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Abstract. The imaging has critical responsibil-
ity in the assessment of peritoneal lesions along
with estimating the overall extent. Valuing disease
burden is crucial for selection of combining cy-
toreductive surgery (CRS) and intraperitoneal hy-
perthermic chemotherapy (HIPEC) treatment. An
approach that combines the strength of several
imaging tools and increases diagnostic accuracy,
should be chosen, even if the preferred imaging
tool in patients with suspected Peritoneal Carci-
nomatosis (PC) is CT.

The outcomes of PC are mainly correlated to tu-
mor spread, localization, and lesion size. Accurate
assessment of these features is critical for progno-
sis and treatment planning. These data can be eval-
uated by Peritoneal Cancer Index (PCI), a quantita-
tive index suggested by Harman and Sugarbaker.
Additionally, precise predictive biomarkers should
be established to predict PC in patients at risk. The
radiomics analysis could predict PC throughout the
evaluation of cancers heterogeneity.
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Introduction

Pathologic involvement of the peritoneum
is due to a wide class of disorders, compris-
ing as neoplastic as non-neoplastic disorders.
Peritoneal carcinomatosis (PC) is the neoplas-
tic involvement of peritoneal ligaments, mes-
enteries, and spaces'?. Several gastrointestinal
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and gynaecological tumours could spread in the
peritoneal space*'’. The presence of PC has been
proven to drastically reduce overall survival (OS)
in patients with gastrointestinal tumours'. It has
been shown' that the 10%-35% of patients with
recurrent colorectal cancer (CRC) and the 50% of
patients with recurrent gastric cancer (GC), die due
to PC complications. This outcome is appreciated
in epithelial ovarian cancer (EOC) too'. However,
while in PC due to OC, there is common agreement
that peritoneal lesions eradication is correlated
with longer survival, in CRC and GC complete PC
eradication is frequently associated with short-term
recurrence’.

The recent knowledge of tumors biology, and
the idea that peritoneum has a defensive role
against cancer spreading, has fortified the con-
cept that PC is a loco-regional disease, so that in
absence of other systemic lesions, a multimod-
al approach, combining cytoreductive surgery
(CRYS), intraperitoneal hyperthermic chemothera-
py (HIPEC) and systemic chemotherapy has been
proposed!!!"'*. In this scenario, the critical role
of imaging is the identification of patients which
could have advantage from this treatment, in order
to avoid any unnecessary surgical treatments'>2’.

Peritoneal Dissemination
and Others Route

PC is complicated series of events, known as the
“peritoneal metastatic cascade”. In the first phase,
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individual or clumps of cells break free of the pri-
mary lesion. They are then free to spread into the
peritoneal cavity, with their final destination gov-
erned by many features, as gravity, movement of the
abdominal viscera, flow of ascitic fluid, etc. Follow-
ing peristaltic motion, cells enter into the peritoneal
circulation and implant along the paracolic gutter,
passing back up into the under-surface of the dia-
phragm. The first surface that free cells encounter is
the mesothelium (the second step). The third step in-
cludes the infiltration of the mesothelial monolayer.
The fourth step represents the invasion of the under-
lying connective tissue, that provides the necessary
scaffold for tumor proliferation. The final step in-
cludes the angiogenesis to support tumor spread®.
Other routes of propagation are: (a) the hematoge-
nous, (b) contiguous and (c) lymphatic route. There
are two main routes for lymphatic spreading, the
lymphatic system of the greater omentum and the
subphrenic lymphatic system. When the subphrenic
lymphatic system becomes obstructed, ascites ap-
pears as a consequence’.

Anatomy

The peritoneal cavity is the portion of the abdom-
inal cavity delineated by the peritoneum, parietal and
visceral peritoneum, and is a closed area. An open
anatomic communication with the external area is
only present in women through the genital organs
2629 Peritoneal ligaments are double layers or folds
of peritoneum that support a structure within the peri-
toneal cavity; omentum and mesentery are precisely
called peritoneal ligaments. Several abdominal liga-
ments develop from the ventral or dorsal mesentery?.
They comprise the triangular ligament, the falciform
ligament, the splenorenal ligament, the gastrosplenic
ligament, the phrenic-colic ligament, the gastrocolic
ligament, the greater omentum, the lesser omentum
(formed by the gastrohepatic ligament and hepato-
duodenal ligament), and the transverse mesocolon®.

