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Abstract

Sentinel lymph node (SLN) mapping can be a valuable addition to the treatment 
of colorectal cancer patients. Nevertheless, conventional lymph node mapping 
methods using blue dye are limited due to inadequate depth penetration, and 
the use of a radiocolloid tracer has its logistic hurdles. With near-infrared (NIR) 
fluorescence imaging, the SLN can be accurately identified in most patients 
resulting in more accurate lymph node staging. Current technical challenges 
and the low negative predictive value of the SLN withhold surgeons from its use 
in daily practice.

Concept of sentinel lymph node mapping

Adequate lymph node staging is important in colorectal cancer (CRC) treatment, 
as lymph node metastases are an important determinant for patient prognosis 
and an indication for adjuvant systemic treatment. The sentinel lymph node 
(SLN) is defined as the first group of lymph node(s) draining a tumour. The iden-
tification, removal, and analysis of these SLNs (SLN mapping) can therefore be 
of added value for the staging of CRC patients, and subsequent treatment. SLN 
mapping was first described in 1960 for parotid cancer and is nowadays standard 
of care in breast cancer and melanoma patients.1-3

The SLN concept could also be of added value in CRC patients. Patients 
with stage I and II diseases (with no lymph node involvement) still develop 
distant metastases in up to 30% of cases.4 This could be the result of, among 
others, understaging of these patients due to missed lymph nodes with occult 
tumour cells and micrometastases during routine histopathological examina-
tion, or inadequate lymph node harvesting at the time of primary treatment. 
Routine histopathological examination currently exists of reviewing a single 
paraffin-embedded slide per lymph node, with the chance of missing tumour 
cells away from the slide’s cutting edge. Extensive histopathological analysis 
of all lymph nodes using serial sectioning or reverse transcriptase polymerase 
chain reaction could result in more accurate lymph node staging. However, 
both methods are expensive and time consuming.5-7 As the SLN procedure 
identifies the lymph node(s) with the highest chance of containing metasta-
ses, more extensive histopathological analysis of only these lymph nodes is 
feasible. Furthermore, tumour-negative SLNs create an opportunity for local or 
endoscopic resection of CRC, especially in early-stage tumours.8

Conventional methods for SLN mapping include the use of either blue dye, 
a radiocolloid tracer, or the combination of both.2,3 The use of blue dye for SLN 
mapping in CRC is limited due to inadequate depth penetration and the utili-
zation of radiocolloid tracers has some logistic hurdles.9 A nuclear medicine 
physician and an endoscopist are required for tracer injection. Moreover, the 
gamma probe used for localization does not enable real-time visualization. 
These shortcomings have increased the interest in novel techniques, such as 
near-infrared (NIR) fluorescence imaging.
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Fluorescence-guided surgery

NIR fluorescence imaging provides the surgeon with real-time information of 
the surgical field and can aid in differentiation between malignant and healthy 
tissue during surgery.10 NIR light (700-900 nm) is not visible to the human eye 
and has relatively deep (up to 10 mm) tissue penetration. Human tissue itself has 
low autofluorescence in the NIR light spectrum, resulting in a high signal-to-
background ratio.11 NIR fluorescence-guided surgery requires two components: 
an NIR camera system and a fluorescent agent (figure 1). These NIR camera sys-
tems are composed of an NIR excitation light source,  collection optics (including 
optical filtration), and a camera that can detect emitted NIR light. These systems 
emit photons with a specific wavelength, which are absorbed by the fluorescent 
agent. Electrons within these agent’s molecules transit to an excited state and 
fall back to their ground state (figure 2). This will release the stored energy in 
an emitted photon with a longer wavelength than the exciting light of the NIR 
camera system, the so-called Stokes shift. This emitted photon is subsequently 
captured by the camera system. The camera output is usually displayed on a 
monitor including a merged image of the fluorescence signal and the white 
light image. Both the camera systems and fluorescent agents have shown great 
improvements in the last decades and have resulted in the clinical use of NIR 
fluorescence for different purposes during surgery (e.g., bile duct detection, tis-
sue perfusion).12-14

