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Abstract
Background & Aims: To compare the feasibility and safety between multimode endoscopic ultrasound-
guided radiofrequency ablation (EUS-RFA) and conventional chemotherapy in unresectable pancreatic
ductal adenocarcinoma (PDAC).

Methods: All the pathologically con�rmed unresectable PDAC located in the head of the pancreas
patients who underwent multimode EUS-RFA or conventional chemotherapy  were retrospectively enrolled
from June 2018 and April 2019.  Patients who underwent multimode EUS-RFA (Group A) was performed
through HybridTherm probe(HTP). Patients in Group B accepted nab-Paclitaxel plus Gemcitabine or S-1
plus Gemcitabine. The comparison between e�cacy and safety of multimode EUS-RFA and conventional
chemotherapy were analyzed by T test and MannWhitney test. A multivariate analysis was performed for
each prognostic factor using the Cox proportional hazards model.

Results: A total of 10 unresectable PDAC patients were retrospectively enrolled in Group A (mean size
9.46±5.94 cm3, range 2.00-21.09 cm3) and 9 patients in Group B (mean size 14.02±5.81cm3, range 4.60–
24.62 cm3). The tumor size was signi�cantly reduced before and after undergoing multimode EUS-RFA (P
= 0.005), with an average tumor volume reduction of 38.1%.The tumor size was not signi�cantly changed
in Group B (P = 0.452). Statistically signi�cant difference was observed in tumor size between Group A
and Group B after treatment (P = 0.033). All patients died because of the progress of the tumor. The
median lifetime from Group A&B was 9 months ranged 3-18 months VS 7 months ranged 1-7 months (P
= 0.001). Overall no severe adverse events occurred in both groups.

Conclusion: EUS-guided multimode ablation has the more feasibility in the treatment of unresectable
pancreatic cancer than conventional chemotherapy. In this article, the limited data seems to show the
trend of tumor shrinkage, pain relief, lifetime prolongation. Further studies are needed, such as expanding
the sample size of patients and comparing the feasibility and safety among all the treatment.

Introduction
Pancreatic cancer is an aggressive malignant tumor, with a less than 6 months lifetime and an 8% �ve-
year survival rate[1]. Recent studies show that pancreatic ductal adenocarcinoma (PDAC) would become
the second leading cause of cancer-related deaths in the United States and Europe by 2030[2, 3]. The
most effective therapy for PDAC is surgical resection, but in pancreatic cancer it is many times limited to
early cases. About 74% of patients are found in advanced phase, which makes radical resection almost
impossible[4]. Instead, they turned to radiotherapy, chemotherapy, immunotherapy, targeted therapy and
other methods. However, the e�cacy of these methods is not enough to prolong the life of patients and
guarantee their quality of life[5, 6]. 

Radiofrequency ablation (RFA) is a novel treatment which can cause local thermal coagulation necrosis
of tumor, destroy its cells and micro vessels, and trigger local, systemic immune responses [7, 8].
Endoscopic ultrasound (EUS) can visualize the large vessels, common bile duct and adjacent lumenae



Page 3/13

around pancreatic tumor, therefore using ultrasound guided radiofrequency ablation (EUS-RFA) to avoid
damage to these structures and reduce complications through real-time, high-resolution imaging
becomes a novel treatment for pancreatic cancer. However, a recent systematic review [9] showed that
rates of RFA-related morbidity ranged from 10% to 37% and rates of RFA-related mortality ranged from 0%
to 19% when performing EUS-RFA to treat unresectable locally advanced pancreatic cancer patients.
These indicate that the safety of traditional EUS-RFA for PDAC patients is doubtful.

Traditional radiofrequency ablation is thermal ablation. HybridTherm probe (HTP) is a new device that
combines bipolar RFA with cryogenic cooling (multimode RFA). HTP can achieve tissue ablation effect
similar to traditional RFA treatment and the refrigeration can also ensure the time dependent (linear
correlation) ablation area by reducing the dry area which increases electrical impedance and stabilizes
the temperature of the RFA needle. Besides, HTP is a promising strategy to reshape host
immunosuppresion, trigger persistent memory immunity for tumor eradication, and inhibit metastasis in
the long term [10, 11]. Therefore, multimode RFA uses lower power and causes less incidental damage
compared with traditional RFA[12, 13]. Previous studies about multimode RFA treatment of PDAC used
animal subjects [12, 14] or explanted pancreatic specimens [13]. Only one study [15] evaluated the
feasibility and safety of multimode EUS-RFA in the treatment of pancreatic cancer. Unfortunately, the
patients enrolled in that study underwent neoadjuvant chemotherapy, and there is no relevant research on
the feasibility and safety of HTP treatment for untreated PDAC patients. The comparison between
mulimode EUS-RFA treatment and chemotherapy was still lacking. In this study we retrospectively
enrolled 10 untreated PDAC patients who underwent mulitimode EUS-RFA and 9 untreated PDAC patients
who underwent conventional chemotherapy. The e�cacy and safety of these treatments were compared.

