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INTRODUCTION

Approximately 1.7 million

cases

ABSTRACT

INTRODUCTION: Introduction: Sentinel lymph node biopsy (SLNB) is now recognized as
the standard of care for eatly breast cancer patients with negative axillary lymph nodes.
Various approaches for Sentinel Lymph Node (SLN) identification using either the blue
dye method or scintigraphy alone or their combination have been proposed. However,
this method is costly and may not be applicable in certain developing countries. SLNB
involving the use of indocyanine green (ICG) offers several advantages, and it is valid and
safe when in direct comparison with the blue dye method and scintigraphy. Hence, we
performed SLNB using this method in early breast cancer as the first center that involves
the use of ICG in Malaysia. We performed validation study on this method with the aims
to determine its sensitivity and safety profile. MATERIALS AND METHODS: This is a
validation and non-randomised prospective observational study involving 20 patients
underwent SLNB wherein ICG is used for localisation. The patients were recruited
according to the recommendations stipulated in the Malaysia Clinical Practice Guideline.
RESULT: The average number of SLNs removed per patient was 4.0 (range, 3—6) with
sentinel lymph nodes detection rate at 98.75% (79/80). The false negative rate is at 5%.
No adverse events were observed in all cases. CONCLUSION: The ICG fluorescence
method is simple, reliable and safe. Moreover, it demonstrates a high SLN detection rate
with a low false-negative rate, and it does not require a special instrument for radioisotope

use.

annually  were approach is linked with significant morbidities, such as

diagnosed with breast cancer hence makingit the most
common cancer in females globally.l Axillary lymph
node management in early breast cancer is important
clinically as it depends on the lymph nodes status that
receive metastases from the breast. Hence the early
axillary management provides information on staging
and prognosis as well as the implications for the

locoregional control of breastcancer.?3

Traditionally, axillary lymph node dissection (ALND) is
the

in acquiring complete qualitative and quantitative

standard approach for axillary staging and

information about breast cancer patients. However, this

71

seroma, lymphedema, shoulder stiffness and damage to
To the
complications of ALND, sentinel lymph node biopsy

motor and sensory nerves.*6 reduce
(SLNB) can be used as an alternative option for axillary

lymph node staging in early breast cancer.

In the National Surgical Adjuvant Breast and Bowel
Project (NSABP) B-32 trial, more than 5,000 sentinel
lymph node (SLN) biopsy-negative patients were
randomised into the no further surgery group and the
ALND group. Results showed no significant differences
between these groups in terms of overall survival,

disease-free survival or local-regional recurrence?.
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Therefore, SLNB 1is currently recognized as the
standard of care for patients with negative axillary
lymph nodes shown during clinical and radiological

evaluation.

Various approaches for SLN detection using either the
blue dye method or scintigraphy alone or their
combination have been proposed.8-9 According to the
ASCO guideline, the combination of radioisotope and
blue dye results in high identification rate and low false
- negative rate10. However, despite its effectiveness in
SIN  detection,

patients and healthcare workers to radioisotopes.

scintigraphy  potentially  exposes
Moreover, this method is costly and it requires an
operating license, specialized instruments, and centres
with experiences with the use of the said technique.
As a result, this method is not widely practiced in

Malaysia.

The development of new efficient techniques for
SLNB has become popular. Studies have shown that
SLNB involving the use of indocyanine green (ICG)
offers several advantages,and it is valid and safe when
in direct comparison with the blue dye method and
radioisotope method.11-16 Also, these studies have
shown that when used in SLN identification, ICG
demonstrated a high and reliable sensitivity ranging
from 89% to 100%.11-16

ICG is a popular reagent that has been approved for
clinical usage. It absorbs light in the near infra-red
range (800 nm), and it emits fluorescence when it

The

fluorescence signal is captured by a photodynamic

comes into contact with plasma proteins.

eye cameraand then converted into a black and

white image that is displayed on a TV monitor.16

ICG  is

intradermal or

Studies have shown that safe when

administered through intravenous
injection and causes no major side effects.14,16,17 In
these studies, only mild to moderate adverse events,
such as tachycardia, vomiting and nausea, were
recorded, and no therapeutic consequences for such
reactions were observed during the ICG toxicity
assessment.14,16,17 Besides that, no local skin allergic
reaction or permanent skin staining were observed. In

view of the high sensitivity of ICG in SLN
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identification and given the proven safe use of ICG in
SLNB, the objective of our study is to determine the
sensitivity and safety of SLNB in our center as the first

that involves the use of ICG in Malaysia.

MATERIALS AND METHODS
Study Design
The study was a validation, non-randomized,

prospective, observational study involving 20 patients
scheduled to undergo SLNB wherein ICG was used
for localization. The patients selected for SLNB were
recruited according to the recommendations stipulated

in the Malaysia Clinical Practice Guideline.

All patients were only recruited once they had signed
their informed consent formed prior to participation in
the study. The study was performed according to the
ethical standard of the Declaration of Helsinski and had
received an approval from the local ethical research
committee of National Medical Research Register
(NMRR-18-3210-44275) prior to conduct of the study.

