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ABSTRACT

Background. The PERISCOPE I study was designed to
assess the safety and feasibility of (sub)total gastrectomy,
cytoreductive surgery (CRS), and hyperthermic intraperi-
toneal chemotherapy (HIPEC) with oxaliplatin and
docetaxel for gastric cancer patients who have limited
peritoneal dissemination. The current analysis investigated
changes in perioperative management together with their
impact on postoperative outcomes.

Methods. Patients with resectable gastric cancer and
limited peritoneal dissemination were administered (sub)-
total gastrectomy, CRS, and HIPEC with oxaliplatin
(460 mg/mz) and docetaxel (escalating scheme: 0, 50,
75 mg/m?). Of the 25 patients who completed the study
protocol, 14 were treated in the dose-escalation cohort and
11 were treated in the expansion cohort (to optimize peri-
operative management).

Results. A significant proportion of the patients in the
dose-escalation cohort (n =7, 50%) had ileus-related
complications. In this cohort, enteral nutrition was started
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immediately after surgery at 20 ml/h, which was increased
on day 1 to meet nutritional needs. In the expansion cohort,
enteral nutrition was administered at 10 ml/h until day 3,
then restricted to 20 ml/h until day 6, supplemented with
total parenteral nutrition to meet nutritional needs. Ileus-
related complications occurred for two patients (18%) of
the expansion cohort. The intensive care unit (ICU) read-
mission rate decreased from 50 (n=7) to 9% (n =1,
p = 0.04).

Conclusion. The implementation of a strict nutritional
protocol during the PERISCOPE I study was associated
with a decrease in postoperative complications. Based on
these results, a perioperative care path was described for
the gastric cancer HIPEC patients in the PERISCOPE II
study.

A combination of cytoreductive surgery (CRS) and
hyperthermic intraperitoneal chemotherapy (HIPEC) is
increasingly used for the treatment of peritoneal dissemi-
nation of various cancer types.' The origin of peritoneal
gastric cancer dissemination is the subject of HIPEC sur-
gery investigation.™”

Recently, several nationwide database studies reported a
survival benefit of HIPEC treatment for selected gastric
cancer patients.6_8 To date, results from a randomized
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controlled trial to assess the role of CRS and HIPEC in the
treatment of gastric cancer patients with peritoneal dis-
semination are lacking.

Studies have associated HIPEC surgery with consider-
able morbidity and mortality rates.”'® Various published
reports have addressed the perioperative management of
patients undergoing CRS and HIPEC, primarily for peri-
toneal dissemination of colorectal cancer.''™'* The
chemotherapeutic agents most commonly used in these
HIPEC procedures are oxaliplatin, cisplatin, and mito-
mycine C.'"' A careful postoperative start of enteral
nutrition is recommended in most published papers.'>'®

The dose-finding PERISCOPE 1 study (treatment of
PERItoneal dissemination in Stomach Cancer patients with
cytOreductive surgery and hyperthermic intraPEritoneal
chemotherapy) was designed to assess the safety and fea-
sibility of a CRS-HIPEC procedure with 460 mg/m?® of
hyperthermic (41-42 °C) oxaliplatin followed by nor-
mothermic docetaxel in escalating dosages (0, 50, and
75 mg/m?) for gastric cancer patients with limited peri-
toneal  dissemination.'”” A  diverse spectrum of
postoperative complications was encountered, with fairly
high rates of intestinal complications.'® During the PERI-
SCOPE I study, adaptations were made to the postoperative
care path.

The current analysis aimed to investigate the changes in
the perioperative management of the PERISCOPE I
patients over time, together with the impact of those
changes on postoperative outcomes. Based on this, the goal
was to describe the postoperative care path to be used in the
PERISCOPE II study.”"”

METHODS
The PERISCOPE I Study

All the patients were treated in the PERISCOPE I study,
a dose-finding phases 1 and 2 study, with treatment-related
toxicity as the primary outcome measure.'’ The trial was
conducted at two Dutch centers experienced in HIPEC and
gastric cancer surgery: the Netherlands Cancer Institute—
Antoni van Leeuwenhoek Hospital in Amsterdam and the
Sint Antonius Hospital in Nieuwegein.

