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Abstract

Background: Efficacy of second-line systemic chemotherapy in recurrent gastric cancer with
peritoneal metastasis [RGCPM] is limited. We assessed the feasibility, safety and possible
efficacy of pressurized intraperitoneal aerosol chemotherapy (PIPAC) in patients with RGCPM
after =1 line of palliative intravenous chemotherapy.

Methods: In this open-label, single-arm, monocentric phase Il ICH-GCP clinical trial, patients
were scheduled for three courses of PIPAC with cisplatin 7.5mg/m?2 and doxorubicin 1.5mg/m?2
(PIPAC C/D) every 6weeks. Patients with bowel obstruction or extraperitoneal metastasis were
ineligible. The primary endpoint was clinical benefit rate (CBR) by Response Evaluation Criteria
in Solid Tumors based on clinical records. Secondary endpoints included overall survival (0S),
median time to progression (TTP), peritoneal carcinomatosis index (PCl), histological regression
and ascites volume. Safety and tolerability were assessed by Common Terminology Criteria for
Adverse Events [CTCAE] version 4, quality of life (QoL) by EORTC-QLQ30 questionnaire.
Results: A total of 25 patients were enrolled and available for the analysis of the primary
endpoint. Of those 25 patients, 10 (40%) had a radiological complete, partial response

or stable disease. Median 0S [intention to treat (ITT)] was 6.7 months, median TTP was
2.7months. Complete or major regression on histology were observed in 9/25 patients (36%,
ITT) or 6/6 [100%, per protocol (PP]] patients. There were no suspected unexpected serious
adverse reactions, no treatment-related deaths, no CTCAE grade 4 toxicity and three (12%)
grade 3 toxicities. Changes in the QLQ-C30 scores during PIPAC C/D therapy were small and
not significant.

Conclusions: PIPAC C/D was well tolerated and active in patients with RGCPM. Survival was
encouraging. Randomized controlled trials should now be designed in this indication.

Keywords: Cisplatin, doxorubicin, histological regression, gastric cancer, intraperitoneal
chemotherapy, objective tumor response, peritoneal metastasis, pressurized intraperitoneal
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Introduction

Gastric cancer is the fifth most common cancer
worldwide and associated with a poor prognosis
and about 740,000 deaths per year.!»2 The 5-year

overall survival is around 25% but varies greatly
depending on the tumor stage (TNM) and histol-
ogy. In particular, signet-ring histology is associ-
ated with dismal prognosis.? Surgery with lymph
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node dissection is the primary treatment for med-
ically fit patients with resectable tumors.*
Perioperative chemotherapy is recommended fol-
lowing curative (RO) resection. The recurrence
rate is high after frontline multimodal therapy for
40-80% of the patients.>® The median survival of
patients with unresectable gastric cancer treated
with systemic chemotherapy is not greater than
12months.” Among such patients, the median
survival of those with peritoneal metastasis (PM)
was reported to be even worse at 6-10 months.8
Therefore, National Comprehensive Cancer
Network Guidelines for Gastric Cancer encour-
ages patients with gastric cancer to participate in
well-designed clinical trials investigating novel
therapeutic strategies to enable further advances.*

One avenue of research is to combine systemic
and locoregional therapy. For example, cytore-
ductive surgery (CRS) combined with hyperther-
mic intraperitoneal chemotherapy (HIPEC) has
been shown to prolong life in patients with PM of
gastric origin in good general condition with a
limited extent of disease and less aggressive tumor
biology® with a cure rate of 11%.1° Unfortunately,
this approach is restricted to a highly selected
minority of patients and tumor recurrence is fre-
quent after CRS and HIPEC in PM of gastric ori-
gin.® Repeated CRS and HIPEC is not a rational
option in these patients as potential benefits are
abolished by high morbidity and mortality.!1:12

Pressurized intraperitoneal aerosol chemotherapy
(PIPAC) is a novel palliative approach to treat
PM for patients who are not eligible for CRS and
HIPEC.!3 Preclinical data suggested improved
intraperitoneal distribution and higher tissue con-
centrations of chemotherapy agents in PIPAC
compared with HIPEC.!416 A cohort study in 24
patients with recurrent gastric cancer with PM
(RGCPM) has suggested that application of
intraperitoneal chemotherapy as a pressurized
aerosol in RGCPM might be well tolerated and
might induce objective regression in a significant
proportion of patients; moreover, median survival
was encouraging at 15.4months.!” Another pro-
spective study combining PIPAC with cisplatin
and doxorubicin (PIPAC C/D) with combination
palliative chemotherapy (XELOX) in 31 patients
showed complete and partial pathological
response in 60% and a median survival of
13months.!® In a third cohort with 22 patients
with RGCPM treated with combined palliative
systemic chemotherapy (best choice) and PIPAC
C/D, reported survival was 19.5months.!?

