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A B S T R A C T

Purpose: The selection for either primary or interval cytoreductive surgery (CRS) in patients with epithelial
ovarian cancer (EOC) is currently based on imaging techniques like computed tomography (CT), [18F]fluo-
rodeoxyglucose-positron emission tomography ([18F]FDG-PET), diffusion-weighted magnetic resonance imaging
(DW-MRI) and/or diagnostic laparoscopy, but these have limitations. Folate receptor (FR)-targeted PET/CT
imaging, using [18F]fluoro-PEG-folate, could improve preoperative assessment, potentially reducing unnecessary
laparotomies. This paper presents the first experience with [18F]fluoro-PEG-folate PET/CT imaging in advanced
stage EOC, focusing on safety, tolerability, and feasibility for reflecting the extent of disease.
Methods: Tolerability and safety were monitored after administration of the [18F]fluoro-PEG-folate tracer by
measurements of vital function parameters (blood pressure, heart rate, peripheral oxygen saturation, respiratory
rate, and temperature). In addition, (serious) adverse events were recorded. Disease burden was quantified using
the Peritoneal Cancer Index (PCI) score on preoperative [18F]fluoro-PEG-folate PET/CT and during surgery. PCI
scores were compared with intraoperative findings, considering histopathologic results as the gold standard.
Tissue specimens were stained for FRα and FRβ. Relative uptake of the radiotracer by EOC lesions and other
tissues was quantified using body weighted standardized uptake values (SUV).
Results: The study was terminated prematurely during the interim analysis after inclusion of eight patients of
whom five had completed the study protocol. Although [18F]fluoro-PEG-folate demonstrated safety, efficacy for
tumor-specific imaging was limited. Despite clear FRα overexpression, low tracer uptake was observed in EOC
lesions, contrasting with high uptake in healthy tissues, posing challenges in specificity and accurately assessing
tumor burden.
Conclusions: Overall, while [18F]fluoro-PEG-folate was well-tolerated, its clinical utility in the preoperative
assessment of the extent of disease in EOC was limited. This highlights the need for further research in devel-
oping targeted imaging agents for optimal detection of EOC metastases.
Trial registration: Clinicaltrials.gov, NCT05215496. Registered 31 January 2022.
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1. Introduction

Epithelial ovarian cancer (EOC) is the leading cause of death from
gynecological cancer in developed countries. Approximately 75 % of
women are diagnosed with advanced disease (FIGO stage III-IV) [1]. The
standard approach for treatment with curative intent involves a com-
bination of cytoreductive surgery (CRS) and platinum-based chemo-
therapy, usually with carboplatin and paclitaxel [2]. Whether
neoadjuvant chemotherapy (NACT) is administered prior to CRS de-
pends on the extent of disease at initial diagnosis and surgical resect-
ability, as well as performance status and co-morbidity [2].
Completeness of CRS is the most significant prognostic variable for
survival in advanced stage disease. In cases where complete cytor-
eduction seems feasible, upfront CRS is standard of care [2–4].

Preoperative assessment of resectability is commonly determined via
computed tomography (CT). However, the reported accuracy of CT for
peritoneal implantation detection ranges from 25 to 90 % [5,6]. Smaller
lesions are known limitations of CT imaging, with a lowered sensitivity
of 9 to 50 % for lesions <1 cm, and only 11 % for nodules <0.5 cm [6].
As a result, the extent of peritoneal carcinomatosis is often under-
estimated by CT. This can label patients as operable and may result in an
unnecessary laparotomy [2,7,8]. Fagotti et al. described that a
laparoscopy-based score can reliably predict the chance of optimal
cytoreduction in advanced EOC [9,10]. Furthermore, Rutten et al.
demonstrated in a randomized study that performing a diagnostic lap-
aroscopy before CRS in advanced stage EOC patients reduced the rate of
unnecessary laparotomies from 39 % to 10 % [11]. However, while
laparoscopy can be a valuable tool for identifying patients who are likely
to achieve complete CRS, it remains an invasive procedure and its
effectiveness can be limited in cases with bulky tumors and adhesions
[12,13].

