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Abstract

Background Patients diagnosed with radioiodine refractory (RAI-R) thyroid carcinoma (TC) have a significantly worse
prognosis than patients with radiosensitive TC. These refractory malignancies are often dedifferentiated, hinder-

ing the effectiveness of iodine-based imaging. Additionally, the role of metabolic imaging using ['®FIFDG PET/CT

is also limited in these cases, making adequate staging of RAI-R TC challenging. Recent case series have shown prom-
ising results regarding the role of the prostate-specific membrane antigen (PSMA) in TC. In this study we explored

the value of ['®FJAIF-PSMA-11 PET/CT in RAI-RTC.

Methods In this phase Il study, lesions detected on ['®FJAIF-PSMA-11 PET were compared to findings from ['®FIFDG
PET/CT. Additionally, the serologic soluble prostate-specific membrane antigen (sSPSMA) was measured using ELISA.
PSMA-expression on tumor tissue in any available resection specimens was analysed with an immunostainer.

Results Eight patients were included, with a total of 39 identified lesions based on PET imaging. ['®FJAIF-PSMA-11
PET identified 30 of 39 lesions, and ['®FIFDG PET identified 33 lesions, leading to a detection rate of 76.9% and 84.6%,
respectively. Interestingly, while nine lesions were solely visualized on ['®FIFDG, six were uniquely seen on ['8F]
AIF-PSMA-11 PET. While sPSMA was immeasurable in all female patients, no correlation was found between sPSMA
in male patients and disease-related factors. In five out of eight patients immunohistology showed PSMA expression
on the primary tumor.

Conclusions Although not all lesions could be visualized, ['8FIPSMA-11 PET identified multiple lesions imperceptible
on ['®F]FDG PET. These results display the potential additional diagnostic role of PSMA-targeted imaging in patients
with RAI-RTC.
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Background

Differentiated thyroid carcinoma (DTC) is a type of can-
cer derived from the follicular cells of the thyroid and is
the most common type of thyroid carcinoma (TC) [1, 2].
Even in metastasized setting, DTC generally has a good
prognosis, partly due to the therapeutic option of 13!, a
well-tolerated and effective therapy [2, 3]. However, some
patients present with tumors that do not or no longer
respond to '*'T therapy; this may result from impaired
sodium iodide symporter expression as part of a dedif-
ferentiation process [4]. Survival rates in radioiodine
refractory (RAI-R) tumors are worse than in radioiodine-
sensitive patients, particularly in those with metastatic
disease [5—8]. To improve outcome, early detection of
locoregional progressive or metastatic disease is essen-
tial. As in all DTC, serum thyroglobulin (Tg) is used as
a tumor marker in patients with RAI-R TC. In addition,
ultrasound and magnetic resonance imaging (MRI) are
used for monitoring locoregional disease, and computed
tomography (CT) and ['®F]fluorodeoxyglucose ([*3F]
FDG@) PET scans are used for the detection and monitor-
ing of metastatic disease [3]. However, due to tumor ded-
ifferentiation, Tg proves less representative as a tumor
marker in RAI-R TC, and the current imaging techniques
cannot always reveal the source of supposed disease
recurrence or progression, displaying the need for new
diagnostic tests.

Recently, novel radiotracers have been developed tar-
geting the prostate-specific membrane antigen (PSMA),
a marker of prostate epithelium that is overexpressed
in prostate cancer cells. The implementation of PSMA-
targeting agents has altered the role of nuclear medi-
cine in the imaging and therapy of patients with prostate
cancer [9-12]. However, contrary to what its name sug-
gests, PSMA is not prostate-specific, as the protein is
also expressed on cancer-induced neovasculature in
other solid malignancies, including TC [13—17]. Multiple
case reports have described an increased tracer uptake
in incidental TC on PSMA PET [18-24]. Furthermore,
histological overexpression of PSMA has been described
in RAI-R DTG, in distant metastases and in poorly dif-
ferentiated and undifferentiated TC [15, 25]. In addi-
tion, PSMA expression in the primary tumor has been
described as a predictive factor for disease recurrence,
tumor aggressiveness and RAI refractoriness [26, 27].

