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SPECT/CT With the PSMA Ligand 99mTc-MIP-1404 for
Whole-Body Primary Staging of Patients With Prostate Cancer

Christian Schmidkonz, MD,* Michael Cordes, MD,* Michael Beck, MD,* Theresa Ida Goetz, MSc,*†

Daniela Schmidt, MD,* Olaf Prante, PhD,* Tobias Bäuerle, MD,‡ Michael Uder, MD,‡
Bernd Wullich, MD,§ Peter Goebell, MD,§ Torsten Kuwert, MD,* and Philipp Ritt, PhD*
Background: 99mTc-MIP-1404 (Progenics Pharmaceuticals, Inc, New York,
NY) is a novel ligand binding to prostate-specific membrane antigen suitable
for SPECT. There are, as yet, no data concerning its use in whole-body
primary staging and its interobserver variability in patients with prostate
cancer (PC) prior to therapy.
Methods: A search of our clinical database from April 2013 to May 2017
yielded 93 patients with histologically confirmed cancer in whom 99mTc-
MIP-1404 SPECT/CT had been performed for primary whole-body staging
before therapy.Whole-body planar and SPECT/CT images of the lower abdo-
men and thorax had been obtained 3 to 4 hours postinjection of 706 ± 72MBq
99mTc-MIP-1404. Imageswere visually analyzed for extent and location of ab-
normal uptake by 2 experienced nuclear physicians. Interobserver agree-
ment for detection of primary tumor and metastatic lesions was assessed.
In addition, SUVs of prostate-specific membrane antigen–positive regions
of the prostate were determined in all patients, and from these, a variable
reflecting total tumor load in the prostate gland was calculated (TUprostate).
Follow-up reports of subsequent therapeutic interventions were available
in 52 (56%) of all patients with a median follow-up of 18 months.
Results: In 90 (97%) of 93 patients, prostate uptake above background was
detected as correlate of the histologically diagnosed PC. Forty-eight lymph
node and 29 bone metastases were detected in 16 and 9 patients, respec-
tively. In addition, 3 patients had disseminated bone metastases. No distant
organ metastases were found. Interobserver agreement was high for the
overall scan result (97%), as well as for the detection of the primary tumor
(97%), of lymph nodemetastases (97%), and of bone metastases (99%). Re-
currence of PC occurred in 5 patients in whom follow-up was available
(10%). TUprostate was significantly higher in patients with Gleason scores
of 8 or greater compared with patients with Gleason scores of 7 or less
and at prostate-specific antigen (PSA) serum levels of 10 ng/mL or greater
compared with PSA serum levels of 10 ng/mL or less. TUprostate of greater
than 26 in the primary tumor predicted the occurrence of lymph node or
bone metastases with a sensitivity of 82% and specificity of 76%.
Conclusions: MIP-1404 SPECT/CT has a high accuracy and low interob-
server variability in the diagnosis of PC and allows detection of lymph node
and bone metastases in a significant proportion of as yet untreated PC pa-
tients. TUprostate is correlated with Gleason score and PSA serum concentra-
tion and allows prediction of the occurrence of lymph node and bone
metastases with moderate accuracy at primary staging.

Key Words: 99mTc-PSMA, absolute quantification, primary staging,
prostate cancer, SPECT/CT

(Clin Nucl Med 2018;43: 225–231)
Received for publication December 7, 2017; revision accepted December 29, 2017.
From the *Clinic of Nuclear Medicine, University Hospital Erlangen; †Pattern

Recognition Lab, University Erlangen-Nürnberg; and ‡Institute of Radiology
and §Department of Urology and Pediatric Urology, University Hospital
Erlangen, Erlangen, Germany.

Conflicts of interest and sources of funding: none declared.
Correspondence to: Christian Schmidkonz, MD, Clinic of Nuclear Medicine,

University of Erlangen-Nuremberg, Ulmenweg 18, 91054 Erlangen, Germany.
E-mail: christian.schmidkonz@uk-erlangen.de.

