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Abstract

Background: Systemic chemotherapy for pancreatic adenocarcinoma (PDAC) and
cholangiocarcinoma (CC) with peritoneal metastases (PM) is affected by several
pharmacological shortcomings and low clinical efficacy. Pressurized intraperitoneal aerosol
chemotherapy (PIPAC] is expected to maximize exposure of peritoneal nodules to antiblastic
agents. This study aims to evaluate safety and efficacy of PIPAC for PM of PDAC and CC origin.
Methods: This is a retrospective analysis of consecutive PDAC and CC cases with PM treated
with PIPAC at two European referral centers for peritoneal disease. We prospectively
recorded from August 2016 to May 2019 demographic, clinical, surgical, and oncological data.
We performed a feasibility and safety assessment and an efficacy analysis based on clinical
and pathological regression.

Results: Twenty patients with PM from PDAC (14) and CC (six) underwent 45 PIPAC
administrations. Cisplatin-doxorubicin or oxaliplatin were administered to eight and

12 patients, respectively. We experienced one intraoperative complication (small bowel
perforation) and 18 grade 1-2 postoperative adverse events according to Common
Terminology Criteria for Adverse Events version 4.0. A pathological regression was recorded
in 50% of patients (62% in the cisplatin-doxorubicin cohort and 42% in the oxaliplatin one).
Median survival from the first PIPAC was 9.7 and 10.9 months for PDAC and CC, respectively.
Conclusion: PIPAC resulted feasible and safe without relevant toxicity issues, with both
cisplatin-doxorubicin and oxaliplatin. The pathological response observed supports

the evidence of antitumoral activity. Despite the study limitations, these outcomes are
encouraging, recommending PIPAC in prospective, controlled trials in the palliative setting or
the first line chemotherapy for PM from PDAC and CC.
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Introduction

Pancreatic adenocarcinoma (PDAC) and cholan-
giocarcinoma (CC) are both aggressive neoplasms
carrying a high metastatic potential with a 5-year
survival rate of 7% and 17%, respectively.!3

Surgery represents the only curative alternative
but only 15% of patients with PDAC* and 30%
with CC57 undergo primary tumor resection.
Indeed, the vast majority of cases had already
developed locally advanced disease, distant or
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peritoneal metastasis (PM) at the time of diagno-
sis. Furthermore, the recurrence rate is nearly 80%
within the first 2 years after surgery, and about half
of these patients show peritoneal relapse.8-10

Palliative systemic chemotherapy represents the
standard treatment option in the case of PM from
PDAC and CC but roughly reaches a median
overall survival of 6—11months with more than
5% of serious adverse events.!!-13

The need to improve patients’ prognosis and
quality of life prompted research efforts to develop
new treatment alternatives. Pressurized intraperi-
toneal aerosol chemotherapy (PIPAC) emerged
in the last few years as a novel method of drug
administration with encouraging results in the
treatment of PM of several origins. Based on the
locoregional administration of pressurized aerosol
drugs, it maximizes exposure of peritoneal tumor
implants to chemotherapy agents, with favorable
pharmacokinetics and biodistribution, as demon-
strated in several pre-clinical studies.!%15

Previous experiences on PIPAC for peritoneal
diffusion from PDAC and CC reported a relevant
anti-tumoral activity with reassuring safety and
toxicity profiles with the combination of cisplatin
and doxorubicin.!3:16-18

Here we describe the preliminary experience on
PIPAC with the combination of cisplatin and doxo-
rubicin (PIPAC CD) or oxaliplatin (PIPAC Ox) for
PM of pancreatic and biliary tract origin, from two
European referral centers for peritoneal disease.

Methods

This study is a retrospective series of a prospec-
tively maintained registry of consecutive patients
affected by PM from PDAC and CC, attempting
PIPAC treatment from August 2016 to May 2019.
No endpoints were predefined. Patients were
enrolled to receive three or more PIPAC cycles.

