V9]
-
O
}_
(2’4
<
<
Z4
O,
&
O

Zikiryakhodzhaev A.D., Saribekyan E.K., Bagdasarova D.V., Malishava L.E., Usov F.N., Starkova M.V.
Sentinel lymph node biopsy for breast cancer using indocyanine green fluorescence visualization

SENTINEL LYMPH NODE BIOPSY FOR BREAST CANCER
USING INDOCYANINE GREEN FLUORESCENCE
VISUALIZATION

Zikiryakhodzhaev A.D., Saribekyan E.K., Bagdasarova D.V., Malishava L.E.,

Usov F.N., Starkova M.V.

P.A. Herzen Moscow Oncology Research Center — branch of FSBI NMRRC of the Ministry of
Health of the Russian Federation, Moscow, Russia

Abstract

We presented the preliminary results of sentinel lymph node biopsy (SLN) using the method of fluorescent visualization with the indocyanine
green. The study included 40 breast cancer patients with the prevalence of the cTis-2NOMO process. 1 ml of Indocyanine Green (ICG) aqueous
solution was administered periareolarly and subcutaneously from the tumor side with total drug dose of 5 mg. In the following few minutes the
ICG trail along the lymphatic vessels was observed by its fluorescence in the infrared spectral range using a special camera with image transmit-
ted to a computer screen. After the trail reached the axillary region and broke off, skin and subcutaneous tissue incision in axillary area was made,
and the superficial fascia was dissected. The first contrasted lymph nodes were extracted. The incidence of SLN was 92.5%. Metastases were
detected in 20% of cases. On average, it took 17.6 minutes to identify and remove the SLN. In 7 patients the use of the fluorescent SLN detection
method was combined with radioisotope (Technefite *Tc colloid) - in all cases the same SLN was identified. The use of the ICG lymphotropic
dye with the subsequent detection of SLN by the fluorescence method makes it possible to diagnose the status of SLN with a high degree of
accuracy and can be comparable in effectiveness with the isotopic method. The specificities of lymphatic drainage were found out with the
use of fluorescence lymphography: inverse dependence of the lymphatic drainage rate on the body mass index and breast size, and absence of
dependence on degree of ptosis of breast.
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BUOMNCUNA CTOPOXEBOIO JIMMDPATHUHECKOTO Y3NA
[MPU PAKE MOJIOYHOWU XEJIE3bl C MPUMEHEHUEM
METOOA ®JTYOPECLUEHTHOU BU3YATIM3ALUNU
KPACUTENA MHOOUMNAHWH 3EJIEHBIN

A.L. 3ukupsxogxaes, 3.K. Capubeksn, [1.B. bargacapoea, J1.E. Manuwaea,
®.H. Ycos, M.B. Crapkoea
MHUNOMWM um. TN.A. Tepuera — dunman PIeY «HMUL, paanonorum» Munsapasa Poccum,

