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disease), 20% with stage II (metastatic disease in the ret-
roperitoneal lymph nodes) and 10% with stage III (distant 
metastasis) [2]. 5% of GCT patients present with primary 
extragonadal tumor [3]. While computed tomography 
(CT) is recommended for (re-)staging of patients with 
TC, 18F-fluorodeoxyglucose-positron emission/com-
puted tomography ([18F]FDG PET/CT) is an option in 
the evaluation of residual tumor masses after chemother-
apy in patients with seminomatous GCT [4].

PET imaging has the advantage of combining con-
ventional imaging with molecular imaging to detect 
occult metastases in other urologic malignancies [5]. 
[18F]F-FAPI-74 PET/CT is a new imaging modality, tar-
geting the fibroblast-activation-protein (FAP), which 
is expressed by cancer-related fibroblasts in the tumor 
microenvironment of solid malignancies and was initially 
described in 1988 [6]. FAP can be targeted by several 
tracers and the use of FAPI PET/CT has shown promis-
ing results for staging in other malignancies like blad-
der cancer or penile cancer [7, 8]. FAPI PET/CT has not 
yet gained approval for routine clinical use in any cancer 
entity. However, existing practice guidelines are designed 
to help practitioners provide appropriate care for their 
patients [9].

To date, there is only one case report describing the use 
of FAPI PET/CT for staging in a patient with GCT [10]. 

Background
Testicular Cancer (TC) is the most common cancer in 
young men with a 5-year survival rate of 95% [1]. This is 
most likely due to the availability of successful therapies 
even in metastatic stages, including surgery, chemother-
apy and radiotherapy. The majority of TC are germ cell 
tumors (GCT), which can be categorized as seminoma-
tous and nonseminomatous GCTs. At the time of diagno-
sis, 70–75% of patients present with stage I TC (localized 
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This single-center feasibility study is the first investigat-
ing the potentials of [18F]F-FAPI-74 PET/CT scan for 
staging of patients with testicular or extragonadal GCT.

Materials and methods
Patient selection and PET/CT scan
GCT patients planned for chemotherapy or residual 
tumor resection (RTR) after prior chemotherapy received 
[18F]F-FAPI-74 PET/CT prior to re-treatment. Tracer 
uptake was measured in suspicious tumor masses such 
as primary tumor site, lymph nodes or residual tumor 
masses. Imaging results were compared to histopathol-
ogy. Regions of suspicious lesions were determined on 
imaging and the lesions with the highest standardized 
uptake value (SUVmax) were assessed. None of the par-
ticipants had distant metastasis.

In accordance with § 13(2b) of the German Pharmaceu-
ticals Act, the production of [18F]F-FAPI-74 was carried 
out under the direct responsibility of the prescribing phy-
sician. The precursor FAPI was supplied in GMP quality 
by SOFIE (Dulles, Virginia, USA).

[18F]F-FAPI-74 was synthesized on-site using a 
16.5  MeV PETtrace cyclotron (GE Healthcare, Uppsala, 
Sweden) via the  18O(p, n)18F nuclear reaction, achieved 
by proton bombardment of enriched H2

18O (Rotem 
Industries, Arava, Israel). The radiosynthesis of [18F]
F-FAPI-74 was conducted on an AllinOne module (Tra-
sis, Liège, Belgium) with a commercially available FAPI-
74 cassette and reagent kit (Trasis, Liège, Belgium). The 
process involved preformulation of aluminum chloride 
in dimethylsulfoxide and acetonitrile, followed by pH 
adjustment to 4–5 using ascorbic acid. Fluoride, with 
starting activities of 47.2 ± 13.4 GBq, was captured on 
a QMA cartridge and eluted using a NaCl-based solu-
tion. The radiolabeling reaction proceeded at 70  °C for 
10  min, and the crude product was subsequently puri-
fied via solid-phase extraction (SPE) before formulation 
in a sodium ascorbate-containing matrix. This stream-
lined process resulted in radioactivity yields (RAY) of 
63.0 ± 9.2% (n = 36) with a radiochemical purity (RCP) of 
99.8 ± 0.1% (n = 36), achieved without HPLC purification. 
The final product was sterile-filtered through a Merck 
Cathivex-GV filter and dispensed under cleanroom class 
A conditions. At the end of synthesis (EOS), the specific 
activity ranged from 1729 GBq/µmol to 10,286 GBq/
µmol. Quality control of the final product was conducted 
in compliance with local regulations.

