
ORIGINAL RESEARCH Open Access

Biodistribution and radiation dosimetry of
[18F]-JK-PSMA-7 as a novel prostate-specific
membrane antigen-specific ligand for PET/
CT imaging of prostate cancer
Melanie Hohberg1,2* , Carsten Kobe1,2, Philipp Krapf5, Philipp Täger1,2, Jochen Hammes1,2, Felix Dietlein1,3,

Boris D. Zlatopolskiy4, Heike Endepols1,4, Markus Wild1, Stephan Neubauer6, Axel Heidenreich7, Bernd Neumaier4,5,

Alexander Drzezga1,2 and Markus Dietlein1,2

Abstract

Aim: We investigated the whole-body distribution and the radiation dosimetry of [18F]-JK-PSMA-7, a novel 18F-labeled

PSMA-ligand for PET/CT imaging of prostate cancer.

Methods: Ten patients with prostate cancer and biochemical recurrence or radiologic evidence of metastatic

diseases were examined with 329–384 MBq (mean 359 ± 17 MBq) [18F]-JK-PSMA-7. Eight sequential positron

emission tomography (PET) scans were acquired from 20 min to 3 h after injection with IRB approval. The

kidneys, liver, lungs, spleen, and salivary glands were segmented into volumes of interest using the QDOSE

dosimetry software suite (ABX-CRO, Germany). Absorbed and effective dose were calculated using the ICRP-

endorsed IDAC 1.0 package. The absorbed dose of the salivary glands was determined using the spherical

model of OLINDA 1.1. PSMA-positive lesions were evaluated separately. Quantitative assessment of the uptake

in suspicious lesions was performed by analysis of maximum (max) and peak SUV values. The gluteus

maximus muscle (SUVmean) served as a reference region for the calculation of tumor-to-background ratios

(TBR’s).

Results: Physiologic radiotracer accumulation was observed in the salivary and lacrimal glands, liver, spleen,

and intestines, in a pattern resembling the distribution known from other PSMA-tracers with excretion via

urinary and biliary pathways. The effective dose from [18F]-JK-PSMA-7 for the whole body was calculated to

be 1.09E−02 mGy/MBq. The highest radiation dose was observed in the kidneys (1.76E−01 mGy/MBq), followed

by liver (7.61E−02 mGy/MBq), salivary glands (4.68E−02 mGy/MBq), spleen (1.89E−02 mGy/MBq), and lungs

(1.10E-2 mGy/MBq). No adverse effects of tracer injection were observed. Six out of ten patients were scored

as PSMA-positive. A total of 18 suspicious lesions were analyzed, which included six bone lesions, nine lymph

nodes, and three local lesions within the prostate fossa. The values for the SUVmax and SUVpeak in the PSMA-

positive lesions increased until 60 min p.i. and remained at this intensity in the PET/CT scans until 140 min. In

the period between 170 and 200 min after injection, a further significant increase in SUVmax and SUVpeak
within the PSMA-positive lesions was observed.
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Conclusions: The highest TBR of [18F]-JK-PSMA-7 was found 3 h after injection. From the kinetically collected

data, it can be concluded that this trend may also continue in the further course. The start of the PET/CT

acquisition should be chosen as late as possible. The high uptake in suspicious lesions in terms of absolute

SUVmax and relative TBR values indicates potentially high sensitivity of the tracer for detection of prostate

cancer manifestations.
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Introduction

The use of PET tracers targeting the prostate-specific

membrane antigen (PSMA) for imaging in patients with

prostate cancer is gaining increasing interest and has

shown great promise for improving the treatment of pa-

tients with prostate cancer [1].

