
Abstract. Background: Patients suffering from peritoneal
metastasis of biliary tract cancer were treated with
pressurized intraperitoneal aerosol chemotherapy (PIPAC).
Patients and Methods: This was a study carried out at a
single institution, tertiary referral center certified for therapy
of peritoneal disease. Retrospective data analysis was
performed of prospective data for PIPAC with intra-
peritoneal low-dose doxorubicin (1.5 mg/m2) and cisplatin
(7.5 mg/m2) delivered at intervals of 6 weeks. The outcome
criteria were microscopic pathological response, survival,
and adverse events [Common Terminology Criteria of
Adverse Events (v4.0)]. Results: A total of 13 patients
(male/female=8/5) with a mean age of 58 (range=37-75)
years underwent 17 PIPAC procedures without
intraoperative complications. The mean number of PIPAC
applications was 1.3 (range=0-3). Due to non-accessibility
of the abdominal cavity in two patients (15.4%) and rapid
clinical deterioration in six patients (46%), five patients
underwent two or more PIPAC applications and were,
therefore, eligible for histological analysis to assess

carcinoma regression. Overall tumor regression of any
degree was determined in 4/5 patients. An overall median
survival of 85 days (95% confidence interval(CI)=59.2-110.4
days) after the first PIPAC application was observed. No
complications greater than Common Terminology Criteria of
Adverse Events (v4.0) level 2 occurred. Conclusion: PIPAC
can induce objective regression of systemic chemotherapy-
resistant peritoneal metastasis of biliary tract cancer.
However, due to a rapid clinical deterioration of the patients,
almost two-thirds of the patients cannot undergo repetitive
PIPAC courses. 

Biliary tract cancer (BTC) is in most cases adenocarcinoma
arising from the epithelial lining of the gallbladder and the
intra- and extrahepatic (hilar and distal common bile duct)
bile ducts. Gallbladder carcinoma (GBC) is the fifth most
common neoplasm of the digestive tract and has an overall
incidence of 3 per 100,000 people (1). In addition, there are
carcinomas of the bile ducts [intra- and extrahepatic
cholangiocarcinoma (ICC and ECC)]. In Germany,
approximately 2,000 new GBC cases and 3,000 new ECC
cases were diagnosed in 2012 (2). Complete surgical
resection offers the only chance for cure. Unfortunately, most
patients are diagnosed at an advanced tumor stage so that
only 20-35% of patients can undergo curative surgery.
However, even after curative surgery, the prognosis remains
poor and recurrence rates are high (3). Therefore, most
patients will be managed with palliative systemic
chemotherapy. For patients with advanced BTCs treated with
systemic first-line chemotherapy, the reported median overall
survival is around 12 months (4). The peritoneum is a
frequent site of metastatic disease and in the case of the
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presence of peritoneal metastasis (PM), a median survival
time of 4.8 months is reported (5, 6).
Pressurized intraperitoneal aerosol chemotherapy (PIPAC)

is a new technique for delivering intra-peritoneal chemotherapy
to treat PM. During standard diagnostic laparoscopy, liquid
chemotherapy drugs are delivered as a pressurized aerosol into
the abdominal cavity. This approach allows administration of
the smallest amounts of chemotherapy at high concentrations
into the abdominal cavity. The pressure of the capnoperitoneum
is intended to additionally enhance the cytotoxic effect of
PIPAC (7). The safety, feasibility and antitumoral effect of
PIPAC on systemic chemoresistant PM have already been
reported by several independent groups of surgical oncologists
and gynecologists (8-12). However, no data about PIPAC to
treat PM of BTCs has been reported to our knowledge. 

