
ORIGINAL ARTICLE

Radiation dosimetry of 68Ga-PSMA-11 (HBED-CC)
and preliminary evaluation of optimal imaging timing

Ali Afshar-Oromieh1,2
& Henrik Hetzheim3

& Wolfgang Kübler4 & Clemens Kratochwil1 &

Frederik L. Giesel1 & Thomas A. Hope5 & Matthias Eder6 & Michael Eisenhut6 &

Klaus Kopka6 & Uwe Haberkorn1,2

Received: 7 March 2016 /Accepted: 9 May 2016 /Published online: 3 June 2016
# Springer-Verlag Berlin Heidelberg 2016

Abstract
Purpose The clinical introduction of 68Ga-PSMA-11
(BHBED-CC^) ligand targeting the prostate-specific mem-
brane antigen (PSMA) has been regarded as a significant step
forward in the diagnosis of prostate cancer (PCa). In this
study, we provide human dosimetry and data on optimal
timing of PET imaging after injection.
Methods Four patients with recurrent PCa were referred for
68Ga-PSMA-11 PET/CT. Whole-body PET/CTlow-dose scans
were conducted at 5 min, and 1, 2, 3, 4 and 5 h after injection
of 152–198MBq 68Ga-PSMA-11. Organs of moderate to high
uptake were used as source organs; their total activity was
determined at all measured time points. Time–activity curves
were created for each source organ as well as for the

remainder. The radiation exposure of a 68Ga-PSMA-11 PET
was identified using the OLINDA-EXM software. In addition,
tracer uptake was measured in 16 sites of metastases.
Results The highest tracer uptake was observed in the kid-
neys, liver, upper large intestine, and the urinary bladder.
Mean organ doses were: kidneys 0.262±0.098 mGy/MBq,
liver 0.031± 0.004 mGy/MBq, upper large intestine 0.054
±0.041 mGy/MBq, urinary bladder 0.13±0.059 mGy/MBq.
The calculated mean effective dose was 0.023±0.004 mSv/
MBq (=0.085±0.015 rem/mCi). Most tumor lesions (n=16)
were visible at 3 h p.i., while at all other time points many
were not qualitatively present (10/16 visible at 1 h p.i.).
Conclusions The mean effective dose of a 68Ga-PSMA-11
PET is 0.023 mSv/MBq. A 3-h delay after injection was op-
timal timing for 68Ga-PSMA-11 PET/CT in this patient
cohort.
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Introduction

Prostate cancer (PCa) is the most frequent malignant tumor in
men worldwide [1]. The diagnosis of recurrent PCa has al-
ways been challenging for conventional imaging modalities
such as computer tomography (CT) and magnetic resonance
imaging (MRI) due to low sensitivity and specificity.
Although positron emission tomography (PET) with choline
has been regarded as one of the best methods for imaging
recurrent PCa, numerous studies reported a low sensitivity
and specificity, especially at low prostate specific antigen
(PSA) levels and high Gleason scores (GSC) [2–5].

Due to these experiences, the development of improved
imaging methods was required. In this context, prostate-
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specific membrane antigen (PSMA) targeted imaging has re-
ceived increased attention during the past few years. PSMA is
a cell-surface protein that is strongly overexpressed in PCa
cells compared to other PSMA-expressing tissues such as sal-
ivary glands, liver, kidneys, or intestines [6, 7]. Therefore, it
provides a promising target for molecular imaging and therapy
of PCa. During the last two decades, many efforts have been
undertaken to develop PSMA-ligands [8–15]. In 2011, the
low-molecular-weight PSMA-inhibitor Glu-NH-CO-NH-
Lys-(Ahx)-[68Ga(HBED-CC)] (68Ga-PSMA-11) was intro-
duced to the community as a novel PET-tracer for diagnosing
PCa [16, 17]. PSMA-11 is also known as PSMAHBED, Glu-
CO-Lys(Ahx)-HBED-CC, DKFZ-PSMA-11, PSMA-HBED-
CC, PSMA-HBED, or PSMA.