A decisive breakthrough was achieved with low-molecu-

lar ligands that bind to the active center of the extracellu-

lar domain of prostate-specific membrane antigen [2, 3]. It

is therefore not surprising that great hopes are placed in

improved diagnostics with PSMA-specific tracers for pros-

tate cancer detection. In the meantime, a large number of

small molecule PSMA ligands have been developed for

use in PET imaging (e.g., [68Ga]-PSMA-11 [4], [68Ga]-

PSMA I&T [5], [18F]-DCFBC [6], [18F]-DCFPyL [7–9],

[18F]-PSMA-1007 [10]). Most of these tracers have a fast

renal clearance, which enables prompt PET diagnosis with

a good lesion-to-background contrast. [18F]-PSMA-1007

is characterized by a predominately hepatic-biliary excre-

tion. Most clinical experience has been gained with

[68Ga]-PSMA-11. However, 68Ga has several disadvan-

tages with regard to decay properties and accessibility in

comparison to 18F-labeled PSMA compounds and is of

limited availability due to its production in radionuclide

generators. Furthermore, compared to 18F (mean 0.65

MeV), the positron energy of 68Ga is higher (mean 1.90

MeV), reducing the theoretical maximum achievable

spatial resolution [11].

The first generation of 18F-labeled PSMA-ligands, [18F]-

DCFBC, was described by Mease et al. [12]. Images ob-

tained with [18F]-DCFBC demonstrated a relatively high

background activity [6]. This potential limitation has been

addressed by the second generation of 18F-labeled PSMA-

ligands, including [18F]-DCFPyL and [18F]-PSMA-1007.

[18F]-PSMA-1007 offers the advantage that nuclides for

diagnostics and therapy can be bound via a chelator [10].

For most of these PSMA-ligands, a complex manufactur-

ing process is necessary [13–17]. The goal of this study

was to investigate the whole-body distribution, radiation

dosimetry, and safety of [18F]-JK-PSMA-7 in patients with

known prostate cancer. [18F]-JK-PSMA-7 is a novel 18F-la-

beled PSMA-ligand with similar properties to other ren-

ally excreted 18F-labeled PSMA-ligands but with a

“minimalistic light” manufacturing protocol as proposed

by Richarz et al. [18] and by Neumaier et al. [19]. The ab-

breviation JK refers to the Research Center Jülich and

University Hospital of Cologne involved. [18F]-JK-PSMA-7

was successfully tested in a preclinical setting on LNCaP

C4-2 prostate tumor cells and on healthy Long Evans rats

[20]. The most important results are briefly summarized

here.

The uptake in LNCaP C4-2 cells of [18F]-JK-PSMA-7

was significantly higher than [18F]-DCFPyL after 2 h.

The highest acutance was observed for [18F]-JK-PSMA-7

and [18F]-PSMA-1007 compared to [18F]-DCFPyL and

[68Ga]-PSMA-11. Among all investigated tracers, [18F]-

JK-PSMA-7 exhibited the highest resolution. Blood

radioactivity of [18F]-JK-PSMA-7 was significantly lower

compared to [68Ga]-PSMA-11 and [18F]-PSMA-1007 but

in the same order of magnitude as [18F]-DCFPyL. The

longer retention of blood radioactivity reflected in a

higher background activity for [68Ga]-PSMA-11 and

[18F]-PSMA-1007.

Material and methods

Patients

Between December 2017 and March 2018, 10 patients

were subjected to [18F]-JK-PSMA-7 PET/CT due to the

progression of prostate cancer. Eight patients suffered

from biochemical recurrence (BCR). Two patients had

metastasized castration-resistant prostate cancer

(mCRPC) and received androgen deprivation therapy

(ADT).

PET/CT imaging was performed in accordance with

the Institutional Review Board. All patients gave written

informed consent to PET imaging and inclusion of their

data in a retrospective analysis. All procedures were per-

formed in compliance with the regulations of the local

authorities responsible (District Administration of Co-

logne, Germany).