Overall, two systematic reviews have concluded
that PIPAC is feasible and well tolerated. PIPAC
does not deteriorate quality of life (QoL).
Preliminary good response rates call for prospec-
tive analysis of oncological efficacy.20:2!

The aim of this phase II ICH-GCP study is to
investigate the efficacy and safety of PIPAC C/D
in patients with RGCPM after at least one previ-
ous line of systemic palliative chemotherapy.

Materials and methods

Study design and patient eligibility

This is an open-label monocentric single-arm,
phase II ICH-GCP clinical trial. Patients were
scheduled for PIPAC C/D alone. Overall, three
cycles of cisplatin 7.5mg/m?2 in 150 ml NaCl
0.9% and doxorubicin 1.5 mg/m? body surface in
50ml NaCl 0.9% was applied intraperitoneally at
6-week intervals. No CRS and no systemic chem-
otherapy were allowed by the protocol.

Institutional Review Board approval for this study
was obtained from the Ethics Committee of the
Ruhr University Bochum, Germany (reference
number 4783-13FF; issued 14 October 2013).
This study was approved by the German Federal
Drug Agency (BfArM; reference number 4039261
issued on 30 October 2013). This study was reg-
istered with ClinicalTrials.gov (ClinicalTrials.gov
identifier: NCTO01854255) and EudraCT
(2013-002103-34).

Patients were eligible if they had clinical confir-
mation of gastric cancer and PM; disease progres-
sion after at least one line of previous intravenous
chemotherapy; blood and electrolyte counts (liver
and renal function parameters within 10% of the
normal range established in the laboratory of the
study institution); tumor mass present on com-
puted tomography (CT) scan in order to allow
tumor response assessment with Response
Evaluation Criteria in Solid Tumors (RECIST).
All participants signed an informed consent form.

Patients were ineligible if they had extraperitoneal
metastatic disease (with the exception of isolated
malignant pleural effusion); bowel obstruction
requiring nasogastric tubing or percutaneous
endoscopic gastrostomy; chemotherapy or sur-
gery within the last 4weeks prior to enrolment;
previous treatment with maximum cumulative
doses of doxorubicin, daunorubicin, epirubicin,
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idarubicin or other anthracyclines and anthracen-
ediones; history of allergic reaction to cisplatin or
other platinum-containing compounds or doxo-
rubicin; severe renal impairment, myelosuppres-
sion, severe hepatic impairment, severe
myocardial insufficiency, recent myocardial
infarction, severe arrhythmias; immunocompro-
mised patients such as those with an immunosup-
pressive medication or a known disease of the
immune system; involvement in the planning and
conduct of the study; or pregnancy. PM was
defined as synchronous or metachronous (before,
respectively after gastric resection for primary
gastric cancer). Progressive ascites was not an
exclusion criterion.

The primary endpoint of the study was the clini-
cal benefit rate (CBR), measured by an independ-
ent radiologist by RECIST (version 1.1). CBR is
defined as the total number of patients with com-
plete radiological response, partial response and
stable disease. A baseline abdominal CT scan was
required <4 weeks before first PIPAC C/D and a
CT was repeated before each PIPAC cycle.
Follow-up CT scans were planned at 3, 6, 9 and
12months. According to the study protocol, a
further CT scan was not performed in the case of
clinical progressive disease (PD).

