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Abstract: Extreme cytoreductive surgery (eCRS) may sometimes be required to achieve complete cytoreduc-
tion, which is one of the most important prognostic factors. This study investigated the impact of eCRS on
survival and peri-postoperative outcomes. Malignant peritoneal mesothelioma (MPM) patients who under-
went cytoreductive surgery and hyperthermic intraperitoneal chemotherapy (CRS-HIPEC) were retrospec-
tively examined. Patients who underwent CRS-HIPEC were divided into eCRS and less extensive CRS (leCRS)
groups. Resection of >5 organs or >3 small bowel anastomoses was defined as eCRS. Survival and perioperative
outcomes of both groups were compared.In the study including 31 patients, eCRS-HIPEC was used in 15 pa-
tients. Complete cytore-duction (CC score 0/1) was achieved in all 31 patients. Compared with LeCRS, mean
length of stay, length of stay in the intensive care unit, mean peritoneal cancer index (PCI), and intraoperative
blood loss were higher in the eCRS group. Additionally, the risk of developing complications was observed to
be more frequent and the duration of surgery was longer. Rates of serious complications and morbidity were
similar in patients undergoing eCRS compared with 1eCRS. In patients with high PCI and multiple organ in-
volvement, complete cytoreduction can be achieved by performing eCRS and equivalent survival results can
be achieved with low PCIL.

Keywords: cytoreductive surgery; extreme cytoreductive surgery; hyperthermic intraperitoneal chemother-
apy; malign peritoneal mesothelioma; peritoneal cancer index

1. Introduction

Malignant peritoneal mesothelioma (MPM) is a rare but lethal cancer with an incidence of 0.2-3
per 1,000,000 worldwide [1]. Mesothelioma originates from the mesothelial cells that form the pleura,
pericardium, peritoneum, and tunica vaginalis [2]. MPM accounts for 7-30% of all mesotheliomas [3].
Most of malignant mesotheliomas originate in the pleura. Although pleural mesothelioma is more
common in men, there is no difference in the incidence of MPM between men and women [4]. The
most common risk factor is asbestosis [5,6]. There are 3 histologic subtypes of MPM: epithelioid, bi-
phasic, and sarcomatoid [7].

MPM is initially asymptomatic in many patients. The disease is usually diagnosed at an ad-
vanced stage, and symptoms usually appear during this period. The most common symptoms are
ascites (32%), abdominal pain (69%), asthenia (43%), weight loss (32%), anorexia (30%), and ab-
dominal mass (30%) [8]. If the disease is left untreated, rapid progression occurs with an overall sur-
vival (OS) of 6-12 months [9-12]. In recent years, cytoreductive surgery and hyperthermic intraperi-
toneal chemotherapy (CRS-HIPEC) have become the main methods in the treatment of MPM [13-15].
Many multicenter studies have shown that the survival of patients with MPM can be improved with
CRS-HIPEC [16-20]. The goal of CRS is complete cytoreduction. Complete cytoreduction means no
residual lesion larger than 2.5 mm remains at the end of surgery. HIPEC aims to treat residual micro-
scopic diseases. OS was observed between 34 and 92 months in MPM patients who received CRS-
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HIPEC as their first treatment option. Severe complications between 30% and 41% and postoperative
mortality between 2.0% and 2.6% are observed in patients undergoing CRS-HIPEC [8,15,21-25].

Multivisceral resections are often required to achieve complete cytoreduction. The concept of
extreme cytoreductive surgery (eCRS) is used in cases where > 5 organs are removed or =3 bowel
anastomoses are performed during surgery [26]. Studies on the effects of eCRS on survival and peri-
operative outcomes in patients with MPM are limited. Our aim in this study is to investigate the
impact of eCRS on survival and peri-postoperative outcomes in patients who underwent CRS-HIPEC
diagnosed with MPM.

