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Abstract Objective: Indocyanine green (ICG) with near-infrared fluorescence absorption is
approved by the United States Food and Drug Administration for clinical applications in angi-
ography, blood flow evaluation, and liver function assessment. It has strong optical absorption
in the near-infrared region, where light can penetrate deepest into biological tissue. We
sought to review its value in guiding prostate cancer treatment.
Methods: All related literature at PubMed from January 2000 to December 2020 were re-
viewed.
Results: Multiple preclinical studies have demonstrated the usefulness of ICG in identifying
prostate cancer by using different engineering techniques. Clinical studies have demonstrated
the usefulness of ICG in guiding sentinel node dissection during radical prostatectomy, and
possible better preservation of neurovascular bundle by identifying landmark prostatic ar-
teries. New techniques such as adding fluorescein in additional to ICG were tested in a limited
number of patients with encouraging result. In addition, the use of the ICG was shown to be
safe. Even though there are encouraging results, it does not carry sufficient sensitivity and
specificity in replacing extended pelvic lymph node dissection during radical prostatectomy.
Conclusion: Multiple preclinical and clinical studies have shown the usefulness of ICG in iden-
tifying and guiding treatment for prostate cancer. Larger randomized prospective studies are
warranted to further test its usefulness and find new modified approaches.
ª 2023 Editorial Office of Asian Journal of Urology. Production and hosting by Elsevier B.V. This
is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).
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1. Introduction

Optical fluorescence imaging is increasingly used to monitor
biological functions of specific targets in small animals and
humans. Near-infrared (NIR) fluorescence (700e1000 nm)
detection avoids the natural background fluorescence
interference of biomolecules, providing a high contrast
between target and background tissue. NIR fluorescence
imaging is a noninvasive alternative to radionuclide imaging
in small animals or with probes in close proximity to the
target in humans. Indocyanine green (ICG), with NIR fluo-
rescence absorption at 780 nm and emission at 820 nm, is
one of the few optical imaging agents approved by the
United States Food and Drug Administration for clinical
applications in angiography, blood flow evaluation, and
liver function assessment [1].

Fluorescence guided surgery is used to detect fluo-
rescently labeled structures during surgery, with a purpose
to provide the surgeon of real-time visualization of the
operating field and guide the surgery. The investigation of
application of ICG on prostate cancer can trace back to
20 years ago. In a study using rat tumor model, ICG was
found to be located in two of the tumor cell lines examined,
which include a prostate cancer cell line R3327-H [2]. One
study reported surface-enhanced Raman scattering (SERS)
studies on ICG on colloidal silver and gold. A novel optical
probe was demonstrated for applications in living cells. In
addition to its own detection by the characteristic ICG SERS
signatures, the ICG gold nanoprobe delivers spatially
localized chemical information from its biological environ-
ment by employing SERS in the local optical fields of the
gold nanoparticles. The probe therefore offers the poten-
tial to increase the spectral specificity and selectivity [3].

With the potential to better identification and preser-
vation of neurovascular bundle (NVB), ICG holds promise for
improving post-prostatectomy urinary continence and
erectile function. In addition, ICG-guided sentinel lymph
node (SLN) harvest has been reported in robot-assisted
laparoscopic radical prostatectomy (RARP) to determine
metastatic nodal status [4]. In patients with prostate can-
cer, a positive surgical margin is associated with an
increased risk of cancer recurrence and poorer outcome.
However, margin status cannot be determined during the
surgery [5]. The potential utility of ICG for differentiation
of oncological tissue from normal tissue remains encour-
aging [4,6].

2. Preclinical studies

Preclinical studies using prostate cancer cell lines and xe-
nografts in rodents have been encouraging, either use ICG
alone, or adding radiolabeling, or adding cancer selective
ligands [1,4,7e11]. In a study using primary culture cell
line, ICG had a favorable viability profile at almost all of the
concentrations and time tested [12].

2.1. Uses ICG alone

Intravenously administered ICG was found to accumulate in
prostate cancer cells in a murine model [7]. Multiple in vitro
and xenograft studies using prostate cell lines have achieved
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success in identifying cancer using ICG biodegradable and
biocompatible nanoparticles [10,11,13e16], even in poorly
vascularized prostate cancer [11].

