneously) and potentially late (n = 3 moderate jaundice requiring endoscopic biliary
stenting, n = 1 mild duodenal ulcer at needle puncture site resolved with medical therapy).

No signs of acute pancreatitis were observed at 72-h imaging and laboratory control,
well as no severe AEs occurred.

EUS-HTP was safe in all patients carrying biliary metal stents.

The rates of grade III/IV CT-related AEs (National Cancer Institute’s Common Termi-
nology Criteria for Adverse Events, version 4.0) [24] were similar between the two arms
(Table S4).

3.7. Progression-Free and Overall Survival

The median PFS-time (Choi criteria) was 11.1 (95% CI: 4.0-40.6) and 9.4 (95% CI:
4.1-23.1) months in the HTP-CT and CT arms, respectively. At Kaplan-Meier survival
curves analysis the HR CT arm/HTP-CT arm for progression was of 1.16 (95% CI: 0.6-2.3;
Log-rank test: Chi-squared = 0.17, p = 0.68).

Figure 2 shows the PFS curves using both Choi criteria and RECIST1.1.

Choi criteria
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Figure 2. Cont.
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Figure 2. Median progression-free survival (PFS) time (95% confidence interval) and hazard ratio
(HR, 95% confidence interval) for progression in patients treated with endoscopic ultrasound-guided
ablation with HybridTherm Probe plus chemotherapy (HTP-CT arm) versus chemotherapy alone (CT
arm), according to: (A) Choi criteria. Per-Protocol (PP-set): 11.1 (4.0- 0.6) versus 8.7 (3.0-23.1) months;
HR CT arm/HTP-CT arm for progression = 1.26 (0.6-2.6) (Log-rank test: Chi-squared = 0.41; p = 0.52);
Intention-To-Treat (ITT-set): 11.1 (4.0-40.6) versus 9.4 (4.1-23.1) months; HR CT arm/HTP-CT arm for
progression = 1.16 (0.6-2.3) (Log-rank test: Chi-squared = 0.17; p = 0.68). (B) RECIST1.1. Per-Protocol
(PP-set): 12.6 (4.0-40.6) versus 9.6 (4.1-23.1) months; HR CT arm/HTP-CT arm for progression = 1.36
(0.7-2.8) (Log-rank test: Chi-squared = 0.72; p = 0.39); Intention-To-Treat (ITT-set): 12.6 (4.0-40.6)
versus 10.2 (4.2-23.1) months; HR CT arm/HTP-CT arm for progression = 1.26 (0.6-2.6) (Log-rank
test: Chi-squared = 0.41; p = 0.52). Short vertical lines represent censured patients.

Overall median follow-up was of 45.4 months (95% CI: 45.3-45.4). At 18-month follow-
up, 7/17 (41.2%) and 9/20 (45%) patients of the HTP-CT and CT arms, respectively, were
still alive.

The median OS-time was 13 (95% CI: 8.8-25.5) and 17 (95% CI: 10.9-56.7) months in the
HTP-CT and CT arms, respectively. At Kaplan-Meier survival curves analysis the HR HTP-
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CT arm/CT arm for death was of 1.18 (95% CI: 0.6-2.4; Log-rank test: Chi-squared = 0.20,
p = 0.79; Figure S2).

Excluding 3 HTP-CT and 4 CT patients with 2-months distant PD, the median PFS-
(Choi criteria) and OS-time were, respectively, 10.1 (95% CI: 5.0-40.6) and 20.5 (95% CI:
10.5-30.2) months in the HTP-CT arm and 7.1 (95% CI: 4.9-23.1) and 18.5 (95% CI: 10.1-56.7)
months in the CT arm, with a HR CT arm/HTP-CT arm for progression of 1.18 (95% CI:
0.5-2.6; Log-rank test: Chi-squared = 0.16, p = 0.69) and for death of 1.2 (95% CI: 0.5-2.5;
Log-rank test: Chi-squared = 0.12, p = 0.79).

4. Discussion

By inducing intra-tumour coagulative necrosis, LTA would be of clinical relevance
during neoadjuvant treatment within a multidisciplinary approach in LA/BR PDAC.
However, the potential clinical benefit of LTA added to CT versus CT alone in LA /BR-
PDAC was not yet evaluated in RCTs [25].