Radiosynthesis of [18F]-JK-PSMA-7

[18F]-JK-PSMA-7 was prepared in two steps according

to the guidelines of a good manufacturing practice. First,

2,3,5,6-tetrafluorophenyl-6-([18F]fluoro)-4-methoxynico-

tinate ([18F]-Py-OMe-Tfp) was prepared by the reaction

of [18F]fluoride with 2-methoxy-N,N,N-trimethyl-5-((2,3,

5,6-tetrafluorophenoxy)carbonyl)pyridine-2-
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aminiumtrifluoro-methanesulfonate in a mixture of

EtOH, MeCN, and tBuOH. The activated ester was puri-

fied by SPE purification and added to a freshly prepared

ethanolic solution of (((S)-5-amino-1-carboxypentyl)car-

bamoyl)-l-glutamic acid (HO-Lys-C(O)-Glu-OH) and

tetraethylammonium bicarbonate in EtOH. After coup-

ling, the reaction mixture was purified by preparative

HPLC. Radiochemical yield of [18F]-JK-PSMA-7

amounted to 30% (non-decay corrected). The obtained

specific activity was 380 ± 16 GBq/μmol and the volumic

activity 668 ± 38MBq/ml. The [18F]-JK-PSMA-7

solution was administered to the patient by intravenous

injection (mean 359.3MBq, SD 17.1MBq, range 329–

384MBq). More details about the synthesis and

automated production of 18F-JK-PSMA-7 have recently

been published [20].

PET/CT acquisition and image reconstruction

All PET/CT scans were performed on a Siemens Bio-

graph mCT (mCT 128 Flow Edge, Siemens, Knoxville,

USA). In total, eight sequential whole-body PET scans

were acquired from the base of the skull to mid-thigh.

Patients were injected with 359 ± 17MBq (4.25 ± 0.55

MBq/kg) of [18F]-JK-PSMA-7 by a slow intravenous

push. The PET acquisition was subdivided into two

blocks and the patients into two groups of five according

to the following scheme: in patient group no. 1, the first

acquisition block started at 20 min p.i. and was repeated

four times every 10 min up to 50min p.i. After a break

of 60 min, the second acquisition block started at 110

min p.i and was again repeated four times every 10 min

up to 140 min p.i. During an intermission, the patients

were allowed to leave the table to void as needed. For

each acquisition block, a low-dose non-enhanced CT

(120 kV, mA modulation, pitch 1.2, slice thickness 5.0

mm) was performed for attenuation correction. A simi-

lar procedure was used in patient group no. 2, the only

difference being that the first PET scan was acquired 80

min p.i. and the last one 200 min p.i. All emission data

were corrected for attenuation, randoms, scatter, and

decay. Reconstruction was conducted with an ordered

subset expectation maximization (OSEM) algorithm

with 4 iterations and 12 subsets and Gauss-filtered to a

transaxial resolution of 5 mm at full-width at half-max-

imum (FWHM).

Radiation dosimetry

Radiation dosimetry was performed using the QDOSE

dosimetry software suite (ABX-CRO, Dresden,

Germany). All PET and CT data sets were automatically

co-registered. Non-target organs such as the kidneys,

liver, spleen, lungs, and salivary gland were segmented

into volumes of interest (VOI). Time activity curves

(TAC) were calculated for the segmented organs. Curve

fitting and integration was applied to all TACs to obtain

the cumulated activity and residence time. The calcula-

tion of cumulated activity was divided into the following

three sections: between time 0 and the first measuring

point, a linear increase of the TAC was assumed. All

measuring points were integrated numerically using

trapezoidal approximation. From the last measuring

point to infinity, a mono-exponential function was fitted

over the last four measuring points and integrated.

Whereas the absorbed dose to the salivary glands was

determined using the spherical model from OLINDA/

EXM1.1 [21], the effective dose and absorbed partial and

whole-body dose were calculated using the ICRP en-

dorsed IDAC 1.0 package [22].

Biodistribution

The biodistribution of [18F]-JK-PSMA-7 was quantified

by maximum (max) and mean SUV values for all

sequentially acquired PET images. The standardized

uptake value (SUV) was defined by a circular region

drawn around an area with focally increased uptake and

automatically adapted to a three-dimensional VOI by

software (syngo.via VB20A, Siemens, Erlangen,

Germany). The kidneys, liver, spleen, lungs and salivary

glands were evaluated with a VOI of 2–3 cm in diameter

placed inside the organ parenchyma. PSMA-positive le-

sions were analyzed separately.