Since the first human 68Ga-PSMA-11 PET/CT in
May 2011, this novel method of imaging has rapidly spread
to multiple institutions [18–20]. These first results were re-
cently confirmed by larger studies [21, 22]. Despite the exten-
sive use of the agent, human dosimetry data as well as an
overview about the best time to conduct PET-images after
injection of the tracer have not yet been published. The aim
of this manuscript was to evaluate such data to close this gap.

Materials and methods

For this evaluation, we performed a retrospective analysis of
four patients (Table 1) who underwent 68Ga-PSMA-11 PET/
CT to detect tumor lesions in case of biochemical relapse of
PCa. The mean age of the patients was 68±4 years (range,
62–72 years) with a median GSC of 8 (range, 7–9). The mean
PSA level was 2.50±1.36 ng/ml (range, 1.49–4.50 ng/ml).
Given patient approval, six PET scans were conducted in or-
der to maximize the chance of detecting tumor lesions and to
optimize the tumor staging of the patients.

All patients included in this manuscript signed a written
informed consent form allowing anonymized evaluation and
publication of their data. This study was in accordance with
the Helsinki Declaration and with our national regulations
(German Medicinal Products Act, AMG §13 2b). This

evaluation was approved by the ethics committee of the
University of Heidelberg.

Radiotracer

The radiotracer was produced as published before [16, 17,
23]: 68Ga3+ was obtained from a 68Ge/68Ga radionuclide gen-
erator (iThemba IDB-Holland bv, Baarle-Nassau,
The Netherlands) and used for radiolabeling of PSMA-11.

Table 1 Characteristics of the patients investigated in this evaluation

Patient no. Age
(years)

68Ga-PSMA-11 (MBq) GSC PSA (ng/ml) Previous
treatment

LNmetast. Bone
metast.

Local
relapse

Soft tissue
metast.

Primary
tumor

1 62 152 7 1.90 RT 0 0 0 0 0

2 67 170 7 1.49 RPx + RT 4 0 0 0 0

3 72 198 8 4.50 RT 5 0 0 0 0

4 70 173 9 2.10 RT 2 5 0 0 0

RPx radical prostatectomy, RT radiation therapy

Fig. 1 Maximum intensity projection (MIP) of patient one with normal
distribution of 68Ga-PSMA-11 1 h p.i. Accumulation is seen in lacrimal
and salivary glands, nasal mucosa, liver, spleen, proximal small
intestines, parts of the colon and in the kidneys. 68Ga-PSMA-11 is
mainly excreted via the urinary tract
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The final product was formulated in isotonic PBS and was
sterile filtered. The radiolabeling and purification of the
PSMA ligand was performed with an automated radio synthe-
sizer [23]. Typically, radiochemical yields of 80 %±5 % (de-
cay corrected) and radiochemical purity >99%were achieved.
The targeted activity of 68Ga-PSMA-11 was 2 MBq per kg
bodyweight. Variation of injected radiotracer activity between
patients was caused by the short physical half-life of 68Ga
(68 min) and variable elution efficiencies resulting during

the lifetime of the 68Ge/68Ga generator. All injections
contained less than 0.6 μg/ml PSMA-11.

Imaging

The patients were imaged on a BIOGRAPH-mCT PET/CT
(Siemens, Erlangen, Germany) after intravenous bolus injec-
tion (mean, 173±19 MBq, range, 152–198 MBq). A non-
contrast-enhanced CT scan was performed at 5 min, and 1,
2, 3, 4, and 5 h post tracer injection using the following pa-
rameters: slice thickness of 5 mm; increment of 2 mm; soft
tissue reconstruction kernel; 120 keV/60 mAs at 3-h post in-
jection (p.i.) and 80 keV/30 mAs at 5 min, and 1, 2, 4, and 5 h
p.i. These lower keV and mAs were chosen to reduce the
radiation exposure by CT. The lower KeV and mAs used
should not affect uptake quantification [24].

