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ABSTRACT

With increasing subspecialised experience in radical cytoreductive surgery and intra-abdominal chemotherapy for
peritoneal malignancy, outcomes have improved significantly in selected patients. The surgery and the treatment regi-
mens are radical and therefore correct patient selection is critical. The radiologist plays a central role in this process by
estimating, as precisely as possible, the pre-treatment disease burden. Because of the nature of the disease process,
accurate staging is not an easy task. Tumour deposits may be very small and in locations where they are very difficult to
detect. It must be acknowledged that no form of modern day imaging has the capability of detecting the smallest peri-
toneal nodules, which may only be visible to direct inspection or histopathological evaluation. Nonetheless, it behoves
the radiologist to be as exact and precise as possible in the reporting of this disease process. This is both to select
patients who are likely to benefit from radical treatment, and just as importantly, to identify patients who are unlikely
to achieve adequate cytoreductive outcomes. In this review, we outline the patterns of spread of disease and the
anatomic basis for this, as well as the essential aspects of reporting abdominal studies in this patient group. We provide
an evidence-based update on the relative strengths and limitations of our available multimodality imaging techniques
namely CT, MRI and positron emission tomography/CT.

INTRODUCTION

Peritoneal malignancy has traditionally been associ-
ated with poor outcomes. In the prospective multicentre
EVOCAPE study published in 2000, the mean and median
survival in patients who did not receive treatment was 6.0
and 3.1 months respectively." Cytoreductive surgery (CRS)
and heated intraperitoneal chemotherapy (HIPEC) or
early post-operative intraperitoneal chemotherapy (EPIC)
have become available in specialist centres and significant
improvements in disease-free progression and long-term
survival are being seen.>® CRS is major surgery, and the
chemotherapy regimens are intensive and can be associated

spaces of the abdomen and pelvis. Whilst CT imaging is
the cornerstone of imaging in peritoneal malignancy, both
positron emission tomography (PET)/CT imaging and
MRI have advantages to offer in some cases.

ANATOMY OF THE PERITONEAL CAVITY

The mesentery is now recognised as one organ in which all
abdominal digestive organs develop, and which maintains
these in systemic continuity throughout life.®

Peritoneal folds begin as a dorsal and ventral mesentery in

with significant morbidity and mortality.** Careful patient
selection is crucial, both to identify patients who are likely
to achieve complete cytoreduction and to avoid causing
morbidity to patients who are unlikely to benefit.>®” A
knowledge of the disease process and its pattern of spread is
essential if the radiologist is to correctly interrogate abdom-
inal studies. Furthermore, the unique distribution of peri-
toneal cancer requires an understanding of the anatomical

utero, supporting the primitive gut. The dorsal mesentery
connects intra-abdominal organs to the posterior abdom-
inal wall, while the ventral mesentery connects the stomach
to the anterior wall. As the embryo develops, the dorsal and
ventral mesentery form ligaments, mesenteries, omenta
and potential spaces from the resulting reflections. Theses
reflections form pathways for spread of disease from one
potential space to the next, and a knowledge of these
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Figure 1. Pathways of ascitic fluid and potential spread of
peritoneal disease. Reproduced with permission from Krishna-
murthy et al.
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communications helps understand the spread of peritoneal
disease’ (Figure 1).

The peritoneal cavity is the potential space that lies between
the two abdominal peritoneal layers. The parietal peritoneum
covers the deep surface of the abdominal wall, the diaphragm
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superiorly, the retroperitoneum and the pelvis. The visceral peri-
toneum partially or completely covers the bowel, abdominal and
pelvic organs. In normal health, the layers are separated only by a
small amount of lubricating fluid that allows smooth movement
of the abdominal contents, within the limits of their ligamentous
and mesenteric attachments. The peritoneum allows absorp-
tion of fluid and also has immunologic properties. Fluid in the
peritoneal space flows cephalad, influenced by respiration and
peristalsis, and the pattern of movement dictates the spread of
peritoneal disease. The pattern of fluid circulation is dictated by
the peritoneal folds.'

In males, the peritoneal sac is fully closed. In females, it is pene-
trated by the lateral fallopian tubes, providing a communica-
tion with the extraperitoneal gynaecologic tract and allowing
a potential pathway for the retrograde spread of disease to the
peritoneal cavity.

