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Background: Hyperthermic intraperitoneal chemotherapy (HIPEC) with gemcitabine, after cytoreductive
surgery, may reduce the tumor progression of pancreatic cancer through the reduction of the neoplastic
volume and the subpopulation of residual pancreatic cancer stem cells, improving the survival of patients
with pancreatic cancer and decreasing the recurrence of the disease.

Methods: A pilot study is performed with the first ten patients in the experimental group. A randomized
study (phase II-III clinical trial) that requires a population of 42 patients, with 21 patients in each group. All
patients have a diagnosis of ductal adenocarcinoma of the pancreas, which will be surgically resected with
curative intention. (I) Group I: after an RO resection, patients receive individualized adjuvant treatments. (II)
Group II: after an RO resection, HIPEC is performed with gemcitabine (120 mg/m’ for 30 min), and they
also receive individualized adjuvant treatments. To analyze the safety of the procedure, the main variables
measured were as follows: grades of complications by means of the Clavien-Dindo system: pancreas surgery
complications (e.g., pancreatic fistula, perioperative hemorrhage, delayed gastric emptying, biliary fistula),
operative mortality, and laboratory parameters to control system functions. Values were measured three
times: preoperatively, twenty-four hours after surgery, and on the 7th postoperative day.

Results: From 2018 to 2019, 31 patients were recruited for our clinical trial. Fifteen patients were excluded
because of intraoperative unresectability or a different intraoperative histologic diagnosis. Ten patients were
included in the experimental group (resection plus HIPEC gemcitabine). The mean age was 65+7 years, and
six patients were female (60%). We confirmed the histologic diagnosis of ductal pancreatic adenocarcinoma
in all patients prior to HIPEC. Total pancreatectomy was performed in five patients. The surgical median

time was 360 min, and the hospital stay was 11 days. Four patients showed complications classified as
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Clavien-Dindo type II and one showing type I. Six patients were classified as having stage III tumors. To

date, no hospital mortality, locoregional recurrence, or differences between the two groups in terms of

perioperative complications, biochemical and gasometric values, or Clavien-Dindo complication grades were

observed.

Conclusions: Our clinical pilot study demonstrated a similar perioperative outcome that allows the trial

until main objectives are achieved.
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Introduction

Despite therapeutic advances, pancreatic adenocarcinoma
continuously presents poor prognosis and constitutes
the fourth leading cause of cancer mortality, with a high
percentage of deaths in the United States (1-6). One
characteristic of this disease is a prominent capacity for
locoregional invasion resulting in increased local recurrence
and therefore increased patient mortality. Recently, a
population of pancreatic stem cells with the capacity of
malignant transformation presenting a high rate of self-
renewal, a high expression of signaling molecule development
(SHH or the Sonic hedgehog gene), and a great ability to
develop variable cell subtypes has been identified (7-19).

Pancreatic adenocarcinoma stem cells are extremely
resistant to chemotherapeutic drugs. In contact with such
drugs, these tumor cells do not proliferate, remaining in
a dormant stage. After the completion of chemotherapy,
these cells resume great proliferative activity, allowing
recurrence. In order to eliminate the early locoregional
tumor invasion of pancreatic stem cells, we have developed
a new therapeutic model, characterized by the application of
hyperthermic intraperitoneal chemotherapy (HIPEC) with
gemcitabine. The goal is to eliminate these locoregional
stem cells and improve the prognosis of pancreatic cancer.
The results after using HIPEC have been studied in several
experimental models of peritoneal carcinomatosis and
have been translated to the clinical practice with different
chemotherapy drugs, obtaining promising results (19-30).
These results encouraged our group to initiate this project
to determine how gemcitabine acts locally combined with
hyperthermia against pancreatic cancer.

Our project is a prospective randomized clinical
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trial that will include forty-two patients with pancreatic
adenocarcinoma who undergo surgery in our department.

In the first step, we perform a clinical pilot study to
document the safety of this treatment. In the second
step, we attempt to establish our hypothesis that HIPEC
with gemcitabine can reduce the tumor progression of
pancreatic cancer by reducing the neoplastic volume and
the subpopulation of pancreatic cancer stem cells (CSCs)
and thereby improving overall survival.

