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Abstract
Purpose The aim of this study was to explore the role of [68Ga]Ga-DOTA-FAPI-04 positron emission tomography/computed
tomography (PET/CT), compared with 18F-fluorodeoxyglucose [18F]-FDG PET/CT, for evaluating peritoneal carcinomatosis in
patients with various types of cancer.
Methods Patients with suspected peritoneal malignancy, who underwent both [18F]-FDG and [68Ga]Ga-DOTA-FAPI-04 PET/
CT between October 2019 and August 2020, were retrospectively analysed. The radiotracer uptake, peritoneal cancer index (PCI)
score, and diagnostic performance of [18F]-FDG and [68Ga]Ga-DOTA-FAPI-04 PET/CT were evaluated and compared.
Results Our cohort consisted of 46 patients, including 16 patients with diffuse-type peritoneal carcinomatosis, 27 with nodular-
type peritoneal carcinomatosis, and 3 true-negative patients. A significant difference in standard uptake values (SUV) of lesions
between [18F]-FDG and [68Ga]Ga-DOTA-FAPI-04 PET/CT examination was observed (median SUV: 3.48 vs. 9.82; P < 0.001),
particularly in peritoneal carcinomatosis from gastric cancer (median SUV: 3.44 vs. 8.05; P = 0.001). Moreover, [68Ga]Ga-
DOTA-FAPI-04 PET/CT showed a higher PCI score and better sensitivity than [18F]-FDG PET/CT for the detection of perito-
neal carcinomatosis (6 vs. 18; P < 0.001; 72.09% vs. 97.67%; P = 0.002).
Conclusion [68Ga]Ga-DOTA-FAPI-04 PET/CT demonstrated superior sensitivity over [18F]-FDG PET/CT for the detection of
peritoneal carcinomatosis in patients with various types of cancer, particularly gastric cancer. Furthermore, the uptake of
[68Ga]Ga-DOTA-FAPI-04 in peritoneal carcinomatosis was significantly higher than that of [18F]-FDG, demonstrating a larger
extent of the lesions and yielding a higher PCI score. This could help enhance the image contrast, improve physicians’ diagnostic
confidence, and reduce the proportion of missed diagnoses.
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Introduction

Tumour metastasis remains a major challenge in cancer treat-
ment, and about 90% of cancer deaths are caused by metasta-
tic disease [1]. Peritoneal carcinomatosis mainly refers to met-
astatic malignant spread to the peritoneum, mostly from gas-
tric, colorectal, and ovarian cancers. In addition to secondary
causes, several types of peritoneal carcinomatosis arise from
primary peritoneal cancer. Peritoneal carcinomatosis was pre-
viously considered to be a terminal condition [2]; however,
the application of cytoreductive surgery and hyperthermic in-
traperitoneal chemotherapy has significantly improved the
long-term survival [3, 4]. Treatment using pressurised intra-
peritoneal aerosol chemotherapy and intraperitoneal
MOC31PE immunotoxin has also shown promising results
in recent years [5, 6].
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Beyond these multi-modal treatments, precise evaluation
of peritoneal carcinomatosis is the critical determining factor
in the selection of appropriate therapy. In post-treatment pa-
tients, detection of tumour recurrence is essential for subse-
quent management. Clinical imaging techniques, such as
computed tomography (CT), magnetic resonance imaging
(MRI), and 18F-fluorodeoxyglucose (FDG) positron emission
tomography (PET)/CT, have routinely been used to evaluate
the extent and volume of peritoneal carcinomatosis. Although
CT is recommended as the primary modality for peritoneal
carcinomatosis detection, its efficacy could be compromised
in low-volume tumours [7, 8]. It also remains unconfirmed
whether MRI improves lesion evaluation [9, 10]. With a high
accuracy for detection of primary lesions and distant metasta-
ses, [18F]-FDG PET/CT has markedly improved the staging
and restaging of various cancers [11]. However, several types
of gastrointestinal cancer, including signet ring cell carcinoma
and mucinous adenocarcinoma, are not [18F]-FDG-avid tu-
mours. Additionally, physiological uptake of [18F]-FDG is
often observed in the intestinal tract, resulting in difficulty of
obtaining images of lesions with sufficient contrast in this
area. Overall, the diagnostic impact of [18F]-FDG for the de-
tection of peritoneal carcinomatosis is reported to be low
[12–15].

Cancer-associated fibroblasts (CAFs) are an indispensable
factor in tumour growth and progression, and CAFs and ex-
tracellular fibrosis make a major contribution to the gross tu-
mour mass [16]. Fibroblast activation protein (FAP) is
overexpressed in CAFs of many epithelial cancers and is rare-
ly expressed in normal tissues [17]. Thus, targeting FAP is a
promising approach for tumour imaging in various types of
cancer [18, 19]. In our previous studies, [68Ga]Ga-DOTA-
FAPI-04 PET/CT demonstrated superior diagnostic efficacy
compared to that of [18F]-FDG PET/CT for the detection of
primary and metastatic lesions in various types of cancer, par-
ticularly for identifying peritoneal carcinomatosis [20, 21].
The impressive diagnostic performance of this modality en-
couraged us to explore the usefulness of [68Ga]Ga-DOTA-
FAPI-04 PET/CT further for the detection of peritoneal carci-
nomatosis in various types of cancer.