2. Materials and Methods
2.1. Patient Selection and Data Collection

Patients who underwent CRS-HIPEC for MPM in the Department of Surgical Oncology at a Uni-
versity between 2004 and 2018 were retrospectively screened. Patients whose survival data could not
be determined, who had an MPM subtype other than the epithelioid type, in whom complete cytore-
duction could not be achieved, and who underwent emergency surgery were excluded from the
study.

eCRS was defined as the resection of > 5 major organs or the creation of > 3 bowel anastomoses
(Figure 1A). The major organs were the colon/rectum, small bowel, pancreas, gallbladder, spleen,
stomach, diaphragm (full resection), uterus/ovary, urinary bladder/ureter/kidney, and liver (paren-
chymal resection of a segment). Peritoneum, omentum, superficial diaphragmatic resection, and cap-
sular liver resection were excluded from the definition of major organ resection.

i W

i

A:Colon, B:Gallbladder, C:Small Bowel, D: Splen, E: Uterus, F:Prolapsed Vagina, G:Peritoneum

Figure 1A. Extreme Cytoreduction.

Less extensive CRS (1eCRS) was defined as the resection of <5 organs or < 3 small bowel anasto-
moses [26]. (Figure 1B).
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A:Colon , B:Small Bowel, C:Peritoneum, D:Skin

Figure 1B. Less Extensive Cytoreduction.

Patients were thus divided into two groups. Clinical and demographic characteristics of the pa-
tients, peritoneal cancer index (PCI), and completeness of cytoreduction (CC) score calculated during
surgery, the number of organs removed, the number of anastomoses, histological subtype of tu-mors,
complications, and degree of morbidity (Clavien-Dindo scale) [27], survival information, as-bestos
exposure, prior abdominal surgery, American Society of Anesthesiologists (ASA) class, re-operation,
readmission, Length of Hospital Stay (LOHS) day, Estimated Blood Loss (EBL), Body Mass Index
(BMLI), operative time, and length of stay days in the intensive care unit (ICU LOS) were retrospec-
tively reviewed.

The PCI score was calculated according to the Sugarbaker classification [28]. The CC score was
cal-culated as follows: CC -0: no visible tumor cells, CC -1 < 2.5 mm residual disease, CC -2 2.5mm-
2.5 cm residual disease, CC -3 > 2.5 cm residual disease. CC - 0 and CC -1 were accepted as complete
cytoreduction [29].

2.2. Results Surgery and Intraperitoneal Chemotherapy Procedure

Initially, complete cytoreduction was achieved. Then HIPEC was performed according to the
closed method. Intraperitoneal chemotherapy with mitomycin-C (20 mg/m?2), cisplatin (30 mg/m?2),
and paclitaxel (20mg/m2) was administered intraoperatively in 3000 ccs 0.9% saline heated to 41-43
C in all patients. The chemotherapy solution was drained through four drain catheters to maintain
circulation through the heat pump. The HIPEC lasted 60 minutes. Gastrointestinal anastomoses were
created before the HIPEC. Administration of EPIC began approximately after the postoperative 24
hours. Paclitaxel was administered in a solution via an infusion pump containing 1000 mL/h 3% NaCl.
After approximately 23 hours, the drains were opened, and the fluid was drained from the abdominal
cavity. This procedure was performed for 5 consecutive days.

2.3. Statistical Analysis

Data were analyzed using IBM SPSS V23. Conformity to normal distribution was assessed with
the Shapiro-Wilk test. The Pearson chi-square test, Yates correction, and Fisher's exact test were used
to compare categorical variables by the group. The independent samples t-test was used to compare
normally distributed variables by groups, and the Mann-Whitney U test was used to compare varia-
bles that did not conform to the normal distribution. Cox regression analysis was used to examine
the factors affecting survival. The log-rank test was used to compare survival between groups. Anal-
ysis results were presented as frequency (percentage) for categorical variables and mean + standard
deviation and median (minimum-maximum) for quantitative variables. The significance level was
taken as p <0.05.
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3. Results

