
I N V I T E D P E R S P E C T I V E

Cerenkov Luminescence Imaging for Surgical Margins
in Radical Prostatectomy: A Surgical Perspective

Dominic Bagguley1,2, Marcus Cumberbatch1,3, Nathan Lawrentschuk1,2, and Declan G. Murphy1,4

1Division of Cancer Surgery, Peter MacCallum Cancer Centre, Melbourne, Victoria, Australia; 2E.J. Whitten Prostate Cancer
Research Centre, Epworth Healthcare, Richmond, Victoria, Australia; 3Academic Urology Unit, University of Sheffield, Sheffield,
United Kingdom; and 4Sir Peter MacCallum Department of Oncology, University of Melbourne, Parkville, Australia

See the associated article on page 1500.

‘‘

How can I reduce my positive surgical margin rate?’’ This is a
common refrain from the urologist performing radical prostatectomy
(RP) for localized prostate cancer (PC). Avoidance of positive surgical
margins (PSMs) during RP is important to reduce the likelihood of
biochemical recurrence and the subsequent increased risk of metasta-
ses and death from PC (1). PSMs increase the likelihood of receiving
additional treatment such as pelvic radiotherapy by up to 5-fold (2), as
well as increasing the likelihood of local morbidity and the financial
burden of additional treatment. Despite advancements in surgical tech-
nologies, a 2017 metaanalysis found that the rate of PSMs for open RP
was 31.4% (range, 21%–53%), and the rate of PSMs for robot-assisted
RP was similar, at 31.7% (range, 14%–50%) (3).

Currently, options for surgeons to prevent PSMs are limited and
include preoperative and intraoperative strategies. Regarding the former,
traditional risk stratification is based on characteristics such as digital
rectal examination, multiparametric MRI, biopsy findings, and, more
recently, PSMA PET/CT (4). However, these studies are often per-
formed many months before surgery and the true pathology can advance
in the interval. Intraoperative techniques such as fresh-frozen sections
may be used for intraoperative assessment; however, there remain con-
cerns about high rates of false-negatives (5). Recently, fresh-frozen sec-
tions have been incorporated into the NeuroSAFE principle aimed at
improving functional outcomes by facilitating preservation of neurovas-
cular bundles when there is uncertainty about a tumor breach into these
regions (6). However, we await level 1 evidence to support worldwide
use of this method, and limitations in pathology resources and expertise
will persist regardless of the data supporting fresh-frozen sections to
reduce margins. Therefore, additional strategies to reduce PSM rates
are welcome.

PSMA-BASED TECHNOLOGIES IN PC

68Ga-PSMA PET is a powerful imaging modality in PC diagnosis
and treatment planning. It relies on antibodies or small molecules to
target a particular protein known as prostate-specific membrane antigen

(PSMA), found in prostate cells. Because PSMA is expressed in greater

concentrations in PC cells, it can be targeted through PET imaging. To

enable imaging, the molecules that target PSMA are radiolabeled, often

with 18F or 68Ga, and once they have accumulated in PSMA-avid tissue

their emissions can be captured by a PET camera. This capability has

led to significant advances in the detection of local and metastatic PC in

both its primary stage and its biochemically recurrent stage (7). Fur-

thermore, novel applications of PSMA technology are now beginning to

emerge and offering to transform intraoperative evaluation of surgical

margins in RP (8).
Cerenkov luminescence imaging (CLI) is a technique that was

discovered in 2009 and involves the detection of Cerenkov photons
(9). Conveniently, these photons are emitted by the same radiolabeled
molecules used in PSMA PET (18F and 68Ga) and are optically captured
and emitted at the same time as the annihilation photons traditionally
detected by the PET camera. These images are then overlaid to provide a
tool to visually assess the margin status of the tumor specimen (8,10).
Although CLI provides only lower-resolution 2-dimensional images, not
high-resolution 3-dimensional images, when compared with PET, it
is compatible with requirements for image-guided surgery (10). Novel
advances have enabled increased portability of CLI systems, giving sur-
geons real-time, intraoperative CLI-based evaluations of surgical mar-
gins in tumor resection (10).

ARTICLE IN FOCUS

The single-center prospective study by Darr et al. (11) in this issue
of The Journal of Nuclear Medicine evaluated the feasibility and