MECHANISMS OF SPREAD OF PERITONEAL
CANCER

Intraperitoneal Seeding

Cancer cells detach from the primary tumour into the perito-
neal fluid, transmigrate to distant peritoneum, attaching to peri-
toneum and invading the subperitoneal tissues. This pattern of
spread is characteristic of pseudomyxoma perionei and ovarian

CaIlCCI'.H’12

Distribution occurs by peristaltic movement of peritoneal fluid
and by gravity. These steps are under the influence of multiple
molecules including various growth factors, cytokines and
chemokines.'”

On the left side, cephalad flow of fluid in the paracolic gutter
is impeded by the phrenicocolic ligament.” On the right side,
fluid flows without impediment to the right upper quadrant and
around the liver, before being absorbed by subdiaphragmatic
lymphatics (Figure 2). This accounts for the propensity of pelvic
tumours to spread to the perihepatic and right subdiaphragmatic
area. Dependent peritoneal recesses are potential locations for
fluid accumulation by gravity such as the superior mesocolon,
inferior part of mesentery, ileocolic junction, pouch of Douglas
and paracolic gutters (Figures 2-4).

Figure 2. In a 21-year-old patient with underlying peritoneal mesothelioma, a subtle serosal deposit at the anterior surface of the
liver is seen on CT. MRI-DW!I helps increase conspicuity and confidence that this is indeed a metastatic deposit. DWI, diffusion-

weighted imaging.
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Figure 3. A 54-year-old female with appendiceal Ca (pseu-
domyxoma). Here, we can see how ascitic fluid comes to lay
dependently within the right and left paracolic gutters. We
can also see how PET/CT can help in differentiating between
reactive and malignant ascites by the presence of subtle peri-
toneal implants demonstrating increased metabolic activity
on PET/CT. PET, positron emission tomography.

Lymphatic spread

Disease may spread along the extensive lymphatic system of
the greater omentum and via extensive right subdiaphragmatic
lymphatics, into the anterior mediastinal lymphatic chains and
on to the superior vena cava. Aggregates of lymphoid tissues
on the peritoneal surface are recognisable surgically as ‘milky
spots’ and contain numerous lymphatic orifices through which
macrophages migrate to the peritoneal cavity.'* These orifices, or
stomata, are the gateways from the peritoneal surface to under-
lying lymphatic capillary networks through which cancer cells
can pass relatively easily.'* Stomata are primarily located in the
greater omentum, diaphragm, small bowel mesentery, pelvic
peritoneum and falciform ligament. This pattern of spread is
seen in a small percentage of peritoneal malignancy (PM) and is
seen in lymphomas especially non-Hodgkin’s lymphoma.'

Direct invasion

Malignancy may spread by direct contiguous invasion into and
along the leaves of the mesentery, along vessels and into adjacent
ligaments (Figure 5). This pattern of spread has been described
in pancreatic, gastric, biliary, colonic, hepatic, splenic and
ovarian cancers."”” Small bowel carcinoid has a predilection for
infiltrating the small bowel mesentery. Invasion is also promoted
by the secretion of various proteinases and growth factors by the
cancer cells.'

Haematogenous spread

This occurs when high-grade tumours invade into blood vessels
and are delivered to, and implant on, the peritoneal surface aided
by the secretion of vascular permeability factors. These deposits
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implant on the antimesenteric border of the bowel.'® PM arising
from breast cancer, lung cancer and melanoma spread in this

manner. 7

DEFINITIONS

As the term ‘peritoneal carcinomatosis’ only refers to one cell
lineage (epithelial), PM has broadly replaced its use in the
literature. PPM encompasses three distinct cell lineages and
thus diseases. These are epithelial (carcinomatosis), lymphoid
(lymphomatosis) and mesenchymal (sarcomatosis). The vast
majority of PM is epithelial.