The study protocol has been published previously.'” In
short, gastric cancer patients with a resectable primary
tumor and limited synchronous peritoneal metastasis and/
or tumor-positive peritoneal cytology were eligible for
inclusion in the study provided they had no disease pro-
gression during systemic chemotherapy. The PERISCOPE
I study was approved by the Medical Ethics Committee of
the Netherlands Cancer Institute, and written informed
consent was obtained from all the patients.

For the current analysis, only patients who completed
the entire study protocol were selected (i.e., all the patients
described in this paper underwent systemic chemotherapy
followed by an operative procedure consisting of a [sub]-
total gastrectomy with D2 lymph node dissection, CRS,
and HIPEC). An open HIPEC technique was used, with a
fixed dose (460 mg/m2) of hyperthermic (41-42 °C)
oxaliplatin followed by normothermic (37 °C) docetaxel in
a dose-escalation scheme (0, 50, 75 mg/mz) to establish the
maximum tolerated dose of intraperitoneal docetaxel. At
dose level 3 (75 mg/rn2 docetaxel), treatment-related tox-
icity was unacceptable. At that time, 14 patients were
included in the study as the dose-escalation cohort
(Table 1). Dose level 2 (50 mg/mz) was defined as the
maximum tolerated dose of intraperitoneal docetaxel for
this procedure. To optimize perioperative care protocols,
11 extra patients were treated at this dose-level (460 mg/
m? oxaliplatin followed by 50 mg/m? docetaxel). These
patients were included in the expansion cohort. In all the
patients, after HIPEC and BII or Roux-en-Y reconstruction,
a feeding jejunostomy was inserted routinely.

Anesthesiologic Management

All the patients received combined epidural anesthesia
and general anesthesia. Standard anesthesiologic monitor-
ing plus hemodynamic monitoring using stroke volume
variation and cardiac output measurements was used to
assess the fluid status (EV1000; Edwards Life Science,
Ivrine, CA, USA).

In an effort to achieve normovolemia and optimal
oxygen delivery to the tissues, fluid support and vaso-
pressors (noradrenaline) were given during the operation.
For the majority of the patients (92%) dexamethasone was
administered just before the docetaxel chemoperfusion to
prevent a possible allergic reaction. Body temperature was
measured continuously during the procedure. Peroperative
blood gas analysis was performed at regular intervals
during the operation for 18 patients who underwent surgery
in the Netherlands Cancer Institute-Antoni van Leeuwen-
hoek Hospital. After the operation, all the patients were
extubated in the operating room and then transferred to the
intensive care unit (ICU).

Data Collection and Statistics

Clinical data were derived from the prospective database
of the PERISCOPE 1 study. Postoperative complications
were recorded based on the National Cancer Institute
Common Terminology Criteria for Adverse Events 4.03.%°
Ileus, abdominal infection, intestinal perforation, anasto-
motic leakage, duodenal leakage, wound infection, and
gastrointestinal fistula were grouped as abdominal
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TABLE 1 Dose-level
assignment in the PERISCOPE

Dose-escalation cohort

Expansion cohort

I study Dose level 1 (mg/mz) 2 (mg/mz) 3 (mg/mz) 2 (mg/mz)
Oxaliplatin dosage 460 460 460 460
Docetaxel dosage 0 50 75 50
No. of patients 4 6 4 11

complications, whereas pneumonia, aspiration pneumonia,
pneumothorax, respiratory failure, and pleural effusion
were grouped as respiratory complications. A subset of
both categories (ileus, intestinal perforation, gastrointesti-
nal fistula, and aspiration pneumonia) was seen as ileus-
related complications. Additional data regarding preoper-
ative nutritional status, peroperative fluid management,
postoperative ICU stay, and nutritional management were
retrospectively derived from anesthesia protocols, ICU
medical files (MetaVision, Essen-Kettwig, Germany), and
electronic patient records.

Differences between the groups were analyzed with
Fisher’s exact test for categorical variables and the Mann—
Whitney U test for continuous variables. The results are
shown as medians and ranges. A p value lower than 0.05
was considered statistically significant.

RESULTS
Patient Characteristics

Of the 25 patients in this study, 19 underwent surgery in
the Netherlands Cancer Institute—Antoni van Leeuwenhoek
Hospital, and 6 underwent surgery in the Sint Antonius
Hospital. The median age of the patients was 61 years
(range, 33-75 years), and 16 patients (64%) were men.

