
Purpose: Cytoreductive surgery (CRS) and hyperthermic 
intraperitoneal chemotherapy (HIPEC) is a promising 
treatment for patients with peritoneal carcinomatosis (PC). 
Our objective was to identify new prognostic factors within 
the Peritoneal Cancer Index (PCI) score in PC patients.

Methods: 140 patients (60 ovarian, 45 colon, 14 gastric, 
10 pseudomyxoma peritonei, 5 mesothelioma, 6 sarcoma) 
with PC treated with CRS+HIPEC from 2007 to December 
2013 were retrospectively included. Tumor extent and lo-
cation were assessed by the PCI and residual disease was 
recorded using the Completeness of Cytoreduction (CC) 
score. All clinical data were computed in univariate and 
multivariate analysis using survival as primary endpoint.

Results: The PCI remains the most important factor con-
cerning the long-term survival. Involved areas 4, 5 and 8 
are more favorable in survival vs areas 9, 10 and 11, which 
predict a significantly worse outcome (p<0.002). Prognosis 
varies not only depending on how many peritoneal areas 
are involved but also on the location of the primary tumor. 

Conclusion: We demonstrated that the involvement of dif-
ferent areas in the PCI system has a significant impact on 
the final prognosis and survival.
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The therapeutic approach to peritoneal me-
tastases requires the presence of a test suitable to 
describe the extent of disease and to identify, ac-
cordingly, patients who will be the most appropri-
ate surgical candidates. Moreover, the presence of 
a universal staging and scoring system enables 
the multidisciplinary team to predict more pre-
cisely the management plan, determining which 
patients would benefit more from an aggressive 
treatment, taking into account previous experi-
ence from the literature.

Several attempts have been made towards 

the formulation of a commonly used scoring sys-
tem for peritoneal metastases, such as the Japa-
nese Society for Gastric Cancer Carcinomatosis 
Staging (JRSGS) [1], the Lyon Staging System [2], 
or the Dutch Simplified Peritoneal Cancer Index 
(SPCI) [3]. However, the most widely used index 
is the PCI, as described by Jacquet and Sugarbak-
er in 1996 [4]. The PCI is a detailed clinical inte-
gration of tumor distribution and size, in which 
tumor volume in 13 different abdominopelvic re-
gions is added up to form a score ranging from 0 
to 39. Not only does the PCI serve as an assess-
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ment tool of peritoneal metastases, but it has also 
been used as a prognostic indicator for disease 
outcome. However, it does not take into account 
tumor biology. Also, it cannot be directly correlat-
ed with resectability in that a low PCI score may 
be associated with unresectable disease at crucial 
anatomic sites such as the common bile duct.

The purpose of the present study was to pres-
ent and analyse the different patterns of dissemi-
nation of peritoneal metastases as assessed by the 
PCI for 5 different intraabdominal malignancies 
and to identify variations in prognosis depending 
on disease location.

Methods

Over a 7-year period (2007-2013), our team has 
treated 140 PC patients with CRS & HIPEC. Tumor 
extent and location were assessed with PCI (Figure 1) 
[5]. PCI combines size and distribution parameters to 
determine a numerical score. The lesion size (LS) is 
used to quantify the size of peritoneal nodules. LS-0 
indicates no tumor seen, LS-1 indicates tumor implants 
up to 0.5 cm, LS-2 indicates tumor implants between 
0.5 and 5 cm, and LS-3 indicates tumor implants larg-
er than 5 cm or a layering of cancer. The distribution 
of tumor is determined within the 13 abdominopelvic 
regions. Two transverse planes and two sagittal planes 
are used to divide the abdomen into 9 abdominopel-
vic regions (AR-0 through AR-8). These lines define 9 
regions, which are numbered in a clockwise direction 
with 0 at the umbilicus and 1, defining the space be-
neath the right hemidiaphragm. The small bowel is 
assessed as an additional 4 abdominopelvic regions 
designated AR-9 through AR-12 and includes the upper 
jejunum, lower jejunum, upper ileum and lower ileum, 

respectively. The summation of the lesion size score in 
each of the 13 abdominopelvic regions is the PCI rang-
ing from 0 to 39. 