Indication for PIPAC was given by a multidisci-
plinary tumor board for patients with pathologi-
cally proven PM from PDAC or CC. Inclusion
criteria were Eastern Cooperative Oncology
Group performance status (ECOG PS) inferior
or equal to 2, absence of other distant metastases,
at least one previous line of systemic chemother-
apy for PM. PIPAC was considered in the pres-
ence of peritoneal disease progression under
systemic chemotherapy but also in stable or

responder patients at the end of the scheduled
chemotherapy regimen. PIPAC was administered
alone or in combination with second- or third-line
metastatic systemic chemotherapy. Exclusion crite-
ria were the contraindications of the procedure.!9-20

This research obtained the approval of two
Institutional Clinical Boards (Fondazione
Policlinico  Universitario Agostino  Gemelli
IRCCS, Rome, Italy, ID: PipacPRO.964, and
Institut du Cancer de Montpellier, Montpellier,
France, ID: ICM-BCB 2019/10) according to the
Helsinki Declaration from 1975. At the beginning
of the therapeutic protocol, all subjects signed a
specific institutional consent form allowing the
collection of anonymized data for research and
scientific purpose publishing.

The procedure is well standardized and was per-
formed in both institutions as previously described.2?

Chemotherapy agents considered for PIPAC
administration were the combination of cisplatin
7.5mg/m? in 150 ml NaCl solution and doxoru-
bicin 1.5 mg/m? in 50 ml NaCl solution or oxalipl-
atin 92mg/m? in 200ml of 5% glucose solution.
Antiblastic agents were chosen based on previous
drug exposure and response to therapy.
Oxaliplatin was given in the case of a response to
systemic folinic acid, flurouracil, oxaliplatin
(FOLFOX) or folinic acid, flurouracil, irinote-
can, oxaliplatin (FOLFIRINOX) or a poor
response to gemcitabine = cisplatin. Otherwise,
PIPAC CD was preferred if a good response was
documented with gemcitabine = cisplatin or inad-
equate response or severe side effects to oxalipl-
atin-based systemic chemotherapy.

This retrospective analysis focused on the feasibil-
ity, safety and efficacy of PIPAC. For the feasibility
assessment, we considered entry-related issues
during laparoscopy, including access rate and entry
complications, and the number of completed
PIPAC cycles. Safety and toxicity were evaluated
according to the Common Terminology Criteria
for Adverse Events (CTCAE) version 4.0.

Efficacy analysis was conducted by first to last pro-
cedure comparison in the population undergoing at
least two PIPAC administrations. Efficacy was eval-
uated on ascites volume, peritoneal cancer index
(PCI) and pathological response through the
Peritoneal Regression Grading Score (PRGS),?!
considering the mean and the highest score of biop-
sies. The rate of pathological regression was
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calculated on those who underwent at least two
PIPAC cycles. Overall survival (OS) was computed
from the date of both first PIPAC administration
and peritoneal disease diagnosis in a Kaplan—Meier
curve with SPSS Statistics, version 26.0 (IBM, NY,
USA).

Results

A total of 20 patients affected by PDAC or CC
underwent 45 PIPAC administrations. The cohort
was composed of nine male and 11 female patients
with a median age of 64years (range 42-87).
ECOG PS at the time of first PIPAC was 0 in four
cases, 1 in nine cases, and 2 in the remaining seven
cases.

Fourteen patients suffered from peritoneal spread
from PDAC and six patients from CC. Fourteen
patients suffered from metachronous disease:
four patients underwent a Whipple operation,
two a pancreatic tail resection, three a cholecys-
tectomy, two a hepatic resection, one a cholecys-
tectomy combined with hepatic resection, and
two did not receive any primary tumor surgery.
The remaining six patients with synchronous PM
had no previous tumor-specific surgeries.

All patients underwent at least one line of meta-
static systemic chemotherapy before PIPAC treat-
ment. Chemotherapy regimens are listed in Table
1.In 11 cases, PIPAC was combined with systemic
chemotherapy with a two-week interval before and
1 week after the PIPAC procedure. Consequently,
there was an additional one-week delay between
systemic chemotherapy administrations. The
remaining nine patients underwent PIPAC as the
only treatment. PIPAC Ox was administered in 12
cases and PIPAC CD in eight cases.

The median PCI at the time of the first PIPAC
was 20 for PDAC and 14 for CC (Table 2). High
volume ascites (>2000ml) was evident in six
patients. Two more patients had low volume
ascites (less than 1000ml), while the remaining
12 patients had minimal (less than 100ml) or no
ascites at all. All six patients with high volume
ascites received only one PIPAC cycle.

