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Efficiency of detection of lymph nodes
in breast cancer

R.P. Nikitenko
Odesa National Medical University

The objective: improve the quality of sentinel lymph nodes detection in patients with malignant neoplasms of the mam-
mary glands.

Materials and methods. At the period from 2009 to 2016, 400 patients with T1-T3NOMO breast cancer were operated in
Odessa Regional Clinical Hospital, using two dyes Patent Blue and ICG.

The patients who had mastectomy with sentinel lymph node biopsy were diagnosed T2-T3NOMO breast cancer more
frequently. The exceptions were T3-T4 tumors, tumor diameter > 5 cm, invasion into the skin and chest wall, palpable
axillary lymph nodes, 3 or more affected lymph nodes during sentinel lymph node biopsy.

100 patients in the first group had sentinel lymph node biopsy. Lymph node staining was performed using Patent Blue dye.

In the patients in the second group, sentinel lymph node biopsy was performed using Patent Blue dye and another fluores-
cent ICG dye, which was injected intravenously into the arm on the affected side of the mammary gland, along the outflow
from the arm to the mammary gland.

Results. The total five-year survival after axillary lymph node dissection and sentinel lymph node biopsy was 91 % and 92
%, respectively. The five-year recurrence-free survival after axillary lymph node dissection was approximately 82.2 %,
and after the sentinel lymph node biopsy — 83.9 %. Regional recurrence in the sentinel lymph nodes on the affected side
was determined only in 1.1 %.

The time of observation of the patients was from 60 to 180 months. The recurrence was registered in 0.2 % patients as
isolated metastases into the axillary lymph nodes. Not a single case of lymphostasis of the upper limbs from the side of
the biopsy was registered.

Conclusions. The simplicity of fluorescent dyes usage makes it possible to implement this method in the everyday work of
oncologists-surgeons, the advantages of which are the absence of radiation exposure and quick intraoperative detection
of lymph nodes.
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EdekTnBHicTb BUSBNEHHS niM@OBY3iB Npu paKy rpyaHoOI 3a503u
P.I1. HikiteHko

Mema docaidicerns: NiBUNIEHHS IKOCTI BUBHAYEHHST CTOPOKOBHUX JIiM(OBY3JIB Y MAIiCHTOK 3i 3JI0SIKiCHUMH HOBOYTBO-
PEHHSIMU IPY/IHUX 3aJ103.

Mamepianu ma memoou. Y nepiox 3 2009 o 2016 poxy na 6a3i Onecbkoi 00,1aCHOI KJIiHIYHO] JiKapHi 6yJI0 IPOONEPOBAHO
400 nauienTox i3 pakom rpyanoi sanosu T1-T3NOMO 3 BukopucTanusam qsox 6apsuukis Patent Blue ta ICG.

IMamieHTKH, AKUM NPOBENEHO MACTEKTOMIIO 3 GIiOICI€0 CTOPOKOBHUX JiM(OBY3JIB, YacTille Maau KJIiHIYHUIA 1iarHO3 paKy
rpyanoi 3ain03u T2-T3NOMO. IIpu upomy Bunstkamu 0yiu nyxaunu T3-T4 niamerpom > 5 cM a6o iHBagis y wKipy i CTiHKY
IPY/HOI KJITKH, 8 TAKOK NaXBOBi JiM(POBY3JIH, 10 NAJBIYIOTHCS, 3 i Ginblie ypaskenux JiM(pOBY3J1iB npu Gioncii cTopoko-
BOro JiM(poBy3ia.

¥ nepuwiii rpyni 100 nauienrkam npoBoauiu 6ionciio croposkosux JiMmdosysiais. Mapoysanus 1iMbOBY3IIiB BAKOHYBAJIHU 3
BUKOpHCTaHHsAM Oapeuuka Patenet Blue.

¥ apyriii rpymi 3po6ieHo 6ioncio cTopo:korux JiMpoBYy3IB 3 BUKopucTaHHsM Gapeauka Patenet Blue i qpyroro ¢ayopec-
unentHoro O6apsuuka ICG, sSKuil BBOWIM BHYTPIIHBOBEHHO Y PYKY Ha 0OIli ypasKeHoi rPy/IHOI 3aJ103H, 32 XOOM BiJITOKY
Bi/l pYKH J10 IPYy/IHOi 3aJI03H.

Pesynvmamu. 3aranphe n’aTupiuyHe BUMKMBaHHS 1icJs akCUIsAPHOi JiMdoaucekiii Ta 6iomncii cropoxoBoro JgiMporysia
cranoBwio 91 % Ta 92 % BianosigHo. be3penuauBue N’ ATHPiYHE BUSKUBAHHS MIC/ISI aKCHISPHOI JTiM(OIUCEKIIiT CTAHOBHIO
npu6ausno 82,2 %, a micas BAKOHaHH: Gioncii croposkoBoro giMmposysia — 83,9 %. Jlume B 1,1 % Bunazakis 6yJi0 BUSBIEHO
perioHapHi penuIuBH y CTOPOKORBI JTiM(OBY3JIH HA ypasKeHOMY OOIIi.