We sought to investigate the role of [68Ga]Ga-DOTA-
FAPI-04 PET/CT in the evaluation of peritoneal carcinoma-
tosis in patients with various types of cancer and to compare it
with that of [18F]-FDG PET/CT.

Materials and methods

Patients

This is a post hoc retrospective analysis of a sub-cohort of
patients from a previously prospectively acquired database,
namely the patient data screened in a study that was registered

at ClinicalTrials.gov (NCT04416165) and was approved by
the Clinical Research Ethics Committee of the First Affiliated
Hospital of Xiamen University. The study was conducted in
accordance with the 1964 Declaration of Helsinki and its later
amendments or comparable ethical standards.With agreement
from the oncologists and on determination of the patients’
eligibility, patients were recruited for enrolment in the study,
from October 2019 through August 2020, at our institute.
Written informed consent was obtained from all included pa-
tients. The following patients were included: (i) patients with
suspected peritoneal malignancy based on diagnostic imaging
(CT and MRI) and clinical symptoms; (ii) patients who had
undergone both [18F]-FDG and [68Ga]Ga-DOTA-FAPI-04
PET/CT scans within 1 week of each other; (iii) patients pre-
viously treated with chemo/radio/targeted therapy, the time
interval between completion of therapy and PET/CT scan be-
ing more than half a year (to avoid the treatment impact on
radiotracer uptake). We excluded patients whose treatment
had already started before the [68Ga]Ga-DOTA-FAPI-04
PET/CT scan and those with incomplete histopathological or
clinical data. Histopathological findings obtained from biopsy
or resected surgical specimens were used as a reference for
final tumour diagnosis. If tissue diagnosis was not applicable,
we requested clinical and/or imaging follow-up data, includ-
ing the results of physical examination, laboratory tests, and
medical imaging, which were obtained after the PET/CT scans
were performed. Lesions were considered malignant based on
any of the following follow-up criteria: (i) typical malignant
features confirmed by multi-modal medical imaging, (ii) sig-
nificant progression on follow-up imaging, or (iii) a signifi-
cant post-treatment tumour size decrease. The minimum
follow-up period was 3 months. Patients who died or were
lost to follow-up were excluded from the analysis.

Preparation of [18F]-FDG and [68Ga]Ga-DOTA-FAPI-04

[18F]-FDG was manufactured in accordance with the standard
method described by our laboratory using the coincidence
[18F]-FDG synthesis module (TracerLab FxFN, GE
Healthcare, St Giles, UK) [22]. Labelling of [68Ga]Ga-
DOTA-FAPI-04 was performed according to a previously de-
scribed protocol [20]. Quality control of the radiosynthesis of
both tracers was performed by ultraviolet and radio-high-
performance liquid chromatography. The radiochemical puri-
ty exceeded 95% for both [18F]-FDG and [68Ga]Ga-DOTA-
FAPI-04, and the final product was sterile.

PET/CT imaging

Patients who underwent [18F]-FDG PET/CT were required to
fast for at least 6 h prior to the examination. The dose of
intravenously injected [18F]-FDG and [68Ga]Ga-DOTA-
FAPI-04 was calculated according to the patient’s weight
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(3.7 MBq/kg for FDG; 1.8–2.2 MBq/kg for FAPI). Data were
acquired using a hybrid PET/CT system (Discovery MI, GE
Healthcare) at 1 h after intravenous radiotracer administration.
All the scans were performed according to a previously de-
scribed protocol [20, 21]. All obtained data were transferred to
the Advantage Workstation (version AW 4.7, GE Healthcare)
and reconstructed using the Bayesian penalised likelihood re-
construction algorithm (Q.clear, GE Healthcare), with a
penalisation factor (beta) of 500. The reconstructed images
were then co-registered and displayed.

PET/CT imaging review

Fused PET/CT images were viewed on the Advantage
Workstation (version AW 4.7, GE Healthcare). Both [18F]-
FDG and [68Ga]Ga-DOTA-FAPI-04 PET/CT scans were
interpreted by two board-certified nuclear medicine physi-
cians. To prevent any bias, studies were reviewed in groups
according to the tracer used. All [18F]-FDG PET/CT images
were reviewed as group 1 (reviewed by H.C and L.Z, with 10
and 16 years of experience in nuclear oncology, respectively),
and [68Ga]Ga-DOTA-FAPI-04 PET/CT images were
reviewed as group 2 (reviewed by Z.L and L.S, with 12 and
15 years of experience in nuclear oncology, respectively).
Reviews were performed in the absence of clinical data (in-
cluding CT, MRI, and histopathological results) and informa-
tion from the other PET/CT scan. Any difference of opinion
was resolved by consensus.

