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Abstract

Cytoreductive surgery (CRS) with hyperthermic intraperitoneal chemotherapy (HIPEC) is an effective treatment for
peritoneal carcinomatosis, but it has been debated for peritoneal sarcomatosis. The purpose of the study is the presen-
tation of perioperative and long-term results of CRS and hyperthermic intraoperative intraperitoneal chemotherapy in
patients with peritoneal sarcomatosis. Retrospective study in a prospectively maintained database of 20 patients that
underwent 29 CRS + HIPEC for peritoneal sarcomatosis. Clinical and histopathologic variables were correlated to
survival. Complete cytoreduction was possible in 86.2% of the cases. The hospital mortality and morbidity rate were
0 and 20.7%, respectively. The median follow-up was 26 months, and recurrence was recorded in 20 cases (69%). The
median and 5-year survival was 55 + 13 (34-58) months and 43%, respectively. Prior surgical score (PSS) was the single
variable related to survival (p =0.018). The histologic subtype of the tumor was related to recurrence (p <0.001). CRS
and HIPEC in peritoneal sarcomatosis may offer a survival benefit in selected patients with low hospital mortality. The
variety of histologic types of sarcomatosis has not made possible the identification of subgroups of patients that may be

offered significant benefit by CRS and HIPEC. Further studies are required.
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Introduction

The most frequent sites of failure of abdominal and retro-
peritoneal sarcomas are the resection site, the adjacent or-
gans, and the peritoneal surfaces, in contrast to hematoge-
nous metastases to distant sites (liver, lungs) which are less
frequent [1]. Peritoneal sarcomatosis is the result of tumor
disruption or exfoliation of cancer cells from venous blood
loss either preoperatively spontaneously or intraoperative-
ly iatrogenically. Tumor emboli that disseminate at the
peritoneal surfaces are entrapped in fibrin accumulation
and during wound healing stimulated by growth factors
give rise to tumor nodules within 2—3 years after initial
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surgery [2]. The prognosis of patients with primary or re-
current abdominal sarcomatosis is generally poor with a
reported median survival of 6—15 months [3]. The results
of debulking surgery followed by systemic chemotherapy
are poor, and the recurrence rate even after complete resec-
tion is high reaching 40-60% [3-5].

CRS in combination with HIPEC has shown favorable re-
sults in patients with peritoneal carcinomatosis from
appendiceal, ovarian, and colorectal carcinomas as well as
from peritoneal mesothelioma [6-9]. The data about the treat-
ment of peritoneal sarcomatosis are conflicting. There is no
consensus about the benefit survival of patients with peritone-
al sarcomatosis from CRS and HIPEC [10]. Treatment with
tyrosine kinase inhibitors has shown that the survival of pa-
tients with gastrointestinal stromal tumors and peritoneal sar-
comatosis is improved and since then, CRS with HIPEC has
rarely been used [11].

The objectives of the study are the calculation of overall
survival, the identification of the variables that are related to
survival, and the assessment of recurrence in patients with
peritoneal sarcomatosis treated by one surgical team.
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Patient Methods

The data of the patients with peritoneal sarcomatosis either at
initial diagnosis or at recurrence who were treated between
2004 and 2016 were retrospectively reviewed in a prospec-
tively maintained database.

All patients with peritoneal sarcomatosis, from 16 to
90 years of age, with acceptable performance status
(Karnofsky performance scale >50%), normal hepatic and
renal function, white blood cell count >4000, platelet count
> 100,000, and absence of distant metastasis as assessed by
thoracoabdominal computed tomography were included in the
study. The protocol was approved by the ethical committee of
the hospital, and an informed consent was obtained by all
patients.

Treatments

A midline incision from the xiphoid process to symphysis
pubis was always used for maximal abdominal exploration.
The extent of peritoneal sarcomatosis was assessed after lysis
of the adhesions using the peritoneal cancer index (PCI).
Patients with nodules that had maximal diameter <0.5 cm
were indicated as low-volume, and those with nodules that
had maximal diameter > 0.5 cm were indicated as large-vol-
ume. Tumor volume has been indicated to be significantly
related to survival in colorectal and appendiceal cancer [12].
The extent of previous surgery was assessed using prior sur-
gery score (PSS). Patients without any history of surgery for
cancer were indicated as PSS-0. Patients who had previously
undergone surgery in one abdominopelvic region or simple
biopsy were indicated as PSS-1. Those patients that had un-
dergone previous surgery in two to five regions were indicated
as PSS-2 and as PSS-3 for those that had undergone surgery in
more than five abdominopelvic regions [13].

