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ABSTRACT

Aim. To perform a direct comparison of the diagnostic efficacy of [*"Tc]Tc-ADAPT6 and [*"Tc]Tc-(HE),-G3in
HER2-positive breast cancer patients before the systemic treatment.

Materials and methods. The study included 11 patients with HER2-positive breast cancer (T1-4N0-2M0-1)
before the initiation of systemic treatment. All patients underwent a radionuclide examination with [®"Tc]Tc-
ADAPT6 and [*"Tc]Tc-(HE),-G3 with the interval of 34 days. Single-photon emission computed tomography
(SPECT) /computed tomography (CT) was performed 2 and 4 hours after [*"Tc]Tc-ADAPT6 and [*"Tc]Tc-
(HE),-G3 administration, respectively.

Results. The analysis of [*"Tc]Tc-ADAPT6 and [*"Tc] Tc-(HE),-G3 distribution showed their high uptake in the
kidneys and liver. Breast tumors were visualized in all cases. The average tumor uptake of [99mTc]Tc-ADAPT6
was 4.7 £ 2.1, which was significantly higher than in the [99mTc]Tc-(HE)3-G3 injection (3.5 £ 1.7) (p < 0.005,
paired ¢-test). The tumor-to-background ratio (15.2 + 7.4 and 19.6 + 12.4, respectively) had no statistical differences
in both cases (p > 0.05, paired #-test). Liver metastases were visualized in patients 1 and 5 and corresponded to the
projection of metastases according to contrast-enhanced abdominal CT. The accumulation of [*"Tc]Tc-ADAPT6
and [®"Tc]Tc-(HE)3-G3 in the projection of metastases in both cases was significantly higher compared to the
primary tumor (1.3 and 1.7 times higher in patient 1; 2.2 and 3.5 times higher in patient 5, respectively).

Conclusion. Both [®*"T¢]Tc-ADAPT6 and [*"Tc]Te-(HE)3-G3 demonstrated the diagnostic efficacy in visualizing
a primary HER2-positive tumor in breast cancer patients. However, [99mTc]Tc-ADEPT6 had higher accumulation
values, which makes it a more promising diagnostic agent.
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PE3IOME

Hesb: npoBecHUE MPSAMOrO CPABHCHHUSI AMATHOCTHYECKOM 3ddekTiuBHOCTH npenapatoB [*MTc]Tc-ADAPT6 u
[*¥"Tc]Tc-(HE),-G3 y 60mbHb1x HER2-103MTHBHBIM paKOM MOIOYHOM JKeTe3bl IO Hayaaa CHCTEMHOTO JIEYEHHS.

Marepuainl 1 MeToabL. B nccnenopanue BxiroueHsl 11 601pHbIx HER2-M03UTHBHBIM pakoM MOJIOYHO# Kee3bl
(T1-4N0-2MO0-1) no Hayanma cuCTeMHOro JieueHus. Bcem OonpHbIM B MHTepBajie 3—4 IHEH BBIOJHSUIUCH
PaIMOHYKIIMIHBIC HCCIICNOBAHNS C HCIONB30BaHMEM Iperapatos [®"Tc]Tc-ADAPT6 u [*"Tc]Tc-(HE),-G3.
OnHOpOTOHHAsI IMUCCHOHHAsI KOMITbIOTEpHAst TOMOrpadusi/komnblotepHas Tomorpadus (KT) mpoBoxunack yepes
2 1a mpenapata [®"Tc]Tc-ADAPT6 u uepes 4 u ms [*"Tc] Te-(HE),-G3.