The transverse colon and mesocolon are the ma-
jor landmarks separating the peritoneal cavity into
supra-mesocolic and infra-mesocolic area. On the an-
terior side of the liver, the falciform ligament divide
the supra-mesolic space is into the left and right sub-
phrenic spaces. The right subphrenic space is situated
under the right diaphragm and it extends caudally
lateral to the liver to the right paracolic gutter, situated
between the ascending colon and the lateral abdom-
inal wall. The left subphrenic space is divided from
the left paracolic gutter by the phrenic-colic ligament
and the right subphrenic recess by the falciform liga-

ment. This area comprises the gastrohepatic fossa, the
gastrosplenic recess and the splenorenal recess. The
splenorenal fossa continues anteriorly and medially
behind the pancreas tail. The splenorenal fossa is in
connexion with the left subphrenic space but it is di-
vided from the lesser sac. Posteriorly, the falciform
ligament is in continuity with the left and right trian-
gular ligaments. The left triangular ligament is short
and formed by the fusion of the inferior and superior
reflections of the coronary ligaments. The right trian-
gular ligament is formed by the fusion of the superior
and inferior reflections of the right coronary ligament,
separating the right subphrenic space from the right
subhepatic space (the Morison pouch)?.

The subhepatic space, comprising the lesser sac,
is situated under the liver. The right subhepatic space
extends medially through the foramen of Winslow to
the lesser sac. The organs surrounding the lesser sac
are the spleen on the left, the stomach and duodenum
anterior and right, the transverse colon anterior, and
the pancreas posterior.

The infra-mesocolic space is divided by the root
of the small intestine mesentery into the right and the
left infra-mesocolic space and into the pelvis**?’. The
right infra-colic space is delimited by the caecum, the
ascending colon, the mesoappendix and by the small
bowel mesentery on the left. The ileum and the ap-
pendix always have a mesenterium. The caeccum and
the ascending colon are only partially covered by the
peritoneum and their posterior face is frequently in
contact with the posterior abdominal wall. However,
it is possible to detect a true cecal mesentery. The left
infra-colic space is situated between the small bowel
mesentery and the mesentery of the descending colon
and of the sigmoid colon. The sigmoid mesentery is
situated obliquely in front of the ilio-sacral joint and
this mesentery has a remarkable degree of mobility
so that this bowel portion can be located in various
sides within the peritoneal cavity.

The pelvic space is the most caudal space. The
pelvis comprises anteriorly the bladder, part of which
is covered by peritoneum. In women, the uterus and
the tubes are situated within a large transverse peri-
toneal fold separating the pelvis into an anterior and
posterior space. The pelvic space is divided ventral-
ly by the remnant of the urachus (median umbilical
ligament), the obliterated umbilical arteries (medial
umbilical ligament), and the lateral umbilical liga-
ments (inferior epigastric vessels) into five fossae:
the right and left lateral and medial inguinal fossae
and the supravesical fossa. The peritoneal fossae of
the pelvis extend laterally in the paravesical fossae,
and dorsally, in the man, in the rectovesical fossa and,
in the woman, in the cul-de-sac (Douglas pouch) and
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the uterovesical fossa. The pelvic peritoneal space is
normally occupied by small bowel loops?**".

The greater omentum, originating by the great-
er gastric curvature, divides the peritoneum in the
frontal plane. It covers anteriorly most part of the
infra-mesocolic compartment, crosses the transverse
colon and falls in front of the abdominal viscera,
sporadically down to the symphysis. The omental
portion between the stomach and the colon is named
the gastrocolic ligament, and the portion below the
colon is the apron. The greater omentum forms the
ligament between the spleen and stomach (gastro-
splenic ligament) and connects the spleen to the dor-
sal abdominal wall.

The lesser omentum connects the small curvature
of the stomach and the duodenal bulb to the inferior
side of the liver. It is made by the gastrohepatic and
hepatoduodenal ligaments, which are in anatomic
continuity. The hepatoduodenal ligament comprises
the portal vein, the hepatic artery and the common
bile duct. The gastrohepatic ligament comprises the
coronary vein and left gastric artery®*?’.

