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Abstract

Background: Pancreatic cancer is leading cause of 
cancer related deaths. The prognosis is usually very 
poor. In spite of the advances in modern surgery, the 
outcome is still poor. IORT was recently introduced with 
recorded improvement in both locoregional tumor control 
and patient survival. Prophylactic HIPEC was introduced 
during the initial surgery in order to prevent subsequent 
peritoneal cancer or tumor recurrence which showed 
some encouraging results. 

Aim of work: Evaluation of the perioperative results of 
the combination of IORT and HIPEC with CRS as a novel 
approach in the management of resectable pancreatic 
cancer.

Patients and Methods: This study was conducted at 
King Faisal Specialist Hospital and Research Center, 
Riyadh, Kingdom of Saudi Arabia. Data were collected 
retrospectively. A total of five patients were included in the 

study, during the period from November 2017 to August 
2018. All surgeries were done by the same surgeon.

Results: The average age was 51 years (25–63). The 
patients were two males and three females. All the patients 
underwent complete surgical resection combined with 
IORT then HIPEC. All patients were discharged home in 
good condition. They were regularly followed up without 
any evidence of local recurrence or metastases. 

Conclusion: The combination of IORT and HIPEC with CRS 
gives the addition of the benefits of each procedure alone 
without affecting the postoperative morbidity or mortality. 
This combination appeared to be feasible, safe and well 
tolerated. However, this need to be applied on a larger 
number of patients with longer periods of follow-up to 
reach sound conclusions.

Keywords: Intraoperative radiotherapy (IORT), 
Hyperthermic intraperitoneal chemotherapy (HIPEC), 
Cytoreduction Surgery (CRS), Resectable pancreatic 
cancer
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Introduction
Pancreatic cancer has poor prognosis with locoregional 

recurrence which is an important contributor to prognosis. 
Surgery is considered the only way for cure if diagnosed 
in an early phase. The problem is that most of the newly 
diagnosed patients are advanced and may be beyond 
surgical intervention with expected life expectancy about 6 
months from the diagnosis (1). Despite the improvement in 
surgical techniques, the patient’s survival did not improve 
with high rate of tumor recurrence (2). The resection of tumor 
must include all the draining lymph nodes and the tissues 
around the lymph nodes and neural plexus (3, 4). Less than 
15% of histopathology of the resected specimens show 

negative lymph nodes. Positive lymph nodes and infiltration 
of the neural plexus around the pancreas was positive in 
about 50% of cases (5, 6). The appropriate management 
includes complete surgical resection with neoadjuvant 
chemotherapy or chemo-radiotherapy (5, 7). Treatment failure 
is indicated by local tumor recurrence, carcinomatosis or 
liver metastases. This occur in about 50-80% of resected 
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tumors with advanced disease (3). IORT has been offered 
for resectable tumors to improve local control and survival 
and for unresectable tumor for local tumor control and as a 
palliative tool for pain control (4, 8). It was proved to be safe 
procedure that can be added to the treatment of resectable 
pancreatic cancer to provide local control without adding 
to the patient’s morbidity or mortality (2, 4). HIPEC has 
been used in patients with peritoneal surface malignancy. 
It is considered the standard of care for peritoneal 
carcinomatosis associated with colorectal or appendiceal 
origin as it was proved to be safe without increasing the 
patient’s morbidity or mortality (4, 9, 10). It was reported 
that HIPEC with cytoreduction surgery offered long-term 
survival for patients with intraductal papillary mucinous 
tumors of the pancreas with peritoneal carcinomatosis (11) 
and other pancreatic cancers (12). The purpose of this study 
is to evaluate the feasibility and efficacy and the safety of 
offering pancreatic cancer patients with resectable tumors 
the benefits of surgical resection and the combination of 
IORT and HIPEC. This may be the first manuscript to study 
and evaluate the feasibility of this combined management 
in pancreatic cancer patients.

Patients and Methods 
The current study is a retrospective study. It was 

carried on patients who presented to King Faisal Specialist 
Hospital and Research Center, Riyadh, KSA, who had 
pancreatic carcinoma and were treated with surgical 
resection combined with IORT and HIPEC. All the patients 
were treated according to the hospital guidelines. They 
gave a written informed consent that the treatment is 
individualized and planned according to each patient 
state at presentation.