Other promising imaging modalities to detect peritoneal metastases
include positron emission tomography (PET), most commonly with
[18F]fluorodeoxyglucose ([18F]FDG-PET), and diffusion-weighted mag-
netic resonance imaging (DW-MRI) [6,14,15]. However, the accuracy of
[18F]FDG-PET is limited because of the heterogeneous metabolic activ-
ity seen in EOC tissue, which can result in decreased sensitivity.
Although DW-MRI showed a significantly higher accuracy than CT for
primary tumor characterization, staging and prediction of incomplete
resection [6,14,15], whole-body DW-MRI underestimated inoperable
diffuse carcinomatosis of the small bowel in recurrent EOC [6,15]. In
addition, the diagnostic accuracy of DW-MRI to differentiate between
healthy and pathological lymph nodes seems limited since both showed
diffusion restriction [16].

The use of a tumor-targeted PET tracer could allow for greater
sensitivity and specificity in detecting lesions. Tumor-targeted imaging
shows promise in accurately assessing disease extent by specifically
targeting tumor cells or their microenvironment [17]. Integrating this
approach into preoperative evaluations could significantly improve
identification of irresectable disease and guide treatment decisions more
effectively.

Folate receptors (FRs) are overexpressed in 90–95 % of EOC cells and
are promising targets for tumor-targeted imaging of EOC [18–21].
Studies with OTL-38, a folate analogue conjugated to a near-infrared
(NIR) fluorophore, have shown specific accumulation in EOC metasta-
ses with a high tumor-to-background ratio. Intraoperative imaging with
OTL-38 in advanced-stage EOC patients identified 29–33 % additional
malignant lesions that were otherwise not visible with the naked eye
[22,23]. Similarly, the use of FR-targeted PET imaging has been
explored in ovarian cancer mouse models [24–26]. After intravenous
tail injection of 4–11 MBq of folate-PEG12–NOTA-AI18F in mice bearing
FR-positive xenografts, tumors were clearly visible on a microPET scan.
Uptake of folate-PEG12–NOTA-AI18F was blocked when 50 μg of folic
acid was administered prior to radiotracer infusion, indicating a highly
specific uptake mediated by FR [26]. A similar FR-targeted PET tracer,
[18F]fluoro-PEG-folate, has demonstrated its safety, tolerability and

feasibility in 22 patients with rheumatoid arthritis [27]. Given its high
affinity for FR-positive cells, [18F]fluoro-PEG-folate seems suited for the
detection of metastatic lesions by tumor-targeted PET imaging in EOC.

In the present study, we aimed to evaluate the safety, tolerability,
and efficacy of [18F]fluoro-PEG-folate PET/CT imaging in advanced
stage IIIB/IIIC EOC. The pharmacokinetics of [18F]fluoro-PEG-folate
have been described separately by Ruytenberg et al. [28].

2. Materials and methods

This phase I study in patients with advanced stage EOC was centrally
approved by the Medical Ethics Committee Leiden-Den Haag-Delft
(protocol P20.048, Clinicaltrials.gov: NCT05215496). The intention was
to include 15 patients in this pilot. Informed consent was obtained from
all individual participants included in the study. The primary objective
was to evaluate the safety, tolerability, and pharmacokinetics of [18F]
fluoro-PEG-folate. The secondary objective was to assess the feasibility
of a [18F]fluoro-PEG-folate PET/CT scan for preoperative detection of
intra-abdominal metastatic EOC lesions.

2.1. Patient selection

Patients who presented at the Department of Gynecology, Leiden
University Medical Center (LUMC), The Netherlands, between
September 2021 until October 2022 with advanced stage EOC and were
scheduled for either primary or interval CRS, were asked to participate
in the study. The following inclusion criteria were set: FIGO stage IIIB/
IIIC EOC based on conventional CT scan; histologically proven EOC, or
cytologically suspected EOC in combination with a serum CA125/CEA
ratio > 25; above 30 years of age, able to comply with the study pro-
cedures and provide written informed consent. The exclusion criteria
were: pregnancy; lactation; severe claustrophobia; thrombocytopenia
(platelet count <100 × 109/L) and/or INR > 2; impaired renal function
(defined as eGFR <50 mL/1.73 m2); impaired liver function (ALT, AST
or total bilirubin >3× upper limit of normal); clinically significant ab-
normalities on electrocardiography (ECG); inability to tolerate lying
supine for the duration of a PET/CT examination (~110 min), and
concomitant malignancy (except basal cell carcinoma of the skin).

All patients underwent a standard CT scan of the chest and abdomen
with intravenous iodine contrast (portal venous phase). Patients were
selected for either upfront or interval CRS according to co-morbidity,
and the extent of metastatic disease and presumed feasibility of com-
plete cytoreduction as assessed by CT scan [2,4].

