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ABSTRACT

Background: Despite careful patient selection and preoperative investigations 
curative resection rate (R0) in pancreaticoduodenectomy ranges from 15% to 87%. 
Here we describe a new palliative approach for pancreaticoduodenectomy using a 
radiofrequency energy device to ablate tumor in situ in patients undergoing R1/R2 
resections for locally advanced pancreatic ductal adenocarcinoma where vascular 
reconstruction was not feasible.

Results: There was neither postoperative mortality nor significant morbidity.  
Each time the ablation lasted less than 15 minutes. Following radiofrequency 
ablation it was observed that the tumor remnant attached to the vessel had shrunk 
significantly. In four patients this allowed easier separation and dissection of the 
ablated tumor from the adherent vessel leading to R1 resection. In the other two 
patients, the ablated tumor did not separate from vessel due to true tumor invasion 
and patients had an R2 resection. The ablated remnant part of the tumor was left  
in situ.

Conclusion: Whenever pancreaticoduodenectomy with R0 resection cannot be 
achieved, this new palliative procedure could be considered in order to facilitate 
resection and enable maximum destruction in remnant tumors.

Method: Six patients with suspected tumor infiltration and where vascular 
reconstruction was not warranted underwent radiofrequency-assisted 
pancreaticoduodenectomy for locally advanced pancreatic ductal adenocarcinoma. 
Radiofrequency was applied across the tumor vertically 5–10 mm from the edge of 
the mesenteric and portal veins. Following ablation, the duodenum and the head of 
pancreas were removed after knife excision along the ablated line. The remaining 
ablated tissue was left in situ attached to the vessel.
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INTRODUCTION

Pancreatic ductal adenocarcinoma (PDAC) is the 
fourth leading cause of cancer deaths in the Western 
World and accounts for almost 3% of all cancer 
deaths in the United States [1]. Based on data from 
surveillance, epidemiology, and end results, the overall 5 

years survival is 7.7% [1]. The 5-year survival rate for 
locally advanced and metastatic pancreatic cancer has 
been reported as 11.1% and 2.6%, respectively [1]. As 
surgery is the only curative option for PDAC, and tumor 
invasion of surrounding vessels, especially superior 
mesenteric vein (SMV) and portal vein (PV) is common, 
pancreaticoduodenectomy (PD) with vascular resection 
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and reconstruction for locally advanced PDAC has been 
advocated to improve results [2].

One of the foremost prognostic factors affecting 
long-term survival in patients with PDAC is to achieve 
negative resection margins (R0 resection) [3, 4]. Thus, 
surgery with curative intent should be recommended in 
patients fit to undergo a major procedure and when a 
negative margin can be expected [5]. The achievement 
of R0 resection can be facilitated by venous resection 
as recent evidence shows that venous resection and 
reconstruction is feasible and safe, and with no significant 
increase in the mortality rate in dedicated centers [6–8]. 

Radiofrequency (RF) ablation is an accepted 
treatment to provide curative treatment for primary and 
secondary liver tumors, because of its safety profile, 
ease of use, minimal invasiveness and a high level of 
effectiveness [9, 10]. The use of intraoperative RF ablation 
in PDAC has also shown some interesting results in 
terms of safety and median survival [11, 12]. Bassi et al. 
demonstrated that open RF ablation of PDAC is feasible 
with an acceptable rate of complications [13]. A few 
studies on stage III unresectable locally advanced PDAC 
have shown that median survival after RF ablation ranged 
from 20 months to 33 months [14–16]. 

It is not uncommon during PD to find local 
invasion that renders the tumor unresectable even in cases 
where preoperative imaging didn’t show clear vascular 
infiltration.  This can also happen at a late stage in the 
procedure when the pancreatic neck has been already 
divided, revealing vascular invasion of the superior 
mesenteric vessels. In these cases, when venous and/or 
arterial resection is not feasible or warranted, RF could 
be used as a palliative procedure that can provide possible 
advantages due to maximal tumor destruction and potential 
immune-stimulation.

Here we describe a surgical technique of PD 
utilizing an RF ablation device that assisted resection 
in a group of 6 patients with locally advanced PDAC 
with vascular involvement in whom venous resection 
was judged inappropriate. Moreover, RF could offer an 
advantage in survival as it has been shown that RF can 
activate the immune system by inducing tumor heat 
shock protein (HSP), cytokines and T cells which further 
increase its antitumor action [17–20]. 

