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ABSTRACT 
Background.  This study evaluated the efficacy of pressur-
ized intraperitoneal aerosol chemotherapy (PIPAC) with sys-
temic chemotherapy as a bidirectional approach for gastric 
cancer (GC) patients with synchronous peritoneal metastases 
(SPM).
Methods.  A retrospective analysis of a prospective PIPAC 
database was queried for patients who underwent a bidirec-
tional approach between October 2019 and April 2022 at two 
high-volume GC surgery units in Italy (Verona and Siena). 
Surgical and oncological outcomes were analyzed.
Results.  Between October 2019 and April 2022, 74 PIPAC 
procedures in 42 consecutive patients with Eastern Coop-
erative Oncology Group performance status ≤2 were per-
formed—32 patients treated in Verona and 10 in Siena. 
Twenty-seven patients (64%) were female and median age 
at first PIPAC was 60.5 years (I–III quartiles: 49–68 years). 
Median Peritoneal Cancer Index (PCI) was 16 (I–III quar-
tiles: 8–26) and 25 patients (59%) had at least two PIPAC 
procedures. Major complications according to the Com-
mon Terminology Criteria for Adverse Events (CTCAE; 3 
and 4) occurred in three (4%) procedures, and, according 
to the Clavien–Dindo classification (>3a), one (1%) severe 

complication occurred. There were no reoperations or deaths 
within 30 days. Median overall survival (mOS) from diag-
nosis was 19.6 months (range 14–24), and mOS from first 
PIPAC was 10.5 months (range 7–13). Excluding cases with 
very heavy metastatic peritoneal burden, with PCI from 2 to 
26, treated with more than one PIPAC, mOS from diagnosis 
was 22 months (range 14–39). Eleven patients (26%) under-
went curative-intent surgery after a bidirectional approach. 
R0 was achieved in nine (82%) patients and complete patho-
logical response was obtained in three (27%) cases.
Conclusions.  Patient selection is associated with bidirec-
tional approach efficacy and feasibility for SPM GC treat-
ment, which may allow potentially curative surgical radicali-
zation in highly selected cases.

Keywords  Gastric cancer · Peritoneal metastases · 
PIPAC · Bidirectional

Gastric cancer (GC) is responsible for over 1 million new 
cases in 2020 and an estimated 769,000 deaths, ranking fifth 
for incidence and fourth for mortality globally.1 The perito-
neum is a common metastatic site of GC. In a recent popu-
lation-based study, the incidence of synchronous peritoneal 
metastases (SPM) was 21%, rising to 40% if we consider 
studies on patients who underwent staging laparoscopy.2

Current standard treatment for GC patients with SPM 
is palliative systemic therapy, however the prognosis is 
poor.3 These poor systemic chemotherapy results could be 
explained by the low penetration of chemotherapy agent to 
the peritoneum layer due to the plasma-peritoneum barrier. 
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Therefore, in the last decades, new chemotherapy delivery 
techniques were developed to increase local control to peri-
toneal disease, with promising results.

Currently, hyperthermic intraperitoneal chemotherapy 
(HIPEC) after cytoreductive surgery (CRS) seems to be 
the only therapeutic option with curative intent but only in 
selected patients with low burden peritoneal disease.4

A new intraperitoneal chemotherapy delivery technique, 
pressurized intraperitoneal aerosol chemotherapy (PIPAC), 
was introduced in 2011, consisting of applying a cytotoxic 
solution (cisplatin and doxorubicin) nebulized with a 
micro-pump into the abdominal cavity for 30 min, through 
laparoscopic access and a normothermic capnoperitoneum 
with a pressure of 12 mmHg. PIPAC exploits the aerosol 
solution to allow an homogeneous distribution of drugs 
within the abdomen. In addition, the capnoperitoneum 
creates an artificial pressure gradient that overcomes tumor 
interstitial fluid pressure, which can often represent an 
obstacle in cancer therapy. The use of PIPAC results in 
higher local drug concentrations compared with conventional 
intraperitoneal or intravenous chemotherapy.5 At the same 
time, the plasma concentration of the chemotherapeutic 
agents remains low, reducing potential adverse effects and 
toxicity; hence, PIPAC applications can be repeated every 
4–6 weeks. For these reasons, this treatment has also been 
used for peritoneal metastases (PM) of GC in association 
with systemic chemotherapy, with encouraging results.6–10

In February 2019, PIPAC was introduced in the 
management of patients with PM from GC treated at 
two dedicated surgical centers in Italy. Cisplatin doses of 
7.5 mg/m2 body surface in 150 mL NaCl 0.9% followed by 
doxorubicin at 1.5 mg/m2 in 50 mL NaCl 0.9% at 12 mmHg 
and 37°C for 30 min were used during the first phase of 
our experiment. Subsequently, drug doses were escalated to 
10.5 mg/m2 for cisplatin and 2.1 mg/m2 for doxorubicin, as 
suggested by others.11

The present manuscript reports the perioperative 
morbidity and mortality as well as the benefits of using 
PIPAC in the management of patients with synchronous PM 
from GC. Our aim was to evaluate the efficacy of PIPAC in 
combination with systemic chemotherapy as a bidirectional 
approach for GC patients with PM. Furthermore, the rate 
of patients undergoing CRS after a bidirectional approach 
was evaluated.