This phase I RCT did not reach the primary endpoint of better PFS in patients treated
with combined HTP-CT.

The study was originally designed to be multi-centric, including 33 patients per arm,
to assess the 6-months rate of patients still PD-free, that seems to be a more reliable measure
of the treatment activity than others for deciding to test a PDAC treatment in a phase III
trial [26].

Unfortunately, due to unforeseen problems in patients’ enrolment in other centres
and HTP withdrawal by the manufacturer as consequence, the study was redesigned as
single-centre including only 17 patients of the HTP-CT arm and 20 patients of the CT arm.
Thus, it is underpowered to allow solid conclusions about the difference in the 6-PFS rate
between the HTP-CT and CT treatments. Nevertheless, it provides helpful insights in the
concept of combined CT and LTA.

The statistically balanced baseline features between the two arms and the survival
outcome of the control arm similar to those seen with the same CT regimens in recent
reports in LA/BR-PDAC [27] do not suggest major patient selection bias.

Few studies have dealt with EUS-LTA. Most published reports described the percuta-
neous image-guided and laparotomic routes, with a 20% major complication rate and 25%
mortality rate after intra-operative RFA, as well as major and minor complication rates of
10% and >50% after cryosurgery [25].

This study confirmed the EUS-HTP safety in PDAC [9,10]. With respect to the other
similar monopolar devices performing EUS-guided RFA, despite the less handy 14-gauge
diameter the HTP device takes advantage from the bipolar and cooling systems to create
larger ablation areas with less power input and less collateral thermal damage than other
available EUS-RFA probes.

On the other hand, the development of probes with smaller gauges as well as of differ-
ent RFA devices with different tip length according to the tumour size would overcome the
limit of unique HTP application to lesion > 30 mm. Three small sample phase I studies
evaluated the feasibility and safety of EUS-guided RFA, in unresectable non-metastatic
PDAC mainly not suitable for additional CT, with the monopolar 19-gauge EUSRA probe
(5-, 7-, 10-, 15-, 20-, 25- and 30-mm electrode) from Taewoong Medical (Taewoong Medical
Co., Ltd., Gimpo-si, Gyeonggi-do, South Korea), reporting an AEs rate of 37.5%, with
only mild AEs [28-30]. Other two studies (11 and 8 patients, respectively) applied the
19-gauge Habib™ EUS-RFA (EMcision Ltd., London, UK) probe (10- and 20-mm electrode)
in locally advanced unresectable PDAC [31,32], reporting a 21% rate of mild AEs. Based on
these promising reports, further studies and randomized trials are required to optimize
the ablation parameters, still not standardized, and to prove whether the OS of these
patients can be further improved by LTA and combined CT. Using the most widely applied
EUS-guided RFA with different probe’s tip length in multi-centre studies could overcome
the problem of slow enrolment we have had in this phase Il RCT.
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The rate and the type of AEs following EUS-HTP (29.7%) is similar to those reported
from the above-mentioned studies, with no severe AEs and pancreatitis, confirming the
safety of LTA under EUS-guidance in PDAC. To date, only two cases of pancreatitis, treated
conservatively, were reported in the two available case series treating small non-functional
pancreatic neuroendocrine tumours by EUS-guided RFA [6].

We observed at 6-months a 11.2% (Choi criteria) higher percentage of patients still
being PD-free in the HTP-CT arm over the CT arm, albeit without a significant difference.
According to the original phase II trial design, with a difference of 5-19% in the 6-PFS rate
between the two arms the trial could be continued with a deemed sample size recalculation.
Based on the observed 6-PFS rates in this phase II RCT, with 0.05 type I and 0.20 type II
errors, the deemed sample size to reach >20% improved 6-PFS rate adding HTP to CT
would be of 288 patients per arm. This accrual was unfortunately unfeasible, so the study
was stopped due to the study protocol’s high demand to the centres.

With respect to the CT arm, we found in the HTP-CT arm a 10.7% and 17.2% higher
rate of biological response and vital tumour volume reduction up to 6-months, along with
a 21.6% higher median vital tumour volume reduction rate compared with baseline.