From November 2017 to August 2018, a total of 
5 patients were included in the study. Collected data 
were patient’s age and gender. Preoperative workup 
for all patients included full history taking, physical 
examination, laboratory investigations including routine 
laboratory tests, liver function tests, tumor markers 
(CA19-9 and CEA) and radiological diagnostic tools (CT 
scan of the abdomen, pelvis and chest, PET-CT whole 
body and MRI of the abdomen), endoscopic retrograde 
cholangiopancreatography (ERCP) with endoscopic 
ultrasound (EUS) guidance biopsy was done in 3 patients 
and putting a stent in 2 patients. Four patients had clear 
pathological diagnosis preoperative. The third patient 
had the trial of 3 times biopsy with the result of high-
grade dysplasia. The lesion in the fourth patient was 
localized between the body and tail and was diagnosed 
by US guided biopsy. The fifth patient was diagnosed to 
have abdominal carcinomatosis before surgery and the 
pathology was confirmed by US guided biopsy.

The extent of peritoneal carcinomatosis (PC) was 
evaluated intraoperatively by calculating the peritoneal 
cancer index (PCI). This index describes the extent of 
carcinomatosis before surgery (13). CRS was performed 
as previously portrayed by Sugarbaker (13, 14) and included 
multiple visceral resections directed toward optimal 
eradication of neoplastic foci from the abdominopelvic 
cavity. After completion of CRS, assessment of residual 
tumors was determined intraoperatively using the 
cytoreduction completeness (CC) scores (15).

IORT electrons was performed using mobile Mobetron 
machine. The decision-making process in terms of total 
dose received depended on the extent of residual tumor 
after resection. In patients with no obvious involvement 
(microscopic or close to the margins), the dose ranged 
from 10 to 12 Gy. In patients who had minimal involvement, 
the dose ranged from 12 to 15 Gy. The patients who were 
found to have gross (macroscopic) involvement, the dose 
ranged from 15 to 20 Gy. A dose between 10 and 20 Gy 
was considered a safe dose with minimal postoperative 
side effects (4). 

After the application of IORT, the HIPEC was performed 
using the open abdomen technique (16). The abdominopelvic 
cavity was copiously lavaged with normal saline or sterile 
water prior to HIPEC. Three inflow drains were positioned 
below both hemidiaphragms and in the pelvis, whereas 
two outflow drains were put superiorly. All drains were 
connected to an extracorporeal closed sterile circuit 
perfusion machine. All patients received gemcitabine at a 
dose of 1000 mg/m2. Body surface area was calculated 
based on Mosteller formula (17). Gemcitabine was diluted 
in a solvent of 0.9% normal saline solution 1.5 L/m2 
and infused intraoperatively over 60 minutes (18). It was 
supplemented to the perfusate and allowed to circulate 
in the abdominopelvic cavity for 60 min at 40-42°c. 
The heated perfusate plus chemotherapy was achieved 
by means of a heat exchanger connected to the sterile 
circuit. Intraperitoneal temperature was continuously 
checked by thermometers situated in the abdominopelvic 
cavity to ensure maintenance of 41.0–42.2 °c. During the 
HIPEC procedure, hemodynamic and cardiopulmonary 
parameters were continuously and carefully monitored. 
At the end of the HIPEC procedure, the abdominopelvic 
cavity was again copiously lavaged with normal saline or 
sterile water. All drains were taken out intraoperatively 
and JP drains were inserted as indicated. All patients 
were moved to the intensive care unit for 1–3 days and 
afterwards transferred to wards for recovery. 

The survival rate was detected either from the date of 
operation till last time the patient presented during the 
follow up or till the patient’s death.
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Results 
This study was carried out on 5 patients. Their median 

age was 51 years (range 25–63 years). They were two 
males and three females. The patient’s age and gender 
are shown in (Table 1). The data concerning the IORT data 
and doses given intraoperatively are shown in (Table 2).