All patients were operated on by the same surgi-
cal team. CRS is performed via a xiphoid-pubis inci-
sion and with the use of a self-retaining retractor to 
achieve maximal exposure of the peritoneal cavity. At 
the beginning of the operation sharp adhesiolysis is 
performed, followed by selective peritonectomies of 
all the areas of the involved peritoneum. Greater and 
lesser omentectomy are routinely performed, as well 
as resection of the falciform ligament. Upper abdomen 
cytoreduction may often involve splenectomy, distal 
pancreatectomy and dissection of the perihepatic spac-
es and the hepatoduodenal ligament. As for the gas-
trointestinal tract, small lesions on the stomach, small 
intestine and colon are cauterized, while larger lesions 
require resection. Pelvic disease may require the for-
mation of a loop ileostomy, rectal resection, as well as 
bilateral salpingo-oophorectomy, with hysterectomy 
not routinely performed. The study included patients 
on whom complete CC (CC-0 and CC-1) was performed.

All patients were followed on a regular basis ac-
cording to a predetermined plan. Patients were seen 
and a physical examination performed on a 3-monthly 
basis. If a tumor marker had been determined as rel-
evant in the preoperative workup, this tumor marker 
was obtained on a 3-monthly basis. Radiologic studies 
included CT scan of chest, abdomen, and pelvis on a 
6-monthly basis. If the CT was difficult to interpret or 
there were discordant findings between tumor markers 
and CT, a MRI of abdomen and pelvis or positron emis-
sion tomography-CT (PET/CT) scan was obtained. All 
data were prospectively recorded.

Statistics

All clinical data were computed in univariate and 

Table 1. Patient and disease characteristics 

Patients, N 140

Mean age, years 58.3

Characteristics N %

Origin of peritoneal carcinomatosis

Ovary 60 42.8

Colon 45 32.1

Stomach 14 10

Pseudomyxoma peritonei 10 7.1

Mesothelioma peritonei 5 3.6

Sarcoma 6 4.3

Peritoneal carcinomatosis index (PCI)

PCI <15 75 53.6

PCI ≥15 65 46.4

Completeness of cytoreduction

CC-0 91 65

CC-1 49 35
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multivariate analysis using survival as a primary end 
point. Lesion size 2 and 3 were included in the analy-
sis. Presence or absence of disease at specific regions 
was compared univariately in terms of survival. Patient 
characteristics and outcome were analysed by descrip-
tive statistics. Normally distributed variables were 
compared using the Student’s t-test as appropriate, and 
nonparametric tests were used when variables were 
not normally distributed. Survival was measured with 
the Kaplan-Meier method and log rank test. A p-value 
<0.05 was considered significant in all analyses. All sta-
tistical analyses were conducted using the SPSS soft-
ware (version 17.0) and Microsoft Office Excel.

Results

The origins of peritoneal metastases in our 
patients were (Table 1): n=60 of ovarian origin, 
n=45 of colorectal origin, n=14 of gastric origin, 
n=10 with pseudomyxoma peritonei, n=5 with 
mesothelioma and n=6 with sarcoma.

Analysis of all anatomic sites together

Patients with a PCI lower than 15 had a signif-
icantly prolonged overall survival vs those with a 
PCI greater than 15 (16.9 months vs 5.8 months, 
p<0.05).

Involvement of areas 4, 5 and 8 was associat-
ed with a better outcome in terms of survival vs 
the areas 9, 10 and 11, the involvement of which 

predicted a worse outcome.

