
 

 

 

 
Technische Universität München 
TUM School of Medicine and Health 
 

 
 

 
18F-rhPSMA7 for biochemical recurrence in prostate 

cancer 
 
 

Lena Charlotte Ulbrich 
 
 

 
Vollständiger Abdruck der von der TUM School of Medicine and Health der 

Technischen Universität München zur Erlangung einer 

                                                  Doktorin der Medizin (Dr.med.) 

genehmigten Dissertation. 

 
 
Vorsitz:               apl. Prof. Dr. Bernhard Haslinger 
 
Prüfende der Dissertation: 
 

1. Prof. Dr. Tobias Maurer 

2. apl. Prof. Dr. Matthias Eiber 

 

 

Die Dissertation wurde am 05.10.2023 bei der Technischen Universität 

München eingereicht und durch die TUM School of Medicine and Health am 

06.02.2024 angenommen. 

 

 

 



 

2 

 

18F-rhPSMA7 for biochemical 

recurrence in prostate cancer 

Detection of biochemical recurrence of prostate cancer following radical 

prostatectomy through 18F-rhPSMA-7 positron emission tomography 

 

 

Lena Ulbrich 

 

  



 

3 

Table of Contents 

Abreviations alphabetical ............................................................................ 4 

List of figues ................................................................................................. 5 

List of tables ................................................................................................. 5 

1. Introduction .............................................................................................. 6 

1.1 Epidemiology ..................................................................................... 6 

1.2 Primary Detection .............................................................................. 6 

1.3 Primary therapy.................................................................................. 8 

1.4 Biochemical recurrence of prostate cancer ...................................... 9 

1.4.1 Treatment of BCR ......................................................................... 10 

1.4.2 Imaging of BCR after RP .............................................................. 11 

1.4.2.1 Positron emission tomography .................................................. 13 

1.4.2.2 PET/CT imaging ........................................................................ 14 

1.4.2.3 Prostate Specific Membrane Antigen-based imaging .............. 15 

1.4.2.4. Family of PSMA-Tracers .......................................................... 17 

1.4.2.4.1 68-Gallium ........................................................................... 18 

1.4.2.4.2 18F-labelled agents ............................................................ 19 

1.4.2.5 Radiohybrid PSMA-ligands ....................................................... 20 

2. Questions and Aims .............................................................................. 22 

3. Material and Methods ............................................................................ 23 

3.1 Synthesis of 18F rhPSMA-7 ............................................................. 23 

3.1.1 Following, the radiopharmaceutical detail of resynthesis for 18F-
rhPSMA are described ....................................................................... 23 

3.1.2 Manual 18F labeling .................................................................. 24 

3.2 Patients ............................................................................................ 26 

3.3 18F rhPSMA-7 administration and imaging ..................................... 26 

3.4 Data analysis and evaluation of the images ................................... 28 

3.5 Determination of Data ...................................................................... 28 

3.6 Procedure for data acquisition......................................................... 29 

3.7 Statistical analysis ........................................................................... 30 

3.8 Data protection................................................................................. 31 

4.Results .................................................................................................... 32 

5. Discussion.............................................................................................. 39 

5.1 Limitations ............................................................................................ 51 

6. Conclusion ............................................................................................. 53 

References ................................................................................................. 55 

 
  



 

4 

Abreviations alphabetical 

225Ac: 225-Actinium 

ADC:   Apparent Diffusion Coefficient 

ADT:   Androgen Deprivation Therapy 

AS:   Active Surveillance 

BCR:   Biochemical Recurrance 

CAB:   Complete Androgen Blockage 

CT:   Computer Tomography 

DCE:  Dynamic Contrast Enhanced 

DRE:   digital rectal examination 

DWI:   Diffusion Weighted Imaging 

EBRT:  External Beam Radiation Therapy 

ePLND:  external Pelvic Lymph Node Dissection 

68Ga:  68-Gallium 

GS:   Gleason Score 

HIFU:   High Intensity Focused Ultrasound 

HTX:   Hormonal Therapy 

IARC:   International Agency for research on Cancer 

ISUP:   International Society of Urologic Pathology 

18FDG:  18-Flourdesoxyglucose 

19F:  19-Flourine 

177LU: 177-Lutetium 

Mab:   Monoklonal Antibody 

MP-MRI:  Multiparametric-MRI 

MRI:   Magnet Resonant Imaging 

NPV:   Negative Predictive Value 

PC:   prostate cancer 

PET:   Positron Emission Tomography 

PPV:   Positive Predictive Value 

PSA:   Prostate Specific Antigen 

PSAdt: Prostate Specific Antigen doubling time 

PSAvel:  Prostate Specific Antigen velocity 

PSM:   Positive Surgical Margins 

PSMA:  Prostate Specific Membrane Antigen 



 

5 

RP:   Radical Prostatectomy 

RTx:   Radiotherapy 

rh:   Radiohybrid 

SIFA:   Silicon Flouride Acceptor 

SPECT: Single Photon Emission Computet Romgraphy 

SRT:   Salvage Radiotherapy 

TRUS:  transrectal ultrasound 

WW:   Watchful waiting 

List of figues 

Figure 1: PSMA protein        15 

Figure 2: Radiohybrid concept       20 

Figure 3: Detection efficacy in BCR after RPE     32 

Figure 4: Lesion location        34 

Figure 5: Comparable diagnostic value to 68Ga-PSMA-11 and other 18F-   

PSMA-Tracers according to the literature    36 

Figure 6: Patient example        37 

 

List of tables 

Table 1: Clinical and pathologic characteristics     31 

Table 2: Detection rate stratified by PSA-value     32 

Table 3: PSA Level in Patients with Positive Vs. Negative 18F-rhPSMA-7              

PET/CT Results        33 

Table 4: Distribution of 18F-rhPSMA-7–Avid Lesions Stratified by  

   PSA Value         34 

Table 5: Detection rate stratified by EBRT, ADT within six-month prior imaging         

and primary GS        35  



 

6 

1. Introduction 

1.1 Epidemiology 

With 1.4 million diagnoses worldwide in 2020 according to the International 

Agency for research on Cancer (IARC) prostate cancer (PC) is the second most 

frequently diagnostized cancer and the fifth most frequent cause of cancer 

deaths among men (Bray et al., 2018). With 20%, PC has the highest 5-year 

prevalence rate among all cancers. Genetic predisposition such as race and 

familial accumulation, molecular changes, chronic inflammation, testosterone 

and environmental factors play a role in the epidemiology of PC.  

There is variation of incidences due to underdiagnosis in developing countries 

and overdiagnosis, especially in the USA and Europe, differences in the 

screening methods and disparities in healthcare access. Mortality, however, is 

less affected by those differences. Most of all, age rises the incidence and 

mortality rate of PC, therefore 55% af all deaths occure at the age above 65 

years. The IARC states that in 2020 rates are generally high in population of 

Europe, followed by Asia and Northern America. (Bray et al., 2018)  

 

1.2 Primary Detection 

Since PC does not cause any symptoms in the early stages it is difficult to detect 

the disease early and treat it successfully. Despite the constant improvement 

of the understanding of PC and the earlier detection of the disease through new 

diagnostic methods, it remains the second most cause of cancer deaths among 

men in the USA (Baade et al., 2009).  

In industrialized countries, PC nowadays is often diagnosed by an elevated 

PSA (Prostate specific antigen) level in the blood, which is organ but not cancer 
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specific. However, it is still more accurate than digital rectal examination (DRE) 

or transrectal ultrasound (TRUS) of the prostate (Catalona et al., 1994). 

Nevertheless, even in healthy men there are elevated PSA levels, so that DRE, 

tissue biopsy and histological confirmation remain the standard of diagnosis 

(Rawla, 2019).  

Gleason score (GS) is the most commonly used grading for PC. It is based on 

the assessment of gland morphology at relatively low magnification. The 

cytological properties of the cells are not evaluated. A Gleason pattern with 

values between 1-5 is assigned to the different existing gland architectures. The 

predominant and the worst differentiated Gleason grade are combined to a GS. 

This score can be 2 (1+1) to 10 (5+5). The GS correlates with the prognosis of 

the tumor. Poor prognostic signs in the punch biopsy can usually also be 

verified in the surgical preparation. More problematic is the underestimation of 

the tumor disease. 40% of patients with Gleason Score 5 or 6 in the punch 

biopsy have a higher GS in the surgical preparation. 40% of patients with only 

one affected prostate punch have extraprostatic tumor growth (T3) (Epstein et 

al., 2005). 

PC most commonly spreads into lymph nodes and bones. Over the last two 

decades imaging methods like MRI (magnetic resonance imaging) and CT 

(computer tomography) have been used to improve tumor localisation and 

staging in primary and recurrent disease (Eiber et al., 2017). However, those 

imaging strategies depend on non-specific size criteria to define possible 

malignant lymph nodes despite 80% of lymph node metastases not meeting the 

standard of 8 mm threshold. Extended pelvic lymph node dissection (ePLND) 

therefore remains the gold standard for lymph node staging in PC. However, 

operative management is not an option for all patients. Furthermore, ePLND 
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can be associated with an overall complication rate of up to 20% (Rahman et 

al., 2019). 

 

1.3 Primary therapy 

The primary therapy can consist of one or a combination of five therapy pillars: 

- Deferred treatment like active surveillance (AS) for low risk patients and 

a life expectancy above 10 years or watchful waiting (WW), with a 

palliative intent for patients of all cancer stages but a life expectancy 

below 10 years due to their comorbidities. These two conservative 

managements of the disease aim to reduce overtreatment.  