MATERIALS AND METHODS

Study Design

An observational, retrospective study based on a 
prospectively maintained database from two high-volume 
Western surgical centers (Upper GI Surgery Unit of Verona 
University, and the General and Oncological Surgery Unit 

of Siena University) was conducted. The data of all patients 
with SPM from GC who had undergone a bidirectional 
approach with PIPAC and systemic chemotherapy 
between October 2019 and April 2022 were included. Pure 
palliative-intent PIPAC procedures as well as patients with 
extraperitoneal metastases were excluded. Sex, age at the 
first PIPAC procedure, systemic chemotherapy regimen 
used, the extent of PM (determined by the Peritoneal 
Cancer Index [PCI] according to the Sugarbaker score), 
ascites volume, length of hospital stay, morbidity and 
mortality were recorded for each patient. Adverse events 
were assessed according to the Common Terminology 
Criteria for Adverse Events (CTCAE) version 5.012 and 
Clavien–Dindo (CD) classification.13 Quantitative variables 
are reported as median (interquartile range) or median 
(minimum–maximum) values, while qualitative variables are 
reported as percentages. Overall survival (OS) was estimated 
using the Kaplan–Meier method, and the median survival 
(95% confidence interval [CI]) was stated. The analyses were 
performed using STATA​® version 17.1 statistical software 
(StataCorp LLC, College Station, TX, USA).

Surgical Technique

Under general anesthesia, 5 and 10–12  mmHg 
laparoscopic balloon trocars (Applied Medical, Paris, 
France) were placed, in accordance with the open 
laparoscopic technique, and a capnoperitoneum of 12 mmHg 
at 37°C was applied.

Ascites volume was documented, ascites was removed 
(sending a sample for cytological examination), an accurate 
exploratory laparoscopy was performed, and the PCI was 
calculated. Multiple biopsies were performed in different 
abdominal quadrants during the first procedure and all 
following procedures to ascertain the tumor regression 
grade.14

A CAPNOPEN© nebulizer was then connected to an 
intravenous high-pressure injector and inserted into the 
upper left side trocar and fixed with a 45° angle to the 
underlying peritoneum to allow for a better spatial drug 
distribution pattern and a greater spraying distance between 
the nozzle head and the underlying small bowel peritoneum 
compared with that obtained with a perpendicular nozzle 
position.15

The safety protocol with a checklist containing all 
safety aspects was systematically double-checked before 
administration of cytotoxic agents. A pressurized aerosol 
containing chemotherapy agents was then applied.

Initially, a cisplatin dose at 7.5 mg/m2 body surface in 
150 mL NaCl 0.9% followed by doxorubicin at 1.5 mg/m2 
in 50 mL NaCl 0.9% at 12 mmHg and 37 °C for 30 min was 
used (the first 29 procedures). Subsequently, the cisplatin 
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and doxorubicin doses were increased to 10.5 mg/m2 and 
2.1 mg/m2, respectively, as suggested by Tempfer et al.11

The system was then kept in steady state for 30 min 
(application time), and remaining toxic aerosol was 
exhausted in a closed surgical smoke evacuation system. 
Finally, trocars were retracted and the laparoscopy ended. 
No drainage of the abdomen was applied.

RESULTS

Patients’ clinical and demographic characteristics are 
described in Table 1. Between October 2019 and April 
2022, 74 PIPAC procedures in 42 consecutive patients with 
Eastern Cooperative Oncology Group (ECOG) performance 

status (PS) ≤2 were performed. Thirty-two patients were 
treated in Verona and 10 were treated in Siena. Twenty-
seven patients (64%) were female and the median age at 
first PIPAC was 60.5 years (I–III quartiles: 49–68 years). 
The median PCI was 16 (I–III quartiles: 8–26). Ascites was 
detected in 20 procedures (47.6%) from 42 patients at the 
first PIPAC administration, with a mean volume of 499 mL 
(minimum–maximum 0–6800 mL). Fifteen of 25 patients 
had ascites at the second PIPAC administration, with a mean 
volume of 999 mL (minimum–maximum 0–7800).

In seven procedures, bilateral ovariectomy for Krukenberg 
lesions was performed before PIPAC in the same operation, 
as ovaries were the only site of disease progression at 
computed tomography (CT) scan, and the lesions were also 
symptomatic. In the present series, most patients received 
systemic chemotherapy before and after PIPAC.

As this was a retrospective study, there was heteroge-
neity in treatment schedules and in the number of PIPAC 
procedures performed and the timing of PIPAC procedures 
compared with systemic chemotherapy. Figure 1 summa-
rizes the bidirectional therapy approach; each patient was 
coded according to the number of PIPAC procedures per-
formed during first-line treatment, and this code was then 
maintained throughout the oncological pathway.

It should be noted that after first-line treatment with 
FOLFOX/other doublet or FLOT/other triplets, a non-
negligible percentage of patients (26%) underwent CRS 
and HIPEC. Most frequently, resection with curative intent 
was performed after a first-line triplet schedule. Patients 
who did not proceed to surgery after first-line therapy and 
who continued with a second/third line received at least two 
PIPAC procedures, even during the chemotherapy regimens 
for advanced disease (Fig. 1).

Twenty-five patients (59%) had at least two PIPAC 
procedures: the Peritoneal Regression Grading Score 
(PRGS) after two PIPAC procedures was ‘1’ in three 
patients, ‘2’ in 13 patients, and ‘3’ in nine patients; in 
patients who underwent three PIPAC procedures, the last 
PRGS was ‘3’ in four patients, one patient had a PRGS value 
of 2, and in one patient the PRGS was 1.

According to CTCAE 3 criteria, major complications 
occurred in two (2%) procedures, while according to the 
CD classification (>3a), any severe complication occurred. 
Furthermore, two patients (2%) had CTCAE 3, CD 2 events, 
including one lipothymia and blood loss in one patient that 
required transfusion; this was also the only major surgery-
related complication.