Cytoreductive surgery included both visceral and parietal
peritonectomies [14]. The purpose of surgery was the com-
plete removal of the entire macroscopically visible tumor load.
The quality of cytoreductive surgery was assessed using the
completeness of cytoreduction score (CC score).

Hyperthermic intraperitoneal chemotherapy was possible
with the open abdominal (Coliseum) technique [15].
Cisplatin (50 mg/mz) with doxorubicin (15 mg/mz) was used
during HIPEC for 90 min at 42.5-43 °C. The reconstruction of
the gastrointestinal tract was always performed after the com-
pletion of HIPEC. All patients remained in the intensive care
unit for at least 24 h. A heater circulator with two roller
pumps, one heat exchanger, one reservoir, an extracorporeal
system of two inflow and two outflow tubes, and four thermal
probes was used for HIPEC (Sun Chip, Gamida Tech,
Villejuif, France). A prime solution of three lit normal saline
was instilled prior to the administration of the cytostatic drug.
As soon as the mean abdominal temperature exceeded 40 °C,

the cytostatic drugs were administered in the abdominal cav-
ity. During perfusion, adequate fluids were infused in addition
to dopamine 3 pgr/k.b.w., in order to maintain diuresis at
500 ml/h. Dopamine was also used for 24 h after surgery at
the same dose to maintain diuresis at the same levels.

All specimens were histopathologically examined in detail.
Patients with GIST-induced sarcomatosis or uterine
leiomyosarcomas were not included in the analysis.

The variables that were correlated to survival and recur-
rence were the performance status, the CC score, the extent
of peritoneal sarcomatosis (PCI), the extent of previous sur-
gery (PSS), the tumor volume, the tumor grade, and the his-
topathologic subtype.

Statistical Analysis

Statistical analysis was made using the SPSS (Statistical
Package for Social Sciences, version 17.0). The proportions
of patients with a given characteristic were compared by chi-
square analysis or by Pearson’s test. Differences in the means
of continuous measurements were tested by the Student’s ¢
test. The survival curves were obtained using the Kaplan-
Meier method, and the comparison of curves was calculated
using the log-rank test. A two-tailed p value < 0.05 was con-
sidered statistically significant.

Results

From 2004 until 2016, 20 patients with peritoneal sarcomato-
sis underwent 29 cytoreductions in combination with HIPEC.
There were nine males and 11 females, mean age 59.5 +
14 years (32—-87). The general characteristics of the patients
are listed in Table 1.

The primary site of all leiomyosarcomas was the retroper-
itoneal area, except one that originated from the small bowel.
In four cases, the primary site of rhabdomyosarcomas was the
large bowel and in one case the pelvis after previously per-
formed total abdominal hysterectomy for benign disease. The
mean PCI was 6 (2-24). Complete cytoreduction was possible
in 86.2% (25 cases). One patient underwent CC-1 surgery,
another one underwent CC-2 surgery, and two patients who
did not receive HIPEC underwent CC-3 surgery. The types of
peritonectomy procedure and their number are listed in
Table 2. The hospital mortality and morbidity rate were 0
and 20.7% (six patients), respectively. The complications
were wound infection in two patients (33.3%), anastomotic
failure in two patients (33.3%), central line septic condition
in one patient (16.6%), and urinary tract infection in one pa-
tient (16.6%). All patients with anastomotic failure were re-
admitted in the operating theater and underwent surgery.
Grade II, III, and IV complications according to NCI
CTCAE ver4.0 were 6.9, 6.9, and 6.9%, respectively. The
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Table 1  Patient characteristics