Thirty-nine patients underwent CRS-HIPEC and were diagnosed with MPM. Five patients were
excluded from the study because complete cytoreduction was not performed, and three patients were
excluded because survival data were undetermined. Thirty-one patients were enrolled in the study.
The eCRS group included 15 patients (48.4%). The mean age of the patients was 62.5 years, and 45.2%
were women. Asbestos exposure was present in 74%, and 32% had prior abdominal surgery. The
average BMI was 28.1 and considering the ASA classes, the rate of those in class 2 was 25.8%, the rate
of those in class 3 was 54.8%, and the rate of those in class 4 was 19.4%. The rate of those with CC -0
was 41.9%, and the rate of those with CC -1 was 58.1%. The mean of PCI was calculated to be 20.6.
The overall complication rate was 38.7%, and the incidence of Clavien-Dindo 3-4 complications was
22.6%. The reoperation rate was 16.1%, and the readmission rate was 22.6%. Median survival was
calculated as 35 months, LOHS as 13.7 days, EBL as 335.3 mL, operative time as 6.8 hours, and ICU
LOS as 2.5 days (Table 1).

Table 1. Frequency distributions and descriptive statistics of variables (n:31).

Variables n Y%

Surgical Procedure

Extreme CRS 15 48.4

Less Extensive CRS 16 51.6
Gender

Female 14 452

Male 17 54.8
Complications

No 19 61.3

Yes 12 38.7
CC Score

0 13 41.9

1 18 58.1
Asbest Exposure

No 8 25.8

Yes 23 74.2
Prior Abdominal Surgery

No 21 67.7

Yes 10 32.3
ASA C(lass

2 8 25.8

3 17 54.8

4 6 19.4
Reoperation

No 26 83.9

Yes 5 16.1
Readmission

No 24 774

Yes 7 22.6
Clavien Dindo 3-4 Complications

No 24 77.4

Yes 7 22.6

Mean +5.D Median (min - max)

Age 62.55+7.24 64 (45 - 78)
PCI 20.68 +5.49 21 (12 - 30)

LOHS (days) 13.74+3.74 14 (7 - 21)
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Survival (months) 35.03 +12.23 40 (5 - 60)
EBL (ml) 335.32 +102.43 300 (200 - 550)
BMI 28.1+2.72 27 (25 - 33)
Operative Time (hours) 6.84+1.24 7 (4.5-10)
ICU LOS (days) 252 +1.03 3(1-4)

CRS:Cytoreductive Surgery, ASA : American Society of Anesthesiologists, PCI: Peritoneal Cancer Index, LOHS:
Length of Hospital Stay, EBL: Estimated Blood Loss, BMI: Body Mass Index, ICU: Intensive Care Unit, LOS:
Length of Stay.

The patterns of organ resection during cytoreduction are shown in Table 2. The most commonly
resected organs were the colon (19.4%) and small bowel (18%), followed by the spleen (13.8%),
gallbladder (11.1%), uterus/over/vagen, and stomach (8.3%). Liver (2.7%), pancreas, and rectum
(5.5%) resections were rare. Diaphragmatic resections (6.9%) were performed more on the left side
(4.1%) than on the right side (2.7%).

Table 2. Frequency of organ resection in patients with malignant peritoneal mesothelioma extreme

CRS.
Organ resected Number of patients (%)
Colon 14(19.4)
Small bowel 13 (18.0)
Spleen 10 (13.8)
Gallbladder 8 (11.1)
Uterus/vagen/over 6 (8.3)
Stomach 6(8.3)
Diaphragm 5(6.9)
Left 3(4.1)
Right 2(2.7)
Rectum 4(5.5)
Pancreas 4(5.5)
Liver 2(2.7)

When comparing categorical variables by group, complications were statistically significantly
more common in the eCRS group than in the 1eCRS group (60% vs. 18.8 p= 0.047). There was no
significant difference between the two groups regarding gender, CC score, asbestos exposure, prior
abdominal surgery, ASA class, reoperation, readmission, and Clavien-Dindo 3-4 complications (Table
3).