Imaging Tools

Imaging plays a critical role in the assessment of
peritoneal illness. Evaluating disease burden is es-
sential for HIPEC patient selection. A multimodality
approach merges the strength of each imaging tool
and improves diagnostic accuracy.

It is crucial to recognize that peritoneal imaging
is a challenge due to the large extension of the peri-
toneum. In addition, peritoneal tumors can be imper-
ceptible, even if widely distributed. Plain radiographs
and barium studies have modest usefulness in PC.
The diagnostic accuracy of abdominal radiographs
is low?®, since it permits to assess indirect features
as ascites, central displacement of small bowel, in-
distinct psoas margins, bulging of flanks and pleural
effusion®®. Ultrasound (US) has greater sensitivity to
detect ascites: about 100 mL of intraperitoneal flu-
id, while radiography needs at least 500 mL%». The
presence of indirect signs, on abdominal plain film, in
patients at risk of PC, should be assessed with more
sensitive tools, considering that the abdominal plain
film is the first toll utilized in emergency setting**-,
Computed tomography (CT) is the best imaging tool
for the assessment of known or suspected peritoneal
implants. In fact, CT has exceptional spatial resolu-
tion. However, without contrast medium, the inade-
quate contrast resolution reduces its capacity to detect
peritoneal tumour***-*!. Coakley et al** showed that
the sensitivity of CT for peritoneal tumors < 1 cm was

only 25%-50% compared to 85%-93% for all tumors.
So as, non-contrast enhanced T1-weighted (W) and
T2-W Magnetic Resonance Imaging (MRI) performs
poorly in detection of small peritoneal tumours*”. MRI
and CT have comparable accuracy in detection of PC
and PC nodules size. In a study by Kim et al®, it has
been demonstrated that MRI shows a sensitivity of
95%. However, long breath holds, during MRI stud-
ies, are problematic for several cancer patients due to
their usually frail states. These could cause artifacts
reducing the quality of MRI evaluation*#. Anoth-
er MRI weakness is the presence of ascites, which
could also lead to artifacts and then high wrong pos-
itive-rates*. A recent metanalysis®, that involved 22
studies (934 assessed patients), revealed that MRI and
CT have high per patient accuracy in detecting PC.
However, due to the lack of evidence on MRI, the
ideal imaging tool was CT. In the assessment of cor-
respondence between Peritoneal Cancer Index (PCI)
on CT and surgical PCI, the authors* found that CT
seems to undervalue surgical PCI by about 12-33%.

Recent technical improvements in radiology
have favored the use of dual-energy CT (DECT)**,
Dual layer spectral detector CT (SDCT), the new-
ly acquired dual-energy system, uses a single poly-
chromatic x-ray source and identifies the photons of
lower energies®'. This allows dual-energy analysis
to be performed on each data set acquired, which
enables to generate spectral images such as virtual
monoenergetic image (VMI). In several reports™,
VMIs have yielded high levels of contrast between
iodine-enhanced tumors and neighboring tissues.
Since peritoneal implants enhance with contrast
media, low energy VMIs may be helpful for small
peritoneal nodules evaluation. Kim et al*’ assessed
quantitative and qualitative parameters of VMIs. To
detect peritoneal implants, it is principally significant
to maximize the contrast to noise ratio (CNR) and
signal to noise ratio (SNR) during delayed phase of
contrast studies. Kim et al*’ found that VMI at low
energy levels produced substantially higher CNR and
SNR values and superior lesion detection rate.

Clinical Setting

Ovarian Cancer

Ovarian cancer is the fourth leading cause of
cancer deaths in women and is the most lethal of
the gynecological malignancies. EOC is the typical
tumor that spreads into peritoneum. It is appraised
that 75% of women have advanced stage disease
at the time of diagnosis’, with peritoneal lesions
(Figure 1). Patients with bulky abdominal tumor
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Figure 1. Patient with advanced ovarian cancer assessed on contrast Computed Tomography (CT) study. In A, the arrow shows
the primary lesion, in B the arrow shows peritoneal involvement and in C subcapsular hepatic metastasis.

are treated with neoadjuvant chemotherapy to de-
crease tumor burden before surgery. Imaging is a
useful tool to direct biopsies in patients with more
limited metastatic tumour>’’.