- Radical prostatectomy (RP), the complete removal of the prostate, 

including capsule and seminal vesicles and depending on the cancer 

stage also of the regional lymph nodes, with the goal of eradicating the 

cancer as well as to preserve potency and continence. A therapy which 

is widly used but comes with possibly severe side effects like 

incontinence or erectile dysfunction.  

- Radiotherapy (RTX), like external beam radiation therapy (EBRT) and 

brachytherapy, which both show no difference to RP regarding 

oncological outcomes.  

- Hormonal therapy (HTX) including the supression of androgen synthesis 

or inhibiting their action by blocking the androgen receptors. In 

combination known as a complete androgen blockage (CAB).  

In addition there are investigational therapies, i.e. focal therapy including 

cryotherapy or high intensity focused ultrasound.  
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The choice of treatment depends on the wishes of the patient, the state of the 

disease, based on PSA-value and kinetics, the GS and the objectives, 

regarding life expectancy and comorbidities (Cornford et al., 2017).  

 

1.4 Biochemical recurrence of prostate cancer 

After RP, 27% to 53% of patients are faced with the biochemical recurrence of 

the PC, diagnosed through a rising serum-PSA (Van den Broeck et al., 2019). 

According to the German S3-guidelines the definition of BCR is a PSA above 

0.2 ng/ml, confirmed in at least two measurements of two weeks apart after RP 

(Stephenson et al., 2006).  

Short latency of the PSA-relapse, increased PSA-kinetics like a short PSA-

doubling time (PSAdt) <3 month, high PSA-velocity (PSAvel) and GS >7, 

positive surgical margins or high RP specimen pathological ISUP (International 

Society of Urologic Pathology) grade and high pT category correlate with an 

increased risk of a systemic recurrence and therefore an unfavorable 

prognosis. Local recurrence seems to be characterized by later BCR, a longer 

PSAdt and lower GS (Cornford et al., 2017). 

 

Figure 1: ISUP risk group stratification 

 

Risk group of BCR  

Low-risk BCR PSAdt >1year and pGS <8 (ISUP grade <4) 

High-risk BCR PSAdt <1year or pGS 8–10 (ISUP grade 4–5) 

 

pGS = pathological Gleasonscore; ISUP=International Society of Urological Pathology;  

 

IBF=interval from primary therapy to biochemical failure; bGS = biopsy Gleasonscore (Van 

den Broeck et al., 2019).  
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All these variables are not fully reliable, especially at low PSA levels and not 

every man with BCR will develop progressive disease, including symptoms or 

evidence of such (Van den Broeck et al., 2019).  

Nonetheless, BCR is associated with oncological endpoints like clinical failure, 

PC-specific mortality, and overall mortality, with range of effect varying across 

studies. Adequate life expectancy is crucial for treatment decision as the 

median actuarial time to development of metastasis is 8 years and the median 

time from metastasis to death is a further 5 years (Van den Broeck et al., 2019).  

 

1.4.1 Treatment of BCR 

There are different approaches for the treatment of BCR after RP depending 

on the dimension of the progress of the disease.  

For asymptomatic patients ‘watchful waiting’ might be suitable. A palliative 

systematic therapy is usually indicated when the PC has symptomatically 

metastasized and serves as basis to slow down disease progression and to 

maximize quality of life. Androgen deprivation therapy (ADT) or chemotherapy 

to alleviate symptoms as well as adequate pain relieve are also indicated. 

In case of local recurrence, salvage RTX of the prostate fossa with curative 

intent is recommended by the European and German guidelines as early as 

possible (PSA < 1ng/mL). Since sensitivity for anastomotic biopsies is low 

especially at low PSA- levels histological confirmation is not recommended 

(Cornford et al., 2021). The combination of ADT and salvage radiotherapy 

(SRT) showed a reduction in distant metastasis only in patients with aggressive 

disease characteristics (pT3b/4 and ISUP grade > 4 or pT3b/4 and PSA at early 

SRT  > 0.4 ng/mL) (Cornford et al., 2021).  
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1.4.2 Imaging of BCR after RP 

The evaluation of men with asymptomatic BCR after RP benefits from the 

development of new clinical tools that provide better risk stratification to assess 

the risk of metastasis. Risk calculators and nomograms help urologists and 

patients estimate the likelihood of developing metastatic disease and 

experiencing cancer-specific mortality in the future. This can lead to earlier 

intervention in the adjuvant or salvage setting. Above all, it can help to avoid 

overtreatment of men at low risk of progressive disease. Still, the more difficult 

task is to locate the specific sites of disease recurrence.  

 

Compared to other imaging modalities, multiparametric MRI (MP-MRI) provides 

the best anatomical visualization of the prostate due to its superior spatial and 

contrast resolution. High field strength magnets and special coil designs result 

in a higher signal-to-noise ratio, and thus increase resolution, contrast, and/or 

speed, and outperform other techniques in delineating intraprostatic tumor 

sites. The most optimal technique involves a multiparametric approach that 

includes anatomical and functional sequences. The method can be performed 

with 1.5 T and 3.0 T MR tomographs and adds up to 3 different MR sequences 

and thus examination parts.  

T2-weighted MR sequences (T2w) to assess morphology: this sequence is 

used to detect structural features of the prostate, seminal vesicles and 

surrounding organs/tissues and also to perform local staging.  

Diffusion-weighted MR sequences (DWI) visualize areas of increased cell 

density, typical of a PC. Compared to normal glandular tissue, it contrasts 

signal-rich on the high diffusion weighting images and signal-poor on the 



 

12 

corresponding apparent diffusion coefficient (ADC) parameter maps. This MR 

sequence is critical for the detection and characterization of prostate cancer. 

Dynamic contrast enhanced (DCE) MR sequences depict increased tissue 

perfusion/tumor neovascularization: After intravenous administration of a 

gadolinium-containing contrast agent, the PC contrasts with an early arterial 

and strong signal intensity increase. 

The diagnosis of prostate cancer is still a histopathological one and is based on 

information such as age, PSA parameters, prostate size and presence of 

benign prostate disease, concomitant diseases, etc.  

 

To provide a target orientated treatment in case of BCR, imaging seems to be 

imperative and should open the way to focal salvage treatments in the near 

future. As mentioned above, early detection and accurate localization of any 

local recurrence or residuals of malignant tissue as well as metastases would 

be crucial for better outcome, cancer related and overall mortality.  

Nevertheless, imaging such as bone scintigraphy, computer tomography (CT), 

MRI, X-ray is not part of the EAU- or German S3-guidelines recommendations 

as patients should be spared unnecessary examinations based on lack of 

sensitivity at low PSA levels (Kane et al., 2003). Therapeutic consequences are 

the only indication for use of imaging in case of BCR. Imaging for a pure follow-

up would not be justifiable at this stage of the disease. According to the 

guidelines indications for imaging are increasing symptoms, change in the 

general condition and/or newly occurring symptoms that may require further 

treatment (Cornford et al., 2021). 

 



 

13 

1.4.2.1 Positron emission tomography  

Positron emission tomography (PET) is an imaging technique used in nuclear 

medicine. PET produces sectional images of living organisms by making the 

distribution of a weakly radioactively labelled substance (radiopharmaceutical) 

in the organism visible, thus producing functional imaging. PET can answer 

questions regarding metabolic processes like glucose metabolism, receptor 

status or surface antigen properties like PSMA status (Glatting et al., 2017).  

It is based on the simultaneous detection of two gamma radiation photons 

which are produced after the decay of a positron emitting radionuclide (Glatting 

et al., 2017). 

The positrons emitted in the body have a short lifetime of nanoseconds and 

interact with an electron almost instantaneously. This produces secondary 

annihilation radiation, in which two high-energy photons of 511 keV are emitted 

in at an angle of 180 degrees to each other. The PET detectors are arranged 

in a ring around the patient. Only those decay events are counted that are 

based on exact coincidences between each two opposite detectors. From the 

temporal and spatial distribution of these decay events, the spatial distribution 

of the radiopharmaceutical location is deduced, and a series of sectional 

images is calculated. This results in a primarily functional CT-image.  
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 Figure 2: PET-CT principle(metaversexsyasian.blogspot.com) 

 

 

1.4.2.2 PET/CT imaging 

The CT scan is usually performed first and followed by the PET scan and then 

connected to it. The image reconstruction starts as soon as the image of the 

first bed position is complete. In some systems, the gantries are located in the 

same housing. The calculated images are automatically fused in the computer 

(Glatting et al., 2017). 

Even though PET is highly sensitive depending on the question, anatomically 

correct localization of activity accumulations can be difficult since PET images 

primarily show metabolic processes; in addition, there is the limited spatial 

resolution of about 4-6 mm. The high spatial resolution of up to 0.35 mm and 

detailed anatomical representation of the CT with the highly sensitive functional 

information from the PET is combined in a PET/CT since 2001 (Hentschel et 

al., 2007). In PET/CT, the patient is moved through both detector rings of CT 

and PET right after each other. The CT data is required to reconstruct the PET 

data. 
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1.4.2.3 Prostate Specific Membrane Antigen-based imaging 

Prostate specific membrane antigen (PSMA), Glutamate carboxypeptidase II, 

also known as N-acetyl-L-aspartyl-L-glutamate peptidase I, is a 750-amino 

acid, 100kDA class II membrane glycoprotein which catalyzes the hydrolysis of 

N-acetylaspartylglutamate to glutamate and N-acetylaspartate. It is expressed 

in different tissues like the prostate, kidneys, small intestine, central and 

peripheral nervous system and tumor-associated neovasculature. (Barinka et 

al., 2004). The PSMA-gene is located on the short arm of chromosome 11. 