2.2. FR-targeted PET scan

[18F]fluoro-PEG-folate was synthesized individually for each patient
under GMP conditions by the Department of Radiology and Nuclear
Medicine at Amsterdam UMC, location VUmc, the Netherlands. The
PET/CT scans were performed within 3 weeks but at least 24 h before
CRS. Participants were asked to not use any folate containing medica-
tion or supplements (vitamin B9/B11 or folic acid) for at least 7 days
before the PET/CT scan. Prior to the scan, an arterial catheter was
inserted into the participants' radial artery to collect blood samples for
pharmacokinetic analysis. A dose of 185 MBq [18F]fluoro-PEG-folate
was administered intravenously by automatic bolus injection. Immedi-
ately post-injection, a dynamic PET-CT scan was performed of the pelvic
region for 90 min with an integrated digital PET/CT scanner (Vereos,
Philips Healthcare, Best, The Netherlands) to perform pharmacokinetic
modelling [28]. After a short break to provide some comfort to the pa-
tient, an extra low-dose CT scan (50 mA eff, 120 kV) and a static PET
scan (5 min/bed position) was made of the abdomen for anatomical
correlation with abnormalities on the PET/CT. Image data was recon-
structed according to EARL 18F standard 1 (OSEM with 3 iterations, 15
subsets, 5.5 mm full-width-at-half-maximum Gaussian smoothing). The
relative uptake of the radiotracer by EOC lesions and other tissues was

I.A. Ciggaar et al. Nuclear Medicine and Biology 138-139 (2024) 108952 

2 

http://Clinicaltrials.gov


quantified using body weighted standardized uptake values (SUV).

2.3. Safety monitoring

Tolerability assessments (blood pressure (mmHg), pulse rate (bpm),
peripheral oxygen saturation, respiratory rate, and temperature) were
performed every 15 min starting directly before administration and
continued up to 120 min after the administration of [18F]fluoro-PEG-
folate. An ECG was acquired directly after the PET/CT scan and patients
were observed by a physician up to 2 h after administration. Addition-
ally, (serious) adverse events and the concomitant use of other medi-
cations were recorded until six weeks after the administration of [18F]
fluoro-PEG-folate.

2.4. Evaluation of disease extent

Metastatic disease burden was assessed and quantified on the static
[18F]fluoro-PEG-folate PET/CT images (~90 min p.i.) and during sur-
gery by using the peritoneal cancer index (PCI) score [29]. The PCI was
used to quantify the extent of metastatic spread in 13 abdominal regions.
Each region received a score based on the amount of tumor involvement:
0 for no macroscopic tumor, 1 for small (<0.5 cm), 2 for moderate
(0.5–5.0 cm) and 3 for large tumor lesions (>5 cm) [29]. Scores for each
region were added to obtain a total PCI. Morphologically suspect or
enlarged (size ≥1 cm) pelvic or paraaortic lymph nodes were also noted
and measured.

PCI scores were obtained from the static [18F]fluoro-PEG-folate PET/
CT images (PCIPET/CT) via consensus reading by two experienced nuclear
medicine physicians (LGO, LP). The PCI during surgery (PCIsurgery1) was
determined by the operating gynecologic oncologist, blinded to the
result of the PET/CT, during initial exploratory laparotomy. Following
this, the result of the PET/CT was presented to the surgeon, allowing for
a ‘second look’ i.e., secondary assessment of the surgical PCI (PCIsur-
gery2). Alongside the PCI scores, in which only the largest lesion con-
tributes to the score per region, a list of all tumor lesions suspected of
malignancy was provided by PET/CT and surgery. According to stan-
dard care, lesions considered malignant were excised during CRS when
surgically feasible. Preoperative findings on PET/CT were compared
with the intraoperative findings based on the PCI scores, considering
histopathologic results as gold standard.

2.5. Pathology and immunohistochemistry

Whole formalin-fixed paraffin-embedded (FFPE) tissue blocks of le-
sions removed during CRS were cut into sections of 4 μm thickness.
Sections were deparaffinized in xylene and rehydrated in a stepwise
series of alcohol solutions. Given that FRα is the predominant isoform
expressed in tumor tissue, staining for FRα was performed on all the
resected and/or biopsied tissue specimens using an immunohisto-
chemical assay kit according to the manufacturer's instructions (26B3.
F2, BioCare Medical, USA). After being rinsed in PBS, the immuno-
reactions were visualized using DAB substrate buffer (Dako, Denmark)
for 10 min and counterstained using Mayer's hematoxylin for 15 s. After
dehydration at 37 ◦C, the stained slides were mounted with Pertex (Leica
Microsystems, Germany). Hematoxylin and eosin (H&E) stainings were
also made of each FFPE block.

