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Since its introduction to the diagnostic pathway for prostate cancer

management, prostate-specific membrane antigen (PSMA)–ligand

PET has demonstrated great potential. PSMA-ligand imaging is in-
creasingly influencing therapeutic decision making, although its im-

pact on patient outcomes still needs to be defined. One relatively

new application, enabled through chemical and engineering efforts,
is PSMA-guided surgery. This review highlights the potential of

PSMA-guided surgery and discusses its implications in lymph node

dissection in primary and recurrent prostate cancer.
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The lymph nodes represent one of the sites most frequently
affected by recurrent prostate cancer (PC). Recognizing the exact
state and extent of lymphatic spread represents a complex challenge.
Besides the application of several clinical variables such as histo-
logic type from biopsy or previous surgery, prostate-specific antigen
(PSA) value, and PSA velocity and nomograms, application of sen-
sitive molecular imaging can substantially move the field forward.
Nodal tumor infiltration can be considered as locoregional

progressive disease or as a state between localized disease on one
side and, on the other side, oligometastatic disease in which a few
(commonly less than 3–5) metastatic lesions are located outside
the pelvic lymph nodes or systemic metastatic disease. Patients
with early locoregional lymphatic metastatic disease exhibit a
better prognosis. As a result, locoregional lymphatic metastatic
disease should be distinguished from the oligometastatic disease
at other sites (e.g., bone), which is more closely related to sys-
temic metastatic disease (1). Thus, localized treatment in this early
state of metastasis might yield even better oncologic control than
local treatment of oligometastatic disease.

On progression of local PC, cancer cells hijack the lymphatics
originating from the prostate itself or surrounding tissues. In the
lymphatics, these cells travel to draining lymph nodes. Within the
lymphatic sinus, cancer cells can reside, multiply, and form tumor
satellites that progress from micro- to macrometastases (usually
defined as tumor deposits $ 2 mm) (2).
In primary PC, natural local lymphatic drainage is preserved.

Nevertheless, lymphatic drainage may vary substantially between
individuals. As a result, in a significant proportion of patients,
metastatic lymph nodes are also found outside the classic template
of an extended pelvic lymph node dissection (ePLND) (3). Addi-
tionally, there are reports of tumor-based blockages in lymphatic
ducts or lymph nodes, which could induce a diversion of conven-
tional lymphatic dissemination pathways (4). Therapeutic inter-
ventions such as radical prostatectomy or radiation therapy may
significantly impact lymphatic drainage pathways. For this reason,
metastases in recurrent PC may occur in unexpected locations.
These metastases are thought to arise from cancer cells that es-
caped the tumor before radical prostatectomy and have resided in
the surrounding tissue or lymphatics or, in the case of primary
radiation therapy, might also spread from the prostate itself. To
recognize the exact state and extent of disease in recurrent PC
represents a great challenge and remains complex but significantly
impacts proposed treatment (Fig. 1). Besides the use of several
clinical variables such as primary histology, serum PSA, and PSA
kinetics, the field of molecular PET imaging has moved forward
substantially with the use of choline-based tracers and, especially,
tracers directed against the prostate-specific membrane antigen
(PSMA) (5–7).