Recently, circulating CA19.9 and tumour volume changes have been proposed as
complementary measures to the radiological response, which can be troublesome in PDAC,
for a more accurate assessment of the treatment’s activity [13,16,17].

The 6-months results from this phase II trial may suggest that EUS-HTP added to
CT in LA/BR-PDAC leads to a better tumour local control than CT alone, due to tumour
cytoreductive effect [33].

However, EUS-HTP did not impact the resection rate, that was 8.2% lower in the
HTP-CT arm than CT arm, although not significantly different, as well as the median
PFS-time and OS-time.

In the HTP-CT arm, data on PFS and OS outcomes had a wide range (2—40 and
5-45 months, respectively), reflecting the different response to EUS-HTP for each patient.
Although we enrolled a homogeneous set of consecutive patients with LA/BR-PDAC,
3 patients of the HTP-CT arm and 4 patients of the CT arm showed 2-months distant PD,
likely suggesting pre-existing undetectable micro-metastasis. Excluding these patients, the
median OS-time was 2-months longer for the HTP-CT arm than CT arm, in contrast with
the longer OS reported in the CT arm than HTP-CT arm including all patients.

Moreover, although not significantly, baseline tumour size and volume were larger
(about 11% and 58%, respectively) in the HTP-CT arm than CT arm. This difference might
also explain the lower resection rate and similar PFS-time and OS-time following HTP-CT
compared to CT. In a recent meta-analysis, PDAC tumour size showed a major impact on
OS, with an increase of the death rate of about 4% with each cm-increase [34].

It is likely that a better patients’ selection also using molecular biomarkers predicting
local but not distant PD may help improving the LTA efficacy. Recently, SMAD4 status
was, indeed, reported as the only independent predictor of survival (p = 0.05) after intra-
operative RFA [35].

Few studies investigated the long-term outcomes following LTA in PDAC. Regarding
the survival, this RCT is not comparable to other studies, mainly because ablation was
given as upfront therapy.

Previous studies investigated selected small groups of patients with short follow-up.
Those non-randomized studies showed promising OS up to 25.6 and 16.2 months after
intra-operative RFA and cryosurgery in LA-PDAC pre-treated with CT. A retrospective
comparative study between CT and CT plus RFA reported a mean OS rising from 13 months
for CT to 20 months for the combined approach. Another retrospective study found that
the median OS after intra-operative RFA as initial treatment was 14.7 months versus
25.6 months with RFA as secondary treatment. In these patients, the median OS increased
to 34 months using a combined triple approach including RFA, radio-chemotherapy and
intra-arterial plus systemic CT [25,36].
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The positioning and timing of LTA remain matters of debate. To date, no prospective
comparisons were made between upfront LTA combined with CT or performed following
induction CT strategies.

On the other hand, as PDAC is also insensitive to radiotherapy and often to CT, it
has recently been shown that LTA may prime a systemic anti-tumour immune response in
PDAC, possibly activated by the exposition to tumour-specific antigens released by the
in-situ necrotic tissue [33,37,38]. The recent finding of a longer median OS in metastatic
PDAC patients treated with cryo-immunotherapy or cryotherapy than those treated with
immunotherapy and CT alone may support this hypothesis [39].

The cost-effectiveness of EUS-guided LTA of pancreatic cancer represents another
interesting point to face, since there are no studies on this topic. The present study was not
aimed at investigating this outcome and the applied probe was not commercially available,
making this calculation difficult. The increased costs of an EUS-guided LTA, at any rate,
include the device, the treatment and the hospitalization.

5. Conclusions

In conclusion, this phase II RCT was not adequately powered for the primary endpoint.
Moreover, in such a small study the basal tumour volume’s and serum CA19.9 level’s
difference, even if not significantly, as well as the heterogeneous CT regimens that were
employed may represent additional limitations adding to the study heterogeneity and
affecting results. On the other hand, we believe that this makes the results readily usable in
a real-life setting.