Immediately after CT scanning, a whole-body (WB) PET
was acquired in 3D (matrix: 200×200). Each bed position
(axial field of view of 16.2 cm) was acquired for 3 min. The
emission data were corrected for decay, random and scatter
events. Reconstruction was conducted with an ordered subset
expectation maximization algorithm (OSEM) with two
iterations/eight subsets and Gauss-filtered to a transaxial

Table 2 Dosimetry data, time-integrated activity coefficient of 68Ga-
PSMA-11

Patient→ 1 2 3 4 Mean (± SD)
Time integrated activity coefficient
[Bq*h/Bq]

Liver 0.1080 0.0918 0.0847 0.1190 0.1009 (±0.0155)

Spleen 0.0083 0.0199 0.0088 0.0244 0.0154 (±0.0080)

Kidneys 0.0747 0.1790 0.1970 0.2200 0.1677 (±0.0642)

Urinary bladder 0.0965 0.1200 0.1360 0.0672 0.1049 (±0.0299)

Small intestine 0.0059 0.0096 0.0045 0.0039 0.0060 (±0.0026)

Colon 0.0166 0.1070 0.0283 0.0237 0.0439 (±0.0423)

Remainder 1.2100 1.0300 1.0500 1.1200 1.1025 (±0.0814)

Table 3 Absorbed organ doses
of a 68Ga-PSMA-11 PET Patient→ 1 2 3 4 Mean (± SD)

Absorbed Organ Dose (mGy/MBq)

Adrenals 0.0134 0.0138 0.0139 0.0155 0.0142 (±0.0009)

Brain 0.0098 0.0084 0.0085 0.0091 0.0090 (±0.0007)

Breasts 0.0092 0.0084 0.0085 0.0092 0.0088 (±0.0004)

Gallbladder 0.0141 0.0148 0.0136 0.0150 0.0144 (±0.0006)

Lower colon 0.0128 0.0122 0.0121 0.0119 0.0123 (±0.0004)

Small intestine 0.0159 0.0195 0.0148 0.0149 0.0163 (±0.0022)

Stomach 0.0121 0.0119 0.0114 0.0125 0.0120 (±0.0005)

Upper colon 0.0284 0.1160 0.0391 0.0325 0.0540 (±0.0416)

Heart 0.0117 0.0103 0.0104 0.0113 0.0109 (±0.0007)

Kidneys 0.1190 0.2790 0.3060 0.3420 0.2620 (±0.0984)

Liver 0.0322 0.0287 0.0265 0.0361 0.0309 (±0.0042)

Lungs 0.0109 0.0096 0.0097 0.0105 0.0102 (±0.0006)

Muscle 0.0110 0.0101 0.0101 0.0106 0.0105 (±0.0004)

Pancreas 0.0133 0.0136 0.0133 0.0149 0.0138 (±0.0008)

Red marrow 0.0094 0.0090 0.0089 0.0094 0.0092 (±0.0003)

Osteogenic cells 0.0153 0.0135 0.0136 0.0145 0.0142 (±0.0008)

Skin 0.0095 0.0084 0.0085 0.0090 0.0885 (±0.0005)

Spleen 0.0255 0.0561 0.0284 0.0682 0.0446 (±0.0209)

Testes 0.0112 0.0099 0.0102 0.0102 0.0104 (±0.0006)

Thymus 0.0108 0.0093 0.0094 0.0101 0.0099 (±0.0007)

Thyroid 0.0106 0.0091 0.0093 0.0099 0.0097 (±0.0007)

Urinary bladder 0.1220 0.1480 0.1660 0.0874 0.1300 (±0.0341)

Total body 0.0123 0.0123 0.0121 0.0130 0.0124 (±0.0004)

Effective dose (mSv/MBq) 0.0183 0.0254 0.0263 0.0242 0.0236 (±0.0036)
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resolution of 2 mm at FWHM (full width at half maximum).
Attenuation correction was performed using the low-dose
non-enhanced CT data acquired at each time point.

