
9

THE  NEW  ARMENIAN  MEDICAL  JOURNAL 
Vol .8  (2014) ,  Nо 4 p . 9-18

CYTOREDUCTIVE SURGERY AND HYPERTHERMIC INTRA-
PERITONEAL CHEMOTHERAPY (HIPEC) AS A TREATMENT 

OPTION FOR SELECTED PATIENTS WITH PERITONEAL 
CARCINOMATOSIS IN ADVANCED STAGE CANCER: 

A SINGLE CENTRE EXPERIENCE
liStle h., kraMpulz d., gutt c.*

1Department of general, visceral, vascular und thoracic surgery, Klinikum
Memmingen, Memmingen, Germany

ABSTrAcT

Peritoneal carcinomatosis often occurs in the course of many gastrointestinal or gynaecologi-
cal malignancies and patients are often left to palliative systemic chemotherapy with poor prog-
nosis. Cytoreductive surgery combined with hyperthermic intraperitoneal chemotherapy offers 
improved outcome in selected patients. The performance of this complex procedure requires a 
specialized surgical institute and underlies a learning process reflected in higher percentage of 
complete cytoreduction and less surgical complications leading to shorter length of stay in inten-
sive care unit and in hospital.

A retrospective single-centre analysis was performed in 61 patients undergoing cytoreductive 
surgery and simultaneous hyperthermic intraperitoneal chemotherapy to evaluate morbidity and 
mortality in regard to preoperative peritoneal carcinosis index (PCI), completeness of cytoreduc-
tion score and age.

The study included 61 patients who underwent 64 cytoreductive surgery and simultaneous 
hyperthermic intraperitoneal chemotherapy procedures between 2006 and 2013 in our depart-
ment of surgery. There were 36 female patients (59%). The mean age was 58.2 years ((SD)=12.0), 
mean PCI was 17.8 (SD=7.7). The principal origins of PC were colorectal adenocarcinoma 
(n=24), ovarian adenocarcinoma (n=14), gastric adenocarcinoma (n=9), peritoneal mesothelioma 
(n=8), pseudomyxoma peritonei (n=5), small bowel adenocarcinoma (n=2), and appendiceal car-
cinoid (n=1). Postoperative 30-day mortality and morbidity were 3.3% and 31.7%, respectively. 
There was a significantly higher rate of complete cytoreduction - 90.7% in period 2 compared to 
34.1% in period 1.

A multimodal approach combining CRS and HIPEC for patients with peritoneal carcinomato-
sis has been proven to offer long-term survival in a selected group of patients. A specialized team 
can perform this procedure with acceptable mortality and morbidity even in the process of imple-
mentation. A total of only 42 procedures in period 1 led to a significantly higher rate of complete 
cytoreductions with a trend towards less overall complications in period 2. 
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introduction

Peritoneal carcinomatosis (PC) often occurs in 
the course of many gastrointestinal or gynaecologi-

cal malignancies and patients with this condition 
have a very poor prognosis, with a survival of about 
3 - 5 months depending on the origin of PC [Sade-
ghi B. et al., 2000; Al-Shammaa H. et al., 2008]. 
Usually PC does not respond to systemic chemo-
therapy due to inadequate diffusion of drugs into the 
abdominal cavity [Al-Shammaa H. et al., 2008]. 
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Many oncologists treat patients with diagnosed 
PC with palliation only, and surgical approaches 
would only be made in palliative intention to ease 
tumor related complications such as gastrointesti-
nal obstruction, tumor bleeding or perforation 
[Glockzin G. et al., 2007]. Usually the occurrence 
of PC is considered as fatal for the patient by most 
of the physicians in charge and they wouldn´t take 
a curative treatment into account.

A new treatment option for patients with diag-
nosed PC was first published by Spratt et al. in the 
1980s [Spratt J. et al., 1980] and further developed 
by Sugarbaker et al. in the 1990s combining cyto-
reductive surgery (CRS) with hyperthermic intra-
peritoneal chemotherapy (HIPEC) [Sugarbaker P., 
1996]. Over the last two decades cytoreductive 
surgery and hyperthermic intraperitoneal chemo-
therapy were established as treatment options for 
patients with advanced tumor status with PC for 
many gastrointestinal and gynecological malig-
nancies such as colorectal, gastric, ovarian, pri-
mary peritoneal cancer, malignant peritoneal me-
sothelioma and pseudomyxoma peritonei [Glock-
zin G. et al., 2009; Piso P. et al., 2009; Glehen O. 
et al., 2010 a;b].

