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Abstract

Background Patients with peritoneal metastases of gastric cancer have a poor prognosis with a median survival of 7 months.
A benefit of cytoreductive surgery (CRS) and hyperthermic intraperitoneal chemotherapy (HIPEC) could be shown in sev-
eral selected patient cohorts but remains controversial. The aim of this study was, to reflect the results of a national German
HIPEC registry initiated by the German Society of General and Visceral Surgery (DGAV).

Methods The DGAV HIPEC registry StuDoQIPeritoneum documents patients with peritoneal malignancy contributed from
52 hospitals. All consecutive documented patients from 2011 until 2016 (n=3078) were treated with CRS and HIPEC and
were analysed. A total of 315 (10%) suffered from gastric cancer and were analysed.

Results A complete data set of 235 patients was available for this study, including 113 male (48.1%) and 122 female (51.9%)
patients with a median age of 53.4 years (SD +11.9). The median PCI was 8.0 (range 1-30). A complete cytoreduction was
achieved in 121 patients (71.6%). Postoperative complications (Clavien—Dindo grades 3—4) occurred in 40 patients (17%). The
median overall survival (OS) time was 13 months. The 5-year survival rate was 6%. According to the PCI from 0-6 (n="74);
7-15 (n =70) and 16-39 (n=24) the median OS differs significantly (18 months vs. 12 months vs. 5 months; p=0.002).
Conclusions CRS and HIPEC in selected patients with gastric cancer and peritoneal spread can improve survival when
they are treated in centers. An accurate staging and patient selection are of major importance to achieve long-term survival.
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Introduction approach. In patients with resectable locoregional cancer,

gastrectomy with lymph node dissection after induction

Gastric cancer (GC) representing 10% of all cancers is the
fifth most common cancer worldwide, shifting from its spot
as the most common malignancy in the last 40 years. In spite
of this change, it remains the third leading cause of death
associated with cancer (723 000 deaths) [1].

The NCCN Guidelines for GC provide evidence- and
consensus-based recommendations for a multidisciplinary
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chemotherapy in T3 and/or N + tumors [2], and in dissemi-
nated disease systemic palliative chemotherapy is recom-
mended independently of organ or peritoneal metastasis.
Peritoneal involvement can be present at primary diagnosis
or occur after completion of the treatment in the follow-up.

Risk factors for peritoneal metastasis (PM) are: T3 and
T4 tumors, lymph node invasion, signet ring cell histology,
diffuse infiltrative growth pattern, and primary scirrhous-
type tumor. The impact of systemic chemotherapy in meta-
static patients is limited [3, 4]. A response rate of nearly
40% can be expected in liver-, lung-, or bone metastasis,
whilst the response rate for patients with PM is less than
14% [5]. One reason for this is a barrier between blood and
peritoneum that prevents drug penetration in the peritoneal

@ Springer


http://orcid.org/0000-0001-5820-6907
http://crossmark.crossref.org/dialog/?doi=10.1007/s10120-019-00978-0&domain=pdf

12

B.Rau etal.

layer [5]. The incidence of PM is frequent and observed in
10-20% of patients scheduled for primary surgery, and up
to 40% in extended disease like stage I GC [6].

In a systematic review by Di Vita et al. the authors con-
cluded that surgery in GC with peritoneal metastases is an
option and should be performed in selected cases when a
complete cytoreduction can be achieved [7]. Cytoreductive
surgery (CRS) should include resection of the primary tumor
with acceptable margins, any adjacent structures involved,
lymphadenectomy in levels I and II, and the resection of
every visible PM, according to the peritonectomy procedure
developed by Sugarbaker [8, 9]. This recommendation was
confirmed in a meta-analysis by Sun et al. [10]. The results
of this meta-analysis showed that palliative gastrectomy for
patients with incurable advanced GC may be associated with
longer survival. Patients with liver metastases had a bet-
ter outcome compared to patients with PM. However, even
in selected cases with PM chemotherapy remains the most
important tool in the treatment [11].