Regarding minor complications, five patients had 
a CTCAE 1, CD 1 event (6%): two had a fever, one had 
subcutaneous emphysema associated with trocar insertion, 
one had vomiting that was treated with an antiemetic, and 
one had hyperbilirubinemia; two patients had a recurrence 
of ascites (CTCAE 2, CD 3a).

TABLE 1   Patients’ clinical and demographic characteristics

PIPAC pressurized intraperitoneal aerosol chemotherapy, CRS 
cytoreductive surgery, HIPEC hyperthermic intraperitoneal 
chemotherapy, PCI Peritoneal Cancer Index, min minimum, max 
maximum, CTCAE Common Terminology Criteria for Adverse 
Events
a Median (p25–p75)
b n; median (min–max)
c Mean (SD)

Characteristics n (%) n (%)

Patients/PIPAC Patients (n = 42) PIPAC (n = 74)
1 PIPAC procedure 17 (40.4%)
2 PIPAC procedures 18 (42.9%)
≥3 PIPAC procedures 7 (16.7%)
Drug doses used for 

PIPAC
Cisplatin 7.5 + 

doxorubicin 1.5
– 29 (39%)

Cisplatin 10.5 + 
doxorubicin 2.1

– 45 (61%)

Age, years 60.5 (49–68)a

Sex
Male 15 (35.7%)
Female 27 (64.3%)
CRS ± HIPEC 11 (26%)
PCI 16 (8–26)a

Ascites
First PIPAC 20; 499 mL (0–6800)b

Second PIPAC 15;999 mL (0–7800)b

Postoperative stay 5 (±2)c

Organ resection
Adnexectomy 7 (17%)
Major complications
CTCAE (III, IV) 2 (2%)
Clavien Dindo >3a 0
Mortality
30-day mortality 0
90-day mortality 7 (17%)
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There were no reoperations or deaths during the 
hospitalization and within 30 days of surgery. The mean 
hospital stay was 5  days (±2), with only two 30-day 
readmissions. Seven patients (17%) died before 90 days from 
the last PIPAC, mainly due to disease progression and not to 
events related to the intraperitoneal procedure.

In the entire series, the median OS (mOS) from diagnosis 
was 19.6 months (range 14–24). mOS from diagnosis was 
15 months (range 13–24) in patients who underwent one 
PIPAC, and in cases treated with two or more PIPAC proce-
dures, the mOS was 22 months (range 14–32) (Fig. 2a, b). 
Also in the entire series, the mOS from the first PIPAC was 
10.5 months (range 7–13). mOS from the first PIPAC was 
7.5 months (range 6–12) in patients who underwent one 
PIPAC and 12 months (range 8–19) in cases treated with 
two or more PIPAC procedures (Fig. 3a, b). Of note, after 
excluding cases with heavy metastatic peritoneal burden 
and considering only the 20 patients with more limited PCI 

(from 2 to 26) who were treated with more than one PIPAC 
(two PIPAC procedures in 13 cases and three PIPAC proce-
dures in seven patients), a mOS from diagnosis of 22 months 
(range 14–39) was reported. In subjects who underwent two 
PIPAC procedures, the mOS from diagnosis was 21 months 
(range 13–32), and in cases who underwent three PIPAC 
procedures, the median was not reached (Figs. 4a, b). In this 
selected series of 20 patients, the mOS from the first PIPAC 
was 13 months. mOS from the first PIPAC was 12 months 
(range 8–19) in patients who underwent two PIPAC proce-
dures, and in cases treated with three PIPAC procedures, the 
median was not reached (Fig. 5a, b).

Eleven patients (26%) in the entire series underwent 
curative-intent surgery after a bidirectional approach. 
Ten cases underwent total gastrectomy with D2 
lymphadenectomy and peritonectomy in the areas affected 
by the disease at the time of diagnosis. In one case, an 
Ivor–Lewis esophagectomy was performed. A HIPEC 

1 PIPAC

2 PIPAC

3 PIPAC

Only ct

No CRS

Only ct

1 PIPAC

2 PIPAC

3 PIPAC

0% 20%

Maintenance: Chemotherapy Maintenance: 1 PIPAC

9(60) 3(20) 3(20)

9(60) 1(7) 4(27) 1(7)

n=15FLOT/TRIPLET

FI
R

ST
 L

IN
E

 n
=

42
C

R
S 

+
 H

IP
E

C
 n

=
11

40% 60% 80% 100% 0%

7(26) 14(52)

22(81) 4(15)
1

(4)

n=27FOLFOX /DOUBLET

2(7) 4(15)

20% 40% 60% 80%

+1P

+1P +3P +1P +2P

+1P

1 (50%)

+1P

+1P
Maintenance: 1 PIPAC

100%

0% 20% 40% 60% 80% 100%

0%

Pacli-RAMU; Pembrolizumab; Taxolo

Folfiri;
Irinotecan

SECOND LINE

n=12

THIRD LINE

ONLY FIRST LINE
/MAINTENANCE n=19

n=4

20%

5(42)

3 (60%) 1 (20%) 2 (50%) 1 (25%) 1 (33%)

4(33) 3(25)

40% 60% 80% 100%

0% 20%

2(50) 2(50)

40% 60% 80% 100%

0% 20% 40% 60% 80% 100%

0%

n=4 2(50) 2(50)

20% 40% 60% 80% 100% 0%

n=2 1(50) 1(50)

