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M CTAOUPOBAHUU 3NTOKAYECTBEHHbLIX TIMM®OM:
NMEPBbLIX ONbIT NCMOJIb3OBAHUSA
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AHHOTauus

Llenbto nccrnegoBaHns SBUNach oLeHKa BO3MOXHOCTU NMPUMEHEHUS OAHO(OTOHHON 3MWCCUOHHON KOM-
netotepHon Tomorpacun (OPIKT) ¢ MHHOBALMOHHBIM OTEHEeCTBEHHbIM paguodapmnpenapatom (PPI1)
9mTc-1-tno-D-rntoko3a (*"Tc-TIN) B AnarHOCTUKe U cTagMpoBaHMK 30KaYeCcTBEHHbIX Numdom. MaTepuan
M MeToabl. B nccneposaHve BknodeHbl 15 naumneHToB (cpegHuit Bo3pacT 50,7+18,3 roga) ¢ Bnepsble
ONarHoCTUPOBAHHBIMUN 311I0KaYeCTBEHHbIMU NuMdomammn. CunHTUrpadmyeckoe nccrnegoBaHme npoBoannm
Ha ramma-kamepe E.CAM 180 cupmbl “Siemens” (Ffepmanus) yepes 4 yaca nocne seegeHus POl B gose
500 MBk. PesynbTarthl. Mo aaHHbIM ODPIKT, natonornyeckoe BkntodeHue *°"Tc-TI B numdaTtnyeckue yanbl
Habntopanock y 14 (93 %) 13 15 nauneHToB. Y 04HOWM NaLMEHTKM He y4anock BU3yanuavpoBaTh onpene-
NsiemMbln C NOMOLLBIO KoMnbloTepHon Tomorpadmmn (KT) eanHWYHBIN, YBENUYEHHbIN NOAHMKHEYETHOCTHON
nMdaTnyecknin ysen. STOT NOXHOOTpULATENbHBIA pe3ynbTaT UCcCnefoBaHus CBA3aH C OM3UONMOTMYHbIM
ycuneHuem akkymynauum "Te-TI B opodhapuHreansHo obnactn. CnoXHOCTM, CBA3aHHbIE C BbICOKON
(POHOBOW aKTUBHOCTBIO KPOBM, OTMEYanuchb Npu BM3yanusauumm napatpaxearnbHbiX, NapaaopTanbHbIX U Na-
pakapaunanbHbIX nuMmdarndeckmx ysnos. Hanbonee yacto natonormyeckoe HakonnexHvwe PO otmevanoch
B aKCUNNSAPHbIX, HAA- U MOAKIMIOYMYHBIX, @ TakKe LWenHbIX NumdaTtndecknx yanax. C nomowbio OD3IKT ¢
9mTc-TI akcTpanumdaTmyeckne runepmerabonuyeckme ydactkv onpegensinucb y 7 (78 %) 13 9 nauneHToB
C paHee OMarHoCTMPOBaHHbIM 3KCTpaHoAanbHbIM nopaxeHnem. Kpome Toro, y ogHOM nauMeHTKy no AaH-
HbolM OPIKT Obin BbISIBMEH runepmeTabonuyeckuin odar B nerkoM, He oGHapyxeHHbIl no pesynsratam KT.
B nccnenyemoit BbiGopke naumeHToB no AaHHbiM KT 1 OO3KT ¢ ®MTc-TI Hannune nopaxeHust KOCTHOTO
Mo3ra Habrntoganock B 0o4HOM cryyae. Kpome Toro, cumHTurpadmyeckoe nccneqoBaHme no3Bonuiio BbISBUTb
runepmetabonuyeckre y4acTku B nonatke y naumeHTa ¢ MHTaKTHoM no pesynstatam KT KOCTHOWM TKaHbHo.
3akntoyeHue. PesynsraTthl nccneqoBaHus NO3BOMSOT PEKOMEHA0BaTb Ucnonb3oBaHue ®mTe-TIT OPIKT B
KayecTBe LOMOSNHUTENBHOMO AUArHOCTMYECKOro MeToAa Ansa o6crneaoBaHUst NaLMEHTOB CO 311I0KAa4YEeCTBEHHBIMMU
nuMmdomMamun ansi CTaampoBaHus 3abonesaHus.