Our first objective is to analyze perioperative morbidity
and mortality associated with cytoreductive surgery and
HIPEC with gemcitabine in comparison to a conventional
treatment group without HIPEC. Secondly, we identify the
overall survival and disease-free survival of the experimental
group in a short-term follow-up with respect to the
conventional group. Lastly, we attempt to identify, create,
and cultivate pancreatic CSCs that are isolated during and
after pancreatic cancer resection with HIPEC, performed
during this trial. We present the following article in
accordance with the CONSORT reporting checklist
(available at http://dx.doi.org/10.21037/jgo-20-238).

Methods

This is a pilot study of a randomized phase II-III clinical
trial and is open to the incorporation of other centers that
could increase the power of the results. The study was
conducted in accordance with the Declaration of Helsinki
(as revised in 2013). The study was approved by the Clinical
Research Ethics Committee of the University General
Hospital, Ciudad Real institutional board (A-275, V6,20-7-
2020) and informed consent was taken from all individual
participants.
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Population

According to the incidence in the University General
Hospital of Ciudad Real (HGUCR) and accepting an alpha
risk of 0.05 and a beta risk of 0.2, in a bilateral comparison,
we include a population of 42 patients (21 patients in
each group) diagnosed with ductal adenocarcinoma of the
pancreas, which will be resected with curative intention from
2017 to 2021. For the survival study, there is an extended
follow-up for at least 2 years. This study has been performed
in two steps. In the first step (pilot phase), we treat the first
ten patients in the experimental group (group II).

% Group I: after an RO resection and after a
multidisciplinary presentation, patients will receive
an individualized adjuvant treatment;

% Group II: after RO resection, HIPEC is performed
with gemcitabine (120 mg/m’ for 30 min), and an
individualized adjuvant treatment is considered.

After explaining the treatment and informing the patient

of the characteristics of pancreatic cancer, we obtain their
informed consent and perform the randomization.

Exclusion criteria

X3

%

Voluntary refusal to participate in the trial;
Existence of distant disease;

53

%

5

*

Patients with neoadjuvant treatment;

g

o,
*

Patients with preoperative or intraoperative locoregional
unresectable pancreatic cancer;

53

%

Existence of synchronous neoplastic disease;

5

*

Other histological subtypes of pancreatic cancer not
diagnosed as pancreatic adenocarcinoma.

Data collection

®,
Q

% Main outcomes of clinical trial (overall survival,
recurrence, disease-free survival, mortality);

Main and secondary variables of the pilot study:

¢ Classification of Clavien-Dindo used for grading

.
*

complications;

¢ Pancreatic surgical complications (e.g., pancreatic
fistula, hemorrhage, delayed gastric emptying,
biliary fistula);

¢ Operative mortality (within 30 days of the
procedure);

¢ Clinical and surgical variables (age, sex,
diabetes, dyslipidemia, arterial hypertension,
symptomatology, surgical treatment, operative

© Journal of Gastrointestinal Oncology. All rights reserved.

time, hospital stay, intraoperative transfusion);

¢ Histological variables [tumor diameter, tumor
grade (G1, G2, G3), neural invasion, vascular
invasion, lymphatic invasion, pathologic nodes];

¢ Biochemical and gasometric parameters to measure
system functions (values are measured three
times—preoperatively, 24 hours after surgery, and
on the 7th postoperative day);

*  Renal system (urea, creatinine);

¢ Liver system [glutamic-oxalacetic transaminase
(GOT), glutamic-pyruvic transaminase (GPT),
bilirubin (BB)];

+ Blood system [leukocytes, platelets, red blood cells,
hemoglobin (Hb), hematocrit (Het)];

+ PO, PCO,, HCO;, pH, lactic acid, prothrombin
time, thromboplastin activity.