Thus, the observed marginal 6-PFS benefit in favour of EUS-LTA should be interpreted
with caution. Since no final PFS-time and OS-time benefit was observed adding EUS-LTA
to CT, as PDAC is a systemic disease, we could hypothesize that EUS-LTA may be a safe
adjunct for local disease control in carefully selected non-PD patients after induction CT.
More efforts are needed to select patients who could benefit most from LTA, possibly
combined with novel targeted agents or immunotherapy.
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survival (OS) time (95% confidence interval) and hazard ratio (HR, 95% confidence interval) for
death in patients treated with endoscopic ultrasound-guided ablation with HybridTherm Probe
plus chemotherapy (HTP-CT arm) versus chemotherapy alone (CT arm): (A) Per-Protocol analysis
(PP-set): 13 (8.8-25.6) versus 17 (10.9-56.7) months; HR HTP-CT arm/CT arm for death = 1.18
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was considered.

Author Contributions: Conceptualization, M.R., W.L.,, M.E., ED.C., M.E,, and P.G.A.; methodology,
MR, W.L.,, M.E,, ED.C., M.F,, and P.G.A; software, M.B., V.N., and S.G.; validation, S.G.G.T., M.C.P,
MR, WL, MEE, G.C, and P.G.A.; formal analysis, S.G.G.T.; investigation, S.G.G.T., M.C.P, M.R,,
G.R,M.B., V.N,,S.G, G.B.,, C.D., and PG.A.; resources, WL., M.E,, ED.C., and P.G.A.; data curation,
S.G.G.T.,, M.B,, and V.N.; writing—original draft preparation, S.G.G.T.; writing—review and editing,
M.R., G.B, ED.-T., ED.C.,, M.E, G.C,, and P.G.A,; visualization, S.G.G.T., M.R., W.L.,, M.E., E.D.-T.,
ED.C,CD.,MF,G.C,PG.A,;supervision, M.C.P, S.G., ED.C., and P.G.A.; project administration,
M.C.P, WL, ME,, and PG.A. G.C., and P.G.A. share the last authorship. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.


https://www.mdpi.com/article/10.3390/cancers13184512/s1
https://www.mdpi.com/article/10.3390/cancers13184512/s1

Cancers 2021, 13, 4512 14 of 15

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, approved by the Institutional Review Board (or Ethics Committee) of San Raf-
faele Scientific Institute, Milan, Italy (protocol code: HTP /2014, date of approval: 11 September 2014)
and registered in ClinicalTrials.gov on 16 December 2014 (NCT02336672).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to privacy restrictions.

Conflicts of Interest: W.L. and M.E. declare they are employees of ERBE Elektromedizin GmbH. The
other authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

National Comprehensive Cancer Network. NCCN Clinical Practice Guidelines in Oncology; Pancreatic Adenocarcinoma; Version 2;
National Comprehensive Cancer Network: Fort Washington, PA, USA, 2016.

Tempero, M.A.; Malafa, M.P,; Chiorean, E.G.; Czito, B.; Scaife, C.; Narang, A K.; Fountzilas, C.; Wolpin, B.M.; Al-Hawary, M.;
Asbun, H.; et al. Pancreatic Adenocarcinoma, Version 1.2019. J. Natl. Compr. Cancer Netw. 2019, 17, 202-210. [CrossRef] [PubMed]
Muranaka, T.; Kuwatani, M.; Komatsu, Y.; Sawada, K.; Nakatsumi, H.; Kawamoto, Y.; Yuki, S.; Kubota, Y.; Kubo, K.; Kawahata, S.;
et al. Comparison of efficacy and toxicity of FOLFIRINOX and gemcitabine with nab-paclitaxel in unresectable pancreatic cancer.
J. Gastrointest. Oncol. 2017, 8, 566-571. [CrossRef] [PubMed]

Hammel, P.; Huguet, F.; van Laethem, J.L.; Goldstein, D.; Glimelius, B.; Artru, P; Borbath, I.; Bouché, O.; Shannon, J.; André, T.;
et al. Effect of Chemoradiotherapy vs Chemotherapy on Survival in Patients with Locally Advanced Pancreatic Cancer Controlled
After 4 Months of Gemcitabine with or without Erlotinib: The LAP07 Randomized Clinical Trial. JAMA 2016, 315, 1844-1853.
[CrossRef] [PubMed]

Assifi, M.M.; Lu, X.; Eibl, G.; Reber, H.A ; Li, G.; Hines, O.]. Neoadjuvant therapy in pancreatic adenocarcinoma: A meta-analysis
of phase II trials. Surgery 2011, 150, 466—-473. [CrossRef] [PubMed]

Larghi, A.; Rimbas, M.; Rizzatti, G.; Carbone, C.; Gasbarrini, A.; Costamagna, G.; Alfieri, S.; Tortora, G. Endoscopic ultrasound-
guided therapies for pancreatic solid tumors: An overview. Semin. Oncol. 2021, 7, 1-11.

