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PELLEH3UPYEMbIA HAYYHO-MPAKTUYECKHUHA
[0)xHo-PoccUICKMIA OHKOJIOTMYECKMI XKYPHanN

YypHan BxoauT B pekomMeHA0BaHHblii BAK PO nepeyeHb peLieH3upyeMbIX HayuHbIX XypPHaNoB v n3paHuii
ANs 0nyb6MKOBaHNA OCHOBHbIX HayuYHbIX Pe3ynbTaToB AUCCEPTALMiA Ha CONCKaHWe YUEHOI CTeNeHN KaHAMAATa U AOKTOpa Hayk.

«l0HO-Poccuiickuii OHKONOrMYecKmii XypHan»: npogeccuoHanbHoe
MeIMLMHCKOE U3faHue. B HeM ny6iuKylTCs HOBOCTU MEeAULIMHCKOrO
1 hapMaLLeBTMYECKOr0 COOBLLECTB, HayUHO-NPAKTUYECKUE CTATbU AN
LieneBoil ayAUTOpuM - BPayeii-OHKONOroB. Pefakuus XypHana cTaBut
cBOeii 3afiaueil nonynspu3aLmMio HayuyHo-MCCNefoBaTENbCKUX PaboT U
LOCTWXEHMIT OHkonoroB I0xHoro dbepepanbHOro okpyra, aHanua npo-
Lecca rny6okoii peopraHusaLum 3gpaBooxpaHeHus B Poccuu. Pepak-
LMsi NpUrnalaeT B Ka4ecTBe aBTOPOB BCEX, KTO WLLET U HAXOAMUT UHTe-
PecHble peLleHnsi MHOTOTPaHHbIX 3afay, CTOALLMX Nepes COBPEMEHHON
MeZMLMHOM, U XOUYET NOAENUTLCS CBOMMMU MbICISIMU W HAGNIOAEHUAMY
C Konneramu.

rMABHbIW PEOAKTOP

Llenb: cnoco6cTBOBaTh Pa3BUTUIO OHKONOTUYECKOi mepuumuHbl H0ra
Poccuun 1 BHeApeHuto e€ AOCTUXEHNIA B MPAKTUKY.

3apaum: ocBewaTb COBPEMEHHbIE [OCTUXEHUS OHKONOTMYEeCKoM
cnyx6bl I0ra Poccum; copeiicTBoBaTH 06MEHY ONbITOM U NepesoBbIMM
3HAHUAMM MeXJay crneuuanucTamu; MHGopMupoBaTh yuTaTenenn 06
UTOrax KpynHblX MeAULMHCKUX GOPYMOB.
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EXPERIENCE IN SURGICAL TREATMENT OF VERTEBRAL METASTATIC
TUMORS OF CRANIOVERTEBRAL LOCALIZATION

0. I. Kit', D. E. Zakondyrin®=, E. E. Rostorguev’, V. E. Rostorguev?, A. A. Maslov?

1. National Medical Research Centre for Oncology, Rostov-on-Don, Russian Federation
2. Moscow State Medical and Dental University named after A. I. Evdokimov, Moscow, Russian Federation
3. Rostov State Medical University, Rostov-on-Don, Russian Federation

B4 russiandoctor@mail.ru

ABSTRACT

Purpose of the study. Elaboration of a surgical technique to manage patients with metastatic lesions of the craniovertebral region.
Patients and methods. The study included 7 patients with metastatic lesions of the craniovertebral region, who've been oper-
ated on for severe instability, pain syndrome, neurological deficit in the period from 01/01/2014 to 09/30/2022. To assess the
neurological status and patients’ condition the Frankel and Karnofsky scales were used on the day of admission and discharge
of the patients from the hospital. Pain intensity was assessed using a visual analog pain scale (VAS). To assess instability
in the affected spinal motion segment the SINS scale was used. All patients underwent palliative surgical treatment in the
amount of occipitospondylodesis with a biopsy of the neoplasm from the posterior approach.

Results. The average age of patients was 60 [44; 66] years. All patients had a marked pain syndrome prior to the surgery. The
average pain intensity according to the visual analog pain scale was 8 points. In the preoperative period, 6 (85 %) patients on
the Frankel scale were assigned to group E, 1 (14 %) —to group C. In 6 (85 %) patients there was no dynamics in the neurolog-
ical status following the surgery, however according to the Karnofsky scale there was an improvement up to 10 points due to
the regression of the pain syndrome down to 1 point on the visual analog scale. Hemiparesis developed in 1 (14 %) patient
due to malposition of the laminar hook in the postoperative period. The average duration of surgical interventions made up
337.5[315; 345] min, the average intraoperative blood loss made up 300 [300; 800] ml. In 6 out of 7 patients (85 %) there was
no neurological status dynamics after the surgery, and according to the Karnofsky scale an improvement up to 10 points was
noted due to regression of the pain syndrome to an average value of 1 [1; 2] VAS score.

Conclusion. The obtained results indicate the clinical application possibilities of minimally traumatic surgical technologies
for the treatment of craniovertebral zone metastatic tumors.

Keywords: metastatic tumors, craniovertebral area, surgical treatment

For citation: Kit O. I., Zakondyrin D. E., Rostorguev E. E., Rostorguev V. E., Maslov A. A. Experience in surgical treatment of vertebral metastatic

South Russian Journal of Cancer 2023, Vol. 4, No. 3. P. 6-11 (c
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https://elibrary.ru/ysuvmk
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3.1.6. OHkonorus, nyyesas Tepanus

OPUT'MHANIbHAA CTATbA

OMbIT XUPYPTUYECKOTO JIEYEHUA METACTATMYECKUX OMYXONEN NO3BOHKOB
KPAHWOBEPTEBPAJTLHON TOKATIU3ALLUM

0. U. Kut', [I. E. 3akonabipuu®>, 3. E. PocTopryee', B. 3. Poctopryes®, A. A. Macnog®

1. HMUL, oHkonoruw, r. PoctoB-Ha-[loHy, Poccuiickas ®egepauus

2. MTMCY um. A. U. EBgokumoBa, r. MockBa, Poccuiickas ®epepauus
3. PoctI'MY, r. PocToB-Ha-[loHy, Poccuiickas Gepepauus

B russiandoctor@mail.ru

PE3IOME

Lienb uccnepoBanus. PasapaboTka MeTOAUKN XMPYPrUYECKOro eYeHUs: NaLMEHTOB C METACTaTUYECKUM NMOPaXXEHNEM
KpaHuoBepTebpanbHON obnacTy.

MauueHTbl U MeTOAbI. B nccnegoBaHne BKIOYEHO 7 60MbHbIX C METACTaTUYECKUM MOPaXXEHUMEM KpaHUOBepTe6panbHOM
0651acTH, ONepyvpoBaHHbIX MO MOBOAY BblpaXXeHHOW HeCTabunbHOCTH, 60N1EBOr0 CUHAPOMA, HEBPOornyeckoro aeduumTa
B nepuopg ¢ 01.01.2014 no 30.09.2022 rr. N OLEHKN HEBPOIOrMYECKOro cTaTyca U COCTOSIHUSA MaLMeHTOB UCMOMb30Ban
wkanbl Frankel n Karnofsky B ieHb NOCTynneHWs M BbINUCKM NaLMEHTOB U3 cTaluMoHapa. IHTeHCMBHOCTb 601€BOr0 CUHAPOMA
OLieHVBanu No BU3yasibHO aHanoroBoii Wwkane 6oau (BALL). [na oueHKU HeCTabUNbHOCTU B MOPaXXEHHOM MO3BOHOYHO-
OBuWraTenbHOM CerMeHTe nosb3oBanuchb LWwkanon SINS. Bcem nauueHTamM BbINOAHEHO NaniMaTMBHOE XMPYPruyeckoe neyeHve
B 06beMe OKLMNMUTOCNOHAMN0AE3a C 6UoNcuelrt HOBOO6pa3oBaHMWSA U3 3aiHEro JoCTyna.

Pesynbtatbl. CpefiHuit BO3pacT 60/bHbIX cocTaBui 60 [44; 66] neT. Y Bcex naUneHTOB 40 onepaLumn oTMeYasncs BblpaxeH-
Hbl 601EBO CUHAPOM, CPefHsIA UHTEHCMBHOCTb 60/1M MO BU3yasbHO aHaNoOroBOK LuKane 60nu coctaBunsna 8 6annos.
B npegponepaunoHHoM nepuoge 6 (85 %) 6onbHbIX No Likane Frankel oTHeceHbl k rpynne E, 1 (14 %) — k rpynne C. Mocne
onepaumnn y 6 (85 %) 60/1bHbIX AMHAMKKa HEBPOJIOMMYECKOr0 CTaTyca OTCYTCTBOBasa, 04HaKo no Lwkane Karnofsky otmeua-
nocb ynyyweHue go 10 6annos BcneacTeue perpecca 60neBoro cuHapomMa o 1 6anna no Bu3yasnbHO aHanoroBou Lwkane
60nun. Y 1 (14 %) 60nbHOro BCNeACTBUE Manbno3uL My TaMUHApHOTO KProYKa B MOCNEONepaLMoHHOM nepuoge passuics
remunapes. CpeaHsa NPOAOCHKUTENIbHOCTb BbINOMHEHHbIX ONepaTUBHbIX BMeLLaTeNnbCeTe cocTaBuna 337,5 [315; 345] MuH,
cpefHssA MHTpaonepaumoHHasa kposonoTepsa — 300 [300; 800] Mn. Y 6 na 7 60/bHbIX (85 %) AMHAMUKA HEBPOIOrMYECKOro
cTaTyca rnocrsie ornepawmu oTcyTcTBoBana, a no wkane Karnofsky ormeuanochk ynydwenue go 10 6annos BcneacTeume perpecca
60/1eBOro CMHAPOMa 10 cpeaHero sHadeHus 1 [1; 2] 6ann no BALL.