Image evaluation

Two board-certified specialists in nuclear medicine with 10
and 27 years of clinical experiences (first and last author) read
all data sets independently and resolved any disagreements by
consensus.

For calculation of the standardized uptake value (SUV),
circular regions of interest were drawn around areas with fo-
cally increased uptake in transaxial slices and automatically
adapted to a three-dimensional volume of interest at a 70 %
isocontour for SUV calculations.

Lesions that were visually considered PCa metastases were
counted and analyzed with respect to their localization (local
relapses, lymph node, bone, and soft tissue metastases) and to
their mean and maximum standardized uptake values
(SUVmean and SUVmax) at all time points. Any visible PCa
lesions of a patient were counted and analyzed. Tumor contrast

was measured by dividing the SUVmean of tumor lesions by
the SUVmean of the background as well as by dividing the
SUVmax of tumor lesions by the SUVmax of the background.
As background tissue, we selected gluteal musculature.

Radiation dosimetry

The fused PET/CT images were used to define the organs
showing moderate and high uptake of 68Ga-PSMA-11. The
corresponding volume of interests (VOIs) borders were drawn
on each WB PET image with the help of PMOD software
(PMOD Ltd, Zurich, Switzerland), which were verified visu-
ally for adequate placement. The VOIs were defined such that
the whole activity of the organ was taken into account and care
was taken to minimize interference of adjacent activity distri-
bution in other organs. VOIs were drawn for lacrimal and
salivary glands (all of them summed), liver, spleen, both kid-
neys (summed), proximal small intestines, colon (those parts
which took up the tracer, mostly the descendent parts) and
urinary bladder. The activity distribution for the four patients
was analyzed at 5 min, and 1, 2, 3, 4, and 5 h after intravenous

Fig. 2 Organ distribution of 68Ga-PSMA-11 of the source organs with the remainder given as a proportion of the injected activity corrected for the
physical decay. ULI upper large intestines
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injection of 68Ga-PSMA-11 to estimate the absorbed radiation
dose. Integration of the time–activity curves for the corre-
sponding organs and tumor sites was used to estimate the
time-integrated activity coefficient (Bq*h/Bq) of the tracer in
the organs. A bi-exponential fit was used for the integration of
the time–activity curves.

The time-integrated activity coefficient of the tracer for
each patient was used to calculate the organ dose and the
effective dose for the standard 73-kg adult male model with
the help of OLINDA/EXM application (version 1.1) [25]. Our
specific aim was to estimate the effective dose for a standard
patient referred for 68Ga-PSMA-11 PET/CT, not to evaluate
the patient-specific dose received. The latter is more important
for use with generic patients referred for a PSMA-ligand ra-
diotherapy. We assumed that the fraction of the accumulated
activity in the organs was independent from the body mass
and we used the standard male model of the OLINDA soft-
ware. The calculation of the absorbed organ dose and the
effective dose was calculated by OLINDA/EXM. The effec-
tive dose is based on the recommended weighting factors of
the ICRP 60 (1991) report [26].

Additionally, patients were asked to empty their bladder
prior to each scan. The activity of the collected excreted urine
was then determined separately by measuring a sample of 1 ml
twice in a well counter detector (Berthold LB 951G, Bad
Wildbad, Germany). The average of the two different measure-
ments was adjusted based on the volume of the collected urine.
This urine activity was then added to the calculated urinary
bladder content determined from the PET/CT measurement at
the same time point. The excreted decay-corrected activity was
subtracted from the remainder at the next PET/CT measure-
ment. The remainder is defined as those remaining parts of
the body that show low or unspecific tracer uptake.

According to the biodistribution of 68Ga-PSMA-11, it can
be assumed that with the exception of lacrimal and salivary
glands, liver, spleen, kidneys, urinary bladder, small intestine
and colon, the balance of the activity (including the activity
within the blood vessels) is uniformly distributed in the remain-
der. Because ICRP 60 and OLINDA do not provide separate
analysis of salivary and lacrimal gland dose, tracer uptake with-
in these glands was contributed to the remainder. This approach
has no effect for the estimation of effective dose.