Although, there is no strong agreement on the
resectability criteria of PC, massive involvement of
the small bowel or mesenteric root, so as involved
of lymph nodes superior to the celiac axis, pleu-
ral infiltration, pelvic sidewall invasion, bladder
trigone involvement, and hepatic parenchymal me-
tastases or implants near the right hepatic vein are
thought indicative signs of non-resectability’’. The
pre-surgical staging of liver is critical for treatment
planning®-%. The radiologist’s report should spec-
ify the size, side, and number of implants on the
liver. The presence of subcapsular implants in the
region extending from the Morison pouch to the
inferior vena cava at the level of the right hepatic
vein should be reported since it causes an increased
risk of intraoperative bleeding precluding optimal
debulking®":6-70,

CT is the diagnostic tool of choice for the
assessment of OC with an accuracy of 70%-90%
for the detection of lesion at all disease stages.
Moreover, it has been showed to be an accurate
technique for predicting surgical cytoreduction
outcome*?. The most important weakness of CT
is its incapability to detect lesions with a max-
imal diameter of less than 5 mm on the bowel
serosa and mesentery specially in absence of
ascites®.

Gastrointestinal Cancers

Gastric cancer (Figure 2) and CRC usually
spread into the peritoneal cavity. In CRC, the risk
features associated with PC are right-sided tumor
(Figure 3), mucinous type, patients younger than
70-75 years, emergency surgery at diagnosis, and
partial primary tumor resection'’!-72,

The Krukenberg tumor is the involvement of
ovaries in GC*7. It is much more usual to appreciate
implants involving free peritoneal surfaces, omen-

Figure 2. Patient assessed on contrast CT study with Gastric Cancer (A; arrow) and PC with peribiliary and falciform ligament
involvement (B; arrow).
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Figure 3. Patient with Right Colon Cancer assessed on contrast CT study. In A, the arrow shows the primary lesion and in B

disseminate peritoneal involvement.

tum and upper abdominal peritoneal reflections. Ad-
vanced GC should cause small bowel obstruction
due to disseminated peritoneal tumor. Alike, Stage
IV CRC should present with peritoneal lesions in-
volving the pelvis, free peritoneal surfaces, omen-
tum, mesentery and bowel serosa. Recurrence of
gastrointestinal tumor often affects the peritoneum.
It is assessed that 20%-50% of recurrences by CRC
affects peritoneal cavity (Figure 4)'2.
Pseudomyxoma peritonei (PMP) is an uncom-
mon tumor in which gelatinous ascites spreads in
the peritoneal cavity. The main cause of PMP is
perforation of an appendicular mucinous tumour.
In the past, PMP was treated with frequent drain-
age of mucinous ascites; today, CRS plus HIPEC
has been recognised as the standard of care!?. The

typical imaging findings’ " include a cystic and
solid mass in abdominal cavity, peritoneum and
omentum thickening, calcification foci in the ab-
dominal cavity, enlarged abdominal lymph nodes,
small bowel displacement.

In pancreatic cancer patients, peritoneal me-
tastases are present in 22%-48% of cases without
detectable lesions on CT7**. Microscopic tumor
could be established by cytologic assessment of
peritoneal fluid’®*?. The detection of peritone-
al lesions on contrast studies can change patient
treatment by precluding surgery in a patient with
resectable lesions (Figure 5 and Figure 6). Perito-
neal implants are also frequently found in cholan-
giocarcinoma (Figure 7 and Figure 8)%% endo-
metrial cancer (Figure 9) and gastrointestinal car-

Figure 4. Patient subjected to mesorectal cancer excision with recurrence in peritoneal (in A, the arrow shows PC) and in pelvis
side (in B, the arrow shows recurrence), assessed on contrast CT study.
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Figure 5. Patient with pancreatic cancer assessed on contrast CT study. In A and B, the arrow shows PC.

cinoid tumours®-®, Extra abdominal tumors with
widespread spreading can also comprise peritoneal
cavity?*.

