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ABSTRACT

Aim. To study the possibility of using a radiopharmaceutical based on aluminum oxide labeled with *™T¢ ([*™Tc]-
AEO}) for the d1agn951s of sentinel lymph ngdes (SLN) in tumors of the larynx and laryngopharynx in comparison
with a phytate colloid ([*™Tc]-phytate colloid).

Materials and methods. The study included patients with cancer of the larynx and laryngopharynx (T, N M,)
(n = 54). In the prospective group (n = 30), [*"Tc]-Al,O, was used as a radiopharmaceutical, in the retrospective
group (n = 24), [*"Tc]-phytate colloid was used. All radiopharmaceuticals were introduced endoscopically into the
submucosal space along the periphery of the tumor. After 18 hours, single-photon emission computed tomography
(SPECT) and intraoperative SLN detection were performed.

Results. In the retrospective group, SLNs were detected in 20 out of 24 patients. A total of 32 lymph nodes were
identified in the retrospective group. The median number of detected lymph nodes in one patient was 1.3 [0-3], the
intensity of the radiopharmaceutical uptake on scintigrams was 2.2 [0.7-8.1], intraoperatively — 4 [1.6-9.0]. In the
prospective group, [*"Tc]-ALO, uptake in the lymph nodes of the neck was determined in 27 patients (90%); in
3 patients, SLNs were not visualized. A total of 57 lymph nodes were identified (in 27 patients). The median number
of visualized SLNs was 1.5 [0-5], the intensity of [*"Tc]-AlO, uptake according to SPECT and intraoperative
detection was 4.8 [0.7-19.4] and 6 [1.1-22.0], respectively.

Conclusion. The most significant advantage of using [*"Tc]-AlO, as a radiopharmaceutical is its high uptake
in SLNs, which leads to an increase in the sensitivity of the method as a whole up to 90 versus 83% when using
[*™Tc]-phytate colloid.
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AvarHocTnka ctopoXxeBbiX AMM¢PaTNYECKNX Y3/10B Y 60/1bHbIX pakom
roptTaHun N rOPTaHOMMOTKIN C NPpUMeHeHIeM HOBOro OTe4YeCTBEeHHOro
paavnodapmMaLeBTUYECKOro JieKapCTBEHHOro Npenaparta Ha OCHoBe
MEUYEHHOro TexHeunem-99m ramma-okcuga altoMuHNA

MepsepeBa A.A., YepHoB B.U., Bparuxna O.[1., 3enbuaH P.B., YonH3oHoB E.J1.,
YumkeBckan C.10., PbibuHa A.H., Fonba6epr A.B., Yepemucuna O.B.

Hayuno-uccnedosamenvcxuti uncmumym (HUHW) onxonoeuu, Tomckutl HAYUoHANbHbIN UCCIE008AMENbCKUL
meouyunckuu yeump (HHUMIL]) Poccuiickou akademuu HayK
Poccus, 634009, 2. Tomck, nep. KoonepamusHuwiii, 5

PE3IOME

Henb. M3yunth BO3MOKHOCTh MCIIOJNB30BaHHS panohapManeBTHIECKOro JekapcTBeHHOro npemnapata (POJII)
Ha OCHOBE OKCHJIa amoMuHus, MedenHoro " Tc ([*"Tc]-ALO,), s TMarHOCTHKH CTOPOXKEBBIX IMM(ATHIECKUX
y310B (CJIY) mpu OImyXoJisiX FOpTaH! U TOPTAHOTJIOTKH B CpaBHEHHH ¢ (puTaTHBIM KosutouoM ([#™Tc]-durarHsrit
KOJIIOHT).

Marepuaiibl M MeTObI. B nccenosanue BomuM GONMBHBIE PAKOM TOPTaHU M ropranornotku craguid T, N M,

(n = 54). B mpocnextuHoi rpynme (n = 30) B kauecTe quarnoctuyeckoro POJII ucnomssosancs [*"Tc]-ALO,,
B PETPOCNEKTHBHOM Tpyrne (n = 24) — [ Tc]-durarupiii komoun. Bee POJIIT BBOAMINCH SHIOCKOMHYECKH B
MOJCIU3UCTOE MPOCTPAHCTBO MO Mepudepun OmyXxoiu, yepe3 18 4 mpoBoauiaack 01HO()OTOHHAS YMUCCHOHHAS

kommbtotepHast Tomorpadus (OPIKT) u uarpaonepaunonnas aerexmus CJIY.

