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Abstract

Background Ever since Sugarbaker has established the cytoreductive surgery (CRS) in combination with intraoperative hyper-
thermic intraperitoneal chemotherapy (HIPEC), there is a chance of cure for selected patients with peritoneal metastases from
colorectal cancer. Objective of this study was to investigate the benefit of CRS and HIPEC compared to other therapy options in
patients with isolated synchronous and metachronous peritoneal metastases of colorectal origin in terms of long-term overall
survival.

Methods A retrospective population-based cohort study, including 370 patients diagnosed with isolated synchronous and
metachronous peritoneal metastases of colorectal origin, was carried out. Therefore, data were acquired from the cancer registry
at the Regensburg Tumor Center in Bavaria, Germany. Patients’ overall survival (OAS) according to their therapy received was
analyzed by means of Kaplan-Meier method and multivariable Cox regression.

Results Overall median survival was 41.6 months for patients treated with CRS and HIPEC, compared with surgery and
chemotherapy (24.0 months, log-rank p =0.015), chemotherapy only (14.1 months, p <0.001), surgery only (11.4 months, p
<0.001), and best supportive care (7.9 months, p <0.001). This benefit persisted after adjustment for further risk factors in
multivariable analysis.

Conclusion The effect of CRS and HIPEC stands out significantly in comparison to all other therapies. The multimodality
approach should be a regular option for patients with isolated peritoneal metastases.

Keywords Cytoreductive surgery - Hyperthermic intraperitoneal chemotherapy - Colorectal cancer - Peritoneal metastases -
Survival analysis - Population-based analysis
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Peritoneal metastases represent a significant clinical problem,
affecting around 10% of all patients with a colorectal cancer
[1]. As this entity is associated with a poor prognosis, it is of
great importance to find out if selected patients may benefit

from other treatment options than best supportive care or pal-
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liative systemic chemotherapy [1, 2]. Little is known about the
impact of modern systemic chemotherapy on survival of pa-
tients with isolated peritoneal metastases [3, 4]. These patients
are rarely included in studies because peritoneal metastases
cannot be visualized in CT or MRI scans to monitor the ther-
apeutic effect, as compared to liver metastases [5]. Survival
data of these patients suggest, nevertheless, that we can
achieve with modern systemic chemotherapy today at least
22 months median survival time [6]. This is similar to the
experimental arm (CRS and HIPEC) of the only prospective
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randomized trial performed for peritoneal metastases—pub-
lished 13 years ago [7].

The acceptance in the medical oncologic community is lim-
ited due to a lack of other high-quality prospective randomized
trials [8—10]. Good survival data presented by single institutions
obviously is of limited value due to a selection bias. Last year, a
first group from the Netherlands presented initial data of a
population-based analysis on patients with synchronous perito-
neal metastases, showing that about 10% of all patients nation-
wide were able to receive cytoreductive surgery and hyperther-
mic intraperitoneal chemotherapy with a median survival of
32.3 months. Considering data from the randomized trial, the
median survival time was improved by about 10 months [11].

Therefore, we considered of great importance to analyze
data available in Eastern Bavaria, as this area has a good
functioning cancer registry with regular updates of follow-up
data. Similar analyses have been done for liver metastases
with relevant data that had enabled the Tumor Center to im-
plement clinical pathways in order to improve the offered
treatment options, e.g., increase resectability [12].

Methods
Study design

For an evaluation of the benefit of CRS and HIPEC in patients
with peritoneal metastases of colorectal origin in terms of
overall survival, a retrospective cohort study was carried out.
Therefore, clinical data were obtained from the population-
based clinical cancer registry at the Regensburg Tumor
Center in Eastern Bavaria, Germany. Following the declara-
tion of Helsinki [13] and the Bavarian Law of Cancer
Registration [14], only unidentified information concerning
any patient data was used.

Background and data collection

Epidemiological and clinical data from all patients suffering
from malignancies, which have been diagnosed and treated in
Oberpfalz and Niederbayern (Eastern Bavaria), are collected
and registered in the cancer registry of the Regensburg Tumor
Center since 1991, covering a population of 2.2 million
inhabitants.