The secondary endpoints of the study were:

- the observed survival determined from the
time point of the first PIPAC C/D until
1 year of follow up;

- the median TTP according to RECIST
1.122 after three cycles of PIPAC C/D;

- the peritoneal carcinomatosis index (PCI)
assessed by laparoscopy before each PIPAC
application;

- the degree of histological regression in mul-
tiple peritoneal biopsies taken at the begin-
ning of each PIPAC C/D and assessed by
independent pathological review (as docu-
mented in the clinical records: no vital
tumor, major regression, minor regression,
active tumor without sign of regression);

- the difference in ascites volume before the
first, second, and third PIPAC C/D appli-
cation (measured as the volume of liquid
removed at the beginning of the
procedure).

Patient-reported outcomes included QoL by
questionnaire (QLQ-C30, German version) of
the European Organization for Research and

Treatment of Cancer (EORTC).22 QoL was
assessed on the day of admission before each
PIPAC C/D cycle and then every 8weeks.
Questionnaires were filled out by the patient
without any interference of the medical team.

Safety and tolerability were assessed by the col-
lection of adverse events, according to the
Common Terminology Criteria for Adverse
Events version 4.0,2% including physical examina-
tion results and laboratory assessments (chemis-
try and hematology). In an ancillary research
project, additional biopsies were taken for deter-
mining mutational profiles of the PM sampled in
this study, possibly associated with drug
resistance.

The following examinations and parameters
were measured at the time of enrolment: previ-
ous medical history, previous chemotherapy or
radiotherapy, and previous surgery. In addition,
the following examinations and parameters were
measured before each PIPAC cycle: complete
physical examination; vital signs; electrocardio-
gram; blood analysis [C-reactive protein (CRP),
hematocrit, platelets, white blood cells count,
bilirubin, albumin, total protein count, aspar-
tate aminotransferase (ASAT), alanine ami-

notransferase (ALAT), sodium, potassium,
creatinine, calcium, phosphate, magnesium,
lactate dehydrogenase (LDH), creatinine

kinase, carcinoembryonic antigen (CEA), can-
cer antigen 125, carbohydrate antigen 19-9]
and urine analysis (microalbumin, creatinine,
protein); and a pregnancy test. The day before
every PIPAC C/D cycle and every day until dis-
charge at the fourth postoperative day white
blood count (WBC), CRP and serum creatinine
were determined.

Operative procedure

The PIPAC procedure was performed as
described elsewhere.?> A capnoperitoneum of a
12mmHg CO, was established followed by the
insertion of two balloon safety trocars (Kii® 5 and
12mmHg, Applied Medical, Duesseldorf,
Germany). The PCI was documented based on
lesion size and distribution.26 Tumor biopsies
were taken at suspect lesion locations in all four
quadrants as well as a local peritonectomy. This
centimetric peritonectomy was performed in
addition to millimetric peritoneal biopsies in
order to reduce the number of false-negative peri-
toneal biopsies. Ascites was removed, and the
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total volume documented. A nebulizer
(Capnopen®, Capnomed, Zimmern, Germany)
was connected to an intravenous high-pressure
injector (Medrad Arterion 7%, Bayer Healthcare,
Berlin, Germany) and inserted into the abdomen.
A pressurized aerosol containing cisplatin at a
dose of 7.5mg/m?2 body surface in a solution of
150ml NaCl 0.9% followed by doxorubicin at a
dose of 1.5mg/m? body surface were applied by
the nebulizer and angioinjector. Parameters of
injection were set at a flow rate of 1.0 ml/sec and
a maximum upstream pressure of 290psi (=20
bar). After the application of both drugs, the
steady-state was maintained for 30 min at a pres-
sure of 12mmHg and normothermia. Then the
chemotherapy-containing aerosol was exsufflated
via a closed line over two sequential microparti-
cle filters into the air waste system of the hospital.
At the end of the procedure, the trocars were
removed and the procedure terminated. No
abdominal drainage was applied. Occupational
health safety aspects of PIPAC C/D have been
described elsewhere?’” and the procedure has
been shown to be safe. PIPAC C/D was per-
formed in an operating room equipped with
an advanced ventilation system meeting the
DIN-norm 1946-4, level 5; the injection was
remote-controlled.

Intention-to-treat and per-protocol population
The study was closed on 29 June 2017 after the
inclusion of 25 patients because of the institu-
tional change of the Principal Investigator (PI).
The intention-to-treat (ITT) population was
defined as all patients meeting the eligibility crite-
ria (n = 25 patients). The per-protocol (PP) pop-
ulation was defined as all patients having received
the allocated therapy of three PIPAC C/D cycles
(n = 6 patients).