PATIENT SELECTION FOR CYTOREDUCTIVE
SURGERY

Patient selection for surgery is a multidisciplinary effort and
involves clinical assessment, histopathological evaluation and
calculation of the Peritoneal Cancer Index (PCI) using imaging.
Patients are assessed clinically using the Eastern Coopera-
tive Oncology Group scoring system. An ECOG score of <2 is
required for a patient to be considered suitable for treatment
with CRS and HIPEC/EPIC. Histopathological evaluation of
the disease is also required prior to selection for treatment. The
histology of the peritoneal disease is an important determinant
of outcome. Patients with pseudomyxoma peritonei (PMP), care-
fully selected patients with colorectal cancer peritoneal metas-
tases, and patients with advanced epithelial ovarian cancers have
been associated with good outcomes,>'®!? whereas metastatic
gastric cancer and malignant mesotheliomas are associated with
a worse prognosis.”’ The most common non-gynaecologic cases
undergoing CRS are PMP and metastatic appendiceal cancer,
followed by other sites of colorectal carcinoma and, more rarely,
primary malignant mesothelioma.

The PCI was originally a surgical method of quantifying perito-
neal disease in the peritoneal cavity.*! This is now determined
pre-operatively by imaging. The PCI is intended to be an objec-
tive score of disease burden and distribution which aids in
patient selection and estimation of prognosis. CT, MRI and PET/
CT can all used to determine disease burden.”*~® The radiologic
PCI is calculated by scoring each of 13 abdominal locations 1-3
depending on size of largest deposit (<5mm, 5 mm-5cm; >5cm)
giving a score out of a maximum of 39. There are nine equal
anatomic divisions of the peritoneal cavity and four additional
sites of small bowel and mesentery to be evaluated (Figure 6). The
final PCI is determined at the time of laparotomy for intended
CRS. Despite a favourable radiologic PCI, some patients may be
found to be unsuitable candidates at the time of laparotomy.

Figure 4. A 43-year-old female with peritoneal disease secondary to a moderately differentiated adenocarcinoma of colonic
origin. PET/CT demonstrates metabolically active disease implants in unfavourable sites around the epigastrium, infiltrating the
anterior abdominal wall and within the deep pelvis involving bowel loops. PET, positron emission tomography.
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Figure 5. A 73-year-old male with diagnosis of atypical mesothelioma with peritoneal disease and mesenteric disease. While solid
omental disease may be easily detected at CT and more conspicuous at PET/CT, small volume mesenteric deposits can be diffi-
cult to detect (arrows) on CT. FDG uptake within these small deposits on PET/CT increases our confidence that these represent
metastatic implants. FDG, fludeoxyglucose; PET, positron emission tomography

TYPES OF CYTOREDUCTIVE SURGERY

CRS usually requires both peritonectomy and visceral resection.”
The surgical goal is to remove all macroscopic disease (2.5mm
or greater), with HIPEC used to tackle microscopic disease.
Removal of adjacent viscera may be required. The type of surgery
required is determined by the site of disease. Various different
peritonectomy procedures are listed in Table 1.*°

RADIOLOGIC FINDINGS IN PERITONEAL
MALIGNANCY (PM)

The abnormalities which may be found in PM have previ-
ously been extensively described including presence of ascites,
omental disease, mesenteric disease and serosal involvement of
bowel, liver or other organs. Ascites occurs secondary to blocked
lymphatics or secondary to excess fluid production secondary
to increased capillary permeability*"*? and is associated with a
poorer prognosis.** Involvement of the omentum ranges from
tiny nodules that are too small to detect on CT to larger deposits
and eventually large masses known as omental caking. Mesen-
teric invasion may be deduced by anomalous fixation of loops
of small bowel, increased mesenteric density on CT and the

Figure 6. PCl Score. The score from each region is added to
give a total score. The central region is subdivided into regions
9-12; the upper jejenum, lower jenenum, upper ileum, lower
ileum. Reproduced with permission from Fehniger et al.?>
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presence of a stellate mass or nodules. Serosal implants may be
nodular or plaque-like with diffuse thickening which demon-
strates enhancement greater than that of liver, especially on
delayed fat-saturated MRI imaging. Common findings in perito-
neal lymphomatosis include homogenous masses causing bulky
omental caking with this homogenous and smooth thickening
diffusely infiltrating the peritoneum and mesentery.** Features
suggesting peritoneal sarcomatosis include deforming deposits,
that are often vascular, and the variable presence of ascites.*® A
knowledge of these potential differential diagnoses is important,
particularly in the case of peritoneal lymphomatosis, as it is
treated non-surgically. In the case of sarcomatous involvement,
knowledge of the underlying classification of abdominal sarco-
matous disease is also important, as only some show metastatic
involvement of the peritoneum.*®