Even though PSMA is also found in other cancerous cells like named above, in 

differentiated and metastatic prostate cells it is upregulated the most with up to 

100-1000 times higher than usual and correlates well with serum PSA 

concentration (Afshar-Oromieh et al., 2017; Lin et al., 2020; Troyer et al., 1995, 

1997). 

Despite the fact, that no natural ligand for PSMA as well as the reasons for its 

upregulation in PC is known, the ligand undergoes cell internalization by PSMA, 

from the apical side to the basolateral membrane of the prostatic duct cells. 

Therefore, it seems to be an appealing target for imaging in metastatic PC 

regarding the high tumor to background ratio (Afshar-Oromieh et al., 2017; 

Haberkorn et al., 2016). Although 5–10% of PCs may not express PSMA, 

studies have demonstrated that 98% of lymph node metastases do (Rahman 

et al., 2019).  

https://en.wikipedia.org/wiki/Glycoprotein
https://en.wikipedia.org/wiki/N-Acetylaspartylglutamate
https://en.wikipedia.org/wiki/Glutamic_acid
https://en.wikipedia.org/wiki/N-acetylaspartate
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Figure 3 PSMA protein [22] 

 

 

 

The monoclonal antibody (MAb) 7E11 recognizes a PSMA epitope located on 

the cytoplasmic side of the differentiated prostate cell membrane and can bind 

to PSMA after the cell’s apoptosis or necrosis (Horoszewicz et al., 1987; Troyer 

et al., 1995, 1997). The external membrane PSMA epitope is expected to bind 

on active prostate cancer cells. Consequently, a humanized antibody huJ591 

(J591) that targets to the extra-cellular domain of PSMA was developed for 

imaging and therapy of prostate cancer (Christiansen et al., 2005; Holland et 

al., 2010). Additionally, it seems, that the PSMA levels are independent to the 

metabolism and the proliferation rate of the malignant cells. This seems to be 

an advantage regarding the slow growing rate of PC as well as the ability to 

differentiate Malignant grows from inflammatory tissue. This is a great 

advantage to the common 18-flourdesoxyglucose (18FDG) and cholin-

derivates (Duwel et al., 2016). The overexpression of PSMA seems to be 

correlated to the severity of the disease.  

 

Domains with unknown function 

Catalytic domain with junction for antibody and 
center for substrate recognition 

Hydrophobic transmembrane part 

Short intracellular part with binding component 
for antibodies, 19 amino acids 

Domain with unknown function 
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1.4.2.4. Family of PSMA-Tracers 

After approval by the U.S. Food and Drug Admin-istration in 1996 111In-labeled 

7E11, 111In-Capromabpendetide (ProstaScint) has been investigated clinically 

for imaging recurrent and metastatic PC as a single photon emission computed 

tomography (SPECT) radiopharmaceutical (Petronis et al., 1998; Sodee et al., 

2000). As mentioned above, intracellular epitopes are only accessible for 

necrotic or apoptotic cells, therefore the use of ProstaScint is limited for clinical 

diagnosis (Smith-Jones et al., 2003). 

The humanized antibody J591 showed excellent tumor binding specificity in 

prostate cancer xenograft after extensive preclinical model studies and is 

currently the only Mab used for direct tumor cell radiotherapy. However, 

monoclonal antibodies are large constructs. Smaller molecules offer better 

tumor permeability and the advantage of faster blood clearance. PSMA 

inhibitors are smaller molecular entities, thus the current research efforts of 

radiopharmaceutical companies are focused on the development of these 

(Fernández-García et al., 2015; Lin et al., 2020).  

Phosphorus-based compounds were the first ligands with high affinity for 

PSMA. However, due to the high polarity and relatively poor pharmacokinetic 

profiles of these compounds, their clinical applications are limited. Due to their 

increased membrane permeability and oral bioavailability, variants of the thiol-

, hydroxamate-, and sulfonamide-containing compounds have been evaluated 

as alternatives but are hindered by their relatively low PSMA selectivity and 

metabolic stability. Subsequently, extensive structural activity studies were 

conducted, resulting in several urea-based ligands. Some are highly specific 

for PSMA and have therefore been further used for diagnostic and therapeutic 

purposes (Chakravarty et al., 2018; Ding et al., 2007; Jackson et al., 1996).  
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1.4.2.4.1 68-Gallium  

68Ga is a short-lived radionuclide with a half-life of 68 minutes and decays 

mainly by positron emission. It was commercially made available for the first 

time in Russia about 20 years ago and opened new possibilities of 68Ga in 

preclinical and clinical applications. It is able to form stable complexes with 

chelators such as diethylenetriaminepentaacetic acid,1,4,7,10-

tetraazacyclododecan-1,4,7,10-tetraacetic acid [DOTA]. These are already 

widely used for MRI and SPECT, and thus, especially after the first successful 

clinical study of 68Ga-DOTATOC in 2001, research with 68Ga has increased 

significantly (Hofmann et al., 2001). Since 2011, 68Ga-PSMA-11 (also called 

HBED-CC, HBED, PSMA-HBED, or Prostamedix) is clinically established. 

Multiple studies have compared 68Ga-PSMA-11 with other PET-tracers for 

imaging patients with PC. It detects recurrent and metastatic disease by binding 

to the extracellular domain of PSMA and being internalized as described above. 

It provides higher detection rates in comparison to data from literature and 18F-

choline based tracers. For PSA categories 0-0.19, 0.2-0.49, 0.5-0.99, 1-1.99, 

and ≥2ng/mL in BCR patients after RP, the percentages of positive scans were 

33%, 45%, 59%, 75%, and 95%, respectively shown in a study from 2020 

(Afshar-Oromieh et al., 2017; Perera et al., 2016; Perera et al., 2020). Among 

all PSMA inhibitor-based radiopharmaceuticals, 68Ga-PSMA-11 might be the 

best investigated agent for PET imaging of PC so far and is an established 

imaging technique (Afshar-Oromieh et al., 2017; Maurer, Eiber, et al., 2016; 

Perera et al., 2020).  
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1.4.2.4.2 18F-labelled agents 

When it comes to restaging of BCR, 18F-labelled PSMA-PET tracers are 

increasingly used and preferred over 68Ga-labelled-PSMA-11.  Compared to 

the first generation (such as 18F-DCFBC (N-[N-[(S)-1,3-

dicarboxypropyl]carbamoyl]-4-F-fluorobenzyl-L-cysteine)), the second 

generation of 18F-PSMA-PET tracers (such as 18F-DCFPyl)  has five times 

stronger binding affinities, lower radiation exposure and significantly lower 

blood pool activity (Lindenberg et al., 2016). However, neither 18F-DCFBC nor 

18F-DCFPyL includes a chelator capable of binding therapeutic nuclides 

(Giesel et al., 2017). 

A 2020 study showed a high detection rate in patients with PC after radical 

treatment and low PSA levels in 18F-PSMA-1007 PET/CT, that has recently 

been introduced clinically. Again, the detection rate correlates with the level of 

the PSA-value. An excellent sensitivity of 100%, specificity of 94% negative 

predictive value (NPV) of 100% and positive predictive value (PPV) of 66% was 

shown (Witkowska-Patena et al., 2020). The nonurinary excretion could be 

advantageous in cases of local recurrence and unclear lesions near the ureter 

or urinary bladder (Giesel et al., 2018; Rahbar, Weckesser, et al., 2018). 

18F-PSMA-1007 can be produced in large quantities on site using a cyclotron, 

making it more cost effective. Its longer half-life allows it to be transported to 

nuclear medical centres without the need for a cyclotron, making it accessible 

for a wider range.  The reduced urine excretion and a high tumor to background 

ratio leads to an increased sensitivity even for very small tumor lesions (Giesel 

et al., 2017). 
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1.4.2.5 Radiohybrid PSMA-ligands 

Radiohybrid PSMA tracers are new theranostic targeting agents in PC. The 

radiohybrid concept became clinically valuable when it was combined with a 

Silicon-Flouride Acceptor (SiFA) based tracer which allows a simple, fast, 

reliable and transferable labeling method. A chelator which can either be cold 

(natGa or natLu) for imaging purposes or radiometal (68Ga, 177Lu, 225Ac) for 

therapeutic applications is attached. Metal chelats like 18F compensate for the 

high lipophilicity of the SiFA and therefore reduce the uptake of the tracer in 

organ tissue. They have shown to be equal or better than previously used 18F-

PSMA tracers as they are associated with lower positron range, longer half‐

lives and larger scale production compared with their 68Ga‐labelled 

counterparts (Wurzer et al., 2020). 