On transaxial images, regions-of-interest (ROIs) were
drawn around the tumour lesions for semiquantitative
analysis. The maximum standard uptake values (SUV)
were automatically calculated and used to quantify trac-
er uptake in peritoneal carcinomatosis lesions. The max-
imum SUVs, median, and range were recorded for both
[18F]-FDG and [68Ga]Ga-DOTA-FAPI-04 PET/CT im-
ages. Patterns of peritoneal carcinomatosis were classi-
fied into either omental cake type (diffuse type) or nod-
ular type. CT images were used as reference to distin-
guish diffuse pattern from physiological intestinal up-
take and nodular pattern from hypermetabolic lymph
nodes. For diffuse-type peritoneal carcinomatosis, only
the lesion SUVs were recorded. For nodular-type peri-
toneal carcinomatosis, both SUV and nodular size (cm)
were recorded. The results were considered positive if
the lesion activity exceeded that of the adjacent back-
ground tissues (visual interpretation). If multiple positive
lesions were present in one patient, the average SUV
was calculated, which was obtained by averaging the
SUVs of all lesions or the SUVs of the five largest
lesions (> 5 lesions). CT images were used as reference
to ensure the SUVs were measured from the same le-
sions from two different image sets.

The peritoneal cancer index (PCI) of each individual (based
on PET/CT images and using similar estimationmethod for all
patients) was used to assess the extent of peritoneal carcino-
matosis in the peritoneal cavity, which was quantified by
assessing Sugarbaker’s 13 regions and the corresponding le-
sion sizes [23, 24].

Statistical analyses

All statistical analyses were conducted using SPSS 22.0 sta-
tistical analysis software (IBM, Armonk, NY, USA). The
Wilcoxon matched-pairs signed-rank test was used to com-
pare the SUVs derived from [18F]-FDG and [68Ga]Ga-
DOTA-FAPI-04 PET/CT images. The same test was used to
compare PCI-FDG and PCI-FAPI. For categorical variables,
McNemar’s test, the chi-squared test, Yates’ correction of the
chi-squared test, or Fisher’s exact test was used to analyse the
differences between groups. The results of the visually
interpreted PET/CT images were compared with the histo-
pathological results (obtained via biopsy or surgery) or
follow-up data, which were used as the reference standard.
The sensitivity of [18F]-FDG and [68Ga]Ga-DOTA-FAPI-04
PET/CT was calculated to evaluate the diagnostic perfor-
mance of both modalities. Two-tailed P values < 0.05 were
considered significant.

Results

Characteristics of the patients

Between October 2019 and August 2020, 47 patients with
suspected peritoneal malignancy underwent paired [18F]-
FDG and [68Ga]Ga-DOTA-FAPI-04 PET/CT scans. One pa-
tient was excluded from the analysis due to loss to follow-up.
Of the 46 included patients, 14 were male and 32 were female,
and the median age of the patients was 57 years (range, 32–80
years). The final diagnosis, based on surgical exploration (n =
11), image-guided percutaneous biopsy (n = 16), and radio-
graphic follow-up (n = 19), showed that 43 patients had peri-
toneal malignancy and 3 patients did not. Of the 43 patients
with peritoneal malignancy, 1 patient was diagnosed with pri-
mary peritoneal carcinoma (diffuse malignant peritoneal me-
sothelioma) and the remaining 42 patients had peritoneal car-
cinomatosis. In most cases, the primary site of peritoneal car-
cinomatosis was the gastrointestinal tract, which included 13
gastric cancer, 10 colorectal cancer, and 6 pancreatic cancer
cases. Twenty-one patients had newly diagnosed malignancy
in stage IV and the remaining 22 patients had recurrent dis-
ease. The median follow-up time was 6.8 months (range, 3.5–
9.5 months). The characteristics of the patients are shown in
Table 1.
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PET/CT patterns of peritoneal carcinomatosis

Among the 43 patients with peritoneal tumours, two different
patterns of tracer uptake were observed on [68Ga]Ga-DOTA-
FAPI-04 (42 PET-positive cases) and [18F]-FDG PET/CT (31
PET-positive cases), which suggested two different forms of
malignant tumour invasion. An omental-cake-type (diffuse
type) pattern was observed in 16 patients, corresponding to
diffuse and infiltrative peritoneal involvement. The remaining
27 patients demonstrated a nodular-type pattern, correspond-
ing to focal and nodular peritoneal involvement.
Representative PET images of the two types of peritoneal
carcinomatosis are presented in Fig. 1.