Some small studies have explored the role of PSMA
PET in TC, but with various histologic subtypes and var-
ying results [28—33]. The present study aimed to evaluate
the use of PSMA-targeted PET as compared to ["*F][FDG
PET in a cohort of patients with RAI-R TC. Additionally,
we examined the diagnostic significance of soluble serum
PSMA (sPSMA) and the PSMA expression in available
tumor resection specimens and biopsies.
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Materials and methods

Patient inclusion

The current prospective study was designed as a cross-
sectional, open-label phase 2b study in patients with
RAI-R TC. The study was performed at a single tertiary
referral center and approved by the local ethics commit-
tee and the competent authorities before study initia-
tion (NCT05175404). Patients were eligible for the study
when (1) they were diagnosed with histologically con-
firmed TC, with biochemical or iconographic evidence
of persistent or recurrent disease, (2) the tumor was
considered RAI-R according to European Thyroid Asso-
ciation guidelines [34], (3) female patients were either
post-menopausal, surgically sterile, or used highly effec-
tive contraceptives and (4) all patients had to have had a
routine clinical ['*F]FDG PET/CT at most two months
before inclusion. Exclusion criteria were (1) a known
other active malignancy, (2) breastfeeding, or (3) being
mentally or legally incapacitated. Between February and
September 2022, 16 patients were considered eligible
for inclusion of which eight agreed to participate in the
study. There were no dropouts after inclusion. Informa-
tion on sex, age, pathological tumor type and TNM clas-
sification [35], American Thyroid Association (ATA) risk
score at diagnosis [3], and most recent unstimulated Tg
level was recorded from the electronic patient files.

[18F]AIF-PSMA-11 PET

The PSMA-tracer used in this study, ['*F]AIF-PSMA-11,
was produced in-house, as described elsewhere [36]. All
patients received an ['*F]AIF-PSMA-11 PET/CT, with an
injected activity of 2.0+ 0.2 MBq/kg body weight. A PET
scan was performed 60 min (+5 min) after tracer injec-
tion. PET imaging was preceded by a low-dose CT scan
for attenuation correction and anatomical localization
from the head to the mid-femoral region without admin-
istering intravenous contrast fluid. All [**F]AIF-PSMA-11
PET/CT scans were performed on a GE Discovery MI
3-ring PET scanner. The images were reconstructed using
the QClear algorithm (GE Healthcare), a block sequen-
tial regularised expectation—maximization algorithm.
Adverse events were monitored from the injection of
the tracer until the patient left the nuclear medicine
department.

[18FIFDG PET/CT

All patients underwent ["*F]JFDG PET with diagnostic CT
images in a routine clinical setting as part of the inclu-
sion criteria. The scans were conducted in accordance
with the EANM procedure guidelines for tumor imaging
[37], covering the head to mid-femoral region, except for
one patient who was scanned from head to feet, approxi-
mately 60 min after injection of a standard dose of [*F]
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EDG (3.7 MBq per kg body weight + 37 MBq). A diagnos-
tic CT was performed as part of the ["*F][FDG PET/CT
scan. In six out of eight patients intravenous contrast was
administered.

Image analysis

All analyses on PET images were performed using Oasis
software (Segami corp., Columbia, USA) on AGFA
Impax (AGFA Healthcare, Mortsel, Belgium). All PET
images were analyzed by a certified nuclear medicine
physician with experience in reading ['*F]JFDG and [**F]
AIF-PSMA-11 PET and were assessed for the presence of
any lesions and their location. All CT images were ana-
lyzed by a certified radiologist with experience in head
and neck imaging. Diagnostic CT images from the ['°F]
FDG PET/CT were used to correlate the findings on both
[*8F]AIF-PSMA-11 PET and ["®*F]FDG PET to accurately
distinguish between suspicious lesions in the context
of thyroid cancer and benign lesions or sites of normal
physiological uptake such as degenerative bone lesions or
urinary excretion. The CT images were also used to iden-
tify any suspicious lesion that would be negative on both
[*F]AIE-PSMA-11 PET and ['®F]FDG PET.