As they are monozygotic chemical twins, they come with the possibility to 

produce identical 68Ga-labeled 19F-68Ga -rhPSMA tracers at sites that favour 

68Ga labelling and the possibility to extend this concept to theranostic 

radiohybrid radiopharmaceuticals (Wurzer et al., 2020).  
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2. Questions and Aims 

This retrospective analysis tries to elucitate the following questions: 

- the use of 18F-PSMA7 in biochemical recurrant prostate cancer 

- the corrolation between detection rate and PSA 

- detection rate depending on prior EBRT, ADT within 6 months prior to 

imaging  

- the localisation of recurrence in correlation with PSA level and the 

primary histological differentiation of the prostatectomy specimen 
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3. Material and Methods 

3.1 Synthesis of 18F rhPSMA-7 

Wurzer et. al. synthesised the rhPSMA ligands using a mixed solid 

phase/solution phase synthesis strategy, detailed in his paper ‘Radiohybrid 

Ligands: A Novel Tracer Concept Exemplified by (18)F- or (68)Ga-Labeled 

rhPSMA Inhibitors’.   

 

3.1.1 Following, the radiopharmaceutical detail of resynthesis for 18F-
rhPSMA are described 

Both Fmoc-(9-fluorenylmethoxycarbonyl-) and all other amino acid analogs 

were purchased from Iris Biotech or Bachem. PepChem provided the trityl 

chloride polystyrene resin. The chelators DOTAGA (2-(4,7,10-

tris(carboxymethyl)-1,4,7,10-tetraazacyclododecan-1-yl)pentanedioic acid), 

DOTA (1,4,7,10-tetraazacyclododecane-1,4,7,10-tetraacetic acid), NOTA and 

their derivativeswere supplied by Chematech. Alfa Aesar, Sigma-Aldrich, 

Fluorochem or VWR provided the solvents and organic reagents. 

The tBu-protected PSMA binding motifs Glu-urea-Glu ((tBuO)EuE(OtBu)2) and 

Lys-urea-Glu ((tBuO)KuE(OtBu)2) and the derivative PfpO-sub-

(tBuO)KuE(OtBu)2 (pentafluorophenylic acid-active ester of the tBu-protected 

EuK binding motif) were prepared analogously to known procedures. The 

synthesis of the silicon fluoride acceptor 4-(di-tert-butylfluorosilyl)benzoic acid 

(SiFA-BA) and the alkyne-functionalized TRAP chelator (1,4,7-

triazacyclononane-1,4,7-tris[methyl(2-carboxyethyl)phosphinic acid) was 

performed according to appropriate protocols. 

Solid phase synthesis of peptides was performed manually using a syringe 

shaker (Intelli, Neolab). Shimadzu gradient systems (Shimadzu) were used for 
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analytical and preparative HPLC, each equipped with an SPD-20A UV/Vis 

detector (220 nm, 254 nm). Analytical measurements were performed with a 

Nucleosil 100 C18 (125 × 4.6 mm, 5 μm particle size) column (CS 

Chromatography Service) at a flow rate of 1 mL/min. at a constant flow rate of 

5 mL/min, preparative HPLC purification was performed with a Multospher 100 

RP 18 (250 × 10 mm, 5 μm particle size) column (CS Chromatography Service). 

Analytical and preparative radio HPLC was performed using a Nucleosil 100 

C18 (5 μm, 125 × 4.0 mm) column (CS Chromatography Service). The eluants 

for the HPLC operations were water (solvent A) and acetonitrile (solvent B), 

both containing 0.1% trifluoroacetic acid. Radioactivity was detected by 

connecting the output of the UV photometer to a HERM LB 500 NaI detector 

(Berthold Technologies). Electrospray ionization mass spectra for 

characterization of the compounds were recorded using an expression LCMS 

mass spectrometer (Advion, Harlow). Bruker (Billerica, USA) AVHD-300 or 

AVHD-400 spectrometers at 300 K were used to record nuclear magnetic 

resonance spectra. A 2480 WIZARD2 automatic gamma counter (PerkinElmer) 

was used for activity quantification. A scanning RAM detector (LabLogic 

Systems) was used to perform radio-thin-layer chromatography.(Wurzer et al., 

2020) 

 

3.1.2 Manual 18F labeling 

Klinikum rechts der Isar provided 18F-fluoride (∼0.6-2.0 GBq/mL). For manual 

18F labeling, aqueous 18F- was passed through a strong anion exchange 

cartridge (Sep-Pak Accell Plus QMA Carbonate Plus Light cartridge, 46 mg, 40 

μm; Waters) preconditioned with 10 mL of water. Most of the remaining water 
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was removed with 20 mL of air,  and any residue was removed by rinsing the 

cartridge with 10 mL of anhydrous acetonitrile (for DNA synthesis, VWR) 

followed by 20 mL of air. For cartridge elution, [K+⊂2.2.2]OH kits containing a 

lyophilized mixture of 2.2.2-cryptand (Kryptofix 222, 110 μmol, 1.1 equivalent, 

Sigma Aldrich) and KOH (100 μmol, 1.0 equivalent, 99.99% semiconductor 

grade, Sigma Aldrich) dissolved in 500 μl of anhydrous acetonitrile before the 

elution process were used. The eluate was then partially neutralized with 30 

μmol oxalic acid (99.999%, trace metal grade, Sigma Aldrich) in anhydrous 

acetonitrile (1 M, 30 μL). The resulting mixture was used as a whole or aliquot 

for fluorination of 10-150 nmol of an appropriate labeling precursor (1 mM) in 

anhydrous dimethyl sulfoxide (>99.9%, Sigma Aldrich) for 5 min at r.t.. An Oasis 

HLB Plus Light cartridge (30 mg sorbent, 30 μm particle size; Waters), 

preconditioned with 10 mL water, was used to purify the tracer. The labeling 

mixture was diluted with 9 mL phosphate-buffered saline (PBS, pH 3, adjusted 

with 1 M aqueous HCl) and passed through the cartridge, followed by 10 mL 

PBS (pH 3) and 10 mL air. The peptide was eluted with 0.3-2.0 mL of a 1:1 

mixture (v/v) of ethanol in water. The RCP of the 18F-labeled compound was 

determined by radio-thin layer chromatography (silica gel 60 RP-18F254s, 

mobile phase: 3: 2 mixture (v/v) of acetonitrile in water supplemented with 10% 

2-M sodium acetate solution and 1% trifluoroacetic acid) and radio-RP HPLC 

(Nucleosil 100 C18, 5 μm, 125 × 4.0 mm, mobile phases water and acetonitrile, 

both with 0.1% trifluoroacetic acid.(Wurzer et al., 2020) 
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3.2 Patients 

Between June 2017 and March 2018 patients with BCR after RP underwent 

clinicaly indicated 18F rhPSMA-7-PET/CT at the department of Nuclear 

Medicine at Klinikum rechts der Isar and their data was reviewed 

retrospectively. All patients had undergone a curatively intended RP or salvage 

RP after EBRT. Prior details of the patients with regard to PSA-nadir and PSA-

kinetics were documented as well as the actual PSA-levels prior to PET/CT. 

Castrate resistent PC patients were excluded. Contraindications for CT or MRI 

like renal impairment, implants or devices and the presence of metallic foreign 

bodies excluded patients from the study. Further reasons for exclusion of the 

study were known hypersensitivity to any of the ingredients of the used 

radiohybridpharmacon or contrast like iodine or known hyperthyroidism. Further 

exclusion criteria were claustrophobia, previous experimental therapy with 

other PSMA-ligands or other investigational therapies, including cryotherapy, 

high intensity focused ultrasound (HIFU) as well as focal therapy.  

All patients gave written informed consent for the procedure. All investigations 

were conducted with national regulations and in accordance with the Helsinki 

Declaration. The local Ethics Committee (permit 290/18S) approved the 

retrospective analysis. The administration of 18F-rhPSMA-7 complied with the 

German Medicinal Products Act, AMG §13 2b, and the responsible regulatory 

body (government of Oberbayern).  

3.3 18F rhPSMA-7 administration and imaging 

Patients were given 20 mg furosemide i.v. 20 min prior to the scan to reduce 

tracer accumulation in the urinary tract and thus to prevent poor image quality. 
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After informed consent, an 18G or 20G indwelling vein cannula was injected 

into an arm vein and the 18F rhPSMA-7 solution was injected, followed by 10ml 

saline. The applied amount of tracer was determined before and after 

measurement of the activity with an activimeter and these time points were 

documented. 

At a median of 76 min (mean, 82 ± 22 min; range, 50-220 min) prior to scanning 

an intravenous bolus was administered with a median activity of 332 MBq -18F-

rhPSMA-7 (mean, 330 ± 34 MBq; range, 143-486 MBq).  

All examinations were carried out in the same way and according to the 

hospital's internal SOP. Imaging was performed in a standardized supine 

position with the arms crossed over the head with a Biograph mCT flow scanner 

(Siemens Medical Solutions, Erlangen) at the Department of Nuclear Medicine 

at the Klinikum rechts der Isar of the Technical University of Munich. A 

diagnostic CT scan was performed in the portal venous phase 80 seconds after 

intravenous injection of the contrast agent (Iomeron 300), followed by the PET 

scan. The patients received the diluted oral contrast medium (300 mg of 

ioxitalamate [Telebrix; Guerbet]). PET scans were acquired in 3-dimensional 

mode with an acquisition time of 1.1 mm/s. Emission data were corrected for 

scatter and attenuation, randomization and dead time and iteratively 

reconstructed using an expectation maximization algorithm for ordered subsets 

(4 iterations, 8 subsets), then gaussian filtered after reconstruction (5 mm full 

width at half maximum). 

There were no examination-related side effects. 
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3.4 Data analysis and evaluation of the images 

Images were reviewed by an experienced board-certified nuclear medicine 

physician and a board-certified radiologist.  