Surgery

A bilateral subcostal laparotomy was performed. After
an examination of the abdominal cavity to rule out liver
metastases that would contraindicate the resection, we achieve
a retroperitoneal access to the superior mesenteric artery
(SMA). There is a mobilization of the liver colonic angle with
an extensive Kocher maneuver which allows us to expose the
retroperitoneum and elevate duodenum and pancreas head to
expose the great vessels. An interaortocaval lymphadenectomy
is performed. The origin of the SMA is identified. If over
50% of the circumference of the celiac trunk or SMA plus
occlusion of the superior mesenteric vein confluence or
portal vein is seen, this would contraindicate the surgical
resection. According to the location and characteristics of the
primary pancreatic adenocarcinoma, we perform cephalic
pancreaticoduodenectomy, total pancreatectomy, distal
pancreatectomy, or non-anatomic pancreatectonuy.

HIPEC

Once a definitive intraoperative histologic diagnosis of
pancreatic adenocarcinoma is made, we use a closed HIPEC
system with CO, recirculation (PRS Combat®). This model
is composed of one pump and an external heater for the
carrier solution. The system includes a gas exchanger that
allows us to control the filling of the drug solution in the
abdominal cavity and the output of the CO, that is used
to create turbulence for proper drug distribution. During
the recirculation of the drug, gemcitabine (120 mg/m’ for
30 min), CO, will generate a turbulence with a dose of 0.6 to
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Figure 1 Closed hyperthermic intraperitoneal chemotherapy (HIPEC) technique with CO, turbulence. a: Inflow catheter to fill the

abdomen with solution; b: outflow catheter to remove the fluids into the HIPEC machine; c: inflow catheter to generate the turbulence with

CO,; d: gas exchanger to control intrabdominal pressure and determine when the abdominal cavity is filled; e: during the recirculation of the

drug, the gas exchanger allows the CO, to be extracted and the intrabdominal pressure to be controlled.

Clinical trial
recruited patients
N=31

Exclusions from intraoperative findings:
Unresectable neoplasms: 8
Cholangiocarcinoma: 3 -
Pancreatitis: 2
Ampuloma: 1
Neuroendocrine carcinoma: 1

Experimental Control group
Group (CRS+HIPEC) (CRS only)
N=10 N=6

Figure 2 Patients recruited since 2018 in the clinical trial, and the

causes for which some patients were excluded.

0.7 L/min and with controlled pressures (up to 15 mmHg).
The CO, used is sucked from the abdominal cavity through the
gas exchanger. The dilution solution that we used during HIPEC
was Physioneal 40, a peritoneal dialysis solution (Figure I).

Gemcitabine

Gemcitabine is a drug that is metabolized intracellularly
by nucleoside kinases to be transformed into active
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diphosphate nucleosides (IAFdCDP) and triphosphate
(dFdCTP). Gemcitabine will become active in the cellular
phase, inhibiting cells that synthesize DNA and, under
certain conditions, blocking the progression of cells G1 to S.

Statistical analysis

We have obtained frequency distributions for qualitative
and quantitative variables. The continuous variables were
expressed by mean, median, and standard deviation and
were compared with the Student’s or Mann-Whitney
test. The correlations among the different parameters
were analyzed using the Pearson correlation method. The
survival study was realized by logistic regression models and
the study of survival curves by the Kaplan-Meier method.
For statistical analysis, we used SPSS 19.0°. We considered
a significant difference with P values <0.05.

Results

In 2018 and 2019, 31 patients with high suspicion of
resectable pancreatic adenocarcinoma were recruited for
our clinical trial. Fifteen patients were excluded because
of intraoperative unresectability from locoregional
invasion or an intraoperative diagnosis different from
pancreatic adenocarcinoma (Figure 2). All the patients
signed the consent form. Ten patients were included in the
experimental group. The mean age was 65+7 years, and six
patients were female (60.0%). All the characteristics of the
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Table 1 Clinical, surgical and histological characteristics of patients

Characteristics Cases (Il) (n=10) Controls (1) (n=6) P
Age (years) 65.00+7.08 66.00+9.70 0.480
Sex, n (%) -

Male 4 (40.0) 3 (50.0)