Yac crniocTepeskeHHs 3a XBOPUMU cTaHOBUB Bizx 60 10 180 Mic. Penuaus 6yB 3apeectpoBanuii y 0,2 % skiHOK y ¢opmi i30-
JIbOBAaHUX METACTa3iB B akCHISpHUX JiMpoBysiax. He 3apeecTpoBano :k0HOTr0 BUNIAAKY JiM(pocTady BepXHiX KiHI[IBOK i3
60Ky Giorcii.

Bucnosxu. Ilpocrora BukopucTantsi pryopecieHTHIX OapBHUKIB [03BOJISIE BIPOBAUTH JAHUI1 METO/ Y HOBCSKIEHHY PO-
GOTy OHKOJIOTiB-XipypriB, lepeBaraMu SIKOTO € BiZICyTHICTh MIPOMEHEBOr0 HABAHTAKEHHS Ta WBMAKHUI iHTpaonepaiinmii
nomyk JimM¢poBy3JIiB.

Kmouoei cnosa: nimpamuuni 6ysiu, cmopoicosi iimgposysni, pax zpyonoi 3aiosu.
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he causes of tumors in the human body are still not

fully studied and are not entirely clear [2, 8, 16, 27].
It is not possible to fully explain why malignant trans-
formation of cells occurs [1, 7, 18, 35]. At the same time,
it becomes clear that the main mechanisms of cellular
development are involved in the process of oncogenesis.
When a tumor degeneration of cells occurs in one of the
organs, they spread (metastasize) throughout the body,
which ultimately leads to death [4, 19, 36].

The regularities of cancer cell metastasis are also in-
sufficiently studied [5, 14, 25, 33]. Until recently, it was
considered that metastasis of malignant cells in cancer
lesions of various organs takes place differently [6, 23,
38]. The main route of cancer cells spreading is their
movement by lymphatic vessels, through which cancer
cells enter the lymph nodes surrounding the affected
organ [21, 29]. Before it was considered that cancer
cells can enter different lymph nodes, both of the first,
second, and third order, and then metastasize to the liv-
er, lungs, bones, and other organs [5, 10, 26, 39]. So, the
main doctrine of the surgical treatment of cancer of any
organ was considered to be the complete removal of the
affected organ with an obligatory removal of all lymph
nodes, both of the first and second, third order, where
cancer cells can spread to [9, 13, 20].

The doctrine of human cancers treatment exists to the
present time [1, 8, 15, 34]. The better the surgical technique
of an operating surgeon-oncologist, the more radically he
performs the operation, i. e., in addition to the affected or-
gan, he removes the most of lymph nodes surrounding the af-
fected organ [3, 11, 24, 37]. Modern protocols for the surgical
treatment of cancer lesions of various organs require lymph
node dissection of at least D2 volume: all lymph nodes of the
first and second order must be removed [4, 12, 26, 30]. This
requires rather complex and traumatic surgical interven-
tions, after which the quality of patients life is significantly
reduced, up to disability [5, 17, 26, 31]. The operated patients
often experience a number of complications, postoperative
syndromes that do not allow patients to eat, work and live
normally [3, 12, 19, 28].

At the same time, the collected data suggest that in
early T1/T2 cancer, lymph node lesion takes place in a
maximum of 15-20 % of patients [6, 9, 12, 22, 26]. This
means that radical removal of lymph nodes was ground-
less in 80—85 % of patients with early cancer [13, 24, 29,
32]. A thorough study of metastasis mechanisms revealed
that in melanoma and breast cancer, certain lymph nodes
of the first order are firstly affected, and then, after their
defeat, cancer cells spread to other lymph nodes of the
first and second order [5, 9, 16, 26]. Such lymph nodes,
which are affected first and are a certain barrier to the
further spread of cancer cells, are called sentinel lymph
nodes. In the 1990s, the leading oncologists formulated
the sentinel nodes doctrine [8, 16, 19, 26]. It is consid-
ered that if a cancerous lesion is not detected in the sen-
tinel lymph nodes, their detection in the lymph nodes
of the second and third order is highly unlikely. This
logically led to reduced extent of surgical intervention.
If there are no cancer cells in the sentinel lymph nodes,
there is no need to perform extended lymph node dissec-
tion [1, 6, 19, 35].
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The sentinel lymph node doctrine has received bril-
liant clinical confirmation in breast cancer and melanoma
[1, 6,9, 36]. If before the main method of treating breast
cancer was radical mastectomy, including a complete re-
moval of breast tissue with greater and smaller pectoral
muscles, with simultaneous radical lymph node dissection
of all axillary, subclavian, and in some cases even intratho-
racic lymph nodes. Starting from the 1990s the surgical
management has been radically changed according to cur-
rently existing protocols [10, 19, 26, 32].