Chemotherapy can also be delivered intraperitoneally.
Hyperthermic intraperitoneal chemotherapy (HIPEC) has
been shown to be an effective treatment, whenever a com-
plete or an almost complete resection of the PM can be
achieved. For this invasive treatment, patients have to be in
good condition, which is often compromised in advanced
GC. A benefit of CRS and HIPEC in these patients could
be shown in several selected patient cohorts, but remains
controversial.

National registries such as the BIG RENAPE (Base
clinic-biologique des carcinoses peritoneales d’ orig-
ine Digestive du Reseau National de Prise en charge des
Tumeurs du Peritoine) in France or recently the Brazilian
Registry of Peritoneal Diseases (BRPD), and other national
registries provide data from multicenter patient’s series [12,
13]. In cooperation with the international peritoneal surface
malignancy group (PSOGI), an excellent exchange of knowl-
edge is provided [14].

The German Society of General and Visceral Surgery
(DGAYV) from 2008 on started a close data management for
new surgical techniques as well as a surgical quality assess-
ment with a national registry and an accreditation. The aim
was education, and to specify recommendations concern-
ing safety, auditing indications and perioperative outcome.
The hospitals have the option to certify for different levels
according to their treatment volume and academic transla-
tional programs.

Special software was developed for online data collection.
Participants receive a comprehensive statistical evaluation
of their own data, including benchmark with the overall reg-
istry data.

Data are collected online in a customizable input mask.
A flexible adjustable error and plausibility checking ensures
optimal data quality. Entered data can be exported in various
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export formats (Excel, SPSS, and CSV) and downloaded by
the participating institution at any time. In addition, partici-
pants once a year will receive an automatic online report. By
export opportunities, a high transparency is provided, as an
analysis of the entered data at the institutional level is possi-
ble. The software provides a data export for the certification
process according to the regulations of the German Cancer
Society (OnkoZert).

The purpose of this study was to present the results of the
German HIPEC register on CRS and HIPEC in GC with PM,
focusing on the key items, from the database. According to
our knowledge, this paper described the largest experience
in patients treated surgically with CRS and HIPEC for GC
with PM ever published.

Patients and methods

The DGAV HIPEC registry StuDoQ|Peritoneum, introduced
in 2011 including 3078 consecutive treated patients with
CRS and HIPEC until 2016, was retrospectively analysed
for this study. The data were administrated by the German
Society for General and Visceral Surgery. A total of 52 hos-
pitals contributed to the registry, and in 315 (10%) patients,
the primary tumour was from a gastric cancer origin (10%).

Due to the retrospective character of the analysis of the
anonymised data, no institutional review board approval
was needed. All patients gave the informed consent for
data recording in the registry and were treated according
to a multidisciplinary recommendation. Some patients were
included in ongoing clinical trials.

The database includes all relevant parameters related to
patient’s characteristics, type and extent of peritoneal dis-
ease, previous treatments, and details of CRS and HIPEC
including short and long-term outcomes.

Patient selection

235 out of 315 GC patients (74.6%) treated in 38 centres
were analysed. Only patients with pathological confirmed
synchronous PM of GC and complete treatment including
gastrectomy and HIPEC were included in the analysis. 51
patients had no gastrectomy (16.2%) and were similarly
excluded as 29 patients (9.2%) with incomplete data. Pre-
operative chemotherapy (FLOT, EOX, FOLFOX, and FOL-
FIRI) was used in the majority of the patients [15].

Cytoreductive surgery

The CRS procedure aims for complete tumor resection,
including oncological resection of the primary GC ana-
logue to the existing guidelines combined with complete
macroscopic peritonectomy of tumor infiltrated areas of the
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peritoneum [2]. The extend of PM was measured according
to the peritoneal carcinomatosis index (PCI) introduced by
Jacquet and Sugarbaker [16] (Fig. 1).

The completeness of cytoreduction, influenced by the
extent of the peritoneal tumor manifestation is the strongest
prognostic factor for patient survival. Therefore, the aim of
CRS is to obtain complete macroscopic cytoreduction (CCR-
0/1). CCR-0 indicates no visible residual tumor and CCR-1
residual tumor nodules < 2.5 mm. CCR-2 and CCR-3 indi-
cate residual tumor nodules between 2.5 mm and 2.5 cm
and > 2.5 cm, respectively [17].