Patients and Methods 

Patients and regulatory framework. Since April 2012, PIPAC
therapy has been applied with approved drugs for i.v. therapy as off-
label use. Each patient was evaluated at a multidisciplinary Tumor
Board. The indication for PIPAC therapy was decided on a case-by-
case basis. Patients with progressive PC after or under evidence-
based systemic chemotherapy or patients who did not qualify for
systemic chemotherapy due to medical contraindications underwent
PIPAC. There were no strict exclusion criteria for PIPAC, but
patients suffering from clinical signs of gastrointestinal occlusion
or with a Karnofsky Index less than 50%; [Eastern Cooperative
Oncology Group Performance Score (ECOG PS) >3] were
excluded. We intended to deliver at least three PIPAC cycles
separated by a 6-week time interval. In patients undergoing systemic
chemotherapy simultaneously with PIPAC, systemic therapy was
delivered in the interval between two PIPAC sessions. The study
was performed in line with the guidelines of the Declaration of
Helsinki, and each patient was asked to give their written informed
consent for data collection, as well as for publication of data in an
anonymous manner. Data collection and analysis within a tumor
registry were performed with the approval of the local Institutional
Review Board (Ethics Committee of the Ruhr University Bochum,
Germany; #15-5280)

PIPAC procedure. The standard PIPAC procedure has been
described in detail elsewhere (7, 10-12). The access to the
abdominal cavity was usually obtained via a mini laparotomy lateral
to the left rectus muscle in the midclavicular line at the level of the
umbilicus. Peritoneal biopsies from all four abdominal quadrants (if
possible) were retrieved and sent for histological analysis.
Doxorubicin at a dose of 1.5 mg/m2 body surface area (BSA) in 50
ml of 0.9%NaCl followed by cisplatin at a dose of 7.5 mg/m2 BSA
in 150 ml of 0.9% NaCl were aerosolized. All PIPAC procedures
were performed by senior surgeons trained in PIPAC technology.

Data collection follow-up and statistical analysis. Data were
collected by clinical study nurses within a prospective data registry.
Follow-up data were obtained by telephone calls until death occurred
or until last documentation at 20th June 2017. Histological tumor
response was assessed by an independent pathological reference
center (Institute of Pathology, Ruhr University Bochum, Bochum,

Germany). To evaluate the histological tumor regression grade
(TRG) induced by PIPAC, the following criteria according to
Dworak et al. were applied: TRG 0: No regression; TRG 1:
predominantly tumor with significant fibrosis with/without
vasculopathy; TRG 2: predominantly tumor with significant fibrosis
with scattered tumor cells (slightly recognizable histologically); TRG
3: only scattered tumor cells in the space of fibrosis with/without
acellular mucin; TGR 4: no vital tumor cells detectable (13). In this
study, whenever different scores were found in different tissue
samples of the same patient, the lowest TRG value was reported.
Adverse events were graded according to the Common Terminology
Criteria for Adverse Events (v4.0) (14). Data analysis was conducted
retrospectively and data are given as absolute numbers, percentage,
mean (range: minimum to maximum) or median with interquartile
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Table I. Baseline characteristics of patients undergoing pressurized
intraperitoneal aerosol chemotherapy (PIPAC).

Characteristic                                                             No.                (%)

Total patients                                                               13                 100
Gender
  Male                                                                           8                   62
  Female                                                                       5                   38
Age (years)
  <50                                                                            3                   23
  50-60                                                                         5                  38.5
  >60                                                                             5                  38.5
Primary tumor site
  GB                                                                             5                  38.5
  IHC                                                                            3                   23
  EHC                                                                           5                  38.5
Prior surgery
  Yes (R0 resection)                                                     6                   46
  Yes (R1 resection)                                                     3                   23
  No                                                                              4                   31
No systemic chemotherapy                                         6                   46
Prior first-line chemotherapy                                      7                   54
  Gemcitabine & cisplatin                                           5                  38.5
  Gemcitabine & oxaliplatin                                       1                   7.7
  Gemcitabine mono therapy                                      1                   7.7
Best response to first-line chemotherapy
  Partial response                                                         2                  15.4
  Stable disease                                                            2                  15.4
  Progressive disease                                                   3                   23
Second-line chemotherapy                                          4                   31
  FOLFOX                                                                   2                  15.4
  XELIRI                                                                      1                   7.7
  5FU monotherapy                                                    1                   7.7
Second-line chemotherapy & PIPAC                         3                   23
PIPAC without any systemic chemotherapy             10                  77
Performance status (ECOG)
  0 or 1                                                                         6                   46
  2 or 3                                                                         7                   54
Metastatic sites
  Peritoneal                                                                 13                 100
  Extra-peritoneal (pleura)                                          2                  15.4