3akntoyeHue. [NonyyeHHble pe3ynbTaTbl CBUAETENLCTBYIOT O BO3SMOXHOCTAX K/IMHUYECKOrO NMPUMEHEHUS MUHUMASbHbIX
Nno TPaBMaTMYHOCTU TEXHONOMUIA B XMPYPrMYECKOM JIEYEHUN MEeTacTaTUYECKMX ONyXoel KpaHNOBEPTEGPAIbHOM 30HbI.
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INTRODUCTION

Metastatic lesion of the upper cervical seg-
ments of the vertebral column occurs in no more
than 0.5-1 % of cases. Due to the low frequency of
lesions of the upper cervical vertebrae, most stud-
ies in the available literature are represented by
small series of patients. The body of the second
cervical vertebra is most often affected due to its
size and abundant blood supply. The main prob-
lem of this category of patients is spinal instability,
which, in addition to severe pain syndrome (in 90 %
of patients), can manifest symptoms of compres-
sion of the upper spinal cord such as tetraparesis
(in 0-20 % of patients), and with the development
of ascending edema, even respiratory arrest and
death [1; 2]. Thus, the fixation of the spine comes
to the fore in the surgery of metastatic lesions of
the craniovertebral region. External fixation meth-
ods (collar, Halo device) are inconvenient and can
cause various complications with prolonged use in
an average of 40 % of patients. And no convincing
data on their effectiveness has been obtained [3].
Internal fixation methods are preferred.

According to the literature, there are several types
of surgical strategies. The first and least radical
option involves the use of occipitospondylodesis
from the posterior access without resection of the
tumor [3; 4]. The advantage of posterior access is
explained by the peculiarities of the axial load dis-
tribution in the craniovertebral region, where 64 %
of it falls on the posterior structures, and not on the
anterior ones as in the lumbar spine. The use of oc-
cipital plates with bicortical screws and screws for

lateral masses are the methods of choice due to the
high fatigue strength and torsion resistance of the
structure.

The second variant of surgical tactics implies the
addition of posterior fixation by vertebroplasty with
transpedicular access [5], less often with transoral
access [6].

The third and most radical variant of the tactic, in
addition to fixation from the posterior access, implies
intra-tumor resection of the neoplasm through a ret-
ropharyngeal [7; 8] and even a transmandibular [9]
approach. Thus, the problem of choosing the optimal
tactics in the surgical treatment of metastatic spinal
tumors, including craniovertebral localization, still
remains insufficiently developed.

The purpose of the study: to develop a technique
for surgical treatment of patients with metastatic
lesions of the craniovertebral region.

PATIENTS AND METHODS

The study included 7 patients with cranioverte-
bral lesion out of 145 patients operated on for met-
astatic tumors of the vertebrae in the period from
01/01/2014 to 06/30/2022 in the Department of
Neuro-Oncology of the National Medical Research
Center for Oncology and the Department of Neuro-
surgery of the Moscow State University of Medicine
and Dentistry named after A. |I. Evdokimov.

To assess the neurological status and condition
of patients, the Frankel and Karnofsky scales were
used on the day of admission and discharge of the
patient from the hospital. The intensity of the pain
syndrome was assessed by a visually analog pain

Fig. 1. Occipitospondylodesis in patient No. 3. A — computed tomography data before surgery. B, C — computed tomography data after the

surgery.
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scale (VAS). The SINS scale was used to assess
instability in the affected vertebral-motor segment.

All patients underwent palliative surgical treat-
ment in the volume of occipitospondylodesis with
a biopsy of the neoplasm from the posterior access.
Occipitospondylodesis was performed using a de-
sign consisting of occipital plates and neck screws
inserted into the lateral masses, or laminar hooks
(depending on surgeon's choice) (Fig. 1).

All the necessary patient data were recorded
in the Microsoft Excel electronic database, after
which the data was analyzed using the Statistica
7.0 program. For each group of indicators, the type of
data distribution was determined (histograms were
constructed according to the Kolmogorov-Smirnov
agreement criterion). When the distribution differs
from the normal one, median values, 1st and 3rd
quartiles (Me [Q1; Q3]) were used for the description.

RESEARCH RESULTS

The study group of patients was analyzed accord-
ing to such signs as: gender, age, histological type of
primary tumor, localization of metastatic lesion, in-
dicators on the Frankel, Karnofsky, VAS, SINS scales
(Table 1).

The average age of the patients was 60 [44; 66]
years. All patients had anterior and anterolateral
localization of the neoplasm with a predominant
lesion of the vertebral bodies, 2 (28 %) patients had

KpaHuoBepTeGpanbHoOil oKanuaaLmumn

unilateral sprouting of the vertebral artery tumor. In
6 (85 %) patients, the degree of epidural compres-
sion corresponded to grade 1,in 1 (14 %) patient —
grade 3 (due to pathological dislocation of the ver-
tebra). The average score on the SINS scale among
all patients on this scale was 8.5 [7; 9]. All patients
had significant pain syndrome before surgery with
the average pain intensity scores according to VAS
of 8 [7; 8].

Concomitant visceral metastases were detected
in 2 (28 %) patients, metastases to other bones —in 2
(28 %) patients, metastatic lesions of the liver, lungs,
pelvic bones and spinal column were simultaneously
diagnosed in 1 patient.

The average duration of surgical interventions
performed was 337.5 [315; 345] minutes, the aver-
age intraoperative blood loss was 300 [300; 800] ml.
Intraoperative complication in the form of a laminar
hook malposition with spinal cord compression and
the development of hemiparesis in the early postop-
erative period was noted in 1 patient.

The dynamics of neurological disorders on the
Frankel scale and the functional status of the patient
on the Karnofsky scale after surgical stabilization
were analyzed in a group of patients. In 6 out of 7 pa-
tients (85 %), there was no dynamics of neurological
status after surgery, and according to the Karnofsky
scale, an improvement of up to 10 points was noted
due to the regression of pain syndrome to an average
value of 1 [1; 2] point according to VAS.

Table 1. Operated patients’ characteristics

. . Tumor Scores by VAS
Patient Age, years Sex Histology i o By Frankel Karnofsky TG SINS
Scores 66 F Carcinoma WAD C1-C2 E 70 7 11
2 67 M Carcinoma WAD C1-C2 C 50 8 9
3 a4 E Renal clear cell c2 E 70 8 7
carcinoma
4 37 M Renal clear cell c1 E 70 7 7
carcinoma
5 59 F Renal clear cell c2 E 50 10 8
carcinoma
Lung :
6 61 M adenocarcinoma C2-C3 E 60 8 °
7 60 M Carcinoma WAD Cc2 E 70 7 7

Note: WAD stands for: without additional details.
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DISCUSSION

The purpose of surgical intervention in metastat-
ic lesions of craniovertebral localization cannot be
radical removal of the tumor. Even block resection
is effective only with respect to local control of me-
tastasis, provided it is performed within healthy
tissues, but it is unable to prevent the progression
of metastatic lesion in general [12]. In our opinion,
intra-tumor cytoreduction of secondary neoplasm
at the C1-C2 levels can be surgically extremely chal-
lenging, according to the data of literature sources
(Table 2).

The analysis of publications shows that the addi-
tion of posterior fixation in case of C1-C2 segment
damage by intra-tumor cytoreduction significantly
lengthens the duration of surgery, significantly in-
creases intraoperative blood loss and surgical risks,
with similar results of the degree of regression of
pain syndrome in the immediate and long-term post-
operative period.

The benefits of surgical decompression in the
developed phenomena of pronounced epidural
compression of the spinal cord by a tumor at first
glance seems obvious. However, Uei H. et al. [13]
when choosing the volume of decompression,
consider the leading factor not to be the degree
of epidural compression of the spinal cord, but
the severity of limb paresis and recommend the
use of decompression with a degree of paresis
D2 or more instead. Uei H. et al. [13] believe that
there is no direct correlation between the severity
of paresis and the degree of epidural compression.
Uei H. et al. and other authors report the advan-

tages of stabilization without decompression over
decompression-stabilizing interventions in patients
with metastatic vertebral lesion, even with 2-3 de-
grees of epidural compression without neurological
deficiency [13; 14].

In this study, it was noted that in patients, the
manifestation and clinical picture of the disease
caused by motor deficiency (Frankel group C) was
only in 1 (17 %) of the patient, in the remaining pa-
tients there was no violation of the transverse con-
duction function of the spinal cord at the levels of
C1-C2 segments. An MRI picture of marked epidural
compression was also presented only in one case,
however in another patient. Thus, there were no in-
dications for decompression of the spinal canal in
the group of patients presented by us.

Taking into account the topographic and anatom-
ical features of the craniovertebral region, the high
risks of developing instability of the craniospinal
zone, accompanied by a intense pain with its meta-
static lesion, the use of isolated spine stabilization
technology seems to be the most favourable in the
treatment of this category of patients. This is indi-
rectly confirmed by the fact that most of the avail-
able publications on the topic of surgical treatment
of metastatic lesions of the craniovertebral region
describe this technology [3-6].

CONCLUSION

The data obtained by us indicate clinically satis-
factory results on minimal traumatic technologies
utilized in the scenario of craniovertebral zone met-
astatic leasions surgical treatment.

