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Abstract suspicion of ileus. Notably, he had programme for colorectal cancer.
We present a case of a patient, already been hospitalised with Staging CT showed three suspect
previously treated for peritoneal recurrent episodes of ileus in the locoregional lymph nodes and no
metastases from colorectal weeks before. distant metastasis. Within a month
cancer with HIPEC surgery, who of diagnosis, he presented with
underwent PET/CT with [¢8Ga]Ga- Two years earlier, the patient had obstructive bowel symptoms and
FAPI-46 at our centre to determine been diagnosed with a caecal underwent emergency surgery with
whether peritoneal carcinomatosis adenocarcinoma after participating the intent of a right hemicolectomy.
had recurred. This was the in the national screening During surgery however, extensive

first clinical application of this
novel tracer that targets cancer
associated fibroblast activity.
Conventional contrast enhanced
CT and MRI were acquired in
conjunction. The [®Ga]Ga-FAPI-46
PET/CT clearly demonstrated
intense focal tracer uptake in

a pelvic peritoneal deposition

A

that was also apparent on CT. In
addition, [¢®Ga]Ga-FAPI-46 PET/CT
demonstrated another peritoneal

of a bowel wall that was missed
in the clinical CT and MRI read,
as well as more subtle diffuse .
peritoneal metastatic involvement L P8
in the abdomen, which was not at ‘
all visible on radiological imaging.

This case illustrates the anticipated

clinical value that FAPI-PET/CT

may come to play in challenging

deposition on the serosal surface * ' " :
g L
[

oncological imaging tasks such S ke
as the detection of peritoneal

i ) Figure 1.[®Ga]Ga-FAPI-46 PET/CT images corresponding with the reported
carcinomatosis.

case. The MIP image (A) shows no physiological uptake except for renal
tracer excretion. Focal intense pathological activity is seen in pelvic peritoneal
depositions, but this is better appreciated in the images of Figure 2 and 3.

Case Diffuse increased activity along the abdominal peritoneal lining (arrows) on the
A 71-year old male presented with coronal and axial images (B-E) corresponds to diffuse peritoneal carcinomatosis.
abdominal pain, vomiting and Non-malignant focal FAPI uptake in the right shoulder, interpreted as aspecific
constipation, raising the clinical inflammatory musculoskeletal fibroblast activity.
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peritoneal carcinomatosis was
revealed (peritoneal cancer index
(PCI) was 27). Thus, no hemicolectomy
was performed and an ileostomy
was created. Subsequently, the
patient received standard first-

line chemotherapy. Following
laparoscopic restaging to PCI 15,
extensive cytoreductive surgery
and hyperthermic intraperitoneal
chemotherapy (HIPEC) were
performed. Pathological post-
treatment staging was ypT3N1aM1.
After treatment, the patient had

no clinical or radiological signs of
recurrence for a year.

During his recent hospitalisations,
repeated CT abdomen and MRI
showed mild dilatation of bowel loops,
without an abrupt calibre change to
indicate a mechanical ileus. A new
small peritoneal lesion was found
deep in the pelvis, with a differential
diagnosis of recurrent peritoneal
carcinomatosis or postoperative
changes.

During his latest admission, PET/CT
with the novel radiopharmaceutical
[¢8Ga]Ga-FAPI-46 showed intense
tracer uptake in two focal peritoneal
lesions as well as diffuse peritoneal
activity, confirming recurrent
peritoneal carcinomatosis (figure 1, 2).
On the same day, contrast enhanced
CT and MRI (protocol optimised for
peritoneal carcinomatosis detection)
were acquired. Only the focal
peritoneal lesion deep in the pelvis,
adjacent to the sigmoid colon, was
recognised during clinical read of
the CT and MRI. The serosal lesion,
ventrally located in the left hemi-
abdomen, was initially not recognised,
presumably due to its close proximity
to the bowel wall. This lesion was
identified with the aid of the [¢8Gal]
Ga-FAPI-46 PET/CT (figure 3). The
diffuse peritoneal disease was not at
all visible on CT or MRI. The PET also
showed physiological renal tracer
excretion and focal tracer uptake

in the right shoulder at the level

Figure 2. Axial PET (A,D), CT (B,E) and fusion (C,F) images show pathological

activity in focal peritoneal metastatic lesions in the pelvis. The lesion adjacent to
the sigmoid colon (A-C; arrow) was the only lesion identified on CT and MRI. On
the contrary, the ventrally located serosal lesion in the left hemi-abdomen (D-F;

arrow), was initially not recognised on CT and MRI, presumably due to its close

proximity to the bowel wall.

Figure 3. Axial T2-weighted MRl images (A,C) and PET-MRI fusion (B,D) images
depicting the same lesions as in figure 2.

of the joint capsular attachment to
the glenoid bone, without signs of
osteoarthritis on CT. The shoulder
uptake was interpreted as aspecific
inflammatory musculoskeletal
fibroblast activity, potentially related
to frozen shoulder.

