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ABSTRACT

Introduction: A sentinel lymph node biopsy (SLNB) is a standard procedure for surgical staging in the
early stage of breast cancer, avoiding excess lymphadenectomy in most patients. Among the new methods
of SLNB, there is a prospective method based on the use of indocyanine green (ICG) as a contrast medium.
Numerous studies to assess the possibility of the routine use of ICG fluorescence method generally favored
the use of ICG. The main issue discussed is whether it can be used alone or in combination with the RI
method. In this work, using the specified device, we conducted a study aimed at intercomparing of ICG
fluorescence imaging and the radioactivity detection methods in order to assess prospects for the use of the
ICG method of imaging for SLN detection in early-stage breast cancer.

Material and Methods: A prospective, non-randomized single-center study was conducted at the
oncological breast unit Pavlov State Medical University, Russia. The study included 32 patients aged from
34 to 78 (median-55.2 years) with breast cancer (cTis-3, NO-2). 4 patients underwent surgery after
neoadjuvant systemic treatment. 30-45 minutes before the surgery, additionally, 2 ml of the ICG solution
was administered near the tumor margin via single skin puncture. The solution was prepared by dissolving
25 mg ICG in 20% of human albumin. Then the place of injection was massaged for at least 5 minutes. SLN
biopsy was performed by two criteria by the presence of radioactivity in the axillary region, which was
monitored using a handheld gamma-detector or by the ICG fluorescence, location of which was visualized
using the ICG-Scope system. The lymph node was recognized as a sentinel if its intensity exceeded the
background radioactivity level of 99mTc or exceeded the threshold value upon the ICG fluorescence, which
was 1% of the standard sample intensity.

© 2020 Anton V. Telishevsky. Hosting by Science Repository.

Introduction

patients [5]. Herewith, a comparison of the long-term outcomes
(ALMANAC studies) of lymph node dissection and sentinel node biopsy
demonstrate that the relative risks of upper limb lymphedema within 12

In modern breast cancer surgery, it is important to reduce the frequency
of axillary lymphadenectomies due to the high traumatism of this
procedure, which does not increase overall survival [4]. A sentinel lymph
node biopsy (SLNB) is a standard procedure for surgical staging in the
early-stage of breast cancer, avoiding excess lymphadenectomy in most

months after the axillary lymphadenectomy are approximately 13%
versus 5% after SLNB. Also, nerve injury with loss of upper limb
sensitivity amounts to 31% after lymphadenectomy, while the incidence
of this complication after SLNB is no more than 11%. The period of
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drainage use, duration of hospitalization and time to return to
conventional limb activity were also statistically lower in the SLNB

group [6].

For the first time, isosulfan blue was proposed for sentinel (signal) lymph
nodes (SLN) detection in 1994. Later, in addition to blue dyes for these
purposes, the Technetium-99m labeled (*™Tc) radiopharmaceutical
began to be widely used both as a standalone, and in combination (*"Tc
+ blue). The advantage of the blue dye is the accessibility and lack of
need for special equipment, since their location can be determined on
visual inspection. However, such simplicity of detection leads to the
identification of SLNs located only on the wound surface. In addition,
the use of the blue dye in high concentrations (which is inevitable for
imaging with common (non-fluorescent) dyes may lead to adverse
reactions, including skin necrosis, indurations with accompanying pain,
up to anaphylaxis and pulmonary edema [7]. Since the idea of SLNB is
to remove all potentially dangerous lymph nodes including those with
metastases, we should consider high requirements to the sensitivity to
the methods of their detection. Although radioisotope (RI) method is one
of the most commonly used methods, nowadays, the double contrast
study (*""Tc+blue) is considered to be the "gold standard” in breast
cancer with clinically negative lymph nodes [2]. Moreover, the best
mapping results are achieved with periareolar subdermal dye
administration. Among the new methods of SLNB, there is a prospective
method based on the use of indocyanine green (ICG) as a contrast
medium [1]. ICG, which is used in humans for over 50 years, is a
fluorescent dye. Its uptake is detected by imaging systems operating in
the near infrared region (NIR) of the spectrum [8, 9].

The first multicenter study on the applicability of ICG fluorescence for
SLN detection in breast cancer, conducted in the USA with the use of
Mini-FLARE™ system for NIR imaging, established the optimal ICG
concentration within 0.4-0.8 mM (0.3-0.6 mg/ml). At the same time,
SLN identification was successful in 94 out of 95 patients (99%) using
NIR imaging only or in combination with the radioisotope method.

