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Abstract
BACKGROUND
Locally advanced pancreatic cancer (LAPC) is a common malignant digestive system tumor that ranks as the fourth leading cause of cancer-related death in the world. The prognosis of LAPC is poor even after standard treatment. Irreversible electroporation (IRE) is a novel ablative strategy for LAPC. Several studies have confirmed the safety of IRE. To date, no prospective studies have been performed to investigate the therapeutic efficacy of conventional gemcitabine (GEM) plus concurrent IRE.

AIM
To compare the therapeutic efficacy between conventional GEM plus concurrent IRE and GEM alone for LAPC.

METHODS
From February 2016 to September 2017, a total of 68 LAPC patients were treated with GEM plus concurrent IRE n = 33) or GEM alone n = 35). Overall survival (OS), progression free survival (PFS), and procedure-related complications were compared between the two groups. Multivariate analyses were performed to identify any prognostic factors.

RESULTS
There were no treatment-related deaths. The technical success rate of IRE ablation was 100%. The GEM + IRE group had a significantly longer OS from the time of diagnosis of LAPC (19.8 mo vs 9.3 mo, P < 0.0001)  than the GEM alone group. The GEM + IRE group had a significantly longer PFS (8.3 mo vs 4.7 mo, P < 0.0001) than the GEM alone group. Tumor volume less than 37 cm3 and GEM plus concurrent IRE were identified as significant favorable factors for both the OS and PFS.

CONCLUSION
Gemcitabine plus concurrent IRE is an effective treatment for patients with LAPC.
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Core Tip: Locally advanced pancreatic cancer (LAPC) is a common malignant digestive system tumor with poor prognosis. Gemcitabine (GEM) is currently used as a first-line chemotherapy for treatment of LAPC; however, the overall outcome was poor. Irreversible electroporation (IRE) is a novel, non-thermal ablation technology that uses high voltage electrical pulses to induce pore formation, resulting in cell apoptosis. We found that GEM plus concurrent IRE resulted in significantly prolonging overall survival compared with chemotherapy alone. Therefore, GEM plus concurrent IRE has a synergistic effect on the clinical treatment of LAPC.


INTRODUCTION
Locally advanced pancreatic cancer (LAPC) is a common malignant digestive system tumor that ranks as the fourth leading cause of cancer-related death in the world. The 5-year survival rate remains less than 8%[1]. The main reason for the dismal survival rate is a lack of early specific symptoms and most patients have progressed to late-stage disease when diagnosed[2]. Surgical resection has been considered the standard treatment for patients with pancreatic cancer. However, fewer than 20% of patients have surgical opportunities[3]. Furthermore, since 1997, gemcitabine-based regimens have been the first-line of treatment for patients with LAPC, however, the prognosis remains poor[4-6]. 
Irreversible electroporation (IRE) is an emerging physical ablation technology that uses transient high voltage short pulses to destroy the integrity of the phospholipid bilayer, and causes irreversible perforation of the cell membrane. The membrane structure and the internal environmental balance of the cell are permanently destroyed, resulting in cell apoptosis[7,8]. Compared with thermal ablation (microwave and radiofrequency), IRE does not cause heat-related damage to important blood vessels, bile ducts, and gastrointestinal structures since IRE ablation does not change the structure of the extracellular matrix[9,10]. Although previous studies have investigated the role of IRE combined with conventional treatment, most studies were retrospective and had limited sample sizes, and results with from these studies are contradictory and inconclusive[11,12]. 
To date, there has been a lack of prospective data to verify the therapeutic outcome of gemcitabine (GEM) plus concurrent IRE. Therefore, the purpose of this study was to determine whether GEM plus concurrent IRE improves the therapeutic efficacy for patients with LAPC.

MATERIALS AND METHODS
This prospective study (NCT02981719) was approved by the Institutional Ethics Committee of Affiliated Fuda Cancer Hospital, Jinan University. All patients provided a written informed consent form, which was signed by the patient or their families prior to treatment. 

Patients
Between February 2016 and September 2017, patients who were scheduled to undergo IRE for pancreatic cancer were prospectively enrolled in this study. Based on the inclusion and exclusion criteria listed in Table 1, a total of 68 LAPC patients were enrolled in this study. LAPC was defined in accordance with the seventh edition of the American Joint Committee on Cancer (AJCC) staging system for pancreatic cancer[13]. According to a computer-generated randomization program, the patients were divided into two groups: (1) GEM + IRE group, including 33 patients treated with gemcitabine plus concurrent irreversible electroporation; and (2) GEM alone group, including 35 patients treated with gemcitabine alone. The clinical characteristics of the 68 patients are summarized in Table 2. 