D
e G

ram
ont; X

elox; Folfox

M
A

IN
T

E
N

A
N

C
E20% 40% 60% 80% 100%

P = PIPAC

N
O

 C
R

S 
n=

31

+1P

FIG. 1   Temporal relationship between PIPAC and systemic chemotherapy, and details of the therapeutic schemes administered for each patient. 
PIPAC pressurized intraperitoneal aerosol chemotherapy, CRS cytoreductive surgery, HIPEC hyperthermic intraperitoneal chemotherapy



5737Bidirectional Approach with PIPAC …           

procedure was added in seven cases, while multivisceral 
resection was performed in five cases: one patient 
received transverse colon resection and bilateral salpingo-
ovariectomy, one patient received right flexure and 
transverse colon resection plus jejunal resection, one case 
underwent splenectomy and left adrenalectomy, and two 
cases underwent bilateral salpingo-ovariectomy (Table 2). In 
patients who underwent curative-intent surgery, the systemic 
chemotherapy regimen was FOLFOX in five cases, while 
FLOT/DOX were chosen in six cases; the number of PIPAC 
procedures before going for radical gastrectomy was three in 
one patient, two in five patients, and one in six cases.

The number of postoperative complications, accord-
ing to the CD classification, was two in CD 1 (18%; one 
polyuria, one chylous ascites), three in CD 2 (27%; one uri-
nary tract infection, one pleural effusion, one acute renal 
failure), and five in CD 3a (45%; three thoracenteses, one 

esophago-jejunal fistula, one pneumothorax). No major com-
plications (CD >3a) or postoperative mortality occurred.

R0 was achieved in nine (82%) patients operated on with 
radical intent. In two cases, R1 resection was obtained. Of 
note, macroscopic residual disease (R2) was not present in 
any patient and complete pathological response, both at the 
primary site and the metastatic level, was obtained in three 
(27%) cases.

DISCUSSION

Treatment of PM from GC is an emergent problem. In 
the last years, there has been an increase in the incidence of 
GC (cardia and non-cardia GCs combined) among young 
adults aged <50 years in both low- and high-risk countries.1

Over the last decades, in Western countries, tumors 
with Laurèn intestinal histology located in the distal third 
of the stomach have decreased in favor of locally advanced 
proximal and Laurèn diffuse-type tumors with a higher risk 
of peritoneal dissemination.16 Therefore, it is clear that 
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young patients with PM are increasing in clinical practice, 
and managing these patients is becoming a great challenge 
for surgical oncologists.

Currently, the standard treatment for GC patients with PM 
is systemic chemotherapy, with a mOS of 8–13 months.3,17–19 
The last Italian Research Group for Gastric Cancer guide-
lines (GIRCG) stated that some patients with unresectable 
stage IV GC could benefit from combined treatment with a 
systemic treatment followed by radical surgery.20

Regarding stage IV patients with peritoneal involvement, 
local intraperitoneal chemotherapy seems to improve sur-
vival in addition to surgery. The CYTO-CHIP study4 showed 
that in selected patients with PM from GC, HIPEC after 
CRS offers better outcomes than surgery alone, in terms of 
both survival and recurrence rate. These advantages were 
shown irrespective of the tumor histology for both the poorly 
cohesive carcinoma (PCC) and non-PCC groups (OS rates at 
1, 3, and 5 years were 76.3, 48.3, and 38.6%, respectively, in 

the CRS/HIPEC group versus 54.5, 22.0, and 18.4%, respec-
tively, in the CRS-only group). However, the benefits were 
more evident for patients in the non-PCC group with bet-
ter OS than the PCC group. Moreover, the gain in survival 
is also related to the PCI status of patients: patients in the 
PCC group with a PCI ≤ 6 and in the non-PCC group with 
a PCI ≤ 12 have the best benefits from HIPEC after radical 
surgery. Therefore, the best treatment for selected patients 
with low-burden peritoneal disease currently consists of sys-
temic chemotherapy followed by radical surgery and HIPEC.

However, the question regarding treatment of the 
‘intraperitoneal side’ is still open, both for possible 
enhancement in the setting of limited disease addressed to 
CRS and HIPEC and for patients who have a higher PCI 
(> 6 in the PCC group and > 12 in the non-PCC group) who 
could still benefit from a bidirectional approach combining 
local intraperitoneal treatment with systemic chemotherapy.
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In this setting, a new intraperitoneal chemotherapy deliv-
ery technique, know as PIPAC, was developed in 2011. This 
technique applies a cytotoxic solution (cisplatin and doxo-
rubicin) nebulized with a micro-pump into the abdominal 
cavity for 30 min, through laparoscopic access and a nor-
mothermic capnoperitoneum with a pressure of 12 mmHg. 
The technique significantly improved intraperitoneal drug 
delivery, patient outcome, and survival with preserved qual-
ity of life, and has been used for PM of various origins, with 
encouraging results in GC.6–8

The low toxicity and surgical impact of this new 
procedure allows for use in combination with systemic 
chemotherapy in a bidirectional setting without increasing 
drug toxicity.7–10

Based on the above, in 2019 this new intraperitoneal 
chemotherapy delivery technique was introduced in clinical 
practice at two high-volumes centers in Verona and Siena 
for patients with PM from GC, in association with systemic 
chemotherapy. Initially, the only aim was to reduce ascites-
related symptoms. Considering the efficacy and safety of 
the treatment confirmed by several studies,7–10 we expanded 
the indication to treat patients without ascites and with a 
lower PCI.

In the present study, we aimed to report the safety and 
efficacy of the bidirectional approach in our series of 74 
PIPAC procedures in 42 patients, all with SPM from GC 
without extraperitoneal disease.