PSMA-LIGAND PET IMAGING

PSMA, albeit not as specific as its name suggests, shows a
significant overexpression (100- to 1,000-fold) on most PC cells
(.90%) (8,9). Within the last decade, several small-molecule ra-
diotracers have been developed for PET imaging for staging and
restaging of PC (10). Today, there is no clear evidence of the
superiority of one of the clinically available radiotracers. PSMA-
ligand PET is able to visualize metastatic lesions both at low PSA
values (11–15) and at small sizes (16). Similar to other imaging
techniques, detection efficacy decreases with lesion size in PSMA-
ligand PET. Additionally, detection is directly linked to the mag-
nitude of PSMA overexpression in a metastasis. In a meticulous
analysis in recurrent-PC patients undergoing salvage lymph node
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dissection (sLND), PSMA-ligand PET detection rates for metas-
tases were more than 50% and 90% when the short-axis diameter
of the metastatic lesion was more than 2.3 and 4.5 mm, respec-
tively (17). It can be expected that the same holds true for primary
lymph node metastases. Also, the travel pathway of positron emis-
sions in tissue limits the intrinsic spatial resolution of clinical PET
imaging and is dependent on the nuclide used (e.g., 68Ga or 18F).
As a result, micrometastases (,2 mm) cannot be accurately de-
tected by PSMA-ligand PET. Nevertheless, PSMA-ligand PET
clearly outperforms conventional CT or MRI, which detect lymph
node metastases only if their size exceeds 8–10 mm (18,19). Only
lymphatic surgical mapping technologies provide an alternative
for the identification of micrometastases smaller than 2 mm.
Currently, there is still no evidence that clinical decisions based

on PSMA-ligand PET improve oncologic outcomes in the manage-
ment of PC (20). As a result, several guidelines, such as the guide-
line of the European Association of Urology, do not explicitly
recommend or disregard PSMA-ligand PET in the primary staging
setting. Nevertheless, PSMA-ligand PET is increasingly being used

and evaluated in high-risk primary-PC patients. In patients with
recurrent PC, however, several guidelines changed recently, and
the most recent European Association of Urology guideline advo-
cates the use of PSMA-ligand PET after radical prostatectomy
when the PSA level is higher than 0.2 ng/mL and when the results
will influence subsequent treatment decisions (level IIb evidence,
weak recommendation) (20). In addition, PSMA-ligand PET is
recommended as the primary imaging modality in biochemical
recurrence after primary curative radiation therapy (level IIb evi-
dence, strong recommendation).

PSMA-GUIDED SURGERY AS MOLECULARLY TARGETED

PRECISION SURGERY

In patients with biochemical recurrence after primary curative-
intent radical prostatectomy, salvage external-beam radiotherapy
is recommended when a local recurrence is suspected in the
absence of detectable distant metastases. Equally, salvage prosta-
tectomy might be considered as a potentially curative therapy
option in selected cases of local recurrence after primary radiother-
apy or ablative treatment. In cases of distant recurrence, or failure
after salvage procedures, the conventional approach is to use
systemic treatment with androgen deprivation, or chemohormonal
therapy, usually considered as palliative treatment (20). However,
with increasing advances in molecular imaging, such as choline-
based and more recently PSMA-ligand PET/CT, small-volume met-
astatic disease to lymph nodes can be detected with great accuracy,
prompting clinicians to undertake local salvage treatments using
radiation or sLND. When surgery for nodal recurrence is being
selected, a bilateral ePLND adhering to the standard primary
ePLND templates is most commonly advised (20).
Molecular imaging can localize lymph node metastases before

surgery and, as such, provide a road map to guide sLND or salvage
radiotherapy. Several series based mainly on choline PET have
suggested an oncologic benefit in selected patients (21–31). The
increasing implementation of sLND has raised intense discussions
on the extent of the template that should be treated locally. It
clearly depends on the extent of prior PLND, the accessibility of
anatomic areas, and the localization of suspected lymph node me-
tastases on preoperative imaging.
Even with a detailed surgical road map provided by PSMA-

ligand PET, reliable intraoperative identification and removal of
metastatic lymph nodes are challenging because these lesions
might be atypically located, small, or morphologically unrecogniz-
able. Intraoperative guidance is of great value. To cover applications
in image-guided surgery, new PSMA tracer compounds have been
and are still being developed. The first clinical implementation
of such tracers can be found in PSMA-radioguided surgery (Fig.
2A) (32–34). On the basis of PSMA-directed DOTA-conjugated
EuK (5Glu-urea-Lys)-based inhibitors, the DOTAGA-conjugate
PSMA-I&T (imaging and therapy) has been developed and opti-
mized for increased PSMA affinity and in vivo stability (33,35). In
this respect, this DOTAGA-based ligand proved advantageous
because it forms stable complexes with a broad variety of radio-
metals (36). Initially, 111In (half-life, 2.8 d; g-energy, 173 and
245 keV) was chosen in previously developed PSMA-I&T ligands
as a g-emitter for radioguided surgery (33). In biodistribution stud-
ies on LNCaP xenograft–bearing mice, 111In-PSMA-I&T showed a
further reduction of hepatobiliary excretion and almost exclusive
renal excretion due to its reduced lipophilicity, as well as demon-
strating a slightly reduced background signal but comparable tumor