Fig. 3 Organ distribution of 68Ga-PSMA-11 of the source organs without the remainder given as a proportion of the injected activity corrected for the
physical decay. ULI upper large intestines
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Results

None of the patients developed adverse events or clinically
detectable pharmacological effects. As presented by Fig. 1,
physiological uptake of 68Ga-PSMA-11 was observed in lac-
rimal and salivary glands, nasal mucosa, liver, spleen, kid-
neys, proximal small intestines and in some portions of the
large intestines. 68Ga-PSMA-11 is excreted via the urinary
tracts. In addition, it is known that also celiac ganglia can
present with uptake of 68Ga-PSMA-11, especially when using
the latest generation of PET scanners [27]. However, none of
the patients of the present study showed PSMA-positive celiac
ganglia.

Radiation dosimetry

The effective dose of 68Ga-PSMA-11 was determined in
all patients. A mean activity of 173 MBq (152–
198 MBq) was injected intravenously. Table 2 provides
the estimated time-integrated activity coefficient of 68Ga
in the selected source organs. The highest value

occurred for the remainder followed by the kidneys in
patients 2–4 and by the liver in patient 1. The estimated
organ doses and the effective dose of each patient are
shown in Table 3. The mean effective dose per unit
activity administered of the four patients was 0.023
± 0.004 mGy/MBq. The highest organ dose registered
in the patient collective was determined in the kidneys
of patient 4 with 0.342 mGy/MBq. Looking at the mean
value of the absorbed organ doses for the four patients,
the three highest dose values were kidneys (0.261 mGy/
MBq), the urinary bladder wall (0.130 mGy/MBq) and
the upper large intestine wall (0.054 mGy/MBq).

Figures 2 and 3 show the decay-corrected radioactivity
in the source organs as a function of time. The remainder
activity ranges from 46 to 76 %, whereas the other source
organ distributions are in the range of 1–20 %. The ac-
tivity distribution in the total head (including all lacrimal
and salivary glands) was in the range of 1–3 % (Fig. 4).
As also demonstrated by Fig. 4, the decay corrected ac-
tivity in the salivary and lacrimal glands stayed mainly
stable by time.

Fig. 4 Decay corrected activity
(a) and total activity (b) of the
sum of the lacrimal and salivary
glands
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Evaluation of malignant uptake

Figure 5 presents the uptake and contrast of all metastases in
relation to the different times following the injection of 68Ga-
PSMA-11. The background SUVs are presented by supple-
mentary Table 1. PCa metastases demonstrated an increased
uptake and contrast over time (Fig. 6).

Overall, 16 PCa lesions were counted and analyzed in three
patients. Eleven were defined as lymph node (LN) metastases
(in three patients) and five as bone metastases (in one patient).
As demonstrated by Table 4, SUVmean and SUVmax in-
creased in most metastases with time. However, not all of
the lesions were visible at all scans due to low contrast as also
presented by Table 4. The highest detection rate of metastases
was at 3 h p.i.

Discussion

Since the introduction of 68Ga-PSMA-11 for PET-imaging,
PSMA-PET/CT has spread rapidly to many institutions. The
whole-body distribution and internal radiation dosimetry of
68Ga-PSMA-11 is presented in four patients. The kidneys
were the organs receiving the highest absorbed dose (average
dose: 0.262 mGy/MBq). Additional organs with higher mean
dose were the urinary bladder, upper large intestines and the
spleen. The average effective dose with a diagnostic activity

of 200 MBq was 4.7 mSv. These results are similar compared
to other most recently introduced PSMA ligands [15, 28].

Patient number 1, in whom no tumor lesion was found,
presented with slightly less radiation exposure. One reason
could be the fact that in the first 3 h a slower decrease of the
activity of the remainder and a slower increase of the activity
in the kidneys was observed in this patient. This results in a
lower kidney dose and a lower effective dose. The lack of
PSMA-positive lesions in this patient is most likely coinciden-
tal and unrelated to the lower radiation exposure.