Treatment procedures
All procedures were performed by two interventional radiologists with 10 to 15 years of experience in tumor ablation at the beginning of this study. A computed tomography (CT) plain scan and 3D reconstruction of the vascular anatomy tumor were performed to assess the tumor size, number, location, and relation of the tumor to vascular structures before the procedure, and plan the electrode probe implantation path in advance to avoid damaging the blood vessels.

GEM plus concurrent IRE therapy
Before the IRE ablation started, patients received 1000 mg/m2 gemcitabine hydrochloride [Qilu pharmaceutical (Hainan) Co., Ltd. Haikou, China] intravenously (over approximately 30 min). During the IRE process, all patients were placed in the supine position under general anesthesia[14]. The patients were then given muscle relaxation drugs. A CT scanner (Somatom Definition AS, Siemens Healthcare, Erlangen, Germany) and ultrasound system (IU22, Philips Healthcare, Bothell, WA, United States) were used to confirm the tumor morphology and surrounding relationships combined with preoperative planning for probe placement. Depending on the size and location of the tumor, two to five probes were used. The exposed length of the probes tip was approximately 15-20 mm. All probes were placed as parallel as possible to ensure uniform electric field distribution. A setting of 1500 V/cm was used as the initial setting, and planned to transmit 90 pulses at a pulse length of 70 to 90 ms. To ensure complete coverage of the target area, the target current was in the range of 20-50 A, and in order to avoid over- or under-current, the patient's vital signs were closely observed 24 h after the operation and symptomatic treatment was administered. Contrast-enhanced CT was performed immediately after ablation to confirm that the tumor had completely covered the area and to detect any early complications.
Chemotherapy was initiated 2-4 wk after IRE ablation. GEM was administered at 1000 mg/m2 on days 1, 8, and 15. The time for each intravenous infusion was not less than 30 min. Every 4 wk was considered to be a course of treatment. Each patient received six courses of chemotherapy. All doses of GEM were calculated according to the body surface area, which was based on height and weight. When tumour has progressed, second-line chemotherapy was administered.

GEM alone therapy
The chemotherapy regimen in the GEM group is the same as that in the GEM + IRE group.

Follow-up and assessment
In both groups, follow-up procedures were carried out every 2-3 mo during the first year, and every 3-6 mo thereafter. All follow-up scan results were independently interpreted by two radiologists. Adverse events were recorded and graded. 

Statistical analysis
An independent sample t-test was used to compare the independent-samples and data between groups. The relationship between different variables was assessed using a chi-square test. Survival curves for the overall survival (OS) and progression free survival (PFS) were estimated via the Kaplan-Meier method and analyzed using a log-rank test. The univariate and multivariate analyses were performed to identify significant variables using the Cox regression model to study the effects of different variables on survival. The associated corresponding 95% confidence intervals (CIs) were also subsequently calculated. A P value less than 0.05 using a two-tailed t-test was considered statistically significant. All statistical analyses were carried out using commercially available software (SPSS version 21.0, IBM Corp., Armonk, NY, United States).

RESULTS
Patient characteristics
Between February 2016 and September 2017, a total of 68 LAPC patients were treated with one of the two therapies. Of these, 33 patients received GEM plus concurrent IRE and 35 received GEM alone. The baseline characteristics of the clinical and pathological variables are summarized in Table 2. The median age for patients in the GEM + IRE group and GEM group was 63 years (range: 45-86 years) and 65 years (range: 39-81 years), respectively. The largest median tumor diameter was 4.1 cm (range: 3.5-4.8 cm) and 3.9 (range: 3.2-4.6 cm) in the GEM + IRE and GEM alone group, respectively. The technical success rate of IRE ablation was 100%. Figure 1 provides an example of the typical imaging characteristics of the pancreatic tumor before, during, and 6 mo after IRE. None of the patients were down-staged to resection following treatment. No patients were lost to follow-up. 