Blood radioactivity concentration was measured in the

lumen of the left ventricle of the heart for all sequen-

tially acquired PET images. Quantification was per-

formed for the total blood volume, which was estimated

by size, weight, and hematocrit [23]. For this purpose,

mean values of the blood radioactivity concentration

from both patient groups were determined.

PSMA-positive lesions

All PET/CT images were reviewed and analyzed on a

syngo.via workstation (syngo.via VB20A Software, Sie-

mens, Erlangen, Germany) by two experienced nuclear

medicine physicians (both with 20 years’ experience in

PET scan reading, certificate for CT reading). The visual

assessment of [18F]-JK-PSMA-7 was considered to be

positive if there was focal uptake above the mediastinal

blood pool or the liver value. Spherical volumes of inter-

est (VOIs) were manually drawn around areas with

focally increased uptake. Quantitative assessment of the

uptake in lesions was performed by analysis of max-

imum (max) and peak SUV values. SUVmax is defined as

the hottest voxel within a volume of interest. SUVpeak

computes the mean SUV within a 1-cm3 sphere posi-

tioned within a VOI so as to maximize that mean. In

doing so, voxel super-sampling is performed where the

dimensions are halved until they are less than or equal

to 0.5 mm on each axis [24]. Tumor-to-background
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ratios (TBRs) were calculated based on the following

equation [25]:

TBR ¼
SUVmax lesionð Þ

SUVmean referenceð Þ
ð1Þ

Statistical analysis

The software package SPSS Statistics 25 (IBM,

Armonk, USA) was used for statistical analysis. Dosi-

metric differences between [18F]-JK-PSMA-7 and

other common 18F-labeled PSMA-ligands ([18F]-

DCFBC [6], [18F]-DCFPyL [7], [18F]-PSMA-1007 [10])

were compared by a Mann-Whitney test. A p value of

< 0.05 was considered statistically significant.

Results

Patient characteristics

The patients were on average 69 years old (range 52–76

years), with an average weight of 86 kg (range 74–100

kg). The average PSA value was 15.6 μg/L (range 0.51–

130 μg/L). Nine patients had undergone radical prosta-

tectomy, and one patient had external beam radiation

therapy for primary treatment. Two patients received

androgen deprivation therapy (ADT) within the last 6

months prior to the examination. Detailed patient char-

acteristics are summarized in Table 1.

Biodistribution

Physiologic radiotracer accumulation was observed in the

salivary and lacrimal glands, liver, spleen, and intestines, in

a pattern resembling the distribution known from other

PSMA tracers with excretion via urinary and biliary path-

ways. SUVmax and SUVmean as well as their change over

time in standard organs are presented in Fig. 1. Between

1 h and 3 h p.i., the uptake in the liver demonstrated an in-

crease in SUVmax and SUVmean of around 69%, whereas

the uptake in the other standard organs showed a decrease

in SUVmax and SUVmean, amounting to − 37% for the kid-

neys, − 41% for the spleen, − 45% for the lungs, and − 14%

for the salivary glands (mean values).

As can be seen in Fig. 2, fast excretion via the blood is evi-

dent. From the exponential fit of the TAC, an average half-

life of the blood activity concentration of 74min can be cal-

culated. The whole blood pool contained in mean 13%, 8%,

and 4% of the injected activity at 1 h, 2 h, and 3 h p.i., re-

spectively. These initial clinical data are in good agreement

with the preclinical data collected in rats [20].

Table 1 Patient characteristics

Patient,
no.