Methods
The ethical approval for this study was provided by the Ethical Committee of the Third Xiangya Hospital
of Central South University, China (received permission in July,3 2020, No.2020-S352).

Patients
All the pathologically con�rmed PDAC located in the head of the pancreas patients from the third
Xiangya hospital who underwent multi-mode EUS-RFA (Group A) or conventional chemotherapy (Group B)
were retrospectively enrolled in this study from June 2018 and April 2019. Patients in Group B accepted
nab-Paclitaxel plus Gemcitabine (nab-paclitaxel 125 mg per square meter of body-surface area followed
by gemcitabine 1000 mg per square meter on days 1, 8, and 15 every 4 weeks) or S-1 plus Gemcitabine
(intravenous 1,000 mg/m2 gemcitabine during 30 min on days 1 and 8, combined with 80 mg/m2 oral S-1
twice daily on days 1–14, repeated every 3 weeks). All enrolled patients were given written informed
consent. The lack of patient consent was the only exclusion criterion. All the tumors were considered
unresectable by both CT and EUS by numbers of senior doctors, and none of the patients received any
treatment before. The demographic information of the patient and the clinical data including tumor site
and size, serum amylase, serum total bilirubin (STB) and other information were collected. The visual



Page 4/13

analogue scale (VAS) of pain was used as model for abdominal pain evaluation. Patients were followed
up every 1 month after receiving treatment, and the follow-up would be ended after the patient's death.

Technique
HybridTherm probe was used during the multi-mode EUS-RFA surgery, which can be used in Olympus,
Fuji, Pentax and other working channels ≥ 3.7mm with an ultrasound endoscope (Fig. 1).

The patient was placed in the left lateral position after anesthesia, and after a standard EUS scan, the
operation started from the stomach, duodenal bulb or descending duodenal region. The electrode needle
was inserted into the lesion under EUS direct guidance, avoiding the interlayer vessels, and
radiofrequency was applied for a su�cient period of time.

In all cases, 14W RFA power was used and the RFA time was 2 minutes. The surgical procedure leaves at
least 5 millimeters of space around the tumor to avoid thermal damage to nearby structures. In 9 cases
the tumor lesions were ablated 3 times and in 1 case the tumor lesions were ablated 2 times.

Statistical analysis
Descriptive statistical methods were used for data analysis. Two independent sample T-tests were used
to compare the different treatments and Paired sample T-test were used to compare before and after the
same treatment. If the sample is not normally distributed, the MannWhitney test is used. P < 0.05 was
considered statistically signi�cant. A multivariate analysis was performed for each prognostic factor
using the Cox proportional hazards model, < 0.05 was considered statistically signi�cant. The recorded
data was analyzed by using IBM SPSS version 23.0 (IBM Corporation, Armonk, NY, USA).

Results

The demographic and clinical information of the patients
A total of 10 patients (7 males/3 females, with a median age of 60 years old [range 40–79]) were treated
with multimode EUS-RFA (Group A), and other 9 patients (6 males/3 females with a median age of 63
years old [range 55–68]) were treated with conventional chemotherapy (Group B). The average tumor size
in Group A was 9.46 ± 5.94 cm3 with the maximum of 21.09cm3 and the minimum of 2.00cm3 ( V = 
π/6×L×W×H). For Group B, the average tumor size was 14.01 ± 5.81 cm3 (range 4.60 cm3–24.27 cm3).
The STB was higher than normal limits in all cases in both groups. There was no signi�cant difference in
demographic and clinical information between the two groups (P > 0.05, Table 1).
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Table 1
The demographic and clinical information of the patients

Feature Multimode EUS-RFA Conventional
Chemotherapy

P value

Demographic information      

Age (median, [min-max] years
old)

60 (40–79) 63(53–70) 0.736

Gender      

Male (n%) 70.0% 66.7% 0.481

Female (n%) 30.0% 33.3%

Clinical information      

Tumor size 9.46 ± 5.94 cm3 14.01 ± 5.81cm3 0.110

STB 171.79 ± 87.12µmol
/L

127.99 ± 71.62µmol /L 0.251

VAS 8.00 ± 0.71 7.70 ± 1.16 0.511

E�cacy of Multimode EUS-RFA and Conventional therapy
Tumor changes before and after treatment are shown in Table 2. Tumor volume was signi�cantly reduced
with an average tumor volume reduction of 38.1% in Group A (P = 0.005). There was no signi�cant
difference in tumor volume between before and after conventional chemotherapy in Group B (P = 0.452).
For Group A, the largest tumor volume reduction was 75.12%, the mean tumor size before treatment was
9.46 ± 5.94cm3, and the mean tumor size after treatment was 2.52 ± 0.36cm3,(P < 0.05, Fig. 2). Tumors in
Group B did not shrink (P > 0.05) with the mean size of 14.02 ± 5.81 cm3 after conventional
chemotherapy. Statistically signi�cant difference was observed in tumor size between Group A and Group
B after treatment (P = 0.033).