Ware, M.J.; Curtis, L.T.; Wu, M.; Ho, ].C.; Corr, S.J.; Curley, S.A.; Godin, B.; Frieboes, H.B. Pancreatic adenocarcinoma response to
chemotherapy enhanced with non-invasive radiofrequency evaluated via an integrated experimental /computational approach.
Sci. Rep. 2017, 7, 3437. [CrossRef]

Testoni, S.G.G.; Healey, A.J.; Dietrich, C.E; Arcidiacono, P.G. Systematic review of endoscopy ultrasound-guided thermal ablation
treatment for pancreatic cancer. Endosc. Ultrasound. 2020, 9, 83-100. [PubMed]

Arcidiacono, P.G.; Carrara, S.; Reni, M.; Cappio, S.; Balzano, G.; Boemo, C.; Cereda, S.; Nicoletti, R.; Enderle, M.D.; Neugebauer, A.;
et al. Feasibility and safety of EUS-guided cryothermal ablation in patients with locally advanced pancreatic cancer. Gastrointest.
Endosc. 2012, 76, 1142-1151. [CrossRef]

Testoni, S.G.G.; Capurso, G.; Petrone, M.C.; Barbera, M.; Linzenbold, W.; Enderle, M.; Gusmini, S.; Nicoletti, R.; Della Torre, E.;
Mariani, A.; et al. Necrosis volume and Choi criteria predict the response to endoscopic ultrasonography-guided HybridTherm
ablation of locally advanced pancreatic cancer. Endosc. Int. Open 2020, 8, E1511-E1519. [CrossRef]

Cong, L.; Liu, Q.; Zhang, R.; Cui, M.; Zhang, X.; Gao, X.; Guo, J.; Dai, M.; Zhang, T.; Liao, Q.; et al. Tumor Size Classification of
the 8 th Edition of TNM Staging System Is Superior to That of the 7 th Edition in Predicting the Survival Outcome of Pancreatic
Cancer Patients After Radical Resection and Adjuvant Chemotherapy. Sci. Rep. 2018, 8, 10383. [CrossRef]

Cotton, P.B.; Eisen, G.M.; Aabakken, L.; Baron, T.H.; Hutter, M.H.; Jacobson, B.C.; Mergener, K.; Nemcek, A., Jr.; Petersen, B.T.;
Petrini, J.L.; et al. A lexicon for endoscopic adverse events: Report of an ASGE workshop. Gastrointest. Endosc. 2010, 71, 446-454.
[CrossRef] [PubMed]

Reni, M.; Cereda, S.; Balzano, G.; Passoni, P; Rognone, A.; Fugazza, C.; Mazza, E.; Zerbi, A.; Di Carlo, V.; Villa, E. Carbohydrate
Antigen 19-9 change during chemotherapy for advanced pancreatic adenocarcinoma. Cancer 2009, 115, 2630-2639. [CrossRef]
[PubMed]

Ronot, M.; Bouattour, M.; Wassermann, J.; Bruno, O.; Dreyer, C.; Larroque, B.; Castera, L.; Vilgrain, V.; Belghiti, J.; Raymond, E.;
et al. Alternative Response Criteria (Choi, European association for the study of the liver, and modified Response Evaluation
Criteria in Solid Tumors [RECIST]) Versus RECIST 1.1 in patients with advanced hepatocellular carcinoma treated with sorafenib.
Oncologist 2014, 19, 394-402. [CrossRef]