CRS in combination with HIPEC is offering 
reasonable hope for selected patients with accept-
able post-operative morbidity and quality of life 
[Mahteme H. et al., 2004; Verwaal V. et al., 2008]. 
Selected patients with PC can be cured or their ex-
pectancy of life can be at least doubled in com-
parison to common palliative chemotherapy 
[Mahteme H. et al., 2004; Yan T. et al., 2007; Di G. 
et al., 2008;Verwaal V. et al., 2008]. It is vital for 
these patients to be identified as qualified for CRS 
and HIPEC by their physician at the moment PC is 
diagnosed and to be transferred to a specialized 
centre. In our clinic the combination of CRS and 
HIPEC is implemented since 2006 and has been 
offered to selected patients as treatment option in 
selected cases. But even in 2014 this technique is 
still not known to all hospitals and physicians in 
southern Germany treating patients with PC and 
advanced stage cancer, resulting in patients quali-
fied for CRS and HIPEC to receive conservative 
palliative care.

PrimAry Tumor siTe ANd survivAl rATes Colorectal 
cancer is the second leading cause for cancer-re-
lated deaths in Europe (Eurostat statistics 2010 

standardised death rate) and up to 40% of the pa-
tients with CRC develop PC in the course of their 
disease [Chua T. et al., 2013]. With common strat-. With common strat-
egies their outcome is still poor. Franko et al anal-
ysed data of 1084 patients treated with CRS and 
HIPEC in comparison to 1408 patients treated with 
palliative surgery and/or systemic chemotherapy 
from 1995 to 2009. For CRS and HIPEC the me-
dian overall survival was 33 months with a median 
5-year survival of 40% compared to a median 
overall survival rate of 12.5 months and median 
5-year survival of 13% in the control group 
[Franko J. et al., 2012].

Patients with PC derived from appendix cancer 
have a better prognosis as this tumor biology seems 
to be less aggressive than that of typical colorectal 
cancer [Verwaal V. et al., 2003; 2008], with 5-year 
survival rate of 56% [Glehen O. et al., 2010a, b]. 
Another appendiceal malignancy, mucinous ade-
noma or pseudomyxoma peritonei, even after rup-
turing and spreading of gross tumor masses in the 
abdominal cavity, offers excellent long term sur-
vival after CRS and HIPEC with survival rate of 
70% after 20 years [Culliford A. et al., 2001].

Gastric cancer (GC) is the fourth most common 
cancer in the world [Parkin D. et al., 2005]. 
Spreading of the tumor into the abdominal cavity 
with localized or disseminated PC as a sign of 
tumor recurrence or progression plays a crucial 
role for patients with GC and is usually seen as 
fatal state of the disease. Even in early stage of GC 
up to 20% of the patients who are explored for cu-
rative resection present with PC [Ikeguchi M. et 
al., 1995]. In the course of their disease 50%-60% 
of the patients will be diagnosed with and dying 
from PC [Coccolini F. et al., 2014]. Prognosis of 
these patients is still limited as CRS and HIPEC 
improve the 1,2 and 3-year overall survival rate of 
patients with advanced GC but this effect ceases 
after 5 years. Five-year overall survival rates range 
from 21-29 months for patients with advanced gas-
tric cancer in which completeness of tumor resec-
tion has been achieved [Glehen O. et al., 2004; 
Hall J. et al., 2004; Yonemura Y. et al., 2005].

In patients with advanced ovarian cancer CRS 
has long been established as standard treatment. 
CRS with HIPEC resulting in complete macro-
scopic cytoreduction combined with systemic che-
motherapy offers 5-year survival rates of up to 
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50% [Di G. et al., 2008], for some selected patients 
even up to 128 months [Walker J. et al., 2013]. 