  



Page 6/13

Table 2
The e�cacy of the multi-mode EUS-RFA and Conventional therapy

Feature Multimode EUS-
RFA

Conventional
Chemotherapy

P
value

Tumor volume      

Pre-treatment 9.46 ± 5.94cm3 14.02 ± 5.81 cm3 0.022

Post -treatment 2.52 ± 0.36cm3 13.33 ± 6.94 m3

P value 0.005 0.389

STB      

Pre-treatment 171.8 ± 27.6µmol
/L

127.99 ± 71.62µmol /L 0.037

Post -treatment 113.5 ± 36.2µmol
/L

116.83 ± 73.57µmol /L

P value 0.040 0.821

VAS      

Pre-treatment 8.00 ± 0.71 7.70 ± 1.16 0.112

0.001Post -treatment 3.20 ± 1.03 4.89 ± 1.05

P value 0.000059 0.000298

Survival, (median, [min-max]
months)

9(3–18) 7(1–7)

For Group A, the average STB of the patients was 171.8 ± 87.12 VS 113.5 ± 36.2 before and after
multimode EUS-RFA (P = 0.040). For Group B, the average serum total bilirubin of the patients was 127.99 
± 71.62 VS 116.83 ± 73.57 before and after conventional chemotherapy (P = 0.452). A statistically
signi�cant difference was not observed in STB between Group A and Group B after treatment (P = 0.361).

Though there is no difference between the Multimode EUS-RFA treatment and conventional
chemotherapy (P = 0.112), for both Group A and Group B, the VAS showed that the pain was signi�cantly
relieved after the treatment (P < 0.05). Speci�cally abdominal pain was relieved in all 10 patients in Group
A, among which, 3 of the 5 patients who received opioid analgesia before surgery stopped taking the
opioid.

All the patients died after treatment due to disease progression(Table 3). The median lifetime from Group
A&B was 9 months (ranged 3–18 months) VS 7 months (ranged 1–7 months) respectively (P = 0.001, Fig.
3). In group A, a total of 9 (90%) patients survived 6 months, and 3 (30%) patients survived 1 year. There
were only two patients that survived 6 months in Group B.
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Table 3
Overall survival factors

Patients median survival time P

Therapy    

Multimode EUS-RFA(N = 10) 8 0.028

Conventional therapy(N = 10) 3

Sex    

Male(N = 14) 6 0.513

Female(N = 6) 4

Age    

≥ 60(N = 10) 6 0.689

60(N = 10) 5

  
Table 4

The safety of the multi-mode EUS-RFA
Feature Multimode EUS-RFA Conventional therapy

Thermokinetics 14W, 2min -

RFA needle passes 3 -

Bleeding during operation 2 -

Major adverse events 0 9

Marrow depression - 5

Gastrointestinal reaction - 8

Safety of the multi-mode EUS-RFA and Conventional therapy
Bleeding at the puncture site was seen after 2 cases (occurrence rate 20%) and was alleviated with
endoscopic spraying of hemostatic agents, which occurrence rate was 20%. During follow-up in Group A,
the patient's vital signs were stable, and no major adverse events, such as pancreatitis, bleeding,
duodenal or biliary tract injury, infection or perforation, or fever, were observed. In Group B, 3 patients had
nausea, 1 patient had marrow depression, and the others had both by contrast.

Discussion
To the best of our knowledge, this is the �rst retrospective study to compare the e�cacy and safety of
EUS-guided multimode ablation and conventional chemotherapy for untreated PDAC. According to the
data, after multimode EUS-RFA treatment, the tumor size was signi�cantly reduced after undergoing
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multimode EUS-RFA, with an average tumor volume reduction of 38.1% (P = 0.005). The tumor size was
not signi�cantly changed in Group B (P = 0.389). A statistically signi�cant difference was observed in
tumor size between Group A and Group B after treatment (P = 0.022). Conventional therapy did not
appear to have a signi�cant therapeutic effect on PDAC. This may be due to the fact that it is focused on
improving patients' quality of life, with the aim of improving clinical bene�t rates such as controlling local
cancer tissue invasion, lesion spread, and maximizing life expectancy [16]. Obviously, compared with
conventinal EUS-RFA, multimode EUS-RFA is more effective in reducing tumor volume and prolonging
median lifetime. Although conventional chemotherapy can also relieve pain, patients can experience
adverse side effects at the same time. In fact, compared to traditional EUS-RFA [9], multimode EUS-RFA
has advantages in prolonging survival and the occurrence of complications.