Choi, H.; Charnsangavej, C.; Faria, S.C.; Macapinlac, H.A.; Burgess, M.A; Patel, S.R.; Chen, L.L.; Podoloff, D.A.; Benjamin, R.S.
Correlation of computed tomography and positron emission tomography in patients with metastatic gastrointestinal stromal
tumor treated at a single institution with imatinib mesylate: Proposal of new computed tomography response criteria. J. Clin.
Oncol. 2007, 25, 1753-1759. [CrossRef]

Ebner, L.; Roos, J.E.; Christensen, J.D.; Dobrocky, T.; Leidolt, L.; Brela, B.; Obmann, V.C.; Joy, S.; Huber, A.; Christe, A. Maximum-
Intensity-Projection and Computer-Aided-Detection Algorithms as Stand-Alone Reader Devices in Lung Cancer Screening Using
Different Dose Levels and Reconstruction Kernels. AJR Am. |. Roentgenol. 2016, 207, 282-288. [CrossRef] [PubMed]


http://doi.org/10.6004/jnccn.2019.0014
http://www.ncbi.nlm.nih.gov/pubmed/30865919
http://doi.org/10.21037/jgo.2017.02.02
http://www.ncbi.nlm.nih.gov/pubmed/28736643
http://doi.org/10.1001/jama.2016.4324
http://www.ncbi.nlm.nih.gov/pubmed/27139057
http://doi.org/10.1016/j.surg.2011.07.006
http://www.ncbi.nlm.nih.gov/pubmed/21878232
http://doi.org/10.1038/s41598-017-03040-0
http://www.ncbi.nlm.nih.gov/pubmed/32295966
http://doi.org/10.1016/j.gie.2012.08.006
http://doi.org/10.1055/a-1221-9879
http://doi.org/10.1038/s41598-018-28193-4
http://doi.org/10.1016/j.gie.2009.10.027
http://www.ncbi.nlm.nih.gov/pubmed/20189503
http://doi.org/10.1002/cncr.24302
http://www.ncbi.nlm.nih.gov/pubmed/19353729
http://doi.org/10.1634/theoncologist.2013-0114
http://doi.org/10.1200/JCO.2006.07.3049
http://doi.org/10.2214/AJR.15.15588
http://www.ncbi.nlm.nih.gov/pubmed/27249174

Cancers 2021, 13, 4512 15 of 15

17.

18.

19.

20.

21.
22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Xiao, J.; Tan, Y.; Li, W.; Gong, ].; Zhou, Z.; Huang, Y.; Zheng, J.; Deng, Y.; Wang, L.; Peng, J.; et al. Tumor volume reduction rate is
superior to RECIST for predicting the pathological response of rectal cancer treated with neoadjuvant chemoradiation: Results
from a prospective study. Oncol. Lett. 2015, 9, 2680-2686. [CrossRef]

Nougaret, S.; Rouanet, P.; Molinari, N.; Pierredon, M.A.; Bibeau, F,; Azria, D.; Lemanski, C.; Assenat, E.; Duffour, J.; Ychou, M.;
et al. MR Volumetric measurement of low rectal cancer helps predict tumor response and outcome after combined chemotherapy
and radiation therapy. Radiology 2012, 263, 409—418. [CrossRef]

Loehrer, PJ.; Feng, Y.; Cardenes, H.; Wagner, L.; Brell, ] M.; Cella, D.; Flynn, P.; Ramanathan, R.K.; Crane, C.H.; Alberts, S.R.;
et al. Gemcitabine alone versus gemcitabine plus radiotherapy in patients with locally advanced pancreatic cancer: An Eastern
Cooperative Oncology Group trial. J. Clin. Oncol. 2011, 29, 4105-4112. [CrossRef]

Chauffert, B.; Mornex, F.; Bonnetain, F.; Rougier, P.; Mariette, C.; Bouché, O.; Bosset, J.F.; Aparicio, T.; Mineur, L.; Azzedine, A.;
et al. Phase III trial comparing intensive induction chemoradiotherapy (60 Gy, infusional 5-FU and intermittent cisplatin) followed
by maintenance gemcitabine with gemcitabine alone for locally advanced unresectable pancreatic cancer. Definitive results of the
2000-01 FFCD/SFRO study. Ann. Oncol. 2008, 19, 1592-1599.