Copyright © 2018 Wolters Kluwer Health, Inc. All rights reserved.
ISSN: 0363-9762/18/4304–0225
DOI: 10.1097/RLU.0000000000001991

Clinical Nuclear Medicine • Volume 43, Number 4, April 2018

Copyright © 2018 Wolters Kluwer H
C urrent guidelines recommend CT, MRI, and bone scintigraphy
for primary stagingofhigh-riskprostate cancer (PC).1Distinguishing

between disease confined to the prostate gland from that already
spreading to the lymph nodes or distant organs is essential for plan-
ning therapy. However, lymph node assessment by CT and MRI is
primarily based on morphological information such as lymph node
size and irregular shape,2 resulting in a low sensitivity of these imag-
ing modalities.3 Bone scintigraphy has a high sensitivity and, when
performed as hybrid imaging together with CT, also a high spec-
ificity4,5 but allows detection of osseous spread only. For PET/CT,
18F-fluorocholine6 and 11C-choline7 have widely been used for PC
staging,8,9 although they lack sensitivity and specificity at low
prostate-specific antigen (PSA) levels.10,11 Recently, small molecule
inhibitors targeting the prostate-specific membrane antigen (PSMA)
have entered the arena of radionuclide imaging.12 Prostate-specific
membrane antigen is a cell surface protein expressed 100- to 1000-
fold higher in PC cells than in benign prostate tissue or normal tissue
of most other organs.12–14 The PET tracer 68Ga-PSMA-HBED-CC is
so far the most common clinically used small-molecule PSMA in-
hibitor offering higher diagnostic accuracy than conventional imag-
ing methods and choline PET.15 Because of the broader availability
of SPECT systems and their lower instrumentation and radionuclide
costs compared with PET, the development of a 99mTc-labeled small
molecule inhibitor is of some clinical interest. MIP-1404 (Progenics
Pharmaceuticals, Inc, New York, NY) is a novel glutamate urea
amino acid heterodimeric inhibitor that binds to PSMA on the cell
surface of PC cells.16 Biodistribution and pharmacokinetics of
MIP-1404 are favorable, with rapid blood clearance, low urinary activ-
ity, and high lesion contrast, allowing detection of even subcentimeter
lymph node metastases.17 Evidence on its clinical value is so far
scarce.18 Recently, we reported a high diagnostic accuracy of
99mTc-MIP-1404 SPECT/CT to detect the correlate of a biochemi-
cal recurrence of PC in a group of 225 patients.19 So far, there are
no clinical data concerning the detection rates and interobserver
variability of MIP-1404 for primary whole-body staging in patients
with PC. Prior to widespread clinical adoption of PSMA-targeted
SPECT, knowledge of its capability for detection of primary PC
and distant metastases, as well as on interobserver variability and re-
producibility, is needed.

In this article, we report data from 93 patients with PC exam-
ined by 99mTc-MIP-1404 SPECT/CT prior to first therapy. In this
group of subjects, we determined detection rates for primary
PC, local lymph nodes, and distant metastases. Furthermore,
we investigated interobserver agreement of reading 99mTc-MIP-1404
SPECT/CT scans and assessed the correlation between clinical,
biochemical, and histological parameters on the one hand with de-
tection rates of metastases on the other.
PATIENTS AND METHODS

Patients and Standard of Reference
From April 2013 to May 2017, a total of 400 patients were

examined with 99mTc-MIP-1404 SPECT/CTat the Clinic of Nuclear
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Medicine at the University Hospital Erlangen. From this collective,
we retrospectively selected all subjects conforming to the following
criteria: histopathologically confirmed PC by needle biopsy and no
primary therapy (eg, prostatectomywith or without lymph node dis-
section, radiation therapy, androgen deprivation therapy).