Pesyabrartbl. B perpocniextiBHo# rpymmne CJIY Obutn BeisiBiieHb! y 20 TanieHToB U3 24. Bcero B peTpocieKTHBHOM
rpymrne Obuto oOHapyskeHo 32 auMmdarryeckux y3na. KoaudecTBo BBISBICHHBIX TUM(PATHYECKUX Y3JIOB Yy OJHOTO
6omnpHOTO cocramio 1,3 [0-3], uHTeHCUBHOCTD HakoruieHus PDJIIT Ha TomociuaTHrpamMmax — 2,2 [0,7-8,1],
uHTpaonepanuonHo — 4 [1,6-9,0]. B mpocnextusHoi rpynme akkymysius [®"Tc]-Al O, B muMdaTryeckux y3max
reu onpeaessiiack y 27 namueHtoB (90%), y 3 nanuento CJIY He BU3yaau3upoBaINCh. Beero ObIIO BBISBICHO
57 mumdoysinos (y 27 nmanuenron). Konudectra Busyanusupyembix CJIY coctaBuna 1,5 [0—5], HHTEHCHBHOCTD
nakorienus [*"Tc]-ALO, no manubiv O®OKT u uHTpaonepanuonHoii jgerexuun coctasuna 4,8 [0,7-19,4]
u 6 [1,1-22,0] COOTBETCTBEHHO.

3akuouenue. CyliecTBEHHBIM IOCTOMHCTBOM HCTIOJIb30Banus B kauectse POJII [*"Tc]-Al O, sinsercs ero BbI-
COKasi aKKyMYJIAIS B CTOPOXKEBBIX JINM(ATHIECKHX y371aX IPH OITYXOJISIX TOPTaHU U FOPTAHOTIIOTKH, YTO IIPHBO-
JIAT K YBEJIMYCHUIO YYBCTBUTEILHOCTH MeTO A B 1esioM 110 90 mpotus 83% npu npumenernu [**Tc]-purarHoro
KOJIJIOU 1.

KiroueBrble ci10Ba: paguoHyKIHIHBIN, KOJIOU], paK TOPTaHH, PAaK TOPTAHOTTIOTKH, CTOPOXKEBOU TUM(ATHISCKHIH
y3ei1, 0aHO(OTOHHASI YMUCCHOHHAS KOMITBIOTEpHAsi ToMOorpadusi, raMMa-30H1

KonpaukTt unTepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTEHIMANBHBIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKaIKEeil HACTOSIIEH CTaThH.

Hcrounuk ¢unHancHpoBaHUs. ABTOPbI 3asBISIIOT 00 OTCYTCTBUM (MHAHCHPOBAHHS IPHU IPOBEICHUM
HCCIIeI0BaHNUSI.

CooTBeTcTBHE MPUHIMIIAM dTHKH. Bce manueHTs! moanucamn HHGOPMHPOBAHHOE COTJIACHE HA yYacTHE B HC-
cienoBaHuu. MccienoBanne 0100peHO JTOKATEHBIM 3THUSCKHM KOMUATETOM 0 OnoMeauiuHcKoit atuke HUN oH-
kosorun Tomckoro HUMII.

Jast uurupoBanusi: Mensenesa A.A., Uepnos B.U., bparuna O.J1., 3envuan P.B., Yoiinzonos E.JI., Umxkes-
ckast C.1O., Peiouna A H., F'onsnoepr A.B., Uepemucnna O.B. Jlnarnoctika CTOposKeBbIX TUM(PATHISCKUX y3II0B
y OOJIBHBIX PaKOM TOPTAHU U TOPTAHOTIIOTKHU C TPUMEHEHHEM HOBOTO OTEYECTBEHHOTO paiodapMaleBTHIECKOro
JIEKapCTBEHHOTrO Tperapara Ha OCHOBE MEUYEHHOI'0 TeXHenueM-99m ramMma-okcujaa almoMHuHus. boaremens cu-
bupcroit meouyunet. 2023;22(1):65-72. https://doi.org/10.20538/1682-0363-2023-1-65-72.
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INTRODUCTION

