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Abstract. Background/Aim: Nodal staging is used in
colorectal cancer (CRC) to determine which patients should
receive adjuvant chemotherapy. The aim of this study was to
evaluate the role of indocyanine green fluorescence imaging
(ICG-FI) in sentinel lymph node (SLN) detection compared
to the standard technique. Materials and Methods: Twenty
patients with CRC admitted for elective colectomy were
included (NCT01995591). Ex vivo SLN detection was
performed using patent blue (PB) and free ICG injected
around the tumor. Results: Identification rates were 95%
(19/20) for both techniques. Sensitivity was 43% for PB and
57% for ICG. Correlation between the techniques was 83%.
FI was more sensitive in patients with body mass index (BMI)
>25 kg/mz. Serial section analysis did not allow for up-
staging of patients. Conclusion: The use of ICG-FI is
superior to the blue dye technique in patients with a BMI >25
kg/mz. However, the sensitivity of ICG-FI in SLN detection
remains low, with a high rate of false-negative results.

In patients with colorectal cancer (CRC), the accurate
establishment of the pathological status of tumor-draining
mesenteric lymph nodes (LN) is of central importance for
therapeutic management. In patients with stage III disease with
demonstrated LN metastases, adjuvant systemic chemotherapy
is indicated, reducing the risk of recurrence and improving
long-term overall survival (1). The accuracy of mesenteric
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nodal staging depends primarily on the number of resected LN,
and the seventh American Joint Committee on Cancer (AJCC)
edition recommends harvesting and analysis of at least 12 to
14 LN for correct staging (2). Despite this, 20-30% of patients
with no LN metastases demonstrated at pathology (pNO), and
therefore classified as stage II, still develop recurrent disease
(3). These recurrences could potentially be associated with
unrecognized locoregional nodal metastases, which could lead
to understaging and undertreatment.

The sentinel lymph node (SLN) is defined as the first LN
draining the primary tumor. In melanoma and breast cancer, it
has been shown that pathological status of the SLN is indicative
of the risk of nodal metastases, thus providing an indication for
lymphadenectomy when SLN pathological examination is
positive and for avoiding mutilating surgery when it is negative
(4, 5). The concept, and potential utility, of the SLN is different
in CRC since mesenteric lymphadenectomy is systematically
performed during surgery for the primary tumor. In patients
with CRC, the particular contribution of SLN examination
could be to focus the pathological analysis specifically on
draining LNs in order to improve the sensitivity for cancer cell
detection by the use of advanced methods, such as serial
sectioning, immunohistochemistry (IHC), and molecular
analyses such as reverse transcriptase polymerase chain reaction
(RT-PCR) to increase pathological staging (6).

Accordingly, a recent meta-analysis concluded that the use
of SLN examination allowed for nodal up-staging of patients
with CRC, providing a potential benefit (7). However, the
technique of SLN analysis is still not widely used in patients
with CRC. This could be related to the variability of the
sensitivity of techniques for SLN detection which ranges
from 33% to 100%, to the risk of missed metastases, and
also to uncertainty related to the clinical significance and
prognostic value of nodal micrometastases in CRC (7-9).

Recently, fluorescence imaging (FI) using indocyanine
green (ICG) has emerged as a new technique for SLN
detection in various tumors (10-12). Only few studies have
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evaluated FI in CRC (13-16). These studies have shown a
potential advantage of FI compared to classical blue dye and
lymphoscintigraphy techniques for the detection of deep LN,
particularly in obese patients (16).

In the present work, we report our initial experience with
the use of ex vivo ICG-FI in comparison to standard blue dye
techniques for the detection of SLN in CRC.

Materials and Methods

Study design and patients. Patients with primary CRC admitted for
elective surgery were included in the study. This was a prospective
interventional study designed as an open-label, single group
assigned diagnostic. The study was approved by the Investigational
Review Board of the Jules Bordet Institute (CE2068) and registered
at the Clinical Trials.gov Protocol Registration System
(NCTO01995591; https://register.clinicaltrials.gov). All patients gave
their written informed consent before inclusion in the study.

The primary objective was to evaluate the feasibility of the ex
vivo ICG-FI technique in patients undergoing surgery for CRC. The
secondary objectives were to determine whether the ICG-FI
technique increases the detection rate of SLN and to determine the
sensitivity of the SLN technique for detection of LN metastases
compared to the standard blue dye technique. In the study design,
we assumed that the inclusion of 20 patients would be required to
explore the technique’s feasibility. This number corresponds to half
the number of patients undergoing elective colectomy yearly for
CRC at our Institution.

All patients underwent routine work-up to exclude extra-abdominal
metastases, including thoraco-abdomino-pelvic computed tomography
(CT). Fluorodeoxyglucose positron-emission tomography CT was
only used in cases of suspected metastatic disease. Additional work-
up included complete laboratory tests, including tumor markers.
Exclusion criteria were age <18 years, inability to give informed
consent, and definite LN metastases diagnosed either pre-operatively,
or intra-operatively.