Hyperthermic intraperitoneal chemotherapy
(HIPEC)

The HIPEC application was open or closed, synchronous
or metachronous following the safety criteria of the hospi-
tal. Drugs as well as duration of the HIPEC procedure was
chosen according to the preference of the centre. Cisplatin,
Mitomycin C, doxorubicin, and oxaliplatin were mostly used
as HIPEC drugs. The duration of HIPEC differs from 30 to
90 min with a mean temperature of 42 °C.

Postoperative care
All patients postoperatively were admitted to an intensive

care unit (ICU). For postoperative morbidity, the Cla-
vien—Dindo classification was applied [18].
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Histopathology was classified to the international
guidelines [19]. All patients had a standardized followed
up. Adjuvant systemic chemotherapy was given depending
on a subsequent MDT recommendation.

OS was defined as the time between CRS & HIPEC and
the last follow-up of the patient.

Statistic

All statistical analyses were performed using SPSS 23.0
(International Business Machines Corporation, Armonk,
NY, USA). Continuous descriptive data are given as mean
and standard deviation or median and interquartile range,
depending on their distribution. Categorical data are given
as frequencies and proportions. Univariate analysis of time
to event data was performed using log-rank test to com-
pare several groups. Univariate results were visualized by
Kaplan—Meier curves. The variables: underlying disease,
gender, age, BMI, operation time, comorbidities, ASA
classification, PCI, CC, time from diagnosis to CRS and
HIPEC and number of anastomosis were included in the
model. The backward stepwise variable selection with a
kaike information criterion (AIC) method was used. A p
value below 0.05 was considered to be significant.
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Fig. 1 Peritoneal Cancer Index (PCI), with kind permission of Paul Sugarbaker [16]
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Results
Characteristics

A complete data set of 235 patients was available for this
study. 113 of the patients were male (48.1%) and 122
were female (51.9%), and the median age was 53.4 years
(SD+11.9).

The details of patients coming from 16 recruiting
centres are depicted in Table 1. Nearly half (49.4%) of
patients were treated in 4 high-volume centres with more
than 20 cases each.

Preoperative systemic chemotherapy was applied in 174
patients (74.0%), using a docetaxel-based protocol in the
majority of the patients. The overall length of intensive
care unit (ICU) and hospital stay was 23.5 days (SD + 14.3)
and 6.9 days (SD + 13.4), respectively (Table 2).

Surgery

The median PCI was 8.0 (range 1-30), and 78 patients
(46.4%) had a PCI <7. A macroscopic complete cytoreduc-
tion, CCR 0 was achieved in 121 of 169 patients (71.6%).

According to the inclusion criteria, all patients underwent
total or partial gastrectomy. The incidence and type of resec-
tion of additional organs to reach a CCR O status are listed
in Table 2. Peritonectomy of the parietal-, pelvis-, left-, and
right upper quadrant was performed in 77%, 32%, 46%, and
40% of the patients, respectively.

HIPEC

For the HIPEC application, the majority of hospitals used
a closed (184 patients; 78.3%) technique. The mean tem-
perature was 41.7 °C (SD +£0.7) and the mean duration of

intraabdominal chemotherapy was 62.5 (SD + 17.9) min.

Table 1 (a) Volume of treated patients with peritoneal metastatic gastric cancer in participating hospitals, (b) factors of treated patients with
peritoneal metastatic gastric cancer according to the experience of the center