Definition and numbers of study group

In the present study, 16,225 patients with colorectal neoplasia,
diagnosed between January 2004 and December 2014 and
classified with the ICD-10-Code C18-20, by ICD-10-GM-
2016 [15], constituted the basic cohort in the present study.
Due to incomplete follow-up data or histology of the primary
other than adenocarcinoma (e.g., sarcoma, lymphoma, and
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malignant melanoma), 2575 patients were excluded. Out of
the remaining 13,650 patients with histologically confirmed
colorectal carcinoma, 648 developed peritoneal metastasis
during a median follow-up of 59.8 months (5-year cumulative
rate 5.7%). While in 226 patients (34.9%) also other organs
had been affected, 422 (65.1%) showed peritoneal tumor
spread only (Fig. 1).

Fifty-two (12.3%) patients died within the first 30 days after
diagnosis of peritoneal metastases and thus had no chance of
receiving an adequate kind of treatment (37 had no therapy, 8
palliative surgery, 7 start of chemotherapy). Since their early
death would distort the survival analysis, they were excluded.
Eventually, 370 (87.7%) were considered in the survival anal-
ysis, comprising 219 patients (59.2%) with synchronous and
151 patients (40.8%) with metachronous peritoneal metastases.

Additionally to the available registry data, details of the
treatment were accomplished by reviewing hospital discharge
letters from all patients. Two hospitals within the register re-
gion are specialized in treatment of peritoneal metastases.
Eight hospitals are certified as colorectal cancer centers from
German Cancer Society, which perform treatment of peritone-
al metastases too.

For a reliable comparison, these patients were divided into
five groups according to their therapy received: (1) macro-
scopically complete cytoreductive surgery (CRS) followed
by hyperthermic intraperitoneal chemotherapy (HIPEC), (2)
combined surgery and chemotherapy, (3) chemotherapy only,
(4) surgery only, and (5) best supportive care (Fig. 1).

Details and selection criteria for treatment by CRS,
HIPEC, and systemic chemotherapy

Generally, only affected areas of the abdominal cavity were
removed during cytoreductive surgery. This may have includ-
ed a parietal peritonectomy and/or a visceral resection, mostly
as right colectomy, anterior rectal resection, hysterectomy,
cholecystectomy, or splenectomy. An omentectomy was man-
datory. Common selection criteria for CRS and HIPEC were
peritoneal cancer index PCI<20, score of complete
cytoreduction CC 0/1 (no residual nodules or remaining nod-
ules <2.5 mm, respectively), no extraperitoneal metastases,
and no progression under systemic chemotherapy. The com-
mon chemotherapy agents intraperitoneally employed were
mytomycin C (1 h) and oxaliplatin (30 min), predominantly
complemented by systemic administration of 5-fluorouracil,
folinic acid and oxaliplatin (FOLFOX), or capecitabine and
oxaliplatin, the latter replaced by irinotecan in some cases.

All patients in the groups 2 “combined surgery and
chemotherapy” and 4 “surgery only” underwent cytoreductive
surgery too (mandatory omentectomy and optional parietal
peritonectomy and/or a visceral resection), but information on
completeness of cytoreduction was not sufficient for most of
the cases.
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Fig. 1 Study flowchart showing percentages of eligible patients, patients excluded from analysis, and distribution of therapy groups

Fluorouracil and folinic acid (FuFol) was the predominant
combination in systemic chemotherapy (76.8% of all pa-
tients), a fewer portion receiving the oral fluorouracil prodrug
capecitabine (15.3%). In 39.1%, FuFol was complemented
with oxaliplatin, and irinotecan was added in 29.8%.
Antibody-based target therapy was administered in 34.4% of
all cases, predominantly as second-line therapy.

Statistical analysis

For a comparison of the patients’ characteristics, ¢ test was
used for continuous data in case of normal distribution;
otherwise, Mann-Whitney U test was applied. Pearson’s
chi-square test was applied for testing independence of
categorical variables, and Fisher’s exact test in case of
small numbers.