The median procedure time was 95min (range
71-137min). The abdominal cavity was accessible
in all patients. On laparoscopic entry, there was
one (patient 15) small bowel perforation due to
adhesions, which was repaired with interrupted
suture and did not prevent PIPAC administration.

Eighteen grade 1 or 2 CTCAE (nausea or mild
abdominal pain) complications occurred in 45
PIPAC procedures (40%), but there were no
major postoperative adverse events (grade 3—4
CTCAE). All patients were discharged on the
first or second postoperative day, except for
one, who left the hospital on the third post-
operative day.

Eleven patients (55%) underwent more than one
PIPAC and were therefore available for efficacy
analysis: seven patients completed three cycles
(35%), four patients four or more cycles (one
patient underwent seven PIPAC administra-
tions). The main reason for discontinuing the
PIPAC treatment schedule after the first PIPAC
was rapid clinical deterioration (seven cases).
One patient was lost to follow-up after 3 months
from the first PIPAC. The majority (6/9) of those
receiving only one cycle suffered from high vol-
ume ascites and had ECOG PS of 2. Along with
all PIPAC cycles, PCI decreased in four patients,
increased in five patients and remained stable in
the other two patients. Concerning ascites, there
were only two new-onsets at the third PIPAC
cycle.

According to the PRGS score, a pathological
regression was recorded in 10 patients and stable
disease in one more patient. Thus, considering
those who underwent at least two PIPAC cycles,
the pathological response rate was 90%, in par-
ticular 83% for the oxaliplatin group and 100%
for the cisplatin—doxorubicin one. Whereas in the
overall population, the pathological regression
rate was 50% in both the PDAC (7/14) and CC
(3/6) patients. Response rates in the PIPAC Ox
and PIPAC CD cohorts were 42% and 62%,
respectively.

The median OS from the first PIPAC was
9.7months for PDAC and 10.9 months for CC
(Figure 1), while the median OS from PM diag-
nosis was 16.2 months for PDAC and 12.3 months
for CC (three patients are still alive in the CC
cohort). Five patients survived up to almost
2years from PM diagnosis. Concerning survival
analysis based on drug exposure, the median OS
from the first PIPAC was 10.0 months for PIPAC
CD and 9.3 months for PIPAC Ox.

Discussion
In this study, we report that PIPAC with cispl-
atin—doxorubicin or oxaliplatin is safe and has an

journals.sagepub.com/home/tam


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

Therapeutic Advances in Medical Oncology 12

‘Adedayjolped ‘| Y ‘Jaquinu juaijed ‘uu 14 ‘sasejsejaw eauoytad ‘nd ‘Adesayjowayd josolae jeauoyiiadediul paziinssaid ‘Qyd|d ‘ewouldiesouape

o1jeasoued ‘Qyad {Uedajouldl )I2eInodn)) ‘pIde d1Ulo) ‘|Y[4704 ‘uliejdinexo ‘1oeanodnyy ‘pioe d1unoy ‘X04704 ‘unejdiexo ‘uedsjouldl ‘J1aeIN0INY ‘pIdE 21UN0) ‘XONIYI4704 ‘uneidnexo ‘exg
‘unejdnexo + auigeldwab ‘XOWI9 auigeldwab ‘39 ‘snieys souewloyiad dnoig ABojoduQ aaesadoo) ulsises ‘sq 9093 ‘uldignioxop ‘xoq ‘unedsid ‘sig tewouladedolbuejoyd ‘99

BNV«

‘dn-moy)04 1e 3507,

6l v l XoQ +s19 SUON SId+ W39 Awoyoeyshosioyn 06C Jappeiqnes 99 69 0¢

<L +8°9 z exQ EIV[IN| SIJ+ W39 uoloasal oiedaH 09 1oe4) Adenig 20 %9 6l

x€'Gl %89 0 X0d+s!d SUON N9 uoi3dasad oneday 09 e Aenig 99 & 8l

0L Ll 14 EX0 W39 W39 SUON SNouoJYdUAS pesH avad €9 Ll

x0'6 A 0 X0@+sid SUON Sy + W39 Awoyoeyshosioyn 70l Jappeiqnes 99 79 9l

13XVLIovd

1°91 66 0 XoQ +s!1) SAVN+IN3F9 1Y <- W39 + 14147104 uonedsadg ayddiym fal peaH avad 8G Gl