Surgery is one of the main stages in the treatment
of tumors of most localizations. However, surgical
intervention often causes a decrease in the quality of
life and social adaptation of patients. In this regard,
introducing organ-preserving and reconstructive
surgeries into clinical practice is extremely relevant.
As a result, correct determination of the spread of
the malignant process plays an important role in the
choice of treatment methods for cancer patients [1—
4]. Currently, the sentinel lymph node (SLN) status
is considered one of the important prognostic factors
for metastasis of some tumors [5-8]. SLN is a lymph
node that directly receives lymphatic drainage from a
tumor site. R.M. Cabafias was one of the first to coin
the term “sentinel lymph node” [9].

Radionuclide diagnosis is actively used in
oncological practice, supplementing conventional
imaging methods with valuable functional information
[10—14] The use of this method for SLN detection
makes it possible to accurately localize SLN both
intra- and preoperatively. In 1993, J.C. Alex and D.N.
Krag suggested to use intraoperative detection of SLN
with a portable gamma-ray scanner by measuring
the level of radiation in all lymphatic collectors after
administration of a radioactive colloid [15].

In recent years, rapid development of nuclear
medicine has been associated not only with
technological advancements, but also with introduction
of new highly specific radiopharmaceuticals. An ideal
radiopharmaceutical for SLN imaging should be
characterized by rapid clearance from the injection
site and active uptake in the lymph nodes. Researchers
believe that such characteristics can be encompassed in
the radiopharmaceuticals which are based on ligand —
receptor or antigen — antibody binding mechanisms.
One of such radiopharmaceuticals is currently [*™Tc]-
rituximab, which binds to the CD20 receptor, actively
expressed on the surface of B cells. Studies have
shown that [®™Tc]-rituximab is to a lesser extent
redistributed to the distal lymph nodes, compared with
colloidal radiopharmaceuticals, and more actively
leaves the injection site [16]. Besides, 99mTc-labeled
Lymphoseek™ was registered in the United States
and is being actively introduced into the clinical
practice. This radiopharmaceutical accumulates in the
lymph nodes by binding to CD206 on the surface of
macrophages [17].

Despite the emergence of targeted radio-
pharmaceuticals for SLN mapping, research is

ongoing to explore the possibilities of using 99mTc-
labeled colloidal preparations which are still the main
indicators for SLN visualization. The main criterion
for assessing a colloidal radiopharmaceutical is the
particle size. A colloid with a particle size of 50—
80 nm is considered optimal because it provides fast
radiopharmaceutical clearance from the injection site
and its high retention in the SLN [18, 19].

The aim of this study was to investigate the
possibilities of using a new radiopharmaceutical based
on aluminum oxide labeled with **Tc ([*"Tc]-ALO,)
for the diagnosis of SLN in tumors of the larynx and
laryngopharynx in comparison with a phytate colloid
([®™Tc]- phytate colloid) commonly used in Russia.

Both  radiopharmaceuticals are  colloidal
preparations, however, they differ in particle sizes:
[*™Tc]-phytate colloid is characterized by a fairly
large range of particle sizes — 40-10.000 nm, and
[*Tc]-AlLO, contains colloidal particles ranging from
50 to 100 nm in size. Preclinical and clinical trials of
[*™Tc]-ALO, have shown its safety and functional
suitability for imaging of lymph nodes [20-25].

MATERIALS AND METHODS

The study included patients with cancer of the
larynx and laryngopharynx T, N M, (n = 54). The
general inclusion criterion was the absence of signs
of metastasis in regional lymph nodes at the time of
the examination. The study was approved by the local
Ethics Committee and the Bioethics Committee at
Cancer Research Institute, Tomsk NRMC. All patients
signed an informed consent to participate in the study.

In the prospective group (n = 30), [*"Tc]-ALO,
was used as a diagnostic radiopharmaceutical, the
retrospective group (n = 24) was examined using
[*™Tc]-phytate colloid. The result of a histologic
examination ofremoved lymph nodes was the reference
method for analyzing the diagnostic effectiveness.