RADIOLOGICAL AND HYBRID IMAGING

CT remains the mainstay of pre-operative evaluation and staging
of patients with peritoneal malignancy. A contrast-enhanced
multidetector CT with reformatting in sagittal and coronal
planes is a reliable, reproducible, fast, available and relatively
inexpensive examination available in every modern radiology
department. However, its limitations must be acknowledged.
CT frequently underestimates PCI. A multicentre study showed

Table 1. Types of peritonectomy procedures and resections
(reproduced with permission from Sugarbaker et al*®)

Peritonectomy procedures | Resections

Old abdominal incisions,
umbilicus, epigastric fat pad

Anterior parietal peritonectomy

Left upper quadrant peritonectomy | Greater omentum and spleen

Right upper quadrant
peritonectomy

Glissons capsule deposits

Uterus, ovaries and
rectosigmoid colon

Pelvic peritonectomy

Gallbladder fossa and lesser
omentum

Omental bursectomy
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Figure 7. A 4l-year-old female with diagnosis metastatic
colorectal cancer. Small volume isolated abdominal wall
disease implants may be difficult to identify on CT due to
post-surgical changes but is well seen on PET/CT due to it’s
increased metabolic activity. Although this extra-peritoneal
disease makes CRS more difficult, it may be amenable to
resection with the help of plastic surgeons depending on
small lesion size and disease location. CRS, cytoreductive sur-
gery; PET, positron emission tomography.

that it underestimated disease in 33% of patients.*” CT has been
found to have a sensitivity of only 11% for nodules under 5mm*®
and has particular difficulty in detecting lesions on the small
bowel.?® In patients with little intraabdominal fat, and in the
absence of ascites, it can be particularly difficult on CT to iden-
tify subtle serosal lesions.

However, a more recent prospective study of 80 patients by
Ahmed et al found that CT and laparoscopy were equally effec-
tive in pre-operative peritoneal malignancy categorisation and
that a PCI of <20 on CT was accurate in the prediction of optimal
cytoreduction.*’

PET/CT exploits the increased glucose metabolism of tumours
to improve tumour detection. PET/CT has been shown to be
a more accurate imaging modality than CT or PET alone in
estimating the extent of peritoneal disease.’®*° Figures 2, 3 and
7 demonstrate the increased conspicuity of peritoneal disease
with PET/CT vs CT alone. In a recent systematic review and
meta-analysis looking at the diagnostic accuracy of PET/CT
in detecting peritoneal malignancy, PET/CT showed overall
pooled sensitivity of 0.87 [95% CI (0.77-0.93)] and pooled
specificity of 0.92 [95% CI; (0.89-0.94)] (14 studies, n - 671
pts).>*

PET/CT offers the ability to detect even very small lesions, but
only if the disease is metabolically active (Figures 5 and 8). In
general, low-grade tumours are associated with low-grade
metabolic activity and are, therefore, more difficult to detect.
In addition, PET/CT actually may help predict tumour grade in
patients with PMP, with high-grade PMP lesions demonstrating
significantly higher SUVMax values compared with low-grade
lesions.” Furthermore, the authors concluded that PET/CT also
demonstrated the ability to predict disease-free survival, with
significantly lower disease-free survival in patient with lesions
demonstrating more avid FDG uptake (higher histologic grade)
using an SUVMax cut-off of 2.7.

Power et al

Figure 8. A 54-year-old gentleman with a history of prior
hemicolectomy for colorectal cancer re-presenting for con-
sideration for CRS and HIPEC. CT demonstrates a small
implant involving the small bowel and mesentery. Given sim-
ilar density to the adjacent small bowel, this implant could
easily have been missed. Due to its increased metabolic activ-
ity, it is readily identified on PET/CT. In general, when present,
disease involving the small bowel is usually more diffuse than
visualised on imaging and would preclude surgery. However,
focal small bowel disease such as in the case may be amena-
ble to advanced surgical treatment with CRS and HIPEC. CRS,
cytoreductive surgery; HIPEC, heated intraperitoneal chemo-
therapy; PET, positron emission tomography.

In many of the reported PET/CT studies, i.v. contrast was not
administered.”>**! One group who reported 97% sensitivity for
PET/CT (for disease detection) used i.v. contrast.>?