No. of patients %
Karnofsky performance status
90-100% 27 93.1
70-80% 2 6.9
ASA score
1 26 89.7
II 3 10.3
PSS score
PSS-0 8 27.6
PSS-1 1 34
PSS-2 13 44.8
PSS-3 7 24.1
Tumor grade
Low-grade tumor 3 10.3
High-grade tumor 26 89.7
Tumor volume
Small 3 10.3
Large 26 89.7
CC score
CC-0 25 86.2
CC-1 1 34
CC-2 1 34
CC-3 2 6.9
PCI
PCI<6 20 69
PCI>6 9 31
Histopathology
Leiomyosarcoma high-grade 4 20
Liposarcoma low-grade 2 10
Liposarcoma high-grade 5 25
Rhabdomyosarcoma 5 25
Mixed Mullerian ovarian 4 20
Table 2 Peritonectomy
procedures Peritonectomy procedure No.
Epigastric peritonectomy 5
Right subdiaphragmatic 5
Left subdiaphragmatic 1
Greater omentectomy 11
splenectomy 3
Lesser omentectomy 6
cholecystectomy 6
Omental bursectomy 1
Right parietal 4
Left parietal 3
Pelvic peritonectomy 17
appendectomy 4
Right colectomy 5
Segmental intestinal resection 15
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mean hospital stay was 13 days (6-25). During surgery, the
mean blood loss was 100 ml (0—500 ml), the mean blood
transfusion was 1 unit, and the mean fresh frozen plasma
transfusion was 3 units.

The median follow-up time was 26 months. Recurrence
was recorded in 20 cases (69%). The recurrence was
locoregional in 19 cases and distant in one case. All patients
with rhabdomyosarcoma were recorded with recurrence and
two of them twice. Three patients with high-grade
leiomyosarcoma and two patients with high-grade
liposarcoma developed recurrence twice despite CC-0 surgery
and one of them three times. By univariate analysis, it was
found that recurrence was related to histopathology (p <
0.001). The low-grade liposarcoma patients have been alive
disease-free for more than 5 years, in addition to mixed
Mullerian ovarian patients that had the lowest rate of recur-
rence. All patients with high-grade disease were recommended
to receive systemic chemotherapy but six of them refused it.

The median disease-free survival was 9 +2 (4—16) months.
The median and 5-year survival were 55 = 13 (34—-58) months
and 43%, respectively (Fig. 1). PSS was the single variable
that was found to be related to survival (p =0.018) (Table 3).
The mean survival of PSS-0, PSS-1, PSS-2, and PSS-3 pa-
tients was 58 £9, 41 £8, 40£9, and 8 months, respectively.
Currently, seven patients are alive without evidence of dis-
ease, eight patients died because of disease progression, one
patient died because of reasons unrelated to disease, and four
patients are alive with disease.

Discussion

Although cytoreductive surgery in combination with HIPEC
is currently considered the standard of care in patients with
peritoneal carcinomatosis, its use in the treatment of peritoneal
sarcomatosis has been strongly questioned [16]. Conventional
treatment of peritoneal sarcomatosis with debulking surgery
followed by systemic chemotherapy is associated with dismal
prognosis, with an overall survival of 14—18 months [2].
Patients with peritoneal sarcomatosis have long been treated
with conventional debulking surgery followed by systemic
chemotherapy and/or radiotherapy. Karakousis [17] reported
a median survival 23 and 9 months, respectively, for complete
and incomplete resection in 72 patients. Billimoria [3] report-
ed a median survival of 13 months in 39 patients treated with
surgery only. There is no controlled randomized study with
CRS and HIPEC for peritoneal sarcomatosis. In the single
randomized controlled trial, Bonvalot [18] reported that the
median survival of patients treated with surgery alone was
29 months, which was the same as that of patients that
underwent surgery combined with early postoperative intra-
peritoneal chemotherapy (EPIC). However, EPIC does not
seem to be equally effective to HIPEC, because heat is not
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Fig. 1 Overall survival of 29 CRS+HIPEC for peritoneal sarcomatosis

included, and the cytostatic drugs are not uniformly distribut-
ed in the abdominal cavity [19].