RESULTS

The patients had a median age of 73 years (range 
65–79 years) and a body mass index (BMI) of 27.7 ± 
4.2 kg/m2. Demographics and clinical characteristics of 
patients are shown in Table 1

The mean operative time was 526.50 ± 73.96 
minutes with minimal intraoperative blood loss (Table 2).  
The decision not to proceed to venous resection was 
due to age and co-morbidities of patients in four cases, 
involvement of jejunal branch draining into SMV in one 

case, and excessive length of vessel resection required for 
vein reconstruction in one case.

In four patients, RF ablation caused tumor shrinkage 
and facilitated a plane of dissection, as there was no true 
vascular invasion. (Figure 1) Histopathology report of 
these cases showed an R1 resection, with moderately 
to poorly differentiated carcinoma T3 with nodal 
involvement in three cases.

In the other two cases, as there was tumor vascular 
invasion, the tumor could not be separated from the SMV. 
Part of the ablated tumor was then carefully resected off 
the vein with a scalpel staying close to the tumor vessel 
interface. The ablation of the tumor with temperatures 
reaching up to 90° C prior to resection eliminated the risk 
of tumor spillage. In these two cases, the ablation had 
a palliative intent and resulted in R2 resection, and the 
residual tumor on the vascular surface was left ablated. 
Histopathology report showed a poorly differentiated 
adenocarcinoma with nodal involvement (T4N1R2 in both 
cases).

There were no intra-operative complications and 
none of the patients received blood transfusion.  All 
patients were admitted electively in intensive care unit 
with a stay of 24 hours. The median length of hospital 
stay was 16.1 days (range 12–21 days). Postoperative 
morbidity included two superficial wound infections and 
one central line infection; one patient had delayed gastric 
emptying; while one patient had postoperative psychosis, 
which did not prolong her hospital stay. There were no 
30-day mortality, pancreatitis or deep abscess formation 
close to the ablated area. One patient was readmitted due 
to wound infection and small abdominal collections that 
were managed with antibiotic treatment without need for 
drainage (Table 2).  

Of the four patients who had R1 resection, one 
patient is alive 22 months after the procedure with no 
evidence of recurrence; one is alive at 10 months; one 
alive at 5, and last one at 4 months, all with no evidence 
of recurrence. Of the two patients who had R2 resection, 
one is alive at 10 months with no evidence of recurrence 
and the other developed liver metastases two months after 
surgery, but he is currently alive at 16 months after PD. 
(Table 3) All patients had 3 months scan after surgery. All 
patients received or are receiving adjuvant chemotherapy.

DISCUSSION

Surgical resection is considered the only curative 
treatment for PDAC when a R0 resection is achieved. 
However, a significant number of patients are diagnosed at 
a locally advanced stage with vascular involvement, which 
limits curative resection (R0). The overall 5-year survival 
rate for locally advanced PDAC remains dismal [21]. In the 
presence of vascular involvement, R0 resections require 
resection and reconstruction of vascular structures, which 
is achieved in only a small group of patients [22–24].  



Oncotarget15734www.oncotarget.com

Table 1: Demographics and clinical characteristics of patients in the study group

Parameters Numbers
Total number of patients 6
Age (median), yrs. (range) 73 (65–79)

Male/Female ratio 3/3
Body max index (mean ± SD) Kg/m2 27.7 ± 4.2
Comorbidities:

Type 2 Diabetes Mellitus 
Essential hypertension
Chronic obstructive pulmonary disease

2
4
1

CA 19-9 (mean ± SD) IU 948.75 ± 674.34

Abbreviations: SD: standard deviation of the mean.

Figure 1: Ablated and desiccated tumor has been gently swept off the adherent vessel. 

Table 2: Perioperative outcomes

Parameters Numbers
Total number of patients 6
Operation time (mean ± SD) minutes 526.50 ± 73.96
Blood transfusion Nil
Intensive care unit stay (median), hours 24 hours
Length of hospital stay (median), days 16.1 (12–21) 
Complications:

Superficial wound infection
Delayed gastric emptying
Intra-abdominal collections
General complications

2/6
1/6
1/6
2/6

30 days mortality Nil

Abbreviations: SD: standard deviation of the mean.
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As venous and arterial reconstruction increases the 
invasiveness of the procedure and could add to morbidity 
and possibly mortality, a risk and benefit analysis must be 
carefully considered for each patient. Since the beginning 
of the Whipple’s procedure era and its later establishment 
by Waugh and Clagett in 1946, clinicians have agreed that 
the main rule for surgery for malignant pancreatic tumors 
is that there should be a reasonable opportunity for cure, 
and the risk of death and morbidity should not outweigh 
the prospects for healing [25–27]. These principles act as 
a counterbalance between radical non-curative surgery and 
attempts to limit postoperative morbidity and mortality.

