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ABSTRACT
Objective: Radio isotopes and blue dyes alone or in combination are the most commonly used tracer agents in sentinel node (SN) biopsy for early breast
cancer. Recent studies have found fluorescence method using indocyanine green (ICG) as a promising technology with fewer disadvantages.
Materials and Methods: Retrospective analysis of our database that included patients with clinically node-negative breast cancer scheduled for breast
surgery and SN biopsy between 2016 and January 2021. Patients who underwent detection using fluorescence-ICG were included in this study.
Results: A total of 47 patients were included. Median age was 50 (range: 24–78) years. Mean tumor size was 3.4 ± 1.5 cm. All patients received ICG
injection and 11 received a combination of ICG and blue dye. Forty-five successful SN identifications with ICG were performed and 99 nodes retrieved.
Eleven procedures were undertaken after initial systemic therapy. Twenty-four patients had at least one positive SN for malignancy. Mean follow up was 29.2
months and no axillary recurrence was noted during the study period.
Conclusion: ICG appears to be a feasible and accurate method for SN biopsy with high identification rate. This is the first study of ICG in sentinel node
biopsy in a North African population.
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Key Points
•

Sentinel node is a standard of care for early breast cancer patients.

•

Radio Isotopes alone or combined with blue dye are the most commonly used tracer agents but have several clinical limitations.

•

This study is the first to report fluorescence guided sentinel node biopsy in a North African setting and confirms it as a promising technology.

Introduction
Sentinel node (SN) technique in breast cancer was first describe in 1994 by Giuliano et al. (1) and Krag et al. (2). The aim of the technique is
to identify patients who can be spared axillary clearance. Since than the procedure has become a standard approach for breast cancer patients
with clinically node-negative disease (3). Radio isotopes (RI) alone or in combination with blue dyes (BD) are the most commonly used tracers.
A combination of different tracers is recommended to increase identification rates and decrease false negative rates (3). Despite consistent
identification rates higher than 90% (4), published data (5) report several clinical limitations with these tracers including hypersensitivity,
potential radioactivity exposure with high volume activity, the need for specially arranged specimen transportation for pathology, and regular
on-site contamination tests. This increases the already high cost further. These drawbacks have led to the development of alternative tracers, such
as super-paramagnetic iron oxide nanoparticles (6) and contrast-enhanced ultrasound (7). Numerous cohort studies and clinical trials from Asia
(7, 8), Europe (9), and the US (10) have suggested the use of indo-cyanine green (ICG) as a promising candidate for tracer in this technique.
To the best of our knowledge, and after an extensive literature search, no study reported the use of ICG fluorescence-guided SN biopsy in breast
cancer in North Africa and this study represents the first cohort of ICG fluorescence application within this setting.
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Materials and Methods
We performed a retrospective review of our prospective, maintained
database that included breast cancer planned for SN biopsy at the F.
Hached University teaching hospital (Sousse, Tunisia). Data between
April 2016 and January 2021 were reviewed. Only non-pregnant or
lactating adult female patients without palpable clinical nodes and
considered suitable for such procedure at multidisciplinary meetings
were included. We excluded from our analysis the first ten cases as
these were considered to consitute the “learning curve” (11). A single
operator (SH) carried out all the procedures.
Under general anesthesia, 5 mL at 2.5 mg/mL of Infracyanine
(Laboratoire SERB; France) were injected circumferentially around
the areola. Two mL of patent blue-V dye (Laboratoire Guerbet,
Aulney-Sous-Bois, France) were injected in combination in the cohort
of patients undergoing the procedure after primary chemotherapy.
This was followed by a breast massage to facilitate absorption into the
lymph vessels. Then the surgical lights were turned off and images
were obtained under near-infrared light using a first-generation near
infra-red (NIR) device (12). The course of subcutaneous lymphatic
drainage pathway fluorescence was followed up to where it became
indistinct as the lymphatics entered deeper in the axilla and an incision
was performed at that place. Lymphatic duct identification using the
NIR camera allowed localization and removal of the sentinel lymph
node(s). Further fluorescent imaging was performed to identify
potential residual signal in the axilla and such signal-sites were
removed. Following ICG assisted-dissection, blue-stained nodes were
excised, if any. After SN biopsy, conservative surgery or mastectomy
was performed according to indication and axillary dissection was
performed according to international guidelines.
Statistical analysis and ethical approval
Baseline patient’s and tumor characteristics, and identification rate of
the SN with ICG and with dye, when used, were recorded. Data were
entered and analyzed in Excel then analyzed using PSPP v 1.2.0-3.
The continuous variables are presented as mean ± standard deviation
and categorical variables are presented as count and percentages, unless
specified.
The study was performed in accordance with the Declaration of
Helsinki. All patients provided informed consent following a detailed
explanation of the procedures that they may undergo. Institutional
ethical review board approval was obtained (F. Hached University
teaching Hospital 01/02/2015 and Faculty of Medicine of SousseCEFMS82), the study itself was also retrospectively registered as
NCT04879680 (clinicaltrial.gov).

Results
During the study period, and after exclusion of the first ten cases,
47 patients who underwent SN biopsy using the above-mentioned
technique were included. Median age at time of surgery was 50
years (range: 24–78 years). A total of 45 successful SN procedures
were performed (identification rate = 95.7%). Median removed
nodes per patient was 2 (range: 1–4). In two patients, the procedure
failed and they underwent axillary clearance that was, in both cases,
pathologically positive.
Thirty-six patients (76.5%) received upfront operation while others
received primary systemic therapy. ICG-blue dye combination was
used for this last group of patients and, in this subgroup, identification

rate was 100% with ICG (11/11) and 81.9 % with blue dye (9/11).
Patients and tumor characteristics are described in Table 1.
Twenty-six patients underwent axillary dissection (24 positive SN and
two failed procedures). The remaining 21 patients with negative SN
on frozen section were confirmed thereafter. Importantly, in 11 of
the 24 positive SN cases (45.8%), SN was a solitary, pathologically
positive node on axillary clearance. Median follow-up time was 30 (1–
51) months while median follow-up time for the subgroup of patients
with negative SN was 28 (1–51) months and no axillary recurrence
was noted in this group during the study period.