VO'EL e Z Xod+s!o SuoN 18 <=W39 uonossal e} dleadued '8 11ey-Apog avad 99 7l

60v 091 z exQ SUON X04704 <- W39 uonedsadq ayddiym AN pesH avad 09 el
T3AXVLITOvVd

6°LL L6 l 240] X047104 -8VN + W39 SUON SNOUOUYIUAS 11ey-Apog avad 0L ¢l

06 L'l l exo 3uoN X047104 SUON  SNouOJYdUAS 11ey-Apog avad 56 Ll

9l 6YL l eX0 auigeynade) auigeynade) SUON 6'¢Cl pesH avad L8 oL

S'L 69 l EX0 1414704 W39  uonosesadjle) dneaddued 0’8l 1ey-Apog avad 79 6

90l €6 z exQ 1414704 18 <-W39 uonedsadqg a1ddiym 891 pesH avdd 19 8
13XVLINovd

0'ze 8'g l exo X047104 “HVN+ W39 SUON  SNouoJydUAg 11ey-Apog avad e L

9°l¢ 0oL 0 X0d+s!d 414704 XONIY14704 SUON SNOUOUYIUAS pesH avad Gg 9
13XVLIovd 13XVLITOvd

oLl WA l exQ -gVN+ W39 -gvVN+ W39 QUON SNOUOJYIUAS 1ley-Apog avad 8/ g
X04104 <-

z8l 00l Zz Xo@+sd 1414704 W39 <-XONIYI4704 uonesadg a1ddiym AL pesH  Qvdd Z8 y
13AXVLIIOVd<--

0°Le €91l l XoQ +s!9 JOXVL  XONIHI4T04 <= W39 - 8¢ pesH avad €L €

uolydasad dneday
€¢l 601 4 240] SUON W39 +Awoysishosioyy A Jappeiqnes 99 08 a
6'8¢ g6l l 240] SUON XOW39 Awoyaishoajoyy (4 Joppeiqney 390 €L l
(Syjuow) (syuow) sd 9093 Adeiayjowayd Adeaayjoipea pue (syyuow)
Wd woly aVdid ¥s41 avdid J1wdishs saul) Adesayjowayd Wd 0} Jown) a)is Jowin} Jdown} (saeaf) Ju
JBAIAINS W04y |BAIAINS 1S4 sbnuqg pauiquo) snoindld  Auabuns sown) Auewiid Kiewiad Aewnd Asewild aby Id

‘ejep 1ea1b0j0ou0 pue jeaibuns ‘solydelbowap yusijed "L aqel

journals.sagepub.com/home/tam


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

A Di Giorgio, O Sgarbura et al.

Table 2. Perioperative outcomes.

Variable Value
Number of PIPAC 45
Number of patients per PIPAC cycle

| PIPAC 20

I PIPAC "1

11l PIPAC 7

IV PIPAC or more 4
Access failures 0/45 (0%)
Operative time, min 95 (71-137)
Intraoperative complications 1*/45 (2%)

Overall postoperative morbidity/mortality (CTCAE version 4.0)

Grade 1-2

Grade=3
Post-operative stay, days =SD
Histological tumor response, PRGS

Oxaliplatin

Cisplatin + doxorubicin

18/45 (40%)
0/45 (0%)

2+0.7
10/20 (50%)

5/12 (42%)
5/8 (62%)

Values are presented as median (range) or number (%).
*Small bowel perforation.

CTCAE, Common Terminology Criteria for Adverse Events version 4.0; PIPAC, pressurized intraperitoneal aerosol

chemotherapy; PRGS, Peritoneal Regression Grading Score.

antitumoral activity against peritoneal metastases
of pancreatic and biliary tract origin.