Female 6 (60.0) 3 (50.0)
Arterial hypertension, n (%) 4 (40.0) 2 (33.3) 0.796
Diabetes mellitus, n (%) 6 (60.0) 2(33.3) 0.317
Dyslipidemia, n (%) 5 (50.0) 2 (33.3) 0.529
Jaundice, n (%) 9 (90.0) 3(50.0) 0.016
Treatment: total pancreatectomy, n (%) 5 (50.0) 3 (50.0) 0.464

Cephalic duodenopancreatectomy 4 (40.0) 1(16.7)

Subtotal pancreatectomy 0 1(16.7)

Distal pancreatectomy 1(10.0) 1(16.7)
Operative time (min), median [range] 360 [300-420] 282 [270-360] 0.050
Intraoperative transfusions, n 0.50+0.72 0 0.068
Hospital stay (days), median (range) 11.0 (7.0-28.0) 10.5 (4.0-69.0) 0.875
Pancreatic complications, n (%) 0.492

Delayed gastric emptying 2 (20.0) 1(16.7)

Pancreatic fistula (B, C) - -

Hemorrhage - 2 (33.3)

Other

Respiratory infection 2 (20.0) -
Urinary infection 1(10.0 -

Clavien-Dindo, n (%) 0.200

I 1(10.0) -

I 4 (40.0) 2(33.3)

llla - -

lib - 1(16.7)

\Y - -

Y% - 1(16.7)
Mortality (<30 days) 0 0 -
Differentiation, n (%) 0.282

Good - 0

Moderate - 3(50.0)

Poor 5 (50.0) 3 (50.0)
Neurologic invasion, n (%) 7 (70.0) 3(50.0) 0.439
Vascular invasion, n (%) 3 (30.0) - 0.150
Lymphatic invasion, n (%) 2 (20.0) 1(16.7) 0.900
Follow-up time (months), median [range] 13 [2-28] 16 [2-22] 0.703
Locoregional recurrence, n (%) 0 1(16.7) 0.197
Distant recurrence, n (%) 3 (30.0) 2(33.3) 0.893
Free disease survival (months), median [range] 11 [2-22] 15 [6-22] 0.423
Mortality (>30 days), n (%) 1(10.0) 1(16.7) 0.705
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patients are listed in Tuble 1. We confirmed the histologic
diagnosis of ductal pancreatic adenocarcinoma in all
patients prior to resection plus HIPEC gemcitabine. Total
pancreatectomy was performed in five patients and cephalic
duodenopancreatectomy in four. The median time required
for surgery was 360 minutes, and the hospital stay was
11 days. In terms of grading perioperative complications,
four patients showed complications classified as Clavien-
Dindo type II, one showing type I. Six patients were
classified as having stage III tumors. No hospital mortality
was observed. Six patients received adjuvant treatment: two
patients received adjuvant gemcitabine, two were treated
with capecitabine, and two treated with gemcitabine and
paclitaxel. No locoregional recurrence was observed,
and two patients showed hepatic metastasis at 28 and
18 months, respectively. No differences in perioperative
complications by the Clavien-Dindo grades between the
experimental group II and the group I without HIPEC
were found. Mortality occurred in one patient 16 months
after discharge. The biochemical and gasometric parameters
preoperatively, at 24 hours after surgery and at 7 days were
not different between group I and group 11 (Table 2).

Discussion

Pancreatic cancer has poor prognosis and a high mortality
rate because of an unfavorable anatomic location of the
primary adenocarcinoma plus an acquired drug resistance,
leading to local and/or metastatic recurrence. It is the
fourth leading cause of cancer-related deaths in Western
countries. At the time of diagnosis, 80% of patients already
have extensive diseases because of locoregional involvement
(30-40%) or distant metastases (50%), so only 20% of
patients have potentially curative surgical options. In spite
of new surgical techniques and chemotherapeutic therapies,
the S-year overall survival rate occurs in less than 6%
of patients, and surgical resection is the only potentially
curative treatment. Some mechanisms of drug resistance
in primary tumor and peritoneal metastasis are CSCs,
epithelial-mesenchymal transition (EMT), EMT-type cells,
and the tumor microenvironment. CSCs play the main
role in cancer invasion, recurrence, metastasis, and drug
resistance because these cells have the ability to self-renew
and may result in tumorigenesis. During EM'T, epithelial
cells such as CSCs, which habitually interact with the basal
membrane, acquire a mesenchymal cell phenotype, and
EMT-type cells and anomalous signaling pathways are
altered (e.g., Sonic hedgehog, Notch, and Wnt signaling
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pathways) (12-19).