OS and PFS
The median OS was 19.8 and 9.3 mo from the time of diagnosis in the GEM + IRE group and GEM alone group, respectively (P < 0.0001) (Figure 2A).. A total of 44 patients experienced tumor progression during this study, including 15 (45.4%) patients in the GEM + IRE group and 29 (82.8%) in the GEM alone group (P < 0.001). The median PFS for patients in the GEM + IRE group and GEM alone group was 8.3 and 4.7 mo, respectively (P < 0.0001) (Figure 2B). These results indicate that the GEM + IRE group and GEM alone group displayed similar clinical and laboratory features. Tumor progression occurred more rapidly in the GEM alone group compared to the GEM + IRE group.

Prognostic factors associated with OS and PFS
The results of the univariable and multivariable Cox regression analyses for the OS and PFS are presented in Tables 3 and 4, respectively. Variables such as age, gender, tumor size, tumor volume, liver function, and CA19-9 were included in the Cox regression analysis. A univariate analysis for the OS showed that gemcitabine treatment (with vs without IRE; hazard ratio (HR) = 2.321; 95%CI: 0.178-0.952; P = 0.045), carbohydrate antigen 19-9 (CA19-9) level lower than 50% at 3 mo after IRE treatment (HR = 2.659; 95%CI: 1.096-6.532; P = 0.032), and tumor volume (≤ 37 cm3 vs > 37 cm3; HR = 2.386; 95%CI: 1.312-4.415; P = 0.008) were associated with OS. Furthermore, independent prognostic factors identified by the multivariate analysis included GEM plus concurrent IRE treatment (HR = 0.422; 95%CI: 0.157-0.958; P = 0.047) and tumor volume less than 37 cm3 (HR = 2.913; 95%CI: 1.181-6.381; P = 0.023) (Table 3).
Univariate and multivariate analyses were also used to evaluate PFS in Table 4. It was shown that GEM treatment (with vs without IRE; HR = 0.557; 95%CI: 0.308-1.210; P = 0.046), tumor volume (≤ 37 cm3 vs > 37 cm3; HR = 2.386; 95%CI: 1.298-4.406; P = 0.012), and CA 19-9 decrease 3 mo after IRE (≤ 50% vs > 50%; HR = 2.258; 95%CI: 0.895-6.428; P =0.032) were associated with PFS. Moreover, GEM plus concurrent IRE treatment (HR = 0.582; 95%CI: 0.322-1.050; P = 0.042) and tumor volume less than 37 cm3 (HR = 2.856; 95%CI: 1.180-6.420; P = 0.025) were considered significant predictors of PFS (Table 4).

Comparison of toxicity and complications following treatment
Overall, no patients died within 90 d after IRE treatment. Table 5 summarizes the adverse events in the two groups. The minor adverse reactions in the two groups included nausea and vomiting, abdominal pain, loss of appetite and/or reduced intake, mild ascites, thrombocytopenia, hemoglobin reduction, leukocyte reduction, and hypoalbuminemia. The most frequently reported toxicities were hypoalbuminemia and hemoglobin reduction for patients in the GEM + IRE group. The major adverse events included pancreatitis (n = 2; 6.0%) and bleeding from duodenal ulcers (n = 1; 3.0%) 18 d after IRE in the GEM + IRE group, which was treated using transcatheter arterial embolization to occlude the vessel proximal to the bleeding site. All complications were resolved within about 2 wk. The difference in the incidence of adverse reactions between the two groups was not statistically significant (P > 0.05).