Qualitative Assessment

Peritoneal implants are solid with heterogeneous
enhancement and may have the shape of nodules,
plaques or masses. Sporadically, multiple tiny le-
sions may be shown as fat stranding. Widespread
tiny lesions covering the parietal peritoneum may
be seen as thickening and enhancement of parietal
peritoneum. Peritoneal implants may infrequently
be cystic, when the primary tumor is a mucinous
carcinoma. In this case, the lesions could mimic a
loculated fluid. Calcifications of peritoneal lesions

could be found when the primary lesion is either
serous ovarian cystadenocarcinoma or GC*%+%,

When lesions cover the peritoneal surface of
the liver and spleen, they may indent the parenchy-
ma generating a “scalloping” appearance®.

The presence of ascites could help in detecting
of peritoneal tumors, even if small peritoneal im-
plants, lesser than 1 cm, could be not assessed on
unenhanced imaging studies®.

On contrast studies, lesions on collapsed or par-
tially distended intestinal loops may be challenging
to be detected. Adequate small bowel (SB) loop
distention is required for the detection of small
lesions on the intestinal wall. Implants located on
SB wall may be nodules or masses between and
should cause bowel obstruction. Multiple tiny im-
plants covering the surface of the SB loops may be

Figure 6. The same patient of Figure 5, assessed on MRI (in A T2-W sequence in coronal plane and in B T2-W FAT Suppressed
sequence in axial plane). The PC is not as well evident as in CT study.



Radiological assessment of peritoneal carcinomatosis: a primer for resident

Figure 7. Patient with Mass Forming Intrahepatic Cholangiocarcinoma assessed on contrast CT study. The arrow (in A-C)
shows peritoneal involvement.

seen as wall enhanced thickening, so as restricted
distensibility and distortion of SB segments with
intestinal stenosis. The terminal ileum and the first
jejunum loop are critical parts to evaluate: mesen-
teric enhancement is a valuable sign of peritoneal
involvement. Peritoneal implants usually enhance
slowly with contrast medium. Small peritoneal
tumors and peritoneal carcinomatosis are clearly
detected on images obtained 5-10 min following
injection of contrast medium’’.

MRI should be chosen for lesions in the right
subphrenic space. Any enhancing tumors between
the face of the liver and the adjacent right hemid-
iaphragm are clearly detected. These tumors may
present as nodules or masses, or as abnormal
enhancement of the non-thickened or thickened
right hemidiaphragm®*’. These features should
be found in left subphrenic tumors. Also, implants
should be adjacent to the spleen or stomach?. On
diffusion weighted images (DWI) using a b value

of 300-500 s/mm?, peritoneal implants show re-
stricted diffusion?-'%".

Peritoneal implants on the gallbladder and on
the peritoneum lining the gallbladder fossa should
be detected as mural enhanced thickening!*1%,

Semiquantitative Assessment

Peritoneal cancer index (PCI) is a quantitative
index suggested by Harman and Sugarbaker to
define the extent of PC. It reveals the lesions site
and size'%'"7, This value reproduces the Gilly’s
cancer stage, SPCI stage in the Netherlands, and P
stage for peritoneal lesions of GC in Japan'®. The
outcomes of PC are largely related to the tumor
spread, localization, and size. Accurate evaluation
of these factors is very critical for determining
prognosis and therapeutic approach. Patients with
a PCI over 20 are considered not to be qualified for

cytoreductive surgery'®.

Figure 8. Patient with Periductal Cholangiocarcinoma assessed on contrast CT study. In A, the arrow shows the primary lesion
and in B the ovarian involvement.
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Figure 9. Patient with Endometrial Cancer assessed on contrast CT study. In A, the arrow shows the primary lesion and in B
the peritoneal involvement.

To assess the PCI, the entire abdominal and in-
testinal area is divided into 13 areas:

- RO: Middle abdomen, including the greater
omentum and transverse colon;

- R1: Right upper, including the right upper
liver, right inferior diaphragmatic surface,
and upper posterior surface of the right liver;

- R2: Epigastrium, including the left hepatic
lobe, lesser omentum, falciform ligament,
and upper abdominal fat pad;

- R3: Left upper, including the spleen, tail
of pancreas, stomach, and left inferior dia-
phragmatic surface;

- R4: Left flank, including the descending co-
lon and left ventral groove;

- RS: Left lower, including the sigmoid colon
and lateral wall of the left pelvis;

- R6: Pelvis, including the female internal
genital organs, bladder, sigmoid colon, and
Douglas bag;

- R7: Right lower, including the cecum, ver-
miform appendix, and lateral wall of the
right pelvis;

- R8: Right flank, including the ascending
colon and right abdominal cavity;

- R9: Upper jejunum;

- R10: Lower jejunum;

- R11: Upper ileum;

- R12: Lower ileum.