Table 3. Comparison of categorical variables by groups.

Group
Total tatistic test
oCRS _ 1eCRS otal Statistic tests P
Gender
Female 6 (40) 8(50) 14 (45.2) 0.039 0,843+
Male 9 (60) 8(50) 17 (54.8)
Complications
No 6(40) 13(81.2) 19(61.3)
3.95 0.047**
Yes 9(60) 3(18.8) 12(38.7)
CC Score
0 7(46.7) 6(37.5) 13(41.9)
0.023 0.879**
1 8(53.3) 10 (62.5) 18(58.1)
Asbest.exposure
No 3(20) 5(31.3) 8(25.8)

0.685***
Yes 12(80) 11 (68.8) 23 (74.2)
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Prior Abdominal Surgery

No 8(53.3) 13(8.3) 21(67.7) . 0,135+
Yes 7(46.7) 3(18.8) 10(32.3)

ASA class
Sinif 2 2(13.3) 6(37.5) 8(25.8)
Sinif 3 8(53.3) 9(56.3) 17(54.8) 4.698 0.095*
Smif 4 5(333) 1(63) 6(194)

Reoperation
No 13 (0.87) 13 (0.81) 26 (0.84) . 1.000%*
Yes 2(0.13) 3(0.19) 5(0.16)

Readmission
No 12(80) 12 (75) 24 (77.4) . 1.000%**
Yes 3(20) 4(25) 7(22.6)

Clavien Dindo 3-4 Complications
No 12 (80) 12 (75) 24 (77.4) 1.000%*
Yes 3(20) 4(25) 7(22.6)

* The Pearson Chi-Square Test; ** Yates Correction;*** Fisher's Exact Test; Frequency (Percentage) CC: Com-
pleteness of Cytoreduction, ASA : American Society of Anesthesiologists.

When comparing quantitative variables by group, the eCRS had statistically significant higher
PCI (mean 25.2 v.s 16.3 p<0.001), LOHS (mean 15 v.s 11.5 days p<0.001), EBL (mean 398.6 v.s 275.9 ml
p<0.001), BMI (mean 26 v.s 29 p<0.001), operative time (mean 7.6 v.s 6.1 hour, p<0.001) and ICU LOS
(3 v.s 2 days, p<0.001) than in the 1leCRS group. No significant difference was found between the two
groups regarding age and survival (Table 4).

Table 4. Comparison of quantitative variables by groups.

Grup St
e CRS +HIPEC+EPIC le Procedure Total Te.s p
Mean (min Mean (min Mean (min t
Mean £SD - max) Mean = SD - max) Mean + SD - max)
1.71
Age 6027 +9.18  60(45-78) 64.69+4.01  65(58-71) 6255+7.24 64(45-78) 7  0.102*
7.81 <0.00
PCI 25.27 +3.03 26 (21 - 30) 16.38 + 3.28 17 (12 - 24) 20.68 +5.49 21 (12 - 30) 4 1*

<0.00
LOHS (days) 161328  15(13-21)  115+3.1  115(7-18) 13.74+374  14(7-21) 27 1%

Survival 0.24
(months) 34.47 +11.7 40 (5-49) 35.56+13.06 39.5(5-60) 35.03+12.23 40 (5-60) 5 0.808*
400 (250 - 27594 + 272.5 (200 - 335.32 £ 300 (200 - 4.06 <0.00
EBL (ml) 398.67 +100.84 550) 60.97 400) 102.43 550) 8 1*
<0.00
BMI 2647 +1.81 26 (25 -32) 29.63 +2.58 29 (25 - 33) 28.1+2.72 27 (25 - 33) 35 1**
Operative 7.45 (6,15 - 4.04 <0.00
Time (hours) 7.6+ 1.03 10) 613£099  6(45-8)  684+124  7(45-10) 2 1*
ICU LOs ( <0.00
days) 32+0.68 3(2-4) 1.88 +0.89 2(1-4) 252+1.03 3(1-4) 315 1*
* The Independent Samples T-Test; ** Mann-Whitney U Test; Mean + Standard Deviation; Median (Minimum-
Maximum).