FIGURE 1. Treatment options for locoregional or oligometastatic pri-

mary and recurrent prostate cancer on advanced molecular imaging.

Standard options are in black font; experimental approaches are in

red font. ADT 5 androgen deprivation therapy; Doc 5docetaxel; LND 5
lymph node dissection; MDT5metastasis-directed therapy; RP5 radical

prostatectomy; RT 5 radiotherapy.

NOTEWORTHY

n The superior predictive diagnostic accuracy of PSMA-ligand
PET for metastatic prostate cancer lesions (e.g., lymph
nodes) has provided a basis for PSMA-targeted surgical
resections.

n For nodal staging or management of local lymphatic metas-
tases, ePLND is currently considered the standard approach.

n Radioactive labeling of sentinel lymph nodes in primary PC
and PSMA-based targeting of metastases in recurrent PC
intends to increase diagnostic and therapeutic results.

n Technical developments in tracer design (e.g., fluorescent
PSMA ligands and hybrid 99mTc/fluorescent PSMA ligands
combining both approaches), as well as hardware develop-
ments (e.g., drop-in g-probes for minimally invasive robotic
surgery), are likely to advance the field of image-guided
urology.

n The oncologic benefit of and indication for PSMA-targeted
approaches still have to be more precisely defined.
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uptake translating into superior tumor-to-background ratios (33).
Further refinement of PSMA-targeting tracers for radioguided sur-
gery were triggered by the high radiation exposure and restricted
availability of 111InCl3 and its high costs. Thus, the concept was
adapted to allow for 99mTc-labeling because 99mTc represents an
inexpensive, readily available alternative radionuclide used as a
standard in nuclear medicine and radioguided surgery (34). Com-
pared with 111In-PSMA-I&T, the newly developed 99mTc-mas3-y-
nal-k(Sub-KuE) (99mTc-PSMA-I&S [imaging and surgery])
showed delayed clearance kinetics due to high plasma protein
binding (94%) but identical uptake in PSMA-positive tissues 1 h
after injection in a LNCaP xenograft model. After at least 5 h after
injection, excellent lesion-to-background ratios were observed due
to the synergistic effect of persistent 99mTc-PSMA-I&S uptake
and continuing clearance of background activity, which compared
favorably with the performance of 111In-PSMA-I&T. These char-
acteristics led to replacement of the earlier 111In-PSMA-I&T (used
in 31 patients) with the currently used 99mTc-PSMA-I&S as a
tracer in PSMA-radioguided surgery (now used in over 250 pa-
tients) (37). After staging via PSMA-ligand PET, patients have
been selected for PSMA-guided surgery in the setting of salvage
surgery. Those patients who were thought to benefit from PSMA-
guided surgery based mainly on a low PSA value and only a few
lesions seen on PSMA-ligand PET received a second intravenous
injection of 111In-PSMA-I&T or 99mTc-PSMA-I&S to facilitate
intraoperative lesion identification (33,34). After administration of
the g-emitting PSMA tracers, SPECT/CT imaging was performed
to confirm concordance in tracer accumulation with preoperative
PSMA-ligand PET. Because of the difference in sensitivity and

spatial resolution, PSMA-ligand SPECT tended to miss small le-
sions (Fig. 3) (38). Intraoperatively, however, the use of a conven-
tional g-probe—similar to the ones used during sentinel node
procedures (39)—allowed for accurate intraoperative detection
of PSMA-positive lesions (Fig. 4) that can be confirmed by auto-
radiographic studies (40). This concept was even compatible with
the forward-thinking freehand SPECT technology (32).
Recently, the introduction of a so-called drop-in g-probe (41)