PET/CT scan was performed 60  min after tracer 
injection. A mean activity of 228 MBq (range 200–291) 
was injected intravenously. All patients were injected 
additionally with furosemide (Furosemid-ratiopharm 
20 mg/2 ml injection solution, ratiopharm GmbH, Ulm, 
Germany) for radiation protection as well as to reduce 
urinary activity in the renal pelvicalyceal system if no 

contraindication was given. All patients received a con-
trast enhanced CT (ceCT) either as part of the [18F]
F-FAPI-74 PET/CT scan or as a separate additional scan. 
Findings in conventional CT were correlated with PET/
CT scans. Analysis of PET scans were performed using 
Hermes Hybrid viewer (Hermes Medical Solutions, 
Stockholm, Sweden). PET-positive lesions were identified 
by increased tracer uptake above the background.

This analysis was performed in compliance with the 
principles of the Declaration of Helsinki and its subse-
quents amendments and prospective registry study of 
data was approved by the institutional ethics board of the 
LMU Munich (IRB 24–0255).

Immunohistochemical analysis and semiquantitative 
analysis of FAP expression
Immunoreactivity for FAP was assessed using immuno-
histochemistry on formalin-fixed, paraffin-embedded 
(FFPE) tissue samples. Antigen retrieval was performed 
through heat treatment with Target Unmasking Fluid 
(PanPath B.V., Budel, Netherlands; Z000R0000). The 
slides were then incubated at room temperature for 
60  min with rabbit monoclonal anti-human primary 
antibodies against FAP (1:120; Abcam, Berlin, Germany; 
EPR20021). Bound antibodies were detected using the 
ImmPRESS Anti-Rabbit IgG Polymer Kit (Vector Labora-
tories, Newark, CA, USA; MP-7401). Staining was visu-
alized with DAB+ (Agilent Technologies; K3468) as the 
chromogen. Finally, sections were counterstained with 
hematoxylin (Vector Laboratories; H-3401), dehydrated, 
and mounted.

FAP staining was assessed as previously described [11]. 
Briefly, both the staining intensity and the percentage of 
tumor stroma involved were evaluated in FAP-stained 
sections using a two-digit scoring system: one digit for 
intensity and the other for the percentage of stained 
tumor stroma. The percentage of immunoreactive stro-
mal cells was scored semiquantitatively as 0 (absent or < 
1%), 1 (1–5%), 2 (6–33%), 3 (34–66%) and 4 (67–100%). 
The staining intensity was also graded semiquantitatively 
on a scale of 0 to 3 (0 = absent staining, 1 = weak staining, 
2 = moderate staining, 3 = strong staining).

The final interpretation was determined by combin-
ing the intensity score with the tumor stroma percentage 
score as follows:

 	• 11–12: negative.
 	• 13, 14, 21: weak positive.
 	• 22, 23: moderate positive.
 	• 24, 31–34: strong positive.

The correlation between FAP expression score and SUV-
max was calculated using the Pearson correlation coef-
ficient (r). The FAP expression of each patient specimen 
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was correlated with all SUVmax detected in the patient’s 
PET/CT scan.

Results
Overview about the baseline characteristics, oncological 
data and results is displayed in Table 1.

Five Patients with median age of 57 years (Interquartile 
Range (IQR) 54.5–59.5) were included between May 2024 
and March 2025 in this pilot study. Two (40%) patients 
were planned for chemotherapy, three (60%) patients 
were planned for RTR. One patient (patient 1) who 
received chemotherapy was diagnosed with primary ret-
roperitoneal GCT (prGCT). Patients received a median 
activity of 214 MBq (IQR 204–258). A Pearson correla-
tion analysis revealed a positive correlation between FAP 
expression score and SUVmax (r = 0.80).

Staging prior to chemotherapy
Two patients were planned for chemotherapy (patients 1 
and 2). Patient 2 was diagnosed with testicular seminoma 
and received PET/CT scan due to marker persistence 

of alfa fetoprotein (AFP) after ablatio testis. Due to the 
stable persistence of AFP levels and unremarkable imag-
ing findings, the patient underwent active surveillance. 
Likewise, no suspicious metastatic lesions were detected 
in conventional CT as well as with PET and therefore 
no SUVmax was calculated. Histopathology of the pri-
mary cancer showed a high FAP expression score of 34 
(Table 1).

Patient 1 was diagnosed with seminomatous prGCT 
by CT-interventional biopsy and received PET/CT-scan 
prior and after chemotherapy with four cycles etoposide 
and cisplatin. Prior tumor masses measured 5.2 × 5.4 cm 
and 1.1 × 1.4, respectively, and showed a SUVmax of 4.89 
and 1.55 prior to chemotherapy with 4 cycles of Etopo-
side and Cisplatin. Lactate dehydrogenase (LDH) was the 
only tumor marker elevated prior to chemotherapy with 
a value of 363 U/l. Histopathology of the biopsy revealed 
a FAP expression score of 11. The second PET/CT-scan 
was performed six weeks after the last of four chemo-
therapy cycles, showing an axial reduction of tumor mass 
1.6 × 2.3 cm respectively 0.8 × 1.0 cm, a normalized LDH 

