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Peritoneal Aim of the study: Cytoreductive surgery including liver resection and hyperthermic intraperi-
metastases; toneal chemotherapy provide survival benefit to selected patients but is associated with
Morbidity; relevant morbidity and mortality rates. We aimed to report morbidity and mortality rates and
Liver metastases; parameters linked to increased morbidity.

Curative treatment; Patients and methods: Retrospective analysis of 37 patients who underwent liver resection and
Ovarian cancer; cytoreductive surgery plus hyperthermic intraperitoneal chemotherapy between 2006 and 2016.
Colorectal cancer From a prospectively collected database the morbidity and mortality rates and survival data

were analyzed.

Results: The mortality rate was 0% and grade IlI—IV morbidity was 42%. Re-operation rate was
27%. Patients with complications tended to have a higher peritoneal cancer index (16 vs. 13;
P=0.23). The performance of rectal resections was statistically significantly associated with
morbidity (P=0.02). Neither performance of other type of resections nor the hyperthermic
intraperitoneal chemotherapy compound nor the completeness of cytoreduction score was asso-
ciated with elevated morbidity. No complications related to liver resections were observed.
Furthermore, origin of peritoneal metastases did not impact on occurrence of complications.
Median overall survival for colorectal primaries was 22 months (range, 9—60 months) and 30
months (range, 12—58 months) for ovarian cancer.
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Conclusion: Simultaneous resection of hepatic and peritoneal metastases seems to provide a
survival benefit for selected patients and is associated with acceptable morbidity and mortality
rates. Knowledge of patients and operative factors linked to morbidity will help to provide a
strict selection process and a safer surgical procedure.

© 2019 Elsevier Masson SAS. All rights reserved.

Introduction

Colorectal cancer (CRC) remains a leading cause of death in
developed countries. In the past metastasized CRC (i.e. liver
and peritoneum) prompted the interdisciplinary decision
to abandon further surgical efforts and patients under-
went systemic chemotherapy with poor prognosis mostly
due to progression of peritoneal tumor implants resulting in
intestinal obstruction and ultimately death. In the last cou-
ple of years improvements in palliative chemotherapy and
cytoreductive surgery (CRS) with hyperthermic intraperi-
toneal chemotherapy (HIPEC) were able to achieve a survival
benefit even in patients with low-volume resectable liver
metastasis of colorectal origin (CRLM) and peritoneal metas-
tases (PM). The impact on survival of CRS and HIPEC in
patients with CRC-PM as compared to systemic chemother-
apy was demonstrated in a randomized trial [1]. Survival
benefit was linked to a low peritoneal cancer index (PCl)
and the completeness of cytoreduction (CC-) (i.e. 0 or 1).
Approximately 25% of CRC patients suffer from synchronous
CRLM and as this condition is equated with systemic dis-
ease these patients were not eligible for CRS and HIPEC
in the event of simultaneous PM. Elias et al. [2] and Cav-
aliere et al. [3] reported clinical experience with combined
surgical treatment of LM and PM in CRC patients. In con-
trast to the aforementioned studies [2,3], a meta-analysis
from 2013 [4] showed better survival and lower morbidity
and mortality rates primarily attributed to optimized patient
selection and perioperative management. Selection criteria
included response to systemic chemotherapy (RECIST crite-
ria), a favorable histological subtype, low or intermediate
PCl score, three or fewer LM and good performance status
(ECOG <2). Apart from these criteria surgeons have to be
aware of the pattern of morbidity due to this aggressive
surgical approach and the prognostic impact of an elevated
morbidity rate.

Unfortunately, virtually no data are available on simulta-
neous resection of hepatic and peritoneal metastases for
non-colorectal cancers, making it difficult to propose a
proper patient selection algorithm.

This study reviews our experience with this surgical
approach regarding associated morbidity rates, prognostic
impact of morbidity, outcome and patterns of recurrent dis-
ease.

Patients and methods
Patient selection criteria
From January 2006 to December 2016 a total of 37 patients

underwent liver resection, CRS and HIPEC for LM and PM of
various gastrointestinal and gynecological cancers and were

considered for this retrospective analysis. Selection criteria
were:

® response to systemic chemotherapy;

e low to intermediate PCI (15—20);

e achievable CC-0/1 status;

e three or fewer resectable LM;

e ECOG performance status < 2.