Due to the identification of FRβ in false positive lymph nodes in prior
studies [23], we conducted immunohistochemical staining for FRβ on
the false positive lesions identified on the static [18F]fluoro-PEG-folate
PET/CT images. After deparaffinization and rehydration, endogenous
peroxidase activity was blocked with 0.3 % hydrogen peroxide for 20
min. FRβ epitopes were unmasked by heat induction at 95 ◦C using Tris/
EDTA buffer (pH 9.0, Dako, Glostrup, Denmark) in a PT-Link module
(Agilent, Santa Clara, CA, USA). The slides were then incubated over-
night in a humidified chamber at room temperature with a primary
monoclonal antibody against FRβ (1/150, Invitrogen MA5-26933). The

slides were washed in PBS thrice and incubated for 30 min at room
temperature with a horseradish peroxidase (HRP)-labelled anti-rabbit
secondary antibody (Envision, Dako). Slides were rinsed in PBS and
immunoreactions were visualized, counterstained and coverslipped as
described above.

All immunohistochemically stained slides were digitalized using the
Panoramic Digital Slide Scanner and viewed with CaseViewer 2.6 (3D
Histech, Hungary). Staining in tumor tissue was evaluated using the
total immunostaining (TIS) score based on membranous expression. The
TIS score consists of the total amount of positively stained tumor cells as
a percentage of total tumor tissue (proportion score [PS]; 0 ≤ 10 %, 1 =

10–25 %, 2 = 26–50 %, 3 = 51–75 %, 4≥ 75 %), and the staining in-
tensity (intensity score [IS]; 0 = none, 1 = weak, 2 = moderate, 3 =

strong). These scores are then multiplied (PS × IS) to give a final TIS
score of one of nine possible values: 0 = no expression, 1–4 = weak
expression, 6, 8 = moderate expression, 9, 12 = strong expression [20].

3. Results

3.1. Study subjects

Out of 62 patients screened for the study between September 2021
and October 2022, eight patients were included. Besides meeting the
exclusion criteria, the primary reasons for nonparticipation were pa-
tients assessing themselves as being in poor condition after NACT, the
intensive nature of the study protocol, insufficient residual disease post-
NACT (i.e., no lesions left that were suitable for pharmacokinetic
modelling≥1.5 cm), and logistical challenges in scheduling the scan and
surgery within the intended timeframe (≤3 weeks). Three patients were
unable to undergo the [18F]fluoro-PEG-folate PET/CT acquisition after
inclusion due to failed tracer productions that did not meet release
criteria (radiochemical purity ≥95 %). The specifications of the tracer
production of the five patients who underwent [18F]fluoro-PEG-folate
PET/CT imaging, such as radiochemical yield, purity, and molar activity
are shown in Supplementary Table 1. Supplementary Fig. 1 shows the
HPLC chromatogram of a representative [18F]fluoro-PEG-Folate sample
from one patient, demonstrating the purity and peak distribution. The
study was concluded prematurely due to unsatisfactory interim analysis
results regarding feasibility when only five participants, out of the
initially planned 15 participants, had successfully completed the study
protocol with PET/CT imaging.

All five patients were preoperatively diagnosed with FIGO stage IIIC
high grade serous ovarian cancer via preoperative CT scans and histo-
logical examination of omental biopsies. Their median age was 67 years
(range: 44–71 years). One patient underwent primary CRS, while four
patients received 3–4 courses of NACT (paclitaxel 175 mg/m2 and car-
boplatin AUC 5–6 mg/mL/min) before the [18F]fluoro-PEG-folate PET/
CT scan and interval CRS. Two patients who underwent interval CRS
also underwent intra-abdominal lavage with hyperthermic chemo-
therapy (HIPEC) involving the administration of cisplatin (100 mg/m2)
after completing cytoreduction [30]. The time interval between the
[18F]fluoro-PEG-folate PET/CT acquisition and surgery ranged from 3 to
21 days. None of the patients received NACT between the PET/CT scan
and CRS. In all patients a complete CRS was reached without macro-
scopically residual tumor.