To identify factors that are correlated with treatment by
CRC and HIPEC, multivariable analysis with binary logistic
regression was performed. Estimated odds ratios show the
chance of receiving CRC and HIPEC vs. other treatments in
dependence on various variables.

Life status and corresponding dates of death and last
follow-up of the patients were found out from medical
documents, death certificates, and registration offices.
Overall survival time was calculated starting from the
date of diagnosis of peritoneal metastases until date of
death, last date of follow-up, or cut-off date, whichever
came first. The follow-up period and survival times
were right censored using 30th of June 2015 as a cut-
off date, resulting in a median follow-up time of
53.8 months (mean 56.9) in patients with peritoneal me-
tastases only. The overall survival rates (OAS) in the
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five different therapy groups were estimated with the
Kaplan-Meier method. Survival differences were tested
for statistical significance by the two-sided log rank
test; the level of significance was set to 0.05.

To determine the influence of further variables on
overall survival, we performed multivariable regression
analysis using Cox proportional hazard models. The
hazard ratios (HR) of the different therapies versus best
supportive care as reference category were estimated
and subsequently adjusted for the variables sex, age at
diagnosis and year of diagnosis, time of metastases, tu-
mor localization and morphology, grading, tumor stage
T, and nodal stage N of primary. All analyses were
performed using IBM SPSS Statistics, version 23.0.

Results
Patient characteristics and therapy

The therapies administered to the 370 patients showing perito-
neal metastasis only were grouped into five categories (Fig. 1):
The two largest groups are comprised of chemotherapy only
(36.2%) and surgery combined with chemotherapy (22.2%).
Surgery only was applied to 45 patients (12.2%), and 28
(7.6%) received a combination of CRS and HIPEC.
Nevertheless, the use of HIPEC and CRS has increased in
the last 20 years: When between 2004 and 2011, only 6.0%
of patients were treated with CRS and HIPEC, and the rate has
risen to 9.4% in the period from 2011 to 2014 (p =0.216).

Table 1 Patients’ demographic and clinicopathological characteristics according to therapy
Therapy groups of peritoneal carcinomatosis
CRS + HIPEC Surgery + Chemotherapy Surgery only Best supp. care Chi-square
chemotherapy only
N % N % N % N % N % p*
Total 28 100.0% 82 100.0% 134 100.0% 45 100.0% 81 100.0%
Sex Men 14 50.0% 47 57.3% 78 58.2% 19 422% 37 457% 0.199
Women 14 50.0% 35 42.7% 56 41.8% 26 578% 44  543%
Age at diagnosis <50 7  250% 13 15.9% 12 9.0% 5 11.1% 3 3.7%
(years) 50-59 10 357% 14 17.1% 25 18.7% 133% 9 11.1% <0.001
60-69 9 321% 29 35.4% 28 20.9% 7 156% 17  21.0%
>70 2 71% 26 31.7% 69 51.5% 27  60.0% 52 @ 642%
Year of diagnosis 2004-10 12 429% 51 62.2% 66 49.3% 24 533% 47  58.0% 0.252
2011-14 16 57.1% 31 37.8% 68 50.7% 21 46.7% 34  42.0%
Time of carcinomatosis Synchronous 20 71.4% 53 64.6% 75 56.0% 27  60.0% 44 54.3% 0.389
Metachronous 8 28.6% 29 35.4% 59 44.0% 18 40.0% 37 457%
Tumor localization Colon 26 929% 71 86.6% 101 75.4% 40 889% 69  852% 0.048
Rectum 2 71% 11 13.4% 33 24.6% 5 11.1% 12 14.8%
Tumor morphology Adenocarcinoma 13 464% 59 72.0% 102 76.1% 37  822% 70 86.4%
Mucinous ca 13 464% 19 23.2% 24 17.9% 8 17.8% 7 8.6% 0.004
Neuroendocrine 2 7.1% 2.4% 2 1.5% 0 0.0% 2 2.5%
Signet-ring cell 0 0.0% 2.4% 4.5% 0 0.0% 2 2.5%
Grading Gl12 10 357% 45 54.9% 68 50.7% 24 533% 49  60.5%
G3/4 17 60.7% 37 45.1% 64 47.8% 17 378% 26 32.1% 0.012
GX/ns 1 36% O 0.0% 2 1.5% 4 89% 6 7.4%
T stage of primary T1-3 12 429% 27 32.9% 53 39.6% 16  356% 42 51.9%
T4 14 50.0% 52 63.4% 60 44.8% 23 51.1% 33  40.7% 0.023
TX/ns 2 71% 3 3.7% 21 15.7% 6 133% 6 7.4%
N stage of primary NO 214% 19 23.2% 18 13.4% 6 133% 16 19.8%
N1/2 19 67.9% 56 68.3% 91 67.9% 32 71.1% 56 @ 69.1% 0.395
NX/ns 3 107% 7 8.5% 25 18.7% 7 15.6% 9 11.1%