Included patients

Number of Hospitals

Total number
of patients %

(n=235)
1-3 3 25 (10.6%)
4-10 4 44 (18.7%)
11-20 5 50 (21.3%)
>20 4 116 (49.4%)
Factor Total (n=235) Low-volume center (<20 High-volume center (>20 p value
cases) (n =119) cases) (n =116)
Female 122 (51.9%) 57 (47.9%) 65 (56.0%) 0.13
Synchronous HIPEC 185 (78.7%) 78 (65.5%) 107 (92.2%) <0.001
Closed HIPEC technique 184 (78.3%) 88 (73.9%) 96 (82.8%) 0.07
Splenectomy 69/218 (31.7%) 37/106 (34.9%) 32/112 (28.6%) 0.20
Pancreas resection 36/211 (17.1%) 17/100 (17.0%) 19/111 (17.1%) 0.57
CC Score
cCco 121/169 (71.6%) 63/101 (62.4%) 58/68 (85.3%) 0.001
Incomplete cytoreduction 48/169 (28.4%) 38/101 (37.6%) 10/68 (14.7%)
Preoperative chemotherapy 174/221 (78.7%) 78/105 (74.3%) 96 (82.8%) 0.09
Postoperative complications 0.03
Grade I and IT 165 /217 (76.0%) 69/104 (66.3%) 96/113 (85.0%)
Grade ITa 11/217 (5.1%) 9/104 (8.7%) 2/113 (1.8%)
Grade IIIb 19/217 (8.8%) 11/104 (10.6%) 8/113 (7.1%)
Grade IV 10/217 (4.6%) 6/104 (5.8%) 4/113 (3.5%)
Grade V 12/217 (5.5%) 9/104 (8.7%) 3/113 2.7%)
Operation time (min) 376.3+150.9 396.7+174.9 355.4+118.7 0.04
ICU stay (days) 6.9+14.3 6.6+10.0 7.1+16.1 0.75
PCI total 8.6+6.7 9.3+6.0 7.6+6.5 0.09
Patient age (years) 53.5+11.9 53.5+11.9 53.4+11.8 0.92
Overall survival (months) 10.8+13.3 8.7+84 13.0+17.2 0.05
Disease-free survival (months) 8.0+8.5 6.6+6.4 9.7+10.1 0.03
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Table 2 Characteristics of the 235 patients

Variable N % total (n=235) Missing values

(a) Patient characteristics

Gender
Male 113 28.1
Female 122 51.9
Age 53.4+119
Histological Type
Adenocarcinoma 154 65.5 19 (8.1%)
Signet ring cell carcinoma 59 25.1
Other 3 1.3
Histology
Mucinous 25 10 69 (29.4%)
Well 4 1.7 78 (33.2%)
Moderately 35 14.9 78 (33.2%)
Poor 118 50.2 71 (30.2%)
Signet ring cell 114 48.5 9 (3.8%)
Hospital stay (days) 23.5+14.3
ICU stay (days) 6.9+14.3
(b) Chemotherapeutic characteristics
Preoperative chemotherapy
Yes 174 74.0 14 (6%)
No 47 20.0
No chemo 62 26.4
Drug not stated 15 6.4
FLOT 80 34.0
ECF 19 8.1
EOX 18 7.7
DCF 11 4.7
FLO 8 34
CF 7 3.0
FOLFOX 3 1.3
PLF 3 1.3
RCT-Radio 2 0.9
5-FU 1 0.4
CFF 1 0.4
Cisplatin 1 0.4
Etoposid 1 0.4
FOLFIRI 1 0.4
Oxaliplatin 1 0.4
XELOX 1 0.4
HIPEC
Metachronous 50 21.3
Synchronous 185 78.7
Open 51 21.7
Closed 184 78.3
Mono Chemotherapy 62 26.4
Dual combination 173 73.6
Cisplatin and Doxorubicin 123 53%
Cisplatin and Mitomycin C 43 18%
Oxaliplatin and Mitomycin Cor 5 2%
Doxorubicin
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Table 2 (continued)

Variable N % total (n=235) Missing values
MMC and Doxorubicin 2 1%
Cisplatin 15 6%
Oxaliplatin 5 2%
Mitomicin C 37 16%
OTH 4 2%
HIPEC-Temp (°C) 41.7+0.7 14 (6%)
HIPEC-Dauer (min) 62.5+17.9
(c) Surgical characteristics
OP Duration (min) 376.3+150.9
CC Score
CC 0 (complete resection) 121 51.5 66 (28.1%)
CC1(<0.25cm) 34 14.5
CC 2 (0.25-2.5 cm) 10 4.3
CC3(>2.5cm) 4 1.7