KnioueBble cnoBa: numdombl, nuMmcdomMma XoaKKMHa, HEXOAKKUHCKME NTMM(OMbI, 0o4HOOTOHHas
3MUCCUOHHAA KOMNbIOTepHasa Tomorpadus, **"Tc-1-Thio-D-rntoko3a.
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Abstract

Introduction. The purpose of this study was to evaluate the feasibility of using *"Tc-TG SPECT in the
detection and staging of malignant lymphoma. Materials and methods. Fifteen patients with newly diagnosed
malignant lymphoma underwent *™Tc-TG SPECT. Six patients had Hodgkin’s lymphoma and 9 patients had
aggressive forms of non-Hodgkin’s lymphoma (NHL): diffuse large B-cell ymphoma (7 cases), B-cell follicular
lymphoma (1 case), and lymphoma from B cells in the marginal zone (1 case). Stage IIA was diagnosed in
5 patients, stage IIB in 1, stage llIAin 1, stage IVA in 4 and stage IVB in 4 patients. Results. Pathological
9mTe-TG uptake in lymph nodes was observed in 14 (93 %) of the 15 patients. In one patient, the enlarged
submandibular lymph node (16 mm in size) detected by CT was not visualized by **"Tc-TG SPECT. This
false-negative result was likely to be associated with increased accumulation of ®"Tc-TG in the oropharyngeal
region. There were difficulties in the visualization of paratracheal, para-aortic and paracardial lymph nodes.
These difficulties were associated with a high blood background activity, which persisted even 4 hours after
intravenous injection of *™Tc-TG. Software-based SPECT and CT image fusion allowed visualization of these
lymph nodes. The pathological ®*™Tc-TG accumulation in axillary, supraclavicular, infraclavicular and cervical
lymph nodes was observed most often. Extranodal involvement was seen in 9 patients. *"Tc-TG SPECT
identified extranodal hypermetabolic lesions in 7 (78 %) of these patients. In one patient, hypermetabolic
lesion in the lung detected by *"Tc-TG SPECT was not detected on CT image. CT identified bone marrow
involvement in the pelvic and scapula in 1 patient. The use of ®"Tc-TG SPECT allowed the visualization of
hypermetabolic bone tissue lesions in this patient (Figure 4). In addition, in a patient with intact bone tissue on
CT, ®mTc-TG SPECT detected hypermetabolic lesions in the iliac bone. Conclusion. *™Tc-1-Thio-D-glucose
demonstrated increased uptake in nodal and extranodal sites of lymphoma. The results indicate that SPECT
with ®mTc-1-Thio-D-glucose is a feasible and useful tool in the detection and staging malignant lymphoma.

Keywords: lymphomas, Hodgkin’s lymphoma, non-Hodgkin’s lymphomas, single-photon
emission computed tomography, *"Tc-1-Thio-D-glucose.

Introduction

Tumors of the hematopoietic and lymphoid tissues
are relatively frequent in Russia, accounting for
approximately 5 % of all cancers in men and 4.6%
in women, and 5 % of all cancer deaths. In 2016, the
incidence rate for tumors of the hematopoietic and
lymphoid tissues was 19.58 per 100 000 population.
The average annual growth rate is 1.78 % [1].
Among lymphoid and hematopoietic tissue tumors,
Hodgkin lymphoma (HL) is observed most frequently
(30 %) [2]. Among non-Hodgkin's lymphomas
(NHLs), large B-cell lymphoma (33 %) and B-cell
follicular lymphoma (22 %) are the most common
lymphomas. Other types of lymphomas occur with a
frequency of less than 10 % [3].

Accurate staging for lymphoma enables better
prognostication and choice of the most appropriate
treatment [4]. Thus, the estimated recurrence-free
10-year survival is highest in patients with stage
I disease (90-95 %), slightly lower (80—85 %) in
patients with stage II, significantly lower (70 %) in
stage Il and does not exceed 30-50 % in stage IV
[4]. The Ann Arbor staging system for the assessment
of lymphoma includes computed tomography (CT)
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scans [5]. However, diagnostic capabilities of CT are
limited when visualizing lymph nodes of normal size.
Moreover, in patients with retroperitoneal lymph nodes
measuring from 1 to 3 cm, the likelihood of detection
of a specific lesion with CT is only 50 %. Even a
significant increase in the lymph nodes size (more than
3 cm) is associated with their benign hyperplasia in
25 % of cases. CT has low sensitivity in the diagnosis
of diffuse lesions of the liver, spleen and bone
marrow [6]. 18-F-fluorodeoxyglucose ("*F-FDG) —
positron emission tomography (PET), and more
recently PET/ computed tomography (CT), is the most
sensitive and specific imaging technique currently
available for patients with lymphoma.

