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RESEARCH ARTICLE

The effect of hyperthermic intraoperative intraperitoneal chemotherapy (HIPEC)
as an adjuvant in patients with resectable pancreatic cancer
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and Christos HristakisbQ1
aDepartment of Surgical Oncology, Metropolitan Hospital, Programme of Peritoneal Surface Malignancy, Athens, Greece; bDepartment of
Surgical Oncology, Euromedica Kyanous Stavros, Thessaloniki, Greece

ABSTRACT
Background – aims: The long-term survival of pancreatic cancer is poor even after potentially curative
resection. The incidence of local-regional failures is high. There is evidence that hyperthermic intraperi-
toneal intraoperative chemotherapy (HIPEC) is effective in controlling the local-regional failures. The
purpose of the study is to identify the effect of HIPEC after surgical removal of pancreatic carcinoma.
Patients – Methods: Prospective study including 33 patients with resectable pancreatic carcinomas.
All patients underwent surgical resection (R0) and HIPEC as an adjuvant. Morbidity and hospital mortal-
ity were recorded. The patients were followed-up for 5 years. Survival was calculated. Recurrences and
the sites ofQ3 failure were recorded.
Results: The mean age of the patients was 67.8 ± 11.1 years (38–86). The hospital mortality was 6.1%
(two patients) and the morbidity 24.2% (eight patients). The overall 5-year survival was 24%. The mean
and median survival was 33 and 13 months, respectively. The median follow-up time was 11 months.
The recurrence rate was 60.6% (20 patients). Three patients were recorded with local-regional failures
(9.1%) and the others with liver metastases.
Conclusions: It appears that HIPEC as an adjuvant following potentially curative resection (R0) of pan-
creatic carcinoma may effectively control the local-regional disease. Prospective randomised studies are
required.
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Introduction

Surgical resection of pancreatic cancer is the single poten-
tially curative treatment option [1–4]. The overall 5-year sur-
vival rate is very poor and does not exceed 10–15% [5–7].
Survival as high as 20–25% has been exceptionally reported
from high volume centres [8,9].

The main problem of pancreatic cancer is the low
resectability rate that does not exceed 10–15% of the diag-
nosed tumours [1–4]. A significant number of these
tumours are unresectable because they infiltrate major ana-
tomic vessels. In addition, other locally resectable tumours
present with distant and unresectable metastases at the
time of initial diagnosis. Long-term survival may be
increased either if the proportion of patients with locally
unresectable tumours decreases or if treatments that may
control recurrence are developed, and especially the local-
regional ones.

The sites of recurrence after curative resection are the
liver in 50–60%, the peritoneal surfaces in 40–50%, and the
pancreatic bed in 50% of the cases [10]. The metastatic
lesions may either be the result of undetected cancer emboli
on laparotomy or imaging or it may be tumour dissemination
during surgical manipulations at narrow limits of resection

[11]. If the latter is true intraperitoneal chemotherapy may be
effective by decreasing the number of local-regional recur-
rences. Intraperitoneally administered chemotherapy has
been shown to eradicate the microscopic residual cancer
emboli in diseases with peritoneal malignancy. The most
characteristic of them are tumours of the gastrointestinal
tract with peritoneal carcinomatosis [12], pseudomyxoma
peritonei [13], peritoneal mesothelioma [14], peritoneal sar-
comatosis [15], or locally advanced ovarian cancer [16].
However, the beneficial effect of HIPEC in peritoneal sar-
comatosis has been debated [17]. In other publications the
role of HIPEC in ovarian cancer does not appear to be clear
[18] or the role of EPIC does not seem to improve survive
when used additionally to HIPEC [19].

Preliminary results after potentially curative resection of
pancreatic cancer in combination with HIPEC are encouraging
and show that loco-regional failures may be eliminated [20].

The purpose of the study is to identify the effect of HIPEC
as an adjuvant after potentially curative surgery in patients
with pancreatic carcinomas. The main objectives of the study
are to identify (1) the overall survival and (2) the number of
recurrences as well as the sites of failure. The hospital mortal-
ity and morbidity with special emphasis to toxicity of gemci-
tabine is the secondary objective.
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Patients – methods

This is a prospective study designed in April 1999 and modi-
fied in April 2007 by excluding patients with peri-ampullary
tumours who were included in the initial design. Patients
with resectable pancreatic carcinomas that did not have dis-
tant metastases as assessed by routine preoperative staging
(physical examination, CT-scan, MRI, and bone scanning)
were included. The study was approved by the Ethical
Committee of the Hospital and patients signed an informed
consent prior to accepting the treatment.