The number of lesions delineated in each organ was
limited to 10 on each PET. For each lesion, the maximal
standard uptake value (SUV), SUV, .., and metabolic
tumor volume (MTV) were determined using a mar-
gin threshold set at 41% of the SUV ., value. If needed,
a manual adjustment of the delineation was made, for
example, to exclude physiologic uptake in an adjacent
region. Additionally, background SUV_.,, values were
determined in the parotic glands, the mediastinal blood
pool, and the liver. Dimensions on CT were measured
along the short axial axis for lymph nodes and along the
long axis for all other lesions. Houndsfield Units were
measured on the CT without contrast of the PSMA PET
scan.

sPSMA measurements

Before injection of the radiolabelled PSMA, a venous
blood sample was taken from all patients. All samples
were collected, centrifuged, and stored for batch process-
ing. An enzyme-linked immunosorbent assay (ELISA;
Assay Genie, Dublin, Ireland) was used to analyze
sPSMA [38]. All measurements were made in duplicate
and according to the manufacturer’s specifications. Intra-
assay coefficient of variation was 5.36%, lower limit of
quantification was 2.81 ng/mL.

Histology

For each case, 4-pm-thick sections from representa-
tive blocks of formalin-fixed, paraffin-embedded tumor
tissue were used for immunohistochemical analysis.
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Immunohistochemistry was performed using an immu-
nostainer (Benchmark XT, Ventana Medical Systems,
Tucson, AZ, USA), according to the manufacturer’s
instructions. The sections were immunostained with
a primary monoclonal antibody against PSMA (1:25;
EP192; Cell Marque). Visualization was achieved with
ultraView Universal DAB Detection kit (Ventana Medi-
cal Systems, Tucson, AZ, USA). Appropriate positive and
negative controls were used throughout the study. PSMA
expression was evaluated by two expert pathologists on
immunostained whole tissue sections (Olympus, BX53;
40 X magnification). The 3-point PSMA scale proposed
by Bychkov et al. was used to score PSMA positivity
[39]: no detectable endothelial expression or expression
in<5% of capillaries was defined as negative (score 0),
PSMA expression in 6-50% of capillaries as moderately
positive (score 1) and PSMA expression in >50% of capil-
laries as strongly positive (score 2). PSMA expression was
evaluated on the primary tumor in all eight patients and
in available metastatic lesions in five patients, consisting
of two bone metastases, one brain metastasis and two
lung metastases.

Statistics

Descriptive statistics are expressed as mean +standard
deviation (SD) or median (range). The amount, type,
SUV,..x and MTV of lesions on [“*FJAIF-PSMA-11
PET were compared with the ['FJFDG PET using both
a lesion-based and a patient-based approach. Detec-
tion rates were calculated for both [**F]AIE-PSMA-11
PET and ['F]FDG PET. The total number of suspi-
cious lesions was defined as all suspicious lesions visible
on [®F]JAIE-PSMA-11 PET, [*®F]FDG PET and/or CT.
Spearman correlation coefficients were used to evaluate
associations between semi-quantitative parameters on
['8F]AIE-PSMA-11 and ['®F]FDG PET, serological mark-
ers including unstimulated Tg levels and sPSMA, and
immunohistochemistry results. All statistical analyses
were performed using SPSS Statistics 28 (IBM, New York,
USA), and p <0.05 was considered statistically significant.

Results

Patient characteristics

Eight patients (four male, four female) were included
in this study, with a mean age of 66 years (+—7 years).
The included patients were diagnosed with follicular TC
(n=4), papillary TC (n=2), follicular variant of papil-
lary TC (n=1) or poorly differentiated TC (n=1). At the
time of initial diagnosis (between 1988 and 2022), five
patients had a high ATA risk score, one had an interme-
diate ATA risk score, and two had a low ATA risk score.
The included patients were considered iodine refractory
based on the absence of uptake of RAI in all (n=2) or
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some (n=1) lesions on a post-therapy scan, absence of
uptake of RAI in all lesions on a diagnostic iodine scan
(n=3), progressive disease 6 months after treatment with
RAI (n=1), or persistent disease despite treatment with
maximal dose of RAI (n=1; cumulative dose 950 mCi).
Seven patients were previously treated with RAI, with
cumulative activities ranging from 100 to 950 mCi. Two
patients were treated with a tyrosine kinase inhibitor at
the time of inclusion (PT3: lenvatinib 10 mg and PT7:
lenvatinib 14 mg). PT3 had previously been treated with
sorafenib 200 mg but this treatment was discontinued
due to intolerance. The most recent unstimulated Tg lev-
els ranged from 1.13 pg/dl to 2270 pg/dl with a median
of 132.25 pg/dl; none of the patients had Tg antibodies.
An overview of the patient characteristics can be found
in Table 1.