Imaging analysis was done by acknowledged radiological and nuclearmedicine 

known criteria. Imaging analysis took place at Syngo Via (Siemens Medical 

Solutions, Erlangen) workstation. 

All BCR suspicious lesions were noted. Any focal tracer uptake that was not 

accompanied by physiologic uptake due to tumerous sclerotic leasons or was 

higher than the surrounding background was considered a possible 

malignancy. Low to moderate PSMA expression due to osteoblastic changes, 

for example, fractures or degenerative changes, as well as low uptake 

associated with celiac and other ganglia, were reported as typical pitfalls of 

PSMA ligand PET imaging (Hofman, Hicks, et al., 2018).  

All suspicious lesions were noted and categorized as local recurrence in the 

prostate bed, lymph node metastases, extensively stratified by location as 

pelvic, retroperitoneal, or supradiaphragmatic metastases, and bone 

metastases or other metastases in distant organs such as lung or liver. 

3.5 Determination of Data 

The following patient data were collected using Microsoft Excel spreadsheet 

(Microsoft Office 2010, Microsoft Corporation, Redmond, USA) on a password-

protected institutional computer. 

 

▪ patient data including name, surname, address, phone number (these 

were later anonymised), date of birth, and age at day of imaging as well 

as imaging date  
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▪ disease relevant data like date of primary illnes, initial PSA-level, GS of 

punch-biopsy, BCR after RP including salvage RTx when PSA was 

greater than 2ng/ml, BCR after EBRT (RTx) and PSA greater than 

2ng/mL, primary therapy (RTx, CTx, Brachytherapy, ADT), PSA-Nadir, 

histology of the resected prostate (T-,N- status after TNM classification, 

number of resected and positive lymphnodes, R-status and GS) 

▪ ADT in the last 6 month prior to imaging (yes/no), at least two PSA-

values before imaging and change of therapy (yes/no) 

▪ modality of imaging (PET/CT or -MRI) 

▪ variables of the 18F-rhPSMA-7 imaging including most recent PSA-

value, patient weight, time of and injected MBq activity, time between 

tracer injection and imaging in minutes and localisation of tumor 

suspicious sides (local recurrence, pelvic, retroperitoneal, 

supradiaphragmatic lymph node metastases, bone metastases and 

visceral metastases) 

▪ follow-up-parameters including further procedures like salvage surgery 

including histology and type of surgery (secundary lymphadenectomy or 

PSMA-radioguided surgery), salvage-RTx, ADT, palliative or ‘wait-and-

see’ approach 

 

3.6 Procedure for data acquisition 

Data collection was obtained through targeted research from hospital records, 

which consisted of patient records, doctor's letters from the urology department 

and nuclear medicine, radiotherapy, nursing-, surgery-, anaesthesia- and 

pathology-reports, as well as laboratory findings. The documentation systems 
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included SAP (Walldorf, Germany) and the PACS (picture archiving and 

communication system) of Klinikum rechts der Isar. 

 

3.7 Statistical analysis 

The detection rate of suspicious recurrence sites was plotted against baseline 

PSA. Both for recurrence, in terms of the number of patients, with at least one 

positive finding and in terms of regional local recurrence, lymph node 

metastases, bone metastases, and other distant metastases. Patient-level 

detection rates were correlated with primary GS, prior ADT, and EBRT. 

Statistical analyses were performed using MedCalc software (version 13.2.0). 

Two-sample t-tests were used to evaluate differences between groups (GS, 

ADT), and Mann-Whitney U tests were used to evaluate differences in PSA 

levels between groups with and without pathologic uptake. All tests used a 

significance level of α = 5% and were two-sided. 

- the PSA value was evaluated as a continuous variable in five subgroups 

<0.2, 0.2-<0.5, 0.5-<1, 1-<2, 2 ng/mL  

- the GS was evaluated as a continuous variable and in the two categories 

7 and 8  

- patient age is coded as a continuous variable  

- ADT within the last 6 months before imaging (yes/no) is a categorical 

variable, as is the modality of imaging (PET/CT or.-MRI) 
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3.8 Data protection 

The data was treated confidentially in accordance with medical confidentiality. 

The data was processed exclusively on the clinic's own computers without 

network access and exclusively by authorised personnel. All Helsinki guidelines 

and the guidelines of the ethics committee as well as the guidelines of data 

protection were fulfilled. 
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4.Results 

A collective of 532 patients were included in the study with a median age of 71 

years and a median pre-scan PSA-level: 0.97 ng/mL (0.01- 372ng/mL). 

123 (23.2%) patients had a ADT in the six month prior imaging. 

225 (42.3%) patients underwent EBRT after RP. 423 of the 532 patients 

(79.5%) showed one or more localized areas suggestive of recurrent prostate 

cancer. Further patient information see Table 1. 

4.1.1 Clinical and pathologic characteristics 

• Table 1 

Age (years) 71     (48-89) 

Further treatment 

• EBRT 

• HTx 

• ADT 6 month prior Pet scan 

 

225   (42.3%) 

168   (31.6%) 

123   (23.1%) 

Gleason Score  

•  6 24     (4.5%) 

• 7 208   (38.1%) 

•  8 173   (32.5%) 

• unknown 127   (21.6%) 

Pathologigal primary tumor staging at RP  

• pT2 152   (28.6%) 

• pT3 288   (54.1%) 

• unknown 92     (17.3%) 

Pathological regional lymph node staging at RP  

• pN0 296   (55.6%) 

• pN1 118   (22.2%) 

• pNx 118   (22.2%) 

Positive margin at RP  

• R0 206   (28.7%) 

• R1 143   (26.9%) 

• Unknown 183   (34.4%) 

Median initial PSA-value (ng/mL) 10     (0.02-290) 

Median time between surgery and Pet (month) 56     (0-336) 

Last median PSA-value before Pet (ng/mL)  0,97  (0- 400) 

Median injected activity (MBq) 332   (143-486) 

Median uptake time (min) 76     (50-220) 
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4.1.2 Detection rate stratified by PSA-value 

• Table 2 

PSA-value in ng/mL No. positive/all  % 

<0.2 15/39 38.5 

0.2 - <0.5 81/127 63.8 

0.5 - <1 90/104 86.5 

1 - <2 87/102 85.3 

≥2 150/160 93.8 

overall 423/532 79.5 

 
  

• Figure 5 

 

 

The detection efficacy of 18F-rhPSMA-7 PET/CT is correlated positively with 

PSA levels and was 93.8% (150/160; 95% confidence interval [CI], 0.89–0.97) 

for a PSA value of 2 ng/mL, 85.3% (87/102; 95% CI, 0.77–0.92) for a PSA 

value of 1 to 2 ng/mL, 86.5% (90/104; 95% CI, 0.78–0.92) for a PSA value of 

0.5 to 1 ng/mL, 63.8% (81/127; 95% CI, 0.55–0.72) for a PSA value of 0.2 to 

0.5 ng/mL, and 38.5% (15/39; 95% CI, 0.23–0.55) for a PSA value of <0.2 

ng/mL (Tab.2, Fig.3). The mean and median PSA level was significantly lower 
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among patients with negative results on 18F-rhPSMA-7 PET/CT than among 

those with positive results (Tab.3).  

4.1.3 PSA Level in Patients with Positive Vs. Negative 18F-rhPSMA-7 PET/CT Results  

• Table 3 

PSA, mean ± SD /median (ng/mL)  

 positive 
findings 
 

no findings 
 
 

p 

PSA-level 
mean(ng/mL)  
 

 5.79± 28.1 0.86± 1.6 <0.001 

 

PSA-level 
median(ng/mL) 
 

1,18± 7,46 0,4± 0,84 <0.001 

 

 

18F-rhPSMA-7–avid lesions were detected in prostatic and extra prostatic 

regions as shown in Table 4 and Figure 4. Regional positivity also increased 

with increasing PSA level. Local recurrence in the prostate bed ranged from 

18% at PSA 0.2 ng/mL to 48% at PSA 0.5- <1.0 ng/mL, whereas pelvic lymph 

node metastases were present in 18% at PSA <0.2 ng/mL to 63% at PSA 2 

ng/mL. Although retroperitoneal lymph node metastases were rare at lower 

PSA levels, 3% at 0.2 ng/mL, 36% of patients with PSA 2 ng/mL had positive 

retroperitoneal lymph nodes, respectively. Distant lymph node metastases 

were rare in very early BCR, with no supradiaphragmatic lymph node 

metastases observed at PSA <0.2 ng/mL. However, 16% of patients with PSA 

2 ng/mL were found to have positive supradiaphragmatic lymph nodes. 18F-

rhPSMA-7–avid bone lesions were present early in 18% of patients with PSA 

<0.2 ng/mL and 37% of patients with PSA 2 ng/mL. Visceral metastases were 

absent or low across all PSA levels. There were no visceral metastases 

detected for a PSA <0.2 ng/mL, 0.8%, 3.8% and 2% for PSA levels of 0.2- <0.5 
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ng/mL, 0.5- <1.0 ng/mL and 1-2 ng/mL, respectively. Only 9% of patients with 

PSA 2 ng/mL were found to have visceral metastases (Table 4 and Figure 4). 