Statistical aspects

The sample size was calculated on the basis of a
Simon two-stage design for a phase II study.
Considering a reported response rate of 10-25%
in the second-line therapy situation in gastric can-
cer,?8 we regarded a proportion of patients with a
CBR of 40% or more as proof of efficacy of
PIPAC C/D in this patient population and of less
than 20% as insufficient to continue the assess-
ment. Assuming a risk of « = 0.05 (type I error)
and 3 = 0.10 (type II error), we needed to include
24 patients for stage 1. Depending on the out-
come events in stage 1, according to the Simon

two-stage design, an additional 21 patients should
be included (stage 2). Assuming a dropout rate of
10%, we intended to recruit at least 27 patients
for stage 1. Descriptive statistics (means, stand-
ard deviations and ranges) are used for demo-
graphic data. The 95% confidence intervals were
used to describe relative frequencies. Patients’
survival was modeled in a Kaplan—Meier survival
curve. Changes in functional and symptoms
scales of the EORTC-QLQ-C30 were described
in profiles and statistical analyzed by sign test.
SPSS software (version 24, IBM, Chicago, IL,
USA) and SAS version 9.4 were used for statisti-
cal analysis.

Results

A total of 30 patients with synchronous or
metachronous PM of gastric origin after at least
one line of systemic chemotherapy were screened
between 27 November 2013 and 6 April 2016,
and 25 patients were enrolled. Overall, five
patients were excluded because of bowel
obstruction (z = 2), chemotherapy within
4 weeks before enrolment (z = 2) and a missing
target lesion on CT scan (z = 1). The study was
closed on 29 June 2017 after the inclusion of 25
patients because of the institutional change of
the PI.

Patient, tumor, and treatment characteristics are
summarized in Table 1. The age of the included
patients was 55.1 * 13.0years with 10 males
(40%) and 15 females (60%). The preoperative
Karnofsky index was 81% = 11%. Mean PCI was
15.3 = 10.6. All patients had verified PM, con-
firmed by previous histology. A total of eight
patients had a PCI < 12 (32%) and 17 patients
had a PCI > 12 (68%). Most patients had a sig-
net-ring cell tumor (z = 22; 88%) whereas three
displayed an intestinal histology (12%). Mean
ascites volume removed at time of first PIPAC
C/D was 493 ml (min Oml, max 5500ml). In 18
patients (72%), ascites volume was under 300 ml
and 7 patients (28%) had more than 300ml of
ascites. All patients had received at least one line
of chemotherapy before the first PIPAC C/D: 16
patients (64%) were in the second-line-situation,
5 patients (20%) were in the third-line-situation,
2 patients (8%) in the fourth-line-situation and 2
patients (8%) were in the fifth-line-situation. A
total of 15 patients (60%) had previous gastrec-
tomy and 3 patients had previous radiotherapy
(12%). No patient received simultaneous sys-
temic chemotherapy.

journals.sagepub.com/home/tam


https://journals.sagepub.com/home/tam

F Struller, P Horvath et al.

Table 1. Patients, tumor and treatment
characteristics.

Value %
Number of patients 25
Age 55.1 = 13.0
Sex (M:F) 10:15 40% : 60%

Karnofksy index (%) 81+ 11

Peritoneal
carcinomatosis index

mean 15.3 = 10.6

<12 8 32%
>12 17 68%
Histology

- signet-ring 22 88%
- intestinal 3 12%
Ascites (ml)

mean 493 = 1192

<300 18 72%
>300 7 28%
Previous

chemotherapy lines

1 25 100%
2 16 64%
3 5 20%
4 2 8%
5 2 8%

Previous surgery

Gastrectomy 15 60%
Previous radiotherapy 3 12%
Number of PIPAC

cycles (n = 43)

1 25 100%
2 12 48%
3 6 246%

F, female; M, male; PIPAC, pressurized intraperitoneal
aerosol chemotherapy.