X/ns not measurable/not specified

*p value based on Pearson’s chi-square test and Fisher’s exact test in case of small numbers
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The distribution of patient characteristics according
to therapy is presented in Table 1. The results are con-
firmed by a multivariable analysis with binary logistic
regression showing the following factors that contributed
to the decision whether CRS and HIPEC or a different
approach was chosen as a treatment for patients. The
chance of being given CRS and HIPEC decreased with
the age at diagnosis, although only age above 70 years
showed an influence that was statistically significant com-
pared to the youngest group (OR 0.04, p<0.001). In all
groups, more synchronous than metachronous metastases
of the peritoneum occurred in the patients, yet the highest
percentage was found in the CRS and HIPEC therapy set.
In terms of the primary tumor, localization in the colon—
in contrast to rectum—meant a stronger probability of
receiving CRS and HIPEC (OR for rectum 0.24, p =
0.084).

Survival (months)

Overall survival according to therapy

Overall median survival was 41.6 months for patients treated
with CRS and HIPEC, compared with surgery and chemother-
apy (24.0 months, log-rank p =0.015), chemotherapy only
(14.1 months, p <0.001), surgery only (11.4 months, p <
0.001), and best supportive care (7.9 months, p <0.001,
Fig. 2, Table 2).

HIPEC and CRS were by far the most successful therapy,
although after 5 years, the differences of the overall survival
rates were less obvious and diminished.

The gradient between therapy groups seen in univariable
Kaplan-Meier analyses persisted when multivariable analysis
using Cox proportional hazard model was performed
(Table 3). Using best supportive care as reference, CRS and
HIPEC yielded the greatest benefit (HR 0.19, CI 0.10-0.36),
followed by surgery combined with chemotherapy (HR 0.40,

Table 2 Kaplan-Meier estimates

of median, 2-year, and 5-year Therapy group Total N N death Median OAS 2-year- S-year-

overall survival according to (months) OAS (%) OAS (%)

treatment with CRS + HIPEC and

other therapies CRS + HIPEC 28 15 41.6 79.2 235
Surgery + chemotherapy 82 68 24.0 47.7 16.8
Chemotherapy only 134 117 14.1 27.6 5.8
Surgery only 45 33 11.4 33.6 12.6
Best supportive care 81 71 7.9 16.6 6.0
Overall 370 304 14.4 34.2 10.5

OAS overall survival
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Table 3 Results of multivariable analysis of overall survival according to therapy and other variables, using Cox proportional hazard model