Age
[years]

PSA
[μg/
L]

PSA doubling
time [months]

Indication
Gleason

Activity
[MBq]

Activity/
weight
[MBq/kg]

Local
PSMA+

Nodal PSMA+ Distant
PSMA+

Therapeutic
consequence

1 76 1.48
ADT

8 RT, ADT. Intensification
of the ADT?
4 + 4

363 4.78 Right
prostate

0 Sternum RT prostate. No
intensification of the
ADT

2 67 0.7 9 BCR after prostatectomy
4 + 3

355 4.03 0 2 LNs left
iliacal

0 RT LNs

3 66 1.03 > 12 BCR after prostatectomy
and RT
4 + 3

347 3.62 0 0 0 Wait and see

4 74 1.1 4 BCR after prostatectomy
3 + 4

350 4.73 0 1 LN left iliacal 0 S-LAD and RT LN

5 63 4.7 n.a. BCR after
prostatectomy.
4 + 3

329 3.78 Right
prostate

0 0 RT prostate fossa

6 64 130.0
ADT

3 Prostatectomy, ADT.
Planning local
intervention?
n.a.

384 3.96 Right
prostate

2 LNs pre-
sacral
1 LN right
iliacal

> 5
osseous
lesions

No cystectomy

7 52 14.9 > 12 BCR after prostatectomy
and RT
3 + 3

370 4.30 0 0 0 Wait and see

8 73 0.8 5 BCR after prostatectomy
4 + 3

371 4.95 0 3 LNs
retroperitoneal

0 RT LNs

9 74 1.02 > 12 BCR after prostatectomy
3 + 4

379 4.6 0 0 0 Wait and see

10 59 0.51 n.a. BCR after prostatectomy
4 + 3

345 3.45 0 0 0 RT prostate fossa

ADT androgen deprivation therapy, BCR biochemical recurrence, LAD lymphadenectomy, LN lymph node, n.a. not available, RT radiotherapy, S-LAD

salvage lymphadenectomy
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Radiation dosimetry

The effective dose from [18F]-JK-PSMA-7 for the whole

body was calculated to be 1.09E−02mGy/MBq. The

highest radiation dose was observed in the kidneys

(mean 1.76E−01 mGy/MBq), followed by liver (mean

7.61E−02mGy/MBq), salivary glands (mean 4.75E−02

mGy/MBq), spleen (mean 1.89E−02mGy/MBq), and

lungs (1.10E-2 mGy/MBq). The individual results for

each patient’s whole body and partial organ absorbed

doses are presented in Table 2. For comparison, Table 3

presents the corresponding absorbed doses and resi-

dence times for other 18F-labeled PSMA-ligands

(PSMA-1007, DCFPyL, DCFBC). As in this work, the

QDOSE dosimetry software suite was used for [18F]-

PSMA-1007. Other software packages were used for

[18F]-DCFBC and [18F]-DCFPyL, but radiation dosimetry

was performed in a similar way.

Statistical comparison with other PSMA ligands

There was no statistically significant difference between

the residence times of [18F]-JK-PSMA-7 and [18F]-

PSMA-1007 for the examined organs (p > 0.05 for all or-

gans). The comparison between [18F]-JK-PSMA-7 and

[18F]-DCFPyL showed a statistically significant increase

for residence times in the liver (47%, p = 0.034) and the

salivary glands (40%, p = 0.003) for [18F]-JK-PSMA-7.

For the kidneys (p > 0.05) and the spleen (p > 0.05), on

the other hand, no significant difference in residence

times was found. In the comparison between [18F]-JK-

PSMA-7 and [18F]-DCFBC, a statistically significant

increase was observed for the residence times in the kid-

neys (17%, p = 0.001) and the liver (28%, p = 0.002) for

[18F]-JK-PSMA-7. There was no statistically significant

difference for the residence time in the spleen and the

lungs (p > 0.05).

Fig. 1 Biodistribution of a SUVmax and b SUVmean of [18F]-JK-PSMA-7 in non-target organs over time with standard deviations

Fig. 2 Average blood activity concentration of [18F]-JK-PSMA-7 derived from both patients groups. All error bars refer to the standard deviation

Hohberg et al. EJNMMI Research            (2019) 9:66 Page 5 of 10



Visual analysis of PSMA-positive lesions

Six out of ten patients were scored as PSMA-positive.