Patient flow is summarized in Figure 1. In total,
43 cycles of PIPAC C/D were performed. All
patients (n = 25, I'TT population) had at least
one cycle of PIPAC C/D, 12 patients (48%) had
two cycles and 6 patients (24%) three cycles of
PIPAC C/D (PP population). A total of 25
patients underwent one cycle of PIPAC C/D. In
spite of previously proven PM, intraoperative his-
tology during the first cycle of PIPAC C/D was
negative in four patients; these received no fur-
ther PIPAC C/D, two of them had CRS and
HIPEC later on. After 6 weeks, two patients with-
drew their approval for study participation and
seven patients showed clinically progressive dis-
ease; no second PIPAC cycle was performed in
these nine patients. In one additional patient,
abdominal access was not possible at PIPAC C/D
cycle two (1/43, 2%) so that PIPAC C/D was
technically feasible in 98% instances. After 6
weeks, at the time point of the third cycle of
PIPAC C/D five patients had clinically progres-
sive disease, so only six patients received the com-
plete therapy protocol with three cycles of PIPAC
C/D.

Primary outcome criteria

A CT scan was performed before each PIPAC
cycle and then every 3 months to estimate radio-
logical tumor response by RECIST version 1.1.
In the ITT population, the CBR was 40% (95%
confidence interval: 21-61%) or 10 patients
(Supplementary Material 1). A complete radio-
logical tumor regression (CR) was observed in a
single patient after three cycles of PIPAC C/D
alone (4% ITT; 16.7% PP; Figure 2). The
patient was alive 31 months after the first PIPAC
C/D. A partial response was seen in two patients
ITT, resp. one PP (8% ITT, 16.7% PP), stable
disease (SD) in seven patients ITT, resp. 4 PP
(28% ITT, 66.7% PP) and three patients I'TT,
resp. 1 PP (12% ITT, 16.7% PP) displayed PD
after PIPAC C/D treatment. According to the
Simon design, a minimum of 6 patients out of
24 should have a clinical benefit in the first
stage. Therefore, the study confirmed a CBR
superior to 20%, which was chosen as the mini-
mum rate for initiating stage 2 of the Simon
design.

Secondary outcome criteria
Adverse events observed for eight patients (32%
ITT) are summarized in Table 2. There were no
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| 30 patients screened

5 patients excluded
Bowel obstruction (n=2)

A4

Y

Chemotherapy within 4 weeks (n=2)
Tumor missing on CT (n=1)

| 25 patients included

25 patients treated
(1st PIPAC cycle)

Disease progression |
€

Histology negative

v

6 patients treated
(3rd PIPAC cycle)

(n=9 patients) o (n=4 patients)
12 patients treated
(2nd PIPAC cycle)
Disease progression \ 4
[n= 5 patients) CRS and HIPEC
Non-access N ¥ (n=2 patients)
(n=1 patient)

Figure 1. Study flowchart.

CT, computed tomography; CRS, cytoreductive surgery; HIPEC, hyperthermic intraperitoneal chemotherapy; PIPAC,

pressurized intraperitoneal aerosol chemotherapy.

Figure 2. Example of a complete radiological response according to RECIST version 1.1 in a patient with
RGCPM after three cycles of PIPAC C/D. (a1/b1) PIPAC cycle 1: arrows highlight the thickening of the parietal
peritoneal layer due to PM; star shows intraabdominal ascites. (a2/b2) PIPAC cycle 2: arrows mark the
decreasing thickening of the parietal peritoneal layer; the ascites disappeared. (a3/b3) PIPAC cycle 3: arrows
highlight the parietal peritoneal layer without any radiological signs of PM; no intraabdominal ascites can be

seen. Patient was alive 31 months after PIPAC cycle 1.

C/D, cisplatin and doxorubicin; PIPAC, pressurized intraperitoneal aerosol chemotherapy; PM, peritoneal metastasis;
RECIST, Response Evaluation Criteria in Solid Tumors; RGCPM, recurrent gastric cancer with peritoneal metastasis.

treatment-related deaths (CTCAE grade 5) nor
grade 4 toxicity. CTCAE grade 1 events occurred
in all 25 patients (100%), grade 2 events in 5
patients (20%) and grade 3 events including
abdominal pain (z = 1) and subileus (z = 2) were
observed in 3 patients (12%).

Of 25 patients, 12 received more than one cycle
of PIPAC C/D and were eligible for histological
tumor response assessment. Histological response
after first PIPAC C/D could not be determined in
13 patients (48% I'TT) who had no second proce-
dure. Within the other 12 patients (48% ITT), a
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Table 2. Adverse events (according to CTCAE 4.0). Several AEs possible/patient.