PCI : Peritoneal Cancer Index, LOHS: Length of Hospital Stay, EBL: Estimated Blood Loss, BMI: Body Mass
Index, ICU: Intensive Care Unit, LOS: Length of Stay.

The effect of the independent variables on survival was examined using Cox regression analysis.
When the univariate mo-del was considered, it was found that the risk of death in men was lower
than in women (HR =0.14; p=0.003). When the model was examined as a multivariate model, it was
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found that men's risk of death was lower than women's (HR<0.001; p=0.001). Other variables had no
statistically significant effect on survival (Table 5).

Table 5. Investigation of the influence of independent variables on survival with cox regression anal-

ysis.

Univariate Multivariate

HR (%95 CI) p HR (%95 CI) p
Age 0.932 (0.856 — 1.015) 0.105
PCI 1.034 (0.942 - 1.136) 0.483 0.767 (0.558 — 1.056) 0.104
LOHS (days) 1.033 (0.906 - 1.176) 0.630 1.516 (0.993 —2.313) 0.054
EBL (ml) 0.999 (0.995 - 1.004) 0.786
BMI 0.921 (0.76 —1.116)  0.401
Operative Time (hours) 1.061 (0.702 - 1.603) 0.778 0.616 (0.176 —2.151) 0.447
ICU LOS (days) 1.039 (0.655 — 1.646) 0.872

CC: Completeness of Cytoreduction, ASA : American Society of Anesthesiologists, ASA : American Society of
Anesthesiologists, PCI : Peritoneal Cancer Index, LOHS: Length Of Hospital Stay, EBL: Estimated Blood Loss,
BMI: Body Mass Index, ICU: Intensive Care Unit, LOS: Length of Stay.

There was no statistically significant difference between the mean OS by group (p=0.895). While
the mean OS in the eCRS group was 37.5 months, the mean OS duration in the 1eCRS group was 42.8
months (Table 6, Figure 2A-B).

Table 6. Comparison of survival times by groups.

Means (%95 CI) p
eCRS 37.5(30.6 — 44.4)
le CRS 42.8 (33.7-51.8) 0.895
Overall 43.0 (36.5—-49.6)

Log Rank Test , CRS: Cytoreductive Surgery

4. Discussion

Historically, treatment of MPM consisted of chemotherapy, palliative surgery, and radiother-
apy. With this treatment modality, which was used before the 2000s, OS was only about 1 year [30].
0. After MPM was recognized as a surgically treatable disease, the treatment modalities and progno-
sis changed significantly. Complete cytoreduction with total peritonectomy and visceral resections
became the standard surgical procedure [31]. Subsequently, the contribution of intraperitoneal chem-
otherapy has been demonstrated 17. OS has been shown to have a prognosis ranging from 34-92
months in patients with MPM who have undergone CRS-HIPEC [8,15,21-25]. The aim of CRS is to
achieve complete cytoreduction and this usually requires multivisceral resections. The resection of >
5 major organs or the creation of > 3 intestinal anastomoses are considered eCRS. The potential mor-
bidity and mortality associated with complex organ resections during eCRS discourage many sur-
geons. On the other hand, there is limited evidence on the impact of eCRS on survival due to the
small number of studies. In this study, we aimed to present to investigate the impact of eCRS on
survival and peri-postoperative outcomes in patients who underwent CRS-HIPEC diagnosed with
MPM.