These stem cells can be located in the peritoneum
during the surgical procedure, or they may detach from the
tumor and not be resected. Peritoneal carcinomatosis may
be the manifestation of a locoregional early stage, which
can remain stable in the abdominal cavity during a pre-
distant spread of disease. We think that if we intensify the
locoregional treatment in pancreatic cancer using radical
surgery and an adjuvant perioperative treatment with
HIPEC, we may eradicate both the macroscopic disease
and the microscopic residual disease. The additional
use of hyperthermia with intraperitoneal locoregional
chemotherapy causes a direct “toxic shock” on tumor cells
and also promotes the penetration of cytotoxic drugs in
tissues.

HIPEC has been studied in several experimental
models of peritoneal metastases, which have obtained
promising results in reducing the disease. Gemcitabine
has been included in these peritoneal models to determine
its pharmacokinetic behavior because its molecular
weight allows for longer exposure, developing a greater
intrabdominal cytotoxic activity with a minor systemic
toxicity. Morgan ez al. (26) developed a phase I study to
identify the tolerated dose, toxicity, and pharmacokinetics
characteristics of gemcitabine, but they included patients
with peritoneal carcinomatosis from different origins,
not only pancreatic cancer. They recommended using
gemcitabine at 120 mg/m’.

In 2008, Gamblin er 4/. (27) included nine patients with
unresectable pancreatic adenocarcinoma, with doses of
200 mg/m’ every twenty-four hours with good tolerance.
Tentes er al. (30) also used gemcitabine in patients with
pancreatic cancer and peritoneal metastasis. The small
number of patients and different doses of gemcitabine do
not allow us to obtain conclusions. The Washington Cancer
Institute (31,32) presented the initial results of a phase II
study on the administration of adjuvant intraperitoneal
gemcitabine in seven patients with resectable pancreatic
adenocarcinoma. They were chosen patients with
localized cancer in the head and/or tail of the pancreas,
in which they could macroscopically carry out a curative
resection. After surgery, HIPEC gemcitabine was instilled
(1,000 mg/m”) into the peritoneal cavity using a peritoneal
dialysis solution of 1.5% dextrose. The procedure lasted
a total of 60 min with the open technique. Before closing
the abdominal incision, they placed a Port-A-Cath in
the abdominal cavity for the administration of six cycles
of intraperitoneal gemcitabine at a dose of 1,000 mg/m’
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Table 2 Biochemical and gasometric parameters between groups