PET/CT has the added advantage of detecting previously unrec-
ognised metastatic disease outside the abdomen which may
influence patient selection for HIPEC. PET/CT can be useful in
the setting of ascites. PET/CT can be used to assess for subtle
peritoneal disease, which can aid differentiation between a reac-
tive and malignant aetiology (Figure 3). Abdominal wall involve-
ment can be a relative contraindication to CRS. Disease is often
seen at port/drain sites or scars. Small volume isolated abdom-
inal wall disease may be difficult to identify on CT due to post-
surgical changes but is well seen on PET/CT due to increased
metabolic activity (Figure 7). PET/CT is useful in the setting of
prior surgery. In the post-op patient, post-operative anatomy
and scarring can limit interpretation on CT. PET/CT can show
FDG-avid soft tissue thickening that would be missed on CT
(Figure 9).

MRI is significantly improved with both diffusion-weighted
imaging (DWI) and delayed post-contrast imaging®** (Figures 2
and 10). In a study of 34 patients performed by Low et al,*® they
found a sensitivity of 88%, specificity 74% with a diagnostic accu-
racy 84% for peritoneal disease. In 2015, in a study of 22 patients,
Low et al found that MRI correctly predicted PCI score in 91%.**

Peritoneal enhancement greater than liver is abnormal. This is
easier to see on MRI than CT. The high contrast conspicuity of
fat-suppressed T;W delayed gadolinium-enhanced MRI can
depict lesions less than 1cm and also detect lesions in areas
which are anatomically difficult on CT (subphrenic, mesenteric
and bowel serosa).?? Furthermore, MRI-DWI has been shown to
correlate well with surgical findings in patients with PM due to
colorectal and ovarian peritoneal malignancy.*>*® The presence
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Figure 9. Axial CT abdomen with i.v. + PO contrast (A) & fused axial (B) and sagittal (C) PET/CT. A 57-year-old male with history
of rectal cancer with Hartmann’s resection, CRS and HIPEC. Increasing soft tissue thickening is seen at pelvic stump on CT (red
arrow). FDG avid soft tissue on PET/CT with mild luminal narrowing (green arrows). Rectal stump & serosal recurrence confirmed
on histology. CRS, cytoreductive surgery; HIPEC, heated intraperitoneal chemotherapy; FDG, fludeoxyglucose; PET, positron emis-

sion tomography.

(A) (B)

of disease is characterised by intense high signal on DWTIand low
signal on the ADC map (Figures 2 and 10). DWI images are most
reliably interpreted when cross-referenced with conventional
MRI images. Accurate MRI interpretation correlates with reader
experience level but the reliability of an inexperienced reader can
be greatly improved with a 6 month period of training.”* Whereas
the protocol for CT in most institutions is standard, the MRI
techniques described in the literature are quite variable. Some
studies did not use gadolinium contrast for MRI*® and earlier
studies did not evaluate DWI. Low et al have published exten-
sively on MRI in PM and describe a detailed imaging protocol.**

(€

The results of this group report higher sensitivity and specificity
for MRI than any other published studies. The added benefit of
DWTI has been established.”>?® Delayed MR contrast imaging has
also been shown to aid detection or peritoneal infiltration.?*

Comparative studies

Several studies have attempted to compare the accuracy of
different imaging techniques for predicting PCI (Table 2). This
is a very difficult task and individual studies are extremely varied
in design and aims. Some studies evaluated only the presence

Figure 10. A 21-year-old female with extensive peritoneal malignancy secondary to peritoneal mesothelioma. MRI-DWI images (B)
show diffuse subtle deposits on the pelvic peritoneal reflections which are much more conspicuous than on the corresponding

contrast enhanced CT (A). DWI, diffusion-weighted imaging.
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DWI, diffusion-weighted imaging; Gl, gastrointestinal; PC, prostate cancer; PCl, Peritoneal Cancer Index; PET, positron emission tomography.