The sensitivity of ICG is based on the amount of
detected fluorescent-stained SLNs. Thismeant that only
the nodes that were fluorescent were considered as
sentinel nodes. Sentinel lymph node with histologically
absent tumor deposits while other axillary nodes
containing tumor deposits are considered to be false-
negative sentinel node. This study is not industrial

sponsored.

Inclusion and Exclusion Criteria

The patients recruited in this study were aged 18 years
and above, with early breast cancer according to The
American Joint Committee on Cancer (AJCC) Cancer
Staging Manual with clinically negative nodes (both
clinical examination and axillary imaging). Patients with
ahistory of axillary surgery, had received neo-adjuvant
chemotherapy/radiotherapy, pregnantor lactating, with
a history of hypersensitivity to iodine/ICG, and
underwent immediate breast reconstruction surgery

were excluded.
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Histopathology of SLNs

All SLNs underwent pathological evaluation according
to our hospital protocol. Haematoxylin and eosin
(H&E) staining is the most common technique used to
demonstrate clearly the morphological tissue structures.
Haematoxylin stains cell nuclei blue whereas ecosin
stains the cytoplasm and most connective tissue fibres
with varying shades and intensities of pink, orange and
red. The equipment used were as follows: Shandon
Varistain, Memmert hot air oven and slide racks. All
solutions are commercially prepared (haematoxylin,
eosin, clarifier and bluing reagent), and 70% alcohol
was prepared by mixing 70 ml 95% alcohol to 95 ml
distilled water.

Macrometastasis is defined as a metastasis in the
lymph node(s) measuring at least 1 mm and its
greatest dimension is larger than 2 mm.
Micrometastasis is defined as a metastasis in the
lymph node(s) measuring not larger than 0.2 mm
and/or comprising more than 200 cells.

Isolated tumour cells (ITC) are single tumour cells
or small clusters of cells not more than 0.2 mm in
its greatest dimension and can be detected by
routine H&E orimmunohistochemistry.

Additional criterion includes a cluster of fewer

than 200 cells in a single histological crosssection.

Operative Techniques

After 2 ml 05% ICG (Aurogreen,
Lyophilized 25 mg Indocyanine Green, Aurolab, India)

induction,

was  administered  through  subcutaneous and
intradermal injection using a 23 gauge needle into the
periareolar region after the sterilization of the operative
site. After the injection of ICG into the edge of the
areola, the breast was massaged for 2 min. A skin
incision was made over the lower axillary line and then

the axillary space was probed.

The ICG-stained SLNs were identified with a KARL
STORZ ICG system (Imagel spiesTM camera system,
HOPKINS® Forward-Oblique Telescope 300, and
Cold Light Fountain D-LIGHT P SCB) and removed

under the real-time imaging guidance of a monitor. The

SLNs were considered clear once no ICG-stained
node could be further identified in the axillary
space by theoperating surgeon. All the excised nodes
were classified and recorded as fluorescence positive or

negative.

Operations were performed according to our pre-
operative planning and sutgical approaches, including
mastectomy, breast-conservation surgery or nipple-
sparing mastectomy, followed by a standard axillary
ICG  does

metabolites, and it is extracted by the liver and then

clearance. not contain any known
incorporated into the bile juice.17 Therefore, the
immediate adverse reaction of ICG was recorded
intraoperatively, and the patients were followed up until

they were discharged from the hospital.

Flow Chart of The Operative Techniques

2 ml 0.5% 1CG was administered through subcutaneous or intradermal
injection at the periareolar region using 23-gauge needle; a 2-minute
massage was given following the induction. Skin incision was made at
the lower axillary line. Sentinel lymph node was identified and removed
with KARL STORZ system under real-time imaging guidance. The

SLNB was completed when no more ICG-stained node could be identi-

|

Breast conserving surgery / Mastectomy

!

Patients underwent a standard axillary clearance

fied by the operating surgeon.
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Figure 1 Flow chart of the operative technique

RESULTS

Patient and Tumor Characteristics

Twenty women with mean age of 54 years (range, 40-79
years) with an average tumor size of 25.219.5 mm
were included in this study. Overall, 95% of them (19
of 20)had an invasive ductal carcinoma and 5% (1 of
20) had a high-grade ductal carcinoma in-situ (DCIS),
and they were all recommended to undergo SLN
biopsy. The clinical pathological characteristics of the

patients are summarised in Table I.
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Table I Tumour characteristics

Number of %
patients
Histology DCIS 1 5.0
IDC 19 95.0
Grade I 2 10.0
11 12 60.0
111 5 25.0
ER Negative 3 15.0
Positive 17 85.0
PR Negative 5 25.0
Positive 15 75.0
HER2 Negative 16 80.0
Positive 4 20.0

DCIS=ductal carcinoma in-situ, IDC=invasive ductal carcinoma
Grade=Scarff-Bloom-Richardson grading system