DISCUSSION
In this study, we found that GEM plus concurrent IRE improved the therapeutic efficacy compared to conventional GEM alone. The GEM + IRE group had significantly longer time to OS and PFS. Additionally, GEM plus concurrent IRE treatment and tumor volume less than 37 cm3 were considered  significant independent predictors of survival. Although certain major complications have been identified in our patients, we believe that the use of appropriate measures can help prevent these complications. GEM plus concurrent IRE was a safe and effective treatment for patients with LAPC.
Patients with LAPC who cannot undergo radical surgical resection have experienced a limited response to conventional therapy and an extremely poor prognosis[15]. IRE ablation with a unique non-thermal killing mechanism brings hope for the treatment of LAPC. During the ablation process, there is no serious damage to the extracellular matrix. Subsequently, the ablation zone undergoes a process of proliferation and repair, and was eventually replaced by normal tissue, resulting in more effective treatment[16-19]. Chemotherapy is the current standard for treating LAPC, and chemotherapeutic drug penetration remains challenging due to the heterogeneity of malignant tumors. Therefore, the primary purpose of this study was to elucidate whether IRE can be used as an adjunct to chemotherapy and optimize the therapeutic effect. In addition, previous studies have focused on induction chemotherapy followed by resection or IRE, whereas we focused on whether GEM plus concurrent IRE treatment has a synergistic effect[20-22]. Our study was based on a seminal animal experiment that suggested that IRE can increase drug delivery to the tissue in the reversible electroporation zone[23]. 
[bookmark: OLE_LINK5]IRE has been proven to be a safe and effective alternative option for advanced pancreatic cancer[24-26]. However, the majority of studies were retrospective and were not compared with standard treatment. The median OS from diagnosis ranged from 17.9 to 32.0 mo for these retrospective studies. In our study, the median OS was 19.8 mo from the time of diagnosis for GEM + IRE group. There are several reasons to explain this difference. The most important point was that patients received preoperative chemotherapy or chemoradiation therapy before IRE ablation and had proven stable[21,27]. Futhermore, the condition of the patients has remained stabilized, which achieves a better therapeutic effect and the tumor size of patients is typically around 3 cm. In a study using IRE as a first-line treatment for LAPC with a median of 13.3 mo, unlike this, we used GEM plus concurrent IRE for LAPC and prolonged survival[28]. In another study, the treatment effect was better and the median overall survival was 24.9 mo[25]. A possible explanation could be that all patients were treated with chemotherapy and/or radiation chemotherapy prior to IRE treatment. In addition, they performed diagnostic laparoscopy before treatment to rule out peritoneal metastatic disease. Twenty-five percent of their patients underwent resection during IRE treatment. In our study, IRE was performed percutaneously without precursory laparoscopy. Therefore, we may have included patients with disseminated disease. Thus, diagnostic laparoscopy prior to percutaneous IRE may be necessary.
In our study, 29 (82.8%) patients presented tumor progression after chemotherapy and 15 (45.4%) patients presented tumor progression after GEM plus concurrent IRE. GEM plus concurrent IRE resulted in significantly longer PFS compared with chemotherapy alone, mainly because IRE enhances the concentration of GEM in the pancreatic tissue reversible zone, for which the membrane penetration caused by electroporation promotes drug diffusion to cells and increases drug cytotoxicity[23,29]. Therefore, the patients underwent no less than 30 min of an intravenous infusion of GEM (1000 mg/m2) prior to IRE ablation in our study. The target time of 2 to 4 wk post-IRE was followed by GEM chemotherapy, which was determined according to the post-IRE physical recovery of the patient. Pancreatic cancer is a systemic heterogeneous tumor, which does not respond to traditional chemotherapy. In addition, IRE is only a regional physical ablation technique. Therefore, GEM plus concurrent IRE has a synergistic effect on the clinical treatment of LAPC.
In this study, there were three major complications; two (6%) patients experienced pancreatitis (grade IV) and one (3%) had duodenal bleeding (grade III). Similar severe digestive tract bleeding associated with duodenal ulcer has also occurred in other studies with an occurrence rate of 4%-7%[12,21]. Thus, the scope of safety in the application of IRE ablation of pancreatic head tumors that invade the duodenum should still be carefully considered. Although IRE ablation will not cause irreversible damage to the vascular structure, the release of electrical pulses can cause reversible damage to vascular endothelial cells. These damaged epithelial cells comprise the lining of smooth blood vessels, reduce blood flow, and cause thrombosis in the portal vein system formation, especially for patients who have tumors that have invaded the portal vein and narrowed the lumen before surgery. Complications of portal vein thrombosis have also been found in other studies and stated that post-operative inflammation is the main cause of portal vein cancer thrombosis[25,30,31].
To our knowledge, this is the first prospective randomized trial to compare treatment with GEM plus concurrent IRE and GEM alone in LAPC. Based on our findings, GEM plus concurrent IRE can help guide treatment decisions for patients with LAPC. 

CONCLUSION
In conclusion, GEM plus concurrent IRE can improve therapeutic efficacy with fewer complications, which provides a safe and effective method for the clinical treatment of LAPC. However, since the clinical sample data are relatively small in this study, further large sample analysis is required to verify these findings.

