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Abstract. Pancreatic adenocarcinoma is one of the dead‑
liest types of cancer worldwide, with a 5‑year survival rate 
of 8% despite recent treatment advancements. The present 
systematic review aimed to investigate the role of hyperthermic 
intraperitoneal chemotherapy  (HIPEC) following surgical 
resection for pancreatic adenocarcinoma, with or without peri‑
toneal carcinomatosis. A systematic search of the MEDLINE 
and SCOPUS electronic databases was performed according 
to PRISMA guidelines. All possible relevant articles published 
between January 1980 and May 2019 were retrieved using 
multiple search terms associated with HIPEC and pancreatic 
adenocarcinoma. The initial search resulted in 1,244 reports, 
which condensed to 41 reports following screening of titles 
and abstracts, and subsequently to four  reports following 
full‑text thorough examination. The four  reports included 
involved a prospective cohort study of HIPEC use in resect‑
able pancreatic adenocarcinoma, and three retrospective 
studies of HIPEC use following cytoreductive surgery for 
peritoneal carcinomatosis due to pancreatic adenocarcinoma, 

resulting in a total of 47 patients. The overall survival ranged 
between 2 and 62 months, and the hospital mortality rate 
was 8.5%. Morbidity (34%) was mainly attributed to anasto‑
motic leak or respiratory failure. Due to the small sample size 
and low quality of evidence of the included studies, no valid 
conclusions could be drawn. Therefore, further studies are 
required to justify the use of HIPEC as an adjuvant therapy 
in resectable pancreatic adenocarcinoma, while cytoreductive 
surgery and HIPEC in peritoneal carcinomatosis of pancreatic 
origin seems not only not useful but also unsafe at this level 
of evidence.

Introduction

Despite its relatively low incidence, pancreatic adenocarci‑
noma is the fourth deadliest cancer in the West and eighth 
worldwide, with a 5‑year survival rate of only 8% following 
initial diagnosis (1‑7). Complete surgical resection at an early 
stage is the only treatment option with a curative potential (8,9); 
however, lack of early symptomatology makes this effort 
feasible for <20% of newly diagnosed patients (10‑13). The 
remaining cases are considered to have unresectable locally 
advanced, borderline resectable, or metastatic disease (14). In 
this setting, the introduction of neoadjuvant chemotherapy or 
radiochemotherapy seems to offer potential advantages, such 
as the increase of the R0 resection rates in borderline resectable 
tumors or the conversion of locally advanced tumors to resect‑
able ones (14). Examples of neoadjuvant chemotherapy that 
have been successfully used in the setting of pancreatic cancer 
includes FOLFIRINOX regimen (leucovorin, fluorouracil, 
irinotecan, oxaliplatin) or gemcitabine‑based chemotherapy 
or capecitabine‑based chemotherapy (14). The dissemination 
pattern of pancreatic adenocarcinoma is through its micro‑
environment, which plays a crucial role to local invasion of 
anatomical structures, lymphatics and blood vessels, leading 
to early metastases (15).

Pancreatic adenocarcinoma can also lead to peritoneal 
carcinomatosis (PC) (4,16,17). Peritoneal metastases are the 
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second most common following liver metastases and are found 
in half of the patients at the time of death due to pancreatic 
adenocarcinoma (18,19). Additionally, 20‑30% of pancreatic 
cancer patients with no metastases have malignant cells in 
the peritoneal cavity (18). Also, following curative resection, 
one‑third of the patients develop peritoneal metastases and 
75% of them have local recurrence (19,20). In this respect, 
a number of highly selected patients with locoregional 
pancreatic adenocarcinoma with or without peritoneal metas‑
tases, and without evidence of systemic disease, has been 
treated with cytoreductive surgery and hyperthermic intra‑
peritoneal chemotherapy (CRS/HIPEC)  (21). CRS/HIPEC 
has been introduced in the past three decades and has led 
to favorable 5‑year survival rates in several PC patholo‑
gies (22‑24). Pseudomyxoma peritonei was the first indication 
for CRS/HIPEC  (25). In addition, CRS/HIPEC has been 
demonstrated to offer improved outcomes in PC of colorectal 
origin for selected patients (26‑28). There are similar results 
from retrospective studies involving pathologies of ovarian 
and gastric origin that have led to clinical trial assess‑
ments (23,29,30). However, whether this treatment approach 
offers any benefit in locoregional (with or without peritoneal 
metastases) pancreatic adenocarcinoma without evidence of 
systemic disease remains unclear.