Resection
Omentum majus resection
Cholecystectomy
Omentum minus resection

Colonic resection

Splenectomy
Small bowel resection
Ovarectomy
OTH

Pancreatic resection
Low anterior rectal resection
Liver resection
Hysterectomy
Cystectomy

R Score
RO
R1
R2a
R2c

Omentum majus resection
Cholecystectomy
Omentum minus resection
Colonic resection
Splenectomy

Small bowel resection
Ovarectomy

OTH

Pancreatic resection

Low anterior rectal resection
Liver resection
Hysterectomy

Cystectomy

95
39

Omentum majus resection
Cholecystectomy
Omentum minus resection
Colonic resection
Splenectomy

Small bowel resection
Ovarectomy

OTH

Pancreatic resection

Low anterior rectal resection
Liver resection
Hysterectomy

Cystectomy

40.4
16.6
2.6
0.9

Omentum majus resection
Cholecystectomy

Omentum MINUS RESECTION
Colonic resection
Splenectomy

Small bowel resection
Ovarectomy

OTH

Pancreatic resection

Low anterior rectal resection
Liver resection
Hysterectomy

Cystectomy

93 (39.6%)

The HIPEC was given immediately after cytoreduction
in 185 patients (78.7%) and in 50 patients (21.3%) on a dif-
ferent day. The mean interval between surgery and HIPEC
in these cases was 6.9 days (SD +0.84).

Cisplatin, Mitomycin C, doxorubicin, and oxaliplatin
were mostly used as HIPEC drugs. Usually, two drugs
(n=173; 73.6%) were simultaneously applied. The most
common combination was cisplatin and doxorubicin in 123
patients (53%) followed by the combination of cisplatin and
Mitomycin C for 43 patients (18.4%). Single-drug HIPEC
with Mitomycin C was given in 37 patients (15.8%), cis-
platin in 15 patients (6.4%), and oxaliplatin in 5 patients
(0.2%). The median dosage of cisplatin was 75 mg/m?, doxo-
rubicin 15 mg/m? mitomycin C 30 mg/m? and oxaliplatin
300 mg/m? (Table 2).
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Complications

Clavien—Dindo grade 3—-4 complications occurred in 40
patients (17%). Twelve patients (5.1%) died due to postop-
erative complications. Six (2.6%) of them due to an anas-
tomotic leakage, three (1.2%) of multiorgan failure, one
(0.4%) of meningiosis carcinomatosis, one (0.4%) of severe
pneumonia, and one patient (0.4%) developed renal failure
(Table 3).

Outcome
The mean follow-up was 10.8 + 11.9 months. Hospitals with

a lower number of treated patients (less than 20) the follow-
up period was 8.7 + 1.0 months and 7.6% of the patient died
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Table 3 Complicatior}s ) Complications N % total (n=235)
according to the Clavien—Dindo
classification Missing 18 77

Grade I and 11 165 70.2

Grade IIla Intervention not under general anesthesia 11 4.7

Grade IIIb Intervention under general anesthesia 19 8.1

Grade IV Life-threatening complication (including CNS complica- 2 0.9

tions) requiring IC/ICU management

Grade I'Va Single organ dysfunction (including dialysis) 7 3.0

Grade IVb Multiorgan dysfunction 0.4

Grade V Death of a patient 12 5.1

in the early postoperative course, whereas in four centers
with more than 20 patients, the mean observation period was
13.1+2.1 month (p=0.06) and 2.6% of the patients were
lost during early postoperative time (p <0.001). The median
overall survival (OS) time for the whole group of patients
was 13 (95% CI 9.1-16.9) months. The 5-year survival rate
was 6% (Fig. 2).

We grouped the PCI in three categories from O to 6
(n=174) from 7 to 15 (n =70) and from 16 to 39 (n =24).
In group 1, the median overall survival was 18 months, in
group 2 12 months, and in group 3 5 months, respectively.
The difference was highly significant (p =0.002) (Fig. 3a).

