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a b s t r a c t

Prostate specific membrane antigen (PSMA) scanning is a sensitive method of prostate cancer detection.
In a 71 y.o. man with a PSA of 49 (6%F), 4 negative MRI studies and 6 negative biopsies over an 8 year
interval, a 68Ga-PSMA PET/CT scan showed a PSMA-avid spot in the prostate. Using image fusion tech-
nology, the lesion was target-biopsied and Gleason 3 þ 4 ¼ 7 (cancer core length of 12 mm) was
identified. This case may herald a new application for PSMA scanning and prostate cancer imaging.
� 2017 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

68Ga-PSMA PET/CT was introduced for prostate cancer (CaP)
scanning by Eder et al in 2012.1 For the detection of metastatic
disease, the accuracy of PSMA scans compares favorably with all
other imagingmodalities.2 Sensitivity and specificity of 80% and 97%,
respectively, have been reported for detection of nodalmetastases or
post-prostatectomy recurrences in the prostatic bed. Herein, we
present a case where 68Ga-PSMA scanning provided the only clue to
the location of a hard-to-find, serious cancer within the prostate.
Case presentation

A 71 year old Caucasian male was found on systematic biopsy to
exhibit a 0.5 mm focus of Gleason 3þ 3¼ 6 CaP (left lateral apex) in
2013, after 2 prior negative biopsies (2009, 2012) and a TURP
(2012). PSA had risen from 2.6 ng/mL in 2009 to 8.5 ng/mL in May
2013. As part of an active surveillance cohort, he underwent repeat
, prostate specific membrane
prostate cancer.

ks).

Inc. This is an open access article u
3.0 T multiparametric MRI (Siemens MAGNETOM, Trio, Siemens
Medical Solutions, Malvern, Pennsylvania) demonstrating no le-
sions and confirmatory systematic biopsies in late 2013. Negative
MRI was obtained again in February 2016 and again in January 2017.
Further negative biopsies were obtained in November 2014 and
May 2016. At this point, a total of 74 cores of tissue had been
removed from the patient’s 25 cc prostate during 6 separate biopsy
sessions. PSA increased sequentially to amaximum of 49.0 ng/mL in
January 2017, at which point a 68Ga-HBED-CC PSMA PET/CT scan
was performed, in the method described by Eder et al.1

The scan demonstrated radiotracer uptake (a PSMA ‘avid’ spot) in
the midline prostate anterior to the urethra near a prior TURP defect
(Fig. 1 A, B); no evidence of local or distant metastasis was noted.
Using ProFuse imaging software and the Artemis biopsy system
(Eigen, Grass Valley, CA), the 68Ga-PSMA region of interest was
transposed onto bi-planar MRI images (Fig. 1 C, D). The MRI, with
region of interest delineated, was then loaded into the Artemis de-
vice; while imaging the prostate via real-time ultrasound, a fusion
with the stored MRI was performed. A 3-Dimensional model of the
prostate, incorporating the PSMA-derived region of interest (ROI),
was created and target biopsy performed (Fig. 2). Biopsy cores
(N ¼ 6) taken from the target demonstrated Gleason 3 þ 4 ¼ 7 CaP,
with cancer core lengths of 4.5e12 mm with focal mucinous
nder the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Figure 1. PSMA radiotracer uptake (‘avidity’) on axial (A) and sagittal (B) images from PET/CT (blue arrow) compared to the corresponding MRI axial (C) and sagittal (D) regions.
Note high concentration of 68Ga-PSMA radiotracer in the bladder. In C and D, PSMA regions of interest (yellow outlines) have been transposed onto the MRI using ProFuse software.
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features. Radical robotic prostatectomy was then performed with
histopathology demonstrating an index tumor of 3.5 cm diameter
(12 cc), Gleason 3 þ 4 CaP (40% pattern 4) and extensive mucinous
Figure 2. Artemis 3-D reconstruction of the prostate as viewed by the operator during
biopsy. The PSMA target volume (purple) is now a 3-D region of interest (ROI) for a
targeted biopsy. Biopsy cores (grey) targeted into the ROI revealed clinically significant
prostate cancer. White dots represent previous negative biopsies as recorded by the
Artemis system and green dots represent the systematic biopsy template.
features (70%). The dominant tumor on whole mount sectioning
corresponded with the PSMA region of interest on biopsy (Fig. 3).
Discussion

Zettinig et al (2015) used PSMA-PET/MRI to perform targeted
biopsies on men with positive PSMA or MRI scans of the prostate
and demonstrated that the technique is specific for detecting pros-
tate cancer.3 In this initial study, 4 of 5 men were reported to have
positive targeted biopsies using PSMA-PET/MRI. This technique,
however, is expensive and not readily available at most institutions,
whereas PET/CT is widely available.

In this case report, wewere able to fuse PET/CT with the Artemis
MRI/US fusion biopsy system and create a PSMA ROI for a targeted
biopsy. The ability to combine these two separate imaging tech-
niques and perform a targeted biopsy has not been reported
previously.

MRI-invisible prostate cancer is not rare, as in the present case.
When whole-mount correlations are used, as many as 28% of clin-
ically significant prostate cancers may be invisible to mpMRI.4 For
such patients, improved imaging of the prostate is needed when
mpMRI is normal and clinical suspicion for cancer remains. Nuclear
imaging with novel ligands may be an option to increase cancer
detection by providing valid targets, when other imaging modal-
ities have failed.

Mucinous components, which are relatively uncommon in
prostate cancers, may contribute to the difficulty of identifying
cancers onmpMRI. In cases where pre-prostatectomyMRI has been
correlated with surgical specimens, mucin-containing tumors did
not follow the classic pattern of T2 hypo-intensity in the peripheral
zone, thus obviating diagnosis by mpMRI.5 The present case



Figure 3. Whole mount histopathology sliced axially from apex (top) to base (bottom). Note areas of mucinous Gleason 3 þ 4 prostate cancer correlating with the PSMA “avid” spot
on scanning and the region of interest (ROI) (A). In B, 100� magnification demonstrates Gleason 3 (arrow 1) and cribriform pattern with large mucinous lakes (arrow 2). The mucin
is seen clearly on 40� PAS staining (C, arrow 3).
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showed amarkedmucinous component of 70% (Fig. 3C). The degree
to which various mucin components may contribute to a falsely
negative MRI is a subject for further investigation.
Conclusion

We report a case where prostate cancer detection was aided by
fusion of a 68Ga-PSMA PET/CT with real-time US to guide biopsy in
the Artemis device. The clinically-significant cancer was not
detected by multiple prior mpMRIs and systematic biopsies. An
extensivemucinous component of the cancermay have contributed
to invisibility on mpMRI.
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