Power et al

or absence of disease,”*** some studies evaluated the ability of

imaging to classify patients into broad groups based on degree
of disease burden (PCI <20 or>20)°? and other studies evaluated
accuracy in great detail by quantifying disease in each of the 13
possible sites.***°

A 2016 meta-analysis of 22 studies whose primary end point was
to assess diagnostic accuracy of CT and MRI in detecting PC
concluded that CT should be the preferred diagnostic imaging
modality because of the robustness of the data.”” Low’s group
(who describe a very rigorous MRI technique) have reported
very high accuracy for MRL* quoting a 95% sensitivity for
detection of disease on a per site basis. They found that contrast
MRI-DWTI was significantly superior to CT. Other studies have
also emphasised the superiority of MRI-DWI over both CT and
PET/CT in detecting disease in the right supramesocolic region,
in particular perihepatic and subdiaphragmatic disease.’**
Overall, CT combined with MRI have been shown to be more
accurate than CT alone.”

We have found only two studies which compared all three imaging
modalities. Michielsen et al concluded that MRI-DWI was supe-
rior to both PET/CT and contrast-enhanced CT for detection of
mesenteric and serosal deposits for characterisation of primary
tumour in a small study of 32 patients with ovarian carcinoma.”
In one of the largest studies of imaging in PM (237 patients),
Satoh et al concluded that PET/CT was most accurate followed
by MRI-DWIL.?® A limitation of Satoh’s study was that PET/CT
and CT/MRI were performed in two different patient popula-
tions and so were not compared directly. Furthermore, patients
undergoing PET/CT did not receive i.v. contrast. Van't Sant et al
has attempted to compare the three modalities by performing a
meta-analysis which included 24 articles with 37 data sets, but
did not include Satoh’s study.”® Van't Sant’s group concluded that
(DW)MRI and PET/CT were comparable in terms of detection
of PM for ovarian and gastrointestinal tumours and further
suggested that since it is more widely available that MRI, PET/
CT should be the imaging modality of choice in staging these
patients. Their findings, with the pooled sensitivities and spec-
ificities of the three modalities, can be seen in the table below.

Ultrasound is often the first line imaging investigation in
suspected gynaecological malignancy. For this reason, it is
important to be familiar with the appearances of peritoneal
disease on ultrasound. Important areas to assess on ultrasound
include the pouch of Douglas, diaphragmatic surfaces, the
paracolic gutters, and the regions of the mesentery and omentum.
Suggested ultrasound assessment of the peritoneum involves
initial assessment of the entire abdomen and pelvic cavity using
a standard-frequency transducer (3.5-5 MHz) followed by use of
a higher frequency probe to more closely interrogate lesions.””
Lesions of the parietal peritoneum will not move with gravity
or breathing manoeuvres, whereas lesions of the visceral perito-
neum, mesentery, or omentum usually will.””

There currently is not enough evidence, looking at the sensi-
tivity and specificity of ultrasound in diagnosing peritoneal
malignancy, however, De Blasis et al reviewed three prospective
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studies focusing on the specific role of ultrasound and found high
sensitivity (range 81.4-91%) and specificity (range 88-96%) in
the diagnosis of peritoneal carcinomatosis, as well as in omental
involvement (sensitivity 67-94%, specificity 90%).”®

It should be stated, that overall, there is a paucity of evidence for
the use of ultrasound as a primary imaging modality in the diag-
nosis of peritoneal malignancy and that it is not routinely used
in clinical practice.

8E_-FDG PET/MRI has been gradually transitioning from a
research-based imaging modality to increasing clinical use in
sites across the world.” It offers better T-categorisation for
primary bone, head and neck, and soft-tissue tumours and a
higher accuracy for metastatic lesion detection in the brain, liver,
and bone when compared to PET/CT.®"%? PET/CT, however,
offers better delineation of margins within lung parenchyma.

In a 2021 study of 34 patients looking at "*F-FDG PET/MRI
and diffusion-weighted MRI for estimating the extent of PM
in ovarian and endometrial cancer, PET/MRI was found to be
superior in estimating the spread of PM.% It was particularly
advantageous in those with a high tumour burden, which could
prove important in deciding about operability of a gynaecolog-
ical cancer and save an unnecessary diagnostic laparotomy.

Despite encouraging research in the field, it’s use is still quite
limited, primarily due to high costs and lack of availability.