In our study, the median and the 5-year survival were
55 months and 43%, respectively. The published data from
other institutions report a median survival from 6 to 34 months
and a 5-year survival rate from 5 to 45% [20, 21]. It is obvious
that there is a wide range in survival that may be interpreted by
the wide variety of different histologic types with different
biologic behavior. PSS was the single variable that was found
to be related to survival. Similar results have been reported by
others [20, 22]. The explanation for this is not still possible.
However, the message of this finding is that the first surgical
intervention is crucial for survival.

The purpose of surgery in the treatment of peritoneal sarco-
matosis is the removal of the entire macroscopically visible
tumor in order to achieve complete or near complete
cytoreduction. Standard peritonectomy procedures are in use
for this reason [14]. The mean low PCI that was found in our
study made possible CC-0 surgery in the majority of the cases,
although 89.7% of the cases were high-grade. Although the

Table 3 Univariate

analysis of survival Variable p value
CC score 0.859
Performance status 0.324
PSS 0.018
Tumor grade 0.182
Tumor volume 0.169
PCI 0.676
Histopathology 0.585

60

extent of sarcomatosis has been reported to be a significant
indicator of survival [22], it has not been reproduced in our
study because in many cases with limited peritoneal extent,
the recurrence rate was high despite complete cytoreduction.
The completeness of cytoreduction is probably the most signif-
icant indicator for long-term survival, which also has not been
reproduced in our study, because the number of patients that
underwent other than CC-0 surgery was too small [11, 16,
20-22]. Despite the high incidence of complete cytoreduction,
the recurrence rate has been high. The purpose of intraperito-
neal chemotherapy is the eradication of the residual microscop-
ic tumor. However, cytostatic drugs administered intraperitone-
ally may penetrate nodules less than 2.5-3 mm in their largest
diameter. As a consequence, HIPEC is meaningless to be used
after CC-2 or CC-3 operations. Therefore, we have not used
HIPEC after incomplete cytoreductions. The cytostatic drugs
and their dose for HIPEC differ from center to center. In our
study, cisplatin combined with doxorubicin has been used al-
ways. Mitomycin-C, cis-platin, mitoxantrone, and doxorubicin
have been used by others in various combinations during
HIPEC without indicating which has been the most effective
drug or combination of drugs [16, 23, 24]. Melphalan has been
used in one prospective study and has shown considerable ef-
ficacy in a few cases of peritoneal sarcomatosis [25]. Even after
complete cytoreduction and HIPEC, the incidence of recurrence
has been reported to be as high as 67%, which is similar to our
results [16]. In contrast, the incidence of recurrence at remote
sites (lung or liver) has been reported to be significantly lower
[16, 21]. The histopathologic subtype has been found to be
related to recurrence in contrast to other reports [5, 22], al-
though Baumgartner has included GIST in his report [5].
Gastrointestinal stromal tumors with peritoneal sarcomatosis

@ Springer



44

Indian J Surg Oncol (March 2019) 10(1):40-45

have been shown improved survival after tyrosine kinase inhib-
itor treatment. Since then, CRS with HIPEC is rarely used in
these patients. In addition, patients negative to tyrosine kinase
inhibitor do not show favorable response to CRS and HIPEC
[11]. Probably patients with uterine leiomyosarcoma are offered
the best survival benefit with CRS and HIPEC [20, 21, 26]. In
our attempt to identify the subgroup of patients that shows a
favorable response after CRS and HIPEC, we did not include
patients with gastrointestinal tumors and uterine
leiomyosarcomas. Rhabdomyosarcoma, high-grade
leiomyosarcomas, and liposarcomas have been identified as
the most aggressive types. The patients with low-grade
liposarcoma have been disease-free for more than 5 years, and
the patients with mixed Mullerian ovarian carcinosarcomas had
the lowest rate of recurrence. As a consequence, it is likely that
neither complete cytoreduction nor the combination of cytostat-
ic drugs seems to influence the outcome of patients with peri-
toneal sarcomatosis, probably because the biologic behavior of
the tumor plays a significant role in survival.

Postoperative morbidity was recorded in six patients
(20.7%), and the hospital mortality was 0. The morbidity rate
ranges between 9 and 50% and the mortality between 0 and
11% in recent reports [16, 20, 21]. Nevertheless, cytoreductive
surgery and HIPEC for peritoneal sarcomatosis were associated
with lower morbidity and mortality rates when compared with
CRS and HIPEC for other malignancies in our institution [27].