[18F]AIF-PSMA-11 PET

The mean administered activity of [*F]AIF-PSMA-11
was 143.30 MBq (+—23.7 MBq). The time between
tracer injection and start of the PET scan was exactly
60 min for each patient. The median time between the
['8FJEDG PET and ['®F]JAIF-PSMA-11 PET was 4 days
(range 2—-35 days). No adverse events were recorded.

Background SUV,,,., in the liver on ['**F]AIF-PSMA-11
PET has a median of 4,6 but with a wide range from 1.9
to 12.9. The mean background SUV,.,, in the parotid
gland was 9.0 (+—0.9), excluding two patients with bilat-
eral parotid atrophy and, as such, no uptake of PSMA.
The mean SUV .. in the mediastinal blood pool was 1.1
(+-0.2).

For the lesion-based analysis, a total of 30 suspi-
cious lesions were identified on [‘®F]AIF-PSMA-11
PET with a median SUV_,, of 4.0 (range 1.2-14.8). On
['®F]FDG PET, 33 lesions were found with a median
SUV ., of 5.3 (range 2.3-44.9). In total, there were 39

max

Table 1 Overview of patient characteristics
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lesions on ['®F]AIE-PSMA-11 and [**F]FDG PET com-
bined. No additional suspicious lesions were visual-
ized on the CT part of the ['®F][FDG PET/CT. These
results provide a detection rate of 76.9% for [°F]AIF-
PSMA-11 PET and a detection rate of 84.6% for ['°F]
FDG PET. Twenty-four lesions were visible on both
['®F]AIE-PSMA-11 PET and ['®F]JFDG PET, includ-
ing one locoregional recurrence, one lymph node, ten
bone lesions and twelve lung lesions. Six lesions in five
patients were only visible on ['*F]JAIF-PSMA-11 PET,
of which two were located in the brain, one was a local
recurrence, one was a lymph node, and two were bone
lesions. Nine lesions in three patients were only vis-
ible on ['®F]JFDG PET, consisting of eight lung lesions
and one lymph node (Fig. 1). Further characteristics,
including lesion size and Houndsfield units on non-
contrast enhanced CT, can be found in Table 2. In one
patient with papillary TC, the only visible lesion was an
FDG-positive, PSMA-negative lymph node; in another
patient with follicular TC, the only lesion was a PSMA-
positive, FDG-negative brain metastasis. Interestingly,
a combination of both PSMA-positive, FDG-negative
lesions and PSMA-negative, FDG-positive lesions was
observed in one patient with follicular TC.

On a patient-based analysis, the median of the
mean SUV_.  of all lesions per patient was 10.34
(range 0-11.21) on ['®F]AIF-PSMA-11 PET and 3.70
(range 0-20.72) on ['|FJFDG PET. An overview of
the patient-based analysis can be found in Table 3.
Statistical analysis showed a significant correlation
between total metabolic tumor volume (TMTYV) of the
lesions on ['"®*F]PSMA and ['*F]FDG PET (r(8)=0.987;
p=<0.001), as well as between TMTV on [**F]PSMA
PET and thyroglobulin levels (r(8)=0.852; p=0.007)
and between TMTYV on ['®F]FDG PET and thyroglobu-
lin levels (r(8) =0.912; p=0.002).

Gender Age Histology Primary ATArisk score TNM staging* Unstimulated Cumulative 3"l activity (mCi)**
diagnosis Tg (ng/dl)
PT1  Male 75 Papillary, follicular variant 2009 High TTbNOM1 234 950 (150+ 200+ 200+ 200+ 200)
PT2 Female 70 Follicular 1994 Low T2NXMX 8.03 200
PT3 Female 56 Follicular 2007 Low T3aNOMO 245 100
PT4 Female 63 Follicular 2016 High T3aN1M1 235 100
PT5 Male 63 Papillary 1988 High T1aN1TM1 1.13 500 (100+ 1004 150+ 150)
PT6  Male 69 Papillary 2009 Intermediate T2NTMO 535 350 (100+ 100+ 150)
PT7 Female 59 Follicular 2014 High T4aNTM1 211 400 (100+ 100+ 200)
PT8 Male 74 Poorly differentiated 2022 High T4aNOM1 2270 0