In one of the first studies of eCRS, Berger et al. retrospectively studied 269 patients who under-
went CRS-HIPEC with a diagnosis of peritoneal carcinomatosis originating from different primers
[26]. Complete cytoreduction was achieved in 76% of patients. eCRS-HIPEC was performed in 50
patients diagnosed with colorectal carcinoma, adenocarcinoma of the appendix, gastric carcinoma,
low-grade neoplasm of the appendix, ovarian carcinoma, adenocarcinoma of the small bowel, and
cholangiocarcinoma (17, 20, 6, 3, 2, and 1 patient, respectively). As a result, longer operative time,
longer LOHS days, longer ICU LOS days, higher EBL, and more frequent complication rates were
observed in the eCRS group. Survival was lower in the eCRS group [26]. However, when evaluating
the survival results of this study [26], it should be kept in mind that these were patients with different
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primary diagnoses and not patients with MPM. We did not find any study using eCRS in patients
with MPM in the literature. On the other hand, although there is no eCRS, the study by Roife et al.
on the concept of "multiorgan resection” in patients with MPM attracts attention. They included 174
patients who underwent CRS-HIPEC for MPM [10]. Multiorgan resection was categorized as 0, 1, or
2+ organs (94, 45, and 35 patients, respectively). They achieved complete cytoreduction in 117 pa-
tients. Similar to Berger et al., ICU LOS, LOHS, operative time, and EBL were higher in the group that
underwent more aggressive surgery. However, these variables were not shown to affect survival. It
is not surprising that ICU LOS days, total LOS, operative time, and EBL are higher after such complex
operations. Our results are similar, and these variables have not affected survival. In addition, similar
to Berger et al., the complication rate increases with the width of the surgery, but there was no differ-
ence in the complication frequency of Clavien Dindo 3-4 (Table 3-5). This may be considered a reason
for the long hospital stay in patients undergoing eCRS, but it has no impact on survival. It is undis-
putable that an experienced team is required to perform surgery safely in patients requiring eCRS.

Many studies have been performed on prognostic factors in patients with MPM. Poor prognostic
factors include CC -score > 1, sarcomatoid or biphasic subtype, lymph node involvement, Ki67 > 9%,
and PCI > 177. Yan et al,, in a study that included 294 patients with MPM and achieved complete
cytoreduction in 139 patients, found that high PCI, histopathologic subtype, and high CC score were
associated with prognosis [32]. Kusamura et al. studied 117 patients with MPM in another study
examining prognostic factors. Complete cytoreduction was achieved in 94 of the patients. As a re-
sult, they defined PCI > 17 and Ki-67 > 9% as poor prognostic factors [33]. All our patients were
MPM of epithelioid type, and complete cytoreduction (CC 0-1) was achieved in all patients. In our
study, the median PCI was calculated as 26 in the eCRS group and 17 in the 1eCRS group, and a
statistically significant difference was found. However, there was no significant difference in patient
survival. We believe this is related to the fact that complete cytoreduction was achieved in all patients
included in the study. On the other hand, the median PCI was at the poor prognostic level defined
by Kusamura et al., even in the leCRS group, suggesting that our patient group consists of advanced-
stage patients [33].

One of the most influential factors for survival is the residual disease. Therefore, achieving com-
plete cytoreduction is crucial. When complete cytoreduction cannot be achieved in MPM, outcomes
are worse than in patients with complete cytoreduction because the benefit of systemic therapy to
patients is limited. Even if multiorgan involvement is detected during CRS, eCRS can be applied in
suitable patients. In this way, equal survival rates can be achieved in patients with high and low PCL

Retrospective and single-center design, relatively small number of patients can be considered as
limitations. On the other hand, the fact that all of the patients achieved complete cytoreduction, none
of them had received chemotherapy before surgery, and that all of them were epithelioid type MPM
show that our patient group is homogeneous. In addition, the lack of similar studies of MPM in the
literature makes our results valuable.

5. Conclusions

In patients with MPM, in cases of high PCI and multiorgan involvement, eCRS is a suitable op-
tion if complete cytoreduction can be achieved. Complications and morbidity rates in patients under-
going eCRS are similar to 1eCRS. In case of high PCI and multiorgan involvement, the application of
eCRS in selected MPM patients can provide equal survival to patients with low PCIL.
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