3.2. Safety and tolerability

No serious adverse events (SAE) occurred during this study. No
relevant changes in the parameters of the tolerability assessments were
observed up to 120 min after the administration of [18F]fluoro-PEG-
folate (Supplementary Table 2). There were no abnormalities on the
ECGs that were acquired directly after the PET/CT scan and no clinical
abnormalities during the 120 min observation by a physician post
administration of the radiotracer.
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3.3. [18F]fluoro-PEG-folate PET/CT images

Visual inspection revealed a pattern of tracer accumulation on all the
static [18F]fluoro-PEG-folate PET/CT images. High and slightly irregular
tracer accumulation was observed in the liver and spleen, and high
accumulation in the gallbladder and biliary system, stomach, duo-
denum, pancreas, adrenal glands renal cortices, renal pelvis, ureters,
bone marrow, and bowel. Moderate tracer accumulation was observed
in the bladder and numerous (reactive) lymph nodes. Residual activity
was observed in the descending aorta. In Fig. 1, the maximum intensity
projections (MIP) images of the scan illustrate this distribution.

To put the relative uptake in various organs and/or structures into
perspective, Table 1 presents the mean SUVmax (g/mL) measurements of
the most intense EOC lesions (15 lesions in five patients), the respective
adjacent bowel wall, general blood pool (measured in the descending
aorta) and liver.

The majority of EOC lesions were difficult to differentiate due to
their low tracer uptake, small size and close proximity to other organs or
structures with high tracer accumulation (such as bowel and vessels). As
shown in Table 1, the mean SUV of the bowel wall and lymph nodes was
comparable to the SUV of the tumor lesions. The mean SUV of the liver
was even higher, making it challenging to identify any tumor deposits
located at the Glisson's liver capsule. Additionally, peritoneal metastatic
disease often presented as (confluent) miliary nodules and/or fat infil-
tration, appearing as an indistinct hazy area with low tracer uptake
(Fig. 1, scan A). Furthermore, uptake of [18F]fluoro-PEG-folate was also
observed in tumor-negative lymph nodes (Fig. 1, scan B).

Fig. 2 shows a representative example of how a certain lesion was
correlated on a diagnostic (contrast enhanced) CT image, [18F]fluoro-
PEG-folate PET/CT images, during surgery and by histopathological and
immunohistochemical evaluation. Apart from the peritoneal lesion, high
tracer accumulation was seen in the bowel wall and bone marrow.

3.4. Peritoneal cancer index (PCI) scores

Table 2 shows that the total PCIPET/CT was 1–2 points higher than
PCIsurgery2 in all five patients. There was a discrepancy between the
PCIPET/CT and PCIsurgery1 in 19 out of 65 abdominal regions, and in 17
out of 65 regions between PCIPET/CT and PCIsurgery2. In 18 of the 65

abdominal regions, the presence of malignant lesions was histologically
confirmed. In two patients, miliary peritoneal lesions in six abdominal
regions were vaporized without histopathologic confirmation, but
comparable to other peritoneal lesions which were proven malignant in
the same patient. In 11 out of the 18 abdominal regions with proven
malignancy, the tumor positive lesions were both recognized on [18F]
fluoro-PEG-folate PET/CT images and during surgical exploration
(PCIsurgery1 and PCIsurgery2).

In two patients, three additional tumor positive lesions in the central
region and right flank were recognized during second surgical explo-
ration based on folate-PET/CT findings. Among four patients, PCIPET/CT
scores of ≥1 were observed in a total of nine abdominal regions where
no tumor lesions were seen during surgery. In four patients, a total of
five regions appeared tumor-negative on folate-PET/CT images but were
considered tumor positive in both PCIsurgery1 and PCIsurgery2. Histo-
pathological assessment confirmed three of these regions as tumor-
positive, one as tumor-negative, and one region lacked a conclusive
histopathological evaluation. Additionally, two regions, the omentum
(central) and adnexa (pelvis), were deemed false-negative on PCIPET/CT,
PCIsurgery1 and PCIsurgery2. Following their removal according to stan-
dard surgical cytoreduction, histopathological assessment confirmed
malignancy.

A total of 48 para-aortic, para-iliac, and inguinal lymph nodes
showed radiotracer uptake on [18F]fluoro-PEG-folate PET/CT images.
Only one iliac lymph node out of the 48 PET-positive nodes was enlarged
and suspected of malignancy during surgery and therefore removed.
This node appeared to be a conglomerate of three tumor-negative lymph
nodes on histopathology. The other 47 lymph nodes appeared non-
suspicious or enlarged during surgery and were not removed accord-
ing to the protocol.