ARTICLE HIGHLIGHTS
Research background
Locally advanced pancreatic cancer (LAPC) is a common malignant digestive system tumor. Surgery and chemotherapy remain the primary treatments for patients with LAPC, however, the outcome is not always satisfactory. Irreversible electroporation (IRE) is an emerging physical ablation technology that uses high voltage short pulses to destroy the integrity of the cell membrane, resulting in cell apoptosis. To date, however, there has been a lack of prospective data to verify the therapeutic outcome of gemcitabine (GEM) plus concurrent IRE.

Research motivation
We hope to explore whether GEM plus concurrent IRE has a synergistic effect on the clinical treatment of LAPC.

Research objectives
To compare the therapeutic efficacy between conventional GEM plus concurrent IRE and GEM alone for LAPC.

Research methods
This prospective study (NCT02981719) was approved by the Institutional Ethics Committee of Affiliated Fuda Cancer Hospital, Jinan University. From February 2016 to September 2017,  the included patients were treated with GEM plus concurrent IRE (n = 33, median age = 63) or GEM alone (n = 35, median age = 65). The largest median tumor diameter was 4.1 cm and 3.9 in the GEM + IRE and GEM alone group, respectively. Overall survival (OS), progression free survival (PFS), and procedure-related complications were compared between the two groups. Multivariate analyses were performed to identify any prognostic factors. 

Research results
There were no treatment-related deaths. The technical success rate of IRE ablation was 100%. The median OS was 19.8 and 9.3 mo from the time of diagnosis in the GEM + IRE group and GEM alone group, respectively. The median PFS was 8.3 and 4.7 mo for the GEM + IRE group and GEM alone group, respectively. Tumor volume less than 37 cm3 and GEM plus concurrent IRE were identified as significant favorable factors for both the OS and PFS. Although certain major complications have been identified in our patients, we believe that the use of appropriate measures can help prevent these complications.

Research conclusions
GEM plus concurrent IRE can improve therapeutic efficacy with fewer complications, which provides a safe and effective method for the clinical treatment of LAPC.

Research perspectives
We focused on whether GEM plus concurrent IRE treatment has a synergistic effect. Our data demonstrate that GEM plus concurrent IRE is a safe and effective method for the clinical treatment of LAPC.
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Figure Legends
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Figure 1 A 56-year-old woman who underwent gemcitabine plus concurrent for pancreatic head cancer. A: Enhanced computed tomography image showing a pancreatic head tumor measuring 3.9 cm × 4.8 cm; B: Irreversible electroporation ablation was performed; C: The tumor has shrunk to 3.5 cm × 2.1 cm 6 mo post-irreversible electroporation. 
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[bookmark: OLE_LINK6]Figure 2 Kaplan-Meier survival curves. A: Graph showing overall survival from the time of diagnosis; B: Graph showing overall survival progression–free survival. GEM: Gemcitabine; IRE: Irreversible electroporation.


Table 1 Inclusion and exclusion criteria
	Inclusion criteria
	Exclusion criteria

	Radiologic confirmation of locally advanced pancreatic cancer 
	Resectable pancreatic adenocarcinoma 

	Histological or cytological confirmation of pancreatic adenocarcinoma
	[bookmark: OLE_LINK2]Chemotherapy or radiotherapy prior to the procedure

	Tumor diameter ≤ 5 cm 
	Allergy to contrast media

	Age ≥ 18 yr
	History of epilepsy

	Adequate bone marrow, liver, renal, and coagulation function: Hemoglobin level ≥ 115 g/L; platelet count ≥ 100 × 109/L; neutrophil count ≥ 2 × 109/L; white blood cell count ≥ 4 × 109/L 
	History of cardiac disease: Congestive heart failure > NYHA classification 2; cardiac arrhythmias requiring anti-arrhythmic therapy or pacemaker

	PS 0-2
	Uncontrolled hypertension

	Written informed consent
	Any implanted metal stent/device within the area of ablation that cannot be removed 


NYHA: New York Heart Association.