PesyasTatsl. [Ipn anammse pacrpeneneHuss 000HMX IpemapaToB OONBIINIT 3aXBaT HOPMAIBHBIMU TKAaHSIMH OBLI
OTMeYeH B MOYKax U nedeHu. OIyXonu MOJIOYHBIX JKelle3 BU3yalIN3HpOBAIICh BeeX ciaydasx. CpemHuid 3axBar
OIYXOJbI0 TIPH WCToNb30Banuu mnpernapara [®"Tc]Tc-ADAPT6 cocraswn 4,7 + 2,1, 9To GBUIO 3HAYHTEINB-
HO BEIME, YeM npH [*"Tc]Tc-(HE),-G3 (3,5 £ 1,7) (p < 0,005, mapusrif 7-tect). COOTHOIIEHHE OMyXOIb/(oH
(152 £ 7,4 u 19,6 + 12,4 cOOTBETCTBEHHO) B 000MX CIIy4asx HEe UMEJIO CTaTHCTHIECKHX paznmmumii (p > 0,05,
HapHEIH f-TecT). MeTacTassl B I€UCHb BH3YaIH3HPOBAHBI y MAMeHTOK Ne 1 U 5, YTO COOTBETCTBOBAIO MPOEKIHH
MeracTta3oB 1o gaHHEIM KT opraHoB OpIOIIHOI MONOCTH, BBITOJHEHHOW C KOHTPACTHPOBAHUEM. AKKYMYIISIHS
[*"Tc]Tc-ADAPT6 u [*"Tc] Tc-(HE),-G3 B npoeKuy MeTacTa3os y 06eHX GONBHBIX ObUIa 3HAYHTEIHHO BBINIC
[0 CPaBHEHHMIO C IepBHUYHOI omyxombio (B 1,3 1 1,7 paza y manmentku Ne 1; B 2,2 u 3,5 pasa y nanuenTku Ne 5
COOTBETCTBEHHO).

3akmouenue. Ipenapatel[* "Tc]Tc-ADAPT6 u [*"Tc]Tc-(HE),-G3 npoaemoHcTpupoBany cBoro 3 dexTHs-
HOCTh B OTHOIIEHUH BU3yann3auuy nepBUIHBIXHER2-I03UTHBHBIX omyXomei MoIo4HBIX xene3. [Ipn aToM akky-
myusinust [®"Tc] Te-ADAPT6 mmena Goiee BHICOKHE MOKA3aTeNN HAKOIUICHHSI, YTO JIEaeT 3TO COeAnHEHne boee
MEPCIIEKTUBHBIM JHArHOCTHIECKIM areHTOM.

KuroueBble ciioBa: pak MOJIOYHOM Kene3bl, 0THOQOTOHHAs SMUCCHOHHAS! KOMITBFOTEPHAst TOMOTpadusi, KOMIIbIO-
tepHast Tomorpadus ODIKT/KT, DARPinG3, ADAPT6, HER2/neu
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KoHpauKT nHTepecoB. ABTOPHI ACKIapUPYIOT OTCYTCTBHE SIBHBIX M MOTEHIMAIBHBIX KOH(IUKTOB UHTEPECOB,
CBSI3aHHBIX C MyOIUKanueil HacTosIeH CTaThU.

Hcrounuk ¢punancupoBanus. PaGora BemonHeHa B paMKkax rpaHTa MUHHCTEPCTBa HAYKU U BBICIIET0 00pa3oBa-
nud (cornmamenne Ne 075-15-2022-1103) o teme «Pa3paboTka TapreTHEIX MOJIEKYJI HA OCHOBE KapKacHBIX OEITKOB
JUTSL TUarHOCTHKY 1 TepaIny 3710KavyeCTBEHHBIX HOBOOOPA30BaHUI: TEPAHOCTUUECKUI OAXO/I».

CooTBeTcTBHE MPUHIMIIAM dTHKH. Bce manueHTs! moamucam HHQOPMHPOBAHHOE COTJIACHE HA yYacTHE B HC-
cienoBannu. MccenenoBanue onoodpeHo onostuuecknm komureroM HUM orkonorun Tomckoro HUMII (mpotokon
Ne 6 ot 04.03.2022).

Jst uutupoBanus: bparnna O /1., lees C.M., 'ap6yxos E.1O., l'onsaoepr B.E., YUepros B.1., Tonmmades B.M.
[Ipsimoe cpaBHEHUE IUATHOCTHYECKOH A(p(HEKTUBHOCTH pasuohapMaleBTHIECKHX HPernapaToB Ha OCHOBE allb-
TEPHATHUBHBIX KapKacHBIX MpoTenHoB [®*MTc]Tc-ADAPT6 u [*"Tc]Te-(HE)3-G3 y 6ombhbix HER2-mo3uTHBHBIM
PaKoOM MOJIOYHOM kenesbl. broanemens cubupckoi meduyunst. 2023;22(3):6-13. https://doi.org/10.20538/1682-

A direct comparison of the diagnostic efficacy of alternative scaffold-based

0363-2023-3-6-13.