Surgery. All patient surgeries were performed following standard
recommendations. Right colectomy was performed by mini-
laparotomy unless the patient was obese, and transverse-, left- and
sigmoid-colectomies were performed by laparoscopy.

Ex vivo sentinel lymph node techniques. Blue dye: Immediately after
removal of the colon, the mesentery was exposed in the fresh
specimen. Using different 29-Gauge tuberculin-insulin syringes, patent
blue V (Guebert, Aulnay-sous-bois, France) was injected subserosally
at the four cardinal points around the tumor (0.5 ml/site of injection).
The injection sites were then gently massaged for 3 to 5 min to
stimulate the dye to flow along the lymphatic vessels. Blue LNs were
identified and marked with a blue stitch. During the procedure, we
avoided dissecting the mesentery in order to avoid lymphatic
disruption, potentially compromising further exploration with FI.

Fluorescence technique: 1ICG (Pulsion, Paris, France) solution
was diluted with distilled water to obtain a 0.5 mg/ml solution. ICG
was injected in the same way as the blue dye. According to the
molecular weight of each molecule, 774.96 g/mol for ICG and
579.72 g/mol for patent blue, and to avoid lymphatic obstruction,
the FI technique was performed immediately after the blue dye
injection and the identification of blue SLNs.
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ICG-FI was performed using a dedicated near-infrared camera
system (Photodynamic Eye, PDE; Hamamatsu Photonics,
Hamamatsu, Japan). After FI of the mesentery, fluorescent
lymphatic drainage and spots suspected to correspond to LNs were
identified and marked with a green stitch (Figure 1).

Histopathology. In the pathology laboratory, LNs identified by ex
vivo blue dye and ICG techniques and marked with blue and green
stiches were dissected for separate analyses.

Thereafter, the specimen was processed as usual using routine
procedures for further pathological examination of the mesenteric
LNs. Once dissected, all removed LNs were re-evaluated for blue
staining by visual examination and for emitted fluorescence with
the PDE camera system. Those LNs were noted as ‘blue’ and
‘fluorescent’ afterwards at the Pathology Department but were not
considered to be SLNs.

SLNs were fixed and embedded with paraffin and then stained
with hematoxylin and eosin (HE). SLNs that were negative with
standard HE analysis (bivalve section) were further analyzed with
serial sectioning. Serial sectioning was performed using three 5-um
slices cut at a 150 pum interval and stained with HE. If still negative,
they were further analyzed with IHC using anti-pan-cytokeratin
AE1/AE3/PCK26 (DAKO, Agilent techniologies, Glostrup,
Denmark). All specimens were analyzed and staged according to the
seventh AJCC classification (pTNM). Metastases visible after HE
staining measuring 0.2 to 2 mm along their largest diameter were
defined as 'authentic' micrometastases and thus classified as pN1.
'Occult' micrometastases were defined by the presence of isolated
tumor cells or tumor cell clusters, detected either with HE staining
and measuring less than 0.2 mm along the largest diameter, or using
IHC. According to current recommendations, these occult LN
metastases were classified as pNO.

Data analysis. Detection rates of SLNs with blue dye and ICG-FI
techniques were calculated and compared. The sensitivity,
specificity, and accuracy indexes for nodal staging were calculated
for both techniques. The sensitivity, specificity, and accuracy were
calculated using the standard definitions. Statistical significance was
obtained with a Chi-square test and a p-value of less than 0.05 was
considered significant. Agreement between the two techniques was
evaluated by computing the kappa coefficient (k) with its 95%
confidence interval (CI).

Results

Patients. From September 2013 to November 2015, 20
patients were included in the study. Clinical and pathological
characteristics of the 20 patients are detailed in Table I.
There were 11 females and nine males, with a median age of
70.5 years (range=43-87 years). The median body mass
index (BMI) was 26.3 kg/m? (range=18.8-36.3 kg/m?).
Fourteen patients presented with pT3-4 tumors and six with
pTis-1-2 tumors.

Patients’ nodal status, LN and SLN characteristics, blue dye
and fluorescent SLN detection rates. Regional LN metastases
were identified in seven patients (35%) by standard HE
histopathological examination (pN+). The median number of
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Figure 1. Fluorescent lymphatic vessel (LV) and SLN.

LNs retrieved per patient was 25 (range=5-41). The mean
number of SLNs identified ex vivo by the two techniques
was similar (p=0.78). At pathology, the mean number of LNs
stained with blue dye was 8.8 as compared to 6.5 for ICG-
FI (Table II). The SLN detection rate was 95% (19/20
patients) with both blue dye and ICG-FI techniques. In one
patient, no SLN was detected with either of the techniques.
Of note, no technical problem was encountered at the time
of dye injection in this case.