Mocksa, Poccus

Pesiome
B paboTe npefcTaBeHbl pe3ynbTaThl MCCNe[OBaHUA GUONCMU CTOPOXEBOro umdaTuyeckoro ysna (CJ1Y) ¢ nomouiblo meTofa pnyopec-
LieHTHOW BU3yanun3aummn KpacuTens NHAOUMaHWH 3eneHbli. B nuccneposaHve 6binv BKoYeHbl 40 NaLMeHTOK C pakKoM MOJIOYHOW »ene3bl
C pacnpocTpaHeHHOCTbo npouecca cTis-2NOMO. 1 Mn BOJHOro pacTBopa Kpacutensa MHAOLMAHWHA 3eSIeHblil BBOAMN NepUapeonsipHo
BHYTPUKOXHO U MOAKOXHO CO CTOPOHbI OMyXOSIN B A03€ aKTVBHOIO BELEeCcTBa 5 Mr. B 6nvKaiiune MUHYTbI Habnoganm ABMKeHNE Kpa-
cuTens no NMMAGaTUYECcKM MyTAM B BUAE <AOPOXKKM» CMOCO6oM driyopecLleHLn B MHPPAKPAaCHOM CMEKTPE C MOMOLLbIO CMELNanbHOM
Kamepbl C Nepefayen n3obpakeHnsa Ha SKpaH KomnbtoTepa. Mocne Toro, Kak JOpoXKKa NOAXOANIA K MOAMBILLEYHON 061acT 1 06pbIBanach,
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NPOU3BOAUIN pa3pe3 KOXM 1 MOJKOXKHON KNeTyaTKn B MOAMbILIEYHOM 0651acTI, paccekany NoBepXHOCTHYIO dpacuuio. Boigenanu nepsble
KOHTpAcTUpOBaHHble numdaTtnyeckne y3nbl. Yactota BbigBneHus CJ1Y coctaBuna 92,5%, U3 HUX MeTacTasbl BbisiBfieHbl B 20% cnyuasx. B
cpepHeMm Ha 3Tan naeHTuduKaummn u yaanenusa CIY yxoamno 17,6 MuH. Y 7 6051bHbIX KOMOUHUPOBaNV NpYIMeHeHne MeTofa GprnyopecLeHT-
Horo (kpacutenb ICG) onpepeneHus CJ1Y ¢ pagrnounsoTonHbim (Konnonug TexHedut *mTc) — Bo Bcex ciiyyasnx MAeHTUGULNPOBANN OFHU U Te
xe CJ1Y. MpumeHeHvie TMMGOTPONHOro KpacuTens MHAOUMAHUHA 3e/1eHOro C nocsiegyowmm BoiasneHnem CJ1Y metogom dnyopecueHumm
NMO3BOJIAET C BbICOKOW CTEMEHbIO TOYHOCTU AUArHOCTNPOBaTh cocToAHne CJTY, a Takke ConocTaBMmo no 3GpPEKTUBHOCTY C U3OTOMHbIM Me-
TOLOM. BbisiBfieHbl 0CO6EHHOCTY NMMMbOOTTOKA B MOJIOYHOW XeJle3e C NoMoLLbio driyopecLeHTHON numdorpadum: obpaTHas 3aBUCMMOCTb
CKOPOCTU NMMGOOTTOKA OT MHAEKCA MacChl TeNla 1 pa3Mepa MOJIOYHOM Xene3bl, OTCYTCTBUE 3aBUCMMOCTM OT CTEMEHU NTO3a »KeJe3bl.

KnioueBble cnoBa: pak MONIOYHON »KeJle3bl, BUoNcrsa CTOPOXKEBOro NMMdaTUUECKOrO y311a, GiyopecLeHTHas Tumborpadus, NHLoLMaHNH
3eJIeHblN.
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Introduction

Sentinel lymph node biopsy is an objective diagnos-
tic criterion that allows for assessing the extent of the
malignant process and plays a key role in the treatment
of patients with early breast cancer [1]. The “sentinel”
lymph node (SLN) is the node that is the first on the path
of lymph outflow from the organ under investigation;
the term was introduced by L. R. Braithwaite, a British
scientist, in 1923 [2]. The presence or absence of metas-
tases in it determines the required scope of lymphodis-
section. The absence of metastasis in the SLN makes
it possible to predict the absence of metastases in the
remaining lymph nodes of the axillary and subclavian
tissue in more than 90% of cases, and not to perform a
full regional lymphadenectomy, a surgery that often re-
sults in complications such as long-term lymphorrhea,
secondary infection, lymphedema of the arm, impaired
limb function and the development of post-mastectomy
syndrome [3, 4].