Brookmeyer, R.; Crowley, J.A. A confidence interval for the median survival time. Biometrics 1982, 38, 29—41. [CrossRef]
Altman, D.G. Diagnostic tests. In Statistics with Confidence, 2nd ed.; Altman, D.G., Machin, D., Bryant, T.N., Gardner, M.]., Eds.;
BM]J Books: London, UK, 2000; pp. 105-119.

Hartman, D.J.; Krasinskas, A.M. Assessing treatment effect in pancreatic cancer. Arch. Pathol. Lab. Med. 2012, 136, 100-109.
[CrossRef]

NCI. CTCAE. Available online: http:/ /evs.nci.nih.gov/ftpl/CTCAE/About.html (accessed on 1 December 2014).
Saccomandi, P.; Lapergola, A.; Longo, E; Schena, E.; Quero, G. Thermal ablation of pancreatic cancer: A systematic review of
clinical practice and pre-clinical studies. Int. |. Hyperth. 2018, 35, 398-418. [CrossRef]

Reni, M.; Zanon, S.; Peretti, U.; Chiaravalli, M.; Barone, D.; Pircher, C.; Balzano, G.; Macchini, M.; Romi, S.; Gritti, E.; et al.
Nab-paclitaxel plus gemcitabine with or without capecitabine and cisplatin in metastatic pancreatic adenocarcinoma (PACT-19):
A randomized phase 2 trial. Lancet Gastroenterol. Hepatol. 2018, 3, 691-697. [CrossRef]

Yoo, C.; Hwang, I.; Song, T.].; Lee, S.S.; Jeong, ].H.; Park, D.H.; Seo, D.W,; Lee, S.K.; Kim, M.H.; Byun, J.H.; et al. FOLFIRINOX
in borderline resectable and locally advanced unresectable pancreatic adenocarcinoma. Ther. Adv. Med. Oncol. 2020, 12,
1758835920953294. [CrossRef] [PubMed]

Song, T.J.; Seo, D.W.; Lakhtakia, S.; Reddy, N.; Oh, D.W,; Park, D.H.; Lee, S.S.; Lee, S.K.; Kim, M.H. Initial experience of
EUS-guided radiofrequency ablation of unresectable pancreatic cancer. Gastrointest. Endosc. 2016, 83, 440—443. [CrossRef]
[PubMed]

Crino, S.F,; D’Onofrio, M.; Bernardoni, L.; Frulloni, L.; Iannelli, M.; Malleo, G.; Paiella, S.; Larghi, A.; Gabbrielli, A. EUS-guided
Radiofrequency Ablation (EUS-RFA) of Solid Pancreatic Neoplasm Using an 18-gauge Needle Electrode: Feasibility, Safety, and
Technical Success. J. Gastrointestin Liver Dis. 2018, 27, 67-72. [CrossRef] [PubMed]

Scopelliti, E; Pea, A.; Conigliaro, R.; Butturini, G.; Frigerio, I.; Regi, P.; Giardino, A.; Bertani, H.; Paini, M.; Pederzoli, P; et al.
Technique, safety, and feasibility of EUS-guided radiofrequency ablation in unresectable pancreatic cancer. Surg. Endosc. 2018, 32,
4022-4028. [CrossRef] [PubMed]

Wang, J.; Wang, Y.; Zhao, Y.; Wu, X.; Zhang, M.; Hou, W.; Chen, Q.; Cheng, B. Endoscopic ultrasound-guided radiofrequency
ablation of unresectable pancreatic cancer with low ablation power and multiple applications: A preliminary study of 11 patients.
Ann. Palliat. Med. 2021, 10, 1842-1850. [CrossRef] [PubMed]

Jiang, J.; Lou, Q.; Yang, ].; Zhang, X. Feasibility and safety of EUS-guided radiofrequency ablation in treatment of locally advanced,
unresectable pancreatic cancer. Endosc. Ultrasound. 2021. online ahead of print.