4.1.4. Distribution of 18F-rhPSMA-7–Avid Lesions Stratified by PSA Value 

• Table 4 

PSA-

value 

(ng/mL) 

Local recurrence  Pelvic lymph 

nodes  

Retroperitoneal 

lymph nodes 

Supradiaphragm

atic lymph nodes 

Bone 

metastases 

Visceral 

metastases 

<0.2 7/39 (17.9%) 7/39 (17.9%) 1/39 (2.6%) 0/39 (0.0%) 7/39 (17.9%) 0/39 (0.0%) 

0.2- <0.5 45/127 (42.5%) 25/127 (19.7%) 7/127 (5.5%) 1/127 (0.8%) 12/127 (9.4%) 1/127 (0.8%) 

0.5- <1.0 50/104 (48.1%) 39/104 (37.5%) 7/104 (6.7%) 3/104 (2.9%) 17/104 (16.3%) 4/104 (3.8%) 

1-2 43/102 (42.2%) 48/102 (47.%) 16/102 (15.7%) 7/102 (6.9%) 17/102 (16.7%) 2/102 (2.0%) 

2 70/160 (43.8%) 101/160 (63.1%) 57/160 (35.6%) 25/160 (15.6%) 59/160 (36.9%) 14/160 (8.8%) 

 

• Figure 4 
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4.1.5 Influence of Prior Therapy and Primary Histologic Differentiation  

We observed no significant difference between the detection rate among 

patients who had previously received EBRT (77.5% (238/307)) and those who 

had not (82.2% (185/225), P 0.185). Receiving ADT in the six months prior to 

the scan also did not appear to affect the results (84.6% (104/123) compared 

with 78.0% (319/409) for no prior ADT, (P 0.114). When considering the 

histologic differentiation at the primary diagnosis, 18F-rhPSMA-7 PET/CT was 

positive in 77.2% (179/232) of patients with a Gleason score of 7 or less and in 

85.0% (147/173) of patients with a Gleason score of at least 8 (P 0,001). 

Therefor a significant difference showed regarding primary histological 

differentiation (Table 5). 

4.1.5 Detection rate stratified by EBRT, ADT within six-month prior 
imaging and primary GS 

• Table 5 

 Detection efficacy in % (No. +/all)  

 yes no P 

Prior EBRT 82.2 (185/225) 77.5 (238/307) 0.185 

ADT within 6 
months prior 
imaging 

84.6 (104/123) 78.0 (319/409) 0.114 

Primary 
histological 
differentiation 

GS ≤7* 
 
77.2 (179/232) 

GS ≥8*  
 
85.0 (147/173) 

 
 
<0.001 

 
Note: * primary histological differentiation not known in all patients 
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4.5 Comparable diagnostic value to 68GA-PSMA-11 and other 

18F-PSMA-Tracers according to the literature 

• Figure 5 

 
 
Note: The 18F-rhPSMA-7-Tracer shows comparable results for diagnoctic value as commonly 

used 68Ga-PSMA-Tracers. Its advantage lies at higher detection rates in the cohorts with lower 

PSA-values 0.2-1ng/ml. 
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• Figure 6 

 

Patient example 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

Note: Image from 78-y-old patient who underwent radical prostatectomy (Gleason score of 8, 

pT3a, pN0) and was experiencing rising PSA (0.35 ng/mL). A) Whole-body maximum-intensity 

projection shows one site with focal PSMA-ligand uptake in pelvis (arrow). Axial fused PET/CT 

(C) demonstrate local recurrence. The local tumor is not detectable on CT (B) but shows 

increased tracer uptake on 18F-rhPSMA-7 PET and PET/CT (D). A small lymph node ventral 

to right external iliac vein; corresponding 18F-rhPSMA-7 PET and PET/CT images show an 

intense uptake with high lesion-to-background ratio in this small lymph node, indicating a lymph 

node metastasis. Targeted external-beam radiation treatment led to subsequent PSA drop. 
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5. Discussion  

Very early detection of recurrence is of utmost clinical importance to plan the 

individual salvage therapy approach, as it offers the best chance of cure for 

patients with BCR after prostatectomy (Emmett et al., 2017; Mottet et al., 2017; 

Sterzing et al., 2016). Before the patient's PSA level reaches 0.5 ng/mL, more 

than 60% of patients achieve an undetectable PSA level with salvage 

radiotherapy, and the chance of being progression-free after five years 

increases to 80% (Fossati et al., 2016; Pfister et al., 2014; Sargos et al., 2020; 

Stish et al., 2016; Wiegel et al., 2009). To detect recurrent foci at an early stage 

of recurrence, different PET agents have a clinical benefit that influences a 

patient's future treatment (Andriole et al., 2019; Goldstein et al., 2017; Perera 

et al., 2020; Van den Broeck et al., 2019). The detection of lymph nodes and 

distant metastases, as well as the detection of positive surgical margins (PSMs) 

has the greatest impact on patient secondary treatment and palliative 

radiotherapy (Han et al., 2018; Kvåle et al., 2019). Rising PSA levels after RP 

usually precedes a clinically detectable recurrence by years (Van den Broeck 

et al., 2019). As mentioned above, currently a PSA level of greater than 0.2 

ng/mL is the definition of BCR of prostate cancer after RP (Mottet et al., 2011). 

Still, it cannot differentiate between local, regional, or systemic disease 

recurrence. Therefore, precise imaging techniques are required to identify 

areas of involvement to then deliver an optimized therapy.  

Conventional imaging techniques, such as 11C-choline PET, are very limited in 

patients with low PSA values and are not recommended for those with a PSA 

level of below 1 ng/mL (Castellucci et al., 2009; Mottet et al., 2017). Giovacchini 

et. al. only showed detection rates of 7.8-28.1% for choline-based tracers for 
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PSA-values of 0.2 and 0.5ng/ml, respectively. PSMA-targeting agents have 

shown to be more efficient in determining the sites of disease and have had a 

major impact on patient management (Henninger et al., 2016; Perera et al., 

2016). Although 68Ga-PSMA-11 PET is in increasing use in research studies, 

where it has shown encouraging results, it has not been currently approved by 

the European Medicines Agency or the U.S. Food and Drug Administration. 

This study investigated a large, homologous patient cohort with biochemical 

recurrence after radical prostatectomy, who underwent imaging with the novel 

18F-rhPSMA-7-tracer. It has shown to be highly effective in restaging of this 

cohort, with the site of disease recurrence showing in 76 % of all patients and 

in 94% of those with a PSA level of 2 ng/mL or greater.  

 

Perera et.al. presented a large meta-analysis about 68Ga-PSMA-PET in 

advanced prostate cancer, for PSA categories 0–0.19, 0.2–0.49, 0.5–0.99, 1–

1.99, and >2 ng/ml, where the percentages of positive scans were 33%, 46%, 

57%, 82%, and 97%, respectively compared to 38.5%, 64%, 87%, 85% , 94%  

for a PSA value of <0.2 ng/mL, 0.2 to 0.5 ng/mL, 0.5 to 1 ng/mL, 1 to 2 ng/mL 

and 2 ng/mL, with 18F-rhPSMA-7 respectively. Thus, the high detection rates 

of 18F rhPSMA-7 diagnostics were confirmed in the present study even though 

our median pre-scan PSA-level with 0.97 ng/mL was lower than most studies 

included by Perera et. al.(Perera et al., 2020). The detection rate for 18F-

rhPSMA-7 in this study increases with increasing PSA value, consistent with 

the results of other PET-tracers. For example the recent 18F-PSMA-1007 

showed detection rates 94.0% (79/84), 90.9% (50/55), 74.5% (35/47), and 

61.5% (40/65) for PSA levels of greater than or equal to 2, 1 to less than 2, 0.5 
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to less than 1, and 0.2 to less than 0.5 ng/mL, respectively (Afshar-Oromieh et 

al., 2017; Giesel et al., 2019; Maurer, Gschwend, et al., 2016). 

This previous data suggests that, especially at low PSA values, 18F-labelled 

PSMA tracers can lead to higher detection rates than reported for 68Ga-

labelled PSMA tracers. Present data supports this, notably for PSA levels of 

less than 0.5 ng/mL (Giesel et al., 2019; Maurer, Gschwend, et al., 2016). 

Dietlein et.al also confirmed this especially for low PSA levels around 0.45 μg/L, 

where local sensitivity of 18F-DCFPyL reached 62%, whereas 68Ga-PSMA-

HBED-CC only detected disease recurrence in 33% of the patients (Dietlein et 

al., 2017). Although the detection rates drop with a lower PSA value, the 

salvage therapy must not be delayed. A low PSA value might represent a low 

tumor volume and therefore a low PSMA expression with little tracer uptake, 

but the tumor might still be aggressive (Mottet et al., 2011). 

 

The different energy profiles of 18F and 68Ga may be accountable for superior 

detection rates of 18F. The shorter half-life and lower positron yield of 68Ga 

compared to 18F is a limiting factor and detection sensitivity for 68Ga was found 

to be up to 15% lower than for 18F. Image noise in 68Ga based PET imaging 

also is slightly increased due to single photon emission in a low energy range 

and scattered photons falling in that acquisition energy window. Theoretically, 

the achievable resolution of 18F is higher than that of 68Ga (Giesel et al., 2018) 

(Sanchez-Crespo, 2013). Tumor to background noise makes clearer imaging 

possible and recognition of smaller lesions easier. 