Comparison of FAPI and FDG uptake in peritoneal
carcinomatosis

There was a significant difference in the SUVs of lesions
between [18F]-FDG and [68Ga]Ga-DOTA-FAPI-04 PET/CT
(3.48 vs. 9.82; P < 0.001) (Table 2). Specifically, these lesions
showed significantly lower uptake of [18F]-FDG than that of
[68Ga]Ga-DOTA-FAPI-04 in the following malignancies: (i)
gastric cancer (median SUV: 3.44 vs. 8.05; P = 0.001); (ii)
colorectal cancer (median SUV: 3.86 vs. 10.14; P = 0.028);
(iii) ovarian cancer (median SUV: 5.37 vs. 11.77; P = 0.011);
and (iv) pancreatic cancer (median SUV: 3.31 vs. 7.80; P =
0.028) (Table 2). In addition, we noted that among all cancer
types, gastric and pancreatic cancer showed the lowest FDG
uptake in peritoneal carcinomatosis. A representative case
showing the different SUVs of peritoneal carcinomatosis in
the two types of scans is presented in Fig. 2.

Comparison of the peritoneal cancer index between
the two scans

Among the 43 patients, the median PCI score derived from
[18F]-FDG PET/CT was 6 (range, 0–29), whereas it was 18
(range, 0–39) when derived from [68Ga]Ga-DOTA-FAPI-04
PET/CT. The PCI score in gastric cancer, ovarian cancer, and
pancreatic cancer for each patient was markedly lower in
[18F]-FDG than in [68Ga]Ga-DOTA-FAPI-04 PET/CT (medi-
an PCI: 2 (range, 0–16) vs. 17 (range, 2–39); P = 0.002; 10
(range, 0–26) vs. 20 (range, 0–32); P = 0.028; 4 (range, 0–29)
vs. 16 (range, 6–36); P = 0.028, respectively). Although no
statistically significant difference was found, colorectal cancer
showed greater PCI scores in [68Ga]Ga-DOTA-FAPI-04 than
in [18F]-FDG PET/CT. When the patients were classified into
two categories based on a cut-off PCI value of 20, [18F]-FDG
PET/CT imaging showed that the number of patients with PCI
> 20 in gastric cancer, colorectal cancer, ovarian cancer, pan-
creatic cancer, and other types of cancer was 0, 0, 1, 1, and 3,
respectively. In contrast, for [68Ga]Ga-DOTA-FAPI-04 imag-
ing, the corresponding numbers of patients were 5, 1, 4, 2, and

Table 1 Patient characteristics

Characteristics Number

Patient No. 46

Age, years

Median (range) 57 (32–80)

Sex

Male 14

Female 32

Diagnosis

Gastric Ca 13 (28.3%)

Signet ring cell carcinoma 4

Adenocarcinoma 9

Colorectal Ca 10 (21.7%)

Adenocarcinoma 9

Squamous cell carcinoma 1

Ovarian Ca 9 (19.6%)

High-grade serous adenocarcinoma 9

Pancreatic Ca 6 (13%)

Adenocarcinoma 6

Lung Ca 2 (4.3%)

Adenocarcinoma 2

Breast Ca 1 (2.2%)

Invasive lobular carcinoma 1

Primary PC 1 (2.2%)

Malignant mesothelioma 1

Appendiceal Ca 2 (4.3%)

Mucinous adenocarcinoma 2

Cervical Ca 1 (2.2%)

Squamous cell carcinoma 1

Endometrial Ca 1 (2.2%)

Adenocarcinoma 1

Clinical questions for PET imaging

Initial assessment 21

Recurrence detection 25

Patient status

Treatment-naïve 21

Resection 12

Chemo/radio/targeted therapy after resection* 13

Lesion types

Diffuse type (cake-shaped) 16

Nodular type 27

Cancer cells found in ascites 13

Methods of confirmation

Surgical exploration 11

Biopsy 16

Radiographic follow-up 19

Ca, cancer; PC, peritoneal carcinoma

*The time interval between completion of chemo/radio/targeted therapy
and PET/CT scan was more than half a year to avoid the treatment impact
on radiotracer uptake
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7, respectively. In total, the number of patients with PCI > 20
based on [68Ga]Ga-DOTA-FAPI-04 PET/CT examination
was markedly higher than that based on [18F]-FDG PET/CT
examination (5 vs. 19; P < 0.001). A representative case with
differences in PCI scores between the two scans is presented
in Fig. 3.

Diagnostic performance of FDG and FAPI PET/CT in
peritoneal carcinomatosis

Peritoneal carcinomatosis was detected by [18F]-FDG PET/
CT in 31 of 43 patients, leading to a sensitivity of 72.09%,
while the sensitivity of [68Ga]Ga-DOTA-FAPI-04 PET/CT
for the diagnosis of peritoneal carcinomatosis was 97.67%
(P = 0.002, Table 3). Specifically, the diagnostic performance
of [18F]-FDG PET/CT was the worst in gastric cancer, with a
sensitivity of 53.85% (7/13), compared with 100% (13/13) for
[68Ga]Ga-DOTA-FAPI-04 PET/CT (P = 0.015). Among the 6
patients with gastric cancer presenting negative [18F]-FDG
PET findings, 4 of 6 were diagnosed with gastric signet ring
cell carcinomas (GSRCC). A significant difference was ob-
served in positive FDG PET findings between signet ring cell