Case 
Number

Gender Age 
(years)

CA19-9 (U/L)
(Normal range 0-27)

1 Female 63 180

2 Male 60 44

3 Male 57 57

4 Female 25 17

5 Female 49 12

Table 1: Patient’s Demographics

Case 
Number

Cone size 
(cm)

Beveled 
angle (deg)

Dose 
received, 

(cGy)

Energy 
used
(MeV)

Bolus (cm) Total depth 
(cm)

PDD (%) MU 
Delivered

1 8.5 30 1000 12 0.5 2.8 90 971

2 8 30 1000 12 0.5 2.8 90 931

3 8 15 1500 12 0.5 3 95 1338

4 7 30 1000 9 0.5 2 95.3 769

5 10 30 1200 9 0.5 2.2 90 1269

Table 2: Data of IORT given

All the patients had surgical removal of their tumor 
(Whippel’s procedure in 3, subtotal distal pancraetectomy 
with splenectomy in one and total peritonectomy, 
subtotal distal pancreatectomy, splenectomy, greater 
omentectomy, transverse colectomy, total abdominal 
hysterectomy with bilateral salpingio-oophorectomy, 
rectosigmoid resection with pelvic exenteration, low 
anterior resection with iliorectal anastomosis and 
appendectomy in one) with the addition of IORT which 
was applied to the tumor bed after separation of the 
duodenum and pancreas away from the field of radiation. 
The median of the operative time was 5.5 hours (range 
5–9 h). The operative data regarding the procedure, 
peritoneal carcinomatosis index (PCI), cytoreduction 
completeness (CC) and chemotherapy used in HIPEC are 
shown in (Table 3). The tumors were 3 pancreatic cancer, 
one pseudo-papillary tumor of the pancreas and one 
pancreatic mucinous cystadenoma with carcinomatosis. 
The histopathological results are shown in (Table 4). The 

Case 
Number

Surgical procedure Peritoneal 
Carcinomatosis 

index (PCI)

Cytoreduction 
completeness 

(CC)

Chemotherapy 
given during 

HIPEC

1 Whipple’s operation plus appendectomy 2 0 Gemcitabine 1000 
mg/m2

2 Whipple’s operation plus appendectomy 2 0 Gemcitabine 1000 
mg/m2

3 Whipple’s operation plus appendectomy 0 0 Gemcitabine 1000 
mg/m2

4 Subtotal distal pancraetectomy, splenectomy, 
appendectomy and cholecystectomy

3 0 Gemcitabine 1000 
mg/m2

5 Total peritonectomy, posterior pelvic 
exenteration with total abdominal 
hysterectomy and bilateral salpingo-
oophrectomy, total colectomy with iliorectal 
anastomosis, subtotal distal pancraetectomy, 
omentectomy, splenectomy, and 
appendectomy

14 0 Gemcitabine 1000 
mg/m2

Table 3: Operative data, PCI, CC and chemotherapy used
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average postoperative hospital stay was 13.5 days (range 
10–90 days). All patients tolerated the procedure without 
in-hospital mortality. One patient had minor pancreatic 
leakage and treated conservatively. The fifth patient spent 
about 90 days postoperative as she developed portal vein 
thrombosis associated with bowel ischemia and acute 
renal failure with ascitic fluid. All these complications 
were treated conservatively and the patient improved 
much and will start the postoperative chemotherapy as 
planned. No patient received preoperative chemotherapy. 
The first and second patients received postoperative 
chemotherapy and the fifth patient will start soon. All 
patients were followed up regularly. During the follow up 
visits, all patients had physical examination, complete 
laboratory tests with tumor markers and CT scan. Our 
follow up protocol for such patients is every 3 months for 
the first 2 years, then every 6 months for the following 
2 years, then annually. All patients are doing well so 
far without local recurrence or distant metastases with 
overall survival rate of 100% with median follow up period 
of 8 months (range 4-12 months). 