Readings were based on the interpretation of the latest

PET-scans, performed 140min and 200 min, respect-

ively. A total of 18 suspicious lesions were analyzed,

which included six bone lesions, nine lymph nodes, and

three local lesions within the prostate fossa. Three of

these six patients (patients no. 1, 2, and 4) belonged to

patient group no. 1 (acquisition protocol 20 min–140

min p.i.) and the other three (patients no. 5, 6, and 8) to

patient group no. 2 (acquisition protocol 80 min–200

min p.i.).

Table 2 Absorbed dose [mGy/MBq] for all segmented organs for each patient

Organ Patient no.
1

Patient no.
2

Patient no.
3

Patient no.
4

Patient no.
5

Patient no.
6

Patient no.
7

Patient no.
8

Patient no.
9

Patient no.
10

Kidneys 1.44E−02 2.66E−01 1.74E−01 2.15E−01 1.34E−01 1.29E−01 2.90E−01 7.45E−02 1.72E−01 1.58E−01

Lungs 9.84E−03 1.07E−02 1.24E−02 1.46E−02 9.92E−03 1.19E−02 6.61E−03 9.95E−03 1.19E−02 1.26E−02

Liver 6.40E−02 9.22E−02 8.30E−02 4.22E−02 7.25E−02 9.94E−02 5.95E−02 7.68E−02 7.13E−02 1.00E−01

Spleen 3.04E−02 1.67E−02 1.86E−02 6.92E−03 1.08E−02 1.31E−02 2.12E−02 1.47E−02 2.38E−02 3.27E−02

Salivary
glands

6.57E−02 4.13E−02 7.97E−02 4.87E−02 3.12E−02 4.16E−02 3.53E−02 4.82E−02 3.84E−02 3.74E−02

Effective
dose

8.64E−03 1.46E−02 1.19E−02 1.08E−02 8.85E−03 1.16E−02 1.30E−02 6.61E−03 1.02E−02 1.26E−02

Table 3 Dosimetry comparison of [18F]-JK-PSMA-7 with other 18F-labled PSMA tracers

Organ [18F]-JK-PSMA-7
This work

[18F]-PSMA-1007
Giesel et al. [10]

[18F]-DCFPyL
Szabo et al. [7]

[18F]-DCFBC
Cho et al. [6]

Mean absorbed dose [mGy/MBq]

Number of patients 10 3 4 5

Used dosimetry software QDOSE,
ABX-CRO, Germany

QDOSE,
ABX-CRO, Germany

MIM Software,
Cleveland, Ohio

ANALYZE,
BIR, Mayo Clinic

Kidneys 1.76E−01
(6.52E−02 SD)

1.70E−01
(3.09E−02 SD)

9.45E−02
(n.a.)

2.84E−02
(3.81-03 SD)

Lungs 1.10E−02
(2.16E−03 SD)

1.11E−02
(2.60E−04 SD)

1.08E−02
(n.a.)

2.45E−02
(2.99-03 SD)

Liver 7.61E−02
(1.83E−02 SD)

6.02E−02
(6.24E−04 SD)

3.80E−02
(n.a.)

2.46E−02
(4.16-03 SD)

Spleen 1.89E−02
(8.28E−03 SD)

7.39E−02
(2.96E−02 SD)

1.85E−02
(n.a.)

1.72E−02
(1.05E−03 SD)

Salivary glands 4.68E−02
(1.50E−02 SD)

9.00E−02
(n.a.)

2.68E−02
(n.a.)

n.a.

Effective dose 1.09E−02
(2.37E−03 SD)

2.20E−02
(2.08E−04 SD)

1.39E−02
(n.a.)

1.99E−02
(1.34E−03 SD)

Mean residence time [MBq·h/MBq]

Kidneys 2.26E−01
(7.83E−02 SD)

2.64E−01
(5.03E−03 SD)

2.17E−01
(n.a.)