Table 1: Patients characteristic.

100% of 177 resected SLN (mean 1.9, range of 1-9) showed NIR
fluoresence and only 88% had radioactivity. In 2 of 95 patients (2.1%),
SLNs contained gross-metastases, which were found only with NIR
fluorescence, and in one of the patients this led to the upstaging to N1
11b [10]. Numerous studies to assess the possibility of the routine use of
ICG fluorescence method generally favored the use of ICG. The main
issue discussed is whether it can be used alone or in combination with
the Rl method [3]. In addition to the mentioned device (Mini-
FLARE™), there are different other systems used for NIR fluorescence
imaging: Photo DynamicEye (PDE; Hamamatsu Photonics, Japan), IC-
view, ICG-F, Hiper-Eye, Stortz Vitom Il ICG/NIR.

In our previous studies, we used the ICG-Scope NIR imaging system
developed in the Russian Scientific Center in Seoul. It was used to
determine infarction areas, to evaluate the lymphatic system status, for
lymph ducts mapping in plastic surgery, to identify SLN in gastric cancer
and lung cancer [11-15]. In this work, using the specified device, we
conducted a study aimed at intercomparison of ICG fluorescence
imaging and the radioactivity detection methods in order to assess
prospects for the use of the ICG method of imaging for SLN detection
in early-stage breast cancer.

Material and Methods

A prospective, non-randomized single-center study was conducted at the
5th Oncology Department (Mammology) of Pavlov First Saint
Petersburg State Medical University with the approval from the ethics
committee of the institution. It should be noted that we observed all
principles of the Declaration of Helsinki 2013. Before enrollment, we
obtained written informed consent from patients. The study included 32
patients aged from 34 to 78 (median-55.2 years) with breast cancer (cTis-
3, NO-2). 4 patients underwent surgery after neoadjuvant systemic
treatment. At the time of a surgery the clinical lymph node status in all
patients was NO with T<2 (Table 1).

Criterion | Number of | % of | W/o changes|% of all | W/ changed | % of all | Comments

patients total | post-surgery, | patients with | criterion  post- | patients with
number of | this criterion | surgery, number | this criterion
patients of patients

Tis 1 3.1 1 100 - -

T1 19 59.4 |18 94.7 1 5.8 Changed to TO (post neoadjuvant
polychemotherapy)

T2 11 344 |7 63.6 4 36.4 Tumor regression at the background of
neoadjuvant polychemotherapy in 1 patient,
criterion pT became less than cT upon the
pathomorphological diagnosis in other 3
patients.

T3 1 31 - - 1 100 Reduction to T at the background of
neoadjuvant polychemotherapy

NO 32 100 28 87.5 4 12.5 tumor regression to TAINOMO in the patient
with ¢T3N2aM0O at the background of
neoadjuvant polychemotherapy, but the
pathomorphological investigation revealed
N2a I/nodes status.
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12-24 hours before the surgery, peritumoral injection of 99mTc (V.G.
Khlopin Radium Institute, St. Petersburg) at a dose of 150-200 MBg. 30-
45 minutes before the surgery, additionally, 2 ml of the ICG solution was
administered near the tumor margin via single skin puncture. The
solution was prepared by dissolving 25 mg ICG (Pulsion Medical
Systems AG, Germany) in 20% of human albumin. Then the place of
injection was massaged for at least 5 minutes.

SLN biopsy was performed by two criteria: by the presence of
radioactivity in the axillary region, which was monitored using a
handheld gamma-detector (Gamma Finder, Germany) or by the ICG
fluorescence, location of which was visualized using the 1CG-Scope
system (Russia-Republic of Korea) (Figure 1). The system provides the
ability to visualize a 43x43 mm field from a distance of 210 mm, both in
white light and in NIR fluorescence light with laser excitation at 808 nm.
It was used intraoperatively and in the postoperative period, which made
it possible to detect SLN, as well as perform their quantitative
assessment by the ICG fluorescence. In the latter instance, the camera
head was mounted on a tripod providing a fixed distance to the
preparations, and the system was calibrated using a standard sample
fluorescent in the NIR (Figure 2). The lymph node was recognized as a
sentinel if its intensity exceeded the background radioactivity level of
99mTc or exceeded the threshold value upon the ICG fluorescence,
which was 1% of the standard sample intensity.