ATA American Thyroid Association; Tg thyroglobulin
" According to TNM classification of malignant tumours, eight edition

" Between brackets: activities of each separate '*' treatment



Van den Broeck et al. EJINMMI Research

(2024) 14:82

Page 5 of 10

Fig. 1 Example of a lesion that is only visible on PSMA PET (PT1) and a lesion that is only visible on FDG PET (PT 6). A PSMA PET/CT axial fusion
images. B FDG PET/CT axial fusion images. CT1 weighted MRl images with gadolinium. D PSMA PET/CT axial fusion images. E FDG PET/CT

axial fusion images; A-C shows focal uptake in the cerebellum on PSMA PET (blue arrow), not visible on FDG PET, corresponding with a known
metastasis on MRI.; D, E shows intense focal uptake on FDG PET, without uptake on PSMA PET in a known pathologic retropharyngeal lymph node

sPSMA

sPSMA levels were measurable in the four male patients
with a mean of 37.7+17.56 ng/mL (range 20.3-55.9).
The four female patients had undetectable SPSMA levels.
Correlation analysis showed no significant correlations
between sPSMA and TMTV or mean SUV_,, on PSMA
or FDG PET nor between sPSMA and Tg levels.

Histology

Immunostaining proved positive in five of the primary
TC (PT1, PT2, PT3, PT7 and PT8) (63%) and nega-
tive in the remaining three (PT4, PT5 and PT6) (37%).
Among the five positive cases, PSMA expression was
scored moderately positive (score 1) in three cases (PT1,
PT2 and PT3) and strongly positive (score 2) in two
cases (PT7 and PT8). Endothelial expression of PSMA
was exclusively localized within tumor tissue, but not in
normal or non-neoplastic thyroid tissue. There were no
significant correlations between the PSMA-score in the
primary tumor and any parameters on either PSMA or
FDG PET, or sPSMA levels.

Of the three patients without PSMA expression on the
primary tumor, PT4 and PT5 did have PSMA-positive
lesions at 6 years and 34 years after diagnosis. The third
patient, PT6 had one FDG-positive lesion, but without
PSMA-uptake.

Positive PSMA endothelial expression was observed in
all five histologically examined metastases: strong (score
2) expression in 2 bone metastases (PT1 and PT8) and
one brain metastasis (PT7) (Fig. 2), moderate (score 1)
expression in 2 lung metastases (PT2 and PT3). No meta-
static tissue samples were available for immunostaining
of the patients that had no PSMA-expression on the pri-
mary tumor.

Discussion

The current study aimed to assess the performance of
['8F]AIE-PSMA-11 PET compared to ['*F]JFDG PET in a
homogeneous cohort of patients with RAI-R TC. A total
of 39 lesions were identified as suspicious in the cohort
of included patients. Of these, ['*F]AIF-PSMA-11 PET
detected 30 lesions, whereas ['®F]FDG PET detected 33
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Table 2 Lesion characteristics on PSMA and FDG PET
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Patient Type PSMA SUVmax PSMA MTV (ml) FDG SUVmax FDG MTV (ml) Lesion size Houndsfield
(mm) units