GB: Gallbladder; IHC: intra-hepatic cholangiocarcinoma; EHC: extra-
hepatic cholangiocarcinoma.



range (IQR). Overall median [95% confidence interval (CI)] survival
was modelled using a Kaplan–Meier curve with SPSS® Statistics 25
(IBM Corp., Armonk, NY, USA).

Results
Between February 2013 and January 2017, a total of 13
patients (male/female=8/5) with a mean age of 58
(range=37-75) years and a median Karnofsky Index of 70%
(IQR=60-85%) were scheduled for PIPAC. The primary
tumor location was the gallbladder in five, intra-hepatic in
three and extra-hepatic cholangiocarcinoma in five.
Additionally, two patients suffered from histologically
documented metastatic spread to the thoracic cavity. Nine
patients had initially undergone extensive curative surgery
whereas five patients were diagnosed with synchronous PM
during staging laparoscopy or laparotomy. Seven patients
had progressive peritoneal carcinomatosis under or after a
minimum of one line of systemic chemotherapy, six patients,
due to medical contraindications, were systemic
chemotherapy-naive. Three patients received systemic
chemotherapy and PIPAC applications, whereas 10 patients
had PIPAC treatment only. The average time interval
between the diagnosis of PM and the first PIPAC application
was 190 (range=15-930) days. Patient demographic data as

well as details on previous surgical procedures and systemic
chemotherapy are summarized in Table I.
Access to the abdominal cavity for the first PIPAC

application failed in two patients (2/13), representing a
primary non-accessibility rate of 15.4%. In the 11 patients
who received a first PIPAC cycle, a median Sugarbaker’s
peritoneal carcinomatosis index (PCI) score of 20 (IQR=8-
27) and malignant ascites of 2800 (IQR=1200-6000) ml were
documented. 
The mean number of PIPAC applications was 1.3

(range=0-3), whereas one patient received three applications,
four patients two, six patients one and two patients none. The
reasons for the premature ending of PIPAC treatment (three
cycles intended) were ileus in three patients (23.1%), clinical
deterioration/cachexia syndrome in four (30.8%), septic
complications/fulminant pneumonia in three (23.1%) and
cardiac decompensation in one patient (7.7%). On an
intention-to-treat analysis, one patient (1/13=7.7%) had three
PIPAC applications.
A total of 17 successful PIPAC procedures were delivered.

The mean procedure time was 89.0 (range=72-107) minutes
with no observed intraoperative complications. Seven patients
(7/17, 41.4%) suffered from mild postoperative complications
(Common Terminology Criteria for Adverse Events grade 1).
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Figure 1. Kaplan–Meier curve of overall survival after first pressurized intraperitoneal aerosol chemotherapy application according to diagnosis.
CC: Intra- and extrahepatic cholangiocarcinoma; GBC: gallbladder cancer.



Transient prerenal kidney toxicity (Common Terminology
Criteria for Adverse Events grade 2; creatinine 2.0-3.0 × above
baseline) was observed after 6/17 (35.3%) interventions. No
Common Terminology Criteria for Adverse Events grade 3 or
4 complications occurred. There was no PIPAC-related
mortality.
Out of 13 patients, five received two or more PIPAC

cycles and were therefore eligible for histological TRG
analysis. The median number of biopsy samples harvested
during each PIPAC session was six (IQR=4-8). A local
peritonectomy of 3×3 cm was obtained in every case. No
tumor regression (TRG 0) was observed in one patient (1/5).
A total of two patients (2/5) showed minimal or moderate
histological tumor regression (TRG 1 and 2). In another two
patients (2/5), extensive tumor regression (TRG 3) was
observed. Overall, repetitive PIPAC applications induced
histological tumor regression in 4/5 (80%) patients. 