Radionuclide diagnosis of SLN includes
injection of radiopharmaceuticals, visualization,
and intraoperative detection of lymph nodes with
their  subsequent morphological examination.
Radiopharmaceuticals were injected endoscopically
into the submucosal space along the periphery of the
tumor in the region of the larynx or laryngopharynx at
2 sites (at 12:00 and 18:00 on the conventional dial).
The total administered radiopharmaceutical activity
was 40 MBq (20 MBq per injection site).

Single-photon emission computed tomography
(SPECT) was performed on the E.cam 180 gamma
camera (Siemens, Germany) 18-20 hours after the
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radiopharmaceutical injection using parallel-hole
high-resolution collimators for 140 keV radiation..

SPECT images were assessed visually (identifying
the number of areas with focal radiopharmaceutical
uptake corresponding to the localization of the regional
lymph nodes) and semi-quantitatively (calculating the
ratio of the number of impulses in the lymph node
with the highest radiopharmaceutical uptake to the
number of impulses at the injection site, %).

M

i

During the surgical intervention, intraoperative
SLN detection was performed using the Gamma
Finder II probe (USA) (Fig. 1). The lymph node
with the highest activity, in comparison with other
lymph nodes detected by the gamma probe, or the
only lymph node detected, was marked as SLN.
After removal of the SLN, the area of the lymphatic
collector was re-examined using the gamma
probe.

Fig. 1. Intraoperative assessment of sentinel lymph nodes using a gamma probe

All lymph nodes identified by the gamma probe
in the projection of the lymphatic collector were
removed. According to intraoperative radiometry,
the level of radiopharmaceutical uptake in the
projection of SLN was also calculated (in % relative
to the injection site). Removed SLNs were subject to
immediate cytological examination: with metastasis
in the lymph nodes, lymph node dissection was
performed.

The normality of data distribution was assessed
using the Shapiro —Wilk test. The median and the
interquartile range Me [Q, — Q,] were calculated to
measure the central tendency in the sample. The
Mann — Whitney U test and the Kruskal — Wallis
test were used to compare the intergroup differences
in the studied results for quantitative variables with
non-normal distribution. The sensitivity of the method
was assessed according to the formula TP / (TP +
FN) x 100%, where TP is a true positive result, and
FN is a false negative result. At the same time, we
took into consideration the number of patients with
radiopharmaceutical uptake in the projection of the
lymph nodes. The reference method for the analysis
was the result of the histologic examination of the

surgical material (the presence of lymph nodes in the
removed material).

RESULTS

In 7 out of 54 patients, no redistribution of the
radiopharmaceuticals from the injection site
along the lymphatic collector was noted. No
radiopharmaceutical uptake in the projection of the
lymph nodes was detected either scintigraphically or
intraoperatively using the gamma probe. Unilateral
localization of SLN was visualized in 85% of cases
(n=40), bilateral localization was detected in 7 patients
(Fig. 2, 3). At the same time, most often lymph nodes
were visualized in the projection of levels III and Va
of the neck — 47 and 33%, respectively, less often — in
the projection of levels Ila and IIb of the neck — 14 and
12%, respectively.

In the retrospective group, SLNs were detected
in 20 out of 24 patients. The results of SPECT and
intraoperative detection were in line; all lymph
nodes visualized by SPECT were also detected by
the gamma probe. The presence of [*Tc]-phytate
colloid in the lymph nodes was not observed in 4
patients (Table 1).
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Fig. 2. SPECT image of a patient with laryngeal cancer: 1 —
radiopharmaceutical uptake in the projection of the lymph
nodes of the neck on the left (n = 3); 2 — injection site

Fig. 3. SPECT image of a patient with laryngopharyngeal
cancer: 1— radiopharmaceutical uptake in the projection of the
lymph nodes of the neck on both sides (n = 5); 2 — injection site

Table 1

Characterization of the results obtained in the retrospective
group using [*"Tc]-phytate colloid, n = 24

Result SPECT, n

Intraoperative detection, n

True positive 20 20

True negative

False positive

False negative 4 4

A total of 32 lymph nodes were identified in the
retrospective group. The median number of detected
lymph nodes in one patient was 1.3 [0-3], the intensity
of the radiopharmaceutical uptake according to
SPECT and intraoperative detection was 2.2 [0.7-8.1]
and 4 [1.6-9], respectively (Table 2).