Several dedicated NIR fluorescence imaging systems are clinically used for 
open, laparoscopic, and robotic surgery. On the other hand, only two fluores-
cent agents, indocyanine  green (ICG) and methylene blue, have been approved 
for clinical use by the US Food and Drug Administration (FDA) and European 
Medicines Agency (EMA). Both are nontargeted fluorescent agents, meaning 
these agents do not bind to a specific target. ICG, first described in 1957 for 
the determination of cardiac output, is the most used agent for fluorescence-
guided SLN mapping in various cancer types and can also be used for the 
visualization of vital structures (e.g., bile ducts), liver tumours, and assessment 
of tissue perfusion.14-15

Figure 1  Fluorescence-guided surgery. 
NIR fluorescent agents are administered intravenously or locally. NIR fluorescence is visualized 
using a specialized imaging system for intraoperative imaging. The imaging system uses 
dedicated NIR excitation light to excite the fluorophore. Collection optics, emission filters, and 
an image sensor capable of detecting NIR fluorescence emission light. The NIR fluorescence 
signal is displayed on a monitor in the surgical theater. A simultaneous white light image, which 
can be merged with the NIR fluorescence image, is desirable.
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Figure 2  Schematic overview of the principle of fluorescence. 
A photon in the appropriate wavelength (excitation light) is absorbed by the fluorophore, 
elevating an electron to an excited state. When the electron transitions back to its ground 
state, a photon is emitted. This emitted photon is of a longer wavelength and lower energy.

Fluorescence-guided sentinel lymph node 
detection in colorectal cancer
While peritumoural injection of ICG is the most used technique for NIR fluo-
rescence guided SLN mapping, alternative fluorescent dyes have also been 
assessed (figure 3). In addition, different injection sites and variable timing of the 
injection have been investigated.

The injection site of ICG can be either subserosal or submucosal, with a slight 
preference for the latter.16-18 The submucosa houses an important part of the 
intestinal lymphatic system, which might improve the lymphatic uptake of the 
fluorescent agent from the tumour surrounding tissue.19 Submucosal injection 
is performed prior to or during surgery, via endoscopy. Subserosal injection, 
on the other hand, is performed intraoperatively by the surgeon. In minimally 

invasive surgery, this requires transcutaneous injection of the fluorescent 
agent. Correct positioning of the needle and maintaining this position during 
injection of the fluorescent agent is easier with the submucosal technique and 
therefore leads to less spillage of ICG.16-17

Timing of fluorescent dye administration and assessment has been assessed 
directly pre- or intraoperatively (both referred to as in vivo), and postoperatively 
(ex vivo). In vivo administration has some practical drawbacks, particularly for 
the preferred submucosal injection. For in vivo submucosal injection, an en-
doscopy in the operating room is required directly before or during surgery, 
which poses a logistical challenge. Furthermore, bowel insufflation might alter 
the surgical field and therefore hamper the surgical procedure. The alterna-
tive, ex vivo imaging, is logistically simpler and enables the use of experimental 
agents. Ex vivo imaging also has some disadvantages. Lymphatic flow may be 
disrupted after resection, and altering the surgical plan (i.e., perform a more 
limited resection) based on histopathological analysis of the harvested lymph 
nodes is not possible. Moreover, ex vivo fluorescent agent injection and lymph 
node identification does not facilitate identifying SLNs in patients with aberrant 
lymph node drainage patterns.20

Table 1 summarizes studies that describe fluorescence-guided SLN mapping 
in CRC patients. A procedure is defined as successful if one or more lymph 
nodes were identified by fluorescence (the SLN). An upstaged patient is defined 
as a patient who was staged as N0 (all lymph nodes being tumour-negative) 
using conventional histopathology but showed tumour-positive SLNs after ad-
ditional extensive histopathological assessment of the SLNs. These patients 
can consequently change from stage I or II CRC to stage III. The percentage of 
upstaged patients was calculated by dividing the number of upstaged patients 
by all lymph node-negative patients before extensive histopathological assess-
ment of the SLN.