Table 2. Literature data on various types of surgical interventions performed in patients with metastatic lesions of the

craniovertebral region

o gy Mmool rocsre gy Cymliaien Py
0SD* etZ?,Stzao%igT i3 39 2350+51.9  364.8+252.1 8% 01 .grzT.f'(de.som)
OSD+VP* lejo)g'sefs?l" 10 182 (120-255) (2535350) 10% 25503 éi%ﬁ)%)
OSD+TR* W;o)g'eeb?l" 15 252 (150-300) (76833(2)00) 27% 02133140 (1}314702.01)

Note: OSD stands for occipitospondylodesis, 0SD+VP is for combination of occipitospondylodesis and vertebroplasty, OSD+TR is for
combination of occipitospondylodesis and tumor resection from retropharyngeal/posterior access.
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CLINICAL AND MORPHOLOGICAL FEATURES OF BLADDER CANCER
COURSE IN HPV-INFECTED PATIENTS
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ABSTRACT

Purpose of the study. To study the histological type, grade of tumor differentiation in patients with primary and recurrent
clinically non-muscle-invasive bladder cancer (NMIBC) with highly carcinogenic human papillomavirus (HPV) infection.
Patients and methods. Formalin-fixed and paraffin-embedded bladder tumor tissue samples have been studied in 159
patients who underwent transurethral resection (TUR) of the bladder, for the presence of HPV DNA. To detect, quantify and
differentiate DNA of HPV 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, 68 genotypes in the samples, the AmpliSense® HPV
HRC genotype-titer-FL was used. The result of the study was taken into account when the amount of DNA of the B-globin
gene was at least 1000 copies per reaction. In order to statistically analyze our data we used the Fisher exact test and also
calculated the odds ratio (OR) and 95 % CI.

Results. According to the results of the study, out of 159 patients, high-risk HPV DNA was detected in the tumor tissue in 59
(37.1 %), of which HPV type 16 was found in 52 patients (89.4 %), HPV 18 was detected in 4 patients type (6.7 %) and type
35in 3 (5.08 %). In a morphological study of the tissues of HPV-positive patients, the grade of tumor differentiation was
G2 in 18 cases (30.5 %), G3 in 37 blocks, and G1 was detected only in 4 cases (6.7 %). In the presence of HPV, the chance
of detecting a stage G3 tumor increases by 4.3 times. According to the received data, we can assume that there is a close
relationship between detection in HPV patients of high-risk genotypes with moderately differentiated and low-differentiated
forms of bladder cancer.

Conclusion. this study may indicate that HPV infection affects the grade of tumor differentiation, and this, in turn, may allow
the use of the HPV test to assess the nature of the development of relapse and/or progression of the disease.

Keywords: bladder cancer, human papillomavirus, urothelial carcinoma, transurethral resection of the bladder
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3.1.6. OHKonorus, nyyeBas Tepanus

OPUr'MHAJIbHASAl CTATbA

KNUHWUKO-MOP®ONIOTMYECKME OCOBEHHOCTM TEYEHWUA PAKA MOYEBOTO MMY3blIPA
Y BMNY-MHOULIMPOBAHHbIX bOJIbHBIX

A. A. Nynartosa®, C. H. fumutpnagn, [. C. Kytunuu, T. A. 3bikoBa, E. M. ®panumnsHnu, E. A. lleBsikoBa,
B. K. XBaH, C. U. l'oHyapoB

HMWL| oHkonoruwm, r. PoctoB-Ha-[loHy, Poccuiickas Gegepauus
B4 dr.pulatova05@gmail.com

PE3IOME

Lienb uccnepoBaHus. /13yyeHne ructonornyeckoro Tmna, creneHn AmbdepeHuMpoBKM ONyXonu, Y 60bHbIX NEPBUYHBIM
1 PeLMANBUPYIOLLMM KIMHUYECKU HEMbILLEYHO-MHBA3UBHBIM pakoM Mo4eBoro ny3sbips (HMUPMIT) npy uHdeKumn BUpPycom
nanunnomMbl yenoseka (BMY) BbICOKOro KaHLLEPOreHHOro pucka.

MaumeHTbl U MeTOAbI. M3yyeHbl 06pa3sLibl HUKCUPOBaHHbIX B GOpManuHe 1 3anuTbix B napaduH TKaHel onyxonei Mo4eBoro
nyabipsa y 159 naumneHTOB, NepeHecLIMX TpaHCypeTpanbHyto pesekumio (TYP) MoyeBoro nysbips Ha Hanudve JHK BMNY. Ons
BbIAB/IEHUS], KONIMYECTBEHHOIO onpeaenexnns n guddepeHumaumm JHK BMY 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66,
68 reHoTUNOB B 06pasLiax ncnonb3osanu Habop peareHToB «<AMNANCeHc® BMY BKP reHoTun-TuTp-FL». Pe3ynbTaThbl yunThl-
Banucb npu konuyectee JHK B-rnobuHoBoro reHa He MeHee 1000 Konuit Ha peakuuio. 1518 NpoBeaeHUst CTaTUCTUYECKOro
aHanM3a nosly4YeHHbIX HaMu1 AaHHbIX, Mbl UCMONb30BaNM TOYHbIN KpuTepuii Guiuepa, a TakKe paccymTbiBanI OTHOLLIEHUE
waHcos (OR) ¢ 95 % AU (ClI).

Pesynbrathbl. [0 pe3ynbtataM uccnepgoBaHus us 159 nauventos OHK BMY Bbicokoro pucka 6bina o6HapyXeHa B TKaHU
onyxonu y 59 (37,1 %), u3 Hux BMY 16 Tuna y 52-T1 60nbHbIX (89,4 %), y 4-x BbiAneH BMY 18 Tuna (6,7 %) u 35 Tuna 'y 3-x
(5,08 %). Mpu MmopdonornyeckoM nuccnegoBaHuy TkaHen BIMNY-no3UTUBHbBIX NALMEHTOB CTeneHb AUbHEPEHLMPOBKM OMy-
xonu B 18 cnyyvasix (30,5 %) sensinack G2, B 37 6nokax- G3 v nuwb B 4 cnyyasix (6,7 %) BoisieneH G1. Mpu Hanuuum BMY
nosbiwaetcs B 4,3 pa3a LaHc 06Hapy>xeHus onyxonu ctagumn G3. Mo nonyyeHHbIM AaHHbIM Mbl MOXKEM NPEeLNONOXUTb,
4YTO UMeETCs TeCHasi CBA3b MeXAyY BbisiBNIeHWeM Yy naumeHToB BIMNY reHOTUNOB BbICOKOro pucka C HaiMunem yMmepeHHo
OnbdepeHLMpoBaHHbIX U HU3KogMddepeHLpoBaHHbIX GopM paka Moyesoro nyabipa (PMI).

3aknioyeHue. [laHHOe NCCNefoBaHNe MOXeT CBUAETeNIbCTBOBAaTb O TOM, YTo BIMY nHbekumns BnuseT Ha cTeneHb andde-
PEHLIMPOBKM OMyX0JIK, @ 3TO B CBOO OYEPeAb, MOXET NO3BOUTL UCMOob3oBaTh BINY-TecT ans oueHkM xapakTepa pasBuTus
peLuanBa 1/nnm NporpeccupoBaHuns 3a6osieBaHus.
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INTODUCTION

Bladder cancer (BC) is one of the most common
pathological conditions, which ranks 7th among
men and 17th among women in the world. In Russia,
this disease ranks 9th among the male population
(4.6 %), and 16th among women population. In recent
years, the incidence of bladder cancer has increased,
however, the widespread use of visualization diag-
nostic methods allows diagnosing bladder cancer in
75 % of cases at stage I-ll of the disease. Neverthe-
less, this disease is a growing public health problem
due to the frequent recurrence and progression of
the tumor process [1].

Urothelial carcinoma, which accounts for about
90 % of all cases of bladder cancer, is so far the most
common histological type worldwide. The stratifica-
tion of bladder cancer can be binary, based on the
depth of penetration, i.e. muscle-invasive (MIBC)
and non-muscle-invasive (NMIBC) bladder cancer.
NMIBC accounts for about 75 % of newly diagnosed
urothelial cell carcinoma of the bladder [2]. Due to
the high mitotic activity of urothelial bladder carcino-
ma (UBC), despite the radical transurethral resection
of the bladder tumor and adjuvant intravesical ther-
apy, after performing transurethral resection of the
primary tumor in NMIBC, relapse occurs in 30-60 %
of cases [3].

Well-known risk factors for bladder cancer include
cigarette smoking, several occupations associated
with exposure to aromatic amines (for example, in-
dustrial production of dyes), cyclophosphamide and
frequent use of the analgesic phenacetin. Possible
carcinogens for bladder cancer are parasitic (schis-
tosomiasis) and bacterial agents (nonspecific urinary
tract infections, gonorrhea), as well as viral infections
such as human papillomavirus (HPV) [4; 5].

One of the most common sexually transmitted
infections is HPV. During the examination of pa-
tients in medical centers of the Russian Federation
(RF) in 2019 the HPV deoxyribonucleic acid (DNA)
was discovered in 5015 (39 %) of 12946 examin-
ees. It was also noted that 3509 patients had one
type of HPV, and 1957 patients had several types of
HPV, and among 5015 people 8584 had HPV of dif-
ferent types [6]. There are more than 200 different
types of HPV affecting human mucous membranes
and skin, of which 14 types belong to the high-risk
group (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59,
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68 and 73). Those are detected in 98 % of cases
of cervical, vaginal and vulvar cancers. HPV 6 and
11 are the most common cause of genital warts,
whereas HPV types 16 and 18 lead to the devel-
opment of intraepithelial neoplasia and cervical
cancer [7]. HPV is also a well-known mucosotropic
carcinogen and a common cause of cancer in the
anogenital region.

HPV DNA replication occurs only in the cells of
the basal layer, and in the cells of other layers of the
epidermis, viral particles only persist, including the
transition zones of the multilayer epithelium into the
cylindrical one. This process is controlled by virus
proteins, which disrupt the normal process of cell
differentiation, leading the death of the cellular nu-
cleus and, as a result, the alteration of the epidermis.

A feature of HPV is its ability to persist in the hu-
man body for a long time, affecting only the basal
layer of the epithelium, while it does not penetrate
into the blood. The virus resides in the form of an
episome in the cell, and due to this infection course
is often benign [8].

When comparing groups of HPV-positive and
HPV-negative patients, higher cellular anaplasia was
found in people with BC infected with HPV, due to
which primary cancer is more often HPV-positive in
contrast to recurrent [9].