In early breast cancer, sentinel lymph nodes are iden-
tified and removed with an urgent histological examina-
tion [7, 16, 25, 38]. If cancer cells in the sentinel lymph
nodes are not detected, the operation is limited to local
excision of the tumor, followed by radiation and chemo-
therapy. In order to avoid deformation of the mammary
glands, the organ-preserving plastic surgery are immedi-
ately performed, which allow obtaining an excellent cos-
metic result. Conducted multicentric studies in different
countries confirmed that the new surgical management
of breast cancer absolutely equals with the old superradi-
cal interventions [1-3, 11, 12, 26, 35].

The main non-invasive methods for detecting the affect-
ed regional lymph nodes are ultrasound, CT, MRI, especially
in young women with a predominance of the glandular com-
ponent in the mammary glands [2, 6, 19, 28]. Searching for
sentinel lymph nodes is now very actual. Methods for lymph
node detection have been significantly innovated [3, 17, 29,
36]. Sentinel lymph node detection solves many problems
and gives a surgeon a huge advantage to select and prescribe
further treatment and reduce the volume of lymph node dis-
section, significantly reduce the number of complications
and improve the quality of patient’s life [ 26].

Now the assessment of sentinel lymph nodes is used in
breast cancer, when the clinical examination (palpation,
ultrasound and FNAB) reveals no signs of metastatic le-
sion of the axillary lymph nodes, and there is a need in sen-
tinel node biopsy — ductal carcinoma in situ, when such
patients have a high probability of detecting an invasive
component and they are indicated mastectomy [1, 8, 16].

The aim of the study is to improve the quality of senti-
nel lymph node detection in patients with malignant neo-
plasms of the mammary glands.

MATERIALS AND METHODS

At the period from 2009 to 2016, 400 patients with T1-
T3NOMO breast cancer were operated on the basis of the
Odesa Regional Clinical Hospital, using two Patent Blue
and ICG dyes. The age of the patients ranged from 35 to
68 years. All patients were divided into two groups.

The patients who underwent mastectomy with sentinel
lymph node biopsy were more likely to have a clinical diag-
nosis T2-T3NOMO breast cancer. The exceptions were T3-T4
tumors > 5 c¢m in diameter, or invasion to the skin and chest
wall, as well as palpable axillary lymph nodes, 3 or more af-
fected lymph nodes with sentinel lymph node biopsy.

In the first group, 100 patients underwent sentinel
lymph node biopsy. Lymph node staining was performed
using Patent Blue dye. In the second group, sentinel lymph
node biopsy was performed using Patent Blue dye and fluo-
rescent ICG dye, which was injected intravenously into the
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Fig. 1. Patent Blue dye subdermal injection along the
outer edge of the areola

arm on the affected side of the mammary gland, along the
outflow from the arm to the mammary gland. The lymph
nodes staining method is based on the effect of dye lumi-
nescence when irradiated with light of a certain wavelength
[19, 20, 26]. After the ICG dye injection, green-stained
lymph nodes were detected in 15 minutes. This method was
originally developed for laparoscopic operations, after ICG
introduction the operating field is illuminated with infrared
radiation using the “Karl Storz” endoscopic stand [26].

All the patients with sentinel lymph node involvement
had adjuvant therapy in the postoperative period according
to ESMO/ NCCN recommendations [5, 18, 24]. All the pa-
tients were subdermally injected Patent Blue dye along the
outer edge of the areola by 2 ml of diluted dye in order to allow
spreading through the lymphatic system (Fig. 1). The time of
a standard interval for the stained lymph node appearance
was 15—20 minutes. The stained lymph node (lymph nodes)
was sent for pathomorphological examination.

Intraoperative cytological examination of stained
lymph nodes was performed (Fig. 2, 3), histological as-
sessment by permanent specimens, since the false-positive
results were noted.

The pathologist examination was performed using stan-
dard hematoxylin-eosin staining, false-negative sentinel
nodes were examined using immunohistochemical analysis.
The absence of radiation exposure and simplicity of imple-
mentation are the advantages of this technology. However,
after injection the dye may remain in the tissues for some
time. The results of our study have made a breakthrough
in the identification and isolation of strategically important
lymph nodes in the surgical treatment of breast cancer.