carcinoma and adenocarcinoma (P = 0.021). Importantly,
[68Ga]Ga-DOTA-FAPI-04 PET/CT showed intense uptake
in peritoneal carcinomatosis in all patients with gastric cancer,
including in GSRCC. A representative case comparing the
two scans for peritoneal carcinomatosis from signet ring cell
carcinomas is presented in Fig 4. In addition, [18F]-FDG PET/
CT showed relatively lower sensitivity in colorectal cancer
(71.43%) and pancreatic cancer (66.67%) than in [68Ga]Ga-
DOTA-FAPI-04 PET/CT (100%). Out of the 46 cases of
suspected peritoneal malignancy, 4 patients showed negative
results on [68Ga]Ga-DOTA-FAPI-04 PET/CT. Final diagno-
sis by surgical exploration (n = 2) and radiographic follow-up
(n = 2) confirmed peritoneal carcinomatosis in only 1 patient.
These findings yielded 3 true-negative and 1 false-negative
case with [68Ga]Ga-DOTA-FAPI-04 PET/CT. [18F]-FDG
PET/CT gave 3 true-negative and 12 false-negative results.
Thus, the negative predictive values were 75% (3/4) and
20% (3/15) for [68Ga]Ga-DOTA-FAPI-04 and [18F]-FDG
PET/CT, respectively (Table 3). Due to the limited number
of cases in this study, we were unable to obtain the PET/CT
data of false-positives. Therefore, the specificity and positive-
predictive value could not be established in this study.

Fig. 1 The representative
[68Ga]Ga-DOTA-FAPI-04 PET
maximum intensity projection
images of the diffuse type of
peritoneal carcinomatosis and
nodular-type of peritoneal
carcinomatosis. a Patient with
diffuse type of peritoneal
carcinomatosis. The abnormal
activity in the upper part of the
body is from enlarged internal
mammary lymph nodes, right
hilar lymph nodes, and
cardiophrenic angle lymph nodes
(highly suggestive of metastatic
lymph nodes). b Patient with
nodular-type of peritoneal
carcinomatosis. The abnormal
activity in the upper part of the
body is from enlarged right
supraclavicular lymph nodes,
internal mammary lymph nodes,
hilar lymph nodes, and
cardiophrenic angle lymph nodes
(highly suggestive of metastatic
lymph nodes)
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Among the 16 patients with omental-cake-type pattern of
peritoneal carcinomatosis, [68Ga]Ga-DOTA-FAPI-04 PET/
CT was positive in all 16 patients, while [18F]-FDG PET/CT
was positive in 13 of the 16 patients. Moreover, the extent of
lesions on [68Ga]Ga-DOTA-FAPI-04 PET/CT was signifi-
cantly greater than that on [18F]-FDG, which was reflected
by the greater PCI score derived from [68Ga]Ga-DOTA-
FAPI-04 PET/CT (median PCI, 16 vs. 32, P < 0.001).
Regarding the other 27 patients with nodular-type peritoneal
carcinomatosis, [68Ga]Ga-DOTA-FAPI-04 PET/CT was
positive in 26 of 27 patients, while [18F]-FDG PET/CT
was positive in 18 of the 27 patients. Lesion-by-lesion anal-
ysis was further performed in this patient group, with a total
number of 124 nodular lesions evaluated (those lesions
which were visible on the CT images and were confirmed
by surgical exploration or radiographic follow-up). The me-
dian lesion size for the 124 lesions was 1.12 cm (range,
0.34–3.67 cm). The [18F]-FDG PET-positive lesions had
mostly a large volume of disease (median, 1.64 cm; 0.74–
3.67 cm), with involvement of tumour into the adjacent soft
tissues, such as the omentum, mesentery, and fibroadipose
tissue. In contrast, [18F]-FDG PET-negative lesions demon-
strated low-volume disease, and the peritoneal implants from
these patients were relatively small, ranging from 0.34 to
3.42 cm (median 1.01 cm). Less than half of the nodular-
type lesions (49/124) were detected by [18F]-FDG PET,
resulting in a sensitivity of 39.52%. When the cut-off value
of the lesion size was set at 1.34 cm, according to the receiver
operating curve, the detection performance of [18F]-FDG
PET/CT showed statistically significant differences in terms
of tumour size (P < 0.001). Impressively, most of the
nodular-type lesions (115/124) were detected by [68Ga]Ga-
DOTA-FAPI-04 PET/CT, which yielded a significantly
higher sensitivity (92.74%) than that of [18F]-FDG PET/CT
for the detection of nodular-type lesions (P < 0.001). The
representative case of nodular-type peritoneal carcinomato-
sis on the two PET scans is presented in Fig. 5.

Furthermore, debulking surgery was performed in 9 pa-
tients (4 patients with diffuse-type and 5 patients with the
nodular-type peritoneal carcinomatosis), during which mul-
tiple small carcinoma nodules were observed on the perito-
neal and mesenteric surfaces, which were consistent with the
[68Ga]Ga-DOTA-FAPI-04 PET/CT findings (Fig. 6).