Peritoneal metastases affect nearly 5-10% of
patients suffering from PDAC and CC at diagno-
sis??2 and 30-50% at the time of recurrence.??
These patients usually receive only systemic
chemotherapy associated with poor efficacy and
high toxicity profile.2*

One of the critical flaws of systemic chemotherapy
may be poor distribution into peritoneal nodules
mainly due to scarce vascularization and high stro-
mal fraction.?5:26 In this sense, PIPAC emerged as
a novel drug delivery system that is expected to
overcome the mentioned drug-distribution limita-
tions through aerosolization of antiblastic agents
and high pressure obtained during laparoscopy.
The possibility to repeat the procedure complies
with multiple cycles of systemic chemotherapy

administration and results as appealing to monitor
treatment response. Furthermore, PIPAC seems a
fertile field for personalized medicine, offering the
chance to unveil the biological phenotype of survi-
vor lines in PM through repeated biopsies.

Given the novelty of the procedure, PIPAC has
gained increased interest. Phase II studies for gas-
trointestinal and gynecological cancers have
already successfully tested its safety and antitu-
moral efficacy,!%?7-30 while randomized phase II
and phase III studies are awaited to explore its
potential therapeutic effects.?3> On the other
hand, PIPAC investigation is currently at an early
phase, as most published studies belong to IDEAL
stages 0 and 1.3* Indeed, several issues should be
addressed to clarify optimal doses, exposure times,
intra-abdominal pressures, cycle intervals, combi-
nation with systemic chemotherapy regimens, and
implementation of other drugs.
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Figure 1. Kaplan-Meier survival curve from the first pressurized intraperitoneal aerosol chemotherapy.
x-axis: survival in months; y-axis: cumulative survival. Red line: patients affected by pancreatic
adenocarcinoma (PDAC). Blue line: patients affected by cholangiocarcinoma (CC).

The dosage of the cisplatin and doxorubicin asso-
ciation has been investigated in a dose-escalation
trial determining that the optimal doses for cispl-
atin and doxorubicin are 10.5 mg/m? and 2.1 mg/m?
respectively.?® In the present cohort, cisplatin and
doxorubicin were administered according to pre-
viously approved dosage, since new doses have
been implemented afterwards.

To date, case series on PIPAC for PDAC and CC
reported only the cisplatin—-doxorubicin associa-
tion.!3:16-18 'This is the first report on PIPAC Ox
administration for PM of pancreatic and biliary
tract origin. On the basis of several clinical trials,
oxaliplatin is considered an active drug in pancre-
atic cancer systemic treatment. It is currently
used in association with irinotecan, fluorouracil
and levofolinic acid in the FOLFIRINOX regi-
men as first-line chemotherapy,!! or in associa-
tion with fluorouracil and folinic acid (FOLFOX
or OFF regimen) as a second-line treatment after
gemcitabine-based first-line systemic chemother-
apy.35 It is also administered in combination with
gemcitabine or fluorouracil for biliary tract cancer
treatment.3%37 Although the locoregional use of
oxaliplatin has raised some concerns about toxic-
ity, especially abdominal pain and hypersensitiv-
ity,38:39 a recent retrospective multicenter cohort

study reported safety and efficacy profiles compa-
rable to those of other drugs.4° In this study oxali-
platin was preferred over the cisplatin—doxorubicin
association in more than half of patients, based on
previous drug exposure and response to therapy.

Feasibility and safety outcomes of our series do
not differ from those coming from phase II stud-
ies on ovarian and gastric cancer, or from series
on pancreatic and biliary tract cancer using
PIPAC CD.13:16-18 [We experienced no access fail-
ures and PIPAC was feasible in all attempted
cases. However, half of the patients underwent
two cycles and only one-third completed three
cycles. The main reason for discontinuing PIPAC
treatment was rapid clinical deterioration.
Previous studies on PIPAC for PDAC and
CC1316,17 described similar dropout rates, and
probably a more accurate selection of patients
could help to identify those able to receive three
cycles. Concerning safety, we experienced one
intraoperative small bowel perforation, which was
less than 1 cm in size and was repaired by laparos-
copy, so that it did not prevent PIPAC adminis-
tration.  Postoperative  complications were
self-limiting or addressed by oral drug adminis-
tration in both PIPAC CD and PIPAC Ox
cohorts. No case of severe abdominal pain
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occurred. Toxicity was not a concern, as we did
not observe any renal, hepatic or bone marrow
impairment.