Numerous studies indicate that PET has proved very
useful for staging and therapy response of lymphoma
[4-10]. The widespread use of PET in our country is
limited due to the high cost and low number of PET
centers, which are located mainly in the central regions
of the Russian Federation. At the same time, in Russia
there are more than 200 nuclear medicine departments
equipped with SPECT scanners. Therefore, the use of
radiopharmaceuticals labeled with gamma-emitting
nuclides remains relevant. *™Tc-1-thio-D-glucose
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(*™Tc-TG) is the promising radiopharmaceutical for
lymphoma imaging. This radiopharmaceutical is a
glucose derivative complex in the form of 1-thio-D-
glucose and #™Tc, in which 1-thio-D-glucose works as
aradioisotope label transport (**™Tc). A special feature
of the pharmacokinetics of the radiopharmaceutical
is the absence of its accumulation in the brain and
myocardium. Tomsk NIIC and Tomsk Polytechnic
University successfully completed the project
«Preclinical studies of radiopharmaceutical on the basis
of *"Tc labeled glucose derivative for tumor imaging
(Ne 14.N08.11.0033). The laboratory regulations
for ¥"Tc-TG preparation were developed, the
analytical methods for *"Tc-TG quality control were
elaborated and samples of the radiopharmaceutical
were synthesized and analyzed in accordance with
established methodology.

It was proved that " Tc-TG was characterized by
high accumulation in tumor cells in vivo and in vitro
[11-15].

The purpose of this study was to evaluate the
feasibility of using *™Tc-TG SPECT in the detection
and staging of malignant lymphoma.

Materials and Methods

The study included 15 patients (mean age
50.7+18.3, range: 25 to 75 years) with newly diagnosed
malignant lymphomas. None patients had previously
received chemotherapy. The diagnosis was verified
by immunohistochemical study. Six patients had HL
and nine had aggressive forms of NHL: diffuse large
B-cell lymphoma (7 cases), B-cell follicular lymphoma
(1 case), and lymphoma from B cells in the marginal
zone (1 case). Stage IIA was diagnosed in 5 patients,
stage [IB in 1, stage [IIA in 1, stage [IVA in 4 and stage
IVB in 4 patients.

Single photon emission computed tomography
was performed using a double-head gamma-camera
(E.CAM 180, Siemens) equipped with parallel high
energy collimators. The injection of *™Tc-TG at a
dose of 500 MBq was made intravenously into the
antecubital vein. Planar imaging began 4 hours after
injection. Images were obtained with the patients lying
in the supine position with the arms raised over the
head and with the face, skull, chest, neck, abdomen,
pelvis and groin included into the field of view. A total

of 32 projection images were recorded into a 64x64
matrix (30 seconds per projection) without hardware
magnification. The scan images were analyzed
using the manufacturer software (e.soft, Siemens,
Germany). Three-dimensional images of the chest,
sagittal, transverse and coronal sections were obtained.
Single photon emission computed tomography scans
were visually assessed. Images of the contralateral
areas were compared, and asymmetrically increased
radiotracer uptake was considered pathological.

Results and Discussion

The pathological *"Tc-TG uptake in lymph nodes
was observed in 14 (93%) of the 15 patients. In a patient
with diffuse large B-cell lymphoma, a single enlarged
submandibular lymph node (16 mm in size) detected
by CT was not visualized by *"Tc-TG SPECT. This
false-negative result is likely to be associated with the
physiological enhancement of *™Tc-TG accumulation
in the oropharyngeal region. There were difficulties
in the visualization of paratracheal, para-aortic and
paracardial lymph nodes. These difficulties were
associated with a high background activity, which
persisted even 4 hours after intravenous injection
of P"Tc-TG. Software-based SPECT and CT image
fusion allowed visualization of these lymph nodes.
The pathological *Tc-TG accumulation in axillary,
supraclavicular, infraclavicular and cervical lymph
nodes was observed most often Extranodal lesions
were observed in 9 patients (lung in 3 patients, liver
in 2, spleen in 2, stomach in 2 and parotid salivary
gland in 1). *™Tc-TG SPECT identified extranodal
hypermetabolic lesions in 7 (78%) of these patients.
9mTe-TG SPECT detected lesions in the lungs in 2
cases, in the liver in one, in the spleen in one, in the
stomach in one and in the parotid salivary gland in one
(Figure 2). In one patient, *"Tc-TG SPECT identified
hypermetabolic lesion in the lung that was not detected
by CT (Figure 3).