3.5. Immunohistochemical analysis

All tumor-positive lesions showed positive FRα staining confirmed
via immunohistochemistry (Table 3). Lesions from primary CRS all had
a TIS between 9 and 12, while lesions from interval CRS had a slightly
lower TIS. This corresponds with our previous study [20].

The conglomerate of three false-positive lymph nodes on PET/CT
images that were removed was completely negative for tumor-

Fig. 1. [18F]fluoro-PEG-folate PET/CT: low tracer uptake of EOC metastases (confluent tumor lesions in the omentum) and high uptake in numerous lymph nodes.
Two [18F]fluoro-PEG-folate PET/CT scans are presented within each image: a low-dose CT image (left upper corner), PET image (left lower corner), fused PET/CT
image (right upper corner), and MIP images of the PET scan (right lower corner). (A) Left PET/CT scan: confluent metastatic disease in the omentum (red arrows)
with low tracer accumulation and limited visibility, next to the bowel wall with intense bowel signal (mismatch between PET and CT images). (B) Right PET/CT scan:
bilateral inguinal and pelvic nodes (red arrows) with high tracer accumulation. The primary EOC mass on the right behind the uterus (yellow arrows) shows almost
no tracer accumulation and some calcifications on non-contrast enhanced CT).
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associated FRα. They did, however, show a strong positive staining for
FRβ, which is expressed in activated macrophages present in lymph
nodes (Fig. 3).

4. Discussion

This first-in-human study in patients with advanced EOC suggests
that, although [18F]fluoro-PEG-folate was safe to use, its efficacy in
terms of tumor-specific imaging and detecting the extent of disease was
limited in EOC. The study was terminated prematurely during the
interim analysis after five out of 15 scheduled participants had
completed the study protocol, due to unsatisfactory results regarding
feasibility.

In the five patients who underwent the [18F]fluoro-PEG-folate PET/
CT scan, no serious adverse events (SAEs) were documented, and there
were no relevant changes in vital function parameters, providing further
evidence of the safety profile of [18F]fluoro-PEG-folate [27]. However,
despite clear FRα overexpression observed by immunohistochemistry
(Table 3), we noted low [18F]fluoro-PEG-folate tracer uptake in all
histologically proven malignant EOC lesions. Conversely, as observed in
Verweij et al.'s study with [18F]fluoro-PEG-folate [27], we observed high
tracer uptake in various healthy tissues including the liver, spleen, bone
marrow, biliary system, stomach, duodenum, pancreas, adrenal glands,
renal cortices, renal pelvis, ureters, bowel, and lymph nodes. Particu-
larly due to the high uptake in the liver, spleen and bowel, it is unlikely
that the tracer will improve the detection of lesions located in the areas
that are most difficult to diagnose with contrast-enhanced CT, namely,
the spaces beneath the diaphragm, peritoneal carcinomatosis on the
serosa and mesentery of the bowel. As previously shown in animal
studies, [18F]fluoro-PEG-folate binds to all isoforms of folate including
FRβ [31], which is naturally present in the organs exhibiting tracer

uptake in this study. This suggests that while FRα may predominate in
EOC tissue, FRβ could be more prominent in healthy tissues, potentially
leading to preferential uptake of [18F]fluoro-PEG-folate in these organs
[32]. Moreover, the presence of tracer in the gastrointestinal tract can be
attributed to the involvement of folate receptors in the absorption of
dietary folate. As a result, the tracer may bind to these receptors as part
of the regular physiological process of clearance [33].

Additionally, the tumor microenvironment, characterized by factors
such as hypoxia, acidity, and elevated interstitial fluid pressure, could
significantly influence tracer distribution and retention within tumor
tissue, potentially diminishing its uptake [34]. Four out of five patients
received NACT, which can cause structural changes to the tumor such as
fibrosis and calcifications, further negatively impacting tracer uptake.
Although 47 lymph nodes across all five patients were positive on [18F]
fluoro-PEG-folate PET/CT images, they were not considered suspicious
for malignancy during surgery. Only one conglomerate of three lymph
nodes, which initially appeared suspicious on PET/CT, was excised
during surgery. However, pathology results showed tumor negative
lymph nodes. This discrepancy could be explained by the expression of
FRβ in activated macrophages found in lymph nodes, as reported in
previous studies [22,23], and confirmed in this study (Fig. 3). This
suggests a lack of specificity of [18F]fluoro-PEG-folate PET for EOC
lesions.