Sensitivity, specificity and accuracy of SLN detection. The
sensitivity, specificity, and accuracy were 43% (3/7), 100% (9/9),
and 79% (15/19), respectively, for the blue dye technique, and
57% (4/7),100% (11/11), and 84% (16/19), respectively, for the
fluorescent technique (Table IIT). Two patients had fluorescent-
positive SLNs that were also detected by blue dye afterwards at
pathology. Among the four blue dye technique false-negative
SLNs and the three FI false-negative SLNs (Table IV), two
(50%) and three (75%), respectively, were found to be blue and
fluorescent at pathology. Notably, three false-negative results
occurred in the same patients with both techniques. All tumors
were locally advanced (pT3 or pT4) tumors. Furthermore
concerning false-negative results, two patients had only one
positive LN at pathology and both had blue dye (0/2) and
fluorescent (0/1) SLN negativity intraoperatively. However, in
one patient, the involved LN was fluorescent at pathology. The
correlation between the two techniques (k test) was 83% (95%
CI=50.0-100%). The sensitivity of the fluorescent technique was
superior to that of the blue dye technique in patients with BMI
>25 kg/m?, at 100% and 50%, respectively.

SLN serial sectioning (authentic micrometastases). Among
the 13 patients classified as node-negative at pathology

Table 1. Patient and tumor characteristics.

Characteristic

Median 70.5
Range 43-87
Male 9
Female 11
Median 26.3
Range 18.8-36.3
Right colon
Transverse colon
Left colon
Sigmoid colon
TisNO

TINO

T2NO

T3NO

T4aNO

TINI1

T3NI1

T4aN1

Median

Range

Patient age (years)
Gender (n)
BMI (kg/m?2)

Location of primary tumor (n)

AJCC pTN (n)

I N N

Tumor size (cm)
0-10

BMI: Body mass index; AJCC: American Joint Committee on Cancer.

Table II. Lymph node (LN) and sentinel lymph node (SLN)
characteristics.

Characteristic Mean (median; range)

Number of LN resected
Number of SLN detected in the OR

22.4 (25; 5-41)

BD technique 1.4 (1;0-4)

FI technique 1.5 (1; 0-4)
Number of marked LN at pathology

Blue 8.8 (7; 1-17)

Fluorescent 6.5 (7; 1-17)

OR: Operating room; BD: blue dye; FI: fluorescence imaging.

(pNO), further serial sectioning with HE staining of blue and
fluorescent SLN did not up-stage these patients to authentic
micrometastases. Serial sectioning with HE analysis of false-
negative SLNs by blue dye (n=3) and fluorescence (n=1) in
positive-node staged (pN+) patients did not allow for
correction of nodal staging to positive.

IHC staining of serially sectioned SLN (occult micro-
metastases). Among the 13 patients classified as node-
negative at pathology (pNO) by classical analyses (bivalve,
HE) and serial sectioning with HE staining, further
pathological analysis by IHC on fluorescent and blue dye
SLN allowed up-staging of three (23%) and no patient (0%),
respectively. As these tumoral deposits were not detected by
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Table III. Crosstable for sensitivity, specificity, and accuracy calculation.

Blue SLN pN (H&E), n Total, n Fluorescent SLN, n pN (H&E), n Total, n
0 1 0 1
0 13 4 17 0 13 3 16
pN (H&E) 1 0 3 3 pN (H&E) 1 0 4 4
13 7 202 13 7 202
13 4 17 0 13 3 16
PN (serial section) 1 0 3 3 pN (serial section) 1 0 4 4
13 7 202 13 7 202
13 4 17 0 10 - -
pN (IHC) 1 0 3 3 pN (IHC) 1 3 - -
13 7 202 13 7 202

SLN: Sentinel lymph node; H&E: hematoxilin and eosin; IHC: immunohistochemistry. 2Including the patient with unsuccessful SLN detection by

both techniques.

Table IV. Sentinel lymph node (SLN) staging results according to tumor stage (pT).

SLN technique

Patient nodal staging, n Blue SLN, n Fluorescent SLN, n
Tumoral (pT) staging pNO pN1 TN FN TP FP TN FN TP FP
pTis 2 0 2 0 - - 2 0 - -
pT1 2 1 2 0 1 0 2 0 1 0
pT2 1 0 1 0 - - 1 0 - -
pT3 6 4 6 (83) 3 (1) 0 (2%) 0 6b 2 (03) 2 (4%) 0
pT4a 2 2 2 1(1%) 1(1%) 0 2 1 1 0

pNO: Negative nodal staging at pathology; pN1: positive nodal staging at pathology; TN: true-negative; FN: false-negative; TP: true-positive; FP:
false-positive. 2Including blue LN and fluorescent LN found afterwards at pathology; Pincluding three patients with occult micrometastases.

the initial serial sectioning, they were classified as occult
micrometastases.