18F-FDG PET/CT was found to be superior to CT
in the detection of bone marrow lesions in patients
with lymphomas [16]. CT allows visualization of
such pathological lesions only in the presence of bone
destruction. CT detected bone marrow involvement in
the pelvic and scapula in 1 patient. The use of " Tc-TG
SPECT allowed the visualization of hypermetabolic

Figure 1. ®"Tc-TG SPECT images of a patient with Hodgkin’s lymphoma, nodular sclerosis, stage IIA,
lesions of right axillar and right pectoral lymph nodes (arrows)
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Figure 2. 99mTc-TG SPECT
images of a patient with
diffuse large B-cell lymphoma,
germinogenic type, stage II1A
(bulky) with lesions of the left
parotid gland (arrows)

Figure 3. 99mTc-TG SPECT
images of a patient with
Hodgkin’s lymphoma, nodular
sclerosis, IIA stage with lesions
of the left lung (arrows)

Figure 4. 99mTc-TG SPECT
images of a patient with
B-diffuse large-cell lymphoma,
stage VB, with lesions of
cervical lymph nodes, pelvic
bones and right scapula.
Hypermetabolic lesion in the
right scapula is seen (arrows)

Figure 5 99mTc-TG SPECT
images of a patient with
diffuse large B-cell lymphoma,
germinogenic type, stage
IVB with lesion of the left
submandibular salivary gland,
right inguinal lymph node,
lymph nodes of the abdominal
cavity, spleen. Hypermetabolic
lesion the iliac bone is
visualized (arrows)

Figure 6. 99mTc-TG
SPECT images of a patient
with diffuse large B-cell
lymphoma, germinogenic
type, stage IIB with lesion of
the left submandibular and
paratracheal lymph nodes.
Concomitant diagnosis: chronic
cholecystitis. Hypermetabolic
lesion in the gallbladder is
visualized (arrows)
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bone tissue lesions in this patient (Figure 4). In
addition, in a patient with intact bone tissue on CT,
PmTe-TG SPECT detected hypermetabolic lesions in
the iliac bone (Figure 5).

18F-FDG is characterized by its active accumulation
in inflammation lesions, reducing the specificity of
18F-FDG PET/CT in cancer patients. In our study, two
patients had cholecystitis as a concomitant disease;
all of them had pathological *"Tc-TG uptake in the
gallbladder (Figure 6). These observations indicate that
it is necessary to take into account clinical patient data
for the correct analysis of ®™Tc-TG SPECT findings.

The mechanism of cellular uptake of colorectal
carcinoma cell line HCT-116 and human lung
adenocarcinoma cell line A549 was studied [17]. The
levels of “™Tc-TG and 18F-FDG accumulation in HCT-
116 cells were nearly similar, while the 18F-FDG uptake
in A549 cell line was almost twice as much as *™Tc-
TG. #Tc-TG and 18F-FDG cellular accumulation
decreased when the glucose concentration increased,
and was enhanced in the presence of insulin. These
facts suggest that both 18F-FDG and *Tc-TG penetrate
into the cell with the participation of glucose transport
proteins. Physiologically, glucose is transported by the
facilitated sodium-independent glucose transporters
(GLUT1-GLUT®6, and GLUTS) and by the sodium-
dependent transporters (SGLT1 and SGLT2), with
a variable expression level of these transporters in
different human tissues. Most solid tumors exist in a
hypoxic environment and prefer anaerobic glycolysis
rather than aerobic glycolysis, converting glucose to
lactate and producing less ATP with a smaller oxygen
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consumption. Therefore, glucose accumulation is
frequently enhanced in tumors by overexpression of
glucose transporters, generally GLUT1 and SGLT1
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Conclusion
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showed a high uptake in the nodal and extranodal
lesions in patients with malignant lymphoma.
Therefore, we can consider *Tc-TG SPECT as an
additional diagnostic method for staging malignant
lymphoma.
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