Discussion

This retrospective study investigated the role of [68Ga]Ga-
DOTA-FAPI-04 PET/CT in the evaluation of peritoneal car-
cinomatosis and compared it with [18F]-FDG PET/CT. The
results of our study demonstrated that peritoneal carcinoma-
tosis lesions show a higher uptake of [68Ga]Ga-DOTA-
FAPI-04 than that of [18F]-FDG, providing a more sensitiveTa
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Fig. 3 A 58-year-old woman who was diagnosed with ovarian cancer
based on cytology of her ascitic fluid. [68Ga]Ga-DOTA-FAPI-04 PET/
CT shows intense FAPI uptake in the omental-cake-type pattern of
peritoneal carcinomatosis and peritoneal surfaces (a). [18F]-FDG PET/
CT shows peritoneal carcinomatosis with low to moderate activity
throughout the abdomen and pelvis (b). [68Ga]Ga-DOTA-FAPI-04
PET/CT shows larger lesion extent than [18F]-FDG PET/CT for

peritoneal carcinomatosis. Therefore, the PCI score derived from
[68Ga]Ga-DOTA-FAPI-04 PET/CT is much higher than that from
[18F]-FDG PET/CT (PCI-FAPI vs. PCI-FDG, 27 vs. 9). The patient
subsequently underwent a computed tomography–guided biopsy of the
cake-shaped omentum with intense FAPI uptake, which further
confirmed the peritoneal carcinomatosis from ovarian cancer

Fig. 2 A 57-year-old woman with newly diagnosed ovarian carcinoma
underwent [18F]-FDG and [68Ga]Ga-DOTA-FAPI-04 PET/CT for
tumour staging before treatment. [68Ga]Ga-DOTA-FAPI-04 PET/CT
(a) shows higher tracer uptake (SUV, 21.6–22.1 vs. 8.9–10.0)

compared to that of [18F]-FDG PET/CT (b) in peritoneal
carcinomatosis. SUV, standard uptake value; PET/CT, positron
emission tomography/computed tomography
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and accurate diagnosis of peritoneal carcinomatosis.
Moreover, [68Ga]Ga-DOTA-FAPI-04 PET/CT may be more
useful than [18F]-FDG PET/CT for delineating the extent of
lesions in patients with peritoneal carcinomatosis, especially
in patients with gastric, pancreatic, and colorectal cancer. This

could be helpful in preoperative assessments of cancer distri-
bution and might be used as a prognostic factor of survival.

Peritoneal carcinomatosis often involves low-volume le-
sions; individual lesions may be small and few in number
and may vary in gross morphology, developing as flat

Fig. 4 A 44-year-old man with a history of gastrectomy for gastric signet
ring cell carcinoma presented with symptoms of abdominal pain and
rising carcinoembryonic antigen levels. He underwent PET/CT scan to
detect recurrence. [68Ga]Ga-DOTA-FAPI-04 PET/CT images show

intense activity throughout the abdomen and pelvis, especially around
the liver and small bowel mesenterium (a). However, [18F]-FDG PET/
CT images revealed much lower tracer uptake in these regions (b). PET/
CT, positron emission tomography/computed tomography

Table 3 Diagnostic performance of FDG and FAPI PET/CT in peritoneal carcinomatosis

Type of cancer Tracer No. of true positive No. of true negative No. of false negative Sensitivity (%) NPV (%)

Gastric Ca FDG 7 0 6 53.85% -

FAPI 13 0 0 100%# -

Colorectal Ca FDG 5 3 2 71.43% 60%

FAPI 7 3 0 100% 100%

Ovarian Ca FDG 8 0 1 88.89% -

FAPI 8 0 1 88.89% -

Pancreatic Ca FDG 4 0 2 66.67% -

FAPI 6 0 0 100% -

Other types* FDG 7 0 1 87.50% -

FAPI 8 0 0 100% -

Total FDG 31 3 12 72.09% 20%

FAPI 42 3 1 97.67%# 75%

Ca, cancer; NPV, negative-predictive value

*Other types of cancer included lung cancer (n = 2), breast cancer (n = 1), primary peritoneal carcinomatosis (n = 1), appendiceal cancer (n = 2), cervical
cancer (n = 1), and endometrial cancer (n = 1)
# Significant difference regarding the sensitivity for peritoneal carcinomatosis was observed between the 2 scans (P = 0.015 for gastric cancer, P = 0.016
for all types of cancer)
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Fig. 5 A 61-year-old man with newly diagnosed pancreatic cancer
underwent PET/CT scan for tumour staging. On the images of
[68Ga]Ga-DOTA-FAPI-04 PET/CT, numerous nodules with intense
activity are observed scattered throughout the abdomen and pelvis
(upper row, lesions in the liver capsule, dotted arrow; middle row,
lesions in the mesenterium, solid arrow; lower row, lesions in the
pelvis, solid arrow) (a). In addition, abnormal [68Ga]Ga-DOTA-FAPI-