In all studies, intraoperative identification of the SLNs was performed using 
ICG and this was successful in most cases. Andersen et al. had a remarkably 
lower success rate of 65.5% in their multicenter trial, with all other studies being 
single center.16 This could be explained by a learning curve, which is suggested 
by Bembenek et al. to be more than 22 cases per center, a number none of their 
centers had reached.9 The sensitivity of SLN identification with ICG ranged from 
0.33 to 1, and the negative predictive value was relatively low, with only three 
(33%) studies reporting an NPV above 0.9.
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Figure 3  Intraoperative results of sentinel lymph node mapping using with 
indocyanine green. 
Three patients (i-iii) demonstrating NIR fluorescence-guided sentinel lymph node mapping 
with indocyanine green (A, a white light image; B, an NIR image without filter; and C, a filtered 
NIR image). (i) Two bright spots in the mesocolon were identified in the filtered view, consistent 
with sentinel lymph nodes. (ii) A bright spot is seen in the filtered view, consistent with a 
paraaortic sentinel lymph node. (iii) A bright spot is seen in the filtered view, alongside the 
right iliac artery, consistent with a sentinel lymph node. The injection site of the rectal tumour 
is clearly visible, as well  as an efferent channel in the sigmoid mesentery which was found to 
lead to another sentinel lymph node.

Source: Reproduced by permission from Cahill, R. A., Anderson, M., Wang, L. M., Lindsey, I., 
Cunningham, C., Mortensen, N. J. (2012) (40). Near-infrared (NIR) laparoscopy for intraoperative 
lymphatic road-mapping and sentinel node identification during definitive surgical resection of  
early-stage colorectal neoplasia. Surgical Endoscopy, 26(1), 197-204. 

Table 1  Results of clinical trials assessing fluorescence-guided SLN mapping for CRC. 
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Intraoperative

Andersen (16) ICG:HA 29 CC L SS 1 (0-3)* 65.50% 0.33 0.76 1 (12%)

Ankersmit (17)
ICG:HA 29 CC L

14 SS;  
15 SM

2 (0-6)* 89.70% 0.44 0.8 3 (13%)

Cahill (39) ICG 18 CRC L SM 3.6 (1-5)** 100% 1 1 0 (0%)

Carrara (40) ICG 95 CRC L SS 1.5 (1-5)** 96.8 0.73 0.96 1 (1%)

Currie (41) ICG 30 CC L SM 3 (1-4)*** 90% 0.33 0.75 1 (5%)

Hirche (42) ICG 26 CC O SS 1.7 (0-5)** 96% 0.82 0.87 3 (21%)

Kusano (43) ICG 26 CRC O SS 2.6 (± 2.4)**** 88.50% 0.5 0.81 nr

Nagata (44) ICG 48 CRC L SS 3.5 (± 1.7) **** 97.90% 0.44 0.89 nr

Noura (45) ICG 25 RC O SM 2.1 (± 0.8)**** 92% 1 1 nr

Watanabe (46) ICG 31 CC L SS 10.4 (± 4.73)**** 100% 0.67 0.93 nr

Postoperative

Hutteman (18) HSA800 24 CRC na SM 3 (1-5)* 100% 0.89 0.94 nr

Liberale (47) ICG 20 CC na SS 1 (0-4)* 95% 0.57 0.81 3 (23%)

Schaafsma (48) HSA800 22 CC na SM 3.5 (± 1.9)**** 95% 0.8 0.94 nr

Weixler (49) HSA800 50 CC na SS 4.4 (± 2.2)**** 98% 0.64 0.74 5 (17%)

The number of detected SLNs are presented as: *median with range, **mean with range, ***median 
with interquartile range, ****mean with standard deviation. The sensitivity is calculated by dividing 
the number of procedures with a tumour-positive SLN (true positives) by the sum of true positive and 
false negative procedures. The negative predictive value is determined by dividing the amount of true 
negative procedures by the sum of true negative and false negative procedures. Upstaged patients 
are defined as patients with no tumour involvement on conventional histopathology of all lymph 
nodes, but a tumour-positive SLN at advanced histopathology. The percentage of upstaged patients 
is calculated as: upstaged patients/upstaged patients + true negatives. Abbreviations: CC = Colon 
cancer; CRC = colorectal cancer; HA =  human albumin; ICG = indocyanine green; L = laparoscopic;  
na = not applicable; NPV = negative predictive value; nr = not reported; O = open; RC = rectal cancer; 
SLN = sentinel lymph nodes; SM = submucosal; SS = subserosal.
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HSA800 (IRDye 800CW conjugated to human serum albumin) is another fluores-
cent agent used for ex vivo SLN mapping in CRC patients, which has not been 
approved by the FDA or EMA yet. Preclinical studies have shown an advantage 
of HSA800 over ICG regarding lymphatic entry, flow, fluorescence yield, and 
reproducibility. This is most likely a result of its bigger hydrodynamic diameter, 
resulting in improved retention in the SLN.21 Clinical ex vivo studies with HSA800 
have shown comparable results to in vivo assessment with ICG with a wide range 
in sensitivity (0.64-0.89) and negative predictive value (0.74-0.94).