In our study, we assessed efficacy in patients
undergoing more than one PIPAC comparing
ascites, PCI and PRGS from the first to the last
PIPAC procedure, notwithstanding the heteroge-
neity of data. These criteria had already been
used in previous studies.!6:17

Despite previous mentions of ascites control as a
potential PIPAC indication, in our series, all
patients with high volume ascites (>2000ml) and
six out of seven patients with ECOG PS 2 under-
went only one PIPAC cycle. Possibly, in the case
of pancreatic and biliary tract cancer, high vol-
umes of free peritoneal fluid may reflect a very
late stage disease, probably unresponsive to treat-
ment. Although these data are preliminary, and
ascites do not represent a contraindication ‘per
s¢’, in the presence of high volume ascites, the
indication should be considered with care. One of
the main challenges when dealing with PM is the
response to therapy assessment. Indeed, radio-
logical imaging performs poorly on measurable
peritoneal nodules volume reduction?! while PCI
evaluation, conceived as a preoperatory cytore-
duction predictor, it is not reliable on sclerosis
and fibrotic nodules.2! The PRGS system pro-
posed and validated by Solass ez al.4? may repre-
sent a valid tool for antitumoral efficacy evaluation
and has gained broad acceptance. We registered a
pathological response in the overall population
according to PRGS in 50% of cases of PDAC and
CC. Such data are in line with those reported in
the literature. From a recent pooled analysis,*3
response rates for PDAC and CC were 45% and
37%, respectively. Of course, the pathological
response rate could be underestimated in the
overall population, as the PRGS is unknown for
those receiving just one PIPAC. Since 11 out of
14 patients affected by PDAC underwent a com-
bined treatment, both systemic and locoregional
therapy may contribute to the observed antitu-
moral efficacy and thus, concerning PDAC, our
findings should not be considered conclusive on
the causal role of PIPAC. On the other hand,
none of the CC patients had systemic chemother-
apy during the study period, and the pathological
response was only attributable to PIPAC.
Antitumoral efficacy did not significantly differ
when comparing PIPAC Ox and PIPAC CD
patients, with pathological response rates of 42%
and 62%, respectively.

Standard systemic chemotherapy for both PDAC
and CC with PM vyields median survival of
6—11months with severe side effects.!’1? In our
series, systemic chemotherapy followed by PIPAC
administrations brought a median OS from PM
diagnosis of 12—16 months. Furthermore, PIPAC
was well tolerated, as we experienced no serious
adverse events. The median OS from the first
PIPAC of 9-10months, in line with previous
experiences,!316:17 seems encouraging as we
always administered PIPAC in the second-line
treatment for metastatic disease. In a similar sal-
vage setting, Takahara er al. reported a median
OS of 4.8 months for gemcitabine-refractory pan-
creatic cancer with malignant ascites treated with
a combination chemotherapy of intravenous—
intraperitoneal paclitaxel and S-1.4* It is impossi-
ble to infer from the present study whether our
survival outcomes are attributable to PIPAC or to
patient selection but they represent a promising
avenue for future research.

Further caution should be used in drawing con-
clusions, bearing in mind the retrospective nature
of the study, the small number of patients, and
the possibility of selection bias associated with the
exclusion of worse cases.

In spite of the limitations mentioned above, our
study corroborates published data on the safety
and efficacy of PIPAC and explores both the use
of PIPAC CD and PIPAC Ox for PM of pancre-
atic and biliary tract origin.

Conclusion

PIPAC resulted feasible in our cohort of patients
affected by late-stage PDAC and CC, but only
one-third completed the three-cycles course. All
patients with high volume ascites underwent only
one cycle; thus, indication in these cases should
be considered with care. PIPAC is a safe proce-
dure without relevant toxicity issues, both with
cisplatin—doxorubicin and with oxaliplatin. We
documented a pathological response in 50% of
patients, which did not significantly differ in the
PIPAC CD (62%) and PIPAC Ox (42%) cohorts.
These results should be handled with caution
since the clinical benefit of pathological regres-
sion has not been proven yet. Besides the limita-
tions inherent to a retrospective study, the median
survival from the first PIPAC of 9-10 months is
encouraging considering the end-stage of our
cohort. More efforts should be made to improve
the poor survival of these patients and PIPAC
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may be worth considering for prospective, con-
trolled trials in the palliative setting or at the time
of the first metastatic line.
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