has allowed for PSMA-guided surgery during robot-assisted lap-
aroscopic surgery (Fig. 2B) (42). Intraoperatively, g-probes not
only facilitate intraoperative in vivo guidance but also enable ex
vivo measurements to confirm successful resection of these met-
astatic PC lesions, with a specificity of more than 95% for 99mTc-
PSMA-I&S (32,37). In cases of positive identification, defined as
measurements exceeding at least twice the background level of the
patient’s noncancerous fatty tissue, intraoperative frozen-section
histopathologic analysis is no longer required to confirm success-
ful resection of a PET-positive lesion (37,43). Furthermore, adja-
cent resected tissues that were part of the lymph node dissection
can be examined for tumor presence by g-probe measurements. If
additional lesions are detected, the planned field of dissection can
be extended to increase the probability of complete resection of all
tumor-bearing tissue.
In the field of image-guided surgery, next to radioguidance there

is an increasing interest in fluorescence guidance. The strength of
having fluorescent tracers would be their ability to provide the
operating surgeon with real-time optical lesion identification (Figs.
5A and 5B). The value of such optical guidance is, however, some-
what limited as a result of light attenuation by tissue; light atten-
uation limits detectability to less than 1 cm deep in tissue and
impacts the detection sensitivity (44). Although most fluores-
cence-based PSMA-targeting concepts are still confined to the
preclinical stage, there is an ongoing clinical trial in the United
Kingdom using a fluorophore-conjugated reagent (45). Prelimi-
nary data suggest that the fluorescence approach is feasible and
highly likely to impact future care, with the increasing compati-
bility of multicolor fluorescence imaging with state-of-the-art

FIGURE 2. (A) Conventional rigid wireless γ-probe for open PSMA-

radioguided surgery. (B) Drop-in γ-probe for minimally invasive robotic

PSMA-radioguided surgery.

FIGURE 3. Preoperative PSMA-ligand PET/CT fusion images (A and C)

and corresponding preoperative 99mTc-PSMA-I&S SPECT/CT (B and D)

of patients who underwent PSMA-radioguided surgery with histologic

confirmation of lymph node metastasis. Whereas larger lymph nodes on

PSMA-ligand PET/CT (e.g., perirectal lymph node in A) can also be de-

tected on preoperative 99mTc-PSMA-ligand SPECT/CT (B), smaller

lymph nodes on PSMA-ligand PET/CT (e.g., iliac lymph node in C) might

not be detectable by preoperative 99mTc-PSMA-ligand SPECT/CT (D).
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laparoscopic and robotic surgical platforms (46,47). To combine
the benefits of the radioguided and fluorescence-guided surgery
concept, bimodal or, rather, hybrid tracers have been introduced
into the clinic—for example, for sentinel node imaging in PC pa-
tients (48). The clinical impact of this work has also sparked the
development of hybrid tracers for PSMA-targeted applications (Fig.
5C). Examples of small-molecule hybrid PSMA tracers under in-
vestigation in the preclinical arena are 111In-LICOR-800CW-Lys-
DOTA-EuK (49), 68Ga-NIR 800CW-PSMA-11 (50), 68Ga-PSMA
I&F (51), and 99mTc-EuK-(SO3)Cy5-mas3 (52). These promising
hybrid initiatives are further extended with ongoing efforts that ex-
plore Cerenkov imaging of 68Ga-PSMA-11 (Fig. 5D) (53).