Currently, there are two main methods for detecting
and identifying SLN, which use different lymphography
techniques: the use of a radiopharmaceutical agent or
fluorescent dye. These methods can be used in combi-
nation [5, 6]. The isotope method for determining SLN
in breast cancer has been used since the late 1990s [7,
8]. This method is well studied and was presented in
many publications, both foreign and Russian [9-13]. The
method is based on the selective ability of unchanged
reticular-endothelial cells of the lymph nodes to capture
radionuclide-labeled colloidal particles coming with
lymph from the tissue depot after their introduction. As
arule, a solution of sodium pertechnetate, *™Ts from the
technetium-99m generator and lyophilizate is used, 1T ml
of which is injected peritumorally or periareolarly into
the tumor projection zone. To assess the state of region-
al lymphatic collectors and search for “sentinel” lymph
nodes, scintigraphy is performed with the use of a stan-

dard tomographic gamma camera. During an intraop-
erative search for SLN, a portable gamma scanner (Gam-
maFinder I, etc.) is used, with the possibility of contact
detection of the radioactivity level in the lymph nodes
in question. When an SLN is identified, it is removed and
undergoes urgent diagnostics with the ise of histologi-
cal or cytological methods [14]. The method of using a
radioisotope colloid has a fairly high SLN detection rate,
which varies from 91% to 97% [15]. The indicators of sen-
sitivity, specificity, and accuracy are 83.3%, 100%, and
94%, respectively [16]. According to one of the main me-
ta-analyses published in 2006, which included data from
8,059 patients who underwent SLN biopsy with the use
of only the radioisotope method, the average SLN detec-
tion rate was 97%, and the average false-negative result
was 7.4% [15]. The use of a combination of radioisotope
colloid and blue dye methods led to an improvement in
detection indicators (OR = 2.03, 95% Cl 1.53-2.69, P <
0.05). And the false negative result indicator for a com-
bination of two methods does not change significantly
and is 7.5% (95% Cl 4.8-11.5%) [16].

The method of determining SLN with fluorescent
lymphography is relatively new: the first publication on
its application appeared in 1999 [17]. SLN biopsy with the
use of a fluorescent dye is a convenient and safe intraop-
erative method for assessing the condition of the lymph
nodes, the main disadvantage of which is the rapid pas-
sage of the dye, which places great demands on the ex-
perience of the surgeon. The dye currently used is a fluo-
rescent agent indocyanine green (ICG), the distribution
of which along the lymphatic pathways is determined by
fluorescence in the infrared spectrum of radiation. In a
meta-analysis published by T. Sugie et al. in 2016, it was
confirmed that the accuracy indicators for determining
SLN with the use of the ICG method and the method with
a radioisotope colloid do not differ [18].
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In Russia, a minor-scale experience of the use of ICG
is represented by the work of S. M. Portnoy et al. The
study included 81 patients with stage 0-lll breast cancer.
SLNs were detected in 75 patients (93%) and not found
in 6 observations. In the first group, which included 8
patients with breast cancer cTisNOMO, SLN was found
in 7, all of them without metastatic lesions. In the sec-
ond group, which included 56 patients with cT1-4NOMO
breast cancer, SLN was detected in 54 (96%) patients,
among which metastases in the SLN were detected in
15 (28%) cases. A false negative result was obtained in
2 (4%) out of 54 cases. In the third group, consisting of
17 patients with cT1-4N1-3MO breast cancer after effec-
tive systemic therapy with undetectable regional metas-
tases, SLN was detected in 14 (82%) patients, while in 5
(36%) cases metastases were detected in the SLN. False-
negative results were found in 2 (14%) of 14 patients. The
fluorescence was performed with the Photo dynamic eye
camera (Hamamatsu, Japan) [19].

In this study, we have explored the possibility of de-
termining SLN with the technique of fluorescent lym-
phography based on the indocyanin green dye and SPY
2000 device. The difference between the method used
and other systems of fluorescent intraoperative naviga-
tion is the use of a laser radiation source operating in a
narrow-band range of 805 nm at the peak of absorption
of fluorescent contrast.