Clinicopathological information was obtained from a
prospectively collected database and electronic medi-
cal reports. The study was performed according to the
guidelines of the local institutional board and the ethics
committee (720/2017B02). All patients gave informed con-
sent prior to study inclusion.

Preoperative diagnostics consisted of thorough clinical
examination, blood tests, and a computed tomography (CT)
scan. CT images were acquired with a 128-slice multi-
detector spiral CT. The reconstructed slice thickness was
5mm without gaps between slices. Irresectability for CRS
and HIPEC was defined as infiltration of the mesenteric axis,
retroperitoneal plane, or the pancreatic head. Irresectabil-
ity regarding LM was dictated by metastases located in both
liver lobes that were not suitable for atypical resection and
that needed extended liver resection. Eligibility for CRS
and HIPEC and resection of concurrent liver metastasis was
assessed by a surgical oncologist, a medical oncologist, a
radiologist and a radio-oncologist, all of whom attended the
interdisciplinary oncologic team meeting. Adverse events
were classified according to the Clavien-Dindo complication
score [5].

Cytoreductive surgery

After laparotomy through a mid-line incision and complete
adhesiolysis, the PCl was determined following the cri-
teria described by Jaquet and Sugarbaker [6]. Abdominal
regions were categorized as the small bowel, consisting of
Sugarbaker’s abdominopelvic regions (SAPR) 9 to 12; the
upper abdomen, consisting of SAPR 0 to 3; and the lower
abdomen/pelvis consisting of SAPR 4 to 8. Tumor-involved
structures were resected along with peritonectomy proce-
dures described by Sugarbaker [7—9] aiming for complete
cytoreduction (CC-0 and CC-1 [CC-0 indicated no visible dis-
ease; CC-1 indicated nodules smaller than 0.25cm; CC-2
indicated nodules greater than 0.25cm and smaller than
5cm; CC-3 indicated nodules over 5cm]).

Liver resection

All patients with low-volume LM or liver nodules of unknown
dignity were scheduled for surgery. Routinely intraopera-
tive ultrasonography was used. Depending on the site of LM,
atypical or anatomical resections were performed. Minor
liver resections were defined as removal of no more than
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two liver segments. The Cavitro Ultrasonic Surgical Aspi-
rator (CUSA) was routinely used for transection of liver
parenchyma. No extended liver resections were performed.
No intraoperative radiofrequency ablation or pedicle clamp-
ing were performed. Liver resections were performed prior
to HIPEC. Drains were not routinely used at the resection
site.

HIPEC

After complete cytoreduction and fashioning of intestinal
anastomoses, HIPEC was administered for 30 to 90 minutes
at 42°C depending on the HIPEC compound using the
closed-abdomen technique. The dosage for oxaliplatin was
300mg/m?, for mitomycin C 35mg/m? and for cisplatin
75mg/m? body surface area. After HIPEC completion the
abdomen was washed out with 3 L of lactated Ringer solu-
tion, and the abdomen was reopened for removal of the
perfusion catheters before fascial closure was performed.

Follow-up

Patients were followed in three-monthly intervals with clin-
ical examination and radiological imaging including CT or
positron emission tomography (PET)-CT scans. No blood
tumor markers were evaluated during follow-up. Recurrence
was defined as any new lesion detected by CT or PET-CT
scans as compared to the findings of the first examination
following CRS/HIPEC and liver resection.

Statistics

Categorical variables are represented as frequencies and
proportions; continuous variables are represented either
as mean and standard deviation (+SD) or as medians and
interquartile range (IQR) depending on the distribution of
the data. The normality of the distribution was evaluated
using kurtosis, skewness, Q-Q plots and histograms.

The relationship between different base properties and
the occurrence of complications was analyzed using Chi?
tests or Fisher’s accurate test. Independent sample t-tests
were used to compare quantitative variables with normal
distribution, while Mann-Whitney tests were used to eval-
uate skewed variables. Univariate logistic regression was
also used to evaluate the association between each vari-
able and the presence of complications. Next, we examined
what demographic or clinical characteristics are associated
with outcome complication through binary logistic regres-
sion analysis.

The disease-free relapse rates and all-cause mortality
were calculated using the Kaplan-Meier method. The pro-
portional hazard regression of Cox was used to evaluate the
hazard ratio of the variables between different risk factors.