The present systematic review aimed to investigate whether 
HIPEC can be used to effectively treat pancreatic adenocarci‑
noma, with or without peritoneal carcinomatosis.

Materials and methods

Search strategy. A systematic search was performed on the 
medical literature in MEDLINE and SCOPUS databases, 
between January 1980 and May 2019, guided by the PRISMA 
protocol (31,32). All retrieved articles were initially screened 
for relevant titles and abstracts, and full‑text inspection 
followed. Medical Subject Heading (MeSH) terms and text 
words were used based on the following search strategy: 
Group A terms: ‘crs’ OR ‘cytoreduction’ OR ‘cytoreductive 
surgery’ OR ‘debulking’ OR ‘hipec’ OR ‘hyperthermic intra-
peritoneal chemotherapy’. Group B terms: ‘pancreas’ OR 
‘pancreatic’. Group A and group B terms were combined and 
no limits were applied.

Inclusion and exclusion criteria. The following criteria were 
applied to the articles retrieved from the search: i) Cohort studies 
on CRS/HIPEC or resection plus HIPEC treatment for pancre‑
atic adenocarcinoma, with or without peritoneal carcinomatosis, 
were included; ii) case reports were excluded; iii) histologies 
other than pancreatic adenocarcinoma were excluded; iv) articles 
that lacked outcome data were excluded; v) non‑human studies 
were excluded; and vi) review articles, meta‑analyses, and book 
chapters were excluded; however, their reference lists were used 
to retrieve any relevant studies of any publishing date.

Data collection and extraction. A total of three reviewers (AL, 
GZV, and KG) independently screened titles and abstracts 
of the retrieved studies. Articles classified as relevant were 
full‑text reviewed in order to identify studies to be included in 
the present systematic review. Disagreements were resolved by 
a third reviewer (EA).

All existing details were included and the following data 
were extracted: i) Demographics of population, including age 
and sex; ii) disease‑specific and clinical characteristics of 
population, including type and location of tumor, TNM staging, 
performance status and cytoreduction level, and iii) HIPEC 
characteristics, such as type of chemotherapeutic agent(s), 
type and quantity of the dialysate, temperature and duration 
of HIPEC. Details on methodology, inclusion and exclusion 
criteria, number of patients excluded or lost to follow‑up, and 
intervention and declaration of competing interests were also 
collected. A total of three reviewers (EA, GZV and KG) inde‑
pendently extracted data from the full version of the articles 
included in the present systematic review. Disagreements were 
resolved by a fourth reviewer (AL).

The primary outcome was overall survival (OS). All types 
of baseline and postintervention outcomes were recorded, 
including mean, median and 5‑year survival. Secondary 
outcomes were mortality and morbidity, including any local or 
systematic complication that were attributed to HIPEC.

Assessment of risk of bias and quality of the included studies. 
Due to the low prevalence of pancreatic adenocarcinoma and 
its short course, cohort studies without control groups and 
case series were the only evidence available. These sources 
are often considered among the lowest levels of evidence, thus, 
all observational studies were rated as fair or low quality. The 
summary of findings grades the quality of evidence as very 
low. A total of two different reviewers (AL and EA) performed 
the assessment of risk of bias, using a table formatted based 
on different tools (Table I), as there are currently no widely 
accepted tools to assess case series studies (33).

Statistical analysis. Statistical analysis was performed on the 
data from the included studies. Wherever feasible, outcomes 
regarding median survival were synthesized by pooling data 
for patients that underwent HIPEC. Due to the high hetero‑
geneity of the intervention, low quality of evidence and small 
sample size, a meta‑analysis was not performed.