Parameters Cases (Il) (h=10), mean = SD Controls (I) (n=6), mean + SD P

Pre creatinine 0.65+0.20 1.10+0.60 0.042
Creatinine 24 h 0.82+0.43 1.34+0.80 0.118
Creatinine 7 days 1.21£1.23 0.62+0.45 0.857
Pre-urea 31.40+8.80 0.62+0.45 0.699
Urea 24 h 32.30+10.30 51.70+37.05 0.313
Urea 7 days 36.20+18.40 39.30+28.02 0.900
Pre-BB 10.20+8.70 11.07+10.35 0.857
BB 24 h 3.39+3.04 2.05+2.50 0.116
BB 7 days 2.94+2.22 1.30+0.50 0.106
Pre-GOT 196.20+157.08 199.50+208.50 0.643
GOT 24 h 85.80+53.67 72.50+35.90 0.745
GOT 7 days 49.00+16.74 30.00+5.60 0.182
Pre-GPT 136.75+119.50 299.00+259.80 0.480
GPT 24 h 79.30+28.28 99.00+57.49 0.587
GPT 7 days 49.00+16.42 31.50+10.60 0.182
Pre-Glu 170.70+£114.05 117.50+18.40 0.175
Glu24 h 167.20+44.40 151.50+34.20 0.486
Glu 7 days 147.60+15.85 354.00+100.00 0.143
Pre-Na 139.47+3.10 138.60+4.50 0.786
Na 24 h 140.81+£2.90 137.60+3.60 0.070
Na 7 days 137.90+4.80 135.30+5.10 0.505
Pre-K 4.30+0.57 4.45+0.88 0.957
K24 h 4.15+0.69 4.15+£0.92 0.513
K 7 days 3.70+0.41 3.95+0.35 0.324
Pre-Cl 104.70+4.20 102.50+4.03 0.374
Cl24 h 110.20+3.80 105.70+4.90 0.077
Cl 7 days 102.20+7.30 97.75+2.40 0.317
Pre-ProtAct 91.80+8.90 85.00+17.30 0.556
ProAct 24 h 79.90+12.20 77.30+£12.40 0.624
ProAct 7 days 96.50+5.60 98.00+5.00 0.581
Pre-PT 11.65+1.10 11.35+1.50 0.734
PT24h 13.00+1.40 13.90+1.50 0.232
PT 7 days 11.52+0.80 11.70+0.14 0.558
Pre-RBC 4.05+0.48 4.68+0.29 0.020
RBC 24 h 3.34+0.60 3.49+0.71 0.745

Table 2 (continued)

© Journal of Gastrointestinal Oncology. All rights reserved.
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Table 2 (continued)
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Parameters Cases (Il) (n=10), mean + SD Controls (l) (n=6), mean + SD P

RBC 7 days 3.18+0.41 2.96+0.41 0.505
Pre-Pla 362.480+104.600 277.170+98.258 0.664
Pla24 h 237.100+82.880 243.170+79.903 0.768
Pla 7 days 271.000+106.829 298.500+108.187 0.739
Pre-Le 8.600+3.300 10.680+4.507 0.383
Le24h 14.040+5.300 16.679+3.900 0.516
Le 7 days 14.400+5.600 15.500+7.566 0.900
Pre-Hb 12.21+1.60 13.30+2.20 0.175
Hb 24 h 10.20+1.60 14.60+1.60 0.739
Hb 7 days 9.63+1.50 9.40+2.20 0.759
Pre-Hct 37.08+3.60 42.06+3.08 0.020
Hct 24 h 29.89+4.90 32.50+5.50 0.270
Hct 7 days 28.80+4.90 27.90+7.07 0.739
Pre-PO: 85.00+10.00 86.00+20.00 0.500
PO224 h 123.10+41.70 126.80+£26.06 0.814
PO: 7 days 84.00+9.80 87.00+24.04 0.121
Pre-PCO: 43.00+7.07 41.00+10.00 0.800
PCO224 h 35.90+9.30 42.67+6.70 0.051
PCO27 days 45.00+4.50 46.50+3.50 0.767
Pre-pH 7.55+0.07 7.40+0.01 0.800
pH 24 h 7.38+0.05 7.37+0.09 0.953
pH 7 days 7.38+0.03 7.47+0.17 0.683
Pre-HCOs 24.50+1.10 20.10+1.10 0.500
HCOs 24 h 22.04+8.60 24.65+2.60 0.059
HCOs 7 days 27.65+4.70 34.65+10.67 0.439
Pre-lactic acid 9.67+4.50 8.00+1.20 0.550
Lactic acid 24 h 28.30+23.06 16.33+7.50 0.175
Lactic acid 7 days 11.50+3.50 17.50+12.02 0.683

BB, bilirubin; GOT, glutamic-oxalacetic transaminase; GPT, glutamic-pyruvic transaminase; Glu, glucose; ProAct, prothrombin activity; PT,
prothrombin time; RBC, red blood cell; Pla, platelets; Le, leukocytes; Hb, hemoglobin; Hct, hematocrit; SD, standard deviation.

beginning 4 to 6 weeks after surgery. The authors
concluded that intraperitoneal administration of the drug
was well tolerated, with no documented complications.
Tentes et al. (33,34) identified the benefits of HIPEC
with gemecitabine in patients who underwent complete
tumor resection for pancreatic cancer. T'wenty-one patients