Future perspectives

Fluorescence-guided SLN mapping has the potential to improve adequate stag-
ing in CRC patients. Despite its advantages and several published clinical stud-
ies, it is not used in common day practice. This might be the result of technical 
and logistic hurdles. Moreover, it is unknown if the upstaging of patients with 
micrometastatic lymph nodes and subsequent adjuvant treatment will lead to 
improved patient outcomes.

The number of early-stage CRC patients is expected to increase in the 
coming years, due to the introduction of nationwide screening programs.22,23 
With this increasing number of early-stage CRC patients, the number of lymph 
node-negative patients is also expected to rise, since 90% of the T1 tumours are 
N0.24,25 Especially in these patients SLN mapping might be valuable. Because 
of the low incidence of lymph node metastases in these patients, a reliable 
SLN procedure showing a tumour-negative SLN enables the possibility for local 
excision without an extensive lymphadenectomy, thereby potentially lowering 
perioperative morbidity.8

The relatively low negative predictive value of the SLNs (the probability that 
in case of a tumour-negative SLN, all other regional lymph nodes are tumour 
negative) is an important reason that this procedure is not yet implemented 
in daily practice. It withholds surgeons from performing a local excision and 
omitting an oncological resection based on a tumour-negative SLN. The low 
NPV is mainly a consequence of a high false negative rate (tumour-negative 
SLNs in the presence of a tumour-positive regional lymph node). One expla-
nation for this high false negative rate is the occurrence of the so-called skip 
metastases, which are reported in 10-22% of the cases.26,27 Tumour size could 

be another reason for this high false negative rate. T3-T4 tumours showed false 
negative results in 23% of the cases compared to 2% of the T1-T2 tumours.28 It 
is suggested that these more invasive tumours (T3-T4) alter the lymphatic flow, 
resulting in skip metastases.

Based on the promising preliminary results, the interest in neoadjuvant treat-
ment for colon cancer has increased in recent years.29,30 This novel treatment 
strategy could influence the success rate of SLN mapping, as research in other 
tumour types suggest altered lymphatic flow after neoadjuvant treatment.31 As 
a result, it could be preferable to perform SLN mapping prior to neoadjuvant 
therapy.

A meta-analysis by Ankersmit et al. showed a pooled upstaging (no tumour 
involvement on conventional histopathology, but a tumour-positive SLN at 
advanced histopathology) in 15% of the patients.17 This means that roughly one 
out of seven patients is wrongly classified as N0 without the use of fluorescence 
imaging and extensive histopathological assessment of the SLN. These pa-
tients would not have been upstaged to stage III and wrongfully been withheld 
adjuvant therapy, which theoretically leads to worse survival.

As emphasized, the use of fluorescence-guided SLN mapping with ICG in-
creases the detection rate of SLNs in CRC patients and can result in upstaging in 
a substantial number of patients. Nevertheless, this concept still requires post-
operative histopathological analysis. Direct intraoperative feedback regarding 
the malignancy status of any lymph node could be provided with the use of 
tumour-targeted fluorescence-guided surgery. Tumour-targeted agents con-
sist of a fluorophore conjugated to a targeting component and therefore pos-
sess strong binding affinity for a specific cancer-associated molecular target or 
biomarker.32 Unfortunately, tumour-targeted tracers tend to show a relatively 
high false positive rate (fluorescent lymph node without tumour localization) of 
7%-33% for lymph node imaging, due to aspecific tracer localization.33-35 On the 
other hand, it is still debated whether a small tumour load (micrometastases and 
lymph nodes with isolated tumour cells) accumulate enough volume of the trac-
er to produce a sufficiently enhanced fluorescent signal. Nevertheless, tumour-
targeted agents do not only allow for the identification of lymph node metasta-
ses but also other metastases, the primary tumour and tumour-positive resec-
tion margins.36 Several tumour-targeted agents are currently studied in phase 
II and III trials (SGM-101 in Locally Advanced and Recurrent Rectal Cancer.37,38
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