Lesion 1 PT1 Brain 838 044 ND 0 ND ND
Lesion 2 PT1 Bone 10.1 5346 50 30.04 370 147
Lesion 3 PT1 Bone 14.8 2.72 3.8 0.87 ND ND
Lesion 4 PT2 Local 9.1 330 ND 0 ND ND
Lesion 5 PT2 Lung 6.3 757 6.1 6.15 17 66
Lesion 6 PT2 Lung 26 2.85 38 293 19 55
Lesion 7 PT2 Lung 23 3.10 34 3.1 13 34
Lesion 8 PT2 Lung ND 0 58 2.66 49 41
Lesion 9 PT2 Lung ND 0 4.6 249 17 33
Lesion 10 PT2 Lung 23 7.55 53 8.06 21 39
Lesion 11 PT2 Lung 29 511 2.5 5.76 9 4
Lesion 12 PT2 Lung 35 6.32 33 5.67 M 25
Lesion 13 PT2 Lung 4 5383 84 5433 16 35
Lesion 14 P12 Lung 4.6 513 43 9.35 23 57
Lesion 15 PT2 Bone 39 4.14 6.6 507 16 47
Lesion 16 PT2 Bone 7 47.39 4 26.34 38 44
Lesion 17 PT3 Lung ND 0 14.6 0.96 4 -5
Lesion 18 PT3 Lung ND 0 309 0.87 8 34
Lesion 19 PT3 Lung 4.2 5.26 449 6.30 21 41
Lesion 20 PT3 Lung ND 0 6.2 2.24 5 19
Lesion 21 PT3 Lung ND 0 23 0.10 3 -256
Lesion 22 PT3 Lung ND 0 14.1 2.12 7 32
Lesion 23 PT3 Lung 2 1.87 295 1.93 8 34
Lesion 24 PT3 Lung 2.1 152 24.7 0.85 7 -95
Lesion 25 PT3 Lung ND 0 9,8 1,31 6 15
Lesion 26 PT3 Lung 4.1 7.71 30.2 6.26 18 48
Lesion 27 PT4 Local 23 0.77 48 0.81 11 85
Lesion 28 PT4 Bone 75 268 7.2 1.89 5 168
Lesion 29 PT4 Bone 36 0.87 53 1.35 9 93
Lesion 30 PT5 Lymph node 2 0.89 23 0.46 10 22
Lesion 31 PT5 Lymph node 23 037 ND 0 8 8
Lesion 32 PT6 Lymph node ND 0 243 0.80 7 50
Lesion 33 PT7 Brain 43 3.76 ND 0 21 38
Lesion 34 PT8 Bone 4.2 391 ND 0 12 305
Lesion 35 PT8 Bone 3.1 0.77 ND 0 ND ND
Lesion 36 PT8 Bone 4.5 13.74 44 6.87 32 66
Lesion 37 PT8 Bone 52 1091 4.2 7.96 18 73
Lesion 38 PT8 Bone 37 6.55 25 8.16 20 23
Lesion 39 PT8 Bone 29 247 4.7 324 105 36

ND not detectable

lesions. As such, the detection rate of [\*F]AIF-PSMA-11
PET was 76.9%, lower than the 84.6% with the cur-
rent gold standard of [*FJFDG PET. However, despite
the higher number and mean tracer uptake of lesions
detected by ['®F]FDG PET, [®F]AIF-PSMA-11 PET was
able to detect 6 lesions that were not detected by ['°F]
FDG PET. Furthermore, in one out of eight patients,

disease localization was achieved only by ['®F]AIF-
PSMA-11 PET. Our results are consistent with previous
studies in DTC which also found a lower detection rate
in [*®Ga]Ga-PSMA-11 and [**Ga]Ga-HBED-CC-PSMA
PET compared with ['F]FDG PET and in line with the
study from Shi et al., which also included also a patient
group with RAI-R DTC [28-30, 40].
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Table 3 Patient-based analysis of PSMA and FDG PET, sPSMA and immunohistology

Page 7 of 10

Lesions PSMA Mean TMTV PSMA Lesions FDG Mean TMTV FDG Lesions total sPSMA (ng/ml) Histology score
SUVmax  (ml) SUVmax (ml) (primary tumor)
PSMA FDG
PTT 3 11.21 56.62 2 292 3091 3 25.28 1
PT2 11 373 146.29 12 4.47 131.91 13 ND 1
PT3 4 1.24 16.36 10 20.72 2294 10 ND 1
PT4 3 4.47 4.32 3 5.77 4.05 3 ND 0
PT5 2 2.15 1.26 1 1.15 046 2 4943 0
PTe 0 0 0 1 243 0.8 1 20.32 0
PT7 1 43 376 0 0 0 1 ND 2
PT8 6 393 282.88 4 263 346.99 6 55.89 2
TMTV total metabolic tumor volume; ND not detectable
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Fig. 2 Example of strong PSMA expression in a primary tumor (PT8) and in a brain metastasis (PT7). A Strong PSMA expression (score 2) in thyroid
resection specimen of poorly differentiated TC. B Strong PSMA expression (score 2) in brain metastasis of a follicular TC