Discussion and Conclusion
With an equivalent overall survival, disease-free survival, and regional
control, sentinel lymph node biopsy has become the standard of care
for patients with early breast cancer and clinically negative axillary
lymph nodes (3) and has gradually replaced axillary dissection
indications. Several drawbacks have been reported with conventional
methods, such as Isotope and dye, and this has led to the development
of new tracers. In the super-paramagnetic iron oxide nanoparticles (6)
(SPIO) procedure, magnetic nanoparticles are injected and the SN is
subsequently detected by a hand-held magnetometer. This technique
has shown promising results (13) but its major drawback is interference
of iron with possible postoperative breast MRI. Contrast-enhanced
ultrasound using microbubbles is also a recently developed technique
(7). The contrast agent is cheap but the results remain suboptimal and
highly operator dependent when compared to other tracers (7). The
development and introduction of a fluorescence technique as a new
method of SN detection has allowed a number of these disadvantages
to be overcome.
Numerous studies, including clinical trials, evaluating ICG as a
tracer for SN have been published worldwide (7-10) but to the
best of our understanding, this study represents the first in a North
Table 1. Patients and tumor characteristics, (n = 47)
Mean age, years, (range)

50.1

(24–78)

Mean body mass index, kg/m2 (± SD)

22.7

(± 3.1)

Left side tumor

28

(58.6%)

Tumor size (cm) before surgery
(± SD)

3.1

(± 1.5)

Multifocal tumor

8

(17%)

Upper outer quadrant

19

(41.3%)

Upper inner quadrant

7

(15.2%)

Lower inner quadrant

9

(19.5%)

Lower outer quadrant

6

(10.8%)

Central

6

(13%)

Luminal A

7

(14.8%)

Luminal B

7

(14.8%)

HER2 enriched

20

(42.5%)

Triple negative

13

(29.7%)

Tumor location

Molecular type

SD: Standard deviation, n: Number
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African population. After a short, technique-specific, learning curve
as performed by others (11), we found a 95.7% identification rate,
similar to those reported in the literature, which ranges between 93%
and 100% (14, 15).
The body of information from the current data suggests that using
ICG as a tracer allows real-time visualization of lymphatic channels,
provides a high identification rate with a low dose of tracer and has an
excellent safety profile in clinical use (16). Two recent, comprehensive
meta-analyses (14, 15) addressed the question of whether ICG can act
as a better tracer agent compared with conventional techniques. ICG
alone is a better tracer agent compared with BD and/or RI alone and
is not inferior compared to BD and RI in combination (14, 15). Yin
et al. (15) concluded that ICG was a suitable alternative to traditional
tracers to detect SN in patients with breast cancer while Kedrzycki
et al. (14) recommended that “hospitals using RI and or BD could
consider changing their practice to ICG”. Some studies suggested that
the rapid spread of ICG and high sensitivity of fluorescence detection
devices lead to a greater number of dissected SN with ICG fluorescence
when compared to RI and/or blue dye. (17-19). We retrieved a mean
of 2.2 nodes per procedure and our data do not support this but our
sample size was limited.
Age over 60 and high body mass index (BMI) were suggested to
negatively affect identification rate (14) but results of the different
studies are conflicting. In our study, both cases in whom identification
failed were less than 60 years and both had a BMI of 25. None of these
two patients received neoadjuvant chemotherapy and both had positive
macrometastatic nodes at axillary clearance. Whether node invasion by
lymphatic channel obstruction is a risk factor for identification failure
is a matter of debate and needs further studies.
Eleven patients in our study group received neoadjuvant chemotherapy
prior to SN. They received combined ICG-blue dye technique and SN
localization was successful with ICG in all patients in this subgroup.
This is in accordance with recent studies that show promising results
of this tracer combination after neoadjuvant chemotherapy with an
identification rate ranging from 83% to 100% (20-22) and very low
false-negative rates (22).
Cost-effectiveness of ICG is a matter for debate. Near Infrared
camera devices are expensive (basic models start at 19,000 Euros)
but Indocyanine green tracer prices range from 18 Euros in India
(Aurogreen®) to 124 Euros for Infracyanine® that we used in our
study. Once opened the vial should be used within eight hours, and
the amount is sufficient for two procedures. Thus in high volume units
the procedure will be more cost effective than in smaller units and may
even compare with Patent Blue®.
Limitations of our study include selection bias, absence of direct
comparison with conventional tracer, and absence of systematic
axillary clearance for the entire cohort to assess the false-negative
rate. However, in our study, 45.8% of patients had a solitary sentinel
node with negative axillary clearance. This is a clear positive quality
indicator and in accordance with previously published data (9).
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No recurrence occurred in our study, but the median follow-up was
relatively short (30 months). A recent long-term follow-up study by
Wang et al. (22) confirmed that the ICG-BD combination was safe.
In 687 early breast cancer patients who underwent the procedure with
histologically negative SN, 0.64% recurred after a median follow-up
of 5.6 years.

This study is the first cohort in whom ICG fluorescence was used
for SN in breast cancer in a North African setting and includes a
reasonable sized cohort with a single operator. The high identification
rate of the technique in the present study is in accordance with recent
comprehensive meta-analysis and confirms its potential to become the
standard of care in this indication.
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