According to a study by the Department of Hu-
man Pathology of Wakayama Medical University (Ja-
pan), using the in situ miRNA hybridization (RISH)
RNAscope method, high-risk HPV E6/E7 mRNA
was analyzed in shear of BC tissues filled with par-
affin. Low-grade and high-grade urothelial cancer
(UC) were detected in 61 (26.8 %) and 167 (73.2 %)
cases, respectively. Noninvasive UC was the most
common tumor (39.5 %, including 37.3 % pTa and
2.2 % PTIs), followed by invasive pT1 (21.9 %), pT2
(18.0 %), pT3 (11.4 %), pT4 (3.1 %) and metastatic
tumor (6.1 %) [3].

Despite the experimental and theoretical data
accumulated up to date, many oncogenic proper-
ties of HPV, their involvement in the pathological
process and influence on the processes of relapse,
progression of bladder cancer remain poorly un-
derstood.

Purpose the study: to study the histological type
and the grade of tumor differentiation in patients
with primary and recurrent clinically muscle- noninva-
sive BC with HPV infection of high carcinogenic risk.
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PATIENTS AND METHODS

Our study involved patients with confirmed BC
(n = 159) who underwent transurethral resection
(TUR) of the bladder. The average age of the pa-
tients was 63.7 years + 11.6 years. Among them
136 men and 23 women were. All patients (n = 159)
included in the study had a preoperative clinical
stage cTTINOMO. The criteria for inclusion in the
research work were the following: morphologically
confirmed non-muscle-invasive urothelial bladder
cancer in the clinical stage cTTNOMO, where can
be performed transurethral resection. The patients
voluntary participation in all stages of the study
was confirmed by informed consents they have
signed. We also put forward criteria according to
which we excluded patients from the study, and
those are: the presence of non-urothelial BC; the
presence of therapeutic or psychiatric reasons that
could potentially challenge the participation in the
study; pregnancy or lactation; inability to perform
transurethral resection of BC. Transurethral resec-
tion of the bladder for primary BC was performed
in 97 patients, and 62 patients underwent surgery
for recurrent BC.

HPV status of patients was determined by PCR
test. The presence of HPV DNA was determined in
tumor tissue, which was fixed in formalin and filled
with paraffin (FFPE tissue). Before the analysis, the
paraffin was removed with xylene and 96 % ethanol.
HPV DNA of high cancerogenic risk was determined
(16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59 types) by
PCR. The cross-binding of formalin to DNA was elim-
inated by incubation at a temperature of 90 °C after
cleavage with proteinase. The result of the study

0COGEHHOCTM TEYEHUSI paka MOYeBOro My3blps y BMY-MHGULMPOBaHHbBIX 6ONbHBIX

was taken into account when the amount of DNA
of the B-globin gene was at least 1000 copies per
reaction. To carry out statistical analysis of the data
obtained by us, we used the Chi-square Criterion with
the Yates correction, the exact Fisher criterion, and
also calculated the odds ratio (OR) with 95 % CI. To
assess the strength of the relationship between the
risk factor and the histotype, stage or relapse, a nor-
malized value of the Pearson coefficient or Kramer's
criterion V was used.

STUDY RESULTS

According to our study, in samples from 159 FFPE
DNA blocks, HPV of high oncogenic risk was detect-
ed in tumor tissue in 59 patients (37.1 %). HPV type
16 of those was present in 52 patients (89.4 %), HPV
type 18 (6.7 %) in four patients, and HPV type 35 was
detected in three patient (5.08 %). During morpholog-
ical examination of the tumor tissue of HPV-positive
patients, only 43 (72.6 %) patients had a typical tran-
sitional-cell BC, and 15 (24.4 %) patients had squa-
mous cell differentiation and 1 (1.7 %) patient had
micropapillary BC (Table 1). The last two histological
variants refer to tumors of high malignant potential
(high-grade), which is a poor prognostic criterion.
While in HPV-negative patients, 96 (96 %) patients
had a typical transitional cell BC and 4 (4 %) patients
had squamous cell differentiation

Evaluation of the significance of histotype dif-
ferences depending on the exposure to risk factor
(HPV) showed that statistically significantly the ab-
sence of HPV infection leads to the development
of transitional cell BC (Chi-squared criterion with
Yates correction = 15.994, p < 0.001; Fisher's exact

Table 1. Urothelial cancer morphological type depending on HPV presence

HPV-positive BC patients (n = 59)

HPV-negative BC patients (n = 100)

Transitional cell BC (n = 139)

43 (72.9 %)

96\ 100 (96 %)

Squamous cell BC (n = 19)

15 (25.4 %)

4\100 (4 %)

Miscropapillary BC (n = 1)

1(1.7 %)

Not detected
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criterion (bilateral) = 0.00004, p < 0.05). At the same
time, the strength of the relationship between the risk
factor and the histotype was relatively strong (the
normalized value of the Pearson coefficient = 0.451).

Histological examination of the tumor tissue of
HPV-positive patients according to the degree of
tumor differentiation obtained the following results:
G2 was detected in 18 cases (30.5 %), G3 —in 37
blocks (62.7 %) and only in 4 cases (6.7 %) G1 was
detected (Table 2)

The statistical analysis showed that the presence
of HPV reduces the chance of detecting a tumor of
stage G1 (Lower limit, 95 % CI 0.140 Upper limit 95 %
ClI (Cl) 1.427) and G2 (Lower limit 95 % CI 0.161.
Upper limit 95 % Cl 0.629). In the presence of HPV
the chance of detecting a G3 stage tumor increas-
es by 4.3 times (The lower limit is 95 % Cl 2,180,
the upper limit is 95 % CI 8,578), according to the
obtained data, we can assume that there is a close
relationship between the detection of high-risk HPV
genotypes in patients with the presence of moder-
ately differentiated and low-differentiated forms BC.

We also found that HPV does not significantly
affect the development of grade G1, but affects the

development of grade G2, as well as G3 (Fisher's
exact criterion (bilateral) = 0.00003, p < 0.05).

In the structure of patients, recurrent HPV infec-
tion was detected more often (in 46.8 % of cases)
than in patients with primary BC (in 30.9 % of cases)
(Table 3).

According to the criteria for assessing the signif-
icance of differences in outcomes, our value (4.07)
exceeds the critical one, which means that based
on the application of Pearson's criterion x2, the null
hypothesis about the absence of a statistical rela-
tionship between the studied risk factor and the out-
come can be rejected at a critical significance level
of 5% (p = 0.044). At the same time, the value of the
Yates-adjusted X2 criterion is 3.419, which is less
than the critical value (3.841), which means that we
cannot reject the null hypothesis about the absence
of a statistical relationship between the risk factor
and the outcome (p = 0.065). It is also shown that
there is a weak link between the development of
relapse of BC and HPV infection (Kramer's criterion
V =0.160).

However, an analysis of the effect of HPV infec-
tion on disease recurrence when calculating the odds

Table 2. The quantitative relations among HPV-positive and HPV-negative morphologically confirmed BC cases of different

tumor grades of differentiation

HPV-positive BC patients (n = 59)

HPV-negative BC patients (n = 100)

G1 (person) 4 (6.8 %) 14 (14 %)
G2 18 (30.5 %) 58 (58 %)
G3 37 (62.7 %) 28 (28 %)

Table 3. HPV status of the patients with primary and recurrent BC

HPV-positive BC patients (n = 59)

HPV-negative BC patients (n = 100)

Primary BC (n = 97)

30 (30.9 %*)

67 (69.1 %*)

Recurrent BC (n = 62)

29 (46.8 %**)

33 (53.2 %*)

G3 37 (62.7 %)

28 (28 %)

Note: * — out of all patients with primary BC, ** — out of all patients with recurrent BC.
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ratio with a 95 % confidence interval showed that
HPV infection increases the chances of relapse by
2 times (Odds Ratio (OR) = 1.963, the standard error
of the odds ratio (S) = 0.336, the lower limit 95 %
Cl = 1.015, the upper limit 95 % Cl = 3.793).

After pathomorphological examination of the sur-
gically removed material migration of the stage from
clinical preoperative T1 to stage T2 in the postoper-
ative material in HPV-positive patients with BC was
observed 4.5 times more often (13.5 % of cases)
than in HPV-negative patients (3 % of cases of BC),
(Odds ratio (OR) = 5.072, S = 0.699, lower limit 95 %
Cl =1.289, upper limit 95 % Cl = 19.951) (Table 4).

Statistical analysis also showed the presence of
an average strength of the relationship between the
development of stage T2 and the presence of HPV
infection (Kramer's Criterion V = 0.201). At the same
time, the stage of the disease statistically significant-
ly depended on the presence of HPV (Chi-squared
with Yates correction = 4,890, p = 0.028).

DISCUSSION

Many scientists believe that HPV type 16 is often
actually involved in the process of BC formation.
HPV-affected tumor cells are able to influence the
microenvironment, causing tumor recurrence from
normal urothelial cells that were in close proximity
to the area of the removed tumor. The direct effect
on the HPV microenvironment of an infected tumor
during its removal may further contribute to a prog-
nostic factor [9].

HPV infection in most cases is cured sponta-
neously. In other cases, with the persistence of
a high-risk virus, the risk of malignant neoplasm
increases.

The confirmation of a specific type of HPV is nec-
essary because different types of this virus have
different potential to participate in carcinogenesis:
oncogenic types of HPV are 16 and 18 for instance.

0COGEHHOCTM TEYEHUSI paka MOYeBOro My3blps y BMY-MHGULMPOBaHHbBIX 6ONbHBIX

The detection of several types of virus is a negative
outcome and a more severe course of the disease
with a high risk of persistence.

Given the contradictory nature of the literature
data on the role of human papillomavirus in the
pathogenesis of bladder cancer, we sought to investi-
gate the frequency of their involvement in a cohort of
patients with BC of varying degrees of invasion and
differentiation. DNA was determined in 159 paraffin
blocks for the presence of human papillomavirus.
(16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59 types)
of high oncogenic risk were determined by real-time
PCR. Due to the limits of analytical sensitivity, our
data cannot exclude the presence of extremely low
levels of HPV16 or HPV18 in bladder tumors. An-
other factor proposed to explain the differences in
the prevalence of bladder tumors is that the virus
may not infect all parts of the tumor tissue in the
same way. Thus, if the samples are not taken from
an infected area, the test may give a false negative
result. Similarly, contamination during sampling can
lead to false positive results [5].