COMPARISON OF PSMA-GUIDED SLND TO

STANDARD APPROACHES

Currently, PSMA-guided surgery has been used mostly in
recurrent PC. The main goal of metastasis-directed therapy in
recurrent PC is to delay cancer progression and limit the
associated toxicity of systemic palliative therapy (e.g., androgen
deprivation) (31). With the advancements of molecular imaging
and especially since the introduction of PSMA-ligand PET, tar-
geted salvage therapies such as sLND or salvage radiotherapy,
although still considered experimental by guidelines, are increas-
ingly sought after for patients with minimal recurrent disease (54).
However, diverging short-term outcomes after standard sLND
based on PSMA-ligand PET have been reported, with rates of
complete biochemical response (postoperative PSA , 0.2 ng/mL)

ranging between 19% and 59% (21,25,29,55,56). Some authors
have even concluded that sLND is not appropriate either to cure
disease or even to delay further systemic treatment (55). These
seemingly contradictory results might be due to patient character-
istics causing a different likelihood of harboring systemic disease
(23). To estimate the risk and to counsel patients about sLND or
salvage radiotherapy, several clinical variables can be considered in
addition to the findings of PSMA-ligand PET imaging.
A recent large multiinstitutional analysis evaluated significant

predictors of early clinical recurrence (,12 mo) after sLND (25).
Multivariate analysis suggests that a higher Gleason grade group,
a shorter time from radical prostatectomy to rising PSA values,
concurrent antiandrogen deprivation therapy, and higher absolute
PSA values, besides a higher number of lesions on PET and a
retroperitoneal location, are significant predictors of early clinical
recurrence after sLND (25). On the other hand, poor outcomes
could also be caused by incomplete removal of metastatic lesions
(55). After previous ePLND or salvage radiotherapy, the surgical
field might be complicated by fibrotic changes. Small metastatic
lymph nodes could also be located deep in the pelvis and outside
the usual field of dissection. Thus, especially in sLND, guidance
using molecularly targeted approaches such as PSMA-radioguided
surgery has created much interest in the urologic and nuclear
medicine community (32,37,43,57,58).
In the largest series (121 patients) undergoing PSMA-radioguided

surgery, metastatic lesions could be removed from almost all
patients (99%), leading to a complete biochemical response in
66% of patients. Low PSA level and a single lesion on PSMA-
ligand PET were associated with a higher likelihood of complete
biochemical response (84%) and longer biochemical recurrence-
free survival (14 mo). However, microscopic spread to neighbor-
ing lymph nodes cannot be detected using either PSMA-ligand
PET or PSMA-radioguided surgery. Although the extent of sLND
using PSMA-radioguided surgery (or sLND in general) is currently
under intensive discussion, treating only the suspected lymph node

FIGURE 4. (A) Ex vivo measurements with γ-probe during PSMA-

radioguided surgery. (B and C) Histologic examination reveals lymph

node metastasis in hematoxylin- and eosin-stained sections (B) and in

PSMA immunohistochemistry sections (C).

FIGURE 5. Examples of novel optical and hybrid PSMA applications.

(A and B) Clinical application of fluorescent PSMA tracer–guided dis-

section of lymph node metastasis during robotic surgery. (C) Preclinical

application of hybrid 99mTc-EuK-(SO3)Cy5-mas3 PSMA-ligand combining

radioguided and fluorescence-guided surgery (52). (D) Cerenkov imaging

of radical prostatectomy specimen by use of 68Ga-PSMA-11 (53).
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on PSMA-ligand PET is not advisable. Conversely, sLND proce-
dures should be accompanied by at least a clean dissection of the
respective side. Still, emerging data seem to hint at the superiority
of PSMA-radioguided salvage surgery over standard sLND (59).
The main drawbacks for analysis and comparisons of sLND series
are not only the differences in study populations and the lack of
long-term follow-up in most studies but also the differences in
evaluated endpoints or definitions of progression (23).
External-beam radiotherapy is another treatment option for

locoregional recurrence or oligometastatic disease. However, the
comparison of sLND series to salvage radiotherapy is impeded
even more by the different characteristics of treated patient cohorts.
Although most patients who undergo sLND do not harbor metastatic
disease (M1) by definition, but instead present with molecular
imaging–classified locoregional lymph node metastases, patients
undergoing metastasis-directed therapy by radiation often show
oligometastatic bone lesions and thus represent truly M1 patients
and, consequently, a more advanced disease state (31,60). Never-
theless, although oncologic outcome data are still awaited, it is
tempting to believe that sLND might provide benefits for locore-
gional lymph node metastases in properly selected patients be-
cause it shows a good safety profile, yields histologic proof, and
allows radiotherapy as an additional treatment option.
In summary, PSMA-ligand PET enables early detection of