Statistical analysis was performed using IBM SPSS soft-
ware (version 25.0 IBM SPSS Inc., Chicago, IL). All P-values
were two-tailed and a probability value of P<0.05 was con-
sidered statistically significant.

Results

From January 2006 to December 2016 a total of 37 patients
underwent CRS and HIPEC and combined liver resection for
PM and LM. There were 25 (68%) females and 12 (32%)
males. Median age of all patients was 54 +-9.5 (range, 39—-76
years). Median age was 61+9 (range, 49—72 years) in the

males and 52+9.5 (range, 39—76 years) in the females
(P=0.09). The majority of primary tumors were of colorectal
(n=16; 43%) or ovarian origin (n=12; 32%). In five patients
(14%) high-grade pseudomyxoma peritonei (PMP) (three of
appendiceal and two of ovarian origin) was present. The
remaining tumor etiologies are shown in Table 1. All patients
had previous surgery and 78% of patients (n=29) had pre-
vious systemic metastatic chemotherapy. All patients but
two with ovarian cancer and all patients but three with
CRC underwent chemotherapy. Patients with CRC received
FOLFOX or FOLFIRI combined with EGFR or VEGF antibod-
ies. Patients with ovarian cancer received carboplatin and
taxol as systemic chemotherapy. None of our patients under-
went previous CRS and HIPEC. The HIPEC compounds used
were cisplatin (43%), oxaliplatin (combined with 5-FU intra-
venously) (30%) and mitomycin C (27%). In the course of
CRS various multivisceral and gynecological resections, all
listed in Table 1, were performed. Median PCl was 14
(range, 1—39). In 76% of the study patients macroscopic
complete cytoreduction (CC-0) was achieved. In another
nine (24%) patients CC-1 status was achieved. In total three
(8%) patients underwent hemihepatectomy and the remain-
ing 34 (92%) patients underwent atypical liver resection.
Postoperative histopathological reports revealed metastatic
involvement of the liver in 28 (76%) patients. In the remain-
ing nine (24%) patients the resected liver specimen showed
no metastases but instead fibrosis in four patients, cholan-
gioma in two patients and hemangioma in the remaining
three patients. Of the patients with positive histopathology
21 (75%) had one LM, three (11%) had two LM and four (14%)
had three LM. Median LM size was 2 cm (range, 0.5—6.5cm).

Median operative time was 431minutes (range,
172—1076 minutes). Median length of hospital stay was
nine days (range, 9—93 days). In total 21 patients suffered
from any kind of postoperative complications. Grade IlI-IV
morbidity according to the Clavien-Dindo classification was
given in 42% of our patients. Patients with complications
tended to have a higher PCl (16 vs. 12; P=0.32). The
performance of rectal resection was statistically signi-
ficantly associated with morbidity (P=0.02) (Table 2).
Neither performance of other type of resections nor the
HIPEC compound nor the CC-score was associated with
elevated morbidity. Univariate analysis confirmed rectal
resections as an independent predictor for elevated mor-
bidity (Table 3). The occurrence of complications did not
impact on recurrence-free survival (3-year recurrence-free
survival: 65% vs. 54%; P=0.457).

Re-operation rate was 27% (n=10). Reasons for re-
operation were intraabdominal bleeding at the diaphragm
(n=1), anastomotic insufficiency (n=4), fascial dehiscence
(n=2), bile leakage (n=2) and pancreatic fistula (n=1). Fur-
thermore, no 30- or 90-day mortality occurred.

In order to determine the impact of patient — and
treatment-related variables on progression free — and over-
all survival, uni- and multi-variate analyses were performed.
Univariate analysis (Table 4) revealed splenectomy to be
significantly associated with decreased progression free sur-
vival (P=0.04) which was not confirmed in multivariate
analysis (P=0.25). Multivariate analysis showed an increased
risk of recurrence in patients receiving MMC (HR=4.84)
and cisplatin (HR =3.82) as compared to oxaliplatin without
reaching statistical significance (P=0.17 and 0.25) (Table 5).