Another tumor entity accessible for CRS and 
HIPEC procedure is malignant peritoneal meso-
thelioma showing overall 5-year survival rates 
after complete macroscopic cytoreduction of 49-
59% [Feldman A. et al., 2003; Yan T. et al., 2007] 
and small bowel adenocarcinoma with 5-year sur-
vival rate of 33 % [Glehen O. et al., 2010b].

cyToreducTive surgery (crs) The aim of CRS 
is the complete removal of every macroscopic 
tumor manifestation in the abdominal cavity (CCS 
– 0-1). This step is crucial and vital condition for 
performing the HIPEC procedure afterwards. The 
residual disease is classified intraoperatively by 
using the completeness of cytoreduction (CCR) 
score [Jacquet P., Sugarbaker P., 1996]. A low 
CCR-score is a strong predictor of long overall 
survival but can only be assessed intraoperatively 
[Elias D. et al., 2010; Maggiori L., Elias D., 2010].

To achieve complete cytoreduction (CCS com-
plete removal of every macroscopic tumor manifes-
tation in the abdominal cavity (CCS – 0-1) numerous 
surgical standard procedures will be combined with 
one other depending on the extent of the peritoneal 
tumor manifestation. CRS may include any type of 
colonectomy, rectal resection, parietal and visceral 
peritonectomy, gastrectomy, liver segmental resec-
tions, greater and lesser omentectomy, pancreatic re-
section, hysterectomy, ovariectomy, small bowel re-
section, cholecystectomy, splenectomy and urinary 
bladder resection. A CCR-score of 0 should always 
be the aim of CRS offering the best prognosis for the 
patient [Yonemura Y. et al., 2013]. Even a slight dif-. Even a slight dif-
ference between CCS-0 and CCS-1 after CRS cause 
a significant decrease in overall survival in patients 
with PC from advanced colorectal cancer [Yonemura 
Y. et al., 2013]. Overall survival rates decrease even 
more dramatically, if only CCR-2 or CCR-3 are 
reached after CRS [Glehen O. et al., 2010]. In some 
cases resection of the diaphragma followed by trans-
abdominal atypical lung resection can be performed 
successfully during CRS to gain CCR-0 status with 
good long-term survival (own data).

The most common used score to measure the 
extent of intraperitoneal tumor manifestation be-
fore starting CRS is the peritoneal cancer index 
(PCI). This numeral score combines lesion size 
(LS-0 to LS-3) and tumor localization (region 

0-12) with a possible maximum score of 39. For 
instance, if in all regions of peritoneal cavity can-
cer nodes measuring more than 5 cm are detected 
(LS-3), then total PCI score would be 39 (13x3+39) 
[Jacquet P., Sugarbaker P., 1996; Glehen O., Gilly 
F., 2003] (Fig. 1). A low PCI indicates a higher 
chance to reach CCS – 0-1 and is strongly corre- – 0-1 and is strongly corre-and is strongly corre-
lated with improved overall survival [Elias D. et 
al., 2010; Yonemura Y. et al., 2013].

In some patients with high PCI-score many of 
the above-mentioned procedures must be per-
formed during one operation in the same patient to 
gain complete tumor removal (CCS-0), which may 
result in extension of operation time for up to 11.5 
to 12 hours (own data). 

High PCI scores in patients with advanced gas-
tric cancer predict a poor prognosis despite com-

Scale of balls for tumor lesion size assessment
Tumor size Balls
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figure 1. Balls for assessment of peritoneal cancer 
index. NoTe: lS – Lesion size.
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plete cytoreduction: with a PCI more than 19 no 
patient was alive at 6 months and none at 3 years if 
PCI was over 12 [Glehen O. et al., 2010 a,b]. 
Therefore Glehen et al. recommended that patients 
with advanced gastric cancer and a PCI over 12 
should be excluded from CRS and HIPEC [Glehen 
O. et al., 2010 a,b]. For patients with advanced 
colorectal cancer CRS and HIPEC should not be 
performed if the PCI is over 20 [Elias D. et al., 
2010]. In all these patients the morbidity and poor 
prognosis outweigh the few months of survival 
after CRS and HIPEC.