INTRODUCTION

Overexpression of the human epidermal growth
factor receptor 2 (HER2 / neu) occurs in 20-25%
of breast cancer patients and indicates a need for
targeted therapy, which significantly improves
overall and relapse-free survival rates [1, 2]. Despite
the availability and prevalence of commonly used
immunohistochemistry (IHC) and fluorescent in situ
hybridization (FISH), there are still problems that
significantly limit the assessment of the HER2 / neu
status in patients with breast cancer. In particular,
the impossibility of performing a simultaneous
assessment of tumor spread and a molecular analysis
of identified sites remains obvious and is due to
difficulties or the impossibility of performing a core
biopsy [3, 4].

One of the solutions to these problems is targeted
radionuclide diagnosis [5], which is currently being
actively studied and uses alternative scaffold proteins
with optimal characteristicsasa*targeting” modulefor
delivering radioisotopes to tumor cells [6—8]. Thus, the
results of phase I clinical trials of [*"Tc]Tc-ADAPT6
(ClinicalTrials.gov Identifier: NCT03991260)
and [®"Tc]Tc-(HE)3-G3 (ClinicalTrials.gov ID:
NCT04277338) in breast cancer patientsdemonstrated
good tolerability and absence of adverse reactions
both at the time of injection and for the entire follow-
up periods. Also, in both cases, differences in the
accumulation of radiopharmaceuticalsin patients with
HER2-positive and HER2-negative breast tumors
were shown (p < 0.05, Mann — Whitney test), and
optimal dosages and study periods after the injection
of labeled proteins were revealed: 500 py and 2 hours
for [*"Tc]Tc-ADAPT6 and 3,000 p and 4 hours for
[®mT¢]Te-(HE)3-G3 [9, 10].

The results of the preclinical comparative analysis
of [*"Tc]Tc-ADAPT6 and [*"Tc]Tc-(HE),-G3
showed high uptake of both radiopharmaceuticals by
the HER2-positive SKOV-3 cdll line compared to the
HER2-negative MDA-MB-468 cell line [11]. The aim
of the study wasto perform adirect comparison of the
diagnostic efficacy of [®¥"Tc]Tc-ADAPT6 and [¥"Tc]
Tc-(HE)3-G3 in HER2-positive breast cancer patients
before the initiation of systemic treatment.

MATERIALS AND METHODS

Thestudy wasapproved by theBioethicsCommittee
at Cancer Research Institute of Tomsk NRMC
(Protocol No. 6 of 04.03.2022) and registered before
recruitment of patients (ClinicalTrials.gov Identifier:
NCT05376644). The study included 11 breast cancer
patients (T1-4NO-3M0-1) with overexpression of
HER2 / neu in the primary tumor before the initiation
of chemo / targeted therapy (Table 1). All patients
signed an informed consent to participate in the study.

Inall patients, the HER2/neu expression status was
established according to the immunohistochemistry
(IHC) of the biopsy material obtained from the primary
tumor according to the American Society of Clinical
Oncology (ASCOQO) / College of American Pathologists
(CAP) guidelines (2018). Tumors were classified as
HER2-positiveif an IHC score was 3+. The study was
carried out according to the standard methodology.
Lesions of the lymph nodes in al patients were
confirmed by the results of the histologic examination.

Before treatment, al patients underwent
mammography (Giotto Image), osteoscintigraphy with
®mTc pyrophosphate (Siemens Symbia Intevo Bold),
computed tomography (CT) of the chest (Siemens
Somatom Emotions 16 ECO), and ultrasound
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Table 1

Characteristics of breast cancer patients before the administration
of [*"Tc]Tc-ADAPT6 and [*"Tc]Tc-(HE)3-G3

fﬂin; Age, years | HER2 in primary breast tumor (IHC) ER, PR, K|Ei)7r ;gt)rtgp in primary Cllnlcdvaagleizt)gg;etumor

1 61 3+ (IHC) ER +; PR +; Ki67 40% IV (T4N3M1)
2 48 3+ (IHC) ER +; PR +; Ki67 18% 11B (T2NIMO)
3 26 3+ (IHC) ER +; PR +; Ki67 45% 11B (T2N1MO)
4 49 3+ (IHC) ER +; PR +; Ki67 20% | (TINOMO)