Analyses of association between predictor variables and
overall survival showed that male gender is a statistically
significant risk factor for death (HR =4.05; P=0.03). Patients
receiving HIPEC with cisplatin tended to have a higher risk
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Table 1 Clinicopathological variables. Table 1 (Continued)
Variables PM +LM Variables PM +LM
n (%) (n=37) n (%) (n=37)
Median age at CRS/HIPEC 54 (39—76) Operative time in minutes 431 (172—1076)
(range) (range)
Sex Length of hospital stay in 9 (9—93)
Male 12 (32) days (range)
Female (68) Morbidity
Co-morbidities Total 21 (57)
Total 10 (27) Re-operation rate 10 (27)
Cardiovascular 9 (24) SSI 7 (19)
Pulmonary 1(3) Deep 2 (5)
Tumor etiology Superficial 5 (14)
Colorectal 16 (43) Pneumonia 0 (0)
Ovarian 12 (32) Pulmonary embolism 1(3)
PMP 5 (14) Fascial dehiscence 2 (5)
Mesothelioma 1(3) Intraabdominal bleeding 1(3)
Small bowel 1(3) Anastomotic insufficiency 4 (11)
Endometrium 1(3) Leucopenia 5 (14)
Cervix 13) Bile leckage 2 (5)
ASA score Pancreatic fistulas 2 (5)
| 1(3) Sepsis/SIRS 4 (11)
Il 3 (62) Mortality
1l 13 (35) Total 0 (0)
Previous treatment 30-day 0 (0)
Surgery 37 (100) 90-day 0 (0)
Chemotherapy 29 (78) Recurrent disease
HIPEC 0 (0) Total 11 (39)
Resections Site of recurrence 3 (11)
Stomach 2 (5) Peritoneum 8 (29)
Total 1(3) Liver 8 (1—20)
Subtotal 1(3) Median time to recurrence 8 (1—-20)
Colon 10 (27) (months)
E]egfrt]t ‘21 g;) CRS: cytoreductive surgery; HIPEC: hyperthermic intraperi-

N . toneal chemotherapy; PM: peritoneal metastasis; LM: liver
Sigmoid 13) metastasis; PMP: pseudomyxoma peritonei; ASA: American
Subtotal 3(8) society of anesthesiologists; 5-FU: 5-Fluorouracil; ip: intraperi-

Rectum 10 (27) toneal; iv: intravenous; PCl: peritoneal cancer index; CC-score:
Appendectomy 2 (5) completeness of cytoreduction score; SSI: surgical site infection;
Splenectomy 15 (41) SIRS: systemic inflammatory response syndrome.
Cholecystectomy 11 (30) a Total number of patients with positive histopathology in the
Ovarectomy 4 (11) rese(;ted liver specimen is 25.
Small intestine 12 (32) > Unit=cm.
Diaphragma 12 (32)
Pancreas tail 2 (5)
g:ietg;lg:]tomy g; EZZ; for reduced overall survival without being statistically sig-
HIPEC nificant (HR=1.32; P=0.68) (Tables 6 and 7).
Yes 37 (100) After a median follow-up of 23 (range, 5—92 months)
HIPEC compound months, 11 (39%) patients developed recurrent disease.
Cisplatin 16 (43) There were eight hepatic and three peritoneal recurrences.
Mitomycin C 10 27) Median time to recurrence was eight months (range, 1—20
Oxaliplatin 11 (30) months). Median overall survival for the entire patient
Number of LM cohort was 26 months (range, 5—92). Median overall sur-
1—2 24 (86) vival for patients with PM and LM of colorectal origin was
2 4 (14) 22 months (range, 9—60 months) and for ovarian origin 30
Median size of LM® (range) 2 (0.5—6.5) months (range, 12—58 months).
Liver resection
Major hepatectomy 3 (8) . .
Minor hepatectomy 34 (92) Discussion
I\Cl\gfi;ta:nljsCI (range) 14.(1-39) In the past the combination of PM and LM, irrespective of
CC-0 28 (76) tumor etiology, ruled out any curative surgical approach and
CC-1 9 (24) patients were primarily scheduled for palliative systemic

chemotherapy. If CRC-PM or LM occurred alone, a surgical
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Table 2 Descriptive characteristics of patients by the presence or absence of complications (n=37).