Table 1  Baseline characteristics and oncological data of included patients as well as results of PET/CT scan
Patient-ID 1 2 3 4 5
Age at initial diagnosis 57 60 53 54 58

Primary tumor site Retroperitoneum Testis Testis Testis Testis

Initial therapy Chemotherapy Ablatio testis Ablatio testis Ablatio testis Chemotherapy

Primary histopathology Seminoma Seminoma NSGCT (embryo-
nal carcinoma)

NSGCT (embryonal 
carcinoma)

NSGCT (terato-
ma, embryonal 
carcinoma)

Clinical stage according to 
UICC

IIC IS IIIB IIIB IIIB

Prognostic group according 
to IGCCCG

Good prognosis Good 
Prognosis

Intermediate 
prognosis

Poor Prognosis Intermediate 
Prognosis

Chemotherapy regime 
(cycles)

Etoposide, Cisplatin (4) None Ifosfamide, Etopo-
side, Cisplatin (4)

Ifosfamide, Etoposide, Cispla-
tin (4)

Ifosfamide, 
Etoposide, 
Cisplatin (4)

Suspicious tumor localiza-
tion and dimensions (SAD x 
LAD, axial PET/CT)

A, retroperitoneal (5.2 × 5.4 cm)
B, retroperitoneal (1.6 × 2.3 cm)

None retroperitoneal 
(1.8 × 2 cm)

A, retroperitoneal 
(2.5 × 1.1 cm)
B, retroperitoneal (no 
adequate measurement 
possible)

retroperitoneal
(10 × 8 cm)

Histopathology of 
RTR-specimen

- - Necrosis, fibrosis, 
inflammation

A, necrosis
B, necrosis

Teratoma

Histological FAP expression 
score (Specimen)

11 (needle biopsy) 32 (testis) 34 (retroperitone-
al tumor mass)

0 (retroperitoneal tumor mass) 23 (retroperi-
toneal tumor 
mass)

SUVmax A, 4.89 (retroperitoneal tumor 
mass)
B, 1.55 (retroperitoneal tumor 
mass)

No signal 6.98 (retroperito-
neal tumor mass)

A, 2.72 (retroperitoneal tumor 
mass)
B, 2.34 (retroperitoneal tumor 
mass)

4.22 (retroperi-
toneal tumor 
mass)

SUVmax after chemotherapy 
(SAD x LAD, axial in PET/CT)

A, 5.41 (CAVE: superimposed 
activity of the Vena cava inferior; 
1.6 × 2.3 cm)
B, 1.76 (CAVE: superimposed 
activity of the Vena cava inferior; 
0.8 × 1 cm)

- - - -

 RTR = residual tumor resection; SUVmax = standardized uptake value; SAD = short-axis diameter; LAD = long-axis diameter
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and a SUVmax of 5.41 and 1.76 (Fig.  1; Table  1), respec-
tively. It is important to note that both lesions were near 
the vena cava inferior, resulting in superimposing tracer 
activity.

Evaluation of residual tumor mass prior to RTR
Three patients diagnosed with testicular NSGCT who 
were planned for RTR after chemotherapy were included 
(patients 3, 4 and 5). The mean SUVmax was 4.07 (range 
2,34–6.98). Patient 5, who was diagnosed with teratoma 
in the final pathology (FAP expression score 23) after 
RTR. Although patient 3 was diagnosed with necrosis in 
pathology, the scan demonstrated a SUVmax of 6.98 and 
showed a FAP expression score of 34 (Table 1). Patient 4 
was diagnosed with necrosis in pathology, the scan dem-
onstrated a SUVmax of 2.72 and 2.34 and showed a FAP 
expression score of 0 (Table 1).

Discussion
In general, the treatment of germ cell tumors (GCT) is 
associated with an excellent prognosis. However, thera-
peutic interventions for advanced disease can result in 
long-term complications. Accurate tumor monitoring is 
crucial to balance invasive treatments with surveillance 
strategies. Current morphological imaging modalities 
and serum tumor markers have limitations in reflecting 

true tumor activity. [18F]F-FAPI-74 PET/CT represents a 
novel approach to GCT imaging. In this pilot study, we 
demonstrate that [18F]F-FAPI-74 PET/CT imaging of 
GCT across different disease stages is feasible and corre-
lated with fibroblast activation protein (FAP) expression 
on histopathology (r = 0.8).