ER=estrogen receptor PR=progesterone receptor

HER2=human epidermal growth factor receptor 2 Sentinel lymph node
biopsy

Eighty nodes were retrieved and evaluated using the
ICG technique. The average number of SLNs removed
per patient was 4.0 (range, 3—6) (Table II). The node
detection rate when using ICG was 98.75% (79/80).
Positive SLN was found in 7 patients (35%), and
metastases were found in 11 nodes, all of which were
fluorescent-stained. In one patient, the SLN detected
with ICG showed no metastasis; however, the final
histology from axillary clearance nodes had presence of
metastasis. Hence, the false-negative rate of ICG was
5%. Morteover, no adverse reactions wete recorded in
any of the 20 patients during surgery. No skin tattooing
or allergic reactions/ necrosis of the skin were observed

after the intradermal injection of ICG.

Table II SLNB result

Number of patients/ %
Nodes
Average number of SLN nodes removed 4.0 -
(¢ 0

Detection rate of ICG 79/80 9875
False-negative rate for SLN when using ICG 1/20 5
Total number of SLNs containing metastasis 11 5
Adverse reaction of ICG 0 0

DISCUSSION

SLNB is a widely accepted substitute to ALND.

Standard axillary clearance may beavoided in patients
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without SLN involvement in order to decrease the
morbidity factors related to ALND.47.18 Technetium-99
(99mTc) sulphur colloids and 99mTc albumin colloids
are frequently used globally for SLN detection. Gamma
probe is used to detect these radiocolloids once they are
trapped in the SLNs. The combination of radioisotope
and blue dye can decrease false negative rates.19
However, special training is necessary for this method in

a facility specialized in dealing with radioisotopes.

The ICG fluorescence techniqueis a modification of the
dye method, and it allows a surgeon to explore the axilla
through the fluoroscent lymphatic vessels to detect the
SLNs. In our study, data from 20 early breast cancer
patients were analysed. The SLN detection rate was
98.75% (79/80) which is similar to

with the method involving the combined use of

the rate achieved

radioisotope and dye.20-23 Besides the accuracy of the
SLN detection using ICG, the false-negative rate is also
important in determining the clinical efficacy of this
technique. In our study, we reported a false- negative
rate of 5% which is comparable with the false-negative

rates ranging from 2% to 22% in large series.24-26

The radioisotope method allows exploration to the skin
incision site through radiation measurement, meanwhile
the ICG fluorescence technique can specifically identify
a skin incision site by detecting the lymphatic vessels of
the skin. The radioisotope method is quantitative as first
node removal is confirmed when less than 10% of the
nodes remain in the operation site by using a
radioisotope tracer.27 Furthermore, this method allows
pre- operative of SLN quantification prior to surgery

through lymphoscintigraphy.

However, fluorescence technique provides real time
imaging over the axillary space. This meant that the
amount of lymph nodes to be removed depends on the
expertise of the surgeon to detect the fluorescent-
stained nodes under direct vision. Besides that, no
evidence shows whether the ‘hottest’” node in the
radioisotope method is identical to a maximally
fluorescentnode in the ICG method. In our study, the
mean number of SLNs removed per patient was 4.0
which is larger than that reported for the radioisotope

technique.

In the study of Hojo et al., the average numbers of
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SLNs were 3.8 (fluorescence), 1.9 (blue dye only) and
2.0 (radioisotope only).28 The average number of
the ICG
detect

removed lymph nodes is higher in

fluorescence technique because it can
paralymphatic tissue as well as SLNs. Based on our
expetrience, higher node yield is also because of ICG
leakage upon nodal dissection that led to non-specific
staining towards the adjacent non-sentinel lymph
nodes. In general, the ICG technique could attain a
high detection rate similar to the radioisotope

but

technique until these two techniques can be compared

technique, it cannot replace radioisotope

directly.

The strongest fluorescent signals were detected within
the 0.5-1 ug/ml concentration preclinically. At values
different from this concentration range, the strength
of the fluorescence signals will reduce. When the
amount of body fluids is taken into consideration,
injecting 5 mg of ICG is favourable based on osmotic
and hydrostatic pressures. Study showed the viewing
of lymphatic flow depends on the dose given.29
Murawa et al reported that administration of 15mg/ml
ICG provides the best visualisation; however, SLNs
detectionwas comparable when both 5 and 10 mg of
ICG was given. Another study reported that giving
0.25 mg/ml of ICG is adequate to identify SLNs and
subcutaneous lymphatic flow.11 In our study, we used
10 mg of ICG, which is 1ml/5mg in concentration, as
the optimal dose for the identification of SLNs and
subcutaneous lymphatic flow. The optimal dose for
1CG the

administration volume and concentration of ICG.

remains uncertain, and it relies on
Therefore, further clinical trials that could evaluate the

efficacy of ICG are needed.

CONCLUSION

The ICG fluorescence method is simple, reliable and
safe as proven from the results of our study. It shows
98.75% SLN detection rate with 5% of false negative

rate and no adverse reactions detected.
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