2.2. Radiolabeling of ICG

To improve surgical guidance toward prostate draining
lymph nodes (LNs), one study investigated the potential of
intraoperative fluorescence imaging and combined pre- and
intra-operative multimodality imaging approaches. Trans-
genic mice with spontaneous prostate tumors were injected
intratumorally with different regimens. They found that at
60-min postinjection, ICG significantly improved the
detection of the LNs compared to a cocktail of patent blue
(53% vs. 7%). Moreover, a cocktail of ICG and 99mTc-Nano-
Coll� improved the fluorescent detection rate to 86% [8].
Antibody fragments including diabodies had more desirable
pharmacokinetic characteristics than whole antibodies. An
activatable optical imaging probe based on a cys-diabody
targeting prostate-specific membrane antigen (PSMA) con-
jugated with ICG was designed such that it can only be
activated when bound to the tumor, leading to high signal-
to-background ratios. A biodistribution study using 125I-
labeled cys-diabody-ICG showed immediate uptake in the
kidneys followed by a rapid decrease, while gastric activity
increased due to released radioiodine during rapid cys-
diabody-ICG catabolism in the kidneys. To achieve high
tumor-specific detection, it would be preferable to use
antibody fragments large enough not to be filtered through
glomerulus or to conjugate the fragments with fluorescent
dyes that are readily excreted into urine when cleaved
from the cys-diabody [14].

2.3. Hybridization of ICG with cancer selective
ligands

Technological advances in cancer biomarkers and immu-
nology have prompted the hybridization of ICG with cancer
selective ligands, to localize tumorbyfluorescence. An in vivo
optical imaging probe that could identify the tumor margins
during surgery could result in improved outcomes. Most of
studies have been focusing on developing agent with hybrid-
ization of ICG with PSMA [1,2,4,5,15e17], while one study
chose human epidermal growth factor receptor 2 as the
cancer selective ligand and found that it had high contrast
and high efficiency for binding to prostate cancer cells [9].
Another study developed L-methyl-methionineeICG-Der-02
demonstrating excellent cellular uptake of L-methyl-
methionineeICG-Der-02 on cancer cell lines including pros-
tate cancer cell line PC3 without cytotoxicity [18].

PSMA is upregulated in prostate cancer by 100- to
1000-fold. It is a unique transmembrane-bound glycopro-
tein that is overexpressed on prostate tumor cells and in
the neovasculature of most solid prostate tumors but not in
the vasculature of normal tissue. This unique expression of
PSMA makes it an important biomarker as well as a large
extracellular target of imaging agents. Notably the J591
antibody has been delivered in several human clinical trials
at high doses with a favorable safety profile [1,4,5]. Prior to
binding to PSMA and cellular internalization, the conjugate
J591 antibody yielded little light; however, after binding an
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18-fold activation was observed permitting the specific
detection of PSMA-positive tumors up to 10 days after in-
jection of a low dose (0.25 mg/kg) of the reagent [5]. To
further reduce background signal, short polyethylene glycol
linkers were employed to improve the covalent bonding
ratio of ICG in one study. New minibody against PSMAs
conjugated with bifunctional ICG derivatives specifically
visualized PSMA-positive tumor xenografts in mice bearing
both PSMA-positive and -negative tumors within 6 h after
injection. The addition of short polyethylene glycol linkers
significantly improved target-to-background ratios; how-
ever, it did not significantly alter the biodistribution [19].

2.4. New imaging techniques

In one study, triple-modal imaging magnetic nanocapsules,
encapsulating hydrophobic superparamagnetic iron oxide
nanoparticles were used to magnetically target tumors
after intravenous administration in tumor-bearing mice.
The engineered magnetic polymeric nanocapsules with
multiple imaging probes (e.g. ICG, superparamagnetic iron
oxide nanoparticles and indium-111) were capable of
achieving triple-modal imaging (fluorescence, magnetic
resonance, and nuclear imaging) in vivo, overcoming the
limitations of single modality imaging, and providing com-
plementary information on the spatial distribution of the
nanocarrier within the tumor [20].