In contrast to the findings by Verweij et al. where the activity in the
descending aorta reached zero following the arterial peak [27], we
observed residual activity in this region. A reason for this discrepancy
could be that platinum-based chemotherapy directly causes vascular
endothelial cell dysfunction as platinum compounds induce endothelial
cell damage. This damage can trigger the recruitment of macrophages as
part of the inflammatory response [35]. Since macrophages express FRβ,
this can lead to a slight increase in tracer uptake in vessel walls. Earlier

Table 1
Measurements of tracer accumulation (mean SUVmax) on static [18F]fluoro-PEG-folate PET/CT images (measured in EARL 18F standard 1 reconstructions).

Patient EOC lesions mean SUVmax (range) Bowel wall mean SUVmax (range) Lymph nodes mean SUVmax (range) Liver SUVmax Blood pool SUVmax

1 2.71 (2.58–2.80) 1.97 (1.59–2.26) 2.96 (2.65–3.22) 11.42 1.46
2 2.55 (1.32–3.23) 7.42 (2.26–10.20) 3.03 (2.11–3.56) 10.23 1.84
3 2.25 (1.59–2.70) 3.26 (3.23–3.28) 1.34 (1.18–1.58) 14.66 1.40
4 1.30 (0.92–1.80) 2.94 (1.35–6.03) 1.36 (1.07–1.71) 13.86 0.83
5 3.25 (2.54–3.79) 4.68 (3.91–6.08) 3.24 (2.88–3.59) 13.44 1.22

The mean SUVmax (g/mL) for EOC lesions, bowel wall and lymph nodes were calculated based on 3 measurements per patient (the three most intense EOC lesions and
lymph nodes, and at three bowel wall sites). Activity in the blood pool was measured in the descending aorta; bowel was measured adjacent to the 15 respective EOC
lesions.

Fig. 2. A metastatic EOC lesion in the central region correlated on diagnostic CT image, on [18F]fluoro-PEG-folate PET/CT image, during surgery, on microscopic
images (HE staining) and with immunohistochemical staining. A metastatic lesion of approximately 2 cm in the central region, indicated by red/blue arrow on (A)
axial contrast-enhanced CT image; (B–D) axial [18F]fluoro-PEG-folate on PET/CT images. Note that the lesion showed high uptake centrally and some mismatch in
fusion images due to bowel displacement; (E) photograph during surgery. (F) Microscopic detail (H&E staining; (G) IHC staining for FRα). Scale bars in (F) and (G)
represent 200 μm.
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we described the pharmacokinetic properties of the tracer and observed
variations in plasma concentrations of radioactive folate among pa-
tients, as well as differences in relative tracer uptake [28]. Competitive
binding with native folate could potentially account for these variations.
The one-week restriction on folate supplements in our study could have
been superfluous as dietary folate intake may also influence folate
plasma concentrations over a longer period. Extending the supplement
restriction, however, was not feasible as it would require an undesirable
delay of imaging and surgery after inclusion.

Overall, we observed slightly higher PCIPET/CT scores compared to
PCIsurgery2 scores, albeit with a difference of 1–2 points. However,
recognizing metastatic lesions solely from the PET image proved to be
challenging without reviewing the low dose CT images and previously
acquired contrast-enhanced CT images. An additional complicating

factor was the mismatch that occurred in all scans due to bowel move-
ment and bladder filling. Notably, across all five patients, three addi-
tional small tumor lesions (in two different patients), not recognized by
initial surgical exploration, were removed based on additional infor-
mation provided by the PET/CT images. On the other hand, in five re-
gions in three patients, proven malignant lesions were missed on PET/
CT images.

Furthermore, evaluating the extent of disease by using the PCI scores
per region is arguable, as only the largest lesions per region are typically
considered in the PCI scoring system, masking the potential impact of
smaller lesions on the comparison of tumor load (i.e., a region can
contain a smaller falsely predicted lesion as well as a correctly predicted
larger lesion). Moreover, the PCI scoring system is subject to inherent
subjectivity and interobserver variability, which can introduce

Table 2
Display of PCI scores on [18F]fluoro-PEG-folate PET/CT images (PCIPET/CT) and during surgery at
initial (PCIsurgery1) and secondary (PCIsurgery2) exploration, and histopathologic results.
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1 PCIPET/CT 1 0 0 0 1 1 2 2 1 1 1 0 1 11