© Journal of Gastrointestinal Oncology. All rights reserved.

with resectable pancreatic cancer were chosen. They also
included patients with limited macroscopic peritoneal
metastasis and R1 cytoreductive surgery. After tumor
resection, HIPEC was performed by the open “Coliseum”
technique for 60 minutes at a temperature of 42-43 °C
with gemcitabine at a dose of 1,000 mg/m’. The authors
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concluded that using HIPEC with gemcitabine reduced
locoregional recurrence and could be considered as a safe
and effective adjuvant therapy in pancreatic cancer.

Given the different doses of gemcitabine described in the
medical literature and the identification of CD133-CX34
CSCs, we created an experimental model to identify the
toxicity and efficacy of HIPEC with gemcitabine at doses
recommended by Morgan et 4/. In this experimental model,
the application of HIPEC with gemcitabine was possible for
30 min at 41-42 °C by the closed technique. No technical
complications were observed during administration. With
the development of this model, a significant reduction in
pancreatic tumor stem cells CD133"CXCR4" and tumor
volume was obtained (35).

After these results, we transported our model to practice
by means of a clinical trial to homogenize the methods.
We are the only group to use a closed HIPEC method
with CO, agitation to treat pancreatic cancer. The closed
technique increases the tissue penetration of chemotherapy,
reduces heat loss, and reduces the contamination risk for
surgical staff. However, controversy exists regarding the
effectiveness of the distribution of drugs and the possibility
of an increase of abdominal pressure, which can affect
cardiac preload. In addition, there are hemodynamic
complications caused by the maintenance of hyperthermia.

For the first problem, we created a CO, recirculation
system that agitates the hyperthermic drug solution to reach
all intraperitoneal areas. We demonstrated intraperitoneal
temperature homogeneity with a thermographic analysis.
For the second problem, the increase of abdominal
pressure in a HIPEC closed system, our group considered
that this morbidity could increase after using CO, to
create turbulence during HIPEC to achieve better drug
distribution. However, we have demonstrated in the
experimental models and clinical pilot study that using a
closed HIPEC technique with CO, recirculation, even with
a laparoscopic approach, after performing cytoreductive
surgery for peritoneal metastases is possible and safe, with
an efficacy equal to that of conventional methods (34-40).

Resectable pancreatic cancer surgery leads to great
perioperative morbidity. This could be greater if we add
HIPEC. The results of our clinical pilot study demonstrate
a similar perioperative outcome that allows us to continue
with the trial until we can identify its main objectives. In
our results, we found no significant differences between the
experimental group and the control group with respect to
perioperative values about the liver system, renal system,
blood system, and metabolic and gasometric systems. The

© Journal of Gastrointestinal Oncology. All rights reserved.

operating room surgical time was higher (P=0.050) with
respect to the control group. However, the hospital stay
was similar. Complications grading by the Clavien-Dindo
system and pancreatic complications were not significantly
different with respect to those found in the group without
HIPEC (P=0.200; P=0.492).

Interestingly, no local recurrence was observed, but
two patients showed liver metastasis in the follow-up.
Perhaps the treatment with adjuvant HIPEC helps control
locoregional disease, but the CSCs, after the epithelial
mesenchymal transition, could reach the blood vessels,
leading to occult systemic micrometastasis. In our clinical
trial, we grow in a stem cell medium a post-HIPEC serum
sample and a post-HIPEC intraperitoneal residual solution.
The results of this research might confirm our hypothesis
on the relationship between residual CSCs and poor
prognosis in these patients. The isolation of these CSCs will
lead us to identify a selective chemotherapy for each patient
and lower the resistance of ineffective drugs.

In spite of our results, the limitations of the study include
the short follow-up time to define conclusions with respect
to disease-free survival or overall survival as well as the small
population size. Unfortunately, the SARS-CoV-2 pandemic has
paused the recruitment for months. This is an open phase II-III
study, and other hospitals may contribute to patient accrual.
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