Analysis of all anatomic sites individually

When studied separately per tumor origin, 
overall survival had significant differences de-
pending on the lesion location. Specifically (Table 
2):
• for gastric cancer, favorable areas were 4, 5 

and 8 (median overall survival/mOS= 11.8 
months) and unfavorable areas were 3, 10 and 
11 (mOS = 6.3 months) (p<0.02)

• for colon cancer, favorable areas were 2, 5 and 
8 (mOS = 29.6 months) and unfavorable areas 
were 1, 9 and 11 (mOS = 12.4 m) (p<0.003)

• for ovarian cancer, favorable areas were 6, 5 
and 12 (mOS = 32.4 months) and unfavorable 
areas were 9, 10 and 11 (mOS = 18.2 months) 
(p<0.05)

• for pseudomyxoma peritonei, favorable areas 
were 0, 4 and 8 (mOS = 41.3 months) and un-
favorable areas were 3, 9 and 10 (mOS = 26.4 
months) (p<0.03)

• for peritoneal mesothelioma, favorable areas 
were 2, 4 and 5 (mOS = 27.2 months) and un-
favorable areas were 9, 11 and 12 (mOS = 12.8 
months) (p<0.001)

A summary of the favorable PCI regions is shown 
in Figure 2. 

Figure 1. Ki-67 immunostaining in parathyroid carcinoma. Numerous Ki-67 positive cells are evident (H&E 
x20). 
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• Area 0 was favorable for pseudomyxoma peri-
tonei. 

• Area 2 was favorable for colon cancer and 
peritoneal mesothelioma. 

• Area 4 was favorable for gastric cancer, pseu-
domyxoma peritonei, and peritoneal meso-
thelioma.

• Area 5 was favorable for gastric cancer, colon 
cancer, ovarian cancer, and peritoneal meso-
thelioma.

• Area 6 was favorable for ovarian cancer.
• Area 8 was favorable for gastric cancer, colon 

cancer, and pseudomyxoma peritonei.
• Area 12 was favorable for ovarian cancer. 

A summary of unfavorable PCI regions is 
shown in Figure 3. 
• Area 1 was unfavorable for colon cancer. 
• Area 3 was unfavorable for gastric cancer and 

pseudomyxoma peritonei. 
• Area 9 was unfavorable for colon cancer, 

ovarian cancer, pseudomyxoma peritonei, and 
peritoneal mesothelioma. 

• Area 10 was unfavorable for gastric cancer, 
ovarian cancer, and pseudomyxoma peritonei. 

• Area 11 was unfavorable for gastric cancer, 
colon cancer, ovarian cancer, and peritoneal 
mesothelioma. 

• Area 12 was unfavorable for peritoneal mes-
othelioma.

Discussion

Revised hypothesis regarding peritoneal metastases 

Peritoneal metastases result from the spread 
and implantation of cancer cells within the peri-
toneal cavity resulting in malignant tissue depos-

Table 2. Overall survival depending on tumor location and peritoneal area involvement.

Favorable areas OS (months) Unfavorable areas OS (months) p value

Stomach 4,5,8 11.8 3,10,11 6.3 <0.02

Colon 2,5,8 29.6 1,9,11 12.4 <0.003

Ovary 6,5,12 32.4 9,10,11 18.2 <0.05

Pseudomyxoma 0,4,8 41.3 3,9,10 26.4 <0.03

Mesothelioma 2,4,5 27.2 9,11,12 12.8 <0.001

OS: overall survival

Figure 2. Favorable locations.
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its involving both the parietal peritoneum and 
the visceral peritoneum lining the abdominal and 
pelvic organs. It is a common event that develops 
in the natural history of many diseases that have 
an origin within the abdomen and pelvis and rep-
resents a major unsolved problem encountered in 
cancer management. In the past, peritoneal tumor 
dissemination arising from colorectal cancer, ap-
pendiceal cancer, gastric cancer, gynecologic ma-
lignancies or peritoneal mesothelioma has been 
assumed as a sign of advanced tumor stage or 
disease recurrence, and was associated with the 
presence of systemic disease. Newer concepts of 
peritoneal metastases for patients with isolated 
peritoneal metastases of gastrointestinal can-
cer, ovarian cancer and primary peritoneal ma-
lignancies have emerged based on the revised 
hypothesis that peritoneal metastases may be a 
local-regional disease. Therefore, it warrants a 
local-regional therapeutic approach. These new 
treatment protocols are based on a combination 
of CRS and perioperative chemotherapy.