Conclusions

These data show that cytoreductive surgery combined with
HIPEC in peritoneal sarcomatosis may offer a survival benefit
in properly selected patients with acceptable mortality rates.
Because of the wide variety of different histologic subtypes,
more studies are required to identify the subgroup of patients
that may be offered a benefit and establish an effective and
widely accepted treatment protocol.

References

1. Singer S, Maki RG, O’ Sullivan B (2009) Soft tissue sarcoma. In:
De Vita VT, Lawrence TS, Rosenberg SA et al (eds) Cancer: prin-
ciples and practice of oncology. Wolters Kluwer Health/Lippincott
Williams and Wilkins, Philadelphia, pp 1533-1577

2. Sugarbaker PH (1996) Peritoneal carcinomatosis: natural history
and rational therapeutic interventions using intraperitoneal chemo-
therapy. In: Sugarbaker P (ed) Peritoneal carcinomatosis: drugs and
diseases. Kluwer Academic Publishers, Boston, pp 149—168

3. Bilimoria MM, Holtz DJ, Mirza NQ, Feig BW, Pisters PWT, Patel
S, Pollock RE, Benjamin RS, Papadopoulos NE, Plager C, Murphy
A, Griffin JR, Burgess MA, Hunt KK (2002) Tumor volume as a
prognostic factor for sarcomatosis. Cancer 94:2441-2446

@ Springer

10.

11.

12.

14.

15.

16.

17.

18.

19.

20.

21.

Ferrario T, Karakousis CP (2003) Retroperitoneal sarcomas: grade
and survival. Arch Surg 138:248-251

Baumgartner JM, Ahrendt SA, Pingpank J et al (2013) Aggressive
locoregional management of recurrent peritoneal sarcomatosis. J
Surg Oncol 107:329-334

Yan TD, Black D, Savady R, Sugarbaker PH (2006) Systematic
review on the efficacy of cytoreductive surgery combined with
perioperative intraperitoneal chemotherapy for peritoneal carcino-
matosis from colorectal carcinoma. J Clin Oncol 24:4011-4019
Yan TD, Black D, Savady R, Sugarbaker PH (2007) A systematic
review on the efficacy of cytoreductive surgery combined and peri-
operative intraperitoneal chemotherapy for pseudomyxoma
peritonei. Ann Surg Oncol 14:484-492

Glehen O, Gilly FN, Boutitie F, Bereder JM, Quenet F, Sideris L,
Mansvelt B, Lorimier G, Msika S, Elias D, French Surgical
Association (2010) Toward curative treatment of peritoneal carci-
nomatosis from nonovarian origin by cytoreductive surgery com-
bined with perioperative intraperitoneal chemotherapy: a multi-
institutional study of 1290 patients. Cancer 116:5608-5618

Yan TD, Brun EA, Cerruto CA, Haveric N, Chang D, Sugarbaker
PH (2006) Prognostic indicators for patients undergoing
cytoreductive surgery and perioperative intraperitoneal chemother-
apy for diffuse malignant peritoneal mesothelioma. Ann Surg
Oncol 14:41-49

Munene G, Mack LA, Temple WJ (2011) Systematic review on the
efficacy of multimodal treatment of sarcomatosis with
cytoreduction and intraperitoneal chemotherapy. Ann Surg Oncol
18:207-213

Bryan ML, Fitzgerald NC, Levine EA, Shen P, Stuart GH,
Votanopoulos K (2014) Cytoreductive surgery with hyperthermic
intraperitoneal chemotherapy in sarcomatosis from gastrointestinal
stromal tumor. Am Surg 80:890-895

Sugarbaker PH, Chang D, Koslowe P (1996) Prognostic features
for peritoneal carcinomatosis in colorectal and appendiceal cancer
patients when treated by cytoreductive surgery and intraperitoneal
chemotherapy. In: Sugarbaker P (ed) Peritoneal carcinomatosis:
drugs and diseases. Kluwer Academic Publishers, Boston, pp 89—
104