Additionally, the described low urinary retention of 18F-rhPSMA- 7 at one hour 

after injection might have a favourable effect on the enhanced detection efficacy 



 

42 

(Wurzer et al., 2020). High accumulation of 68Ga-PSMA-11 in the bladder 

during imaging impairs the detection of small local recurrences, especially when 

in close proximity to the bladder (Freitag et al., 2016). In a recent study of 68Ga-

PSMA-11-imaging in a large cohort of 272 patients, local recurrence was 

detected in 20% and 30% at PSA levels of 0.2-0.5 and 0.5-1.0 ng/mL, 

respectively [77], compared with 43% and 48%, respectively, in the present 

study (Table 4). The results may have been influenced by differences in patient 

cohorts such as those based on different examination protocols. The timing of 

imaging after tracer application, the use of furosemide, or permanent bladder 

catheterization during imaging may reduce retention of 68Ga-PSMA-11 in the 

bladder [75]. Therefore, comparison with the literature remains a challenge. 

However, it must be said that this study has not yet performed a systematic 

histological control of PSMA-positive PC foci. Thus, sensitivity and specificity 

of this study can hardly be assessed and only a general detection rate 

compared to conventional imaging can be estimated and related. Nevertheless, 

reference should be made here to the study by Kroenke et. al., which support 

the hoped-for results of the investigated tracer and thus also make it 

considerable for recurrence diagnostics. In their study, Kroenke at. al. 

compared the images with histopathology. Sensitivity was 72.2% (95% CI, 

46.5%–90.3%) and specificity, 92.5% (95% CI, 79.6%–98.4%). In total, 18F-

rhPSMA-7 PET showed an accuracy of 86.2% (95% CI, 74.6%–93.9%) on 

patient-based analysis (Kroenke et al., 2019). 
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Although this cohort studied was highly homologous, the effects of primary 

histologic classification (GS) and prior treatment on the detection rate for 18F-

rhPSMA-7 were examined.  

In our patient cohort, the detection rate for 18F-rhPSMA-7 showed a significant 

difference between the GS7 and GS 8 groups, 77.2% (179/232) vs. 85% 

(147/173), P <0,001, respectively. Perera et. al. published meta-analysis which 

included ten studies and 1651 patients provided data on the positivity of 68Ga-

PSMA PET based on biopsy or prostatectomy histopathology GS. The meta-

analysis found no significant difference between 68Ga PSMA PET positivity and 

GS. Patients with a GS of 7 had a positivity of 72% vs. 80% in patients with a 

Gleason sum of 8 (p > 0.30). Older studies from Afshar-Oromieh et al. and 

Verburg et al. both didn’t show significance regarding a higher GS and positive 

imaging.  

Data suggest that overexpression of PSMA increases with GS, even though 

these reports mainly focus on the GS of the primary tumor (Chu et al., 2021; 

Karyagar et al., 2020; Ross et al., 2003). Indeed, a cohort of patients with BCR 

could already represent a selection of more aggressive phenotypes of prostate 

cancer and support the actual data. However, this finding loses some of its 

significance when considered that the evaluation of GS is entirely dependent 

on the expertise of the pathologist and can be either overestimated or 

underestimated (Bravaccini et al., 2018).  

 

123 (23%) of our patients underwent ADT within the last six months prior to the 

study. Several preclinical studies have reported on the effect of ADT on PSMA 

expression, however, most of these studies used conventional PC cell lines, 

which do not have the genetic diversity of PC patients. Many of these preclinical 
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studies reported an increase in PSMA-levels after ADT (Hope et al., 2017; Roy 

et al., 2021). Overall, clinical studies showed that the type of PC and duration 

of ADT may have a differential impact on PSMA levels (Aggarwal et al., 2018; 

Emmett et al., 2019; Hope et al., 2017; Leitsmann et al., 2019; Meller et al., 

2015; Onal et al., 2020; Wright et al., 1996). Short-term ADT therapy resulted 

in the increase of PSMA-expression and a decrease was observed with long-

term ADT (Afshar-Oromieh et al., 2018; Ettala et al., 2020). One study even 

demonstrated an increased number of lesions showing at imaging after one 

month of ADT treatment although the PSA levels had decreased (Hope et al., 

2017). The molecular mechanisms that modulate these heterogeneous PSMA 

responses to ADT remain to be elucidated and may potentially provide clinically 

relevant information on the use of PSMA-targeted therapeutics with or without 

ADT. For example, patients who have elevated PSMA levels after ADT may 

benefit from combination therapy including a PSMA-targeted therapeutic agent 

such as [177Lu]PSMA-617 (Giesel et al., 2016; Hofman et al., 2019; Wurzer et 

al., 2020). In contrast, patients with low levels of PSMA after ADT are most 

unlikely to benefit from additional PSMA-targeted therapies (Hofman, Violet, et 

al., 2018). It should be noted that patients who have already received ADT are 

likely to have more advanced disease than patients who have not received 

ADT. This may be a confounding factor for these data in the literature. The role 

of ADT in the uptake of PSMA-based tracers is highly controversial as ADT 

appears to increase PSMA expression at the cellular level, but the treatment 

may also lead to a reduction in tumor cells. This represents an opposing effect 

(Hope et al., 2017). Nevertheless, as in previous studies with 68Ga-PSMA-11, 

no significant influence on the detection rate with 18F-rhPSMA-7 could be 

detected using ADT within the last 6 months prior to the study (Eiber et al., 
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2015). Together with their treating physicians’ patients with a PSA increase 

decide, whether they should receive ADT in the near future. There is no 

standard recommendation in the guidelines (Van den Broeck et al., 2020).  

 

The aim of this study was to detect BCR after RP for the first time with 18F-rh-

PSMA-PET, but previous negative imaging was not a criterion for exclusion, 

resulting in a possible selection bias that must be considered. However, a 

positive correlation between the time of ADT prior to and PSMA-mediated 

imaging could open new possibilities for PSMA diagnostics (Hope et al., 2017). 

This needs to be further investigated. In this study we only differentiated 

between ADT yes or no within prior six month of the 18F-rh-PSMA imaging. 

Data regarding duration, exact indication, type of medication and dosage could 

not be collected and therefore the comparability with other studies is very 

limited. 

 

PSMA ligand uptake in degenerative changes, healing fractures, or 

fibrocartilage lesions has been described previously, as with the recently 

published data for 18F-PSMA1007 (Hofman, Hicks, et al., 2018; Hövels et al., 

2008; Jochumsen et al., 2018; Sheikhbahaei et al., 2017). PSMA ligand uptake 

into bone was observed. This may be due in part to such nonspecific uptake. 

CT plays an important role in this case. Jannsen et. al. found out that by adding 

low dose CT information, a significant reduction in equivocal lesions was 

achieved for both 68Ga-PSMA-PET and SPECT for detecting bone metastasis 

(Janssen et al., 2018). Appropriate findings are essential for a correct 

differential diagnosis. There are no specific features of PC bone metastases, 

however, PSMA avidity tends to be higher in the evaluation of malignant bone 
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lesions than benign pathologies, which usually have low to moderate uptake 

(Barbosa et al., 2019). 

When evaluating a bone lesion, the morphologic aspects on CT, such as the 

number of lesions, the type of margin, the pattern of bone destruction, the type 

of periosteal reaction, and the presence of an associated soft tissue mass, 

needs to be considered. Benign appearances often show slow-growing lesions 

with sharply demarcated margins, geographic destruction, and smooth, 

uninterrupted periosteal reaction without a soft tissue mass. 

As osteodegenerative changes are very common in PC patients and with 

exceptional PSMA uptake, the typical morphologic appearance of joint space 

narrowing with sclerosis and osteophytosis is a clue to the diagnosis (Janssen 

et al., 2018). 

 

The high variability of morphologic imaging by CT and MRI is a problem in 

clinical diagnostic performance for lymph node metastases (Hövels et al., 

2008). Up to 80% of metastatic lymph nodes are normal in size and thus <8mm. 

Therefore, characterization of lymph nodes by size alone is of limited utility 

because, as known from 68Ga-PSMA-11, lesion size is critical for their 

detection (Jilg et al., 2017). Evaluation of data on detection efficacy using 18F-

rhPSMA-7 was studied by Kroenke et.al. That retrospective analysis showed 

that PET with 18F-rhPSMA-7 has high diagnostic accuracy for N-staging in 

patients with primary high-risk PC. The efficacy is superior to that of 

morphologic imaging, which is recommended in most guidelines (Kroenke et 

al., 2019; Mottet et al., 2017). Kroenke et. al presented data, where the mean 

size of negative lymph node templates was similar to that reported by Maurer 

et al (3.5 mm) (Maurer, Gschwend, et al., 2016). It shows that PSMA ligand 
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tracers provide a favourable lesion-to-background ratio for detecting metastatic 

lymph nodes because PSMA is not expressed by normal lymphoid or 

retroperitoneal fatty tissue. With common morphologic imaging, sensitivity 

decreased to 9.6% (95% CI, 4.5%-19.3%). The accuracy of 18F-rhPSMA-7-

PET was 86% and 91%, respectively, compared with 66% and 83% for 

morphological imaging and performance of 18F-rhPSMA-7 seems comparable 

with 68Ga-PSMA-11. The potential to detect organ (e.g.bone) metastases was 

not investigated in their analysis (Kroenke et al., 2019). 