Results

The search strategy yielded 1,244 articles following removal 
of duplicates. Of these articles, 1,203 were rejected according 
to the predefined criteria through title and abstract screening, 
and 41 articles remained for further assessment. Following 
full‑text review, 37 out of 41 articles were excluded as not rele‑
vant (n=2), no outcome data (n=4), preliminary report (n=1), 
reviews/editorials/book chapters (n=7), animal study (n=1), no 
CRS/HIPEC nor resection plus HIPEC treatment (n=8) and 
no pancreatic adenocarcinoma (n=14). The remaining four 
articles were included in the present study. The flow diagram 
of the selection process is presented in Fig. 1.

Of the four final reports included in this systematic review, 
one was a prospective cohort study of pancreatic adenocarci‑
noma cases treated with resection plus HIPEC (34), one was a 
retrospective cohort study of PC of pancreatic adenocarcinoma 
origin treated with CRS/HIPEC (35), and two were retro‑
spective cohort studies regarding PC cases that were treated 
with CRS/HIPEC and included some pancreatic adenocarci‑
noma cases (36,37). The work of Fujimura et al (37), was a 
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retrospective cohort regarding PC cases that were treated with 
CRS/HIPEC and included one pancreatic adenocarcinoma 
case. This study was not considered to be a case report; thus, 
this work did not meet exclusion criteria. The quality assess‑
ment of the included studies is presented in Table I.

The four studies included 47  patients with pancreatic 
adenocarcinoma treated with a combination of primary tumor 
resection and/or cytoreductive surgery plus hyperthermic 
intraperitoneal chemotherapy. The main data of the included 
studies are presented in Table II. Of the 47 patients, 33 received 
HIPEC as an adjuvant for resectable pancreatic adenocar‑
cinoma with no peritoneal disease (TNM  I:  4,  TMN  II: 
9, TNM III: 20), while the remaining 14 patients had PC of 
pancreatic origin and were treated with CRS/HIPEC. A total 
of nine cases had metachronous peritoneal metastases and five 
cases had synchronous ones. None of the studies included any 
type of comparison or control groups. The data regarding sex 
and age were missing in one study (36). The location of the 
original pancreatic tumor was available in 42 out of 47 cases 
(28 head, 2 body, 11 tail and 1 mixed). Regarding the HIPEC 
chemotherapeutic agent used, choices varied between mito‑
mycin C, cisplatin, etoposide, gemcitabine and combinations 
of these. Details regarding the characteristics of HIPEC, 
including open/closed technique, dosage of drug, dialysate, 
temperature and duration are presented in Table III.

The OS of pancreas‑originated PC cases (n=14) treated 
with CRS/HIPEC was reported individually for each patient, 
with a median survival of 12 months (range 2‑62 months). 
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Figure 1. Preferred reporting items for systematic reviews and meta‑analyses 
flow diagram for the selection of reports included in the present study. CRS, 
cytoreductive surgery; HIPEC, hyperthermic intraperitoneal chemotherapy; 
adenoCa, adenocarcinoma.
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The group of 33 patients with pancreatic adenocarcinoma 
and no PC had an overall mean and median survival of 33±6 
and 13 months, respectively; the 5‑year survival was 24%, 
with a median follow‑up of 11 months. The recurrence rate 
was 60.6%  (20/33  patients), whereby three  patients had 
local‑regional failure and the remaining 17 had liver metas‑
tases. Detailed information on the overall morbidity (34%) and 
mortality (8.5%) rates are presented in Tables II and IV.

Discussion

Standard treatment for pancreatic adenocarcinoma includes 
surgical resection, along with neoadjuvant and/or adjuvant 
chemotherapy or chemotherapy alone, depending on whether 
the tumor or the disease is amenable to resection following 
initial diagnosis  (3). Despite advancements in operative, 
anesthetic and chemotherapeutic fields, there has been little 
improvement in the patients' prognosis(1,2,5). Peritoneum is 
the second most common site of metastases among pancre‑
atic adenocarcinoma patients and is found to have metastatic 
disease in >9% of the cases following initial diagnosis (19,38). 
A percentage of 42.5%  of these cases are found to have 
peritoneum as the only site of metastases (38). Additionally, 
9‑12% of pancreatic adenocarcinoma patients are found to 
have peritoneal metastases as the only metastatic site during 
staging laparoscopy  (39‑41), Also 20‑30%  of pancreatic 
adenocarcinoma patients, with no metastases, have positive 
for malignant cells peritoneal washing cytology (18). Finally, 
one‑third of the patients develop peritoneal metastases and 
75% of them have local recurrence, following initial curative 
resection (19,20). In this respect, HIPEC, a method to deliver 
the chemotherapeutic agents intraperitoneally, may offer an 
alternative to improve survival in select patients with pancre‑
atic adenocarcinoma (34).