Distribution of peritoneal metastases 

A study on intraperitoneal tumor dissemina-
tion was published by Carmignani et al. [6], re-
porting that the distribution of cancer deposits in 
the peritoneal cavity is not a random event but 
follows specific patterns determined by intraperi-
toneal fluid hemodynamics, intestinal peristalsis, 

and gravity. The presence of mucinous component 
was associated with a wider distribution but rela-
tively sparing structures active in peristalsis. Or-
gans such as the omentum and omental append-
ages (which have phagocytosis and peritoneal 
fluid resorption) had a relatively high volume and 
incidence of implants.

Intraperitoneal dissemination is a multistep 
process, implicating several molecular mecha-
nisms, such as the detachment from serosa (E-cad-
herin, S100A4), adhesion to mesothelial cells 
(CD-44), contraction of mesothelial cells (CD44, 
CEA, cytokines - interleukins, EGF, HGF, VEGF-C, 
adhesion molecules - integrins, CD44), invasion 
(motility factors, matrix metalloproteinases, urok-
inase), vascular neoangiogenesis (VEGF, VEGF-C, 
bFGF), lymphangiogenesis, lymphatic dilatation 
(VEGF-C, VEGF-D), exposure of lymphatic stoma-
ta or lymphatic orififices and invasion through 
lymphatic orifices on the milky spots [7-12]. Peri-
toneal free neoplastic cells attach to the mesothe-
lial cells, invade into the submesothelial tissue, 
proliferate and grow into established metastases 
with neoangiogenesis.

The intraperitoneal progression of ovarian 
cancer has been widely studied, both in vitro and 
in vivo. Epithelial ovarian cancer has a distinctive 
preference for intraperitoneal dissemination vs 
the hematogenous or lymphatic routes of spread. 
The neoplastic cells have both invasive and adhe-
sive properties that determine the patterns of dis-

Figure 3. Unfavorable locations.
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semination. Cancer cells may invade beneath the 
peritoneal mesothelial layer or form tumor col-
onies adhering to its surface depending on their 
molecular properties [13]. 

The quantitative assessments to measure for 
peritoneal metastases have been compared in a 
study by Yonemura et al. [14]. They suggested peri-
toneal metastases with a limited extent to include 
P1 and P2 per the Japanese classification [1], stage I 
and II per the Lyon classification [2] with a PCI less 
than 13. Peritoneal metastases with large extent in-
cluded P3, stage III and IV, and correspond with a 
PCI of 13 or greater. They suggested that all three 
classifications correlate with prognosis.

The PCI is the most commonly used staging 
system for PC, and also an independent prognos-
tic indicator for long-term outcomes. The formu-
lation of a suitable tool to assess the extent and 
location of tumor dissemination in the peritoneal 
cavity is useful in the patient selection process, 
with a purpose to identify which patients will 
benefit more from CRS and HIPEC and to avoid 
aggressive therapeutic approaches in patients un-
likely to benefit from CRS plus HIPEC.

Perhaps the most reliable information gath-
ered from the use of the PCI has been its ability 
to predict outcome based on the total score. Early 
on, Sugarbaker and Jablonski showed that it had 
a profound influence on the outcome of patients 
with appendiceal and colorectal malignancy that 
underwent standardized CRS combined with pe-
rioperative intraperitoneal chemotherapy [15]. In 
the randomized trial by Verwaal and Zoetmulder 
in patients with colorectal peritoneal metastases 
and involvement of 6 or more abdominopelvic 
regions were associated with a significantly dis-
mal prognosis [3]. The French multi-institution-
al study confirmed the importance of PCI in the 
prognosis of colorectal peritoneal metastases. In 
the global survival of 496 patients with perito-
neal metastases from colorectal cancer, there was 
a 50% survival with a PCI of 1-6, 25% survival 
with a PCI of 7-12 and 13-19, and only 10% sur-
vival at 5 years with a PCI greater than 19 [16]. 
The same publication confirmed the importance 
of PCI in gastric cancer. Patients with a PCI of 1-6 
had a 5-year survival of 35%. Patients with a PCI 
of 7-12 had a 15% 5-year survival. Patients with a 
PCI greater than 13 did not, in any instance, sur-
vive 5 years. Tentes et al. have shown the accura-
cy of PCI in assessing prognosis in ovarian cancer 
patients treated with CRS and HIPEC [17].