Chu, K.E; Dupuy, D.E. Thermal ablation of tumours: Biological mechanisms and advances in therapy. Nat. Rev. Cancer 2014, 14,
199-208. [CrossRef]

Ansari, D.; Bauden, M.; Bergstrom, S.; Rylance, R.; Marko-Varga, G.; Andersson, R. Relationship between tumour size and
outcome in pancreatic ductal adenocarcinoma. Br. J. Surg. 2017, 104, 600-607. [CrossRef] [PubMed]

Paiella, S.; Malleo, G.; Cataldo, I.; Gasparini, C.; De Pastena, M.; De Marchi, G.; Marchegiani, G.; Rusev, B.; Scarpa, A.; Girelli, R.;
et al. Radiofrequency ablation for locally advanced pancreatic cancer: SMAD4 analysis segregates a responsive subgroup of
patients. Langenbecks Arch. Surg. 2018, 403, 213-220. [CrossRef]

Rombouts, S.J.E.; Vogel, ].A.; Van Santvoort, H.C.; van Lienden, K.P.,; van Hillegersberg, R.; Busch, O.R.C.; Besselink, M.G.H.;
Molenaar, 1.Q. Systematic review of innovative ablative therapies for the treatment of locally advanced pancreatic cancer. Br. J.
Surg. 2015, 102, 182-193. [CrossRef] [PubMed]

Maiettini, D.; Mauri, G.; Varano, G.; Bonomo, G.; Della Vigna, P.; Rebonato, A.; Orsi, F. Pancreatic ablation: Minimally invasive
treatment options. Int. . Hyperth. 2019, 36, 53-58. [CrossRef] [PubMed]

Takaki, H.; Cornelis, F.; Kako, Y.; Kobayashi, K.; Kamikonya, N.; Yamakado, K. Thermal ablation and immunomodulation: From
preclinical experiments to clinical trials. Diagn. Interv. Imaging 2017, 98, 651-659. [CrossRef] [PubMed]

Niu, L.; Chen, J.; He, L,; Liao, M,; Yuan, Y.; Zeng, J.; Li, J.; Zuo, J.; Xu, K. Combination treatment with comprehensive cryoablation
and immunotherapy in metastatic pancreatic cancer. Pancreas 2013, 42, 1143-1149. [CrossRef]


http://doi.org/10.3892/ol.2015.3101
http://doi.org/10.1148/radiol.12111263
http://doi.org/10.1200/JCO.2011.34.8904
http://doi.org/10.2307/2530286
http://doi.org/10.5858/arpa.2011-0144-RA
http://evs.nci.nih.gov/ftp1/CTCAE/About.html
http://doi.org/10.1080/02656736.2018.1506165
http://doi.org/10.1016/S2468-1253(18)30196-1
http://doi.org/10.1177/1758835920953294
http://www.ncbi.nlm.nih.gov/pubmed/32983266
http://doi.org/10.1016/j.gie.2015.08.048
http://www.ncbi.nlm.nih.gov/pubmed/26344883
http://doi.org/10.15403/jgld.2014.1121.271.eus
http://www.ncbi.nlm.nih.gov/pubmed/29557417
http://doi.org/10.1007/s00464-018-6217-x
http://www.ncbi.nlm.nih.gov/pubmed/29766302
http://doi.org/10.21037/apm-20-1468
http://www.ncbi.nlm.nih.gov/pubmed/33440967
http://doi.org/10.1038/nrc3672
http://doi.org/10.1002/bjs.10471
http://www.ncbi.nlm.nih.gov/pubmed/28177521
http://doi.org/10.1007/s00423-017-1627-0
http://doi.org/10.1002/bjs.9716
http://www.ncbi.nlm.nih.gov/pubmed/25524417
http://doi.org/10.1080/02656736.2019.1647354
http://www.ncbi.nlm.nih.gov/pubmed/31537162
http://doi.org/10.1016/j.diii.2017.04.008
http://www.ncbi.nlm.nih.gov/pubmed/28579522
http://doi.org/10.1097/MPA.0b013e3182965dde

	Introduction 
	Materials and Methods 
	Study Population and Design 
	Study Methods 
	Study Outcomes 
	Sample Size Calculation and Statistical Analysis 

	Results 
	Patients and Therapeutic Features 
	Six-Months Progression-Free Survival and Radiological Response to Therapy 
	Biological Response to Therapy 
	Tumour Volume Changes 
	Surgical Outcomes 
	Adverse Events 
	Progression-Free and Overall Survival 

	Discussion 
	Conclusions 
	References