Complications No complications P-value
(n=21) (n=16)
Gender n (%) 0.572
Female 15 (71.4%) 10 (62.5%)
Male 6 (28.6%) 6 (37.5%)
Age mean (£SA) 52.38 (£10.19) 52.19 (£9.07) 0.95°¢
PCI mean (£SA) 16.05 (+8.01) 12.75 (£8.33) 0.23¢
ASA n (%) 0.99°
1 1 (4.8%) 0 (0%)
2 13 (61.9%) 10 (62.5%)
3 7 (33.3%) 6 (37.5%)
Co-morbidity: cardiovascular n (%) 5 (23.8%) 4 (25%) 0.99°
Co-morbidity: pulmonal n (%) 0 (0%) 1(6.3%) 0.43°
Tumor etiology n (%) 0.76°
Colon 8 (38.1%) 4 (25%)
Ovarian 5 (23.8%) 7 (43.8%)
Pseudomyxoma peritonei (high-grade) 3 (14.3%) 2 (12.5%)
Rectal 2 (9.5%) 2 (12.5%)
Mesothelioma 1 (4.8%) 0 (0%)
Small bowel 0 (0%) 1 (6.3%)
Endometrial 1 (4.8%) 0 (0%)
Cervical 1 (4.8%) 0 (0%)
HIPEC compound n (%) 0.82°
MMC 5 (23.8%) 5 (31.3%)
Cisplatin 9 (42.9%) 7 (43.8%)
Oxaliplatin 7 (33.3%) 4 (25%)
CC-score n (%) 0.72°
0 16 (76.2%) 11 (68.8%)
1 5 (23.8%) 5 (31.3%)
Resections
Rectum n (%) 9 (42.9%) 1 (6.3%) 0.02°
Stomach n (%) 1 (4.8%) 2 (12.5%) 0.57°
Colon n (%) 2 (9.5%) 0 (0%) 0.50°
Hemihepatectomy n (%) 3 (14.3%) 0 (0%) 0.24°
Atypical liver resection n (%) 18 (85.7%) 16 (100%) 0.24°
Splenectomy n (%) 10 (47.6%) 5 (31.3%) 0.32°
Diaphragma n (%) 6 (28.6%) 5 (31.3%) 0.86°
Pancreatic tail n (%) 1 (4.8%) 1(6.3%) 0.99°

ASA: American Society of Anesthesiologists; PCl: peritoneal cancer index; CC-score: completeness of cytoreduction; HIPEC: hyperthermic
intraperitoneal chemotherapy; MMC: mitomycin C.

2 Chi2.

b Fisher Test.

€ From (value) to (value).

Table 3 Univariate analysis of the association between specific variables and complications.

Variables Univariate analysis

OR 95% CI P-value
PCI 1.05 0.97—1.15 0.23
Rectal resection 11.25 1.25—-101.62 0.03
Splenectomy 2.0 0.51-7.80 0.32

3 No multivariate analysis.

approach consisting of CRS and HIPEC for PM or metasta- selected patients presenting with three or fewer LM and a
sectomy of LM was available for a highly selected subset of low PCI score. Such treatment generated a 3-year overall
patients, meaning those with a low PCl (<20) and resectable and disease-free survival of 41.5% and 23.6%, respectively
LM [4,10]. Elias and his co-workers stated the combined [2]. The only significant prognostic factor was a number of
treatment of CRC-PM and LM was classified as feasible in less than three LM.
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Table 4 Univariate survival analyses of association between predictor variables and progression free survival (Cox

regression).

Variables HR 95% Cl P-value
Sex: female 1.67 0.47—6.01 0.43
PCI

0—-10 Ref

11-20 1.25 0.36—4.31 0.73

21-30 1.17 0.31—4.35 0.82
Co-morbidity: cardiovascular 0.79 0.22—-2.82 0.71
Tumor etiology

Gynecological Ref

Gastrointestinal 0.69 0.24-2.01 0.5

Others (pseudomyxoma/mesothelioma) Na
HIPEC compound

MMC 7.00 0.82—60.6 0.08

Cisplatin 6.05 0.76—48.4 0.09

Oxaliplatin Ref 0.20
CC-score

CC-0 Ref

CC-1 1.27 0.40—4.08 0.68
Resections
Stomach 1.80 0.40—8.06 0.44
Colon 1.51 0.20—11.64 0.69
Hemihepatectomy 0.97 0.13—7.45 0.98
Atypical liver resection 1.03 0.13—7.89 0.98
Rectal resection 1.04 0.33-3.33 0.94
Splenectomy 3.20 1.07—-9.59 0.04
Diaphragma 0.59 0.17—2.13 0.42
Pancreatic tail 2.83 0.35—22.79 0.33

Table 5 Multivariate analyses of association between predictor variables and progression free survival (Cox regression).