In some cases it is still difficult to differentiate 
intraoperatively between frank venous invasion from 
adherence due to inflammatory adhesions, as shown by 
studies on PD with venous resection where true venous 
involvement was present in around 60 to 70% of the 
specimens [28]. Moreover, the rates of R0 resection in PD 
with venous involvement show that despite an extensive 
procedure, R0 is not always achieved, with an average of 
up to 30 to 40% of cases where a non-curative resection is 
found on specimen despite the extensive resection [8, 29]. 
Moreover, tumor-related factors, such as tumor biology 
and aggressiveness, may lead to R1 resection despite 
excellent surgical technique [30].

Taking these facts into consideration, RF-assisted 
PD for tumors in close proximity to major vessels could be 
a extra surgical option in patients where vascular resection 
is not feasible or warranted.

In this current series the number of patients is very 
small (six patients) with very limited follow up (only 2 
patients with follow up longer then 12 months), thus only 
preliminary results are presented. However, RF seemed 
to be safe in view of low morbidity and zero mortality 
and could represent an additional tool available to the 
pancreatic surgeon to locally destroy tumor that has been 
found to be unresectable at a late stage in the procedure.

The safety of RF in the treatment of unresectable 
PDAC has been demonstrated in palliative percutaneous or 
open procedures for PDAC where ablation was performed 
at the same time of palliative bypass [11–16, 31, 32]. 
Various studies have reported the use of RF devices to 
ablate (without resection) unresectable locally advanced 
PDAC with median survival benefit ranging from 20–33 

months [11, 12]. As RF produces tumor shrinkage, RF 
ablation could achieve local control in larger PDAC 
or even tumor regression of smaller PDAC, as shown 
in a small series where RF ablation was applied to the 
unresectable pancreatic tumor when a palliative bypass 
was performed [31]. In our Institution as well as others, 
RF in pancreatic cancer has also been safely applied to 
the tumor via endoscopic ultrasound and endoscopically 
in case of malignant biliary obstruction before metal stent 
insertion and to unblock occluded stent with benefits in 
survival [33–37].

A potential advantage of RF is immunomodulation, 
which has been reported to have a positive role in 
improved outcomes following application of RF devices 
for various tumor types. Studies in both animals and  
in vivo human liver cells have reported increased 
expression levels of heath shock protein HSP-70, HSP- 
90, and glycoprotein 96, as well as translocation of nuclear 
high-mobility group protein B1 (HMGB1) expression in 
the periphery of the ablation zone i.e., transition zone. The 
enriched embodiment of HSP70 in tumor cells promotes 
the presentation of peptides on the tumor cell surface via 
an enhanced MHC class I expression and recognition 
by T cells and dendritic cells [38–41]. The post RF 
ablation induced immune changes in the periphery of 
the tumor have been considered as evidence of systemic 
immunomodulatory effects. In a study of hepatocellular 
carcinoma (HCC), Zerbini et al., 2006 reported an 
increased percentage of activated T cells and circulating 
NK cells [42]. Similarly, the histopathology of the PD 
specimen following endoscopic RF ablation showed 
increased infiltration of inflammatory cells adjacent to 
the area of necrosis caused by the ablation [36]. This can 
yield a local vaccine effect that not only phagocytoses 
the debris and tumor cells, but also produces systemic 
immunomodulatory changes that may help in clearing 
up extra-pancreatic micro metastases, decreasing tumor 
recurrence and offering a potential increase in survival 
[18, 43–45].

Radiofrequency ablation has a direct effect by 
inducing necrosis of the tissue that is ablated. At the same 
time, different studies have demonstrated significant 
indirect effects in the areas around the ablated zone, 
where the cells become more sensitive to chemotherapy 

Table 3: Survival data

Patient’s details Alive at Recurrence
1. 65 yrs., F; R1 - T3N0 22 months No
2. 74 yrs., M; R2 - T4N1 16 months Liver metastases
3. 79 yrs., M; R2 - T4N1 10 months No
4. 76 yrs., F; R1 - T3N1 10 months No
5. 71 yrs., F; R1 - T3N1 5 months No
6. 74 yrs., M; R1 - T3N1 4 months No