hyPerThermic iNTrAPeriToNeAl chemoTherAPy 
After successful cytoreductive surgery (CCS – 0-1) 
the abdominal cavity is flooded with heated chemo-
therapy solution of 42-43°C over a period of 30 - 90 
minutes depending on the drug used [Elias D. et al., 
2009; Mohamed F. et al., 2011]. Hyperthermia po-. Hyperthermia po-
tentiates the cytotoxic effect of the applied chemo-
therapy via different additional aspects: it improves 
penetration into the tissue [Sugarbaker P. et al., 
2007], causes direct apoptosis by formation of heat 
shock proteins, causes protein denaturation and in-
hibition of angiogenesis [Gerweck L., 1985; Oleson 
J. et al., 1988]. But the cytotoxic drug does not pen-. But the cytotoxic drug does not pen-
etrate tumor tissue deeper than 3 mm [El-Kareh A., 
Secomb T., 2004], and therefore, if CCS – 0-1 can- and therefore, if CCS – 0-1 can-
not be achieved by CRS, no HIPEC should be ap-
plied [Glehen O. et al., 2010a]. 

For the performance of HIPEC three inflow and 
three outflow drainages are placed into the abdomi-
nal cavity subphrenically and into the small pelvis. A 
roller pump is used for the application of the heated 
chemotherapy agent and three temperature sensors 
are placed in different parts of the abdomen to assure 
sufficient temperature levels throughout the whole 
procedure in all parts of the abdominal cavity. In our 
clinic we close abdominal cavity by suturing the skin, 
before starting the HIPEC (Fig. 2).

PATieNT selecTioN ANd Pre-oPerATive sTAgiNg Per-
form the complex procedure of CRS and HIPEC in 
patients with advanced peritoneal malignancies is a 
challenging task requiring an interdisciplinary team 
of surgeons, anaesthesiologists and oncologists. In 
our clinic patients fitting for CRS and HIPEC are pre-
sented in an interdisciplinary tumor board prior to the 
procedure in order to find interdisciplinary consensus 
about the treatment strategy. 

A preoperative computer tomography (CT) scan 

of thorax and abdomen eventually completed with 
magnetic resonance tomography (MRT) and con-
trast enhancement ultrasound of the liver offer the 
best pre-operative staging [Yan T. et al., 2008]. But 
all these procedures tend to underestimate the ex-
tent of intra-abdominal tumor load and do not cor-
relate with intraoperative PCI [de Bree E. et al., 
2004; Koh J. et al., 2009]. Especially small lesions 
under 0.5 cm are not detected by pre-operative CT-
scan and the extent of PC in the small bowel is dif-
ficult to estimate with high accuracy [Koh J. et al., 
2009]. Unexpected invasion of the small bowel is a 
leading reason for incomplete CRS and is difficult 
to assess preoperatively [Glockzin G. et al., 2009]. 
Diagnostic laparoscopy prior to CRS currently is 
the best diagnostic staging tool, especially to assess 
involvement of the small bowel, and increases over-
all rate of complete cytoreduction [Iversen L. et al., 
2013].

In general, patients must be in good condition 
without major co-morbidities to be qualified for 
CRS and HIPEC treatment. Riss S. et al. published 
a list of selection criteria to estimate the suitability 
of patients with advanced colorectal cancer for 
CRS and HIPEC [Riss S. et al., 2013]. The patients 
age, co-morbidities, absence of extra-abdominal 
disease, number of liver metastasis less than 3, the 
absence of evidence for biliary and ureteral ob-
struction, no extensive involvement of small bowel 
and gastro-hepatic ligament along with the extent 

figure 2. Preparation of the patient to HIPEC.
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of disease assessed in pre-operative stage is of 
great importance in the process of selecting pa-
tients for CRS and HIPEC. Some authors recom-
mend to exclude patients over 70 years of age from 
the procedure, but there is common agreement that 
general fitness is more important than numeric age 
itself [Piso P. et al., 2009]. 