accuracy of intraoperative 68Ga-PSMA CLI to assess surgical mar-

gins in RP. Conducted over 17 mo between 2018 and 2019, the study

included 10 men with high-risk PC undergoing RP with no prior

history of prostate surgery, known distant metastases, or contraindi-

cations to surgery. Initially, 68Ga PSMA PET was performed on

subjects 45–60 min after they received an intravenous injection of

dose-adjusted 68Ga PSMA-11. After experienced nuclear medicine

physicians confirmed that there were no distant metastases, the sub-

jects immediately proceeded to RP with extended pelvic lymph node

dissection. This was performed by 2 surgeons to minimize operative

time and subsequent radiotracer decay. After removal of the excised

prostate, the specimens were placed into the LightPath imaging

chamber in the operating room to enable CLI. Images were acquired

within 300 s (a significant improvement on the time taken to obtain

results from a fresh-frozen section). Regardless of the CLI results,

the surgical course remained unaffected and no further tissue was

resected even if the CLI results suggested positive margins. The
median time between intravenous injection and start of surgery was
223 min (range, 153–328 min), whereas the time between intravenous
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injection and CLI image acquisition was 333 min (range, 282–429 min).
Three of the 10 subjects had PSMs, as is consistent with standard rates of
PSMs at RP (1). Two of the 3 (66%) PSMs had been identified by
intraoperative CLI, and the cancer identified at the positive margins
was graded as International Society of Uropathology groups 4 and 5,
with diameters of 2 and 4 mm, respectively. The PSM that was not
identified by intraoperative CLI was group 3 PC, supporting preexisting
data that have demonstrated reduced PSMA expression on lower-
grade PC (12). Finally, only 25 of the 35 regions of interest on
CLI demonstrated positive margins by standard histopathology, giving
a 28% false-positive rate. As most of the false positives were seen at the
prostate base, Darr et al. suggested contamination by 68Ga-containing
urine (renally excreted) as a potential explanation for the false-positives.
However, the false-positives had PC tissue deep to overlying benign
prostatic tissue, suggesting an intrinsic issue with the photon range of
the radiotracer rather than urine contamination.

DISCUSSION

Recent advances in nuclear imaging have enabled the development of
relatively cost-effective and portable devices to provide intraoperative
guidance regarding surgical margins. Although only in the early stages of
integration into clinical practice, intraoperative CLI offers surgeons the
possibility of evaluating surgical margins in real time. The device used in
the study features a lighttight imaging chamber into which the resected
tumor specimen is placed. The specimen is then captured by both CLI
and standard white-light imaging. By combining these images, one
can see PSMs on tumor specimens, allowing for immediate further
surgical resection if required. Of course, a decision to resect more tissue is
a significant one, and the current false-positive rate of 28% reported with
CLI in this study means that surgeons are unlikely to further resect on the
basis of current data. CLI has been previously described in neuro-
surgery and breast-conserving surgery (10), and this study was the first
of its kind to evaluate CLI during RP for PC.

Although this study was low-powered and designed to demonstrate
only the feasibility of intraoperative CLI to reduce PSMs, some
interesting observations could be made, and the authors are to be
congratulated for this novel work. First, the only PSMmissed by CLI had
group 3 PC at the surgical margin. Although this is consistent with other
studies showing reduced PSMA expression in lower-grade PC (12), the
interval between PSMA-agent injection and CLI (median, 333 min) was
long and potentially detrimental to identification of lower-grade PC.
Future studies may aim to reduce the interval between PSMA-agent
injection and commencement of surgery to improve signal intensity
and potentially the overall sensitivity of CLI. Second, a high number
of the false-positives occurred at the base of the prostate. The authors
speculated that the presence of radioactive tracer in the urinary bladder
(i.e., close to the base of the prostate) might have explained this finding.
As such, rinsing the prostate specimen with saline before performing CLI
was recommended in future studies. Third, the false PSM was found to
have PC tissue deep to the surgical margin, with overlying benign tissue.
The authors suggested that using 18F as the radiotracer instead of 68Ga
may reduce the number of false-positive because 18F has a reduced mean
positron range in tissue (0.54 vs. 2.83 mm), preventing deeper PC tissue
from emitting false-positive signals at benign surgical margins. Nonethe-
less, even with such proposed improvements, there will always be a
potential for CLI signal to identify cancer very close to the edge of
the specimen—a situation that may not translate into a PSM on histopa-
thology. These instances will always be considered a false-positive if
there is no PSM on histopathology, although there may not be clinical
significance. Lastly, like any new technology, there will be a learning
curve for surgeons and operating room staff and a need for nuclear

medicine physicians, urologists, and pathologists to develop relationships
and pathways (13). Part of the challenge will be to overcome any con-
cerns and logistic barriers to the handling of radioactivity in new clinical
environments such as the PC operating room.

Of note, in a very recent study of 6 men undergoing RP and CLI
using the same LightPath system, the authors reported that CLI
correctly identified negative surgical margins and PSMs in 3 of
5 patients (14). One patient was excluded because of unsuccessful
labeling on the day of surgery.

In conclusion, whereas Darr et al. (11) present a promising technique
for intraoperative assessment of surgical margins in RP within a
small sample of patients, further exploration is needed in a larger
study with a more clearly defined CLI protocol (currently being
undertaken). Furthermore, studies looking at the use of 18F rather
than 68Ga may be helpful to investigate the impact of the former in
reducing false-positives in intraoperative CLI.
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