The diagnosis was possible by physical examination, hae-
matological–biochemical examination, tumour markers (CEA,
CA 19–9, and CA-125), endoscopy, CT-abdominal and thoracic
scanning, or MRI, and bone scanning.

Patients between 16 and 90 years of age, with acceptable
cardiopulmonary function, satisfactory renal function (blood
urea level <50mg/dl, and creatinine level <1.5mg/dl), satis-
factory liver function (other than hepatobiliary obstruction),
white blood cell count >4000/ml, platelet count >150.000/
ml, and acceptable performance status (Karnofsky perform-
ance status >50%) were included in the study.

Patients with evidence of distant metastatic disease (liver,
osseous, brain, and pulmonary), those who had previously
been treated with systemic chemotherapy, with prior malig-
nancy at risk for recurrence (except for basal cell carcinoma
or in situ carcinoma of the cervix adequately treated), with
poor performance status (Karnofsky scale <50%), with psychi-
atric diseases or addictive disorders, and pregnant women
were not included in the study.

Treatments

Patients with cancer of the head of the pancreas underwent
subtotal pancreatoduodenectomy (Kausch–Whipple proced-
ure) while those with tumours of the body or tail underwent
distal (left) pancreatectomy. HIPEC was performed for 60min
at 42.5–43 �C with gemcitabine at a dose of 1000mg/m2 after
tumour resection and before the reconstruction of the ali-
mentary tract. HIPEC was possible with the Coliseum tech-
nique (open abdominal). A heater circulator with two roller
pumps, one heat exchanger, one reservoir, an extracorporeal
system of two inflow and two outflow tubes, and four ther-
mal probes was used for HIPEC (Sun Chip, Gamida Tech,
Villejuif, France). A prime solution of 3 l of Normal Saline was
instilled prior to the administration of the cytostatic drug. As
soon as the mean abdominal temperature exceeded 40 �C,
gemcitabine was administered in the abdominal cavity.

During perfusion, adequate fluids were administered
in addition to dopamine 3 lg/k. bw, in order to maintain
diuresis at 500ml/h. Dopamine was also used for 24 h after
surgery at the same dose to maintain diuresis at the
same levels.

The reconstruction of the alimentary tract was always
made after the completion of HIPEC. This was possible with
an end-to-side pancreato-jejunal anastomosis, an end-to-side
choledocho-jejunal anastomosis in continuity, and a Roux-
en-Y gastro-jejunal anastomosis at 60 cm with a second

jejunal loop after subtotal pancreatoduodenectomy. After dis-
tal pancreatectomy, the resection line of the remnant of the
pancreas was always sutured with 3.0 silk.

All resected specimens were sent for histopathological
examination and definitive staging. The intra-operative and
postoperative complications were carefully recorded and
treated. Stage III patients were scheduled to receive add-
itional systemic chemotherapy with gemcitabine and 5-FU.

Follow-up

All patients were followed-up at 3-month intervals for the
first year and at 6-month intervals later with physical examin-
ation, haematological–biochemical examinations, tumour
markers (CEA, CA 19–9, and CA-125), CT abdominal and thor-
acic scanning or MRI. Recurrences and the sites of recurrence
were recorded.

Statistical analysis

The variables that were correlated to survival were the gen-
der, the anatomic distribution of the tumour, the perform-
ance status, the pT, the pN, the pTNM stage, the degree of
differentiation, and the use of adjuvant chemotherapy. The
proportion of patients with a given characteristic was com-
pared by chi square analysis or by Pearson’s test. Differences
in the means of continuous measurement were tested by
Student’s t-test. The survival curves were obtained using the
Kaplan–Meier method. Cox’s regression model was used for
multiple analysis of survival. A two-tailed p values <.05 was
considered statistically significant.

Results

From April 2007 to April 2016, 33 patients with resectable
pancreatic cancer were included in the study. The mean age
of the patients was 67.8 ± 11.1 years (38–86). The characteris-
tics of the patients are listed in Table 1. Histopathology con-
firmed that all patients had ductal pancreatic carcinomas and
complete pathologic staging was possible (Table 1).

During the postoperative period (45 days), eight patients
(24.2%) were recorded with complications which are listed in
Table 2. One patient with postoperative bleeding was
re-operated immediately and bleeding was successfully con-
trolled. Another patient with anastomotic failure also
required re-operation because of failure of the choledocho-
jejunal anastomosis which was successfully controlled by
T-tube insertion. The remaining two patients with anasto-
motic leaks were successfully treated conservatively. As a
consequence, the re-operation rate was 6.1%. One patient
was recorded with grade II neutropenia that did not require
any specific treatment. The mean blood loss was 320 ± 200ml
(80–820). The mean operative time was 388± 120min
(185–592). The mean number of transfused units of FFP’s was
3 ± 2 (0–8), and the mean number of transfused blood units
was 2 ± 2 (0–4).