The surgeon´s experience has great impact on the 
quality of performance and the decision process dur-
ing the complex treatment multimodality of CRS and 
HIPEC with a significant learning curve [Moran B., 
2006; Smeenk R. et al., 2007]. The patient must be 
well informed about the whole process, the possible 
extend of CRS and the consequences, expected prog-
nosis, postoperative morbidity and mortality. The pa-
tient has to balance all the risks he is going to take 
undergoing CRS and HIPEC against the possible im-
provement of his prognosis. The motivation of the 
patient is very important for the whole postoperative 
course [Piso P. et al., 2009]. 

morbidiTy, morTAliTy ANd QuAliTy of life De-
pending on the extent of intra-abdominal tumor load 
CRS and HIPEC can lead to extension of operation 
time of up to 11.5-12 hours (own data) and extreme 
multi-visceral resections. In current literature post-
operative morbidity ranges from 28% to 60% [Gle-
hen O. et al., 2010a; Canda A. et al., 2013; Magge D. 
et al., 2014], and postoperative mortality ranges from 
2.5 % to 9%  [Glehen O. et al., 2010b; Canda A. et 
al., 2013; Votanopoulos K. et al., 2013]. 

The postoperative quality of life (QoL) after 
CRS and HIPEC is improved in long-term survivors 
despite a high morbidity rate and reduced QoL in 
the first 3-6 months [McQuellon R. et al., 2001, 
2003]. Short-term QoL is definitely reduced due to 
morbidity and the process of recovering after major 
surgery. But in selected patients long-term survival 
with good QoL after CRS and HIPEC is possible 
[McQuellon R. et al., 2003].

patientS and MethodS

PATieNT PoPulATioN A total of 61 patients were 
treated with 64 procedures combining CRS and 
HIPEC for advanced intraperitoneal malignancies 
with PC in our clinic from 2006 to 2013. HIPEC 
was performed after cytoreductive surgery on the 
same day. Standardized clinical data of consecutive 
patients from our institute were gathered and en-
tered into a central database. Each procedure was 

included in statistical analysis (n=64). The same au-
thor reviewed all data sheets before their entry into 
the database to achieve a uniform interpretation of 
retrospective data.

dATA forms A standard data form was created to 
retrieve patient information before undergoing the 
combined procedure, including age, sex and extent 
of PC. The extent of PC was assessed intraopera-
tively using the PCI. The assessment of the com-
pleteness of cytoreductive surgery was performed 
by the surgeon at the end of the procedure and clas-
sified in 4 categories: CCR-0 indicated no macro-
scopic residual cancer remained, CCR-1 indicated 
no residual nodule greater than 2,5 mm, CCR-2 in-
dicated residual nodule between 2.5 mm and 2.5 
cm, and CCR-3 indicated residual tumor greater 
than 2.5 cm. Information of the postoperative 
course was obtained regarding postoperative major 
complications of grade 3 and 4 according to the 
National Cancer Institute´s Common Toxicity Cri-
teria, reoperations, length of stay in intensive care 
unit (ICU) and in hospital, and 30-day mortality. 
Two groups of patients were analyzed in two time-
periods: from 2006 to 2009 (period 1), and from 
2010 to 2013 (period 2).

sTATisTicAl ANAlysis For the descriptive analyses 
of the patients all procedures were taken into re-
gard. Categorical variables are described in terms 
of frequency and percentages. Continous variables 
are presented as mean, standard deviation, median, 
and first and third quartiles. In all multivariate 
analyses age, PCI and CCR-status were entered as 
continuous variables. SPSS statistical software for 
Windows (version 21; IBM Corporation, NY, USA) 
and Excel for Windows 7 (Microsoft Corp., WA, 
USA) was used for all analyses.

reSultS

PATieNTs chArAcTerisTics There were 36 female 
patients (59%) and 25 male patients (41%). The mean 
age of the patients was 58.2 years (SD=12 years). 
There was no difference concerning patients’ age, 
gender and origin of PC between period 1 and period 
2. The origin of PC was mainly colorectal adenocar-
cinoma (37.5%), followed by ovarian adenocarci-
noma (21.9%), gastric cancer (14.1%), pseudomyx-
oma peritonei (7.8%), primary peritoneal cancer 
(7.8%), malignant peritoneal mesothelioma (4.7%), 
and others (6.2%).
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TreATmeNT The assessment of carcinomatosis 
extent was performed using PCI for all patients. 
The mean ± SD of PCI was 17.8 ± 7.7. Following 
the best surgical effort at cytoreductive surgery, 37 
patients were considered to have undergone a 
CCR-0 resection (57.8%), 21 patients a CCR-1 re-
section (34.4%), 5 patients a CCR-2 resection 
(7.8%), and one patient was left with CCR-3 resec-
tion (1.6%).