RESULTS AND DISCUSSION
A total five-year survival after axillary lymph node
dissection and sentinel node biopsy was 91 % and 92 %
respectively.
A 5-year relapse-free survival after axillary lymph node
dissection was approximately 82.2 %, and after sentinel node
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Fig. 2. Patent Blue stained lymph nodes

Fig. 3. Patent Blue stained sentinel node

biopsy — 83.9 %. Regional recurrences to the sentinel lymph
nodes on the affected side were detected only in 1.1 %. 58 %
of patients had intact sentinel lymph nodes, which means
that the following lymph node dissection was not performed,
and the number of metastatic lymph nodes was 42 %.

The follow-up period ranged from 60 to 180 months.
Recurrence was registered in 0.2 % of women as isolated
metastases to the axillary lymph nodes. Biopsy revealed
no cases of lymphostasis of the upper extremities.

The study revealed no difference in general and relapse-
free survival between the groups. Our data confirms the im-
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Table 1
Predictive efficiency of sentinel nodes examination method in patients with breast cancer of the control and main groups

Sensitivity Specificity Positive result reliability Negative result reliability relation
(95 % Cl) (95 % CI) relation (95 % CI) (95 % Cl)
1 group 0.93 0.93 14.59 0.06
(0.71-0.98) (0.87-0.96) (7.05-30.22) (0.01-0.44)
2 group 0.94 0.94 16.68 0.06
(0.71-0.98) (0.87-0.97) (7.05-39.47) (0.01-0.44)
General 0.93 0.93 12.74 0.07
(0.82-0.97) (0.89-0.94) (8.73-18.60) (0.02-0.21)

Table 2

Lymphostasis rate in the control and main groups

Groups of patients

Lymphostasis

Yes

1st group (main) (n=35) 1(2.9 %) 34 (97.1 %) 092 50.05*
1st group (control) (n=35) 5(14.4 %) 30 (8.6 %) ’ '
2nd group (main) (n=35) 1(2.9 %) 34 (97.1 %) 6.05* 0.03*
2nd group (control) (n=35) 8(22.9 %) 27 (77.1 %) ' '
3rd group (main) (n=30) 0 (0 %) 30 (100 %) 6.67* 0.02*
3 rd group (control) (n=30) 6 (20.0 %) 24 (80.0 %) ' '

Note. * — Compared with the control group.

provement of approach to breast cancer treatment with less
need in major surgical treatment. Our study demonstrates
a low recurrence rate to regional lymph nodes, as well as a
decrease in such complications as lymphedema and diseases
of the upper extremities when performing sentinel lymph
node biopsy compared with level 1-2 lymphadenectomy.

The results of our studies highlight that the complete axil-
lary lymph node dissection for staging and prognosis of breast
cancer is a thing of the past. The development of new technol-
ogies with new approaches to lymph nodes staining becomes
necessary in the practice of an oncologist (table 1, 2).

Conducted randomized experiments show that five-
and ten-year survival was the same as after radical mastec-
tomy with complete lymph node dissection [5, 9, 16, 28,
34]. At the same time, the results of treatment improved
significantly: the quality of life of operated patients im-
proved, such complications as lymphostasis and edema of
the upper extremities disappeared, the psychological sat-
isfaction of patients who were able to return to full quality
life improved too [13-15].

So, modern technologies make it possible to identify
lymph nodes with great accuracy in order to detect their
cancerous lesions, which is a predictor of damage to un-
affected lymph nodes, and directly affects the extent of
surgical intervention, as well as postoperative and intra-
operative complications [10, 23, 37]. Now it is a manda-
tory procedure in breast cancer, which allows to change
the extent of surgery [11, 20, 26].

Our studies indicate that the sentinel node concept is cor-
rect for different cancer locations [26]. At present, we should
improve not only techniques of detecting and removing senti-
nel nodes but also the methods of their histological examina-
tion. The collected data show that staining lymph nodes with
hematoxylin eosin gives the false-negative result in 5-10 % of
cases. With immunohistochemistry techniques usage the in-
dicator can be reduced to 3 % [5, 20, 34]. The use of genetic
biomarkers may significantly increase the accuracy of micro-
metastasis detection in the future. The laws of the growth and
spread of cancer cells in the human body, according to philoso-
phy of life development, should be similar in different tumor
locations. So, the work for detection and examination of sen-
tinel lymph nodes is very important [1, 9, 16, 20, 26]. In the
future, the sentinel node concept will radically change the sur-
gical approaches to the treatment of different forms of cancer.

CONCLUSIONS

Simplicity of fluorescent dyes use makes it possible to
introduce this method into the daily work of surgical on-
cologists. The disadvantage of this method is the high cost
of equipment and dye. However, the advantages are un-
doubtedly the absence of radiation exposure and the rapid
intraoperative detection of lymph nodes. This method of
staining sentinel lymph nodes can also be used in other
cancers, as the method is 100 % justified and gives an op-
portunity to improve the quality of surgical treatment of
cancer patients with the lowest rate of complications.
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