Research and biopsy of the sentinel lymph node is
currently a necessary procedure in the treatment and
diagnostic process, which corresponds to international
clinical recommendations (NCCN, ESSMO, etc.), as well as
the recommendations of the Association of Oncologists
of Russia. The use of fluorescent lymphography with dye
has a significant advantage over the isotope method as
it does not involve the risks of radiation, and there is also
no need to comply with the numerous standards and
conditions or to bear the costs related to the materials
and technology as it is required when working with radio
sources.

Materials and methods

The study involved 40 patients, including 7 people
with cTisNOMO process prevalence, 20 people with
cTTINOMO, 13 people with cT2NOMO. The patients’ age
ranged from 34 to 80 years, averaging 52.8. The body
mass index (BMI) was calculated by the formula: BMI
= m/h? where m is the patient’s body weight (kg), h is
the patient’s(m). BMI values were determined accord-
ing to the generally accepted scale: the normal BMI
range is 18.5-25 kg/m?, 25-29.9 kg/m? means the per-
son is overweight, 30-34.9 kg/m? is | degree of obesity;
35-39.9 kg/m? is |l degree of obesity; more than 40 kg/
m? is lll degree of obesity. The body mass index of the
patients included in the study ranged from 18.0 to 38.9,
with the body mass deficit registered in 2 people, the

Puc. 1. NMepunapeonspHoe BBeAeHMe pacTBopa MHAOUMAHMHA
3e/1eHoro

Fig. 1. Periareolar injection of Indocyanine green

normal weightin 21, 10 of the women were overweight,
and obesity of I-1ll degree was observed in 7 women in
the sample. In terms of the size of the mammary glands
(by bra number), the distribution of the women was as
follows: 12 women with small breast size (No. 1, 2), 22
women with medium size (No. 3, 4), and 6 women with
large size (No. 5, 6). As the first stage of treatment, all
patients underwent organ-preserving surgery or sub-
cutaneous mastectomy with endoprosthesis recon-
struction, with SLN biopsy. Indocyanine green (ICG) was
used as a staining agent. The agent emits fluorescent
radiation when exposed to light in the near-infrared
range of about 820 nm. The dye is supplied in a 25 mg
bottle.

Puc. 2. dnyopecueHTHasn «4OpPOXKKa» Ha IKpaHe annapaTta
SP-2000
Fig. 2. Fluorescent “trace” on the screen of SP-2000
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Before the procedure, the contents of the vial were
dissolved in 5 ml of water for injection. Next, a G30 thick-
ness needle was used to draw 1 ml of the resulting solu-
tion into a U100 insulin syringe. After the patient was put
under general anaesthetic, 1 ml of ICG solution (5 mg/ml)
was administered periareolarly, subcutaneously (Fig. 1).
Then, for 10 seconds, manual massage of the breast was
performed (5-7 circular movements) at the injection site,
which provided an increase in pressure in the tissues and
contributed to faster penetration of the drug into the
lymphatic vessels. A few minutes later, with the operat-
ing room light turned off, the dye movement along the
lymphatic pathways was detected by fluorescence in the
infrared spectrum, which was achieved with a laser radia-
tion source with a wavelength of 805 nm, SPY 2000 de-
vice (Novadaq Technologies Inc., Canada) with a special
camera, which made it possible to see the image of the
fluorescent “track” on a computer screen (Fig. 2). After
the “path” approached the axillary area and broke off, an
incision of the skin and subcutaneous tissue was made
in the projection of the “break” in the axillary area, the
superficial fascia was dissected, and contrasted lymph
nodes were isolated with surgical instruments (Fig. 3, 4).
The isolated lymph nodes were removed and cut along
the length in 2-3 parallel planes, depending on their size
(Fig. 5). Scrapings were taken from the surfaces of lymph
nodes and placed on the slides, stained with hematox-
ylin-eosin, followed by an urgent cytological study, the
results of which resolved the question of whether to per-
form lymphodissection. Upon detection of metastases,
regional (axillary) lymph node dissection was performed
. A revision of cellular tissue of the subclavian zone was
performed. In the absence of suspicious areas, the sub-
clavian tissue with lymph nodes was preserved. Statisti-
cal processing of the obtained results was performed by
STATISTICA supplied by StatSoft, Inc. (2014).