%Ga-FAPI PET/CT (gallium-68 fibroblast-activation-protein
inhibitor (FAPI)) is a novel PET tracer that shows exciting
potential for the future. Fibroblast-activation-protein is overex-
pressed by cancer cells of various tumour histological subtypes.
Kratochwil et al assessed tracer uptake in 28 different cancers and
found high uptake and image contrast in many cancers, including
common causes of peritoneal malignancy such as colorectal and
ovarian cancer.® In the setting of ovarian cancer, lower intestinal/
peritoneal uptake might offer better sensitivity in the detection of
peritoneal deposits. Another study of 75 patients who underwent
both "*F-FDG PET/CT and [**Ga]Ga-DOTA-FAPI-04 found a
superior diagnostic efficacy with [**Ga]Ga-DOTA-FAPI-04 for
diagnosis of primary tumours (Sensitivity 82.1vs98.2%) and in

BJR

the setting of peritoneal malignancy with higher rates of tracer
uptake seen [standardised uptake value (SUV) median 2.14 vs
5.74].9

These studies show the great potential in [8Ga]Ga-DOTA-
FAPI-04 in future PM imaging with its use likely to increase as
more research is performed.

UNFAVOURABLE SIGNS ON IMAGING

Even if the burden of peritoneal disease is low, disease at a surgi-
cally critical site may add significant risk and or difficulty to
surgery. Chandramohan et al*® have proposed a modification of
the radiologic PCI reporting system that gives weight to findings
with U0 indicating no unfavourable sites of disease, Ul indi-
cating involved sites that may provide a challenge to CRS and U2
indicating disease at sites that may preclude adequate cytoreduc-
tive surgery (Table 3).

Ul sites include epigastric disease, such as within the lesser
omentum, the lesser sac and along the ligaments of the liver.
Disease along the spleen, stomach encasement, or within a peri-
pancreatic or paraduodenal distribution would also be classified
as a Ul site (Figure 4). U1 sites in the retroperitoneum include
hydronephrosis with ureteric involvement, or disease within
the muscles of the retroperitoneum. Pelvic U1 sites include the
bladder trigone, seminal vesicles, prostate or disease encasing the
external iliac vessels.

Sites of disease that may preclude adequate cytoreductive surgery,
or U2 sites, include biliary obstruction due to tumour, supracoe-
liac, periportal, epiphrenic or retroperitoneal nodal involvement
(Figure 5 - FDG Avid portocaval lymph node). Mesenteric or
small bowel disease at the root of the mesentery, the ligament of
Treitz, at the DJ flexure or disease causing small bowel obstruc-
tion are further U2 sites. U2 disease within the pelvis includes
side-wall or nodal disease, disease involving the sacrum, or
frozen pelvis from previously treated rectal cancer (Figure 9).

Other important findings to report include ascites (Figure 3),
abdominal wall involvement (Figure 7), small bowel and mesen-
teric involvement and extraperitoneal metastases.®”%®

Table 3. Review areas for unfavourable sites of involvement (reproduced with permission from Chandramohan et al®®)
Ul sites U2 sites
« Visible disease in the epigastric region, lesser omentum, lesser sac, around the | « Biliary obstruction due to tumour
left lobe of liver, fissures, falciform ligament, ligamentum teres, encased left | o Supracoeliac, periportal, epiphrenic and retroperitoneal nodes
gastric artery. Porta hepatis, portocaval space, gallbladder fossa, near hepatic | « Root of mesentery, ligament of Treitz
vein, or inferior vena cava o Duodenojejunal flexure, most of the upper small bowel involved,

Spleen
Stomach encasement
Peripancreatic and paraduodenal space

psoas, iliacus and quadratus lomborum muscles

iliac vessels

Disease in the retroperitoneum: hydronephrosis and ureteric involvement,

o Pelvis: bladder trigone, seminal vesicle, prostate, disease encasing the external

small bowel obstruction, stellate mesentery
o Pelvic side-wall disease, nodes
« Disease involving the sacrum
o Frozen pelvis from previously treated rectal cancer

U1 sites increases surgical complexity and may need, e.g. gastrectomy, Whipple’s procedure, nephrectomy, ureteric re-implantation, cystectomy,

or prostatectomy.
U2 sites reduce the likelihood of complete cytoreduction.
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Table 4. Advantages and disadvantages of CT, PET/CT and MRI in assessment of peritoneal malignancy