Complete cytoreduction (CCR 0) was achieved in 121
from 169 (71.6%) patients. The CCR 0 group showed a bet-
ter long-term survival compared to the incomplete resected
group, but failed to reach the level of significance. Though
the median survival for CCR 0 was 13 months compared
to 10 months (p=0.19), the 1-year and 3-year survival was
higher for the CCR 0 group (52.2% vs. 40.4% and 20.6% vs.
8.4%) (Fig. 3b).

Centers with greater experience treating more than
20 patients achieved a significant better median OS of
16 months compared to centers with less procedure of

12 months; p=0.02) (Fig. 4). The univariate analysis of
patient and procedure-related factors revealed significant
differences in time of HIPEC application (synchronous
HIPEC rate 92.2% vs. 65.5%; p <0.001), complete cytore-
duction (CCO 85.3% vs. 62.4%; p=0.001), postoperative
complications (p =0.03), and operation time (355.4 min
vs. 396.7 min; p =0.04) comparing high-volume with low-
volume centers (Table 1b).

Discussion

Patients with peritoneal metastases from GC have a poor
prognosis. The guidelines recommend palliative chemo-
therapy for this stage of disease. Anyhow, due to a better
selection process and more aggressive treatment, CRS and
HIPEC seem to improve prognosis of patients with PM of
GC.

An important prognostic factor is the amount of the
peritoneal spread described by the PCI; because the aim
to achieve CCR 0 is directly related to the tumor load. In
cases of high PCI and small bowel involvement, a com-
plete cytoreduction is rarely possible [20, 21]. Therefore,

a  1.00- b 100
s s
E 0.75+ E 0.75+
S S
n n
§ 0.50 .S 0.50
et B
13} 13}
© ©
i 0.25- C 0.25-
0.00 T T T T 1 0.00 T T T T 1
0 12 24 36 48 60 0 12 24 36 48 60
months months
patients at risk patients at risk
137 43 12 7 2 1 137 30 7 3 - -

Fig.2 Overall (a) and disease-free survival (b) of patients with peritoneal metastases of gastric carcinoma treated with cytoreductive surgery

and hyperthermic intraperitoneal chemotherapy
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Fig.3 Overall survival of patients with peritoneal metastases of gas-
tric cancer treated with cytoreductive surgery and hyperthermic intra-
peritoneal chemotherapy comparing different groups according to

1.004 —— >20 cases

= <20 cases

0.504

0.254

Fraction survival
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>20 cases 64 22 8 6 2
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Fig.4 Overall survival of patients with peritoneal metastases of gas-
tric cancer treated with cytoreductive surgery and hyperthermic intra-
peritoneal chemotherapy according to level of experience of the treat-
ing center (number of patients treated) (p =0.02)

a cytoreduction including gastrectomy in patients with
a PCI> 12 is not recommended. Our study supports this
dogma. PCI above 15 results in a median survival of
5 months, whereas patients with a PCI up to 6 achieve a
median survival of 18 months. These results underline the
importance of the PCI and emphasize the laparoscopy as an
important staging tool in advanced GC for further treatment
decision making. In addition, histology allows documenta-
tion of tumor stage.

Preoperative chemotherapy

Patients with GC and low-volume PM in which complete
tumor resection is a goal should obtain the currently best
possible therapy [22]. The most effective preoperative treat-
ment includes a triple combination with taxane according
to the results of the randomized phase III study of the AIO
(FLOT 4-study). In the meantime, this therapy regimen
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Peritoneal Cancer Index (PCI) (a; p=0.002) and according to com-
pleteness of cytoreduction (b; p =0.19)

became more and more established in Germany [23, 24].
The majority of patients of our study cohort were treated
according to the national S3-guidelines. Nevertheless, it is
surprising that 26% of the patients were not treated with
preoperative chemotherapy. The reasons were not stated in
our registry and, therefore, remain unclear. Potential reasons
for this aspect could be patients being operated due to tumor
perforation or acute tumor bleeding.