The hospital mortality rate was 6.1% (two patients). One
of them died because of acute respiratory distress syndrome
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and the other because of sepsis with an unknown primary
site. The mean hospital stay was 17 ± 7 (9–45) days.

The overall 5-year survival rate was 24%. The 1-, 2-, and 3-
year survival rate was 46.7%, 37.6%, and 28%, respectively.
The mean and the median survival time were 33 ± 6 and 13
months, respectively (Figure 1). The degree of differentiation
(p¼ .031) and the use of adjuvant systemic chemotherapy
(p¼ .036) were found to be related to survival. Eighteen
patients (54.5%) received additional adjuvant systemic
chemotherapy with gemcitabine and 5-FU. The median sur-
vival of the patients that received systemic chemotherapy
was 25 months and of those that did not receive was 11
months. The degree of differentiation was the single prog-
nostic indicator of survival (HR ¼ 5.891, p¼ .015, 95% CI
¼1.187–5.018).

One patient with stage II disease and another with stage I
died during the immediate postoperative period. The median
disease-free survival time was 9 months. The median follow-
up time was 11 months. During the follow-up, 20 patients
(60.6%) were recorded with recurrence. One of them was
T2N1 stage, seven were T3N0 stage, and 12 were T3N1 stage.
Liver metastatic disease was recorded in 17 patients (51.5%)
and local-regional metastases in 3 (9.1%). All patients with
local-regional recurrences were found to be stage T3N1.
Currently eight patients (24.2%) are alive without disease, 19
patients (57.6%) died due to disease recurrence, five patients

(15.2%) died of other causes unrelated to cancer, and one
patient (3%) is still alive with disease 3 years after initial
treatment. Histopathologically the disease-free patients were
T1N0 (one patient), T2N0 (two patients), T2N1 (one patient),
T3N0 (one patient), and T3N1 (three patients). It is of import-
ance to note that there are three long-term survivors (more
than 5 years) without disease. One of them was stage T1N0,
another was stage T3N0, and another one was stage T3N1.

Discussion

In 1985, the Gastrointestinal Study Group reported that che-
moradiation offers significant survival benefit in patients with
pancreatic cancer after surgical resection [21]. A decade later
a similar study conducted by EORTC did not confirm the
same results [22]. In 2004 the ESPAC prospective randomised
study showed that in patients with potentially curative resec-
tion of pancreatic cancer chemotherapy only offered signifi-
cant survival benefit [23]. More recent publications showed
that chemoradiation is effective offering significant survival
benefit in patients with resectable pancreatic carcinomas
[24]. In Europe, in addition to surgery, the standard of care is
chemotherapy with gemcitabine. In USA, chemoradiation is
recommended.

Despite newly developed chemotherapeutic regimens that
have shown significant increase in survival, the prognosis of
pancreatic cancer still remains poor [25,26]. In addition, the
relevant literature about adjuvant treatments in pancreatic
cancer conducts to contradictory conclusions and the optimal
treatment remains controversial. Unquestionably, it is likely
that even radical surgery alone is not adequate to definitely
treat patients with pancreatic cancer and effective adjuvant
treatment is required [27,28].

The pathophysiology of local-regional recurrence remains
unclear. It has been assumed that surgical resection of a
tumour located in narrow limits results in local-regional
recurrence because cancer emboli from interstitial tissue
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Table 1. General characteristics of 33 patients with pancre-
atic cancer.

No of patients %

Male/female 14/19 42.4/57.6
Tumour anatomic distribution
Head 26 78.8
Body 2 6.1
Tail 4 12.1
Mixed 1 3

Performance status
90–100% 25 75.8
70–80% 7 21.2
50–60% 1 3

Tumour infiltration
T1 2 6.1
T2 3 9.1
T3 28 84.8

Nodal infiltration
N0 13 39.4
N1 20 60.6

G
G1 6 18.2
G2 18 54.5
G3 9 27.3

TNM stage
I 4 12.1
II 9 27.3
III 20 60.6

Table 2. Postoperative complications.