According to current guidelines, [18F]FDG PET/CT 
can be performed to evaluate the presence of vital resid-
ual tumor masses before RTR in seminomatous GCT, 
but there is no recommendation for its use in NSGCT 
due to low sensitivity [4, 12]. Studies show a high nega-
tive predictive value (NPV) of 94%, but also a high rate 
of false-positive findings in seminomatous GCT [13]. In 
our study, we found that one patient with poor signal 
on [18F]F-FAPI-74 PET/CT prior to RTR did not have a 
vital tumor mass in pathology. In addition, we included 
a patient diagnosed with seminomatous GCT and per-
sistent tumor marker AFP (cS IS), who showed no evi-
dence of tracer activity in the retroperitoneum, although 
measurement of FAP expression in the primary tumor 
specimen showed a high FAP expression score of 32. 
Since the patient remained without evidence of disease 
during follow-up and due to the high FAP expression in 
the primary tumor tissue, we hypothesized that metas-
tases would also have shown higher FAP expression and 
therefore would have been detected by FAPI PET/CT. 

Fig. 1  Results from PET/CT scan correlated with FAP expression score in pathology (RTR = residual tumor resection)

 



Page 5 of 6Kidess et al. EJNMMI Research           (2026) 16:13 

Regarding the atypical AFP elevation in a seminoma 
patient, it is important to note that non-specific AFP ele-
vation occurs in approximately 2% of seminoma patients 
[14]. In line with these results, studies showed a high 
NPV of over 90% across other tumor entities [7]. Thus 
[18F]FAPI PET/CT might have a potential in the detec-
tion of healthy patients before RTR [7].

The results of our study also show conflicting results. 
One Patient undergoing post-chemotherapy RTR showed 
tracer uptake on PET/CT and a high FAP expression in 
the pathology specimen, but no signs of residual vital 
tumor. False-positive results go in line with a publication 
by Ludwig et al. suggesting that such findings might be 
explained by activated fibroblasts expressing FAP due 
to remodeling processes or fibroinflammatory condi-
tions [15]. Kessler et al. and Taralli et al. demonstrated 
that false-positive results in FAPI PET/CT can be caused 
by healing and inflammatory processes resulting from 
chemotherapy [16, 17]. Next, we present a patient with 
prGCT showing a higher value of SUVmax after chemo-
therapy, although successful response to chemotherapy 
was confirmed due to decreasing retroperitoneal tumor 
masses and decreasing tumor markers. This might be 
false-positive due to overlapping activity of the vena cava 
inferior. Hotta et al. showed that FAPI tracer activity in 
blood vessels might influence the SUVmax of adjacent 
structures [18]. Another study reported that cisplatin 
and etoposide can induce inflammation within the tumor 
microenvironment [19], resulting in stronger tracer 
uptake after chemotherapy. Interestingly, needle biopsy 
of the retroperitoneal mass with higher FAP-expression 
showed a FAP expression score of 11 by histopathology, 
which is regarded as negative. However, studies showed 
that the expression analysis of the pathological speci-
men may differ between the needle biopsy and the whole 
tumor [20].

Teratoma inherits a special role in the treatment of 
advanced GCT. Teratoma is chemotherapy-resistant and 
does not express tumor markers [21]. Moreover, [18F]
FDG PET/CT has proven unreliable for NSGCT over-
all, not just teratoma. It underperforms compared to CT 
when distinguishing necrosis or fibrosis from teratoma, 
can give false‑positive signals in post‑chemotherapy 
inflammation, and may miss small lesions altogether [22, 
23]. Recent diagnostic approaches to predict malignancy 
in residual tumor masses by microRNA-371 showed 
promising results in identifying viable cancer in residual 
post-chemotherapy tumor masses but also failed in the 
detection of teratoma [24]. In our study, we observed a 
high tracer uptake at PET/CT of a residual tumor con-
taining vital teratoma.

We acknowledge several limitations of our analysis. 
First, the small sample size limits the generalizability of 
our findings. Second, the retrospective design precluded 

a standardized protocol for scan timing both before sur-
gery and after chemotherapy. Third, we employed [18F]
F-FAPI-74 as the tracer, whereas other studies in urologic 
tumors—such as penile or bladder cancer—have used 
[68Ga]Ga-FAPI-46, which complicates direct compari-
sons [7, 8]. Prospective studies with larger cohorts are 
needed to determine the true strengths and weaknesses 
of [¹⁸F]F-FAPI-74 PET/CT in germ cell tumor patients. 
Furthermore, a power analysis was not performed in 
advance. The absence of a direct, head-to-head compari-
son with [18F]FDG PET/CT is a significant limitation.

Conclusion
[18F]F-FAPI-74 PET/CT appears to be a feasible imaging 
method in GCT and offers molecular insights that com-
plement conventional CT and [18F]FDG PET/CT. Tracer 
uptake frequently corresponded to fibroblast activation, 
such as in cases of teratoma; however, some inconsisten-
cies were observed, including uptake in nonviable tissue 
and one missed marker-positive lesion. Due to the lim-
ited number of cases in this pilot study, further research 
is necessary to clarify the diagnostic value of FAPI PET/
CT in comparison to established imaging techniques for 
staging and managing GCT.
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