3.50E−02
(5.84E−03 SD)

Lungs 4.39E−02
(7.16E−03 SD)

n.a. 3.70E−02
(n.a.)

1.09E–01
(1.87E−02 SD)

Liver 5.70E−01
(1.31E −01 SD)

4.42E−01
(2.87E−02 SD)

2.60E−01
(n.a.)

1.59E−01
(3.29E−02 SD)

Spleen 2.32E−02
(7.09E−03)

6.29E−02
(2.89E−02 SD)

2.07E−02
(n.a.)

1.01E−02
(8.92E−04 SD)

Salivary glands 1.75E−02
(2.68E−03 SD)

1.37E−02
(3.64E−03 SD)

6.95E−03
(n.a.)

n.a.

Whole-body 1.93E+00
(1.48E−01 SD)

2.64E+00
(0.00 SD)*

1.96E+00
(n.a.)

2.37E+00
(9.09E−02 SD)

n.a. not available, SD standard deviation

*The residence time for the whole-body was the same for all three patients [10]
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Quantitative analysis of PSMA-positive lesions

All PSMA-positive lesions showed an increased uptake

over time, although significant differences emerged be-

tween the two patient groups. In patient group no. 1, the

SUVmax and SUVpeak values increase slowly over time

and reach an almost stable plateau 100 min after injec-

tion. In patient group no. 2, on the other hand, the SUV-

max and SUVpeak values continue to rise significantly.

These differences in the time courses of SUVmax and

SUVpeak are reflected in corresponding values for the

TBR. Thus, between 100 and 140 min p.i., the mean

TBR increased by 50%, whereas between 140 and 200

min p.i., the mean TBR increased by 78%. Figure 3

shows the time course of the SUVmax, SUVpeak, and TBR

in PSMA-positive lesions. In addition, Fig. 4 shows the

images of two patients, one from patient group no. 1

and one from patient group no 2.

Adverse events

All patients tolerated the examination well. No drug-re-

lated pharmacological effects or physiologic responses

were observed. None of the patients reported any ad-

verse events or side-effects at the time, when the PET-

results were discussed with the patient or some weeks

later, when the therapeutic consequences were discussed

by telephone counseling.

Verification

Five out of the 6 patients with PSMA-positive lesions

showed a decreased PSA level after radiotherapy of the

PSMA-positive lymph nodes or after salvage radiother-

apy of the PSMA-positive lesions within the prostate

fossa. One patient had multiple PSMA-positive lymph

nodes and skeletal lesions, which were also visible on

the CT scan.

Two out of the 4 patients with a PSMA-negative PET

result had a stable PSA level after 6 to 8 months without

any therapy. One patient received salvage radiotherapy

and the PSA level decreased. One patient developed

osteosclerotic bone metastases after 9 months, then vis-

ible on the CT scan, but again PSMA-negative with

[68Ga]-PSMA-11.

Discussion

Ten patients were examined with [18F]-JK-PSMA-7. In

summary, the observation of patients with the novel

tracer can be summarized as follows.

Fig. 3 SUVmax, SUVpeak, and TBR of [18F]-JK-PSMA-7 in six patients with 18 PSMA-positive lesions. Time course of SUVmax and SUVpeak for patient

group no. 1 (data acquisition between 20 and 140min p.i., three patients, 6 lesions) exhibited in a and patient group no. 2 (data acquisition

between 80 and 200min p.i., three patients, 12 lesions) in b. Corresponding TBR for patient group no. 1 shown in c and patient group no. 2 in d.