The perioperative intraperitoneal administration of chemo‑
therapy seems to provide high concentrations of the drug by 
targeting the site of disease, whilst detouring systemic side 
effects (42). Administering heated chemotherapy is thought to 
facilitate the process of cytotoxicity both by a direct effect on 

tumor cells and by potentiating the effect of the chemothera‑
peutic drug (42).

CRS/HIPEC has been used to treat PC for the past 
35 years. Tumors that used to be considered unresectable may 
receive CRS/HIPEC with a clear survival benefit, depending 
mainly on the histology of the primary disease, the abdominal 
burden of the disease, expressed as peritoneal carcinomatosis 
index  (PCI) score  (43,44), and the completeness of cyto‑
reduction  (CC) expressed as CC‑score  (45), among other 
factors (22‑24,27). One of the less investigated histologies is 
that of pancreatic adenocarcinoma. The purpose of this study 
was to determine whether HIPEC has a positive effect in the 
treatment of pancreatic adenocarcinoma. The results presented 
here demonstrate that no valid conclusions can be made, both 
for the concept of treating peritoneal carcinomatosis of pancre‑
atic adenocarcinoma origin with CRS/HIPEC, and for the 
concept of adjuvant (prophylactic) HIPEC for non‑peritoneal 
carcinomatosis resectable pancreatic adenocarcinoma. This 
is a hugely controversial subject in terms of effectiveness and 
safety, especially regarding the approach of CRS/HIPEC for 
PC of pancreatic origin.

Notably, there is a series of patients with prophylactic use 
of HIPEC after R0 resection of pancreatic adenocarcinoma 
without peritoneal disease (34). This approach is innovative 
in pancreatic cancer treatment. The survival results are among 
the highest in the pancreatic cancer literature. However, these 
results should be perceived with the greatest possible caution 
in terms of stage relative survival, reproducibility, morbidity, 
and mortality since the methodology of the study (no control 
group) is not able to strongly support the data.

A limitation of the present systematic review is the small 
sample size published on HIPEC and pancreatic adenocarci‑
noma. The exhaustive, systematic search of the databases only 
yielded 47 patients. This may be partially explained by the 
aggressive, rapid progression of the disease and short course 
from initial diagnosis to death, and the lack of symptoms at 
an early stage (3,4). In addition, the quality of studies was fair 
to low with different research questions and designs. Only 
two reports focused primarily on HIPEC or CRS/HIPEC in 
patients with pancreatic adenocarcinoma (34,35), while the 
other two studies included patients with different types of 
cancer who were treated with CRS/HIPEC (36,37), with char‑
acteristics of population and intervention partly mentioned. 
Despite the small sample size, analysis was performed on 
the selected studies in the hope of providing novel insight on 
HIPEC and pancreatic adenocarcinoma.

There were discrepancies associated with the in‑hospital 
mortality of the four included studies (Table  II). Notably, 
two different settings of HIPEC are used, one as adjuvant 
following curative resection in non‑PC patients (34), and one 
as CRS/HIPEC for PC cases (35‑37). From the data avail‑
able, Tentes et al (34) reported, in 2016, that non‑PC patients 
(TNM I: 4, TMN II: 9, TNM III: 20) had a mortality rate 
of 6.1%. These patients underwent curative resection of the 
primary tumor plus HIPEC. The 33.3% mortality rate reported 
in 2018, by Tentes et al (35), was associated with 2 synchronous 
and 4 metachronous PC cases, with a PCI between 3 and 23, 
who underwent CRS/HIPEC. Furthermore, the 0% mortality 
rate reported by Farma et al (36) and Fujimura et al (37) was 
associated with 3 synchronous and 5 metachronous PC cases, 

Table  IV. Postoperative complications and times each was 
encountered in the 47 patients studied.