Out of 59 HPV positive results, histological ex-
amination revealed squamous cell differentiation
of the tumor in 15 (25.4 %). This type of differen-
tiation often indicates poor sensitivity to radiation
and systemic chemotherapy. HPV infection was also
detected in a single patient with micropapillary BC.
One of the aggressive variants of the morphological
component is micropapillary, and due to the low de-
gree of cell differentiation and invasion into the mus-
cle layer, the five-year survival rate in this variant of
BCis 51 %. Of 59 HPV-positive patients, 37 (62.7 %)
had a low degree of differentiation, 18 (30.5 %) had
a moderate degree, and only 4 (6.8 %) had a high
degree of differentiation.

It should be noted that in all patients with a posi-
tive HPV test, a low viral load was detected on aver-
age 2.1 + 0.8 Ig HPV\10° x B-globin, which we explain
by the fact that all HPV tests used to date have been

Table 4. Postoperative stages of BC patients following the TUR of the bladder

HPV-positive BC patients (n = 59)

HPV-negative BC patients (n = 100)

Stage before the surgery/

number of patients T1(n = 59)

T2 (n=0) T1 (n = 100) T2 (n=0)

Stage after the surgery/

number of patients T1(n=51,86.4%)

T2(n=8,13.5%)

T1(n=97,97 %) T2(n=3,3%)
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validated for the cervical epithelium and the viral load
is estimated due to the severity of cervical intraep-
ithelial neoplasia. Clinically significant for cervical
cancer and cervical intraepithelial neoplasia is the
load from 3 to 5 Ig 10% x B-globin, a high probability
of developing cervical cancer is observed with an
amount of more than 5 Ig 10° x B-globin. At the same
time, the assessment of viral load in bladder tumors
has not been determined.

Thus, we found HPV DNA in tumor tissue in pa-
tients with a low or moderate degree of tumor differ-
entiation, which is consistent with the literature data
and may indicate an unfavorable course of the dis-
ease, as well as the possibility of using this relapse
prediction test after complex treatment.

Previously published studies have shown the im-
portant role of HPV infection and the development
of various types of malignant neoplasms, including
cancer of the cervix, vagina, vulva, oropharyngeal zone,
anogenital cancer. HPV type 16 is a papilloma virus
with the highest oncogenic risk and is found in about

55-60 % of cases of cervical cancer. HPV type 18 is
the second most oncogenic papilloma virus, which is
found in about 10-15 % of cases of breast cancer [10].

CONCLUSION

According to the given study, in HPV-positive
patients with a clinically diagnosed non-muscle-
invasive BC, migration of the stage up to T2 was
observed 4 times more often than in HPV-negative
patients. At the same time, the prevalence of HPV in
tumors of low and moderate malignancy was 93.2 %.
Our results indicate a link between HPV infection and
a lower degree of differentiation and a higher stage
of the tumor process, as well as aggressive forms
of urothelial cancer (squamous cell, micropapillary
variants). Thus, this study may indicate that HPV
infection affects the degree of tumor differentiation,
and this, in turn, may allow the use of an HPV test to
assess the nature of relapse and/or further progres-
sion of the disease.
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ABSTRACT

Purpose of the study. Identification of potential miRNA markers in material of focal pancreatic lesions.

Materials and methods. Samples of focal pancreatic lesions after histological evaluation were enrolled in the study including
chronic pancreatitis (ChP) (n = 23), low-grade pancreatic intraepithelial neoplasia /PanIN-1/2 (n = 19), high-grade pancreatic
intraepithelial neoplasia /PanIN-3 (n = 8), and invasive pancreatic ductal adenocarcinoma PDAC (n = 26). Workflow of research
included the profiling of cancer-associated miRNA in pooled samples, the selection of potential marker miRNAs, the assess-
ment of selected miRNAs expression in total collection of specimens, the identification of differentially expressed miRNAs,
and the approbation of new algorithm of data interpretation via ratio of “reciprocal miRNA pair”. Consequent reactions of
revers transcription and quantitative teal-time PCR were used.

Results. The expression levels of miR-216a and miR-217 were decreased in the following order: PanIN-1/2 > PanIN-3 > PDAC.
Moreover, miR-375 was up-regulated while miR-143 was down-regulated in the PDAC. Differential diagnostics of PDAC ver-
sus focal chronic pancreatitis might be performed with high accuracy (AUC > 0.95) by assessment panel of four molecules:
miR-216a, miR-217, miR-1246 and Let-7a.

Conclusion. The assessment of microRNAs in pancreatic lesions is a promising approach for the differential diagnosis of
PDAC, but this technology requires further validation with an increase in the number of samples.
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PE3IOME

Lienb uccnepoBaHus. [onck noTeHuManbHO MapKepHblx Monekyn MukpoPHK B mMaTepuane y3noBbix o6pa3oBaHuUii Nog-
YKeNy[04YHOM Xenesbl.

Martepuanbi n meToabl. B uccnepoBaHmne 6b1n BKNOYEHbI 06pa3sLibl TKaHW 04aroBbiX 06pa3oBaHUA NOAXKENYA0YHON Xe-
Ne3bl C TMCTONOrMYECKMM 3aK/OYEHMEM: XPOHUYECKMii naHKpeaTuT (n = 23), UHTpaanuTenuanbHas Heonna3sws low grade /
PanIN-1/2 (n = 19) u high grade ctenenu /PaniIN-3 (n = 8), uHBa3uBHasi NpoToKoBas KapuuHoMa (n = 26). B pamkax pa6oTbl
6b1J1 NPOBEAEH LUMPOKMIA MpodaiIMHI NynoB 06pa3LioB PasHbIX MMCTONOrMYECKMX TUMOB, BbIGOP NOTEHLMAIbHO MapKEPHbIX
MUKpoPHK, aHanuns akcnpeccun Bbl6paHHbIx Mosiekyn MUKpoPHK Bo Bcex o6pasLiaX, BK/THOUEHHbIX B UCCNeA0BaHNeE, MOUCK
CTaATUCTMYECKMN 3HAUMMBbIX Pasnnunii Mexay rpynnamu o6pasuoB, anpobauus HOBOro anroputMa UHTeprnpeTauuv nony-
YeHHbIX pe3ynbTaToB NyTeM BbIYMC/IEHUSI COOTHOLLEHMI KOHLEHTpaLui «peLMnpokHbix nap» MukpoPHK. MeTog aHanusa:
obpaTHas TPaHCKpUNUMSA C nocneaytoLein konmyectseHHon MNLP B pexxnme peanbHOro BpeMeHwu.

Pe3ynbraTbl. YpoBeHb aKcnpeccun Mosnekyn miR-216a u miR-217 cHwxaetca B psagy: PanIN-1/2 > PanIN-3 > npoTokoBas
KapuuHoma K. Takxke B KneTkax MHBasMBHOM NPOTOKOBOW KapLMHOMbI MOMXKeNYA04HOW Xeslesbl MoBbilleHa 3Kcnpec-
cust miR-375 u cHueHa akcnpeccusa miR-143. Bbicokasi TouHOCTb AuddepeHumanbHoi auarHoctuku (AUC > 0,95) oyaros
XPOHWYECKOro NaHkpeaTUTa U MHBa3MBHOMW NPOTOKOBOWM KapLMHOMbI XX MoXeT 6bITb o6ecneyeHa ¢ MOMOLLbIO NaHenu u3
yeTblpex Monekyn miR-216a, miR-217, miR-1246 u let-7a.

3aknioueHune. OueHka akcnpeccun monekyn MukpoPHK B maTepuane o4aroBbix o6pa3soBaHuii XK c uenbio guddepeh-
LManbHOW AMarHOCTUKM NPOTOKOBOW KapLMHOMbI MMEET AUArHOCTUYECKUIA NMOTEHLMAN, HO MeTog TpebyeT BanmaaLumm
C UCNosib3oBaHNEM 60JIbLLEN KOMIEKLMM BUONOrMYeCcKUX 06pasLioB.

KntouyeBble cnoBa: MUKPOPHK, pak nogyxenyfo4yHom xesesbl, T(POTOKOBasi HEOMa3usl, XPOHUYECKUI MAHKPeaTHT,
OT-NLUP, anarHoctuka
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INTRODUCTION

In the structure of oncological morbidity in Rus-
sia, pancreatic ductal adenocarcinoma (PDAC) ac-
counts for 3.4 % of cases, this disease ranks 11th
in incidence. During the period from 2010 to 2020,
there was an increase in the absolute number of
incidences of PDAC from 7522 to 9275 cases. In
the structure of oncological mortality of the Russian
population, the proportion of diagnoses of PDAC
was 6.8 %, which corresponded to the 5th position in
the list of the most "lethal" diagnoses. The absolute
number of deaths from PDAC in the period 2010-
2020 increased from 7783 to 9625 [1]. The cumu-
lative five-year survival rate of patients with PDAC
(M/W) is 22.2 /33.3 % — at stage |; 14.9/13.7 % -
atstagell;8.4/59 % —atlll; 3.4/ 3.9 % — at stage
IV of the first diagnosis [2]. The presented statistical
data confirm the well-known fact of low "curability”
of PDAC and indicate a deterioration in the epidemi-
ological situation observed despite the development
of diagnostic and therapeutic technologies.