Interestingly, we observed a distinction between the
types of lesions detectable by both PET modalities.
Generally, more bone lesions were visible on [**F]AIF-
PSMA-11 PET compared to ["*F]JFDG PET, while the
inverse was true for lung metastases. Furthermore, the
two brain metastases were only detectable using ['F]
AIF-PSMA-11 PET. Various factors could account for
these observations. First, the high background activity
of ["F]FDG in the brain may account for the discrep-
ancies between ["*FIFDG PET and ["*F]AIF-PSMA-11
PET in detecting brain metastases. Second, the visu-
alisation of bone metastases on ['*F]AIF-PSMA-11 PET
might be partly attributable to the fluor element rather
than the PSMA moiety of the tracer. Indeed, '*F-labeled
PSMA tracers are known for their higher skeletal uptake,
including bone metastases and benign bone lesions, com-
pared to their ®®Ga-labeled counterparts [41—43]. Third,
although angiogenesis is a hallmark of cancer, there have
been speculations that not all cancer cells induce new
blood vessel formation for their vascularisation but that

some could utilize pre-existing blood vessels as a form
of vessel co-option [44, 45]. Vessel co-option could be a
common characteristic of lung metastases and a mode
of resistance to anti-angiogenic therapy [44—48]. As for
now, the occurrence of vessel co-option in TC metasta-
ses has not been examined yet. Since PSMA expression
is only observed on the endothelial cells of the newly
formed and not on normal vascular endothelial cells,
vessel co-option might account for why lung metastases
exhibit lower uptake in ["*F]PSMA PET scan.

Taken together, PSMA and FDG PET seem to visual-
ize different facets of the oncologic process, tumor glu-
cose metabolism and neovascularization, suggesting
that PSMA PET may complement FDG PET in the diag-
nosis and follow-up of RAI-R TC. For example, PSMA
PET could assist in detecting the origin of an increasing
tumor marker when standard imaging techniques are
unsuccessful.

Remarkably, two patients without PSMA expression
on the primary tumor had PSMA-positive lesions 6 and
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34 years after resection of the primary tumor, suggesting
that PSMA expression could be variable at one time point
or may emerge progressively over time. Therefore, both
our imaging and histology results may reflect tumoral
heterogeneity.

In addition to the potential use of targeting PSMA
using PET imaging, we also evaluated the value of meas-
uring sSPSMA in patients with RAI-R TC. We hypothe-
sized that an increase in neovasculature formation could
impact the amount of protein shed from the tumor,
which could be a potential biomarker for tumor growth.
However, in this small cohort, SPSMA was only detect-
able in male patients and showed no correlation with
any of the FDG or PSMA PET parameters, while SPSMA
remained below the detection limit in all female patients.
Probably, rather than being a potential tumor marker,
sPSMA seems to reflect the presence of prostate tissue.

In this proof-of-concept study, we aimed to evaluate
the role of PSMA as a biomarker in RAI-R TC, by means
of ["F]PSMA PET, sPSMA and immunohistology in a
cohort of patients with RAI-R TC. However some limi-
tations need to be acknowledged. The first limitation
is the lack of histological confirmation for lesions that
showed discrepancies between [®F]AIF-PSMA-11 and
['8F]JEDG PET results. Most of these lesions were already
confirmed sites of disease recurrence or metastases, but
some, such as bone lesions, were not previously identi-
fied. However, due to the invasive nature of biopsies, his-
tological confirmation of previously unknown lesions was
not part of this study. An important second limitation in
this study is the small sample size. Even though this study
was conducted in a tertiary reference center, only a few
patients met the inclusion criteria and were included.

Nevertheless, the results of this small cohort corrobo-
rate the potential value of targeting PSMA in this rela-
tively rare group of patients. Our findings do not provide
conclusive results, so more in-depth research is neces-
sary to develop a more nuanced understanding of the
use of PSMA PET in the diagnosis and staging of RAI-R
TC. Future studies should aim to include larger patient
cohorts and address the limitations identified in our cur-
rent work, thereby ensuring more generalizable results.

Conclusion

[(**F]AIF-PSMA-11 PET imaging demonstrates encour-
aging results in patients with RAI-R TC. ['®F]AIF-
PSMA-11 PET detected six lesions that were not
visible on ["®F]JFDG PET, including a solitary lesion in
one patient. These discrepancies indicate a potential
role for PSMA-targeted PET imaging in patients with
RAI-R TC when other imaging techniques, including
["®F]JFDG PET fail to locate the source of disease pro-
gression. While larger prospective studies are required,
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these results add to the existing pool of data that may
suggest an additional role for PSMA PET in thyroid
carcinoma.
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