Variables HR 95% Cl P-value
HIPEC
MMC group 4.84 0.50—46.93 0.17
Cisplatin group 3.82 0.40—36.48 0.25
Oxaliplatin group Ref 0.40
Splenectomy 2.53 0.61—6.60 0.25

A couple of other patient- and treatment-related param-
eters should be evaluated before scheduling patients
suffering from CRC-PM and LM for this aggressive surgical
approach. An unfavorable histology (i.e. signet-ring cells),
a poor performance status or major co-morbidities should
be regarded as contraindications [11—14]. A strict patient
selection process and the awareness of risk factors of post-
operative morbidity should be highlighted.

In the current study we were able to work out variables
associated with elevated postoperative morbidity and to
deliver further evidence that patients with PM and concur-
rent LM should not primarily be excluded from curative
surgical therapy.

A large number of publications focused on the occur-
rence, severity and predisposing parameters of CRS- and
HIPEC-associated morbidity in recent and past literature
[15—20]. However, the major problem is comparability of
results, because indications, HIPEC-protocols, surgical tech-
nique and documentation of adverse events are not uniform.
A systematic review published in 2009 including 24 centers
reported a major morbidity rate ranging from 12% to 52%
and a mortality rate ranging from 0.9% to 5.8% [21], which

is in line with our results with a total grade Il1/1V morbidity
rate of 42% and no 30- and 90-day mortality. Studies demon-
strated a decline in major morbidity rate over time [1,19]
as well as an increase in macroscopic and microscopic com-
plete cytoreductions [22]. A better understanding of patient
and operative parameters linked to morbidity and mortality
will allow for a strict patient selection and decision mak-
ing. A review published in 2016 summed up operative and
patient factors contributing to morbidity and mortality [23].
Patient factors which showed a strong association with mor-
bidity after CRS and HIPEC were age, hypoalbuminemia and
performance status. In our study we did not find an associ-
ation between age, gender or ASA score (Table 2). This may
be mainly attributed to the low sample size but literature
suggest that especially patient aged above 70 years will not
only have higher rates of major morbidity but also a statis-
tically significantly higher risk of 30- and 90-day mortality
[24]. Hypoalbuminemia was associated with 58% morbidity
and mortality rates on review of the NSQIP database [25].
In our study the presence of cardiovascular or pulmonal
co-morbidities were not linked to increased morbidity but
Baratti et al. found that Eastern Cooperative Oncology
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Table 6 Univariate survival analyses of association between predictor variables and overall survival (Cox regression).

Variables HR 95% Cl P-value
Sex: male 2.24 1.00-5.01 0.05
PCI value

0—10 Ref

11-20 1.06 0.45—2.50 0.90

21-30 0.69 0.26—1.79 0.45
Co-morbidity: cardiovascular 1.32 0.58—3.01 0.52
Tumor etiology

Gynecological Ref

Gastrointestinal 1.22 0.56—2.62 0.62

Others (pseudomyxoma/mesothelioma) 0.09 0.01-0.71 0.22
HIPEC

MMC 0.45 0.16

Cisplatin 0.65 0.15—1.35 0.36

Oxaliplatin Ref 0.25—1.66 0.36
CC-Score

0 Ref

1 0.82 0.34—1.96 0.65
Resections
Hemihepatectomy 1.82 0.54—6.19 0.34
Atypical liver resection 0.55 0.16—1.87 0.33
Stomach 1.67 0.49—-5.69 0.41
Colon 1.28 0.30-5.47 0.74
Rectal resection 1.26 0.55-2.87 0.59
Splenectomy 0.96 0.45—2.04 0.92
Diaphragma 1.15 0.53—2.49 0.73
Pancreatic tail 2.99 0.69—13.07 0.15
Table 7 Multivariate analyses of association between predictor variables and overall survival (cox regression).
Variables HR 95% Cl P-value
Sex: male 4.05 1.17—13.95 0.03
HIPEC

MMC 0.46 0.15—1.47 0.19

Cisplatin 1.32 0.35—4.96 0.68

Oxaliplatin Ref
Pancreatic tail resection 2.56 0.48—13.52 0.27

Group (ECOG) performance status>0 was an independent
predictor of grade IlI—V morbidity [26].