Cytoreductive surgery in peritoneal metastatic
gastric cancer

The complete tumor removal is the only curative therapeutic
option in non-metastasized GC patients [22]. In metastatic
gastric cancer, a complete tumor resection is usually not pos-
sible. In small single-center series in patients with PM from
GC, a survival benefit for selected patients after CRS and
HIPEC was identified [4].

Jeong et al. performed palliative gastrectomy in 162
of 197 patients affected by incurable gastric cancer with
a lethality of 1.2%. Patients who subsequently received
additive chemotherapy had the longest survival with
13.9 months compared to those who received chemother-
apy only (9.6 months) or surgery only (5.4 months) [25]. A
meta-analysis of 14 publications with 3003 patients showed
a significant survival benefit for patients, who underwent
palliative gastrectomy. Patients with complete resected liver
metastases followed by postoperative chemotherapy had the
greatest survival benefit [26].

Similar data exist for the peritoneal metastatic gastric
carcinoma. Complete tumor resection including removal of
all peritoneal tumor nodules (CCR 0) is associated with a
significant longer survival as compared to the incomplete
tumor resection [20, 21]. The goal of complete CRS is
directly influenced by the extent of the tumor dissemination
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measured by the PCI [16]. The same results were found in
the German database. CCR 0 was achieved in 71.6% of all
patients, CCR 1 in 10.1%, and CCR 2 in 5.9% and in 2.4%
only debulking surgery was possible. To achieve complete
cytoreduction, multivisceral resection of gallbladder, colon,
rectum, ovary, and pancreas was necessary in several cases.
The median survival for CCR 0 was 13 months compared
to 10 months (p=0.19) (Fig. 3). However, extended surgery
was also associated with a higher complication rate. There-
fore, multivisceral resection should only be done if CCR O
resection is achievable.

Comparing the overall survival data of these selected
patient cohort with existing data of patients treated with
intensive intravenous chemotherapy, it seems that patients
benefit from CRS & HIPEC treatment. Recent studies of
Al-Batran et al. and a systematic review of Chan et al.
demonstrated median overall survival of 10.8 months for
patients with Stage IV gastric cancer treated with FLOT
[27]. Subgroup analysis of our study proved that patients
with incomplete cytoreduction or PCI> 15 are not benefit-
ting from CRS & HIPEC due to an overall survival of 10 or
5 months, respectively [28].

Hyperthermic intraperitoneal chemotherapy
(HIPEC)

The evidence for HIPEC in PM of GC is low. If the onco-
logical benefit is questionable, HIPEC-related complications
must be addressed. In a recent paper by Mi et al. HIPEC
was not associated with a higher rate of anastomotic leak-
age, ileus, bowel perforation, myelosuppression, gastroin-
testinal reaction, but with a higher rate of abdominal pain
[29]. In the meta-analysis by Sun et al. based on 10 RCTs, a
survival benefit in the group with HIPEC was shown [26].
In addition, in HIPEC treated patients, a lower number of
peritoneal recurrences were seen, without a higher rate of
complications. These three studies analyzed prophylactic
HIPEC in patients with advanced GC without PM [30]. The
latest meta-analysis showed that surgery with intraperito-
neal chemotherapy (no matter the type) improves 1-, 2-, and
3-year survival [31]. No difference in 5-year survival rate
was seen. All studies lead to the result that HIPEC should
offered only in the case of GC with limited PM and com-
plete resectability of disease (CCR 0). However, no benefit
is seen in cases of macroscopic tumor residue. Currently, in
Germany, the effectiveness of HIPEC after CRS in GC with
limited PM is evaluated in a Phase III study (GASTRIPEC-
Trial) [32].

Until today, there are many unanswered questions regard-
ing the effectiveness of HIPEC. Which are the best drugs for
intraabdominal application? Drugs should be hydrosoluble,
able to achieve and maintain a high ratio of intraperitoneal
vs. plasmatic concentration, should have a rapid clearance,

able to penetrate deep into the cancer nodules, and exert an
anticancer effect on the tumor. Moreover, the tumor should
be chemosensitive with respect to the drug. In addition, the
drug directly expose his antineoplastic activity without anti-
metabolites [33].