In our series, the bidirectional approach was considered 
safe; major complications according to CTCAE 3 occurred 
in 2% of patients, while no major complications, according 
to the CD classification (>3a), were reported. In the current 
literature, a recent systemic review21 found that major 
adverse events of CTCAE 3 ranged from 0.7 to 25% of 
procedures, while those of CTCAE 4 ranged from 0 to 4.1%. 
CD >3a was reported up to 11.8%.21

The lower complication rate in our series could be 
explained by the exclusion of patients with ECOG PS ≥3 
who received PIPAC only with pure palliative intent. Indeed, 
in our prior experience, in the purely palliative setting, we 
realized that patient selection is essential to avoid extreme 
complications, as confirmed by others.9,10

The absence of 30-day mortality in the present series 
mainly reflects the good short-term results described. On 
the other hand, the 90-day period (i.e. 17%) is not related to 
complications but to the inclusion of patients with advanced 
disease, or high PCI or ascites >4 L, or even in cases who 
underwent three PIPAC procedures and who therefore 
died within 90 days of the last treatment but after a long 
oncological history.

The main findings of the present study are the global mOS 
of 19.6 months (range 14–24) and the impressive median 
survival of 22 months (range 14–39) that were achieved 
when we selected cases who underwent a true bidirectional TA

BL
E 

2  
C

lin
ic

op
at

ho
lo

gi
c 

ch
ar

ac
te

ris
tic

s o
f p

at
ie

nt
s w

ho
 u

nd
er

w
en

t C
R

S 
±

 H
IP

EC

C
RS

 c
yt

or
ed

uc
tiv

e 
su

rg
er

y,
 H

IP
EC

 h
yp

er
th

er
m

ic
 in

tra
pe

rit
on

ea
l c

he
m

ot
he

ra
py

, C
he

m
o 

ch
em

ot
he

ra
py

, P
C

I P
er

ito
ne

al
 C

an
ce

r I
nd

ex
, P

IP
AC

 p
re

ss
ur

iz
ed

 in
tra

pe
rit

on
ea

l a
er

os
ol

 c
he

m
ot

he
ra

py
, 

TR
G

​ tu
m

or
 re

gr
es

si
on

 g
ra

de
, C

D
 C

la
vi

en
–D

in
do

, F
LO

T 
flu

or
ou

ra
ci

l, 
le

uc
ov

or
in

, o
xa

lip
la

tin
 a

nd
 d

oc
et

ax
el

, F
O

LF
O

X 
fo

lin
ic

 a
ci

d,
 fl

uo
ro

ur
ac

il 
an

d 
ox

al
ip

la
tin

, D
O

X 
do

xo
ru

bi
ci

n

A
ge

H
ist

ol
og

y
C

he
m

o
PC

I
PI

PA
C

 (n
)

Ty
pe

 o
f s

ur
ge

ry
H

IP
EC

R
 st

at
us

pT
N

M
TR

G
​

C
om

pl
ic

a-
tio

ns
 (C

D
)

St
at

us
Su

rv
iv

al
 (d

ay
s)

65
Si

gn
et

FL
O

T
8

1
G

T
Ye

s
R

0
yp

T0
N

0M
0

1
I

A
liv

e
88

1
54

Si
gn

et
FO

LF
O

X
3

2
G

T 
+

 c
ol

ic
 a

nd
 je

ju
na

l r
es

ec
tio

n
Ye

s
R

0
yp

T4
aN

3M
1

5
II

Ia
D

ea
th

25
0

49
Si

gn
et

FO
LF

O
X

4
2

G
T 

+
co

lic
 re

se
ct

io
n,

 b
ila

te
ra

l o
va

rie
ct

om
y

Ye
s

R
1

yp
T4

aN
3M

1
5

II
Ia

D
ea

th
45

7
67

Si
gn

et
FL

O
T

4
1

G
T

N
o

R
0

yp
T1

bN
3M

1
3

II
Ia

D
ea

th
23

2
57

Si
gn

et
FO

LF
O

X
2

3
G

T
N

o
R

0
yp

T3
N

0M
0

2
–

A
liv

e
69

6
43

Si
gn

et
FO

LF
O

X
26

2
G

T 
+

 b
ila

te
ra

l o
va

rie
ct

om
y

Ye
s

R
0

yp
T2

N
0M

1
3

II
D

ea
th

91
6

64
M

uc
in

ou
s

FO
LF

O
X

6
2

G
T

Ye
s

R
0

yp
T4

N
3M

0
3

I
A

liv
e

36
5

48
M

ix
ed

D
O

X
10

2
G

T 
+

 b
ila

te
ra

l o
va

rie
ct

om
y

Ye
s

R
0

yp
T0

N
0M

0
1

II
A

liv
e

96
3

56
Tu

bu
la

r
FL

O
T

12
1

Iv
or

–L
ew

is
 e

so
ph

ag
ec

to
m

y
N

o
R

0
yp

T0
N

0M
0

1
II

Ia
D

ea
th

55
4

63
Si

gn
et

FL
O

T
6

1
G

T
Ye

s
R

1
yp

T4
aN

1M
1

2
II

A
liv

e
71

9
71

Tu
bu

la
r

D
O

X
3

1
G

T 
+

 sp
le

en
 a

nd
 le

ft 
ad

re
na

l g
la

nd
 re

se
ct

io
n

Ye
s

R
0

yp
T4

aN
1M

0
3

II
Ia

A
liv

e
32

6



5740	 F. Casella et al.

approach, i.e. at least two PIPAC procedures, without heavy 
peritoneal spread (PCI >26). Another strength of the present 
study is the high rate (26%) of patients who underwent CRS 
± HIPEC.

In the literature, other reports are available but in almost 
all the other studies, the number of PIPAC procedures 
performed in a bidirectional context was relatively low 
compared with our series. Moreover, the other studies 
also included patients with metachronous peritoneal 
carcinomatosis and/or extraperitoneal disease.