The current manuscript shows that not only 
the total PCI score but also the individual abdom-

inal and pelvic regions may have very definite 
prognostic implications. The pattern of tumor 
dissemination and the involvement of specific ab-
dominopelvic regions may be used as a prognos-
tic indicator of survival. The area most frequently 
associated with poor prognosis is the abdomin-
opelvic region 9 which indicates cancer involve-
ment of the upper jejunum. As shown in Figure 
3, the abdominopelvic regions 9, 10, and 11 were 
most frequently associated with decreased surviv-
al. This corresponds with the important clinical 
observation that the most frequent cause for in-
complete cytoreduction is peritoneal metastases 
on the small bowel and its mesentery. 

Favorable locations may correspond to areas 
of the abdominal and pelvic anatomy which are 
most amenable to complete CRS. This would be 
the greater omentum (abdominopelvic region 0) 
in patients with pseudomyxoma peritonei, ovari-
an cancer within abdominopelvic region 6 (pelvis), 
and ovarian malignancy in abdominopelvic region 
12 (terminal ileum). These areas can be completely 
removed as part of a cytoreductive surgical proce-
dure. The cause for other abdominopelvic regions 
to have a favorable survival is less clear. With 
colorectal cancer, area 1 (right upper quadrant) 
has been associated with poor prognosis because 
disease at this site usually involves the diaphragm 
(full thickness) and predicts a difficult cytoreduc-
tion elsewhere within the abdomen and pelvis.

Our data regarding the usefulness of specif-
ic PCI regions to assess prognosis supports the 
recent publication by Benizri and colleagues [5]. 
They identified as prognostic factors for surviv-
al from colorectal carcinomatosis PCI < 9 and in-
volvement of areas 4, 5, 7, 8, 10, and 11. Moreover, 
involvement of area 10 was a significant prognos-
tic factor in multivariate analysis. A recent study 
by Elias et al. [18] in carcinomatosis of colorectal 
origin identified involvement of area 12 (lower 
ileum) and PCI ≥15 as independent prognostic 
factors; PCI ≥15 may be considered as a relative 
contraindication for treatment of peritoneal me-
tastases of colorectal origin with CRS & HIPEC.

These data may be of value in determining the 
criteria used to interpret a preoperative CT scan for 
its prognostic implications. Knowing that the small 
bowel regions 9, 10, and 11 are associated with poor 
prognosis, allows these regions, when involved on 
CT scan, to be interpreted as a “concerning radiolog-
ic feature” [19]. Also, involvement of the abdomin-
opelvic region 1 in colorectal peritoneal metastases 
may indicate an unlikely complete cytoreduction 
and be used as a “concerning radiologic feature”. It 
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is more likely that these specific radiologic findings, 
rather than the global CT-PCI, will be found to be of 
prognostic significance for the radiologic prediction 
of complete cytoreduction. It is clear that the peri-
toneal dissemination of metastatic disease is not a 
random process but controlled by physical factors 
and molecular structures of the cancer cell and on 
the peritoneal surfaces. Understanding these factors 
will greatly contribute to our knowledgeable man-
agement of peritoneal metastases.

Conclusion

The PCI remains the most effective staging 
system in peritoneal carcinomatosis. However, 
more research is required in order to formulate a 
modified, weighed PCI system, in which the origin 
of the peritoneal carcinomatosis and the dissemi-
nation pattern will be used to estimate prognosis, 
thus optimizing the selection of patients who will 
benefit from CRS and HIPEC.