 Table 2 Demographics and tumor parameters of eligible patients 
	Characteristic
	GEM + IRE group 
(n = 33)
	GEM group
(n = 35)
	P value

	Age, yr
	
	
	

	Median
	63
	65
	

	Range
	45-86
	39-81
	

	Sex 
	
	
	

	Female
	18 (54.5)
	19 (54.3)
	0.983 

	Male
	15 (45.5)
	16 (45.7)
	

	Pathology
	
	
	

	Adenocarcinoma 
	26
	23
	

	Lesion size (cm) 
	4.1 (3.0-5.0)
	3.9 (3.0-5.0)
	

	Tumor location
	
	
	

	[bookmark: OLE_LINK3]Head and neck 
	23 (23.3)
	21 (26.7)
	0.686

	[bookmark: OLE_LINK4]Body and tail
	5 (40.0)
	6 (50.0) 
	

	Previous surgical therapy 
	
	
	0.479

	Gastrojejunostomy
	3 (9.1)
	4 (11.4)
	

	Hepaticojejunostomy
	1 (3.0)
	2 (5.7)
	

	Double bypass
	2 (6.1)
	0 (0.0)
	

	Plastic retrievable endoprosthesis
	1 (3.0)
	1 (2.9)
	

	Performance status
	
	
	0.757

	0
	12 (36.3)
	14 (40.0)
	

	1
	21 (63.7)
	21 (60.0)
	

	Accepted treatment
	
	
	0.681

	[bookmark: OLE_LINK7]Biliary bypass and gastrojejunostomy
	2 (6.1)
	1 (2.9)
	

	Cholecystectomy
	1 (3.0)
	0 (0.0)
	

	Gastroenterostomy
	2 (6.1)
	2 (5.7)
	

	[bookmark: OLE_LINK8]Herb therapy
	2 (6.1)
	3 (8.6)
	

	[bookmark: OLE_LINK9]Immunotherapy 
	1 (3.0)
	0 (0.0)
	


IRE: Irreversible electroporation; GEM: Gemcitabine.

Table 3 Univariate and multivariate analyses of overall survival in patients
	Characteristic
	GEM + IRE group
(n = 33)
	GEM group
(n = 35)

	
	Univariate analysis
	Multivariate analysis

	
	HR
	95%CI 
	P value
	HR
	95%CI 
	P value

	Age (yr) 
	≤ 60/> 60 
	1.632
	0.763-3.325
	0.121
	
	
	

	Gender
	Female/male 
	2.321
	1.202-4.047
	0.215
	
	
	

	Tumor site
	Head/body/tail
	0.952  
	0.676-1.524
	0.832
	
	
	

	Tumor volume (cm3)
	≤ 37/> 37
	2.386 
	1.312-4.415
	0.008 
	2.913 
	1.181-6.381
	0.023

	WBC (× 109) 
	≤ 10/> 10 
	1.128 
	0.343-2.872 
	0.988 
	
	
	

	HGB (g/L)
	≤ 120/> 120
	0.586  
	0.254-1.693
	0.383 
	
	
	

	PLT (× 109)
	≤ 300/> 300 
	1.218  
	0.526-2.867 
	0.672
	
	
	

	ALT (U/L) 
	≤ 40/> 40
	0.778  
	0.368-1.686
	0.514
	
	
	

	AST (U/L) 
	≤ 40/> 40
	0.427  
	0.275-1.406
	0.209
	
	
	

	ALP (U/L) 
	≤ 100/> 100
	0.895   
	0.506-1.824
	0.793
	
	
	

	CEA (ng/mL) 
	≤ 5/> 5 
	1.381
	1.027-2.741 
	0.474
	
	
	

	CA19-9 level  
	≤ 35/> 35
	1.350   
	0.618-3.572
	0.245
	
	
	

	CA19-9 decrease 3 mo after treatment
	≤ 50％/＞50％
	2.659
	1.096-6.532
	0.032 
	3.084 
	1.304-7.854
	0.011

	GEM
	With/without IRE
	0.389  
	0.178-0.952
	0.045
	0.422  
	0.157-0.958
	0.047


[bookmark: OLE_LINK25]IRE: Irreversible electroporation; GEM: Gemcitabine; HR: Hazard ratio; WBC: White blood cell count; HGB: Hemoglobin; PLT: Platelet count; ALT: Alanine transaminase; AST: Aspartate aminotransferase; ALP: Alkaline phosphatase; CEA: Carcinoembryonic antigen; CA19-9: Carbohydrate antigen 19-9.
 