CTCAE Number Description

grade (patients)

5 0

4 0

3 3 Subileus (n = 2), Abdominal pain (readmission, n = 1)

2 5 Hypoalbuminemia (n = 1], abdominal pain (n = 1), vomiting (n = 1), liver
toxicity (ASAT/ALAT, n = 1), subcutaneous toxic emphysema (n = 1)

1 25 Abdominal pain, nausea

AE, adverse event; ALAT, alanine aminotransferase; ASAT, aspartate aminotransferase,
CTCAE, Common Terminology Criteria for Adverse Events version 4.0.

100%—
1
1
b
g
5 L
= 50%
© L
2 4
© 1
25% L
0% Follow-Up (Months)
0 2 4 6 8 10 12
Subject to risk of death 25 21 15 13 8 6 4
Terminal events 4 6 2 4 1 2 2

Figure 3. Overall survival of 25 patients with RGCPM treated with PIPAC C/D in the salvage situation. Median

survival was 6.7 months (95% Cl: 2.5-12.0).

x-axis, follow up (months since first PIPAC); y-axis, cumulative survival (Kaplan-Meier).
Cl, confidence interval; PIPAC C/D, pressurized intraperitoneal aerosol chemotherapy with cisplatin and doxorubicin;

RGCPM, recurrent gastric cancer with peritoneal metastasis.

complete histological tumor regression was
observed for one patient (4% ITT, 16.7% PP)
without detection of any tumor in the multiple
tissue biopsies and in the centimetric peritonec-
tomy specimen. In eight further patients ITT,
resp. 5 PP (32% ITT, 83.3% PP), a major histo-
logical response was documented. Overall, three
patients in the ITT group had only a minor histo-
logical response or no response following PIPAC
C/D therapy (12% ITT). Altogether, the histo-
logical response rate was 9/25 (36%, ITT) and
6/6 (100%, PP).

Mean PCI seemed to be stable under PIPAC C/D
therapy: PIPAC#1: 15.4 [95% confidence inter-
val (CI): 11.0-19.8]; PIPAC#2: 11.1 (95% CI:
4.7-17.4); PIPAC#3: 13.3 (95% CI: 6.7-20.0).
Mean ascites volume did not increase under
PIPAC C/D therapy (PIPAC#1: 493 ml (95%

CI: 0-985); PIPAC#2: 642 (95% CI: 0-1567);
PIPAC #3: 83ml (95% CI: 0-222ml).

In the ITT analysis, median overall survival was
6.7months (95% CI. 2.5-12.0; Figure 3).
Overall, two patients were lost to follow up.

Functional and symptom scales (Table 3) of the
EORTC-QLQ-C30 were analyzed for 14 patients
with evaluation before and after the first PIPAC
C/D treatment. No statistically significant changes
were observed but deteriorations of more than 10
points were seen for pain and diarrhea while
dyspnea symptoms were reduced.

Discussion
This study delivers the first controlled data on
efficacy and safety of PIPAC C/D in recurrent
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Table 3. Influence of PIPAC C/D on QoL assessed with EORTC-QLQ30 questionnaire. No statistically significant
differences between baseline and after PIPAC therapy could be detected (n = 14, sign test for paired samples).

EORTC-parameter Baseline After PIPAC#1 p value
Physical functioning 89.1 + 9.65 87.6 = 13.0 1.000
Role functioning 85.7 = 14.4 84.5 = 16.6 1.000
Emotional functioning 60.1 + 36.4 61.9 + 37.2 0.727
Cognitive functioning 73.8 = 35.0 70.2 = 33.4 1.000
Social functioning 54.8 + 39.5 48.8 + 395 0.549
Global health 54.8 + 27.1 48.8 +22.8 0.227
Fatigue bbb+ 28.6 45.6 + 28.7 1.000
Nausea/vomiting 7.1 +10.8 6.00 = 10.6 1.000
Pain 25.0 = 31.9 405+ 338 0.388
Dyspnea 23.8 + 27.5 11.9 £ 16.6 0.453
Insomnia 28.6 + 34.2 38.1 + 43.1 0.727
Appetite loss 28.6 + 38.9 16.7 + 25.3 0.625
Constipation 2.4+89 11.9 + 16.6 0.125
Diarrhea 9.5 + 24.2 21.4 +31.0 0.063
Financial difficulties 11.9 = 16.6 11.9 + 28.1 1.000