Abbreviations: F: female, M: male.
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and radiation, and immodulation of the immune system 
involving pro-inflammatory cytokines, lymphocytes and 
antibodies, leading to acquired antitumor antigen-specific 
immunity [46]. As we have recently shown, outcomes 
of patients with hepatocellular carcinoma who had RF-
assisted liver resections were better compared with other 
resection techniques and this could be due to the systemic 
and local immunomodulatory effect of RF [47]. While 
much of this evidence arises from studies conducted 
for organs other than the pancreas, Bassi et al. recently 
demonstrated that RF lead to early significant increase of 
IL-6 proinflammatory chemokine with lack of activation 
of immunosuppressive lymphocytes (CD4+CD25+Foxp3+ 
regulatory T cells), monocytes and plasmocytoid dendritic 
cells [48]. The latter provides scientific rationale for 
the reported improves survival after RF ablation in 
PDAC. Moreover, it has been recently observed that 
RF induced an adaptive response with a decrease in 
immunosuppression in ten patients undergoing open 
ablation for locally advanced PDAC [49].

In the same way that the therapeutic efficacy of RF 
ablation has become the gold standard for patients with 
small liver tumors, its use in locally advanced PDAC 
unsuitable for extensive resection could possibly offer a 
similar benefit. This report has considerable limitations 
as it only includes 6 patients with short follow up. 
However, it shows the feasibility and primary safety of 
this surgical procedure. In summary, this procedure could 
be considered as an additional technique in elderly patients 
with multiple associated comorbidities. The potential 
effect of RF ablation on the immune system may also offer 
an added effect when used in advanced PDAC, especially 
with potential combination with check-point inhibitors 
that may further strengthen its role in treating this dismal 
disease. The authors believe that conventional PD with 
vascular reconstruction should be attempted and is the 
procedure of choice. However, if radical curative surgery 
is not possible, then RF assisted pancreatic resection could 
be an option to selected patients for palliation of locally 
advanced tumor.

Figure 2: Sequential application of RF probes to create parallel ablation lines adjacent to the tumor vessel interface.

Figure 3: Resection with scalpel over the ablated region of tumor at tumor vessel interface. 
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MATERIALS AND METHODS

Study design

We report a series of 6 patients who underwent 
a RF-assisted PD at our Hepatobiliary and Pancreatic 
Centre between December 2015 and June 2017 for a 
locally advanced PDAC.  All cases were discussed in a 
multidisciplinary team meeting and surgery with curative 
intent was recommended on the basis of preoperative 
investigations. However, intraoperatively the tumor was not 
resectable without vascular resection/reconstruction that was 
considered not safe in these 6 cases. Thus, RF was instead 
applied to the tumor with palliative intent. Parameters 
examined included age, gender, co-morbidities, and 
characteristics of the tumor. The primary outcome variables 
were 30-day postoperative morbidity and overall 30-day 
postoperative mortality. Secondary outcome variables 
included operative time, need for blood transfusion, specific 
postoperative complications (including bleeding, wound 
infection, collections, sepsis, anastomotic complications, and 
general complications), need for reoperation within 30 days, 
and intensive care re-admission and postoperative length of 
stay. Follow up data were collected from the date of surgery 
till October 2017. All data were entered into a Microsoft 
Excel™ database for statistical analysis. The data was 
analyzed by using MedCalc_2004 software (ver. 7.4.3.0).

Surgical procedure

The surgical approach to PDAC of the pancreatic 
head was similar to a conventional PD except that after 
division of the neck of the pancreas, the Habib™ 4X 
(AngioDynamics Inc., USA) was used to ablate the tumor. 
A parallel line of ablation was created by sequential 
applications of RF-energy at 60 watts. This resulted in 
coagulative necrosis of the tumor tissue. The first vertical 
line of ablation was performed approximately 5–10 mm 
away from the involved vessel, and then a second parallel 
line of ablation was made further away to it (Figure 2).  
Subsequently, several transverse applications were required 
to create a third line of ablation, which connected with the 
vertical parallel lines to ensure complete ablation. Cold water 
was poured continuously over the mesenteric vessels during 
the ablation process to avoid thermal injury. The probe was 
moved swiftly in a seesaw fashion over 3–5 mm at its axis 
of application in order to avoid any tumor tissue adherence. 
This helped to create a 1 cm ablated and coagulated margin 
of tissue which could be cut across (Figure 3). Each time the 
ablation lasted less than 15 minutes.
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