Figure 1: ICG-Scope system including NIR-camera, laser apparatus and
a laptop. A) on the “back-table” when examining the resected SLNs, B)
during the intraoperative search for the SLNSs using the NIR camera and
gamma probe simultaneously.

Outcomes

The study was conducted from September 2019 to February 2020. At the
initial stage of the surgical intervention immediately after the
identification of SLN location in the axillary region by one of the applied
methods (Figure 2B), the biopsy was performed. Resected material was
placed on a table with the ICG-Scope (back-table) system, with the help
of which the ICG and %*™Tc intensity were estimated (Figure 2A). SLN
was not found only in one of 32 patients using all testing methods. Thus,
the sensitivity of both methods turned out to be the same-97%. However,
they differed significantly in terms of the number of identified SLNs.
The total number of nodes detected using ICG only was 107 (average
value per one patient 3.3, range 1-8), and using only ®™Tc-77 (2.4, 1-7).
Double labeling did not reveal additional nodes, i.e. all SLNs detected
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with **™Tc were identified with ICG. Histological investigations showed
that 9 SLNs in 6 (19%) patients had metastases, where 2 SLNs (1 patient)
were detected only with ICG. No side effects were registered post ICG
administration.

Figure 2: Two resected SLNs (1) and the standard sample (2): A) in the
white light, B) in the NIR fluorescence light.

The use of the sentinel lymph node detection using isotope scanning
simplifies the intraoperative search: monitoring with the Gamma-Finder
sensor helps to sufficiently determine the location and direction of
manipulations to detect the lymph node before surgery. Whereas the use
of the ICG method reliably reveals a node only if its visualization is not
obstructed by the adipose tissue in the axillary region. At the same time,
the fluorescence method seems to be more sensitive: in a number of
surgeries, some nodes identified with ICG were not observed with the
use of isotopic method only. Another peculiarity is that the ICG method
may confuse the surgeon with insufficient experience: often the
lymphatic ducts filled with the drug can be mistaken with contrast-filled
lymph nodes. It is necessary to follow their course (without damage) in
the cellular tissue of the axillary region with extreme care up to the
lymph node determined by palpation or visually. This tactic allows us to
detect lymph nodes under the adipose tissue, which are undetected
during the primary examination of the operating field. The need for
accuracy of manipulations when tracing the course of the lymphatic
ducts is due to the safety issue. In this case, the fluorescent fluid flows
into the wound, and makes it difficult to find lymph nodes using the ICG
method.

The use of ICG is attractive in comparison with radioactive testing

because it helps to avoid several restrictions, such as the need for a
radiologic license, the need to prepare, use and dispose of the
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radiopharmaceutical, and the patient's non-consent for its injection. In
addition, mapping with ICG has a number of added benefits possibility
to administer the drug directly within the operating room, when the
patient is already under anaesthesia; possibility to carry out a targeted
and constant visualization of the anatomical structures of the lymphatic
system with the help of NIR camera, as well as the lack of necessity in
special devices for drug handling, and lower cost, which can also be
reduced by using an ICG + human albumin mixture.

Discussion

SLN detection method performance evaluation is usually based on two
indicators: 1) sensitivity, which is defined as the proportion of patients
with at least one SLN detected (detection rate, SLNs is successfully
identified); and 2) mean number of detected SLNs among all examined
patients [2, 3].

The sensitivity in this study was 97% (SLN was not identified only in
one of 32 patients). The same result was recently noted in a study in
China (200 patients), comparing ICG, blue dye and (ICG+blue dye)-
based methods, and amounted to 97, 89 and 99.5%, respectively [16].
Sensitivity is a rather crude marker, since it does not take into account
the total number of detected nodes. For example, in this study, the RI
method revealed only one SLN in every of 4 cases, while the ICG
method revealed 4 times more in the same patients.