After applying these criteria, 93 patients were ultimately in-
cluded in the study. For each subject, a complete medical history in-
cluding histology of confirmed PC, PSA values, clinical T stage,
and demographic information was collected. Furthermore, follow-
up information including therapeutic strategy after MIP imaging
and the rate of biochemical recurrence of PC after primary therapy
was obtained and available for 52 (56%) of 93 patients. Patient char-
acteristics are summarized in Table 1.

Being an investigational radiopharmaceutical 99mTc-MIP-1404
is not yet US Food and Drug Administration or European Medicines
Evaluation Agency approved. It was therefore used under the condi-
tions outlined in §13(2b) of the Arzneimittelgesetz (GermanMedicinal
Products Act). Our protocol was approved by the institutional
review board of the University Hospital Erlangen, and written in-
formed consent was obtained from all subjects.

Radiosynthesis of 99mTc-MIP-1404
99mTc-MIP-1404was synthesized as described previously.16,20

The radiopharmaceutical 99mTc-MIP-1404 was formulated in a
radioactivity concentration of 234 ± 19 MBq/mL (6.3 ± 0.5 mCi)
(referred to the time of expiry, n = 141), with high radiochemical purity
of 96.5% ± 1.3% and specific radioactivity of 18.5 ± 1.6 GBq/mg.

Image Acquisition and Reconstruction
The injected radioactivity of 99mTc-MIP-1404, administered

at 3 to 4 hours prior to image acquisition, ranged from 516 to
794 MBq (13.9–21.4 mCi), with a mean radioactivity of 706 ± 72 MBq
(19.1 ± 1.9 mCi) for this study cohort. Image acquisition was per-
formed using a Symbia T2 SPECT/CT system (Siemens Healthcare,
TABLE 1. Patient Characteristics

Patient Characteristics

Age, y
Median 65
Range 51–81

PSA at scan, ng/mL
Median 5.7
Range 1–742

Primary Gleason score
Median 8
Range 6–10
Gleason score ≤7 45
Gleason score ≥8 48

Clinical T stage
T1c 12 (13%)
T2 4 (4%)
T2a 10 (11%)
T2b 21 (23%)
T2c 17 (18%)
T3 14 (15%)
T3a 7 (7%)
T3b 4 (4%)
T4 1 (2%)
Disseminated bone metastases 3 (3%)
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Hoffman Estates, Ill). After performing whole-body planar scans
(anterior and posterior views) using low-energy high-resolution col-
limation and a scan speed of 12 cm/min using a body-contouring
protocol, SPECT/CT of the abdomen and thorax was done. If any
suspect lesion outside the thorax or abdomen occurred on planar
scintigraphy, SPECT/CT of the respective region was performed.
SPECT scans were obtained likewise with low-energy high-
resolution collimation, a 128� 128 matrix with 4.8-mm pixel size,
and a total of 120 projections over 360 degrees with a projection
dwell time of 15 seconds. SPECT scans were followed by low-
dose CT (130 kV, 30 mAs) using adaptive dose modulation (CARE
Dose 4D; Siemens Healthcare). CT data were reconstructed with 3-
and 5-mm slice thicknesses using B70s and B41s kernels for image
analysis. SPECT data set reconstructionwas performed using Siemens'
implementation of an ordered subset maximization algorithm with
4 subsets and 8 iterations, including point-spread-function model-
ing (Siemens Flash 3D) with CT-based attenuation correction and
dual-energy window scatter correction.

Image Analysis
All MIP-1404 scans were analyzed with commercially

available software (Syngo.via; Siemens Molecular Imaging,
Hoffman Estates, IL), allowing review of SPECT, CT, and fused
imaging data. Visual evaluation was performed by 2 nuclear
medicine physicians independently from each other. Before eval-
uation of interobserver differences, both observers performed
consensus reading of 5 MIP-1404 data sets (not included in study
analysis) to provide for basic agreement in definition of patho-
logical tracer uptake in PSMA-positive lesions. The following
information was disclosed to both observers before image inter-
pretation: indication (primary staging in all patients), sex (male or
female), age (years), height (cm), weight (kg), injected dose (MBq),
and PSA level (ng/mL).