All error bars refer to the standard deviation

Hohberg et al. EJNMMI Research            (2019) 9:66 Page 7 of 10



The mean effective dose was comparable to that of

other 18F-labeled PSMA ligands. Furthermore, the

preserved organ doses were within the same order of mag-

nitude as other 18F-labeled PSMA ligands. One problem

with the comparison of organ doses is that in previous

studies, the organ masses have been determined differ-

ently. In some cases, the masses were determined indi-

vidually for each patient using CT images [10] while

elsewhere reference organ masses according to ICRP were

used [7]. A comparison of the different tracers on the

basis of the residence times and thus independent of mass

is therefore much more conclusive. Regarding the tracer

residence times in various organ systems, no significant

difference was found between [18F]-JK-PSMA-7 and [18F]-

PSMA-1007. Significant increases were found for the liver

in comparison to DCFBC (28%, p = 0.002) and DCFPyL

(47%, p = 0.034). It should be noted here that the mean

values from the other studies are based on very small co-

horts (usually only three to five patients). In our study, the

mean values are based on ten examined patients.

[18F]-JK-PSMA-7 showed a fast excretion via the

blood in a similar order of magnitude to [18F]-

DCFPyL. Zlatopolskiy et al. [20] were able to show

that the blood protein binding of [18F]-PSMA-1007

and [68Ga]-PSMA-11 was significantly higher

compared to [18F]-JK-PSMA-7. High blood protein

binding may delay the excretion of the tracer

resulting in lower accumulation in kidneys and blad-

der. This could be advantageous for detecting PCa

metastases adjacent to urethra and bladder, while a

faster excretion would favorably affect the background

enrichment.

Fig. 4 a [18F]-JK-PSMA-7 PET/CT scans obtained at 20min, 50 min, 110 min, and 140min p.i. and corresponding values for the SUVmax, SUVpeak,

and TBR of one suspicious lesion within the prostate fossa (arrow). b [18F]-JK-PSMA-7 PET/CT scans obtained at 80 min, 110 min, 170 min, and 200

min p.i. and corresponding values for the SUVmax, SUVpeak, and TBR of a suspicious retroperitoneal lymph node (arrow). Here, we have quantified

the middle lymph node from a PSMA-positive lymph node chain

Hohberg et al. EJNMMI Research            (2019) 9:66 Page 8 of 10



A major strength of this study is that we investigated

the temporal course of SUV values not only for organs

but also for 18F-PSMA-positive lesions over a long

period of time. The values for SUVmax and SUVpeak in

the PSMA-positive lesions increased for up to 60 min

p.i. and remained at this intensity in the subsequent

PET/CT scans up to 140 min p.i. In the period between

170 and 200 min after injection, further significant in-

creases in SUVmax and SUVpeak were seen in PSMA-

positive lesions. From this data, it can be concluded that

a late acquisition window, even up to 3 h after injection,

may be favorable for this tracer. This also confirms the

observations made from evaluation of Lu177-PSMA ther-

apies. The tracer uptake in PSMA-positive lesions was

found to increase up to 24 h after injection, in contrast

to uptake in non-target organs, which mainly peaked on

the day of treatment, and declined thereafter [26].

Therefore, there might be a clear advantage compared to

[68Ga]-PSMA-11. The direct comparison of [18F]-JK-

PSMA-7 with [68Ga]-PSMA-11 and other 18F-labeled

PSMA-ligands will be the subject of another work by

our department [27].

One limitation of this study is that [18F]-JK-PSMA-7

was not tested on healthy volunteers. But there is no

reason to assume that normal organs, when free of le-

sions, have a different tracer uptake in healthy men

compared to patients. For [18F]-DCFPyL, the dosimetry

in normal organs was proven to be assessed independ-

ently of tumor presence [7].

Conclusion

The radiation dose from [18F]-JK-PSMA-7 was similar to

that delivered by other 18F-labeled PSMA-ligands. The

highest TBR was found 3 h after injection. From the kin-

etically collected data, it can be concluded that this

trend may also continue in the further course. The start

for the PET/CT acquisition should be chosen as late as

possible. The high uptake in suspicious lesions in terms

of absolute SUVmax and relative TBR values indicates

potentially high sensitivity of the tracer for the detection

of prostate cancer manifestations. In order to evaluate

the potential sensitivity and optimized pharmacokinetics

of [18F]-JK-PSMA-7, a larger prospective and compara-

tive study is ongoing.
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