Sugarbaker PH (1996) Peritonectomy procedures. Cancer Treat Res
82:235-253

Sugarbaker PH (1995) Peritonectomy procedures. Ann Surg 221:
29-42

Sugarbaker PH (2001) Review of a personal experience in the man-
agement of carcinomatosis and sarcomatosis. Jpn J Clin Oncol 31:
573-583

Randle RW, Swett KR, Shen P, Stewart JH, Levine EA,
Votanopoulos K (2013) Cytoreductive surgery with hyperthermic
intraperitoneal chemotherapy in peritoneal sarcomatosis. Am Surg
79:620-624

Karakousis CP, Blumenson LE, Cavanese G et al (1992) Surgery
for disseminated abdominal sarcoma. Am J Surg 163:560-564
Bonvalot S, Cavalcanti A, Le Pechoux C et al (2005) Ramdomized
trial of cytoreduction followed by intraperitoneal chemotherapy
versus cytoreduction alone in patients with peritoneal sarcomatosis.
Eur J Surg Oncol 31:917-923

Elias D, Benizri E, Di Pietrantonio D, Menegon P, Malka D,
Raynard B (2006) Comparison of two kinds of intraperitoneal che-
motherapy following complete cytoreductive surgery of colorectal
peritoneal carcinomatosis. Ann Surg Oncol 14:509-514

Baratti D, Pennacchioli E, Kusamura S, Fiore M, Balestra MR,
Colombo C, Mingrone E, Alessanrdro G, Deraco M (2010)
Peritoneal sarcomatosis: is there a subset of patients who may ben-
efit from cytoreductive surgery and hyperthermic intraperitoneal
chemotherapy? Ann Surg Oncol 17:3220-3228

Rossi CR, Deraco M, De Simone M et al (2004) Hyperthermic
intraperitoneal intraoperative chemotherapy after cytoreductive



Indian J Surg Oncol (March 2019) 10(1):40-45

45

22.

23.

24.

surgery for the treatment of abdominal sarcomatosis: clinical out-
come and prognostic factors in 60 consecutive patients. Cancer 100:
1943-1950

Berthet B, Sugarbaker TA, Chang D, Sugarbaker PH (1999)
Quantitative methodologies for selection of patients with recurrent
abdominopelvic sarcoma for treatment. Eur J Cancer 35:413-419
Kusamura S, Deraco M, Baratti D, Inglese MG, Costanzo P,
Favaro M, Manzi R, Gavazzi C (2003) Cytoreductive surgery
followed by intra peritoneal hyperthermic perfusion in the
treatment of peritoneal surface malignancies: morbidity and
mortality with closed abdomen technique. J Exp Clin Cancer
Res 22(4 Suppl):207-212

Lim SJ, Cormier JN, Feig BW, Mansfield PF, Benjamin RS, Griffin
JR, Chase JL, Pisters PWT, Pollock RE, Hunt KK (2007) Toxicity
and outcomes associated with surgical cytoreduction and

25.

26.

27.

hyperthermic intraperitoneal chemotherapy (HIPEC) for patients
with sarcomatosis. Ann Surg Oncol 14:2309-2318

Sardi A, Jimenez W, Nieroda C, Sittig M, Shankar S, Gushichin V
(2014) Melphalan: a promising agent in patients undergoing
cytoreductive surgery and hyperthermic intraperitoneal chemother-
apy. Ann Surg Oncol 21:908-914

Sugarbaker PH, Ihemelandu C, Bijelic L (2015) Cytoreductive and
HIPEC as a treatment option for laparoscopic resection of uterine
leiomyosarcoma with morcellation: early results. Ann Surg. https:/
doi.org/10.1245/s10434-015-4960-y

Tentes AA, Kakolyris S, Kyziridis D, Karamveri C (2012)
Cytoreductive surgery combined with hyperthermic intraperitoneal
intraoperative chemotherapy in the treatment of advanced epithelial
ovarian cancer. J Oncol 2012:358341

@ Springer


https://doi.org/10.1245/s10434-015-4960-y
https://doi.org/10.1245/s10434-015-4960-y

	Cytoreductive Surgery in Combination with HIPEC in the Treatment �of Peritoneal Sarcomatosis
	Abstract
	Introduction
	Patient Methods
	Treatments
	Statistical Analysis

	Results
	Discussion
	Conclusions
	References