Modern diagnostic standards are based on methods
of physical examination, laboratory and instrumental
research methods, such as endoscopic ultrasound
(EUS), dynamic multispiral computed tomography
(MSCT) and magnetic resonance imaging (MRI) of
the abdominal cavity [3]. Biopsy with subsequent mor-
phological examination of the biopsy material is rec-
ommended for all patients with suspected PDAC, while
surgical intervention in some cases can be performed
without morphological confirmation; the use of conser-
vative treatment requires mandatory morphological
verification. Modern diagnostic algorithms do not fully
solve the problem of timely diagnosis of PDAC. The
task of introducing screening for certain risk groups
and improving the effectiveness of the diagnosis of
PDAC seems important and involves various approach-
es [4], including predictive analytics methods [5], inno-
vative liquid biopsy technologies [6; 7], high-tech meth-
ods of pathology visualization. Modern instruments
allow you to combine endo-ultrasound with contrast
technologies [8], elastography, fine needle aspiration
biopsy [9]. Endoscopic ultrasound-guided fine needle
aspiration biopsy (EUS-FNA) is gradually entering into
wide clinical practice, opening up prospects, firstly, for
expanding the scope of morphological analysis meth-
ods and, secondly, for developing new technologies for
molecular diagnostics of biopsy material.

22

The main advantage of the EUS-FNA method
with subsequent production of cytological smears
and cell block is relatively low invasiveness. The
Russian authors showed high sensitivity (93 %)
and specificity (100 %) of a complex morphological
study of the EUS-FNA material using the technol-
ogy of manufacturing cell blocks calculated tak-
ing into account the results of subsequent histo-
logical diagnostics of the surgical material [10].
Despite the obvious advantages, the technology
and effectiveness of EUS-FNA is accompanied
by known objective and subjective difficulties of
subsequent cytological diagnosis. A fine needle
puncture allows you to obtain microfragments of
the tissue of the gland formations and a cellular
suspension, the effectiveness of the analysis of
which is determined by the volume and structure
of the aspirate. Difficulties also arise in assessing
the proliferative processes of the ductal epithelium,
which are observed both in areas of intraepithelial
neoplasia (primarily PanIN3) and in areas of reac-
tive hyperplasia associated with the pancreatitis;
cellular signs are similar and differential diagnosis
is often difficult due to the small amount of materi-
al. In contrast to the histological examination of the
surgical material, it is more difficult to assess the
condition of the basement membrane, the structure
and non-glandular patterns of the organ in the FNA
material. In this regard, additional technologies of
molecular diagnostics of epithelial changes can
increase the informative value of a complex mor-
phological diagnosis.

MicroRNAs are short regulatory molecules that
control the stability of protein-coding RNAs and the
efficiency of protein synthesis. The transformation
of the ductal epithelium of the pancreas reflects
a multi-stage process of development of ductal ad-
enocarcinoma (the dominant morphological form of
PDAC); this process is accompanied by a change in
the expression profile (or composition) of microRNA
molecules. Therefore, the analysis of the microRNA
composition in the biopsy material seems to be
a promising method for diagnosing focal lesions
of the pancreas, which is confirmed by the activity
of research and the number of relevant publica-
tions. A search in the PubMed scientific literature
database for the keywords "pancreatic cancer AND
miRNA" yields more than 2.8 thousand publications.
The analysis of the available scientific information
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is presented in a number of review articles [11-15],
but in clinical practice, there are no examples of di-
agnostic test systems based on microRNA analysis
of the material of pancreatic lesion biopsy.

Purpose of the study: To select potential microR-
NA markers of PDAC, to evaluate the diagnostic sig-
nificance of the method and to develop an algorithm
for PCR data interpretation, based on the analysis
of the expression of tumor-associated microRNAs.
To evaluate the possibility and expediency of de-
veloping and introducing into clinical practice the
method of differential diagnosis of PDAC patholog-
ical patterns based on the analysis of microRNA in
the material of EUS-FNA.

MATERIALS AND METHODS

Patients

The study plan was approved by the local Eth-
ics Committee of the N. N. Petrov National Medical
Research Center of Oncology, extract 27/27 No. 1
dated 01/28/2021. All patients signed an informed
consent to participate in the study. Before being
included in the study, biological samples and clinical
data were depersonalized.

The study included patients who were treated at
the L. G. Sokolov Federal State Medical Center and
the N. N. Petrov National Medical Research Center
of Oncology. In accordance with the standards of
medical care and clinical recommendations (ID:355),
all patients underwent pancreato-duodenal resection
or pancreatectomy. The material of the pancreatic
formations was immediately placed in a buffered
solution of 10 % formalin in a ratio of 1:10 and af-
ter 24 hours of fixation was cut into cassettes for
further histological wiring and subsequent light
microscopy. Based on histological examination of
hematoxylin-stained eosin preparations, the study in-
cluded material from 47 patients. In most cases, the
analysis of the preparations allowed us to identify
areas of tissue with different morphological struc-
tures, so 76 representative samples were prepared
for further study.

Isolation of RNA

Sections with a thickness of 3—4 microns were
prepared from the tissue samples, the sections
were dewaxed by incubation in 1 ml of mineral oil
(MP Biomedicals, USA) at 65 °C — 15 min, then the

oil and paraffin were removed using two washings
with 96 % ethanol. Proteolysis was carried out in
100 pl of proteinase K solution, 2 mg/ml (activity:
30 units/mg, Algimed-Techno, Belarus) at 60 °C —
1 hour. The remaining tissue after proteolysis was
precipitated by centrifugation (10,000 G, 4 °C -
10 min), the supernatant (~100 pl) was transferred
to a clean test tube, 200 pl of buffer was added (0.8
M sodium acetate; pH 4.0; 0.5 % octanoic acid) and
100 pl of guanidine isothiocyanate (3M), mixed,
and incubated for 5 minutes at room temperature.
The sample was transferred to a spin column filled
with sorbent (BioSilica, Russia), washed twice with
buffer for washing No. 1 (500 pl; 0.5M guanidine
isothiocyanate; 10mM tris-acetate; pH 6.5; 50 %
ethanol; 1 % 2-mercaptoethanol) and twice with buf-
fer for washing No. 2 (500 pl; 75 % ethanol; 0.1M
sodium chloride, T0mM tris hydrochloride; pH 7.5.
RNA from the surface of the sorbent was eluted
using 50 pl of an elution buffer (10mM NaHCO3,
10 mM EDTA). The concentration and quality of
the isolated RNA were evaluated using a NanoDrop
2000C spectrophotometer (Thermo Scientific, USA).

"Profiling" of tumor-associated microRNAs

In order to select potentially marker molecules, the
expression analysis (profiling) of cancer-associated
85 microRNAs was carried out. For this purpose,
"pools" were formed, which were mixtures of RNA
samples of similar morphology: chronic pancreati-
tis (ChP), intraepithelial neoplasia of the pancreas
(PanIN), invasive ductal adenocarcinoma of the pan-
creas (PDAC). The analysis was carried out using a set
of reagents manufactured by Exiqon (miScript Il RT
Kit, miRCURY LNA miRNA Cancer-Focus PCR Panel)
the analytic procedure involved poly-adenylation reac-
tion, reverse transcription (RT) of all RNA molecules
using a poly-T primer followed by real-time quantita-
tive PCR reaction for 85 microRNA molecules. The in-
tensity of amplification was evaluated using the DNA
intercolating reagent SYBR-green. All reactions were
carried out in accordance with the manufacturer's pro-
tocol on the CFX96 Touch™ amplifier (Bio-Rad, USA).

Analysis of individual microRNA molecules

expression

The expression of individual microRNA mole-
cules in the material of each sample (n = 76) was
analyzed by RT-PCR using kits manufactured by
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Algimed-Techno (Belarus). The set for the analysis
of each microRNA involved conducting a "two-tailed"
microRNA-specific reverse transcription reaction us-
ing an RT-primer, the "flanks" of which complementa-
rily annealed on the 3' and 5' ends of the microRNA
molecule, orienting "towards" each other. This tech-
nology of priming the reverse transcription reaction
ensured its high specificity [16]. Then, a real-time
quantitative PCR reaction was performed using two
microRNA-specific PCR primers. The amplification
intensity was evaluated using a fluorescently labeled
PCR probe. All RT-PCR reactions were carried out
in accordance with the manufacturer's protocols,
each analysis was performed in three repeats on the
CFX96 Touch™ amplifier (Bio-Rad, USA).

Statistics

Normalization of the "profiling" data was carried
out according to the manufacturer's recommenda-
tions: the results of the analysis of each pooled sam-
ple were normalized versus averaged Ct values of
the three reference molecules. Before comparing the
results of the analysis of individual samples (pools),
normalization was carried out versus "inter-plate”
calibrators. The molecules for subsequent analysis
were selected by simply comparing the normalized
Ct values.

Normalization of the results of the individual mol-
ecules (n = 24) analysis in individual samples (n =
76) was carried out in two alternative ways: relative
to the averaged Ct values of all analyzed samples (24
x 76 = 1842), so called total Ct, and relative to one of
the 24 studied molecules, which was characterized
by the most stable level of expression in the studied
samples. To select the optimal normalizer, the stabil-
ity (or variability) of the expression of the analyzed
molecules was evaluated using the NormFinder algo-
rithm [17]. Normalization was carried out according
to the standard method of counting (formula 1):

dCt=2Ct(miRNA)-Ct(normaIizer)

The statistical significance of the difference in
the expression levels of individual microRNAs in the
compared groups was assessed using the nonpara-
metric Mann-Whitney U-test. The prognostic signif-
icance of each molecule was evaluated using ROC
analysis (constructing a ROC curve and calculating
the AUC value).

24

We also searched for optimal ratios of the relative
concentrations of the so-called "reciprocal pairs" of
microRNA molecules (molecules with multidirec-
tional and associated with the process of neoplas-
tic transformation changes in expression levels).
A software algorithm has been developed for the
automated solution of this problem. Reciprocal pairs
were formed as all possible combinations of 24 test-
ed microRNAs. The total number of analyzed pairs,
determined by the formula 2:

n!
Pn= (n-r)xr!

(where P — quantity of unique miRNAs combina-
tions, n — quantity of analyzed miRNAs (24), r — quan-
tity of miRNA in any particular combination (2)).