An overall median survival time of 85 days (95%
CI=59.2-110.4 days) after the first PIPAC application was
noted. According to the primary tumor site, the median
overall survival for patients with GBC was 71.0 (95%
CI=53.8-88.2) days and for those with ICC/ECC 122.0 (95%
CI=41.6-202.4) days. All patients died during the follow-up
period from February 2013 to June 2017. Details about
PIPAC therapy, perioperative complications, and histological
regression are summarized in Table II. Survival data after the
first PIPAC cycle are given in Figure 1.

Discussion

The dismal prognosis and the high frequency of PM as
site of disease manifestation of BTC emphasizes the need
to improve patient outcomes by intensifying the treatment
of PM.
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Table II. Individual patient demographic data and details on previous surgical interventions and systemic chemotherapy treatment prior to
pressurized intraperitoneal aerosol chemotherapy (PIPAC).

                                                                                             PIPAC                                                

                                             1                                                    2                                                    3

Patient no.    PCI    Ascites  CTCAE   TRG    PCI    Ascites   CTCAE   TRG    PCI    Ascites  CTCAE  TRG                          Comment
                                  (ml)                                              (ml)                                                (ml)

1                     31       2000          0            0                                                                                                                          Clinical deterioration; died 
                                                                                                                                                                                                65 days after 1st PIPAC
2                     20       2000                        0                                                                                                                         Pneumonia and sepsis; died 
                                                                                                                                                                                                71 days after 1st PIPAC
3                     18       6000          2            0        22       7000           2            0                                                             Ileus; died 85 days after 1st PIPAC
4                      8        7000          2            0                                                                                                                            Tumor cachexia; died 63 
                                                                                                                                                                                                   days after 1st PIPAC
5                      5        1200          1            0         1         500            1            1                                                                    Clinical deterioration; died 
                                                                                                                                                                                                78 days after 1st PIPAC
6                                    Primary non-accessibility of the abdominal cavity                                                              Ileus; died 151 days after 1st PIPAC
7                     27       5000          1            0                                                                                                                   Duodenal stenosis, stent placement; 
                                                                                                                                                                                            died 42 days after 1st PIPAC
8                                    Primary non-accessibility of the abdominal cavity                                                                    Biliary sepsis; died 267 days 
                                                                                                                                                                                                       after 1st PIPAC
9                     15        100           1            0        13        100            1            2                                                                Clinical deterioration; died 235 
                                                                                                                                                                                                   days after 1st PIPAC
10                   20        200           1            0        18       2500           1            3                                                                    Pneumonia; died 182 days 
                                                                                                                                                                                                       after 1st PIPAC
11                   26       2800          2            0                                                                                                                          Biliary sepsis, died 93 days
                                                                                                                                                                                                      after 1st PIPAC
12                   32       5000          2            0                                                                                                                             Portal hypertension and 
                                                                                                                                                                                               cardiac decompensation;
                                                                                                                                                                                            died 65 days after 1st PIPAC
13                    7        8000          2            0         4        5000           1            1         3        3000           0           2       Ileus; died 122 days after 1st PIPAC

TRG: Tumor regression grade: 0: no regression 1: predominantly tumor with significant fibrosis with/without vasculopathy 2: predominantly fibrosis
with scattered tumor cells (slightly recognizable histologically), 3: only scattered tumor cells in the space of fibrosis with/without acellular mucin
4: no vital tumor cells detectable; PCI: Sugarbaker peritoneal carcinomatosis index; N/A: not applicable; CTCEA: Common Terminology Criteria
of Adverse Events (v4.0).