PCIsurgery1 2 0 0 0 0 0 2 1 1 0 0 1 1 8

PCIsurgery2 2 0 0 0 0 0 2 2 1 0 0 1 1 9

Histology pos - - - - - pos pos pos - - m m n/a

2 PCIPET/CT 0 0 0 0 1 2 3 0 1 1 1 1 3 13

PCIsurgery1 0 0 0 0 1 0 3 3 1 1 1 1 1 12

PCIsurgery2 0 0 0 0 1 0 3 3 1 1 1 1 1 12

Histology pos - - - pos - pos pos m m m m pos n/a

3 PCIPET/CT 3 0 3 0 0 0 0 0 0 1 0 1 0 8

PCIsurgery1 3 0 3 0 0 0 0 1 0 0 0 0 0 7

PCIsurgery2 3 0 3 0 0 0 0 1 0 0 0 0 0 7

Histology pos - pos - - - pos neg - - - - - n/a

4 PCIPET/CT 3 0 0 0 0 1 0 1 0 0 0 0 0 5

PCIsurgery1 0 0 0 0 0 0 1 0 1 0 0 0 0 2

PCIsurgery2 2 0 0 0 0 0 1 0 1 0 0 0 0 4

Histology pos - - - - - pos - pos - - - - n/a

5 PCIPET/CT 2 0 0 0 0 0 3 0 3 0 0 0 0 8

PCIsurgery1 2 0 0 0 0 0 3 0 0 0 0 0 0 5

PCIsurgery2 2 0 0 0 0 0 3 0 1 0 0 0 0 6

Histology pos - - - - - pos - pos - - - - n/a

PCI scores are depicted for each region based on the amount of tumor involvement: 0 for no
macroscopic tumor, 1 for small (<0.5 cm), 2 for moderate (0.5–5.0 cm) and 3 for large tumor lesions
(>5 cm) [29] and summed up in the last column for each of the methods used (PET/CT, surgery at
initial exploration and surgery at secondary exploration). The abbreviations used indicate the
following: “-”; non-applicable (no histopathologic sample because of non-malignant appearance
during surgery). “m”; missing (no histopathologic sample despite macroscopically malignant
appearance, because biopsies were already taken from similar lesions in a different region). “pos”;
tumor positive. “neg”; tumor negative on histopathology.

Table 3
Total immunostaining score (TIS) of the tumor-positive resected lesions immunohistochemically stained for FRα.

Biomarker
Primary CRS NACT/Interval CRS

No overexpression (TIS 0–4) Overexpression (TIS 6–12) No overexpression (TIS 0–4) Overexpression (TIS 6–12)

FRα (33) 0 (0 %) 10 (100 %) 1 (4 %) 22 (96 %)
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inconsistencies and inaccuracies into the assessment process, potentially
influencing the comparison of tumor burden between patients or studies
[36,37].

A limitation of the study is that histopathological data from several
PET-positive lesions were unavailable because samples were not
collected from clinically unsuspected lesions according to the protocol
as advised by theMedical Ethics Committee. Consequently, we could not
evaluate the diagnostic accuracy of [18F]fluoro-PEG-folate PET/CT in
detecting malignant EOC lesions. Another limitation of this study is the
small sample size, although it is inherent to the proof-of-concept char-
acter of the study. However, given the consistent pattern of low tracer
uptake in tumor tissue and high uptake in healthy tissue, it is ques-
tionable whether a larger cohort will yield different results. The tracer
showed a low target-to-background ratio and low tumor specificity due
to its accumulation in normal lymph nodes and various healthy tissues
expressing FRβ. Additionally, the lack of multimodal benefits from CT,
caused by mismatches from bowel movements and bladder filling,
further limits its effectiveness. Consequently, it appears unlikely that
[18F]fluoro-PEG-folate PET/CT will have a promising future for pre-
operative imaging of metastatic EOC.

In conclusion, [18F]fluoro-PEG-folate is a well-tolerated radiotracer.
Our findings, however, suggest that [18F]fluoro-PEG-folate PET/CT does
not provide added value in the pre-operative assessment of intra-
abdominal metastatic tumor burden in patients with advanced stage
EOC. Moving forward, it is imperative to prioritize further research
aimed at identifying novel imaging agents tailored to specifically target
EOC while exhibiting minimal expression in healthy tissues, thus
enhancing both imaging and therapeutic applications.
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