Then, for each mRNAs pair, the amplification ef-
ficiency ratio parameter (Ratio miR-1/miR-2) was
determined by the formula 3:

dCt= 2Ct(miR»1 )-Ct(miR-2)

The evaluation of the diagnostic significance of
Ratio miR-1/miR-2 parameters was evaluated similar-
ly to the significance of individual molecules: using
ROC analysis and calculating the AUC value.

RESEARCH RESULTS

Research design, sample preparation

In the practice of analyzing the material of EUS-
FNA focal formations of the pancreas, differential
diagnosis between conditions having similar clinical
and sonographic patterns is of clinical importance:
chronic pancreatitis (ChP), intraepithelial lesions of
varying degrees of malignancy (pancreatic intraep-
ithelial neoplasia, PanIN), and invasive ductal ade-
nocarcinoma (pancreatic ductal adenocarcinoma,
PDAC). Taking into account the task of searching
for markers of differential diagnosis of the listed
conditions, the research plan assumed the sequen-
tial implementation of the following stages: 1) his-
tological analysis of pancreatic pathology (surgical
material), 2) selection and microdissection of sites
with the appropriate morphological pattern and iso-
lation of RNA, 3) formation of "pools" of RNA from
samples of typical morphology and analysis of 85
tumor-associated microRNAs ("profiling") in these
pools, 4) selection and analysis of potentially marker
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Focal pancreatic

1. Data collection, morphological formations (n = 72)
analysis // \‘ \‘
2. Sample dissection, isolation of RNA ChP PanIN-1/2 PanIN.3 PDAC
. (n=23) n=19 (n=3) (n=126)
3. Forming the "pools", miRNA i
profiling Tumor-associated microRNAs (n= 85)
\ miRCURY RT-PCR panel / Exiqon
4. Selection and analysis of potentially T I I T
marker microRNAs e ¥ & )
e Potential PanC markers (n = 24)
5. Statistical data processing ALleileitS I AIEfmed

miR-216a, miR-217, let-7a, miR-1246‘

Fig. 1. Study design.
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Fig. 2. Representative examples of sites of pathological formations of the pancreas.

Note: A - fibrosing chronic pancreatitis (ChP): the structure of the gland with pronounced structural changes, loss of acinar cells,
pronounced fibrosis with inflammatory infiltration, compressed deformed ducts and areas of proliferation of small ducts. B — intraepithelial
lesion (PanIN1/2): small pancreatic ducts lined with a single—layer cylindrical ductal epithelium with predominantly basally located nuclei
(PanINT), as well as areas with signs of pseudostratification — nuclei located at different levels (PanIN2). B - intraepithelial lesion (PanIN3):
a large pancreatic duct lined mainly with cells with cellular and nuclear atypia, high nuclear-cytoplasmic ratio, hyperchromia of the nuclei,
uneven nuclear contours, loss of polarity of the nuclei, mitosis figures, partly foamy-gland pattern (foamy cells), partly with mucus formation
and oncocytic differentiation. Atypical cells are located within the basement membrane. G - invasive ductal adenocarcinoma (PDAC) with

widespread perineural invasion. Staining in all cases with hematoxylin-eosin.
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Table 1. The "profile" of 18 potentially marker microRNA molecules expression in normal pancreatic tissue and cells of focal
formations of various morphologies

Relative expression level in pathological sample Relati ion level
(miRNA Cancer-Focus PCR Panel) A P e
in intact pancreatic cells

(miRNATissueAtlas2)

No. microRNA

ChP PanIN1/2/3 PDAC

1 hsa-let-7a-5p 9.13 14.41 7.80 512.4
2 hsa-miR-10b-5p 0.50 0.40 0.60 111.5
3 hsa-miR-15a-5p 0.80 1.29 0.82 143.6
4 hsa-miR-23a-3p 6.96 4.43 5.21 462.7
5 hsa-miR-24-3p 10.03 7.67 8.31 177.2
6 hsa-miR-26b-5p 2.22 2.73 1.70 415.5
7 hsa-miR-27a-3p 10.25 9.31 7.08 229.1
8 hsa-miR-29¢c-3p 2.21 5.91 2.86 1298.3
9 hsa-miR-125b-5p 32.56 17.24 17.46 426.3
10 hsa-miR-126-3p 13.02 7.50 5.39 532.6
11 hsa-miR-141-3p 2.99 10.13 3.02 82
12 hsa-miR-143-3p 3.20 3.92 6.22 94.6
13 hsa-miR-145-5p 23.79 12.19 23.60 509.2
14 hsa-miR-146b-5p 0.51 0.80 0.61 82.1
15 hsa-miR-155-5p 0.32 0.39 0.28 747
16 hsa-miR-192-5p 1.38 4.25 4.08 24.6
17 hsa-miR-200a-3p 0.38 1.01 0.90 22.8
18 hsa-miR-200c-3p 7.56 10.96 5.16 17.4

Table 2. The list of molecules additionally included in the study

No. microRNA Relative expression level in intact pancreatic cells (miRNATissueAtlas?2) Lsit.i:?;g;e
1 hsa-miR-375-3p 20.4 [19]
2 hsa-miR-451a-5p 4650.4 [13]
3 hsa-miR-1246 3416.7 [20]
4 hsa-miR-1290 886.3 [21]
5 hsa-miR-216a-5p 42.3 [22]
6 hsa-miR-217-5p 20.1 [23]
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mircoRNA molecules, 5) statistical processing of
the results. The design of the study is schematically
presented in Figure 1.

The samples of ChP, when selected on the area
of the entire slides, did not contain tumor tissue, the
morphological picture varied from mild inflammatory
infiltration with moderate fibrosis (both intra-lobular
and periductal) to a pronounced inflammatory reac-
tion with areas of fibrosing Ch P. The PanIN1/2 group
included samples of intraductal papillary mucinous
neoplasia (intraductal papillary mucinous neoplasm,
IPMN) and mucinous cystic tumors (mucinous cys-
tic neoplasm, MCN) with a low degree of dyspla-
sia. Specimens of this group could include small
fragments of normal pancreatic tissue. The PanIN3
group included images of severe dysplasia, including
cases of IPMN and MCN, the presence of PDAC sites
was excluded. The PDAC group was represented
by typical histotypes and two cases of mucinous
cystadenocarcinoma with moderate or low degree
of differentiation. This category can contain small
fragments of the PanIN3 and PDAC combination.

During light microscopy, zones with the corre-
sponding morphological pattern were identified,
microdissection of selected tissue fragments was
performed for subsequent RNA isolation. In some
cases, material of different morphology was ob-
tained from the same sample and categorized in
different groups. As a result, the following samples
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were included in the study: ChP (n = 23), PanIN1/2
(n =19), PanIN3 (n = 8), PDAC (n = 26). Represen-
tative examples of sites with a characteristic mor-
phological pattern selected for the study are shown
in Figure 2.

Selection of potentially "marker" microRNAs

Total RNA was isolated from all samples. There
was a large variation in RNA concentrations (0.5-
350 ng/ul), which could be a result of tissue het-
erogeneity and/or different degrees of cellular RNA
integrity. RNAs isolated from histologically sim-
ilar samples were combined in equal mass ratio
into so-called "pools" for preliminary analysis of
the expression profile of potentially marker mole-
cules. This approach makes it possible to conduct
an inexpensive comparative analysis of groups of
samples, but without the possibility of assessing
the statistical significance of the results obtained.
The analysis made it possible to assess the differ-
ence between three conditions: chronic pancreati-
tis (ChP), intraepithelial neoplasia of any degree
(PanIN1/2/3) and invasive ductal adenocarcinoma
of the pancreas (PDAC). MicroRNA molecules with
relatively high and significantly different levels of
expression in three groups were selected for subse-
quent analysis. An additional selection criterion was
information on the previously estimated expression
of these molecules in the pancreatic cell, presented

%

©
@0 O
(&Q-&g-

Fig. 3. Results of evaluation of expression variability of microRNA molecules (n.23) in the analyzed samples (n.76) using the NormFinder

algorithm.

Note: the NormFinder algorithm [17] allows ranking the analyzed molecules according to the level of stability/variability of their expression in
the group of samples under study. The stability coefficient = 1 corresponds to a molecule whose expression level is identical in all samples,
such molecules can be used as normalizers. As part of the experiment, the most stable expression level was shown for miR-200a.
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in the miRNATissueAtlas2 database [18]. A total
of 18 molecules were selected. Table 1 presents
normalized expression levels of selected molecules
in samples of three variants of pathological focal
formations: ChP, panIN1/2/3, PDAC and data on the
expression of these molecules in cells of normal
pancreatic tissue (according to miRNATissueAt-
las2). It should be noted that the comparison of
the presented results of the analysis of groups of
pathological and normal samples is not adequate,
because these are the results of different studies
performed by different methods. But a comparative
assessment of different molecules within a certain
study can be informative. In general, the present-
ed results suggest that the selected 18 molecules

are indeed actively expressed in pancreatic cells,
and the formation of focal formations by chronic
inflammatory reaction or malignancy is probably
associated with a change in their expression and
functional activity.

An analysis of previous studies has shown that
a number of mircoRNA molecules not included in
the miRCURY LNA miRNA Cancer-Focus PCR Panel
play an important role in the development of PDAC
and may have diagnostic potential; they (n = 6) were
also included in the study. The level of expression
of these molecules in normal pancreatic tissue ac-
cording to "miRNATissueAtlas2" and links to relevant
studies are presented in Table 2. Thus, a "panel” of 24
potentially marker microRNA molecules was formed.