Preoperative Nutritional Details

The majority of the patients (n = 20, 80%) had experi-
enced weight loss at the time of gastric cancer diagnosis.
Before the operation, 22 of the patients (88%) were seen by
a dietician, and nutritional support was given (via an ent-
eral tube in 4 patients) to 17 of these patients (68%),.

Peroperative Details

The median duration of the operation (including HIPEC)
was 7 h (range, 3—-10 h). A total gastrectomy was per-
formed for 19 of the patients (76%), and 6 of the patients
(24%) had a subtotal gastrectomy. During the operation,
intravenous fluids were administered at a median volume
of 6.5 L (range, 3.6-10.5 L). The median blood loss was
610 ml (range, 100-1810 ml). To four of the patients,
blood products (e.g., packed cells or fresh frozen plasma)

were given. Peroperative glucose and lactate levels were
known for 18 of the patients.

In all the patients, glucose and lactate levels rose during
the HIPEC phase of the procedure (Fig. 1). Plasma lactate
peaked at the end of the intraperitoneal chemoperfusion, at
a median value of 4.2 mmol/L (range, 3.0-7.8 mmol/L).
For 11 of the patients, the intraoperative peak concentra-
tion had been 2.3 mmol/L or higher. The body temperature
of all the patients increased during the hyperthermic part of
the procedure. It peaked at the end of the oxaliplatin
chemoperfusion at a median value of 38.1 °C (range,
36.7-39.1 °C).

Postoperative Nutritional Details

The median ICU stay (including readmissions) was
1 day (range, 1-33 days). Enteral nutrition via the surgical
jejunostomy was started immediately after the patient’s
arrival in the ICU, at 20 ml/h for the dose-escalation cohort
and at 10 ml/h for the expansion cohort. In the dose-
escalation cohort, enteral nutritional intake via the
jejunostomy was increased every hour on postoperative day
1 until the calculated nutritional needs were reached.”' In
the expansion cohort, enteral nutrition was administered at
10 ml/h until day 3, then restricted to 20 ml/h until day 6,
with total parenteral nutrition (TPN) started routinely about
day 3 to meet nutritional needs. After day 6, the enteral
nutrition was increased provided the patient had no ileus-
related symptoms. In the dose-escalation cohort, TPN was
given to five patients (33%), starting on median day 5
(range, day 2 to day 8). In the dose-expansion cohort, 10
patients (91%) received TPN, starting on median day 3
(range, day 2 to day 8). Based on the differences in post-
operative nutritional management, the amounts of enteral
nutrition per day differed significantly between the two
groups in the early postoperative period (Table 2).

Postoperative Complications

Overall, 17 patients (68%) experienced one or more
serious adverse events (SAEs). The patients in the dose-
escalation cohort had a more complicated postoperative
course than the patients in the expansion cohort, although
the difference did not reach statistical significance (86% vs
45%; p = 0.081; Table 3). The number of SAEs was
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CRS = cytoreductive surgery; Ox = oxaliplatin; Doc = docetaxel;
HIPEC = hyperthermic intraperitoneal chemotherapy; ICU = intensive care unit

FIG. 1 Median (range) of (A) glucose and (B) lactate plasma levels during surgery in gastric cancer patients treated with gastrectomy,
cytoreductive surgery (CRS), and hyperthermic intraperitoneal chemotherapy (HIPEC) in the PERISCOPE I study

significantly higher in the dose-escalation cohort than in
the expansion cohort (p = 0.021).

The complications in this study included 25 abdominal
complications (6 abdominal infections, 6 cases of ileus, 5
anastomotic leakages, 3 intestinal perforations, 3 wound
infections, 1 duodenal leakage, and 1 gastrointestinal fis-
tula) and 16 respiratory complications (9 cases of
pneumonia; 3 cases of aspiration pneumonia, 2 cases of
pneumothorax, 1 pleural effusion, and 1 respiratory fail-
ure). Illeus-related complications, defined as ileus, intestinal

perforation, gastrointestinal fistula, and aspiration pneu-
monia, occurred for seven patients (50%) in the dose-
escalation cohort compared with two patients (18%) in the
expansion cohort (p = 0.208).