Table 4 Univariate and multivariate analyses of progression free survival in patients
	Characteristic
	GEM + IRE group (n = 33)
	GEM group (n = 35)

	
	Univariate analysis 
	Multivariate analysis

	
	HR
	95%CI 
	P value
	HR
	95%CI 
	P value

	Age (yr) 
	≤ 60/> 60 
	1.167  
	0.669-2.203
	0.554 
	
	
	

	Gender
	Female/male 
	1.602  
	0.942-2.802 
	0.097 
	
	
	

	Tumor size (cm)
	≤ 4/> 4 
	0.787  
	0.489-1.280 
	0.334
	
	
	

	Tumor site
	Head/body/tail
	0.942    
	0.623-1.410 
	0.750
	
	
	

	Tumor volume (cm3)
	≤ 37/> 37
	2.386 
	1.298-4.406
	0.012 
	2.856 
	1.180-6.420
	[bookmark: OLE_LINK28]0.025

	WBC (× 109) 
	≤ 10/> 10 
	1.149  
	0.468-2.575 
	0.697
	
	
	

	HGB (g/L)
	≤ 120/> 120
	0.587   
	0.298-1.513 
	0.285
	
	
	

	PLT (× 109)
	≤ 300/> 300 
	0.653    
	0.274-1.752  
	0.342
	
	
	

	ALT (U/L) 
	≤ 40/> 40
	0.542     
	0.433-1.533
	0.341
	
	
	

	AST (U/L) 
	≤ 40/> 40
	0.636    
	0.347-1.521  
	0.304
	
	
	

	ALP (U/L) 
	≤ 100/> 100
	0.726     
	0.521-1.367 
	0.572
	
	
	

	CEA (ng/mL) 
	≤ 5/> 5 
	1.322  
	0.715-2.602  
	0.162 
	
	
	

	CA19-9 (U/ml) 
	≤ 35/> 35
	2.056 
	1.009-3.019 
	0.052 
	
	
	

	CA19-9 decrease 3 mo after IRE
	≤ 50%/> 50%
	2.258 
	0.895-6.428 
	0.032 
	 
	
	

	GEM 
	With/without IRE 
	0.557 
	0.308-1.210 
	0.046
	0.582   
	0.322-1.050 
	0.042


IRE: Irreversible electroporation; GEM: Gemcitabine; HR: Hazard ratio; WBC: White blood cell count; HGB: Hemoglobin; PLT: Platelet count; ALT: Alanine transaminase; AST: Aspartate aminotransferase; ALP: Alkaline phosphatase; CEA: Carcinoembryonic antigen; CA19-9: Carbohydrate antigen 19-9. 

Table 5 Adverse reactions after treatment
	Adverse event
	[bookmark: OLE_LINK1]GEM + IRE group (n = 33)
	[bookmark: OLE_LINK22]GEM group (n = 35)

	[bookmark: OLE_LINK20]Grade
	Ⅰ/Ⅱ
	Ⅲ
	Ⅳ
	Ⅰ/Ⅱ
	Ⅲ
	Ⅳ

	Toxicity
	
	
	
	
	
	

	[bookmark: OLE_LINK10]Hypoalbuminemia 
	5
	0
	0
	3
	0
	0

	Lymphopenia 
	2
	0
	0
	1
	0
	0

	Hemoglobin reduction
	3
	0
	0
	2
	0
	0

	Neutropenia
	1
	0
	0
	0
	0
	0

	Thrombocytopenia 
	2
	0
	0
	3
	0
	0

	Vomiting 
	2
	0
	0
	3
	0
	0

	Hypokalemia 
	1
	0
	0
	1
	0
	0

	[bookmark: OLE_LINK14]Diarrhea 
	2
	0
	0
	1
	0
	0

	Complications
	
	
	
	
	
	

	Pancreatitis
	0
	2
	0
	0
	0
	0

	Ascites  
	2
	0
	0
	4
	0
	0

	Bleeding from duodenal ulcer
	0
	1
	0
	0
	0
	0

	[bookmark: OLE_LINK29]Portal vein thrombosis 
	1
	0
	0
	3
	0
	0

	Loss of appetite 
	2
	
	0
	1
	0
	0

	Gastroparesis
	1
	0
	0
	1
	0
	0

	Abdominal pain
	2
	0
	0
	2
	2
	0


IRE: Irreversible electroporation; GEM: Gemcitabine. 
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