In another study, a multicolor fluorescence guidance
approach was able to discriminate between prostate
draining LNs and lower limb draining LNs. In five porcine
models, multispectral-fluorescence guidance was per-
formed using da Vinci Si- and Xi-robot consoles. They
received fluorescein into the lower limb(s) and
ICG-nanocolloid into the prostate. Fluorescein was detec-
ted in 29 LNs and ICG-nanocolloid visualized in 12 LNs.
Signal intensities appeared equal for both dyes and no vi-
sual overlap in the lymphatic drainage patterns was
observed. Moreover, fluorescein supported both the iden-
tification of leakage from damaged lymphatic structures
and the identification of ureters [21].

2.5. New contrast agent

A new contrast agent, LipImage� 815 was designed and
compared to previously described ICG-loaded lipid nano-
particles (ICG-lipidots�) in one study. While ICG-lipidots�
displays a relatively short plasma lifetime, LipImage� 815
circulates in blood for longer time, allowing the efficient
uptake of fluorescence signal in human prostate cancer
cells implanted in mice. Prolonged tumor labeling is
observed for more than 21 days [22]. In another study, a
series of NIR fluorescent ligands targeting the PSMA were
synthesized and each compound was tested for its ability to
image PSMA-positive tissue in experimental prostate cancer
models. The agents were prepared by conjugating
commercially available active esters of NIR dyes. The
highest tumor uptake was observed with IRDye800CW
employing a poly(ethylene glycol) or lysine-suberate linker,
as in 800CW-2 and 800CW-3, while the highest tumor to
nontarget tissue ratios were obtained for Cy7 with these
same linkers, as in Cy7-2 and Cy7-3 [23].
3

2.6. Cancer cell killing effect

ICG can be used as a photosensitizer to kill cancer cells
selectively, which has been demonstrated in different
prostate cancer and other cancer cell lines [9,24,25]. This
effect is more significant in prostate cancer than normal
prostate cells, possibly due to stronger ICG uptake by the
cancer cells. However, ICG does not act as a radiosensitizer
if used with ionizing radiation. The combined treatment of
photodynamic therapy and radiotherapy produces an ad-
ditive effect which does not depend on the sequence of the
two treatments [25].

Laser immunotherapy is a novel approach that aims at the
tumor-directed stimulation of the host immune system. It
involves an intratumor administration of a laser-absorbing
dye and an immunoadjuvant, followed by noninvasive laser
irradiation. Using glycated chitosan (GC) as immunoadjuvant
and ICG as laser-absorbing dye in the treatment of
metastatic prostate tumors, both the laser-ICG and laser-
ICG-GC treatments significantly reduced the growth of pri-
mary tumors and lung metastases. In their preliminary
studies, long-term survival of the rats bearing the prostate
tumors was also observed after the laser immunotherapy
treatment [26].

3. Clinical studies

3.1. The application of ICG on SLN dissection

Most clinical studies have been focusing on using ICG on SLN
dissection. SLN detection techniques have the potential to
change the standard of surgical care for patients with
prostate cancer [27,28].