The observers were masked to all other data. Images were
visually interpreted for the following information: overall scan
result for presence or absence of disease, presence or absence
of pathological uptake in the prostate region indicating primary
tumor, lymph nodes affected (yes or no), number of lymph node
regions affected, location of lymph node regions affected, num-
ber of lymph node metastases detected, presence of bone metas-
tases (yes or no), number of bone metastases, disseminated bone
metastases (yes or no), number of organs affected, and number of
organ metastases detected.

In addition, in all 93 patients, quantitative analysis of tracer
uptake in PSMA-positive lesions in the prostate and normal tissues
of the gluteal muscle was performed using a protocol developed by
our group.21 For this, volumes of interest (VOIs) were drawn, and
the extracted counts were converted to absolute activity concentra-
tions in units of kBq/mL and subsequently multiplied by patient
weight and divided by injected dose in order to yield the respective
SUV values. For normal tissues, SUVmean was determined on
spherical VOIs in the gluteal muscle covering a representative
amount of tissue and a minimumVOI size of at least 10 mL in order
to minimize statistical fluctuations and partial volume effects. For
suspected pathological lesions, SUVmean, SUVmax, and VOI vol-
ume were determined by VOIs with isocontours set at 40% of the
maximum uptake within the respective focus. Tumor-to-normal ra-
tios (TNRs) were calculated for each detected primary lesion indi-
vidually by dividing the SUVmax of the lesion by the SUVmean
of the reference regions (gluteal muscle for soft tissue lesions) of
the respective patient. In addition, we determined a surrogate pa-
rameter for each subject using the quantitative SPECT images by
determining the amount of activity (mean activity concentration
multiplied by volume of the SPECT VOI) in the prostate gland
© 2018 Wolters Kluwer Health, Inc. All rights reserved.
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and multiplying this by subject weight and normalizing by injected
activity, as shown in the following formula.

TUprostate ¼ patient weight

injected activity
�activity concentrationprostate�volumeprostate

This parameter (in the following referred to as TUprostate) consequently
reflects the total amount of pathological uptake of MIP-1404 in the
prostate gland for the respective patient.

Statistical Analysis
For binary data, agreement between both observers was

determined by calculation of percentage of concordant findings.
In addition, 95% confidence intervals (95% CIs) are reported for
these values. For nonbinary data, agreement among observers was
evaluated by calculation of percent of concordant findings (eg, con-
cordant numbers of positive lymph nodes) and mean differences
(Δ) ± SD in case of discrepant numbers.

In patients who underwent radical prostatectomy with lymph
node dissection, sensitivity and specificity were calculated using
histopathology results as criterion standard.

Receiver operating characteristic analyses and area under the
curve (AUCs) with 95% CIs were calculated for TUprostate and TNR
values in patients with distant metastases to determine optimal cutoff
values. All statistical analyses were performed using MATLAB
FIGURE 1. MIP-1404 imaging of a 58-year-old patient with prima
3.8 ng/mL atMIP-1404 examination). In the planar whole-body sc
node metastasis of the pelvis (short arrow) are seen. Both findings
(center) images of the prostate (B), a region of the prostate with in
as primary PC. In addition, fused (top) and SPECT (center) image
MIP-1404 uptake, which was identified as metastasis of the PC. In

© 2018 Wolters Kluwer Health, Inc. All rights reserved.
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version R2012b (The MathWorks Inc, Natick, MA) and SPSS ver-
sion 21.0 (IBM Corp, Armonk, NY).
RESULTS

Detection Rates
On a patient basis, PC was detected in 90 of 93 patients (detec-

tion rate, 97%; 95%CI, 0.91–0.99). Primary tumorwas also diagnosed
in 90 of 93 patients (detection rate, 97%; 95%CI, 0.91–0.99). A total
of 48 MIP-1404–positive lymph nodes occurred in 16 patients (see
Fig. 1 forMIP-1404 imaging in a patient with lymph node metastasis).
Twenty-nine bone metastases were present in 9 patients. Three patients
showed disseminated bone metastases (see Fig. 2 for MIP-1404
imaging of a patient with metastatic bone disease). No distant organ
metastases were detected.