The proportion of patients readmitted to the ICU was
significantly higher in the dose-escalation cohort (50%)
than in the expansion cohort (9%) (p = 0.04). Three
patients, all in the dose-escalation cohort, died within
60 days after surgery (1 patient due to early disease
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TABLE 2 Median (range) milliliters of enteral nutrition per day via
the surgical jejunostomy after HIPEC surgery for gastric cancer

Day Dose-escalation cohort Expansion cohort p Value
0 287 (139-434) 146 (110-174) <0.01
1 1364 (819-1768) 218 (184-240) <0.01
2 1503 (1000-2075) 220 (190-420) <0.01
3 1584 (1000-2081) 285 (170-429) <0.01

HIPEC, hyperthermic intraperitoneal chemotherapy

progression and 2 patients due
complications).

The intraoperative peak concertation of plasma lactate
was associated with the re-intervention rate. That is, 6
(55%) of the 11 patients with a peak level of 4 mmol/L or
higher needed a re-intervention versus no patients in the
group with a peak level below 4 mmol/L (p = 0.038)

to postoperative

DISCUSSION

The PERISCOPE 1 study was the first dose-finding
feasibility study of gastric cancer patients undergoing
HIPEC surgery with oxaliplatin and docetaxel. The two
participating centers had extensive experience in both
HIPEC treatment and gastric cancer surgery before the start
of the study. Nevertheless, serious postoperative compli-
cations occurred more frequently than anticipated.

The current analysis aimed to describe the changes in
perioperative management of the PERISCOPE I patients
over time and the impact of these changes on postoperative
outcomes. The study led to the development of a periop-
erative care path for the gastric cancer HIPEC patients in
the PERISCOPE II study (Table 4).”

A significant proportion of the patients in the dose-
escalation cohort (50%) had ileus-related complications.
Although ileus-related complications are common after
HIPEC surgery, its sequelae in the PERISCOPE I cohort
required a change in postoperative management.”” It is
hypothesized that these sequelae are caused by the loss of
the stomach’s reservoir function that normally helps to
prevent ileus-related complications such as an aspiration
pneumonia and intestinal perforations.

In our study, the gastrectomy patients with a paralytic
ileus due to CRS and HIPEC who received enteral nutrition
via the jejunostomy in an amount that met their nutritional
needs were at an increased risk for the development of one
or more SAEs (86%). Alternatively, for the patients whose
enteral nutrition was restricted during the first postopera-
tive days, the risk for the development of one or more
SAEs was lower (45%). To meet the nutritional needs and
prevent a catabolic state, TPN was started.

Previously, Shannon et al. ** suggested starting TPN
after gastrectomy and HIPEC as early as postoperative day
1 or 2. In our opinion, TPN should be started after day 3
(i.e., after the initial systemic inflammatory response to the
operation has faded away) to prevent metabolic compli-
cations.”** In our study, to prevent small bowel atrophy

TABLE 3 Postoperative complications after HIPEC surgery for gastric cancer

Dose-escalation cohort (n = 14) n (%) Expansion cohort (n = 11) n (%) p Value
Patients with a SAE 12 (86) 5 (45) 0.081*
No. of SAEs 25 6 0.021°
No. of respiratory complications 14 2 0.012°
No. of abdominal complications 16 9 0.533°
No. of ileus related complications 11 2 0.068°
Patients with Ileus-related complications 7 (50) 2 (18) 0.208°
No. of re-interventions® 12 6 0.183°
No. of re-operations 9 0 0.059°
Mean ICU stay: days (range) 6 (1-33) 2 (1-9) 0.494°
Patients re-admitted at the ICU 7 (50) 109 0.042%
Mean hospital stay: days (range) 36 (9-185) 25 (12-53) 0.536°
90-Day mortality 3 0 0.230*

HIPEC, hyperthermic intraperitoneal chemotherapy; SAE, serious adverse event; ICU, intensive care unit

“Two-sided Fisher’s exact test
bMann-Whitney U test (exact two-tailed)

“Re-interventions included endoscopic stent placement, percutaneous drainage of the thorax/abdomen, and radiologic embolization
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TABLE 4 Perioperative care path following the lessons learned in the PERISCOPE I study

Timeline

Action

Before surgery
Consult dietician

Directly after

Start nutritional support if necessary

Fluid administration 4 vasopression Hemodynamic monitoring

8 mg intravenously 30 min before intraperitoneal chemoperfusion of docetaxel (i.e., just

Reach aimed mean arterial pressure with fluids and vasopression

If hemodynamically stable (no vasopressor, no pain, adequate diuresis)