04 activity is observed in the upper part of the body, located in the
sternum, thickened pleura, and enlarged internal mammary lymph
nodes (highly suggestive of metastatic lesions). However, [18F]-FDG
PET/CT demonstrated negative or minimal uptake in these nodular-type
lesions (b). PET/CT, positron emission tomography/computed
tomography

Fig. 6 a, b A 45-year-old woman with a history of bilateral salpingo-
oophorectomy for ovarian cancer presented with symptoms of abdominal
pain and rising cancer antigen 125 levels. She underwent PET/CT scan
for recurrence detection. Both [68Ga]Ga-DOTA-FAPI-04 and [18F]-FDG
PET/CT showed multiple small nodules with intense activity in the liver
capsule (upper row, white dotted arrow), mesocolon adjacent to the
ascending colon (middle row, white and blue solid arrows), and
ileocecal junction (lower row, green solid arrow). Moreover, [68Ga]Ga-

DOTA-FAPI-04 PET/CT revealed another small nodule with intense
activity in the pelvis (lower row, green dotted arrow), which was not
visualised on [18F]-FDG PET/CT. The patient subsequently underwent
a debulking procedure, during which multiple small carcinoma nodules
were observed on the peritoneal and mesenteric surfaces, which is
consistent with the [68Ga]Ga-DOTA-FAPI-04 PET/CT findings (c).
PET/CT, positron emission tomography/computed tomography
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plaques, large sheets, discrete masses, or small nodules [25].
Early disease may involve microscopic lesions and may be
limited to the ascitic fluid. More advanced disease may extend
along the parietal peritoneum, stud visceral surfaces, or cause
omental or mesenteric caking [26], but research in this field is
limited.

[18F]-FDG PET/CT, the imaging modality most widely
used in oncology, has a significant impact on tumour
staging/restaging and evaluation of response to treatment
[11, 27]. However, the diagnostic performance of [18F]-FDG
PET/CT in peritoneal carcinomatosis has been controversial
[12–14]. This heterogeneity may be due to the particular ana-
tomical features of the peritoneum and the variable [18F]-FDG
uptake in different types of primary tumours. Moreover, phys-
iologically, [18F]-FDG accumulates in the intestinal tract, with
a relatively high SUV, making it difficult to obtain clear im-
ages with high tumour-to-background contrast in lesions in
this area. In contrast, previous studies by us and Kratochwil
C showed no physiological accumulation of [68Ga]Ga-
DOTA-FAPI-04 in the intestinal tract, resulting in very low
rates of non-specific uptake in the peritoneal cavity [18, 20,
21]. Such low background activity may facilitate the detection
of peritoneal carcinomatosis. More importantly, [68Ga]Ga-
DOTA-FAPI-04 uptake in peritoneal carcinomatosis was
much higher than that of [18F]-FDG. Consistent with previous
clinical investigations, the present study showed that almost
all peritoneal carcinomatosis lesions demonstrated higher
[68Ga]Ga-DOTA-FAPI-04 uptake than [18F]-FDG, despite
the histological origin of the tumour. Consequently,
[68Ga]Ga-DOTA-FAPI-04 PET/CT revealed higher sensitivi-
ty, a larger lesion extent, and greater PCI score than those of
[18F]-FDG PET/CT.

The PCI was first described by Sugarbaker in 1996 and was
considered to be the standard for describing carcinomatosis
for colorectal cancer and mesothelioma [28]. In recent years,
the PCI score has been used to describe and explain the tu-
mour spread pattern and disease severity in patients, regard-
less of the histological origin. It assesses the extent of perito-
neal disease at diagnosis by quantitatively combining the can-
cer implant size with the tumour distribution throughout 13
abdominopelvic regions, producing a maximum score of 39
[29]. A cut-off PCI score of 20 was found to be a useful
stratification tool for the treatment of patients with advanced
gastric and colorectal cancer, as the treatment regimen can be
tailored based on the PCI score [30, 31]. Recently, Shin et al.
reported that the PCI score can be used as a new prognostic
factor for patients diagnosed with serous epithelial ovarian
cancer [32]. Hence, accurate assessment of the PCI score in
patients with peritoneal carcinomatosis is important for patient
management and tailoring the treatment. In the present study,
[68Ga]Ga-DOTA-FAPI-04 PET/CT revealed a larger disease
extent, which led to a significantly higher PCI score than did
[18F]-FDG PET/CT. Moreover, surgical exploration was

performed in 9 patients with peritoneal carcinomatosis, during
which multiple small carcinoma nodules were observed on the
peritoneal and mesenteric surfaces, which were highly consis-
tent with the abnormal foci observed on [68Ga]Ga-DOTA-
FAPI-04 PET/CT. Such rich detail cannot be achieved using
either CT or [18F]-FDG PET/CT alone, which indicates that
[68Ga]Ga-DOTA-FAPI-04 PET/CT may be a promising tool
for the non-invasive evaluation of PCI. Accurate and compre-
hensive imaging findings from [68Ga]Ga-DOTA-FAPI-04
PET/CT could guide resection of peritoneal disease, particu-
larly in areas that are easily omitted by surgeons, such as the
omentum, falciform ligament, and umbilical round ligament.