Interobserver Agreement
An overview of the interobserver agreement for visual image

interpretation is shown in Table 2. Interobserver agreement was high
for the overall scan result, the detection of primaries, and for lymph
node or bone involvement (all >96%). The mean absolute difference
between observers was low for number of detected lymph node and
bone metastases (each Δ ~1). Both observers identified the same
lymph node regions as location of disease.
ry PC and lymph nodemetastasis (Gleason score 10, PSA level
intigraphy (A), the primary tumor (long arrow) and 1 lymph
were also imaged by SPECT/CT. In the fused (top) and SPECT
creasedMIP-1404 uptake can be seen, whichwas diagnosed
s of C depict a pelvis lymph node (arrow) with increased
CT, the respective lymph node presents enlarged.

www.nuclearmed.com 227
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FIGURE 2. A 69-year-old patient presenting with
disseminated bone metastases (Gleason score 9, PSA level
178 ng/mL at MIP-1404 examination). From the planar
whole-body scintigraphy (A), several bone metastases of
the ribs and of the iliac bones (short arrows) were diagnosed.
In addition, an increased MIP-1404 uptake in the prostate
region was identified as primary tumor (long arrow). B shows
fusion (top), SPECT (center), and CT (bottom) slices of a
SPECT/CT acquisition of the pelvis of the respective patient.
From the SPECT, a region with increased MIP-1404 uptake
in vertebral (arrow) and pelvic bone can be seen. In the CT,
hyperdense and hypodense structures can be identified.
Altogether, these abnormalities were diagnosed as bone
metastases of PC.

TABLE 3. Therapeutic Intervention Following MIP-1404
Imaging in Patients for Whom Follow-up Was Available

Region No. Patients (%)

Initiation of androgen deprivation therapy 8 (15)
Radiation therapy 19 (37)
Radical prostatectomy 25 (48)
Σ 52 (100)

Schmidkonz et al Clinical Nuclear Medicine • Volume 43, Number 4, April 2018
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 on 07/04/2024

Follow-up

Follow-up data were available in 52 patients (56%) (Table 3).
The median follow-up period was 18 months (range, 2–36 months).
Twenty-five (48%) of 52 patients underwent radical prostatectomy
with lymph node dissection at least 1 week but not more than up
to 4 weeks after MIP-1404 imaging. Nineteen patients underwent
TABLE 2. InterobserverAgreement forVisual Image Interpretation

Parameter Agreement, % 95% CI Mean Δ ± SD

Overall scan result
(positive/negative)

97.85 92.45–99.74

Primary tumor 96.77 90.86–99.33
Lymph node metastases 96.77 90.86–99.33 1.33 ± 0.58
Bone metastases 98.92 94.15–99.97 1.0 ± 0

228 www.nuclearmed.com
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radiation therapy (37%), and 8 patients underwent androgen deprivation
therapy (15%). Recurrence of PC occurred in 5 patients (10%).
All 5 patients suffered from local recurrence in the prostate region.

Sensitivity and Specificity
In the 25 patients undergoing prostatectomy with lymph

node dissection, 25 prostate glands and a total of 315 lymph nodes
were removed.

All removed glands were positive for PC by pathology. Of
these, 24 glands were true-positive, and 1 gland was false-negative
in MIP-1404 imaging, which results in a sensitivity of 97% for
detection of primary tumor. Because all patients had histologically
confirmed adenocarcinoma of the prostate, specificity could not
be calculated.

Only 2 lymph nodes of 1 patient were positive for PC by pa-
thology. Both nodes were true-positive in MIP-1404 imaging, with
no false-negatives. Sensitivity was not calculated because of the low
number of lymph nodes that were positive by pathology. Of the 312
nodes that were negative by pathology, all nodes were true-negative
in MIP-1404 imaging, with no false-positives, which results in a
specificity of 100% for detection of lymph node metastases.