	 Times	 Percentage among
Complication	 encountered, n 	 the 47 patients

Anastomotic leak	 6	 12.8
Respiratory failure	 5	 10.6
Sepsis	 4	   8.5
Surgical wound infection	 2	   4.3
Neutropenia	 2	   4.3
Postoperative bleeding	 1	   2.1
Liver failure	 1	   2.1
Renal failure	 1	   2.1
Delayed gastric emptying	 1	   2.1
Small bowel obstruction	 1	   2.1
Enterocutaneous fistula	 1	  2.1
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without data regarding PCI. Similar CC score rates were 
reported by Tentes et al (35) and Farma et al (36); however, 
there was no such information available by Fujimura et al (37). 
Thus, the differences in the reported mortality rates should 
be taken into consideration in relation to the burden of the 
intra‑abdominal disease and the corresponding extent of the 
resections required. Notably, the above‑mentioned mortality 
rates, which are very high either in the setting of non‑PC 
patients (6,1%) or in the setting of patients with pancreatic origin 
PC (33.3%), are quite discouraging regarding CRS/HIPEC or 
HIPEC application in pancreatic adenocarcinoma patients. As 
of that, extreme caution should be spent in selecting patients 
for CRS‑HIPEC with peritoneal metastases outside a proper 
designed study protocol.

HIPEC involves extensively alternating variables, and 
thus any attempt to study its unique entity, particularly in 
meta‑analyses, should be performed with caution or avoided. 
The chemotherapy regimen constitutes of 1‑3 drugs from a 
choice of at least four different agents, the temperature ranges 
from 41‑43˚C, the duration from 60‑90 min and the volume 
of solution from 3,000‑7,000  ml. Notably, comparisons 
between the outcomes in subgroups of different charac‑
teristics of the interventions have not yet been investigated. 
Thus, well‑designed randomized clinical trials should focus 
on answering questions regarding the burden of disease that 
is amenable to HIPEC treatment, including which drug is 
the best, what is the optimal dosage and drug solution, and 
what is the optimal temperature. According to clinical trials 
registry (ClinicalTrials.gov), there are two registered clinical 
trials on pancreatic cancer and HIPEC. The first clinical trial 
(NCT02850874) designed to study HIPEC as neoadjuvant 
treatment in pancreatic adenocarcinoma was withdrawn due to 
no recruitment (46). The second clinical trial (NCT03251365) 
designed to study CRS/HIPEC for locally/regionally resect‑
able pancreatic adenocarcinoma is still recruiting (47).

As more surgical oncology fellows are trained in these 
techniques and more centers offer this approach, it is unlikely 
that this specialized technique will be abandoned. HIPEC is 
one of several modalities used for intraperitoneal or bi‑direc‑
tional chemotherapy administration, the combination of which 
may be worthy for further investigation on the treatment of 
pancreatic adenocarcinoma (48). However, there are several 
randomized trials regarding HIPEC in other than pancreatic 
adenocarcinoma pathologies that should be mentioned; 
the negative results in the colorectal cancer prophylaxis 
setting (49) and colorectal PC setting (50,51) have been greatly 
challenged, mainly due to the drugs used for HIPEC (52‑55); 
the positive (23) and negative (56) results regarding HIPEC 
in advanced ovarian cancer have been greatly challenged 
regarding their methodology and interpretation (57,58); the 
positive results in gastric cancer prophylactic HIPEC is also a 
relatively recent concept (29).

In conclusion, the body of evidence presented in this 
review is extremely limited and of low quality to effectively 
conclude the use of HIPEC as prophylaxis on resectable 
pancreatic adenocarcinoma; thus, further evidence is needed 
within a proper designed study protocol. However, the use 
of cytoreductive surgery plus HIPEC should be considered 
un‑safe in patients with peritoneal carcinomatosis of pancre‑
atic origin.
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