In each of the 13 areas the maximum visible
lesion size is assessed and, according to it, it is
assigned a score between LS =0 and LS =3 (LS
= (0 means no tumor visible, LS = 1 means a tumor

lesion size below 0.5 cm, LS = 2 means a tumor
lesion size between 0.5 cm and 5 ¢cm, and LS =
3 means a tumor lesion size larger than 5 cm or
describes a confluent tumors).

Assessment of PCI score is correlated to the
expertise of the radiologist. A study by Coak-
ley et al*?, in which preoperative CT of ovarian
carcinoma patients were assessed by three in-
dependent readers, showed that the detection of
peritoneal lesions was good to excellent. This
study showed an overall sensitivity of 94% and
specificity of 80% which were in line with more
recent studies'”: patients with a PCI score of
less than or equal to 10 have a 5-year survival
rate of 50%, while survival rates of 20% and
0% for scores between 11 and 20, and over 20,
respectively.

CT is usually performed to assess the PCI.
A limit of CT is a low diagnostic accuracy in
discriminating the tumor scar tissue from the
post-surgical scar tissue*’. Also, there are sev-
eral weaknesses due to the known limits of PCI
staging system. For example, the confines be-
tween the 13 areas are unclear, specifically for
small bowel and more implants in a single area
led to the same score for a single lesion of the
same size. Moreover, diverse implants aspects
improve the problems to detect PC and, there-
fore, the probability of imprecise tumor assess-
ment®. Also, the assessment of several critical
structures, as the first jejunal loop, the falciform
ligament or the hepatic hilum, should be evalu-
ated with a different weight, as they can impact
on the surgical choice®.
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Radiomics and PCI

Radiomics is a developing field, mainly in the
oncological setting!'%!'®, Manual segmentation
is one of the main critical moments of radiomics
analysis. It could be time-consuming and could
suffer from variability in tumor delineation. Ra-
diomic features provides data on tumor phenotype
as well as microenvironment!'”-'?¥, Radiomics-de-
rived parameters, when correlated with clinical
data and outcomes, could generate accurate robust
evidence-based clinical-decision support systems
(CDSS)!»147,

The central idea of radiomics is that quantita-
tive voxel-based variables are more significantly
correlated with various clinical end points respect
to the qualitative radiologic assessment®. In fact,
Radiomics data provide important benefits, since
this analysis is not related to the subjected evalu-
ation. An increase of radiomics could be due add-
ing these data to others prognostic markers, as ge-
nomics. Radiogenomics is an evolving prognostic
tool; in fact, these biomarkers have been found to
relate with treatment response, metastatic spread,
and prognosig®64138-157,

Song et al''” validated MRI-based radiomics
signature for the individualized preoperative pre-
diction of PC in OC. They selected 6 features and
showed a positive capacity to predict PC with an
area under the curve (AUC) of 0.963 in the train-
ing cohort and an AUC of 0.928 in the validation
cohort. The results by Song et al''” confirmed the
thesis that radiomics signatures could predict PC
through capture tumoral heterogeneity differences
between ovarian cancers'!’.

Conclusions

Imaging plays a critical role in the PC assess-
ment. These data facilitate staging, guide man-
agement, and determine prognosis. Evaluating
disease burden is crucial for treatment selection.
A multimodality imaging approach, combining the
strength of each imaging tools, should be consid-
ered, even if the preferred imaging tool is CT. The
outcomes of PC are mainly associated with tumor
spread, localization, and size. Accurate assessment
of these data is therefore critical for determining
therapeutic approach. These data can be described
by PCI, a quantitative index suggested by Harman
and Sugarbaker.

Accurate predictive biomarkers should be es-
tablished to predict PC in patients at risk. The ra-

diomics signatures could predict PC through cap-
ture tumoral heterogeneity differences between
lesions with or without PC.
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