Rate of Metastasis
In patients with PSA levels of 10 ng/mL or greater (n = 58),

the rate of MIP-1404–positive metastases was significantly higher
(Wilcoxon rank sum test, P < 0.05) compared with patients with
PSA levels of less than 10 ng/mL (n = 35) (Fig. 3). Patients with
a Gleason score of 8 or greater (n = 51) showed significantly more
MIP-1404–positive metastatic lesions compared with patients with
FIGURE 3. Number of patients diagnosed as having bone
and lymph node metastases of PC, based on the MIP-1404
SPECT/CT. Patients with PSA levels of 10 ng/mL or greater
show significantly more MIP-1404–positive lesions
comparedwith patients with PSA levels of less than 10 ng/mL.

© 2018 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 4. Number of patients diagnosed as having bone
and lymph node metastases of PC, based on the MIP-1404
SPECT/CT. Patients with Gleason scores of 8 or greater present
significantly more MIP-1404–positive metastatic lesions
compared with patients with Gleason scores of 7 or less.
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a Gleason score of 7 or less (n = 42) (Wilcoxon rank sum test,
P < 0.05) (Fig. 4).

Quantitative Analysis
Quantitative analysis of 99mTc-MIP-1404–positive primary

lesions in the prostate yielded SUVmax values of, on average,
9.6 ± 8.1, ranging from 1.0 to 47.8, and TNR of 110.9 ± 100.5,
ranging from 8.7 to 533.5.
FIGURE 5. Box plot of total MIP-1404 uptake in primary
tumors (TUprostate) for patient groups based on Gleason
score. Total uptake is significantly higher in patients with
Gleason scores of 8 or greater compared with patients with
Gleason scores of 7 or less. The whiskers indicate 1.5
interquartile ranges above and below the lower and upper
quartiles of the data.

© 2018 Wolters Kluwer Health, Inc. All rights reserved.
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In addition, the TUprostate of
99mTc-MIP-1404 was signifi-

cantly higher in patients with Gleason score of 8 or greater com-
pared with patients with Gleason score of 7 or less (Wilcoxon
rank sum test, P < 0.05) (Fig. 5). TUprostate of MIP-1404 was signifi-
cantly (Wilcoxon rank sum test,P< 0.001) higher for patientswithme-
tastases compared with patients without metastatic lesions (Fig. 6).

Receiver operating characteristic (Fig. 7) analysis for TUprostate
revealed an optimal cutoff value of 26 for discriminating between
patients with and without metastatic disease, with a sensitivity and
specificity of 82% and 76% (AUC, 0.81; 95% CI, 0.68–0.94). For
TNR, the optimal cutoff value was 96.2 for discriminating between
patients with and without metastatic disease, with a sensitivity and
specificity of 71% and 64% (AUC, 0.75; 95% CI, 0.61–0.89).

DISCUSSION
99mTc-MIP-1404, a novel SPECT-compatible PSMA ligand,

demonstrated high sensitivity for detection of primary PCwith high
interobserver agreement. The overall detection rate of PSMA-
positive lesions in 93 patients was 97% in both observers. High sensi-
tivity for detection of primary PC (97%) confirmed by postoperative
histology was shown. In addition, it was seen that patients at
higher-risk groups (Gleason score ≥8 and PSA ≥10 ng/mL) had a
higher prevalence of metastasis, as expected.