In this study, we used the HTP to perform EUS-guided multimode ablation. Compared with the traditional
probe, HTP is a bipolar probe that combines RFA with cryogenic cooling. Many previous studies have
con�rmed that the RFA is feasible for pancreatic cancer and can achieve the purpose of prolonging
survival which is similar to our result[9, 17–19]. However, the reason that hinders the further promotion of
RFA in the clinical treatment of pancreatic cancer is the serious complications and higher mortality
caused by the use of RFA. The treatment of pancreatic cancer with RFA may be accompanied by some
adverse reactions, such as pancreatitis caused by heat injury and destruction of peripancreatic structures,
etc. Therefore, some scholars suggest that radiofrequency ablation needs to be used at the correct
temperature and at a proper distance from important structures[9].

Since HTP has cryogenic cooling function, there would be less thermal damage due to the use of HTP for
ablation. Besides, the EUS guidance with color Doppler coupling can provide precise positioning of target
lesions and predict a certain area of ablation. Consequently, compared with traditional RFA treatment, the
incidence of RFA-related complications when undergoing EUS-guided multimode ablation can be reduced.
In Group A, in 2 of the 10 cases, intraoperative bleeding at the puncture point occurred but was relieved by
endoscopic application of hemostatic agents. No severe adverse events related to RFA were observed in
all patients.

The internal carbon dioxide in HTP probe internal use carbon dioxide for cooling can prevent overheating
electrode surface in a longer time, increasing the resistance [20], current and extend the time [13], so more
radio frequency energy can be applied to the tumor tissue, resulting in more ablation. Freeze makes cell
dehydration and protein denaturation which is easier to thermal damage, contributing to the shortest
possible time to achieve maximum size technically. Compared with conventional radiofrequency ablation
systems (30 ± 60 W), less power input (16 W) is required to achieve the same ablation results, and
therefore less collateral damage is expected [12–14]. He et al[10] and Liu et al[11] found that Cryo-
thermal treatment created an acute in�ammatory environment to initiate a systemically cascading innate
and adaptive anti-tumor immunity, which as more permissive for tumor eradication and inhibited
metastasis in the long term..



Page 9/13

The above reasons explain that compared with traditional RFA, performing RFA with HTP can prolong the
survival of patients with pancreatic cancer and reduce the incidence of adverse events. Besides, the
therapeutic effect of pancreatic cancer is not ideal when performed RFA with cryoprobe alone. Wu et al
[21] reported 25% of fatal hemorrhagic complications after intraoperative treatment of pancreatic head
tumors by Cool-Tip RF probe. Therefore, we believe that HTP, a probe that combines thermal ablation and
cooling functions, may be more suitable for the treatment of pancreatic cancer.

This conclusion is similar to that of Arcidiacono et al [15]. Compared with their study, patients enrolled in
this study did not undergo neoadjuvant chemotherapy before undergoing EUS-guided multimode
ablation. This indicated that for patients with PDAC, if HTP was used for treatment, the neoadjuvant
chemotherapy may not be necessary. This could reduce the pain and �nancial burden of patients
undergoing chemotherapy.

There are several limitations in this study. First of all, the sample size is insu�cient and this study is a
single- center retrospective study which may bias the outcomes. The ablation model and parameters
have not yet been standardized which may also bias the outcomes. Finally, due to the lack of cases, we
cannot obtain enough samples from our center to conduct comparative studies on the therapeutic effect
among traditional RFA, EUS-guided multimode ablation, and undergoing conventional chemotherapy
alone for pancreatic cancer patients. We will pay attention to this aspect in future research.

Conclusion
EUS-guided multimode ablation has the more pro�t in the treatment of localized and advanced
pancreatic cancer than conventional chemotherapy. In this article, the limited data seems to show the
trend of tumor shrinkage. Further studies are needed, such as expanding the sample size of patients and
comparing the feasibility and safety among all the treatment.
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Figure 1

The probe. 6mm sharp tip for penetrating tissue, b) 8mm distal electrode, c) 3mm separator, d) 8mm
proximal electrode, e) 5mm proximal US ultrasonic identi�cation

Figure 2

Contrast-enhanced computed tomography scans before (A) and after (B) multimode EUS-RFA, in a patient
with pancreatic head cancer. CT examination indicated that the size of the lesion was slightly smaller
than before after the operation 10 days ago (arrows).
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Figure 3

Rate of survival of patients with carcinoma of the head of the pancreas after treatment according to
therapy.