5 41 3+ (IHC) ER +; PR +; Ki67 45% IV (TINIMZ)
6 65 3+ (IHC) ER +; PR +; Ki67 60% 11B (T2N1MO)
7 59 3+ (IHC) ER —; PR —; Ki67 55% ITA (TIN1MO)
8 55 3+ (IHC) ER —; PR —; Ki67 18% 11B (T2N1MO)
9 38 3+ (IHC) ER +; PR + Ki67 25% 11B (T2N1MO)
10 65 3+ (IHC) ER —; PR —; Ki67 18% | (TINOMO)

1 63 3+ (IHC) ER +; PR + Ki67 10% | (TINOMO)

Note: ER — estrogen receptor, PR — progesterone receptor, Ki67 — marker of cell proliferation.

examination of the mammary glands, regiona lymph
nodes, and liver (GE LOGIQ E9). Patients 1 and 5
additionally underwent contrast-enhanced abdominal
CT. The size of the primary tumor and metastatic
lymph nodes was determined according to the
ultrasound findings.

Radionuclide  studies. Radiopharmaceuticals
[©"Tc]Tc-ADAPT6  and  [®"Tc]Tc-(HE)3-G3
were prepared using the aseptic technique at the
Department of Radionuclide Therapy and Diagnosis
of Cancer Research Ingtitute of Tomsk NRMC
immediately before the study. Labeling was carried
out according to the methods described earlier [12,
13]. The radiochemical yield was 97 & 1% for [*"Tc]
Tc-ADAPT6 and 97 + 2% for [®"T¢]Tc-(HE)3-G3.
The protein dose was 500 [ for [®*"Tc]Tc-ADAPT6
and 3,000 p for [*MTc]Tc-(HE)3-G3. Consecutive
intravenous injections of ready-made compounds
[#¥"Tc]Tc-ADAPT6 and [*®"Tc]Tc-(HE)3-G3 were
performed in all patientswith an interval of 34 days.

All patients underwent single-photon emission
computed tomography (SPECT) [/ computed
tomography (CT) of the chest using a Siemens
Symbia Intevo Bold scanner equipped with a high-
resolution low-energy collimator. SPECT / CT scans
were performed 2 hours after the injection of [®¥™Tc]
Tc-ADAPT6 and 4 hours after the injection of [*"T(¢]
Tc-(HE)3-G3. The images were reconstructed using
the XSPECT Reconstruction Protocol (Siemens) based
on the Ordered Subset Conjugate Gradient (OSCG)
method. A 3D Gaussian filter with a 10-mm FWHM
(soft tissue) was used. The images were processed
using the Syngo.via software package (Siemens).

Maximum standardized uptake values (SUVmax)
normalized for the body surface were calculated for
the primary tumors and the liver. SUVmax were also
determined in the contralateral symmetrical areas of
the breast to cal cul ate the tumor-to-background ratio,
aswell asin areas of the liver free from metastases
to calculate the liver / metastasis ratio. To assess
the uptake of the radiopharmaceuticals in healthy
organs, which may contribute to the occurrence of
background in typica metastatic sites, SUVmax were
also measured in unaffected lymph nodes, lungs (S3
of the right lung in the projection of the aortic arch),
and bones (five thoracic vertebrae).

The data were presented as M + m, where M is
the mean and m is a standard deviation. A paired
t-test was used to compare the uptake values and
derived parameters. The differences were statistically
significant at p < 0.05.

RESULTS

According to the results of IHC, all 11 patients
were diagnosed with HER2-positive breast cancer
(3+). Liver metastases were detected in two patients
(patients 1 and 5). When analyzing the distribution
of both radiopharmaceuticals, their greater uptake by
healthy tissues was noted in the kidneys and the liver,
while a greater uptake in the liver was detected using
[®"Tc]Tc-(HE)3-G3 (the distribution is shown in
Fig. 1). The uptake of [*"Tc]Tc-ADAPT6 (SUVmax
0.3 £ 0.1) in the contralateral breast area was
significantly higher than that of [*"Tc]Tc-(HE)3-G3
(SUVmax 0.2 + 0.1) (p < 0.01, paired r-test). At the
same time, the uptake of both radiopharmaceuticals
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did not differ in the unaffected lymph nodes
(p > 0.05, paired r-test). The accumulation of the
radiopharmaceuticals in unaltered lung tissue was
0.4 + 0.2 for [®*"Tc]Tc-ADAPT6 and 0.4 + 0.1 for
[®"Tc]Tc-(HE)3-G3; in bones— 0.6 + 0.2 and 0.9 +
0.5, which had no significant difference according to
the statistical analysis (p > 0.05, paired ¢-test) (Fig. 2).
Accumulation of the radiopharmaceutical was also
visualized in the salivary and thyroid glands.