In the prospective group, [*"Tc]-ALO, uptake
in the lymph nodes of the neck was determined in
27 patients (90%); SLNs were not visualized in
3 patients. Identical results were obtained during
intraoperative detection (Table 3). A total of
57 lymph nodes were identified (in 27 patients). The
median number of visualized SLNs was 1.5 [0-5], the
intensity of [*"Tc]-Al O, uptake according to SPECT
and intraoperative detection was 4.8 [0.7-19.4] and 6
[1.1-22], respectively (Table 2).

Table 2
Comparative analysis of the results of radionuclide diagnosis
of sentinel lymph nodes in patients with cancer of the larynx

and laryngopharynx using [*"Tc]-phytate colloid
and [®"Tc]-ALO,

[*™Tc]-phytate o
Parameter colloid Tc]-ALO,
Number of visualized lymph 1.3 [0-3] 1.5 [0-5]
nodes, n, Me [Q, - Q] p<0.2

Intensity of radiopharmaceutical

22[0.7-8.1] | 4.8[0.7-19.4]
uptake according to SPECT, %,

Me[Q,-0)] p=0.027
Intensity of radiopharmaceutical 411.6-9] | 6[1.1-22]
uptake according to intraopera-
tive detection, %, Me [0, — 0] p<0.034
| Method sensitivity, % 83 | 90
Table 3

Characterization of the results obtained in the prospective
group using [*"Tc]-ALO, n =30

Result SPECT, n Intraoperative detection, n
True positive 27 27
True negative 0 0
False positive 0
False negative 3 3

According to the results of the histologic
examination of the removed lymph nodes, metastasis
was detected in 3 patients from the retrospective group
and in 3 individuals from the prospective group (all
affected lymph nodes corresponded to the side of the
primary tumor localization).

DISCUSSION

The comparative analysis of the results obtained
indicated significant differences in the nature of
the scintigraphic data obtained after the use of
radiopharmaceuticals with different sizes of colloidal
particles. The most significant advantage of using
[*™Tc]-ALO, is its high uptake in the lymph nodes,
which improves visualization of SLNs, facilitates their
search during surgery, and increases the sensitivity
of the method as a whole up to 90 versus 83% when
using [*™Tc]-phytate colloid.
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To date, surgery remains the main method for
treating cancer of the larynx and laryngopharynx.
The volume of surgery is determined by clinical and
morphological features of the tumor spread. One of
the basic factors that affects the treatment strategy and
the prognosis of the disease is assessment of the SLN
status. In cancer of the larynx and laryngopharynx,
the frequency of metastasis to regional lymph nodes
reaches 30% [26].

Many attempts have been made to identify
predictors of latent metastases in the lymph nodes, of
which the depth of invasion turned out to be the most
informative. However, this criterion does not provide
absolute confidence in the adequate assessment of
the state of the regional lymphatic drainage zones
[27]. Therefore, application of the concept of SLNs
in tumors of the larynx and laryngopharynx can help
reduce unnecessary intraoperative lymphadenectomy
and decrease the amount of radiation therapy
performed [28-30].

In general, methods for determining SLNs in
malignant tumors of the head and neck are more
related to oral cavity cancer, and the bulk of the
research is devoted to this localization. This is due to
a more aggressive course of this pathology, features
of lymphatic drainage, and difficulties in detecting
metastasis in regional lymph nodes, especially at
early stages of the disease. Cancer of the larynx and
laryngopharynx is characterized by a lower risk of
metastasis to the lymph nodes, however, the problem
of organ-preserving surgeries in this localization is
quite dire. Therefore, developing methods for proper
assessment of tumor spread at the preoperative stage
is highly relevant [28, 30-32].

CONCLUSION

A comparative study of the effectiveness of [*™Tc]-
Al O, for visualization of SLN in tumors of the larynx
and laryngopharynx in comparison with [*™Tc]-
phytate colloid showed that a significant advantage
of using [*"Tc]-AlL O, is its higher uptake in SLNs.
This phenomenon contributes to an increase in the
sensitivity of the method as a whole up to 90 versus
83% when using [*™"Tc]-phytate colloid.
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