Therefore, when comparing methods, it is reasonable to use the mean
number of detected nodes per patient. In our case, this indicator was 2.4
for ®*™T¢ and 3.3 for ICG (1.39 times higher). The advantage of ICG
over %¥"Tc was also shown during the recent randomized study
performed in France, where the average number of biopsies in the group
with **™Tc composed 1.77, and 2.14 (1.2 times higher) with double
detection (ICG + *™Tc) [17]. Comparison with a wider range of data that
we performed on the basis of reviews and (21 studies, from 2009 to
2015), supplemented by current data, showed *™Tc 1.35-2.3 (1.8), blue
1-2.4 (1.8), ICG 1.75-5.4 (2.7), " Tc + blue 1.5-2.4 (1.9), (*Tc + ICC)
1.5-2.4 (1.9) (in brackets - the mean value for all published studies) [2,
3]

Mean number of lymph nodes that we detected using the technetium
isotope almost coincides with the published data (2.4 vs 2.3), which
indicates the absence of problems with the RI technique, including the
used domestic preparation. However, it is known that it is impossible to
identify all SLNs using the RI method, as evidenced by the fact of wide
use of combined test (*"Tc+blue dye) instead of the use of blue dye and
“mTc separately. Despite the same detecting performance, their
combined use allows us to improve the specific detection rate (at the
average of 1.8 t0 1.9).

As for NIR imaging, according to the study results, the number of
identified SLNs using ICG was much higher than with blue dye or *™Tc
[2, 3]. The greater sensitivity of ICG compared to the blue dye scan is
explained by: 1) higher sensitivity of fluorescence methods compared to
absorption methods, which is widely used in analytic chemistry to detect
substances in minor concentrations, 2) ICG operation in the NIR
spectroscopy, allowing visualization of SLNs at a depth of up to 10 mm,
while blue dye can only detect the ones on the surface. Samorani et al.
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prospectively compared the number of resected lymph nodes labeled
with the use of ICG and **Tc and obtained an average of 2 in both
groups, suggesting that to enhance the stained lymph nodes, it was
necessary to increase the concentration of administered ICG [18]. In our
study, the concentration was 0.5 mg/ml. From our perspective, it is
inappropriate or even harmful to raise it above the specified value due to
the so-called reabsorption phenomenon [12]. This is particularly
confirmed by the fact that the lowest detection rate of 1.75 was obtained
in a study, when significantly higher concentration of ICG was used [19].
At the same time, an increase in concentration to 5 mg/ml is justified in
the absence of a NIR camera, since it allows, as with blue dye, to identify
nodes with an unassisted eye [20]. For the achievement of maximum
success, it is proposed to administer ®™Tc in combination with ICG [21].

Other researchers understand this as a waste of resources and time of a
patient. They believe that ICG imaging can be used as one single method
for proper and accurate identification of sentinel lymph nodes without
additional resources associated with the administration of *™Tc and
without side effects associated with the use of blue dyes [22, 23]. Our
study supports the last point of view, as all SLNs detected with *™Tc
have been identified with ICG, and adding the radioactive method would
only complicate the procedure and raise the cost. In terms of absolute
values, the detection rate was, on average, 22% higher than the published
data on ICG (3.3 vs. 2.7) but lower than the maximum registered values
(3.3 vs. 5.4). Should we work towards to increase this indicator? Some
authors have raised fair concerns about the excessive number of staining
sentinel lymph nodes when using ICG as a marker. They believe that
excessive removal can lead to lymph drainage defect from the upper
limb, which leads to postoperative lymphatic complications, including
the risk of wound infection, lymphedema, numbness, decreased shoulder
mobility, chronic pain, etc. [24]. It seems that the level we have achieved
satisfies the ALARP principle, and therefore the need to remove a larger
number of lymph nodes remains questionable. Additional special studies
are necessary to assess that issue.

ICG-guided NIR imaging is effective, convenient and can be proposed
as an equivalent replacement for the intraoperative sentinel lymph nodes
identification using *™Tc. As a dye, ICG is not expensive, but a NIR
camera is required. However, experience indicates that it is increasingly
found in operating rooms due to the need for NIR navigation during
various surgical interventions. It is known that the sentinel lymph nodes
identification method using ICG has a very small number of side effects.
In support of its safety, none of patients from our study experienced any
adverse events. Technetium 99m is more expensive especially
considering extra costs for its handling and storage. Through the use of
a ICG and albumin mixture, we were able to significantly reduce the cost
of the procedure, since we used only one package of ICG (25 mg) for 25
subjects. ®"Tc brings additional difficulties to the patient due to the
discomfort and duration of the procedure, as well as the difficulties
associated with the interaction with radioactive materials.

Conclusions
ICG revealed 39% more SLNs compared to ®*™Tc in the early-stage
breast cancer. All SLNs with radioactivity also had increased NIR

fluorescence. Therefore, ICG fluorescence can be recommended as the
exclusive method to solve this problem. Visualization using ICG
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fluorescence can be safely and effectively used for intraoperative
lymphatic mapping in real time.
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