metastatic lesions in recurrent PC and is currently recommended
for this indication by the guidelines of the European Association
of Urology (20). In selected and well-informed patients, sLND can
be discussed as an experimental approach on the basis of clinical
characteristics and PSMA-ligand PET imaging results but should
ideally be undertaken only in the context of well-conducted clin-
ical trials. In addition, PSMA-guided procedures might further
enable precise intraoperative identification and removal of meta-
static lesions and might thus be a useful adjunct to sLND. Clinical
trials to investigate the oncologic benefits of sLND and the benefit
of a management change based on the results of PSMA-ligand PET
are now warranted.

COMPARISON OF PSMA-GUIDED PRIMARY LYMPH NODE

DISSECTION TO STANDARD APPROACHES

In primary PC, the goal of primary lymph node dissection is
twofold: to stage disease status accurately and to achieve a
potential cure in a selected group of men with node-positive
disease. However, there is no prospective evidence that ePLND
benefits oncologic outcomes (61–66). This lack of evidence, com-
bined with the perceived increased morbidity of the added pro-
cedure, is driving a decline in the practice of lymphadenectomy,
except in the presence of high-grade or high-volume disease. Cur-
rent guidelines recommend treatment of the lymphatic drainage at
the time of radiotherapy or radical prostatectomy if the risk of
nodal metastasis exceeds 5% by commonly used nomograms such
as the Briganti, Partin, and Memorial Sloan Kettering Cancer
Center nomograms (usually representing intermediate- and high-
risk PC) (67–69). Guidelines also recommend that primary PC
patients with a higher risk profile should not be spared ePLND
irrespective of negative findings on imaging (20). Because lym-
phatic drainage of primary PC is diverse, and most involved lymph
nodes are in the internal, external, and common iliac fields, as well
as in the obturator fossa lymph node template fields, an ePLND
is recommended at the time of surgery (20,70). Thus, although
ePLND has not yet been shown to improve oncologic outcome, it

currently represents the method of choice for correct staging and
prognosis (26).
On the downside, ePLND might be associated with potential

complications, further reinforcing the importance of precision
surgery strategies that aide nodal dissections. These approaches
need to accommodate both micrometastases and macrometastases.
Because the first draining lymph nodes in some patients might be
outside the usual proposed ePLND template, sentinel approaches
targeting the lymph node have been proposed and have already
shown additional value for correct lymph node staging and
reduction of morbidity (71,72). In a recent systematic review,
different lymphatic mapping techniques have shown a high sensi-
tivity of 95.2% and a high negative predictive value of 98.0%,
compared with ePLND, and seem to improve the nodal yield when
combined with ePLND (20,73).
For identification of macrometastases, PSMA-ligand PET seems

to be the method of choice and could influence clinical management
by, for example, extending the dissection of regular ePLND in
cases of out-of-template lymph node metastases. Although PSMA-
ligand PET shows higher sensitivity than conventional imaging, it
still falls short for detection of small metastatic lesions, hindering its
use to preclude patients without evidence of nodal disease from
ePLND. Thus, for identification of micrometastases in the lym-
phatics, one still needs to revert to the traditional lymphatic mapping
approaches (72).
Will PSMA-guided surgery impact clinical care in the primary

treatment of PC? In theory, it could be used in primary high-risk,
high-volume PC patients with evidence of lymph node–positive
disease on PSMA-ligand PET (32). However, there is a likelihood
that additional small lymph node metastases are present in primary
PC but not detected by PSMA-ligand PET, and clinical parameters
(e.g., PSA value) are not as helpful as in recurrent PC. Thus,
ePLND is still advisable in patients with PSMA-ligand PET–positive
lymph nodes (if considered for surgery), and the additional value
of PSMA-radioguided surgery might be evident only in atypically
located lesions that are not readily accessible.