So far the only comparable study byGoffin et al22 in 104 patients
who underwent 99mTc-MIP-1404 SPECT/CT and MRI, a sensitiv-
ity of 94% for detection of primary PC was found, which is in the
range of our results. From the same study, a sensitivity and specific-
ity of 50% and 87% for detecting lymph node metastasis were re-
ported. Unfortunately, we cannot reasonably calculate this for our
data because of a very low rate of lymph nodes that were diagnosed
as PC positive in pathology.
FIGURE 6. Box plot of total MIP-1404 uptake in primary
tumors (TUprostate) for patient groups based on occurrence
of metastasis. MIP patients with metastatic lesions show
significantly higher total uptake compared with patients
without metastatic disease The whiskers indicate 1.5
interquartile ranges above and below the lower and upper
quartiles of the data.

www.nuclearmed.com 229
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FIGURE 7. Receiver operating characteristic curves of total
MIP-1404 uptake in the primary tumor (TUprostate) and of
TNRs in primary tumor for predicting metastasis. The optimal
cutoff values were 26 for TUprostate and 96.2 for TNR
(indicated in the receiver operating characteristic curve as
dots). In addition, the AUCs and the 95% CIs are given.
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As of now, there are no data reported in literature for the
detection of bone metastases in primary staging using MIP-1404.
In this regard, our data extend those published by Goffin et al22 by
demonstrating that osseous spread may be detected prior to therapy
in a significant number of patients. This is an important finding
because the presence of distant bone metastases has a considerable
effect on mortality and morbidity and alters therapy regimen.23

For the PSMA-targeting PET tracers, for example, Eiber
et al24 found detection rates of 92% for 68Ga-PSMA PET/CT in
53 patients with primary PC and a higher rate of 98% for 68Ga-PSMA
PET/MRI. Sachpekidis et al25 reported overall detection rates of
96%. Regarding lymph node involvement, Maurer et al26 detected
117 lymph node metastases in 41 of 130 patients, using 68Ga-PSMA
PET/CT, resulting in sensitivity and specificity values of 66%
and 99%. Leeuwen et al27 even reported a sensitivity and specificity
of 46% and 95% for preoperative lymph node assessment using
68Ga-PSMA PET/CT.

Interobserver applicability is an important aspect of clinical
applicability; whereas studies regarding PSMA PET/CT are avail-
able,28 so far there are no data regarding whole-body staging in PSMA
SPECT/CT. Our findings indicate that MIP-1404 imaging has a high
interobserver reliability for staging in patients with primary PC.

Quantitative assessment of tumor lesions by determination of
tracer uptake is gettingmore andmore established in PSMAPET/CT.
Our quantification protocol is based on previous work from our
group.21,29 Using this protocol, we evaluated PSMA-positive lesions
for tracer uptake in absolute units. Whereas Goffin et al22 demon-
strated that visual assessment and TNRs could discriminate normal
prostate tissue and lower-grade PC from higher-grade PC and pre-
dict lymph node involvement, we implemented the concept of total
uptake in the prostate gland (TUprostate) to achieve a standardized ob-
server independent uptake parameter. Using this approach, we could
demonstrate that total uptake values in primary prostate tumors using
230 www.nuclearmed.com
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PSMA SPECT/CT can discriminate between risk groups based on
Gleason score and PSA level. This goes in linewith previous findings
based on ex vivo results of tumor immunohistochemistry.30

One of the most important findings in this study is that total
uptake in the primary tumor is a predictor of lymph node and bone
metastasis with a sensitivity of 82% and a specificity of 76%.Whereas
Goffin et al22 reported that TNRs might predict lymph node inva-
sion with a sensitivity of 90% and specificity of 67%, we could
demonstrate for the first time that total uptake values might also
predict distant bone metastases. In our study, TUprostate performed
slightly better in predicting metastasis, compared with TNRs, although
not statistically significant. Total uptake values in the primary tumor
could be used to identify patients at higher risk of lymph node or
bone metastasis and might be a molecular marker to improve
patient allocation to different risk groups and therapeutic strategies.
CONCLUSIONS
MIP-1404 SPECT/CT has a high accuracy and low interob-

server variability in the diagnosis of PC and allows detection of
lymph node and bone metastases in a significant proportion of as
yet untreated PC patients. Total tracer uptake of the primary tumor
is correlated with Gleason score and PSA serum concentration and
allows prediction of the occurrence of lymph node and bone metas-
tases with moderate accuracy at primary staging.
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