Results

The method of determining the SLN with ICG agent
was used on 40 patients. The rate of SLN detection was
92.5% of the cases (37 patients) (p<0.0047). Metastases
were detected in 20% of cases (8 patients) (p<0.0016),
of which in 6 cases, as a result of urgent intraoperative
cytological examination, in 2 cases, by planned histo-
logical examination (false negative result). All patients
identified with metastasis underwent level | or Il lymph
node dissection. The metastatic focus looked like a whit-
ish area on the green plane of the stained lymph node. In
4 observations (10%), the dye fluorescence was present
not only in the SLN, but also in the usual area of axillary
cellular tissue. Skin pigmentation at the site of dye ad-
ministration remained from several hours to 2 days. No
local or general reactions were observed. On average, it
took 17.6 minutes to identify and remove the SLN, and
the time was further reduced due to sufficient practice

Puc. 3. Pa3pes KOXU U NOAKOXKHO-KUPOBOI KNeT4aTK1 B
aKcunnsapHou oébnactun
Fig. 3. Skin and subcutaneous tissue incision in axillary area

Puc. 4. CTopoxkeBoit TMMbaTUYE€CKUI y3€e/ C HaKOMJIEHHbIM
WHAOLMAHMHOM 3€NEHbIM
Fig. 4. Sentinel lymph node with accumulated Indocyanine green

Puc. 5. CtopoxkeBoi numdaTnyeckuii ysen Ha paspese
Fig. 5. Dissected sentinel lymph node
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with the technique. The waiting period for an urgent cy-
tological response was 15-20 minutes. Special attention
was paid to the time of the appearance and development
of the “track” of the dye movement. In the vast majority of
cases (92%), the dye was distributed along a single radial
main path running in the direction from the areola to the
area of the axillary collector. A rare finding was a reticular
type of lymph outflow (4%) with a dominant direction to
the axillary area.

In 3 (7.5%) observations, it was not possible to trace
the path of the lymph flow due to the absence of a
dominant pathway. Of these, in 1 case, a marked SLN
was detected, despite the absence of a dye path lead-
ing to it. In one more observation, the fluorescent focus
in the axillary region was found to be a section of axil-
lary fiber without a lymph node. The distance from the
ICG injection site to the axillary area varied from 9 to 24
cm, with an average of 15.2 cm. In 65% of the observa-
tions, the track developed and reached the axillary area
within 2 to 6 minutes. The maximum time was 21 min-
utes. The rate of ICG spread had an inverse correlation
with the body mass index (6.1 minutes for the normal
BMI versus 8.3 minutes for overweight persons) and the
size of the breast (p<0.005), and demonstrated almost no
dependence of the path length, i. e., the distance from
the areola to the axillary area and the degree of breast
ptosis. In other words, ICG was slower to reach and accu-
mulate in women with excessive fat development, i.e. in
cases where a less developed lymphatic drainage system
can be expected. In 8 randomly selected patients, for the
purpose of double simultaneous control, the use of the
fluorescent (ICG dye) method for determining SLN was
combined with the use of a radioisotope (Technefit #™Tc
colloid). The same SLNs were identified in all the obser-
vations. In one case, it was not possible to identify the
SLN, since no accumulation of either radiopharmaceuti-
cal or dye was detected. This case is of particular interest,
as it further confirms the objectivity and comparability of
both methods for determining SLN.

Discussion
The high accuracy of SLN determination with a fluo-
rescent dye makes the technique the method of choice.
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