Second-line systemic therapy was
initiated and follow up imaging was
planned for treatment evaluation.

Discussion
[¢8Ga]Ga-FAPI-46 belongs to a class
of tracers targeting the fibroblast
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activation protein (FAP), which is
expressed on the surface of cancer-
associated fibroblasts (CAFs). CAFs
are important modulators of the
tumour stroma, which represents up
to 90% of the total tumour tissue (1)
and are increasingly recognised as
an important determinant of cancer
behaviour (2). CAFs contribute to the
acidity and stiffness of the tumour
stroma, which in turn promotes
invasive cancer growth, escape from
the immune system and metastatic
spread. This insight initially led to
the development of FAP targeting
therapeutic agents including FAP
inhibitors (FAPIs), and has more
recently enabled the development
of FAPI-based radiotracers for PET
imaging.

The first successful FAPI-based
radiotracers were developed at

the University Hospital Heidelberg.
These are quinolone-based inhibitors
coupled with chelators (DOTA) that
specifically bind to human and murine
FAP and are almost completely
internalised. FAPI-04 showed the

best combination of stability in

human serum, affinity for FAP and

a slow excretion (3). Subsequent
efforts to further improve tumour
uptake and retention culminated

in the development of the FAPI-

46 molecule (4). In this patient, we
were able to use FAPI-46 and label

it with gallium-68 fully automatic.

This is a practical solution for clinical
application (5). The most recent tracer
innovations include the development
of the squaric acid (SA) containing
radiopharmaceuticals [*®Ga]Ga-DOTA.
SA.FAPI and [¢8Ga]Ga-DATA™.SA.FAPI,
as well as ['8F]- and [?""Tc] labelled
FAPI tracers (6,7). Thus far, none

of these radiopharmaceuticals are
commercially available.

Like ["®F]FDG, FAPI-based radiotracers
have been shown to accumulate in

a broad range of cancer types (8,9).
However, contrary to ['8F]FDG, most
show very limited background activity.

FAPI-04 and FAPI-46 show virtually
no physiological uptake except for
renal excretion. This is one of the

key benefits over ['®F]FDG, where
physiological metabolic activity in
the brain, Waldeyer's ring, heart, liver,
spleen, pancreas, bowel and bladder
may mask pathology. FAPI-PET
imaging may also be able to reveal
smaller tumours compared with
['8FIFDG, because CAFs may
outnumber epithelial cancer cells in
many cases. Another benefit of FAPI-
tracers is that imaging is unaffected
by metabolic state, rendering pre-
procedural fasting unnecessary,

and avoiding problems associated
with hyperinsulinemia and brown
adipose tissue activation. In addition
to its anticipated benefits for tumour
detection, FAPI imaging may reveal
important prognostic information,
since high FAP expression has

been correlated with high grade

of local tumour invasion, increased
risk of lymph node metastases and
decreased overall survival (1).

Our case illustrates current challenges
with peritoneal carcinomatosis
detection. The pre-surgical CT and
MRI failed to reveal widespread
peritoneal carcinomatosis, which

was apparent upon visual inspection
during laparoscopy. For this reason,
diagnostic laparoscopy remains

the gold standard for diagnosis

and evaluation of disease extent.
The peritoneal cancer index is an
important prognostic factor for
overall survival, and can be used to
determine resectability of peritoneal
metastases in colorectal cancer (10).
If disease extent on FAPI-PET imaging
turns out to accurately reflect the
laparoscopic PCl score, unnecessary
surgical procedures may be avoided
in patients with extensive disease.
The exact role of FAPI-PET imaging
will have to be established in the
future. Although we expect it to solve
a variety of clinical challenges, it will
probably not be a fix-all solution. First,
not all malignancies show high FAP

expression, especially not mucoid type
adenocarcinomas. Second, a variety
of benign diseases have already been
shown to lead to increased tracer
uptake on FAPI-PET imaging (7). This
is probably related to increased FAP
expression in the wound-healing
stroma of inflammatory and primarily
fibrotic diseases, which has the upside
that FAPI-PET may also turn out to

be a valuable asset in the imaging of
various non-malignant diseases.
Besides diagnostic opportunities,
FAP-targeting radioligands are
currently investigated as therapeutics
too. Very low FAP expression in normal
organs, high expression in tumours
and its location on the outside of the
CAF membrane make it an attractive
target for radionuclide therapy. This
may be especially advantageous

for cancers such as pancreatic and
ovarian carcinoma, for which current
treatment options hold limited
therapeutic success. While research is
still mostly in the preclinical stage, a
single patient treated with
[P°Y]Y-FAPI-04 for metastatic breast
cancer showed significant tumour
retention and a reduction in bone pain
(3).

With FAPI radioligands, the future
may hold an exciting new class of
theranostics.
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