Variable Category Hazard ratio Lower 95% CI Upper 95% C1 P value*
Therapy group Best supportive care 1.000 Reference <0.001
CRS + HIPEC 0.191 0.101 0.362 <0.001
Surgery + chemotherapy 0.403 0.279 0.582 <0.001
Chemotherapy only 0.565 0.407 0.783 0.001
Surgery only 0.579 0.371 0.906 0.017
Sex Men 1.000 Reference
Women 1.328 1.045 1.686 0.020
Age at diagnosis <50 1.000 Reference 0.011
50-59 0.799 0.485 1.314 0.376
60-69 1.004 0.628 1.605 0.988
>70 1.383 0.883 2.164 0.156
Year of diagnosis 2004-10 1.000 Reference
2011-14 0.934 0.727 1.200 0.593
Time of carcinomatosis Synchronous 1.000 Reference
Metachronous 1.595 1.223 2.081 0.001
Tumor localization Colon 1.000 Reference
Rectum 1.025 0.750 1.400 0.876
Tumor morphology Adenocarcinoma 1.000 Reference 0.643
Mucinous carcinoma 1.220 0.897 1.661 0.206
Neuroendocrine carcinoma 0.990 0.375 2.611 0.983
Signet-ring cell carcinoma 1.133 0.558 2.301 0.730
Grading G172 1.000 Reference 0.006
G3/4 1.488 1.164 1.901 0.002
GX/ns 1.094 0.557 2.151 0.794
T stage of primary T1-3 1.000 Reference 0.319
T4 1.224 0.942 1.591 0.131
TX/ns 1.202 0.583 2.481 0.618
N stage of primary NO 1.000 Reference 0.023
N1/2 1.436 1.032 1.998 0.032
NX/ns 2.323 1.174 4.598 0.016
CI confidence interval, X/ns not measurable/not specified
*P value based on Likelihood ratio test
CI0.28-0.58), and again, similar results were seen for chemo- Discussion

therapy (HR 0.57, CI 0.41-0.78) and surgery only (HR 0.58,
CI10.37-0.91).

Among the variables adjusted for, sex affected the survival
time, thus women showing a hazard ratio of 1.33 (CI 1.05—
1.69). Age at diagnosis was significant in the whole model,
but not between categories of age (p =0.011). Moreover, the
time when metastases were diagnosed played an important
role. Metachronous metastases were accompanied by worse
survival than synchronous ones (HR 1.60, CI1.22-2.08). Year
of diagnosis, localization, T stage, and morphology of the
primary tumor did not correlate significantly with death rate.
In comparison to that, high-grading G3/4 (HR 1.49, CI 1.16—
1.90) and positive nodal stage N1/2 (HR 1.44, CI 1.03-2.00)
showed significant effects on overall survival.
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Paul Sugarbaker and Francois Gilly have introduced in the
clinical practice at the End of the 80s cytoreductive surgery
and hyperthermic intraperitoneal chemotherapy as a new and
innovative method to treat peritoneal metastases which other-
wise were considered to be a fatal condition as most patients
died within 1 year [16, 17]. The German Society of General
and Visceral Surgery has founded a Peritoneal Group for the
study and implementation of this multimodality treatment
strategy [18]. This group was responsible for the training of
new centers, for studies, e.g., COMBATAC study, for the im-
plementation of a national HIPEC registry including data of
all treated patients nationwide [19]. Finally, a recommenda-
tion for cytoreductive surgery and HIPEC in selected patients
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was formulated. This is published in the present S3 guideline
for colorectal cancer with direct impact for the daily routine as
all patients should be discussed within a Multi-Disciplinary
Team of certified centers [20].

The area of Eastern Bavaria includes about 2.2 Mio
inhabitants, and the data of all patients is recorded by
the Tumor Center Regensburg in a regional Cancer
Registry. This is one of the most accurate Cancer
Registries nationwide including all patients affected by
colorectal cancer.

One of the first and meanwhile the largest center for the
treatment of peritoneal metastases is located in Regensburg.
This had for certain influenced the regional accessibility of
patients for this treatment option and had increased the aware-
ness towards this method within the medical community. The
percentage of patients treated by cytoreductive surgery and
locoregional chemohyperthermia increased due to this imple-
mentation to 9.4% of all patients with isolated peritoneal me-
tastases. A slightly stronger rise is described in the newest
study of Razenberg from 2016: While from 2005 to 2009,
10% of the patients received this multimodal treatment ap-
proach, in the years between 2010 and 2014, the number in-
creased to 23% [21].