In our analysis, salivary and lacrimal glands were found to
have no significant impact on the radiation exposure caused
by a 68Ga-PSMA-11 PET/CT. However, the radiation expo-
sure of these glands does play a role when using PSMA li-
gands for targeted radiotherapy. The first report about targeted
radiotherapy of metastatic PCa with a PSMA-ligand has al-
ready described side effects such as dry mouth and mucositis
[29].

Our analysis confirms that PCa metastases demonstrate an
increase of PSMA ligand uptake over time [15, 19, 28–30].
We previously published that 70 % of PCa lesions have in-
creased uptake and contrast at 3 h p.i. compared to 1 h p.i.
[19]. However, as all representative 65 PCa lesions in the
mentioned previous study were visible at 1 h p.i. with suffi-
cient contrast, we recommended imaging at 1 h p.i. with later
imaging only to clarify unclear findings. The 1-h time point
allows easy integration of PSMA-11 PET/CT into the clinical

Fig. 5 Development of SUV values and tumor contrast over time in all PCa lesions detected in the patient group (five bone metastases and 11 LN
metastases)
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routine where multiple other PET scans are conducted at 1 h
p.i. (18F-FDG, 18F-DOPA, 68Ga-DOTATOC, etc.). In the pres-
ent analysis however, six lesions in two different patients were
not visible at 1 h p.i. due to low contrast, although these
missed lesions did not change the tumor staging of the
patients.

Overall, the question remains at what time following the
injection of 68Ga-PSMA-11 the PET-scans should be conduct-
ed. In this study, most PCa metastases were visible on PSMA
PET conducted beyond 1 h p.i., with the best imaging time
point being at 3 h p.i. Furthermore, we believe that these
additionally detected lesions will rarely lead to a change of
tumor stage or therapy procedure. Other clinical tracers (eg
18F-FDG, 18F-DOPA, 68Ga-DOTATOC) are typically imaged
at 1 h, and in this clinical workflow, imaging using multiple

scans and delayed imaging will require a complex planning.
Conducting the 68Ga-PSMA-11 PET/CT 1 h after tracer injec-
tion therefore would facilitate the planning of the clinical rou-
tine as well as increasing the patients comfort due to a shorter
time of waiting. However, late images could be alternatively
planned for patients with low PSAvalues to increase the prob-
ability of detecting tumor lesions.

One limitation of the current analysis is the lack of histo-
pathological investigations of PET-positive lesions. However,
since 68Ga-PSMA-ligand PET/CT was introduced, the avail-
able data indicate that any uptake of PSMA-ligands above
local background in CT-morphological visible lesions is high-
ly specific for PCa and, thus, has to be regarded as PCa unless
otherwise proven [21]. None of the lesions examined for this
analysis were equivocal. A second limitation is the small

Fig. 6 Sequential PET/CT of patient no. 2 following the injection of
170 MBq 68Ga-PSMA-11. Most prostate cancer lesions show an
increase in uptake by time as shown by this figure. a Maximum

intensity projections (MIP) of the sequential PET/CT. b PET/CT fusion
and CTlow-dose. c SUVmax of a lymph nodal metastasis (red arrows in a
and b) at the different times
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number of patients, but the low standard deviation of the ef-
fective dose suggests that the analysis is representative for the
radiation exposure of 68Ga-PSMA-11 PET.

Conclusions

Physiological uptake of 68Ga-PSMA-11 was observed in lac-
rimal and salivary glands, nasal mucosa, liver, spleen, kid-
neys, proximal small intestines, and in some parts of the large
intestines. The kidneys were the organs receiving the highest
absorbed dose. Additional organs with higher dose were uri-
nary bladder, upper large intestines, and the spleen. The aver-
age effective dose with a highly sufficient diagnostic activity
of 200 MBq is 4.7 mSv. Late images (e.g., at 3 h p.i.) show
PCa metastases with improved tracer uptake and contrast
compared to early images (e.g., at 1 h p.i.).
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