EORTC, European Organization for Research and Treatment of Cancer; PIPAC C/D, pressurized intraperitoneal aerosol
chemotherapy with low-dose cisplatin and doxorubicin; QoL, quality of life.

gastric cancer with PM (RGCPM). PIPAC C/D
might be an attractive therapeutic option in
patients with RGCPM in the second-line situa-
tion and beyond since this study suggests that
PIPAC C/D could be effective in the salvage situ-
ation even without additional palliative intrave-
nous chemotherapy.

In the present prospective, open-label, ICH-GCP
phase II trial, we investigated the efficacy of
PIPAC C/D in RGCPM in the salvage situation.
There is no study in the literature showing an
objective tumor response (OTR) over 20% in
RGCPM in the second-line situation. The hypoth-
esis of this study was that PIPAC C/D could
induce OTR in 40% patients, as assessed by
RECIST on the basis of an abdominal CT scan.
The results suggest that PIPAC C/D might be
effective in treating RGCPM in the salvage situa-
tion with one complete radiological response, two
objective responses and seven with SD (CBR

40%, 12/25, ITT). In a single patient with ascites
and retraction of the mesentery, a complete radio-
logical response was documented, and the patient
was alive 31 months after the first PIPAC C/D.

However, the study was closed after stage 1 for
organizational reasons. Therefore, it was not pos-
sible, to reach a statistically valid confirmation of
a CBR of =40%, which was aimed as the clini-
cally relevant rate for further studies. Nevertheless,
these results deliver the rationale for further clini-
cal studies evaluating PIPAC C/D in RGCPM, in
particular for controlled studies comparing
PIPAC C/D versus systemic chemotherapy in the
second-line situation and beyond, or for studies
comparing systemic chemotherapy alone versus a
combination of systemic chemotherapy with
(low-dose) PIPAC C/D.

Moreover, this study had also several explora-
tory endpoints. First, a high rate of objective

journals.sagepub.com/home/tam


https://journals.sagepub.com/home/tam

F Struller, P Horvath et al.

histological regression (36% ITT, 100% PP) was
observed. This confirms previous data obtained
in recurrent ovarian cancer: objective tumor
regression on histology was observed in 26/34
(76%) patients in the PP analysis.?® Another
phase II trial evaluating PIPAC C/D and PIPAC
with oxaliplatin in various histologies also
reported an OTR in 67% of 35 patients.>® The
sensitivity of a CT scan is low (below 30%) for
peritoneal lesions with a diameter <10mm.3! To
address this methodological challenge, this trial
evaluated tumor response with laparoscopy (PCI)
and histology. In this study, mean PCI remained
stable under PIPAC C/D therapy. We acknowl-
edge the clinical significance of PCI in PM
patients, in particular for its prognostic value
(survival) and predictive value (results of CRS
and HIPEC). However, we found PCI to be dif-
ficult to compare between repeated PIPAC appli-
cations, since it is not possible to distinguish
visually between vital PM and avital scarring.
Moreover, the mesothelial-mesenchymal transi-
tion of the peritoneum and associated fibrosis are
central features of carcinogenesis of PM, but also
of wound healing.32 Therefore, we do not trust
PCI as a response criteria for PIPAC therapy and
prefer the objective histological assessment by an
independent pathologist.3> In the future, this
approach combining radiology, laparoscopy and
histological regression grading might overcome
current limitations of imaging in assessment of
therapy response in PM.