Operative factors which are strongly linked to postop-
erative morbidity have been reviewed extensively. One of
the most consistent independent predictor of morbidity is
the extent of disease, measured by the PCI [26—30]. In our
study we also made the observation that an elevated PCI
is linked to an increased postoperative morbidity. Patients
with complications had a mean PCl of 16 compared to a PCI
of 12 in patients without complications (P=0.32). A higher
PCl is linked to a more aggressive surgical procedure thus
triggering postoperative complications. Saxena et al. ana-
lyzed 145 patients receiving CRS and HIPEC for PMP and
showed that a PCl>21 and ASA score>3 were linked to
grade IV/V morbidity [31]. A retrospective-cohort, multicen-
tric study from 23 French centers showed that the PCl and
the performing center were statistically significantly linked
to increased postoperative morbidity. In this study centers
were classified as experienced (>7 years of practice) and as
inexperienced (<7 years of practice). This data once again
highlight the importance of center experience to provide
low-morbidity CRS and HIPEC [32].

In our study tumor etiology did not impact on occur-
rence of postoperative complications, which is in line with
other studies. Mizumoto et al. [22] and Kusamura et al.
[18] included 250 and 205 patients and found no association
between origin of PM and morbidity rates. Unlike the lat-
ter, Chua et al. retrospectively analyzed 243 patients with a
total grade Ill and IV morbidity rate of 43% and a re-operation
rate of 16% and found out that patients suffering from CRC-
PM had statistically significantly lower grade 11I—V morbidity
rates (P=0.04). The authors concluded that these results
might be linked to a better selection process for patients
with CRC-PM [33].

The independent contribution of HIPEC to morbidity
seems to be quite low, as suggested by the few existing data.
Yang et al. compared patients with CRS only and CRS plus
HIPEC in patients with PM originating from gastric cancer
and found no significant difference in the occurrence of seri-
ous adverse events (11.7% vs. 14.7%; P=0.839) [34]. These
results suggest that morbidity is mainly due to the extensive
surgical procedures. In our study the performance of rectal
resections was statistically significantly linked to morbid-
ity (Table 2). Other types of operative procedures did not
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reach statistical significance. Results on impact of special
surgical procedures contributing to postoperative morbidity
are heterogeneous but the performance of bowel resec-
tions, diaphragm stripping and distal pancreatectomy seem
to be strong associated with morbidity [23]. Colon resec-
tion and left upper quadrant peritonectomy was linked to
grade IV—V morbidity at univariate analysis in the study from
Saxena et al. [31]. Chua et al. also found left upper quad-
rant peritonectomy and small bowel resections to be linked
to increased morbidity [33]. Peritonectomy procedures in
the left upper quadrant and stripping of the diaphragm are
often linked to removal of the spleen and the pancreatic tail
in order to achieve a CC-0 score. In our study splenectomy
was not linked to increased morbidity and we experienced
one pancreatic fistula after pancreatic tail resection. Resec-
tions involving the pancreas should be carefully considered
because this procedure is linked to a higher complication
rate per se, mainly due to occurrence of pancreatic fistu-
las. Downs-Canner et al. showed that the total rate of POPF
(postoperative pancreatic fistulas) did not differ in patients
with pancreatic resections compared to patients in whom
pancreatic resections were performed at the time of CRS
and HIPEC, although the rate of serious POPF (grade B and
C), requiring non-surgical or surgical interventions, was sig-
nificantly higher in the CRS and HIPEC group [35].

The performance of intestinal resections (small and large
bowel) is necessary in the vast majority of patients to
achieve CC-0/1 scores. Especially low or ultralow rectal
resections are at risk and the anastomotic leak rate ranges
between 3 and 15% [36]. Animal studies showed that after
HIPEC with cisplatin and MMC there is a lower density
in the formation of collagen in the sutured anastomoses
[37,38]. The decision in favor of ostomy should be reserved
for ultra low rectal resections because data suggest are
very high reversal-related morbidity of 67% after CRS and
HIPEC [39]. In our study we did not encounter anastomotic
leak or fistulas concerning the small bowel and anastomotic
leaks after rectal and colon resections occurred in 11% of
patients, which is in line with the current literature. In
patients with ovarian cancer the performance of visceral
resections and the amount of performed anastomoses did
not impact on occurrence of complications (data not shown;
P=0.479).