Furthermore, Nadiraze et al.6 reported a retrospective 
series of 60 PIPAC procedures in 24 patients, but only 
eight PIPAC procedures were performed in a bidirectional 
scheme; four patients also had extraperitoneal metastases 
and the mOS was 15.4 months. Khomyakov et al.7 published 
a prospective study of 56 PIPAC procedures in 31 patients, 
only seven of whom had synchronous PM, with a median of 
one bidirectional PIPAC; a mOS of 13 months was reported.

More recently, two studies9,10 analyzed PIPAC in a 
bidirectional approach for gastric PM. Alyami et  al.22 
described a series of 163 PIPAC procedures in 42 patients 
without extraperitoneal disease, reporting an OS of 
19.1 months; metachronous PM cases were also included 
and the rate of CRS was 14.3%. Di Giorgio et al.10 published 
a series of 46 PIPAC procedures in 28 patients (only 12 had 
SPMs and six also had extraperitoneal disease); the mOS 
was 15 months, the median number of PIPAC procedures 
was 1.7, and only one CRS + HIPEC was reported.

The study by Tidadini et al.23 was the only comparative 
non-randomized study of systemic chemotherapy only 
(29 patients) and bidirectional PIPAC + chemotherapy 
(17 patients) in patients with PM, both synchronous and 
metachronous, without extraperitoneal disease. The mOS 
was 9.1 months in the systemic chemotherapy-only group 
and 12.8 months in patients treated with the bidirectional 
approach.

In our series, the mOS of 19.6 months was higher when 
compared with almost all other reports, and similar to 
that reported by Alyami et al.,22 mainly due to the clear 
inclusion criteria that we choose by excluding patients 
with extraperitoneal disease and metachronous metastases. 
Indeed, to our knowledge, the present series is the largest 
series on the specific clinical setting of synchronous PM 
from GC without distant metastases, and thus may represent 
a good piece of evidence to define the benefits of this new 
treatment option.

Moreover, when we selected cases who underwent a true 
bidirectional approach, i.e. at least two PIPAC procedures, 
in patients with PCI from 2 to 26, an impressive median 
survival of 22 months (range 14–39) was achieved.

Some studies support a relationship between the number 
of PIPAC procedures and OS.10,24–26 The mOS reported by 
Di Giorgio was 9 months for those who received one PIPAC 

compared with 15 months for those who underwent more 
than one PIPAC. Sindayigaya et al.24 reported a mOS of 
9 months with none to two PIPAC procedures, compared 
with 16 months for three or more PIPAC procedures 
(p = 0.0003). Similarly, De Simone et  al.25 reported a 
mOS of 18 months in patients who underwent at least two 
PIPAC procedures. Finally, Gockel et al.26 also reported a 
significant difference in mOS based on the number of PIPAC 
procedures received, increasing from 121 days for the group 
who underwent one to two PIPAC procedures, to 450 days 
for those who underwent three or more PIPAC procedures 
(p = 0.0376). In part, these findings are related to selection 
bias consisting of having treated younger patients with more 
PIPAC procedures, with better general conditions, and likely 
with more limited disease. However, at least partly, the 
improved survival observed with more procedures is related 
to the effectiveness of proper bidirectional treatment.

The higher rate of patients who underwent CRS, even 
compared with the series by Alyami et al.22 (26% vs. 14.3%), 
with acceptable postoperative morbidity and no mortality 
but with a high rate of R0 resections and some complete 
pathological responders in our series, opens the horizons 
for a combined multimodal approach including systemic, 
intraperitoneal treatment and radical surgery with curative 
potential.

Based on this evidence, the Upper GastroIntestinal 
Surgery of Verona, Italy, has promoted a multicenter clinical 
trial, the PIPAC VerONE trial,27 focused on patients with 
GC with limited PM, whose primary objective is to compare 
the R0 resection rate in patients treated with systemic 
chemotherapy alone or with both chemotherapy and PIPAC. 
The Italian Medicines Agency (AIFA) approved the study 
design in October 2021 and recruitment is currently ongoing 
(trial registration: EUDRACT 2021-000830-33; NCT 
05303714).

CONCLUSION

Our results suggest that proper patient selection 
is associated with high feasibility and efficacy of the 
bidirectional approach, including PIPAC plus systemic 
chemotherapy in the treatment of synchronous peritoneal 
carcinosis from GC, which, in some cases, may also allow 
an attempt at surgical radicalization and cure in the context 
of this emergent and often lethal clinical problem.

AUTHOR CONTRIBUTIONS  Conceptualization: FC, MB, 
GdM. Data curation: FM, MA, FC, GB, CR, DF. Formal analysis: LT. 
Investigation: CP. Methodology: FC, GB, CR, SG. Resources: GB, CP. 
Supervision: FC. Validation: FC. Visualization: CR, MB. Writing—
original draft: FC, MB. Writing—review and editing: DMarrelli FR, 
GdM.



5741Bidirectional Approach with PIPAC …           

FUNDING  Open access funding provided by Università degli Studi 
di Verona within the CRUI-CARE Agreement.

DISCLOSURES 

Francesco Casella, Maria Bencivenga, Giorgio Brancato, Lorena 
Torroni, Cecilia Ridolfi, Carmelo Puccio, Mariella Alloggio, Francesca 
Meloni, Daniele Fusario, Daniele Marrelli, Simone Giacopuzzi, Franco 
Roviello, and Giovanni de Manzoni declare no conflicts of interest.