Kim et al. analysed 14 studies (671 patients), while Chang
et al. analysed 7 studies (513 patients) to evaluate the diag-
nostic performance of [18F]-FDG PET/CT for detecting peri-
toneal carcinomatosis and obtained an overall sensitivity of
72.4–87% [12, 33], which was similar to our sensitivity of
72.09%. In terms of specific tumour origins, peritoneal carci-
nomatosis from gastric cancer demonstrated the lowest sensi-
tivity (53.85%) in [18F]-FDG PET/CT. Although [18F]-FDG
PET/CT is a useful diagnostic tool in many cancers, some
types of gastric cancers, particularly signet ring cell carcino-
mas and their peritoneal carcinomatosis, are not [18F]-FDG-
avid [34–36]. Signet ring cell carcinomas and non-solid type,
poorly differentiated adenocarcinomas tend to infiltrate the
gastric wall with a large amount of stromal tissue, leading to
a low concentration of cancer cells [37]. This may partly ex-
plain why [18F]-FDG PET/CT showed low to moderate up-
take in these tumour lesions. However, as the tumour invades
the peritoneal tissues, stromal fibroblastic changes may occur
[38, 39]. Therefore, PET imaging of fibroblast activation with
[68Ga]Ga-DOTA-FAPI may demonstrate superior sensitivity
as compared to [18F]-FDG PET/CT for the detection of peri-
toneal carcinomatosis. Indeed, the results of our study demon-
strated that [68Ga]Ga-DOTA-FAPI PET/CT showed higher
sensitivity than [18F]-FDG PET/CT in detecting peritoneal
carcinomatosis, especially those from gastric, pancreatic, and
colorectal cancer (although the difference was not statistically
significant in pancreatic and colorectal cancer). Future re-
search using larger number of participants would provide a
more comprehensive overview of the usefulness of
[68Ga]Ga-DOTA-FAPI PET/CT in peritoneal carcinomatosis
derived from different types of cancer.

Regarding nodular-type peritoneal carcinomatosis, our re-
sults showed that the performance of [18F]-FDG PET/CT for
detecting peritoneal carcinomatosis is associated with tumour
size. [18F]-FDG PET–positive lesions mostly had a large vol-
ume of disease, whereas [18F]-FDG PET–negative lesions
demonstrated a low volume of disease, and the peritoneal
implants in these patients were markedly small (< 1 cm).
The morphological characteristics of most of these foci were
below the resolution power of the PET scanner. This result
was consistent with the study reported by Turlakow et al. [40].
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Encouragingly, [68Ga]Ga-DOTA-FAPI-04 PET/CT showed a
superior diagnostic efficacy compared to that of [18F]-FDG
PET/CT (92.74% vs. 39.52%) for nodular-type peritoneal carci-
nomatosis, even in very small peritoneal nodules. In fact, tumour
lesions exceeding 1 to 2 mm in size require the formation of a
supporting stroma. As the stroma volume can be larger than the
tumour volume, stroma-targeted PET imaging may be more sen-
sitive than glycolysis PET imaging for detecting small lesions
with sufficient FAP-expressing stroma [41]. This may partially
explain why FAPI performed better in the small peritoneal me-
tastasis. However, the peritoneum was not surgically explored in
35 of the initial 46 patients because of the retrospective nature of
this study. Therefore, histopathological confirmation of peritone-
al lesionswas not available, and false-positive status in this group
could not be established.

Our study aimed to explore the reliability of clinical data
obtained using [68Ga]Ga-DOTA-FAPI-04 PET/CT for the de-
tection of peritoneal carcinomatosis. However, the study had
some limitations. First, the patient population in this study was
relatively small and heterogeneous (with different types of
cancer). Second, this was a retrospective study that aimed to
compare the diagnostic performance of peritoneal carcinoma-
tosis between two types of PET scans. Patients with false-
positive PET imaging findings were not included in this study
(probably due to the small patient population). As such, pro-
spective studies with a larger patient population are warranted
in future. In addition, due to absence of prognostic validation,
the clinical value of more intense uptake and larger extent of
lesion (PCI score) obtained by [68Ga]Ga-DOTA-FAPI-04 im-
aging requires further investigation.

Conclusions

[68Ga]Ga-DOTA-FAPI-04 PET/CT demonstrated superior
sensitivity over [18F]-FDG PET/CT for the detection of peri-
toneal carcinomatosis in patients with various types of cancer,
particularly gastric cancer. Furthermore, the uptake of
[68Ga]Ga-DOTA-FAPI-04 in peritoneal carcinomatosis was
significantly higher than that of [18F]-FDG, demonstrating a
larger lesion extent and higher PCI score. This could help
enhance the image contrast, improve physicians’ diagnostic
confidence, and reduce missed diagnosis.
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