Second, PIPAC C/D was well tolerated with no
mortality and no CTCAE grade 4 adverse events.
In four patients (16%), CTCAE grade 3 events
were observed: two patients had to stay longer in
the hospital or to be readmitted because of
abdominal pain or because of subileus. This is in
accordance with a recent systematic review on
1197 patients with PM of various primary tumors
in 22 studies: adverse events CTCAE grades 1, 2,
3, 4, and 5 were observed in 537 (45%), 167
(14%), 83 (7%), 10 (0.8%), and 19 (1.6%) cases,
respectively.34

Overall median mean survival was 6.7 months,
which appears promising since most patients were
heavily pretreated, had extensive PM and the vast
majority of tumors showed signet-ring histology.
Since there was no control group and no rand-
omization, survival data cannot be compared with
other available therapeutic options. Moreover,
heterogeneity of the patients (second to fifth-line
situation) makes interpretation of results more

difficult. However, the preferred inclusion of
patients in the late-stage, salvage situation includ-
ing critically ill patients appeared ethically justi-
fied since this study was the first evaluating
efficacy and tolerability of PIPAC C/D in gastric
cancer.

The combination of PIPAC with systemic treat-
ment would be the approach aiming to improve
survival in these patients. Against this frame-
work, it has to be noted that, to our knowledge
and according to a recent systematic literature
review,3> no randomized controlled trial has so
far, evaluated the effect of systemic palliative
chemotherapy in RGCPM beyond the second-
line situation. In the second-line situation, sur-
vival figures between 4.0 and 7.7 months have
been reported in four randomized controlled tri-
als, irrespectively of the presence of PM.36-39 In
contrast, there is strong evidence for targeted
agents in this situation. In the RAINBOW trial,
overall survival with ramucirumab plus pacli-
taxel was significantly longer than with placebo
plus paclitaxel [median 9.6 months (95% CI
8.5-10.8) versus 7.4months (95% CI 6.3-8.4)].
However, in this trial only 45% patients had
documented PM.# When the data from the
RAINBOW and REGARD trial were pooled,
the presence of PM (41.6% patients) was the
most significant factor of worse prognosis, with
independent significance [p < 0.001, hazard
ratio (HR) 1.62].

Out of the four patients with no histological proof
of PM at the first PIPAC, two received systemic
chemotherapy later on, and two were then treated
with CRS and HIPEC. Both patients recurred
within a short time after CRS and HIPEC, giving
an indirect confirmation of the presence of malig-
nant peritoneal disease, and questioning the indi-
cation for CRS and HIPEC in this situation. This
early recurrence might be explained by aggressive
tumor biology, since both tumors showed signet-
ring histology.4!

In the present trial, PIPAC C/D was well tolerated
and the patients had relatively long therapy-free
intervals (6weeks) between PIPAC cycles. No
statistically significant changes in QoL were
observed. These patient-related aspects appear
important or even determinant in the palliative
situation and confirm several reports published
previously.3> The good tolerability of PIPAC
C/D is also a novelty compared with other intra-
peritoneal chemotherapy regimens, which are
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limited by a high local toxicity.*? Thus, in future
comparative trials, a further progression-free
survival advantage offered by second or third-
line systemic chemotherapy in addition to
PIPAC C/D should be balanced against poten-
tial additional side effects and impairment of
QoL.

However, whereas the results of this study are
promising their interpretation must remain cau-
tious. It can be objected that only six patients
received the full treatment protocol: however,
since expected median survival of patients with
RGCPM in the second-line situation without sys-
temic chemotherapy is 2.5months?® and since
3 months are needed to apply three PIPAC cycles,
it had to be expected that many patients pass
away during the course of the study and are no
longer eligible for further therapy.

On the basis of the results of this trial, of the
PIPAC-GAZ2 trial'® and of a registry study,!® fur-
ther evaluation of PIPAC C/D in gastric cancer
with PM is warranted. A randomized multicentric
phase II protocol in France comparing palliative
systemic chemotherapy with palliative systemic
chemotherapy combined with PIPAC C/D will
soon include the first patient.43 The hypothesis of
this study is that additional PIPAC C/D will offer
prolonged survival and preserved QoL. Another
prospective, open, randomized multicenter phase
III clinical study in Germany will evaluate the
effects of PIPAC C/D combined with systemic
chemotherapy (mFOLFOXG6) wversus intravenous
systemic chemotherapy alone on patients with
metastatic upper gastrointestinal tumors with
peritoneal seeding. The primary outcome is pro-
gression-free survival.#* Results of these studies
are expected in 2022.

Conclusion

PIPAC C/D is well tolerated and active in patients
with PM of gastric origin in the salvage situation.
Survival is encouraging. Randomized controlled
trials should now be designed for this indication.
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