OPEN ACCESS   This article is licensed under a Creative Commons 
Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, 
as long as you give appropriate credit to the original author(s) and the 
source, provide a link to the Creative Commons licence, and indicate 
if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless 
indicated otherwise in a credit line to the material. If material is not 
included in the article’s Creative Commons licence and your intended 
use is not permitted by statutory regulation or exceeds the permitted 
use, you will need to obtain permission directly from the copyright 
holder. To view a copy of this licence, visit http://​creat​iveco​mmons.​
org/​licen​ses/​by/4.​0/.

REFERENCES

	 1.	 Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal 
A, Bray F. Global cancer statistics 2020: GLOBOCAN estimates of 
incidence and mortality worldwide for 36 cancers in 185 countries. 
CA Cancer J Clin. 2021;71:209–49. https://​doi.​org/​10.​3322/​caac.​
21660.

	 2.	 Rijken A, Lurvink RJ, Luyer MDP, Nieuwenhuijzen GAP, van Ern-
ing FN, van Sandick JW, et al. The burden of peritoneal metastases 
from gastric cancer: a systematic review on the incidence, risk factors 
and survival. J Clin Med. 2021;10(21):4882. https://​doi.​org/​10.​3390/​
jcm10​214882.

	 3.	 Koemans WJ, Lurvink RJ, Grootscholten C, Verhoeven RHA, de 
Hingh IH, van Sandick JW. Synchronous peritoneal metastases of 
gastric cancer origin: incidence, treatment and survival of a nation-
wide Dutch cohort. Gastric Cancer. 2021;24:800–9.

	 4.	 Bonnot PE, Lintis A, Mercier F, Benzerdjeb N, Passot G, Pocard M, 
et al. FREGAT and BIG-RENAPE Networks Prognosis of poorly 
cohesive gastric cancer after complete cytoreductive surgery with or 
without hyperthermic intraperitoneal chemotherapy (CYTO-CHIP 
study). Br J Surg. 2021;108(10):1225–35. https://​doi.​org/​10.​1093/​
bjs/​znab2​00.

	 5.	 Solaß W, Hetzel A, Nadiradze G, Sagynaliev E, Reymond MA. 
Description of a novel approach for intraperitoneal drug delivery 
and the related device. Surg Endosc. 2012;26:1849–55.

	 6.	 Nadiradze GJ, Giger-Pabst U, Zieren J, Strumberg D, Solass W, 
Reymond MA. Pressurized intraperitoneal aerosol chemother- apy 
(PIPAC) with low-dose cisplatin and doxorubicin in gastric peritoneal 
metastasis. Gastrointest Surg. 2016;20:367–73.

	 7.	 Khomyakov V, Ryabov A, Ivanov A, Bolotina L, Utkina A, Vol-
chenko N, et al. Bidirectional chemotherapy in gastric cancer with 
peritoneal metastasis combining intravenous XELOX with intra-
peritoneal chemotherapy with low-dose cisplatin and Doxorubicin 
administered as a pressurized aerosol: an open- label, phase-2 study 
(PIPAC-GA2). Pleura Peritoneum. 2016;1:159–66.

	 8.	 Alyami M, Gagniere J, Sgarbura O, Cabelguenne D, Villeneuve L, 
Pezet D, et al. Multicentric initial experience with the use of the pres-
surized intraperitoneal aerosol chemotherapy (PIPAC) in the manage-
ment of unresectable peritoneal carcinomatosis. Eur J Surg Oncol. 
2017;43:2178–83.

	 9.	 Alyami M, Bonnot PE, Mercier F, Laplace N, Villeneuve L, Passot 
G, et al. Pressurised intraperitoneal aerosol chemotherapy (PIPAC) 
for unresectable peritoneal metastasis from gastric cancer. Eur J Surg 
Oncol. 2021;47(1):123–7. https://​doi.​org/​10.​1016/j.​ejso.​2020.​05.​021.

	10.	Di Giorgio A, Schena CA, El Halabieh MA, Abatini C, Vita E, Strip-
poli A, Inzani F, et al. Systemic chemotherapy and pressurized intra-
peritoneal aerosol chemotherapy (PIPAC): A bidirectional approach 
for gastric cancer peritoneal metastasis. Surg Oncol. 2020;34:270–5. 
https://​doi.​org/​10.​1016/j.​suronc.​2020.​05.​006.

	11.	Tempfer CB, Giger-Pabst U, Seebacher V, Petersen M, Dogan A, 
Rezniczek GA. A phase I, single-arm, open-label, dose escalation 
study of intraperitoneal cisplatin and doxorubicin in patients with 
recurrent ovarian cancer and peritoneal carcinomatosis. Gynecol 
Oncol. 2018;150(1):23–30.

	12.	Common Terminology Criteria for Adverse Events (CTCAE) v5.0. 
Published 27 November 2017

	13.	Clavien PA, Barkun J, de Oliveira ML, Vauthey JN, Dindo D, Schu-
lick RD, et al. The Clavien-Dindo classification of surgical complica-
tions: five-year experience. Ann Surg. 2009;250(2):187–96. https://​
doi.​org/​10.​1097/​SLA.​0b013​e3181​b13ca2.

	14.	Solass W, Sempoux C, Detlefsen S, Carr NJ, Bibeau F. Peritoneal 
sampling and histological assessment of therapeutic response in peri-
toneal metastasis: proposal of the peritoneal regression grading score 
(PRGS). Pleura Peritoneum. 2016;1:99–107.

	15.	Giger-Pabst U, Tempfer CB. How to perform safe and techni-
cally optimized pressurized intraperitoneal aerosol chemotherapy 
(PIPAC): experience after a consecutive series of 1200 procedures. 
J Gastrointest Surg. 2018;22(12):2187–93. https://​doi.​org/​10.​1007/​
s11605-​018-​3916-5.