3.1.1. Most frequent location of positive LNs
There are different outcomes regarding where is the
dominant area for metastatic LN [30,31] with one showing
that internal iliac artery area is the dominant site [29] while
another study showing that external iliac artery is the
dominant site [30]. In a study with 14 patients who were
candidates for radical retropubic prostatectomy and pelvic
lymph node dissection (PLND), under in vivo and ex vivo
probing, the fluorescence intensity of internal iliac nodes
was greater than that of external iliac or obturator nodes.
The major lymphatic pathway involved in the spreading of
prostate cancer appears to relate to internal iliac LNs,
which means that the standard PLND covering external iliac
and obturator regions would not keep the cancer from
spreading [30]. In another retrospective study, 20 patients
received transperineal prostatic injections of ICG. The
external iliac group was the most common site of fluores-
cence in 27.2% of patients, followed by the common iliac
(21.3%), obturator (20.3%), internal iliac (18.5%), and node
of Cloquet (7.7%) [29]. In another study with 42 patients
who received systematic or specific ICG injections to
prostate, they found that (1) external and internal iliac
regions contain the majority of SLNs; (2) common iliac re-
gions contain up to 22% of all SLNs; (3) a prostatic lobe
could drain into the contralateral group of pelvic LNs; and
(4) the fossa of Marcille also receives significant drainage
[31]. In another study with 66 consecutive patients, SLNs
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were found to be located in the obturator fossa, internal,
and external iliac regions but rarely in the common iliac and
presacral regions [32]. In a prospective cohort of 50
consecutive patients with intermediate- to high-risk local-
ized prostate cancer who had undergone laparoscopic
radical prostatectomy, SLN biopsies by fluorescence
detection using intraoperative imaging with ICG and backup
extended pelvic lymph node dissection (ePLND) were con-
ducted prior to prostatectomy. Over 90% of positive SLNs
were identified at two predominant sites. Priority should be
given to the removal of these SLNs, which are located
closer to the prostate, in PLND [33]. In another report, 100
ICG-guided ePLNDs were carried out in patients with
localized intermediate- and high-risk prostate cancer. ICG
was injected transrectally using ultrasound sonography
before each surgery. Lymphatic drainage routes were suc-
cessfully determined in 91 right-sided and 90 left-sided
cases. Five main lymphatic pathways and sites were iden-
tified: (i) an internal route (57%), (ii) a lateral route (50%),
(iii) a presacral route (20%), (iv) a paravesical artery site
(20%), and (v) a pre-prostatic site (5%). LN metastasis was
positive in 15 patients, with 44 pathologically confirmed
metastatic LNs. Metastatic fluorescent LNs (FLNs) were
found in 15 out of 44 (34.1%) LNs. Although the direct role
of FLNs in SLN identification appears to be limited, the
identification of lymphatic pathways could contribute to
high-quality ePLND during RARP [34]. In another study, ICG
was injected into the prostate under transrectal ultrasound
guidance just before surgery for 66 consecutive patients
with clinically localized prostate cancer who underwent
open radical prostatectomy. Lymphatic vessels were suc-
cessfully visualized in 65 (98%) patients and SLNs in 64 (97%)
patients. SLNs were found to be located in the obturator
fossa, internal and external iliac regions, and rarely in the
common iliac and presacral regions. A median of four SLNs
per patient was detected and three lymphatic pathways
including the paravesical, internal, and lateral routes were
identified. All pathologically positive LNs were detected
[35].

3.1.2. Sensitivity and specificity
Most of the studies reported relatively low sensitivity of ICG
in detecting metastatic LN [31,36] but high negative pre-
dictive value [26,32]. Its high negative predictive value
could allow us to avoid ePLND if we had an accurate
intraoperative lymph fluorescent analysis [36]. There are
also a few studies showing its high sensitivity [7,33,37]. In
one study with 38 consecutive men with intermediate- or
high-risk prostate cancer who underwent fluorescence
targeted PLND during laparoscopic radical prostatectomy,
super-ePLND was added as the control. Fluorescence
stained nodes were found on each side in all except one
patient. A total of 700 LNs were removed, of which 531
(75.9%) were fluorescence stained. LN metastases were
found in 15 (39.5%) patients. Two (5.3%) patients had a
solitary micro-metastasis and 3 (7.9%) had nodes containing
isolated tumor cells. Metastases were found outside the
ePLND template in five of 15 (33.3%) patients. Fluorescence
targeted PLND showed superior sensitivity and negative
predictive value compared to ePLND and super-ePLND to
4

detect LN metastasis [32]. For SLN identification, in the
study with the 100 ICG-guided ePLNDs, 34.0% sensitivity and
64.8% specificity rates were detected in regard to identifi-
cation of LN metastasis [34].

In the other two studies, low specificity of ICG in
detecting positive LN was noted [37,38]. In a meta-analysis
with 10 clinical trials included, they found that SLN map-
ping in bladder and prostate cancer is a method with a high
detection rate, although its specificity to predict LN inva-
sion remains poor [38].