Because of the high area under the curve ratios, between
intraperitoneal exposure and systemic agents, paclitaxel,
docetaxel, gemcitabine, and doxorubicin were ideal drugs
for intraperitoneal administration [34]. Despite the lack of
clinical trials comparing the effects of the different regi-
mens, evidence comes from experimental studies. These
showed that MMC and CDDP have performed better than
many other drugs in terms of intraperitoneal delivery [33,
35]; consequently, these drugs are used most frequently in
the perfusate, either alone or in combination [9, 21, 36, 37].
In this series, in 26% of patients, HIPEC received mono-
chemotherapy and MMC was used in 16%. Dual drug com-
binations were applied in 73.6%. Mostly, the combination of
CDDP & Doxorubicin (53%) and CDDP & MMC (18%) was
given. Oxaliplatin alone or in combination was only used in
4%. We found no difference in survival between mono and
dual drug combination.

The duration of the HIPEC was 62.5417.9 min with a
mean temperature of 41.7 4 0.7 °C. The French groups used
a different drug and a different duration. They use oxaliplatin
for 30 min at 43 °C as a standard procedure. The median
overall survival was 9.2 months, whereas the German regi-
men revealed 13 months (95% CI 9.1-16.9) (Fig. 2) [21].
This could be explained by the learning process in patient
selection, because the German database started 2008, 9 years
after the French experience.

Mortality and morbidity in HIPEC

Aggressive treatment and perioperative chemotherapy are
usually associated with a higher rate of severe morbidity
and mortality.

Al-Batran reported medical and surgical complications
in 44 of 111 patients (40%) in the ECF/ECX group and 30
of 119 patients (25%) in the FLOT group [23]. However,
Costa et al. demonstrated acceptable complications of 20%
grade 3 morbidity in association of perioperative systemic
and intraperitoneal chemotherapy after radical surgery [38].

Huang et al. investigated safety and efficacy of intraperi-
toneal chemotherapy. The perioperative mortality was 2.3%.
Severe complications occurred in 15.6%, intraabdominal
abscess in 13.4%, anastomotic leakage in 2.3%, postopera-
tive ileus in 1.6%, bowel perforation in 2.2%, pancreatic fis-
tula 3.6%, and bone-marrow depression in 5% [39].

Our analysis revealed a major complication rate of 17.4%.
Twelve patients (5.1%) died after CRS and HIPEC. There
is a difference if patients were treated in an experienced
center. In centers with more than 20 CRS plus HIPEC,
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the postoperative complication rate was lower compared
to centers with less than 20 procedures. The median sur-
vival was 16 months compared to 12 months in low-volume
institutions. A potential explanation for this difference is
patient selection and experience, as the PCI is lower and
the completeness of cytoreduction significantly higher in
high-volume centers. These facts combined with a lower
postoperative complication rate might explain the difference
in median overall survival.

The effect of HIPEC after complete CRS is under eval-
uation and might be answered by the GASTRIPEC trial.
The results are awaited in the next years. Chemotherapeutic
regime as well as duration of HIPEC, dosage, patient charac-
teristics, temperature, carrier solution, intraperitoneal pres-
sure, open or closed technique, warrants more experimental
and clinical studies to determine the influence of each indi-
vidual variable on toxicity profile and treatment outcome.

Limitations

One major limitation of a national database is the quality of
the data with missing values and limited follow-up informa-
tion of the patients. In total, 50% of all cases of the registry
were treated in certified centres which committed to have a
recurrent audit process and a minimum annual case load of
15 CRS&HIPEC.

Conclusions

Hyperthermic intraperitoneal chemotherapy (HIPEC) after
complete cytoreduction in GC with PM can be performed
with acceptable morbidity and mortality. To achieve good
results a preoperative intensive workup for patient selec-
tion should be done. This includes staging laparoscopy and
documentation of the PCI. Only patients with low PCI fol-
lowed by complete cytoreduction are able to achieve long-
term survival. The best results were reached in experienced
centers, with more than 20 included patients treated with
CRS & HIPEC.
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