Modality | Advantages Disadvantages
CT o Cheap «  Lowest sensitivity and specificity for peritoneal disease
» Readily accessible o Poor at detecting plaque-like mesenteric involvement, small
» Sensitive for disease above diaphragm bowel disease and mesenteric disease
PET/CT «  More sensitive than CT alone in identifying FDG-avid nodules | « Poor sensitivity in tumours with low FDG-avidity (e.g.
» Sensitive for disease above diaphragm mucionous ovarian malignancy)
» Sensitive in post-operative patients « Physiologic uptake in the stomach, liver, bowel and GU tract
o Useful in abdominal wall disease and in the setting of ascites limits interpretation
« Lesions <5mm are under PET threshold
MRI o DWI imaging very sensitive for disease (per site sensitivity up | « Costly and time-consuming
to 95%) « Requires specialist training
 Sensitive for peri-hepatic disease o Less accurate than PET/CT for lymph node involvement

DWI, diffusion-weighted imaging; FDG, fludeoxyglucose; GU, genitourinary; PET, positron emission tomography.

While scoring systems, such as that proposed by Chandramohan,
are useful, the critical point is that when these sites of disease
are present, the radiologist must make this clear to the treating
oncologists and surgeons as this impacts patient treatment
options.

LIMITATIONS OF IMAGING

The limitations of all imaging modalities available to us must
be understood (Table 1). Although it remains the workhorse
on oncologic imaging, CT can be poor at detecting plaque-like
mesenteric involvement, and detects small bowel and mesen-
teric disease in <25%,>® and appears to be the least sensitive and
specific. Physiologic uptake in the stomach and liver, bowel and
genitourinary tract may lead to difficulty interpreting these areas
on PET/CT. The limited spatial resolution and the long acquisi-
tion time of the PET component of PET/CT may lead to blurring
and underestimation of FDG uptake. Lesions under 5mm are
below the threshold for detection on PET. Lesions which do not
take up FDG, or are not sufficiently metabolically active, such as
mucinous colorectal and ovarian lesions may not be visible on
PET. The added radiation dose of PET/CT is quoted as a potential
disadvantage, although in this patient group this is not a serious
consideration if the test is useful. MRI-DWI has been shown
to be less accurate at diagnosing abnormal lymph nodes than
PET/CT as these will have high signal on DWI images regard-
less of biologic behaviour.”*® Susceptibility artefact from gas
in the GI tract may lead to false positives on MRI-DWI. Bowel
movement occurring over the prolonged examination time,
despite administration of a smooth muscle relaxant, can cause
image blurring. The quality of MR images is highly protocol-
and patient-dependent. The technique described by Low et al,
who have published very good results for MRI-DWTI includes
oral and rectal contrast, i.v. Hyoscine Sulphate, and double dose

gadolinium with immediate and delayed (5 min) imaging, as well
as portal venous phase imaging in tumours which metastasize
to liver parenchyma.?! This is a rigorous protocol which is not
carried out in most centres.

A particular area of difficulty is detection of inframesocolic
disease. Soussan et al reported less than 50% sensitivity for small
(<1cm) implants in the inframesocolic region for both PET/CT
and MRI-DWI.% They found that sensitivity depended on lesion
size for both modalities. MRI-DWI was more sensitive than any
other modality for disease around the liver with the low signal of
the liver contrasting against the high signal of disease on DWI
(Figure 2); however, it has been found that in areas such as the
spleen, the combination of CT and MRI did not significantly
improve the detection of disease, when compared to CT alone.”
This is due to the fact that the spleen has intrinsically high signal
on DWI Furthermore, physiologic uptake by the liver may
hamper interpretation of serosal disease.

CONCLUSION

The most important thing for the radiologist to recognise is
the importance of finding disease in unfavourable locations
that would make a patient unlikely to benefit from the onerous
undertaking of CRS and HIPEC. In most cases, a good quality
CT scan interpreted by an experienced radiologist will identify
such findings, if present. It seems reasonable that in the relatively
small percentage of patient who ‘qualify’ for CRS and HIPEC,
that they would undergo additional imaging with either MRI
and/or PET-CT depending on tumour biology and location of
disease (Table 4 4). MRI with delayed contrast and DWTI is sensi-
tive for peritoneal deposits and liver surface disease, while PET/
CT is useful for high-grade tumours and detecting unsuspected
metastatic disease.
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