3.1.3. Hybrid imaging with radiolabeling
The use of a hybrid tracer such as ICG-99mTc-nanocolloid
has become possible to determine the accumulation of
tracer and correlate this to intraoperative
fluorescence-based rates of identification [39,40]. Integra-
tion of molecular imaging and in particular intraoperative
image guidance is expected to improve the surgical accu-
racy of laparoscopic LN dissection [41e44]. In one study
with 11 patients with an increased risk of nodal metastasis,
fluorescence particularly improved surgical guidance in
areas with a high radioactive background signal such as the
injection site. Ex vivo analysis revealed a strong correlation
between the radioactive and fluorescent content in the
excised LNs. Radio guidance to the areas of interest is still
desirable since fluorescence detection is limited by the
severe tissue attenuation of the signal [41]. In a prospective
trial conducted with 501 procedures in a cohort of 495 pa-
tients with different malignancies including prostate can-
cer, a total of 1327 SLN-related hotspots were identified on
501 preoperative single-photon emission computed tomog-
raphy scans. Intraoperatively, a total number of 1643 SLNs
were identified based on the combination of gamma-tracing
and fluorescence-guidance. In patients wherein blue dye
was used fluorescence-based SLN detection was superior
over visual blue dye-based detection. With ICG-99mTc-
nanocolloid, the SLN biopsy procedure has become more
accurate and independent of the use of blue dye [45].

To determine the diagnostic capabilities of combined
PSMA positron emission tomography/computed tomography
(PET/CT) and SLN biopsy in PSMA PET/CT negative patients
for the primary LN staging in prostate cancer patients, one
study was carried out with 53 consecutive patients with
primary diagnosed intermediate- or high-risk prostate
cancer who underwent a preoperative PSMA PET/CT fol-
lowed by robot-assisted radical prostatectomy and ePLND
included. All patients without suspected LN metastases on
PSMA PET/CT were considered candidates for SLN biopsy
with ICG-99mTc-nanocolloid or 99mTc-nanocolloid with free
ICG as used tracers. The combined use of SLN biopsy and
PSMA PET/CT identified all pN1 patients and performed
correct nodal staging in 50 of 53 patients. SLN biopsy
identified significantly smaller LN metastases than PSMA
PET/CT. PSMA PET/CT and SLN biopsy rather than ePLND
could be a preferred diagnostic approach for staging pur-
poses of men prior to radiotherapy for prostate cancer [46].

3.1.4. Routes of administration of ICG
Most of the studies used intraprostatic injection of ICG
either transrectally [31,42,46] or percutaneously with
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robotic guidance [37], or transperineally [29]. There is no
comparative study with regards to which approach is
optimal but one study believed that percutaneous,
robotic-guided ICG injection was proved superior to
cystoscopy or transrectal delivery [37].

3.1.5. Timing of administration of ICG
ICG was usually administered shortly before the surgery, or
intraoperatively [29,32,47], with one study administered
18 h before the surgery [43].

3.1.6. Dosing
There is no universal dosing for the studies so far. In the
retrospective study with 20 patients who received trans-
perineal prostatic injections of ICG, patients were cycled
through five doses so that optimal ICG dosing could be
discovered early. ICG injection was able to identify FLN
packets in all 20 patients. Compared to the higher ICG
doses, the 1.25 mg and 2.5 mg doses had fewer FLN packets
and were abandoned after one dose each. The median
numbers of FLN packets were 4.0, 6.0, and 4.5 for the
respective doses of 3.75 mg, 5.0 mg, and 7.5 mg [30]. In a
study with 40 penile and 20 prostate cancer patients
scheduled for SLN biopsy using ICG-99mTc-nanocolloid, the
ability to provide intraoperative fluorescence guidance is
found to be dependent on the amount and concentration of
the fluorescent dye accumulated in the lesion(s) of inter-
est. The study revealed that intraoperative fluorescence
detection with ICG is possible above a micromolar con-
centration [39].