[**"Tc]Tc-ADAPT6E

[#9™Tc]Te-(HE),-G3

Patient 8

Breasttumorswerevisualizedusingboth[*™Tc] Tc-
ADAPT6and[*"Tc] Tc-(HE)3-G3. Theaveragetumor
uptake of [*™Tc]Tc-ADAPT6 was 4.7 + 2.1, which
was significantly higher than for [®*"Tc] Tc-(HE)3-G3
(85 1.7) (p < 0.005, paired ¢-test). At the same
time, the tumor-to-background ratio (15.2 = 7.4 and
19.6 + 12.4, respectively) when using both com-
pounds showed no significant differences (p > 0.05,
paired t-test) (Fig. 3).

Patient 11

Patient 9

Fig. 1. Comparison of SPECT / CT using [*"Tc¢]Tc-ADAPT6 and [*™Tc] Tc-(HE)3-G3 in patients with HER2-positive breast cancer
(SUV is6.8inal images)
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Fig. 2. Accumulation (SUV) of [®¥™Tc]Tc-ADAPT6 and [*"Tc] Tc-(HE)3-G3 in healthy tissues: « — mammary gland; b — unaffected
lymph nodes; ¢ —liver; d —lungs (S3 of the right lung in the projection of the aortic arch); e — bones (fifth thoracic vertebra)
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Also, when using both [*"Tc]Tc-ADAPT6 and
[®"Tc]Tc-(HE)3-G3, metastatic lymph nodes were
detected in all patients (Fig. 4).

Liver metastases were visualized in patients 1
and 5 using both [®*"Tc¢]Tc-ADAPT6 and [®MTc]
Tc-(HE)3-G3 and corresponded to the projection
of metastases according to contrast-enhanced
abdominal CT (Fig. 5). In both cases, morphological

Tumor, SUV
Tumor-to-background ratio

Coronal plane

Patient 2 ADAPTE

Patient 2 DARPinG3

Sagittal plane

verification of the foci was not performed due
to refusal of the patients to undergo a biopsy.
Interestingly, the accumulation of [®*"Tc]Tc-
ADAPT6 and [*"Tc]Tc-(HE)3-G3 in the projection
of metastases in both patients was significantly
higher compared to the primary tumor (1.3 and 1.7
times in patient 1; 2.2 and 3.5 times in patient 5,

respectively).

Fig. 3. Accumulation (SUV) of [®*"Tc]Tc-ADAPT6 and

[®"Tc] Te-(HE)3-G3 in primary tumors and contralateral

symmetrical areas of the breast in patients with HER2-
positive breast cancer

Transverse Plane

Fig. 4. Accumulation of [*™Tc]Tc-ADAPT6 and [*"Tc] Tc-(HE)3-G3 in metastatic lymph nodes in HER2-positive breast cancer
patient. 2
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Coronal plane

Sagittal plane

| Patient 5 DARPInG3 ‘ Petient 5 ADAPT6 |

DISCUSSION

Performed phase 1 clinical trials of [®¥™Tc]
Tc-ADAPT6 and [*"Tc]Tc-(HE)3-G3 clearly
demonstrated the possibility of their use not only as
primary tumor imaging agents, but al so as markersthat
can effectively assess the HER2 / neu status in breast
cancer patients [9, 10]. Taking into account the results
of both analyses, a direct comparison of both [¥™Tc]
Tc-ADAPT6 and [*"Tc]Tc-(HE)3-G3 was naturally
required by a complex of preclinical and clinical
studies. Summarizing the data obtained, [*"Tc]Tc-
ADAPT6 showed its greatest efficacy in assessing
the HER2 / neu status in breast cancer patients and,
therefore, in selecting patients for targeted therapy.
At the same time, [*"Tc]Tc-(HE)3-G3 showed
its sensitivity to a change (decrease) in the HER2
/ neu expression in response to targeted therapy
with trastuzumab, and, therefore, it can be used for
monitoring an early response to systemic treatment

[11].
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