Discussion
Pancreatic cancer is the fourth commonest cause 

of cancer related mortality (19, 20). Surgery is the only 
potential method for cure (21). Inspite the improvemnent in 

the surgical techniques, resulting in increased resection 
rates and decrease in surgery related morbidity and 
mortality, it failed to increase long term survival (22). At 
presentationn about 10-20% of patients are amenable 
for curative resection, 40% has locally advanced disease 
and 40% have distant metastases (20). Histologically, less 
than 15% of patients who had curative resection has 
negative lymph nodes, more than 50% of these patients 
has positive lymph nodes for tumor and more than 
50% has nerve plexus infiltaration (5, 6). With the use of 
molecular biological methods, up to 60% of lymph nodes 
priviously diagnosed to be free of cancer cells showed 
micrometastses (6, 23). Nerve plexus invasion around the 
pancreas was diagnosed in about 43-72% of patients 
(24, 25). Moreover, after meticulous histological evaluation 
of the lymphatic vessels around the pancreas, most of 
them were found to be infiltrated with cancer cells (6, 

25). Consequently, locoregional recurrence and/or distant 
metastases develop in the majority of patients after 
curative resection. Relapses occurs within 9-15 months 
and 5-year survival rate after resection is nearly 10% (21). 

In most of the reports evaluating pancreatic cancer 
management emphasises the role of complete surgical 
resection to improve the prognosis compared with 
patients who had resedual tumor (5, 21). Combined 
modality treatment using neoadjuvant chemotherapy or 

Table 4: Pathological results and staging 
x=unable to assess, NA=no available data, M0=no distant metastasis.
T1=tumor<2cm in greatest dimension, limited to the pancreas.
T2=tumor>2cm in greatest dimension, limited to pancreas/duodenal wall.
T3=tumor extend beyond pancreas/duodenum but without involvement of celiac or superior mesenteric artery.
T4=tumor involving celiac or superior mesenteric artery (unresectable primary).
N1=regional lymph node involvement.

Case 
Number

Tumor type Tumor size 
(cm)

Degree of 
differentiation

Perineural 
invasion

Vascular 
invasion

TNM stage

1 Pancreatic 
adenocarcinoma

2 Invasive, moderately 
differentiated

Yes No T3 N0 Mx

2 Pancreatic 
adenocarcinoma

2 Invasive, moderately 
differentiated

Yes No T1 N0 Mx

3 Pancreatic tumor 6 High degree dysplasia 
of pancreatic duct, 
chronic autoimmune 
pancreatitis. PanIN-1A 
noted

NA NA NA

4 Pseudo-papillary 
tumor of the 
pancreas

18 NA No No NA

5 Pancreatic mucinous 
cystadenocarcinoma 
with carcinomatosis

14 NA NA NA NA
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chemoradiation therapy with complete surgical resection 
are cosidered the main strategy for the mangement of 
pancraetic cancer (7, 26, 27). Novel systemic chemotherapy 
regimens have proved to improve survival in advanced 
cases but not long-term survival (28, 29). 

Several reports studied the radiation therapy dose 
esclation and showed improvement in the locoregional 
tumor control after curative tumor resection (8, 30). The use 
of external beam radiation therapy (EBRT) in pancreatic 
cancer is unable to deliver adequate therapeutic dose 
of irradiation with the limit of the nearby radiosensitive 
organs as small bowel, spinal cord, liver and kidneys 
which limits its use. The development of intraoperative 
radiotherapy (IORT) techniques allow the delivery of 
high doses of radiation therapy to the targeted area 
with exclusion of the nearby radiosensitive organs. This 
guarnttee the delivery of sufficient radiation to the target 
areas safely without any toxicity. This actually improve 
the local tumor control (8, 31). In resectable pancreatic 
cancer, IORT improved local control and survival after 
resection (4, 8). Early reports from Kyoto evaluated the 
results of resection followed by IORT. The doses of IORT 
used ranged between 25–30 Gy (32). Another report from 
a study retrospectively evaluated 159 patients treated 
with IORT in addition to postoperative EBRT. This study 
showed improved local control at one and two years 
follow up (33). The application of IORT after surgery did not 
increase perioperative complication. All reports suggest 
that IORT may be delivered safely even in combination 
with surgical resection (30). Selection of radiation doses 
for IORT were detected by studying human tissues 
tolerance (8, 34). These studies have proven both the safety 
and feasibility of the IORT doses on human tissues. In a 
prospective study performed on 24 patients who received 
randomisely IORT dose 20Gy. These patients showed a 
significant improvement in both local control and median 
overall survival (35). Most reports that studied the effect of 
IORT in resectable pancreatic cancer were retrospective. 
Nearly all of them show a benefit for patients who receive 
IORT in reducing the locoregional recurrence by 40–80% 
(35-41). Zerbi et. al. reported 90 patients who underwent 
resection, 43 patients received IORT in addition to surgical 
resection. IORT doses were between 12.5 and 20 Gy. 
Results revealed no difference in operative mortality and 
early postoperative complications. Local recurrence in 
patients who received the IORT with surgical resection 
was 27% compared to 56% in the patients who had 
surgical resection only without statistically significant 
difference in overall or disease free survival (36). Another 
study evaluated 46 patients, of which the last 26 received 
IORT and adjuvant EBRT. Medium survival was 10.8 
month in the surgery group and 14.4 month in the surgery 
and IORT group (p = 0.06). The 5-year local control was 