No. of patients %

Postoperative bleeding 1 3
Acute respiratory distress syndrome 2 6.1
Anastomotic leak 3 9.1
Sepsis 1 3
Grade II neutropenia 1 3

Figure 1. Overall survival in 33 patients with pancreatic carcinomas undergoing
R0 resection in combination with HIPEC
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trauma, or severed lymphatics, or venous blood loss dissem-
inate in the traumatised peritoneal surfaces of the abdominal
cavity. These emboli are entrapped in fibrin, and, during
wound healing, stimulated by growth factors give rise to
recurrent tumours after 2–3 years following initial surgical
manipulations [11].

Intraperitoneal chemotherapy has been shown to be
effective in eradicating residual cancer emboli in several
abdominal and pelvic malignancies with peritoneal carcin-
omatosis either as hyperthermic intraoperative or as early
postoperative normothermic one [12–16,29]. The advantage
of intraperitoneallly used chemotherapy is the high drug
level that can be achieved by low systemic exposure [30]. As
a consequence, intraperitoneal chemotherapy appears to be
a rationale alternative in eradicating the entrapped residual
cancer emboli after pancreatic cancer surgery. In addition,
intraperitoneal chemotherapy may have a favourable effect
in systemic circulation. It has been found that the measured
portal vein concentrations exceeded the measured concen-
tration in other vessels when 5-FU was administered intraper-
itoneally [31].

High-risk patients with pancreatic cancer undergoing
potentially curative resection have been effectively treated
with systemic adjuvant chemotherapy with gemcitabine [32].
Nevertheless, systemic chemotherapy has not been shown to
control local disease effectively. Laboratory and clinical stud-
ies have shown that the intraperitoneal use of gemcitabine
may effectively target local control. There is much evidence
from laboratory studies that the intraoperative intraperitoneal
use of gemcitabine may prevent the development of periton-
eal dissemination. In addition, it has been referred that the
extent of peritoneal carcinomatosis is reduced if early post-
operative intraperitoneal chemotherapy is used [33].

In a limited number of patients that underwent surgery in
Washington Hospital Centre, the data showed that intraperi-
toneally administered gemcitabine in combination with heat
at 1000mg/m2 in 3 l had marked local-regional exposure [34].
The area-under-the-curve ratio of concentration times time
for intraperitoneal to intravenous drug was 210 [35]. In a clin-
ical study in patients with advanced pancreatic malignancy,
intraperitoneal gemcitabine was well tolerated with no
toxicity [32].

The preliminary results of surgery and intraperitoneal
chemotherapy in pancreatic cancer patients from
Washington Hospital Centre have shown that there was no
haematologic toxicity [34]. Our preliminary data with the
intraperitoneal use of gemcitabine as an adjuvant have
shown that the method is well tolerated with minor toxicity
in only one patient [20]. This has been reproduced in our
final results with only one patient presenting grade II neutro-
penia that did not require any specific treatment. There has
been no evidence incriminating intraperitoneal gemcitabine
for three anastomotic leaks. From an international multicen-
ter study with HIPEC following distal pancreatectomy and
cytoreductive surgery, the method appears to be reasonable
with minor toxicity [36]. Advances in surgery, anaesthesia,
and perioperative care have resulted in significant decrease
of morbidity and hospital mortality especially in high-volume
centres even in elderly patients [37–39]. Although it is

obvious that all patients underwent treatment in a small-vol-
ume centre, the hospital morbidity and mortality are
acceptable.

There has been much evidence that there is a positive
effect on local-regional recurrence with the use of intraperi-
toneal gemcitabine [20,34]. The present study has recon-
firmed the above data once only three patients (9.1%) have
been recorded with local-regional recurrence. All these
patients were T3N1 stage. This histopathological finding con-
firms that locally advanced tumours have the tendency to
disseminate locally during surgery. However, there were one
patient T3N0, and three T3N1 patients who are still disease
free. This means that HIPEC may significantly eliminate the
risk of local-regional recurrence in high-risk patients. On the
contrary, the overall 1-, 2-, 3-, and 5-year survival rate has
been found to be 46.7%, 37.6%, 28%, and 24%, respectively,
which is similar to survival that has been reported from high-
volume centres [24,40]. The weak point of the study is the
short time of follow-up and the small number of the
included patients. However, three patients live without dis-
ease more than 5 years.

Conclusions

The data possibly indicate that HIPEC as an adjuvant treat-
ment after potentially curative (R0) resection of pancreatic
cancer may effectively control the local-regional recurrence.
Prospective randomised studies are required for the docu-
mentation of these findings.

Disclosure statement

The authors report no conflicts of interest. The authors alone are respon-
sible for the content and writing of the article.
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