FUTURE PERSPECTIVES

The concept of molecularly targeted PSMA-guided surgery was
first developed in—and is being increasingly used to detect met-
astatic lymph nodes in—the salvage setting. As more data on
oncologic short- and long-term follow-up emerge, this technology
can be expected to spread and be offered at an increasing number
of specialized centers during sLND procedures. Careful selection
of patients with locoregional recurrence based on PSMA-ligand
PET and suitable clinical characteristics is mandatory (57). With
the development of drop-in g-probes for robot-assisted minimally
invasive surgery, patient discomfort and morbidity are likely to
decrease, fueling further demand for such molecularly targeted
approaches to achieve effective precision surgery with improved
outcomes (41,42). Modifications and further developments of
PSMA-directed tracers, especially in combination with fluores-
cence, will enable visual or even bimodal tracking by fluorescence
cameras and g-probes (46,47,49,50). Tools for advanced intrao-
perative navigation via augmented-reality and virtual reality dis-
plays may further help to increase the surgical targeting accuracy
while reducing morbidity (74).
Currently, there is also great interest in translating PSMA-

targeted surgical approaches to the primary setting—in the context
of lymph node dissection or even during margin assessment of the
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prostate during radical prostatectomy. In patients with suggestive
lymph nodes on PSMA-ligand PET, combining ePLND with intra-
operative PSMA guidance could be helpful, especially when the
involved lymph nodes are outside the standard template. However,
the likelihood of underestimation of lymphatic spread by PSMA-
ligand PET, especially at primary diagnosis, has to be considered.
Furthermore, all currently available tracers for PSMA-radioguided
surgery show urinary excretion and urinary spillage from the blad-
der during radical prostatectomy, and such spillage can contaminate
the field for PSMA-guided lymph node dissection (75). Develop-
ment of tracers with less or even no renal elimination is desirable.
As for margin assessment, urinary excretion for current available
tracers is an even greater challenge as compared to lymph node
dissection. Moreover, when the prostatic fossa is being evaluated
after prostatectomy to detect the presence of residual cancer
cells, precision is impeded by physiologic tracer accumulation
within the rectal wall background, compounded by weak signals
from the few and dispersed cancer cells. In these clinical scenarios,
development of tracers without renal elimination and with less un-
specific accumulation in the rectal wall is desirable. When the pros-
tatectomy specimen is being evaluated for positive surgical margins,
the tissue penetration of g-rays precludes the use of current PSMA
tracers for radioguided surgery because only tumor cells on the
surface of the positive resection margin are of interest. A clear unmet
need is the development of tracers that do not penetrate healthy
tissue layers and are not excreted in the urine. Optical surgical
guidance could also help provide a possible solution to this problem.
Over the past decade, major advances have been achieved in

image-guided surgery for PC. With advancing technologies, new
tracers, and optical engineering, it is likely that these advances
will soon have an impact on management of the disease. Further
evaluations of these technologies are warranted through well-
conducted clinical trials to provide robust evidence of overall
effectiveness, cost effectiveness, and reproducibility of outcomes.
Finally, experiences in the field of PSMA-guided surgery may serve as
an exemplar for the future development and use of similar molec-
ularly guided approaches on other malignancies and diseases (76).

DISCLOSURE

Hans-Jürgen Wester is the chief executive officer of Scintomics
GmbH and owns stock or options in the company. Fijs van Leeuwen
is the chief innovation officer at ORSI Academy. No other potential
conflict of interest relevant to this article was reported.

REFERENCES

1. Mazzone E, Preisser F, Nazzani S, et al. Location of metastases in contemporary

prostate cancer patients affects cancer-specific mortality. Clin Genitourin Cancer.

2018;16:376–384.e1.

2. van Leeuwen FWB, Winter A, van der Poel HG, et al. Technologies for image-

guided surgery for managing lymphatic metastases in prostate cancer. Nat Rev Urol.

2019;16:159–171.