	16.	Graziosi L, Marino E, Bencivenga M, D’Ignazio A, Solaini L, Min-
istrini S, et al. Looking for a strategy in treating peritoneal gastric 
cancer carcinomatosis: an Italian multicenter gastric cancer research 
group’s analysis. World J Surg Oncol. 2021;19(1):334. https://​doi.​
org/​10.​1186/​s12957-​021-​02442-9.

	17.	Pernot S, Dubreuil O, Aparicio T, Le Malicot K, Tougeron D, Lepe’re 
C, et al. efficacy of a docetaxel–5FU–oxaliplatin regimen (TEFOX) 
in first-line treatment of advanced gastric signet ring cell carcinoma: 
an AGEO multicentre study. Br J Cancer. 2018;119:424–8.

	18.	Lordick F, Kunzmann V, Trojan J, Daum S, Schenk M, Kullmann F, 
et al. Intraperitoneal immunotherapy with the bispecific anti-EpCAM 
x anti-CD3 directed antibody catumaxomab for patients with perito-
neal carcinomatosis from gastric cancer: final results of a randomized 
phase II AIO trial. J Clin Oncol. 2018;36:4.

	19.	Van Cutsem E, Moiseyenko VM, Tjulandin S, Majlis A, Constenla 
M, Boni C, et al. Phase III study of docetaxel and cisplatin plus fluo-
rouracil compared with cisplatin and fluorouracil as first- line therapy 
for advanced gastric cancer: a report of the V325 study group. J Clin 
Oncol. 2006;24:4991–7.

	20.	De Manzoni G, Marrelli D, Baiocchi GL, Morgagni P, Saragoni 
L, Degiuli M, et al. The Italian research group for gastric cancer 
(GIRCG) guidelines for gastric cancer staging and treatment: 2015. 
Gastric Cancer. 2017;20(1):20–30.

	21.	Case A, Prosser S, Peters CJ, Adams R, Gwynne S. PIPAC UK Col-
laborative. Pressurized intraperitoneal aerosolized chemotherapy 
(PIPAC) for gastric cancer with peritoneal metastases: a systematic 
review by the PIPAC UK collaborative. Crit Rev Oncol Hematol. 
2022;180:103846.

	22.	Alyami MHM, Grass F, Bakrin N, Villeneuve L, Laplace N, Passot G, 
et al. Pressurized intraperitoneal aerosol chemotherapy: rationale evi-
dence and potential indications. Lancet Oncol. 2019;20(7):e368–77.

	23.	Tidadini F, Abba J, Quesada JL, Baudrant M, Bonne A, Foote A, 
et al. Effect of pressurised intraperitoneal aerosol chemotherapy on 
the survival rate of patients with peritoneal carcinomatosis of gastric 
origin. J Gastrointest Cancer. 2022;53(4):971–9.

	24.	Sindayigaya R, Dogan C, Demtröder CR, et al. Clinical outcome 
for patients managed with low-dose cisplatin and doxorubicin 

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3322/caac.21660
https://doi.org/10.3322/caac.21660
https://doi.org/10.3390/jcm10214882
https://doi.org/10.3390/jcm10214882
https://doi.org/10.1093/bjs/znab200
https://doi.org/10.1093/bjs/znab200
https://doi.org/10.1016/j.ejso.2020.05.021
https://doi.org/10.1016/j.suronc.2020.05.006
https://doi.org/10.1097/SLA.0b013e3181b13ca2
https://doi.org/10.1097/SLA.0b013e3181b13ca2
https://doi.org/10.1007/s11605-018-3916-5
https://doi.org/10.1007/s11605-018-3916-5
https://doi.org/10.1186/s12957-021-02442-9
https://doi.org/10.1186/s12957-021-02442-9


5742	 F. Casella et al.

delivered as pressurized intraperitoneal aerosol chemotherapy for 
unresectable peritoneal metastases of gastric cancer. Ann Surg Oncol. 
2022;29:112–23.

	25.	De Simone M, Vaira M, Argenziano M, Berchialla P, Pisacane A, 
Cinquegrana A, et al. Pressurised intraperitoneal aerosol chemother-
apy (PIPAC) with oxaliplatin, cisplatin, and doxorubicin in patients 
with peritoneal carcinomatosis: an open-label, single-arm. Phase II 
Clin Trial Biomed. 2020;8:102.

	26.	Gockel I, Jansen-Winkeln B, Haase L, Rhode P, Mehdorn M, 
Niebisch S, et al. Pressurised intraperitoneal aerosol chemotherapy 
(PIPAC) in gastric cancer patients with peritoneal metastasis (PM): 
results of a single-center experience and register study. J Gastric 
Cancer. 2018;18(4):379–91.

	27.	Casella F, Bencivenga M, Rosati R, Fumagalli UR, Marrelli D, 
Pacelli F, et al. Pressurised intraperitoneal aerosol chemotherapy 
(PIPAC) in multimodal therapy for patients with oligometastatic 
peritoneal gastric cancer: a randomized multicenter phase III trial 
PIPAC VEROne. Pleura Peritoneum. 2022;7(3):135–41.

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Bidirectional Approach with PIPAC and Systemic Chemotherapy for Patients with Synchronous Gastric Cancer Peritoneal Metastases (GCPM)
	Abstract 
	Background. 
	Methods. 
	Results. 
	Conclusions. 

	Materials and Methods
	Study Design
	Surgical Technique

	Results
	Discussion
	Conclusion
	References