Recent literature suggests that the addition of even minor
hepatic resections to cytoreduction and HIPEC leads to an
elevation of morbidity rates [40—43]. An analysis from Mouw
TJ et al. [40], Morales Soriano R et al. [43] and Cloyd JM
et al. [41] found statistically significantly increased mor-
bidity rates after synchronous liver resection. In our study
even major liver resections were not linked to increased
morbidity but due to the low sample size these data must
be interpreted with caution. Authors of the aforementioned
studies advocated a staged approach in terms of a delayed
liver resection procedure. Data on the morbidity rates of this
algorithm are not available in current literature and have
to be assessed in the future. Moreover preoperative PET-
CT scan, for further evaluation of hepatic lesions, might be
a future perspective in order to prevent unnecessary liver
resections.

Cloyd JM et al. [41] also documented a higher risk for
re-operation (13%) in the patients after liver resection but
medical reasons for re-operation were not specified. The
re-operation rate in our study was 27%, which is in line with
other reports [42,44].

Complications linked to individual HIPEC compounds have
also been extensively reviewed in literature. In our study the

usage of either MMC or platin-compounds was not linked to
increased morbidity and the exposure of the liver resection
margins to intraperitoneal heated chemotherapeutic agents
did not trigger bile leakage or bleeding.

In a former publication of our group we found a statisti-
cally significantly increase in grade lll neutropenia in PMP
patients receiving MMC-based HIPEC [45]. In the current
study five patients suffered from leucopenia after HIPEC
with MMC but no medical treatment was necessary. The
patient requiring re-operation for intraabdominal bleeding
in our study did not receive platin-based HIPEC. The effi-
cacy and toxicity of MMC versus platin-compounds is mixed
throughout literature and mainly determined by the under-
lying histology. Prada-Villaverde et al. showed different
efficacy of MMC and oxaliplatin for CRC-PM depending on
the peritoneal surface disease severity score (PSDSS) [46].
Data suggest that the higher PSDSS is the more patients will
benefit from oxaliplatin-based HIPEC. In our study, noting
that different tumor etiologies were included, multivariate
analysis showed an increased risk of recurrence in patients
receiving MMC (HR =4.84) and cisplatin (HR=3.82) as com-
pared to oxaliplatin without reaching statistical significance
(P=0.17 and 0.25) (Table 5).

Patients with CRC-PM and LM had a median overall sur-
vival of 22 months and the median PCI of these patients
was 15, with eight patients having a PCl of >15 suggest-
ing that the vast majority of patients in our study had
an intermediate-volume PCl rather than a more favor-
able PCl below 12. Kianmanesh et al. [47] and Chua
et al. [48] reported a PCI cut-off of 12 to 13 for patients
who would benefit the most from this aggressive surgical
approach.

Data on the simultaneous treatment of PM and LM
of other tumor etiologies are scarce. The second largest
patient subpopulation in our study suffered from ovarian
cancer with PM and LM. Recent and past literature contains
no reports on surgery, survival or treatment-related morbid-
ity of patients with metastasized ovarian cancer undergoing
this surgical approach. As seems to be true for PM of col-
orectal origin, there appears to be a PCI cut-off between 12
and 15 for ovarian cancer [49—51]. In our study only four
patients had a PCl> 11, and in all patients a CC-0/1 status
was achieved. Grade llI/IV morbidity rates was 23%, which is
in line with another study including 91 patients with primary
and recurrent ovarian cancer with a grade lllI/IV morbidity
rate of 25% [36]. Contrary to our study, no liver resections
were performed routinely and HIPEC was performed using
paclitaxel. In the latter, morbidity was linked to a PCl>12
and to intestinal resections [36]. These data suggest that
these patients should not be excluded form an aggressive
surgical approach.

Conclusion

Highly selected patients, meaning those with low-volume
PM and no more than 3 resectable LM of gastrointestinal and
gynecological primary tumors, should be critically evaluated
regarding the described surgical approach. Patient and oper-
ative parameters are associated with serious adverse events
and knowledge of these factors will allow a better manage-
ment and the performance of a safer procedure. A staged
approach, meaning performance of delayed hepatic resec-
tions, might be an appealing approach in order to further
minimize postoperative morbidity.
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