significantly better in the IORT group with 30% vs. 58% 
(p < 0.01). Multivariate analysis demonstrated that IORT 
was an independent prognostic factor for local control 
(37). Reni et al. evaluated a larger series with 127 patients 
received IORT after surgery and compared them to 76 
patients with surgery alone. As in the other studies no 
additional operative morbidity and mortality was observed 
due to the addition of IORT. In Stage I and II disease IORT 
significantly delayed both the local recurrence and time 
to metastases and prolonged the overall survival (38). 
Additional data from 2 larger multi-institutional series 
confirmed the favorable effect of IORT on local control (39, 

41). They all showed an improvement in local control due to 
IORT without additional operative morbidity or mortality.

CRS combined with HIPEC is considered the standard 
of care in patients with peritoneal carcinomatosis of 
colorectal or appendiceal origin because it has been 
proved to be safe with acceptable morbidity and 
low mortality rates (9, 10, 16, 42). Peritoneal metastases 
are present in about 40% of patient diagnosed with 
pancreatic cancer, but free intraperitoneal tumor cells are 
detected in an additional one third of the patients without 
visible peritoneal surface metastases (43, 44). The progress 
in the success of CRS and HIPEC and the probability to 
have microscopic cancer cells associated with pancreatic 
cancer has led to the application of this procedure in the 
patients presented with resectable pancreatic cancer. 
The resection of all macroscopically visible tumors, 
completeness of cytoreduction (CC) (16, 45), the extent of 
peritoneal carcinomatosis assessed by (PCI) (9, 16, 46) and 
tumor grade have all significantly affect the patient long 
term survival (10, 47, 48). Gemcitabine has been shown to 
improve survival in patients with resectable pancreatic 
cancer as adjuvant chemotherapy (49). It has been tested 
and shown to concentrate at the peritoneal surface, 
while the plasma concentration remains low (50, 51). The 
role of CRS and HIPEC in resectable pancreatic cancer 
was studied and the results has shown improvement in 
controlling loco-regional recurrence(52). CRS and HIPEC 
has been reported to offer long term survival in one 
patient with an intraductal papillary mucinous tumor of 
the pancreas with peritoneal carcinomatosis (11). This 
suggested that highly selected patients with pancreatic 
carcinoma and carcinomatosis may have survival benefits 
if complete cytoreduction can be achieved. This was 
applied with the fifth patient in our series. 

The first publication to combine both IORT and HIPEC 
with CRS came from Netherlands and was applied on 
five patients with locally advanced rectal cancer with 
synchronous peritoneal carcinomatosis (53). Their results 
showed that the combination of CRS with HIPEC and 
IORT appeared to be feasible and well tolerated. The 
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observed complications did not differ from the morbidity 
associated with extensive pelvic surgery without HIPEC 
or IORT. They also recorded no perioperative mortality. 
One patient died after 11 months of recurrent disease. 
All other patients are alive with one patient already 
surviving 38 months (53). 

Conclusion 
This report recommends the application of combined 

therapy of CRS, IORT and HIPEC to be applied for all 
patients presented with resectable pancreatic cancer. 
This must be done by well experienced surgeons in well 
experienced and equipped centers to achieve the best 
results. The current publication does not aim to draw 
conclusion because of the small number of patients but 
it indicates the feasibility to have this comprehensive 
combined treatment for resectable pancreatic cancer 
which proved to be safe without increasing the patient’s 
morbidity or mortality and proved to have better prognosis 
regarding the locoregional control and the overall 
survival. 
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