Discussion

ICG-FI has emerged as a promising new imaging technique
for in vivo detection of SLNs of colorectal origin (13, 14).
FI may offer better tissue contrast, facilitating detection in
deep anatomic regions such as the abdomen, and is easy and
safe to perform (13, 14, 17). Furthermore, ICG-FI is not
influenced by the patient’s BMI nor by lymphatic invasion,
as has been shown for conventional methods, and has been
shown to increase SLN detection in comparison with
standard techniques (16, 18).

Although the ex vivo blue dye technique in SLN detection
in CRC is well documented in the literature and has been
demonstrated to be as effective and sensitive as the in vivo
technique (19, 20), no study has yet evaluated the role of
ICG-FI using the ex vivo technique for SLN detection.
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Potential advantages of the ex vivo approach are its ease of
use, the fact that it does not prolong the surgical procedure,
and that it avoids the risk, although exceptional, of allergic
reaction after intravenous injection.

Our study shows that the ICG-FI technique is feasible
with an SLN detection rate of 95%. However, the
sensitivities reported here with the classical blue dye and
with ICG-FI of 43% and 57%, respectively, are low and not
sufficiently predictive of nodal status. As a minimal
dissection of the mesentery is often necessary to identify
blue lymphatic channels and blue LNs (19), we hypothesize
that some of the failures were related to our technique, which
avoided any dissection of the mesentery during the ex vivo
procedure. This is consistent with the finding that in two
patients with fluorescent SLN and no blue SLN found on ex
vivo exploration in the operating room, we were able to
eventually demonstrate blue dye staining at examination in
the Pathology Department. This is a critical point of our
study. However, we observed that using ICG-FI for SLN
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detection after the use of blue dye did not seem to alter the
detection of fluorescent SLN. Another potential explanation
for the high false-negative rates in our study is the inclusion
of patients with locally advanced tumors. Seventy percent of
included patients had pT3-4 tumors. This could cause a
higher risk of missed metastases due to lymphatic channel
blockages (20). This is problematic as these patients are
probably the most at-risk for developing further metastatic
disease. Despite these disappointing results, we found that
ICG-FI was more sensitive than the classical blue dye
technique in patients with BMI >25 kg/mz, consistent with
a previous report (16). Additionally, we limited the
identification of SLNs to those appearing fluorescent after
ex vivo ICG injection in the operating room. This is a shorter
period than was used in a previous study which defined
SLNs as all fluorescent LNs identified ex vivo after in vivo
injection of ICG (13). If we analyze our results in the same
way (fluorescent LNs detected in Pathology Department), in
fact, we greatly increase the sensitivity rate to 90%.

Such differences in the methodologies used and in their
interpretation underline the need for a better definition of the
concept of SLN in CRC. In contrast with melanoma and
breast cancer, where the SLN is defined as the first
anatomical relay for metastasis through lymphatic
dissemination, SLNs detected by FI in CRC could be defined
as a larger concept that includes lymphatic channels draining
to a ‘hyperactive’ LN network that is suspected to be more
likely to harbor LN metastases. This could be less effective
than the current SLN concept used in breast cancer and
melanoma but still allow for the analysis of a limited number
of LNs with advanced pathological techniques (serial
section, IHC, and RT-PCR) in colorectal cancer.

None of the patients with negative nodal status by
standard analyses were up-graded by the analysis of blue dye
and fluorescent SLN by serial sectioning. These results are
inferior to those reported in the literature, where
approximately 7-15% of patients were up-graded after HE
staining of serial sections of SLNs (19). Conversely, three
patients (27%) and no patient were upgraded by THC of
SLNs detected by the ICG-FI and by the blue dye technique,
respectively. These results are consistent with data in the
literature reporting a proportion of up-graded patients of
from 7% to 31% (6, 21). The prognostic value of occult
metastases detected by IHC or RT-PCR in colorectal cancer
remains a matter of debate (22-24). The results of an ongoing
study that will address this issue are expected (25). As
recommended in the AJCC classification, the tumor stage of
these patients was not modified and they did not receive
adjuvant chemotherapy.

In this preliminary study, the ex vivo injection of ICG to
identify SLNs in patients with CRC appears to be a valuable
approach, superior to the classical blue dye technique in
patients with high BMI. Moreover, focused pathological

examination of these SLNs using IHC allowed identification
of occult micrometastases in a quarter of the patients
examined. However, in our experience, the sensitivity of
ICG-FI in SLN detection remains low and is associated with
a high rate of false-negatives, highlighting the need for
further technical refinements to precisely define the methods
for injection and the kinetics for examination.
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