PIPAC is a new technique for treating end-stage PM by
delivering intraperitoneal chemotherapy as a pressurized
aerosol. Low-dose liquid chemotherapy drugs are nebulized
into the abdominal cavity during a standard laparoscopic
procedure by means of a spraying device connected to a
high-pressure injector (7). Based on retrospective cohort data
and a phase II study, there is growing evidence that this
approach is feasible and safe with only minimal local or
systemic side-effects. Objective histological tumor regression
in systemic chemoresistant peritoneal carcinomatosis of
ovarian, gastric, colorectal and, very recently, pancreatic
cancer in 50% to 70% of patients was observed (8-12). 
In the present study, no intraoperative complications

occurred. The postoperative side-effects were minimal.
Nevertheless, due to large amounts of ascites evacuated
before delivering PIPAC, transient prerenal renal failure,
which required careful perioperative volume resuscitation,
was observed after more than one-third of all PIPAC
applications. However, no severe adverse events (more than
grade 2 by Common Terminology Criteria for Adverse
Events) were observed.
All treatment parameters of PIPAC, such as the minimum

number of PIPAC applications to induce maximum tumor
regression, are still empirical with limited available evidence.
It is assumed by most pioneers of PIPAC therapy that least
three PIPAC cycles are probably required to induce a
substantial regression of PM. Previous data of PM of gastric,
colorectal and ovarian origin treated with repetitive PIPAC
applications documented the feasibility of such an approach
with an average number of 2.5 to 2.8 PIPAC applications per
patient (9-12). However, these findings are in contrast to our
present data where only 1.3 PIPAC applications were
successfully delivered per patient. Since the primary non-
access rate of 15.4% is within the range of previous reports
(12), the main reason for premature ending of PIPAC therapy
in our small case series was related to the rapid clinical
deterioration of the patients’ general condition. This fact is
also reflected by the poor median overall survival of only 3
months after the first PIPAC treatment. We are aware that our
data are difficult to interpret but they are probably best
discussed in the context of those of second-line systemic
chemotherapy. Currently, data about systemic second-line
chemotherapy for BTCs report a median overall survival of
around 7 months (15). This is more than twice as long as our
current findings for PIPAC. At first glance, PIPAC treatment
appears to be poorer in terms of survival. However, in regard
to our present case series, it must be taken into account that
there are significant differences regarding the patient selection
between PIPAC and second-line chemotherapy. In a recent
study by Brieau et al., only 40% of patients who underwent
second-line chemotherapy for BTCs suffered from
documented PM, whereas a high number of cases (70%) had
an excellent physical performance status (ECOG PS 0-1) (16).

In contrast to this, almost 80% of the patients managed with
PIPAC in our study were unable to receive any systemic
treatment. Furthermore, almost two-thirds of the patients were
in a poor physical condition, with an ECOG PS of 2-3. 
Today, the efficacy of second-line chemotherapy is still

under debate, but current data indicate that patients in a good
physical condition (ECOG PS 0-1) and a documented
response to an evidence-based first-line chemotherapy are
likely to benefit from second-line chemotherapy (16, 17). 
Based on such findings it must be stated that the observed

poor survival in our present case series of patients managed
with PIPAC is very likely due to patient selection. In view of
the available data, PIPAC might best be delivered in
combination with systemic second-line chemotherapy in
patients eligible for second-line chemotherapy rather than as
a single salvage therapy for those patients who are not
candidates for systemic chemotherapy. Such an approach is
supported by our observation that an objective histological
regression of PM was documented in 80% of cases after
repeated PIPACs. However, whether such an approach can
improve the clinical outcome of such patients remains unclear.

Conclusion 

In this first small case series of patients suffering from PM of
BTC, repetitive PIPAC application, due to rapid clinical
deterioration, failed in the majority of our patients.
Nevertheless, in those patients who received at least two
PIPAC applications, histological regression of PM was
documented in 80% of them. Based on our early data, we
conclude that PIPAC therapy should be initiated at an earlier
stage of the disease. Thus, the number of patients eligible for
multiple PIPAC administrations may be increased. Improved
patient selection may also be based on known positive
prognostic factors for a response to second-line chemotherapy.
A combination of systemic second-line chemotherapy with
repetitive PIPAC applications appears to be promising. 
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