Remove if production < 100 ml/day for 3 consecutive days

Remove if production < 50 ml/day (serous fluid)

Increase in absence of ileus-related symptoms

diagnosis
Consult physiotherapist  Directly after Stimulate physical activity
diagnosis
During surgery
Maintain normovolemia
Pain control Thoracic epidural analgesia
Dexamethason
after the oxaliplatin perfusion)
After surgery
Admit to ICU
Noradrenaline Day 0%
Ringer’s lactate Day 0 Strive for normovolemia
Hydrocortisone If SIRS continues 50-100 mg 3 times a day
after day 1
Discharge to surgical ward
Drains
Gastric tube After day 3
Abdominal drains After day 2
Nutrition
Enteral feeding via Day 0 -3 10 ml/h
jejunostomy Day 3 -6 20 ml/h
After day 6
TPN After day 3

Oral feeding

Pain medication

After gastric tube
removal

Increase until calculated nutritional needs are reached

Start oral intake

Bupivacaine 0.05% 16-20 ml/h, additional 100 ug sufentanil or clonidine 300 p if needed

Magnesiumoxide 500 mg 3 times a day

Epidural Day 0

Paracetamol Day 0 1000 mg 4 times a day

Other

Thrombosis prophylaxis Day 0 Fraxiparine 5700 IU

Prokinetics Day 1

Enema After day 3 If no defecation

Anti-emetics Day 0 Metoclopramide 10 mg 3 times a day
Granisteron 1 mg 3 times a day
Droperidol 0.625 mg 3 times a day

Antibiotics Only on indication

Physiotherapy Day 1 Start mobilisation

ICU, intensive care unit; SIRS, systemic inflammatory response syndrome; TPN, total parenteral nutrition; IU, international units

“Day 0 = day of surgery

and improve gut motility, a small amount of enteral
nutrition was given via the jejustomy during the first week
to a maximum of 20 ml/h. This strategy is contradictory to
current recommendations in HIPEC literature, but in the
PERISCOPE 1 study, the implementation of this strict

nutritional protocol was associated with a decrease in the
rate of postoperative complications and ICU readmissions
(50% vs. 9%).'1:1%26

The results of the peroperative blood gas analyses
showed that the glucose and lactate levels rose during the
HIPEC phase of the surgical procedure in the PERISCOPE
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I study. A rise in plasma lactate levels during HIPEC with
oxaliplatin has been related to the use of dextrose 5% as
carrier solution for oxaliplatin, causing hyperglycemia and
the metabolic relation between glucose and lactate.'
However, in the PERISCOPE 1 study, Dianeal PD04
(1.36% glucose) was used as the carrier solution for
oxaliplatin. Most likely, the rise in glucose and lactate
levels was due to a combination of the 1.36% glucose in
the Dianeal, inadequate tissue perfusion after blood and
fluid loss, and the use of hyperthermic chemotherapeutics.
The latter also explains the increase in body temperature
and heart rate during the HIPEC phase.”’®

A high peak lactate level has been associated with a
worse surgical outcome.?’ Similarly, in the PERISCOPE I
cohort, the patients with an intraoperative peak lactate level
of 4 mmol/L or higher had a higher re-intervention rate
(50%) than those with lactate levels below 4 mmol/L (0%).

The small study population and the three different doses
of intraperitoneal docetaxel limited the conclusions that
can be drawn from the comparison between the dose-
escalation cohort and the expansion cohort. Another limi-
tation of the current analysis was its retrospective design
(i.e., the two cohorts were formed after completion of the
study). However, notwithstanding the relatively small
sample, this study did show that HIPEC procedures in
combination with gastric cancer surgery are complex and
require a different postoperative management protocol than
HIPEC procedures for other cancer patients.

In the PERISCOPE 1 study, it appeared feasible to treat
gastric cancer patients after systemic chemotherapy with a
combination of a (sub)total gastrectomy, cytoreductive
surgery, and HIPEC using 460 mg/m” of hyperthermic
oxaliplatin followed by 50 mg/m? of normothermic doc-
etaxel. Over time, a strict perioperative management
protocol was adopted to counteract the predominantly
ileus-related complications. This protocol has become part
of the experimental arm in the randomized PERISCOPE II
study.

DISCLOSURE There are no conflicts of interest.
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