Comparisons with other 18F-labelled PSMA ligands is limited due to the lack of 

published data. But Gorin et al. reported data from a small prospective study 

with 18F-DCFPyl including 25 patients. Here, sensitivity and specificity were 

71.4% (95% CI, 29.0-96.3) and 88.9% (95% CI, 65.3-98.6), respectively (Gorin 

et al., 2018). In their study, 98.3% of patients (57/58) had high 18F-rhPSMA-7 

uptake in the local tumor (Kroenke et al., 2019). Giesel et al. demonstrated an 

excellent overall sensitivity for pelvic lymph node metastases of 94.7% for 18F-

PSMA-1007 PET/CT with lesions detected as small as 1mm in diameter and 

thus very promising for early detection of BCR (Giesel et al., 2017). 

 

Radical prostatectomy was an average of 72.75 months prior to imaging (0-336 

months, median 56 months). As in previous studies, there was no significant 

correlation between latency and detection rate. 

The available data showed local recurrence in 42.1% (224/308) of PSMA-

positive patients. Of these, 64 (12%) patients had a PSA value below 0.5 

ng/mL. 93 (17.5%) had a PSA value of 0.5-1.0 ng/mL and 70 (13.15%) of 

patients had a PSA value >2.0ng/mL. Regarding 68Ga-PSMA-PET imaging 

Perera et al found 22% in local recurrence among those who underwent 
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prostatectomy (Perera et al., 2020). Which is quite low compared to this study. 

The estimates of positivity in all screening studies were 38% in pelvic lymph 

nodes, 22% in bone, and 5% in distant viscera, for the 13 studies including BCR 

after RP, resembling mostly our results (Perera et al., 2020). Extra-pelvic 

lesions seemed to be better detected by 68Ga-PSMA-PET with a detection rate 

of 13%. In this study only 6,8% for 18F-rh-PSMA7-Pet were detected. Similar 

results were obtained in a study comparing 68Ga- and 18F-tracers. Lesions 

attributed to recurrent PC on 68Ga-PSMA-11 PET compared with 18F-PSMA-

1007 PET were as follows: abdominopelvic lymph nodes in 34% and 29%, local 

recurrence in 26% and 22%, supradiaphragmatic lymph nodes in 17% and 

27%, bone metastases in 21% and 18%, and other soft tissue metastases in 

2% and 4%, respectively. Local recurrences detected by 18F-PSMA-1007-PET 

were more frequently located directly adjacent to the urinary bladder (59.3%), 

than local recurrences detected by 68Ga-PSMA-11-PET (48.5%). In addition, 

local recurrences identified by PSMA ligand imaging but not directly adjacent 

to the urinary bladder were closer to the bladder wall on 18F-PSMA-1007-PET 

than on 68Ga-PSMA-11-PET. This may argue for a better tumor to background 

ratio (Rauscher et al., 2020). Two other recent studies from Giesel et. al. and 

Rahbar et. al. about the 18F-PSMA-1007 tracer showed an overall better 

performance compared to 68Ga. (Figure 10) (Giesel et al., 2019; Rahbar, 

Afshar-Oromieh, et al., 2018) Thus, there may be an advantage in the 

performance of 18F-labeled tracers over the commonly used 68Ga. Since 

Perera's meta-analysis also included patients with previous RTX and the 

present study only includes patients after RP, this might influence different 

results. The different imaging modalities of PET/MRI and PET/CT may also 

have contributed to such differences. Although previous studies found no 



 

49 

significant difference in detection rate between the two imaging modalities, 

there were advantages in the functional diffusion-weighted imaging of MRI, 

which might be of interest when PET/CT images are unclear (Freitag et al., 

2016). In a recent study from Chen et. al. no difference was observed between 

PET/CT and PET/MRI both on extracapsular extension and seminal vesicle 

invasion diagnosis (Chen et al., 2020). Nevertheless, MRI will probably never 

replace CT because of economic reasons, as PET/MRI remains expensive and 

unavailable for routine use. Also, the fact that most patients with prostate 

cancer are of older age and therefore the radiation-related long-term effects do 

not play a major role. 

 

The novel PSMA ligand 18F-rhPSMA-7 offers several advantages over more 

established PSMA-based tracers such as 68Ga-PSMA-11 and has already 

shown encouraging data for the detectability of BCR (40). 18F-rhPSMA-7 

shows a great logistical advantage over 68Ga-labeled tracers. It is being 

prepared with automated radiosynthesis machines within a short time frame 

(>20 min) with high yield (50-70%) and at room temperature (Wurzer et al., 

2020). Radiosynthesis can be performed in accordance with good 

manufacturing practice. Batches can be prepared with activity that makes   

distribution to external PET-centres feasible. Additionally, the advantages of 

18F lie in the possibility to produce it in larger quantities, the longer half-life, 

and a higher physical spatial resolution (Wurzer et al., 2020). The short half-life 

of 68Ga compared to 18F (68 vs. 110 min) makes 68Ga-PSMA unwieldy for 

longer transports. Thus, it is almost mandatory to use local gallium generators. 

These come with higher costs and lower yields at the end of their first half-life 

and each generator provides only one or two elutions per day and separate 
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syntheses are required at different times of the day in a local radio pharmacy 

(Pianou et al., 2019; Wurzer et al., 2020). However, compared with the 

literature, the results are not significantly better in diagnostics. The theranostic 

approach with rhPSMA ligands, including 18F-labelling, has potential for 

applications outside of early BCR. PSMA-directed radioligand-therapy could 

become a relevant application in relation to prostate cancer through 

pretherapeutic dosimetry using PET imaging with 18F (Hofman, Violet, et al., 

2018; Wurzer et al., 2020).  
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5.1 Limitations 

The still missing histopathological confirmation of the detected lesions, as in 

most studies of PSMA ligand PET imaging, and the well-known problem of the 

difficult biopsy of recurrent lesions in PC due to their small diameters play a 

major role in limitation of the study. Salvage therapy of choice is mostly local 

radiotherapy or ADT which subsequently does not provide much histological 

confirmation of the suspicious lesions. Ethically and logistically no such 

validation in patients with BCR after RP would be reasonable. However, in case 

of histopathological validation, the results confirmed the high positive predictive 

value of PSMA-based PET agents (Rauscher et al., 2017). Limitations of the 

study also lie in retrospectivity. As for all retrospective studies, the power is 

limited due to the lack of randomization and control groups and the higher risk 

of bias and increased susceptibility to error. Therefore, it lacks some potentially 

interesting information about the effects of PSA kinetics and patient outcomes 

but provides substantial evidence for planning urgently needed future 

prospective studies. The follow up of patients after imaging is not yet included 

in this study. Often, both the primary therapy and the further treatment took 

place in other hospitals than the Klinikum rechts der Isar and the resulting 

treatment inequality is an aggravating factor when it comes to the interpretation 

of the results. 

 

A recently published study by Rauscher et. al. showed another pitfall that 

should not be disregarded. Here, the number of visually recognizable findings 

with increased PSMA ligand uptake, which could be attributed to a benign 

origin, was significantly higher with 18F-PSMA-1007-PET than with 68Ga-

PSMA-11-PET. Thus, it is of great importance to parallel evaluate PET and CT 
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images as well as a sophisticated reading training to be in place and known 

pitfalls in the clinical context to be considered. Only in this way a reliable 

interpretation can be made (Rauscher et al., 2020). 
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6. Conclusion  

Prostate cancer is the most common cancer in men and the incidence is also 

on the rise. Despite the ever-improving treatment methods, up to 35% of 

patients who underwent RP develop a BCR. For this situation, treatment 

options range from watchful waiting to systemic therapy or local surgery to 

salvage therapy. To be able to treat each patient optimally and individually, an 

exact and, in the best case, non-invasive restaging is of utmost importance. An 

imaging technique that sensitively and effectively shows the localization of 

carcinoma sites at very low PSA levels and early recurrence is desired, as this 

is the only way to enable successful therapy. As following RP, the PSA level is 

expected to be undetectable (< 0.1 ng/mL), PSA-threshold at relapse best 

predicting metastases after RP is > 0.4 ng/mL (Cornford et al., 2021; Mottet et 

al., 2017). 

In this large population of 532 patients with recurrent prostate cancer after 

radical prostatectomy and a median PSA value of 0.97ng/mL (0.01-372ng/mL), 

a novel PSMA-based PET-tracer, 18F-rhPSMA-7, was used for PET/CT 

imaging. Pictures were evaluated by two independent doctors. One specialist 

for nuclear medicine and on specialist of radiology. All suspect lesions were 

noted.  

The detection rates that were at least equal to data reported for 68Ga-PSMA-

11, especially at low PSA values. The detection rate of 18F-rhPSMA-7 PET/CT 

is correlated positively with PSA levels and was 93.8% (150/160; 95% 

confidence interval [CI], 0.89–0.97) for a PSA value of 2 ng/mL, 85.3% 

(87/102; 95% CI, 0.77–0.92) for a PSA value of 1 to 2 ng/mL, 86.5% (90/104; 

95% CI, 0.78–0.92) for a PSA value of 0.5 to 1 ng/mL, 63.8% (81/127; 95% CI, 
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0.55–0.72) for a PSA value of 0.2 to 0.5 ng/mL, and 38.5% (15/39; 95% CI, 

0.23–0.55) for a PSA value of <0.2 ng/mL. 

Except for the Gleason score, none of the other variables examined, such as 

ADT within the last six months before imaging or previously EBRT, showed a 

significant correlation with respect to detection rate. 

Of greatest interest is the impact of the new rhPSMA imaging on the ongoing 

treatment strategy and associated better outcome.  
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