3.1.7. Can ICG-guided LN dissection replace ePLND?
While most studies found that it was useful [7,3e34,41],
most of the studies also concluded that it could not replace
ePLND because of its low sensitivity and complex drainage
pattern [29,31]. In the retrospective study with twenty
patients who received transperineal prostatic injections of
ICG, across all patients, ICG had 62% sensitivity, 50% spec-
ificity, 8% positive predictive value, and 95% negative pre-
dictive value in detecting LN metastases. The low
sensitivity of ICG for the detection of LN metastases high-
lights why FLN dissection with ICG does not represent an
alternative to ePLND [29]. In a prospective randomized
study with 120 patients with intermediate- or high-risk
prostate cancer, in the intervention group, ICG was injec-
ted transrectally into the prostate before docking of the
robot. In both the control and the intervention groups,
ePLND was performed including additional dissection of FLN
in the ICG group. A total of 2609 LNs were found with
significantly more LNs after ICG-supported ePLND with a
median of 25 versus 17 LNs in control group. Nodal metas-
tases were detected in six patients in control group (25
cancerous LNs) versus nine patients in intervention group
(62 positive LNs) (pZ0.40). In seven of nine patients, ICG-
ePLND identified at least one cancer-positive LN (sensi-
tivity 78%), and 27 of 62 cancerous LNs were fluorescent.
After a median follow-up of 22.9 months, prostate-specific
antigen levels were similar. While ICG-ePLND seems to be
beneficial for a better understanding of the lymphatic
5

drainage and a more meticulous diagnostic approach, the
sensitivity is not sufficient to recommend stand-alone ICG
LN dissection [48].

3.2. The application of ICG on NVB preservation

Robot-assisted radical prostatectomy may be supplemented
by ICG imaging to identify the prostatic NVB, even though in
literature the use of ICG for NVB preservation seems very
limited and does not have a clinical impact to date. Kumar
et al. [49] reported a case serial of 10 patients who un-
derwent nerve sparing RARP with 20 NVBs examined. Prior
to clamping the pedicle or dissection of the NVB, 0.75 mL of
ICG was given. The Firefly� technology was engaged on the
robotic console and a period of 20e40 s was allowed for the
ICG to enter the vascular system. The landmark prostatic
artery and its pathway could be identified in 17/20 (85%)
NVBs. In the other three patients we were unable to visu-
alize the artery as it was underneath some large veins. They
concluded that the use of ICG and Firefly� technology
during NS radical prostatectomy has the potential to more
accurately and more frequently identify the landmark
prostatic artery that runs along the NVB. There was a
similar finding in another study with 26 patients [50].

3.3. New techniques

3.3.1. Fluorescein as a fluorescent dye
While most of the clinical studies have been reporting using
ICG, some studies also reported the usefulness of the other
dye fluorescein. In one study to evaluate the feasibility of
confocal laser endomicroscopy (CLE) during RARP, 21 pa-
tients with biopsy-proven prostate cancer scheduled for
RARP were included. After intravenous administration of
fluorescein, 15 patients underwent in vivo intraoperative
CLE of prostatic and periprostatic structures using probes.
Standard robotic instruments were used to grasp and ma-
neuver the CLE probes for image acquisition. Intraoperative
CLE imaging of NVB prior to and following NS dissection
revealed characteristic features including dynamic vascular
flow and intact axon fibers. Ex vivo confocal imaging of the
prostatic parenchyma demonstrated the normal prostatic
glands, stroma, and prostate carcinoma [51].

3.3.2. Adding fluorescein in additional to ICG
A couple studies also demonstrated the feasibility and po-
tential of using two fluorescent dyes, ICG and fluorescein,
or three fluorescent dyes, ICG, fluorescein, and Cy5 to
provide multispectral fluorescence guidance during pros-
tate cancer surgery [52,53]. In one study with 10 patients
who underwent RARP, following ICG-99mTc-nanocolloid
administration, lymphangiographic tracer fluorescein was
injected into prostate immediately after the patient was
anesthetized. In eight out of ten patients, fluorescein im-
aging allowed bright and accurate identification of
lymphatic ducts, although higher background staining and
tracer washout were observed [52]. In another report from
the same group, laparoscopic three-color multispectral
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imaging in combination with white light imaging was
demonstrated in a phantom set-up. Nerve fibers, SLNs, and
tumor lesions were able to be differentiated [53].

3.4. Safety profile

No adverse effects have been reported from published
studies. In the study with a large cohort of 495 patients, the
use of the hybrid tracer or the fluorescence-guidance pro-
cedure was found to be safe [45].

4. Conclusion

In summary, it seems that there is a value of fluorescent
SLN detection with ICG for the detection of LN metastases
in intermediate- and high-risk patients undergoing
robot-assisted prostatectomy and ePLND. It also implicates
a value in better preserving NVB and defining surgical
margin during radical prostatectomy. However, more and
larger randomized prospective studies are warranted.
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