The performance status after CRS assessed as 
CCS-0 improved significantly from 34.1% in pe-
riod 1 (2006-2009) to 90.9% in period 2 (2010-
2013) (P=0.00091). This change was mainly due to 
decrease of CCR-1 resections from 41.5% in pe-
riod 1 to 4.5% in period 2. All HIPEC procedures 
were performed intraoperatively after cytoreduc-
tive surgery with closed abdomen but with differ-
ent regiments (drugs, duration) depending on the 
origin of PC.

PosToPerATive morTAliTy ANd morbidiTy Two pa-
tients died postoperatively (3.3%). Death occurred 
due to sepsis and multiple organ failure in one pa-
tient and fulminate lung embolism in the other pa-
tient. There was no difference in mortality between 
the two groups.

Major complications rate (grade 3/4) over all 
time was 31.3%. There was a trend towards fewer 
reoperations in period 2 compared to period 1 
(13.6% vs. 24.4%) but without statistical signifi-
cance (NS). The same trend was seen for postop-
erative bleeding and digestive fistula: from 12.2% 
and 9.8% during period 1 to 4.5% respectively dur-
ing period 2 (NS). Details of postoperative compli-
cations overall time are reported in Table. There 
was a trend towards reduced length of stay (LOS) 
in ICU and in hospital during period 1 (9.54 ± 2.33 
and 25.83 ±4.07 respectively) compared to LOS in 
ICU and in hospital during period 2 (6.20 ± 0.68 
and 17.41 ±1.50 respectively) but without statisti-
cal significance.

diScuSSion

Cytoreductive surgery followed by hyperther-
mic intraperitoneal chemotherapy offers improve-
ment of survival for patients with PC who were 
considered as doomed to die not long ago. In our 
institute we started to perform CRS and HIPEC in 

2005 and offer it to selected patients with PC from 
different origin. The necessity of extensive surgery 
as multi-visceral resections leading to postopera-
tive mortality of up to 60% demand a careful selec-
tion of patients and an experienced interdisciplin-
ary team to perform CRS and HIPEC successfully. 
The superiority of CRS and HIPEC over palliative 
chemotherapy for prolonged survival in selected 
patients has been proven in many trials [Glockzin 
G. et al., 2009; Glehen O. et al., 2010a, b; Riss S. 
et al., 2013]. For patients with PC derived from 
gastric cancer long-term survival rates still are 
poor and no statistically significant superiority in 
5-year survival rate of CRS and HIPEC over stan-
dard treatment could be shown so far [Coccolini F. 
et al., 2014]. But CRS and HIPEC showed positive 
impact on peritoneal recurrence and distant metas-
tasis and offer the only chance of long-term sur-
vival for selected patients [Glehen O. et al., 2010a]. 

In our institute the rate of successfully com-
pleted cytoreduction (CCS-0) has improved sig-
nificantly over observation periods, reflecting a 
learning curve over the years as mentioned in 
many publications on this topic [Piso P. et al., 
2009; Kusamura S. et al., 2012; Riss S. et al., 
2013]. With a mortality of 3.3% and morbidity of 
31.3%, our results proof that CRS and HIPEC can 
be performed safely and with acceptable morbid-
ity in agreement with current literature. As HIPEC 
showed positive impact on peritoneal recurrence 
and distant metastasis in patients with gastric 
cancer [Roviello F. et al., 2013], it could offer 

TABle. 
Details of Major Complications

(Grade 3/4 according to Common Toxicity 
Criteria of National Cancer Institute)

Type of Complication Number of patients
n %

Complications of grade 
3 and 4

20 31.3

Reoperations 13 20.3
Pulmonary disorders 6 9.4
Postoperative bleeding 6 9.4
Systemic Sepsis 5 7.8
Digestive fistula 4 6.3
Renal insufficiency 1 1.6
Neutropenia 1 1.6
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