3. Meijer HJ, Fortuin AS, van Lin EN, et al. Geographical distribution of lymph

node metastases on MR lymphography in prostate cancer patients. Radiother

Oncol. 2013;106:59–63.

4. Leijte JA, Valdes Olmos RA, Nieweg OE, Horenblas S. Anatomical mapping of

lymphatic drainage in penile carcinoma with SPECT-CT: implications for the

extent of inguinal lymph node dissection. Eur Urol. 2008;54:885–890.

5. Afshar-Oromieh A, Zechmann CM, Malcher A, et al. Comparison of PET imaging

with a 68Ga-labelled PSMA ligand and 18F-choline-based PET/CT for the diagnosis

of recurrent prostate cancer. Eur J Nucl Med Mol Imaging. 2014;41:11–20.

6. Morigi JJ, Stricker PD, van Leeuwen PJ, et al. Prospective comparison of 18F-

fluoromethylcholine versus 68Ga-PSMA PET/CT in prostate cancer patients who

have rising PSA after curative treatment and are being considered for targeted

therapy. J Nucl Med. 2015;56:1185–1190.

7. Moghul M, Somani B, Lane T, et al. Detection rates of recurrent prostate cancer:
68gallium (Ga)-labelled prostate-specific membrane antigen versus choline PET/

CT scans—a systematic review. Ther Adv Urol. 2019;11:1756287218815793.

8. Silver DA, Pellicer I, Fair WR, Heston WD, Cordon-Cardo C. Prostate-specific

membrane antigen expression in normal and malignant human tissues. Clin Cancer

Res. 1997;3:81–85.

9. Maurer T, Eiber M, Schwaiger M, Gschwend JE. Current use of PSMA-PET in

prostate cancer management. Nat Rev Urol. 2016;13:226–235.

10. Eiber M, Fendler WP, Rowe SP, et al. Prostate-specific membrane antigen ligands

for imaging and therapy. J Nucl Med. 2017;58(suppl):67S–76S.

11. Afshar-Oromieh A, Avtzi E, Giesel FL, et al. The diagnostic value of PET/CT

imaging with the 68Ga-labelled PSMA ligand HBED-CC in the diagnosis of

recurrent prostate cancer. Eur J Nucl Med Mol Imaging. 2015;42:197–209.

12. Eiber M, Maurer T, Souvatzoglou M, et al. Evaluation of hybrid 68Ga-PSMA

ligand PET/CT in 248 patients with biochemical recurrence after radical pros-

tatectomy. J Nucl Med. 2015;56:668–674.

13. Afshar-Oromieh A, Holland-Letz T, Giesel FL, et al. Diagnostic performance of
68Ga-PSMA-11 (HBED-CC) PET/CT in patients with recurrent prostate cancer:

evaluation in 1007 patients. Eur J Nucl Med Mol Imaging. 2017;44:1258–1268.

14. Fendler WP, Calais J, Eiber M, et al. Assessment of 68Ga-PSMA-11 PET accu-

racy in localizing recurrent prostate cancer: a prospective single-arm clinical

trial. JAMA Oncol. 2019;5:856–863.

15. Rauscher I, Duwel C, Haller B, et al. Efficacy, predictive factors, and prediction

nomograms for 68Ga-labeled prostate-specific membrane antigen-ligand positron-

emission tomography/computed tomography in early biochemical recurrent pros-

tate cancer after radical prostatectomy. Eur Urol. 2018;73:656–661.

16. Maurer T, Gschwend JE, Rauscher I, et al. Diagnostic efficacy of 68gallium-

PSMA positron emission tomography compared to conventional imaging for

lymph node staging of 130 consecutive patients with intermediate to high risk

prostate cancer. J Urol. 2016;195:1436–1443.

17. Jilg CA, Rischke HC, Beck T, et al. Diagnostic accuracy of Ga-68-HBED-CC-

PSMA-ligand-PET/CT before salvage lymph node dissection for recurrent pros-

tate cancer. Theranostics. 2017;7:1770–1780.
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