Having mentioned that, one can realize that the selec-
tion criteria for appropriate patients were defined and
well-known in the area, nevertheless, due to several per-
sonal interactions of different medical teams [22]. Patients
offered cytoreductive surgery and hyperthermic intraperi-
toneal chemotherapy had isolated peritoneal metastases
and limited extent of peritoneal spread, in whom a com-
plete (macroscopic) surgical cytoreduction seemed to be
achievable [23]. Most of the patients with CRS and
HIPEC had synchronous metastases (71%) and a colon
cancer (93%). Therefore, the regional treatment consisting
of chemotherapy and hyperthermia was considered to be
effective only in such patients and not in those with bulk
residual disease, being in line with available literature
data [24].

The impressive median survival data of patients treated by
cytoreductive surgery and hyperthermic intraperitoneal che-
motherapy in our study (42 months) reflects a good patient
selection and is better than the population-based data from the
Netherlands (32 months) or data published by national or
multi-institutional registries [25].

There are several national and international published
registry studies, matched pair analysis, large multi-
institutional studies, and reports on CRS and HIPEC from
many single institutions [26]. They all show median surviv-
al data of up to 48 or even 60 months with correspondent 5-
year survival rates of 30 to 50% [5, 27-35]. However, even
the survival of patients treated by surgery and systemic che-
motherapy was better than historical data and similar to
single institution reports, e.g., from Bordeaux in France

[30, 36]. There may be an explanation for this: In patients
responding to systemic chemotherapy, due to the prolonged
survival and motivation for further treatment, surgery in-
cluding debulking resection has been performed not only
for both relief of symptoms but also for prolongation of
survival. This is a relevant finding as 22% of all patients
received this treatment in our series. However, most of the
patients were treated either by best supportive care (22%),
by palliative systemic chemotherapy (36%) or surgery only
(12%).

One important prognostic factor was HIPEC. The hazard
ratio as compared to best supportive care (HR = 1) and other
therapies ranging from 0.40 to 0.58 was 0.19. The impact of
HIPEC on survival was positive; however, treated patients had
a limited and resectable disease. Regarding HIPEC itself: a
prospective phase III trial that investigated and randomized
HIPEC (PRODIGE 7) showed no significant differences in
postoperative mortality, and long-term overall and
recurrence-free survival between the HIPEC and non-HIPEC
arm [30].

Metachronous metastases had a poorer prognosis (HR
1.6); however, rectal cancer as primary tumor was not
having a negative impact on prognosis as compared to
colon cancer (p=0.88). This was one of the initial pre-
sumptions, not confirmed by further studies, therefore
concordant to our results.

The treatment of peritoneal metastases reminds us of
how things evolved in the treatment of isolated liver me-
tastases. Without any prospective randomized trial, resec-
tion became standard treatment option. Liver metastases
are, however, more frequent than peritoneal ones, resect-
ability can be achieved in half of all patients, and the
awareness within the medical community regarding then
importance of surgery as being first choice therapy is
much higher than for peritoneal metastases. This was
shown by a recent analysis of our group with concern to
liver metastases and long-term results [12]. According to
surveys performed among medical and surgical oncolo-
gist, just half of them are aware that CRS and HIPEC
exists at all and can be offered patients with colorectal
cancer and peritoneal metastases [37].

Being aware of the selection bias in this retrospective
analysis, the survival of patients treated by cytoreductive
surgery and hyperthermic intraperitoneal chemotherapy is
so much better compared to other options that clinicians
have to asses every patient with stage IV colorectal cancer
according to meanwhile known and accepted criteria—al-
so presented in the present study [38]. A MDT will dis-
cuss patients with synchronous and metachronous perito-
neal metastases and therefore have to be aware of selec-
tion criteria and long-term results following multimodality
treatment strategies consisting of CRS, HIPEC, and sys-
temic chemotherapy [39, 40].
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