Table 3. The results of a comparative analysis of the expression of potentially marker microRNAs in samples of focal

formations of pancreas of different morphology

MicroRNA ChP (n = 23) PanIN1/2 (n = 19) PanIN3 (n = 8) PDAC (n = 26) Kruskal-Wallis test
hsa-miR-143-3p 0.1 0.16 0.09 0.04 0.0007 ***
hsa-miR-217-5p 0.87 0.42 0.28 0.07 0.007 ***
hsa-miR-216a-5p 1.48 0.84 0.83 0.38 0.0032 **
hsa-miR-375-3p 0.2 0.32 0.13 0.48 0.0137 *
hsa-miR-200c-3p 0.18 0.23 0.24 0.10 0.0259 *
hsa-miR-1246 0.07 0.09 0.09 0.03 0.0336 *
hsa-miR-155-5p 0.4 0.38 0.31 0.22 0.1098
hsa-miR-146b-5p 1.4 2.56 2.5 0.84 0.1131
hsa-miR-26b-5p 0.42 0.23 0.58 0.22 0.1485
hsa-miR-192-5p 0.5 0.38 0.19 0.29 0.1538
hsa-miR-125b-5p 0.09 0.17 0.34 0.20 0.2127
hsa-miR-4571a-5p 0.11 0.12 0.04 0.52 0.2323
hsa-miR-29¢c-3p 0.84 5.97 17.65 0.62 0.2599
hsa-miR-24-3p 0.09 0.1 0.12 0.09 0.3167
hsa-let-7a-5p 0.34 0.31 0.27 0.24 0.3674
hsa-miR-126-3p 0.96 1.05 0.66 1.00 0.4304
hsa-miR-10b-5p 51.04 70.6 50.47 74.01 0.4911

28



l0xHo-Poccuitckuii onkonornyeckuii xypHan 2023. T. 4, N 3. C. 20-35

KHszea M. C., lecTonanosa T. M., 3a6eruna J1. M., LLlanaes A. B., PaTHukoBa A. K., KaweHko B. A., Bopo6bes C. J1., Manek A. B.= / Bo3MOXHOCTb
AvddepeHumanbHoit AUAarHOCTUKIM 04aroBbix 06pa3oBaHNii NOAXKENYAOUHOI Xenesbl nyTeM aHannsa MUKpoPHK

Analysis of potentially marker molecules

The expression level of each of the selected 24
molecules was assessed using a microRNA-specif-
ic two-flank reaction and subsequent PCR in each
sample included in the study. The specificity of RT
was provided by an RT primer having two flanks for
binding to a microRNA molecule. As a result of the
RT reaction, a complementary DNA molecule was
synthesized, both flanks of which had microRNA-spe-
cific sites for binding to PCR primers. The possibility
of assessing microRNA expression levels and the
high specificity of this approach were shown earli-
er [24]. On the base of obtained result, miR-1290 was
excluded in further analysis since expression level of
this molecules appeared under the limit of detection
of used method in majority of samples.

miR-216a
* &

24ACt
L

In order to determine the optimal normalizer of RT-
PCR data, the variability of expression of each of the
23 molecules was evaluated using the NormFinder
algorithm, the results are shown in Figure 3.

The most stable expression level (stability val-
ue — 1) was shown for microRNA-200a, which was
later used as a normalizer. An alternative normaliza-
tion method involves calculating the averaged (total)
Ct value of all molecules tested in all samples (76
samples x 24 molecules = 1824 values in total), and
normalizing each particular results relative to this
value [25]. The results of RT-PCR were normalized
by two methods: relative to the value of total Ct and
relative to Ct (miR-200a) for each individual sample.
The normalized values were combined into groups
(ChP, PanIN 1/2, PanIN 3, PDAC), which made it pos-
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Fig. 4. Comparative analysis of miR-216a and miR-217 expression levels in tissue samples of pancreatic focal formations of various

histological structures.

Note: groups of samples of chronic pancreatitis / ChP (n = 23), mild intra-epithelial neoplasia / PanIN-1/2 (n = 19), and severe / PanIN-3
(n = 8), ductal carcinoma / PDAC (n = 26). The statistical significance of the observed difference was estimated by calculating the Kruskal-

Wallis criterion (** p < 0.005; *** p < 0.0005).
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Fig. 5. Comparative analysis of miR-375 and miR-143 expression levels in the tissue of foci of chronic pancreatitis and PDAC.
Note: The graph represents arithmetic averages for a group of samples of chronic pancreatitis /ChP (n = 23) and ductal carcinoma/PDAC
(n = 26). The statistical significance of the observed difference was estimated by calculating the Mann-Whitney criterion (* p < 0.05;

*k% ) < 0.0005).
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sible to evaluate the difference in the expression of
individual molecules in the studied groups of sam-
ples. For a number of molecules, contradictions were
observed between the results obtained using different
normalization methods. Such molecules were exclud-
ed from the further analysis. Only those results that
were similar with different normalization methods,
i.e. minimally dependent on them, were taken into
account; there were 17 of 24 such molecules.

The next step was to evaluate the statistical sig-
nificance of the difference in the expression levels of
individual microRNAs between clinical groups. The
results are presented in Table 3.

For a number of molecules, a statistically signifi-
cant change in expression activity was observed in

the PanIN-1/2 — PanIN-3 — PDAC series. For exam-
ple, an increase in the severity of ductal epithelial
dysplasia was accompanied by a decrease in the
expression level of miR-216a and miR-217 (Fig. 4).

The obtained results suggest that the low ex-
pression of these molecules in the material of the
EUS-FNA of the focal lesion of the pancreas may
be a marker of its malignant nature. Statistically
significant difference between the studied groups
was obtained for a number of molecules: miR-143,
miR-375, miR-200c and miR-1246.

Interestingly, when comparing groups of ChP and
PDAC samples, without taking into account the data
obtained for samples of intraepithelial lesions of vary-
ing degrees of malignancy (PanIN1/2/3), an increase

Table 4. Indicators of efficacy of differential diagnosis of chronic pancreatitis (ChP) versus PDAC by means of individual

microRNAs assessment

MicroRNA AUC Sens. Spec. PPV, % NPV, % Accuracy, %
hsa-miR-143-3p 0.75 70.59 82.61 79.17 75.00 77.50
hsa-miR-216a-5p 0.81 76.19 78.26 78.26 76.19 77.27
hsa-miR-217-5p 0.81 76.19 78.26 78.26 76.19 77.27
hsa-miR-375-3p 0.78 71.43 71.43 71.43 71.43 71.43

Table 5. Indicators of effectiveness of chronic pancreatitis (ChP) and PDAC differential diagnosis based on the assessment of

the concentration ratios of microRNA "reciprocal pairs"

MicroRNA pair AUC Sens. Spec. PPV, % NPV, % Accuracy, %
miR-1246/miR-217 0.95 95.24 82.61 95.00 83.33 88.64
miR-1246/miR-216a 0.95 90.00 91.30 91.30 90.00 90.70
miR-1246/miR-375 0.81 85.00 73.91 85.00 73.91 79.07
miR-143/miR-216a 0.83 81.25 82.61 86.36 76.47 82.05
let-7a/miR-216a 0.97 94.44 94.74 94.74 94.44 94.59
miR-155/miR-217 0.93 88.89 90.48 90.48 88.89 89.74
let-7a/miR-217 0.96 88.24 100.00 90.48 100.00 94.44
miR-155/miR-216a 0.91 83.33 90.48 86.36 88.24 87.18
miR-192/miR-216a 0.93 83.33 100.00 87.50 100.00 92.31
miR-192/miR-217 0.91 80.95 95.24 83.33 94.44 88.10
miR-143/miR-217 0.85 68.75 95.65 81.48 91.67 84.62
miR-200c/miR-216a 0.88 80.95 78.26 81.82 77.27 79.55
miR-200c/miR-217 0.88 75.00 78.26 78.26 75.00 76.74
miR-45Ta/miR-216a 0.81 80.00 78.26 81.82 76.19 79.07
miR-451a/miR-217 0.82 85.71 73.91 85.00 75.00 79.55
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in the expression level of miR-375 and a decrease in
the expression level of miR-143 associated with the
process of chronic inflammation was observed (Fig. 5).

In order to assess the diagnostic value of the
individual potentially marker microRNAs (miR-143,
miR-217, miR-216a, miR-375) for differential diagnos-
tic of ChP and PDAC, a ROC analysis and calculation
of standard indicators were carried out. The results
presented in Table 4 and Figure 6 indicate a high
diagnostic potential of these markers.

Differential diagnosis algorithm

Normalization of the results of RT-PCR analysis of
microRNA and clinically applicable interpretation of
the results of such analysis is a non-trivial task. One
of the possible approaches is the search for mole-
cules with a reciprocal (opposite) trend of tumor-
associated expression changes and the evaluation of
the ratio of concentrations of such molecules in test-
ed samples. The effectiveness of this approach has
been proven earlier: the values of such expression
ratios may have a higher diagnostic potential than
the diagnostic values of individual molecules [26].

As part of this work, a previously developed com-
putational algorithm was used to search for prom-
ising "reciprocal pairs" of microRNAs. So, this algo-
rithm assumed the selection of all possible pairs of
microRNA molecules, calculation of their concentra-
tion ratios (miR-1/miR-2 Ratio) and ROC analysis of

s
0.6 i _]

these parameters as markers of differential diagno-
sis of ChP vs. PDAC. Thus, diagnostic values were
estimated for 276 pairs of molecules, including AUC,
sensitivity, specificity, positive predictive value (PPV),
negative predictive value (NPV) and diagnostic accu-
racy. The results presented in Table 5 demonstrated
the high diagnostic potential of many "reciprocal
pairs" of microRNAs (AUC > 0.8).

From the data in the table, it can be seen that the
composition of "reciprocal pairs" includes molecules
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Fig. 6. Evaluation of individual microRNA diagnostic value in the
framework of differential diagnosis of chronic pancreatitis (ChP)
and PDAC.

Note: The results of the ROC (Receiver operating curve) analysis
and the values of the area under the AUC (area under the curve)

curves for four molecules are presented.
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Fig. 7. Evaluation of the diagnostic value of the analysis of "reciprocal pairs" of microRNA molecules in the framework of differential diagnosis

of chronic pancreatitis (ChP) and PDAC.

Note: A — the results of the evaluation of the diagnostic potential of miR-216a and several "reciprocal pairs" formed by this molecule. B - the
results of the evaluation of the diagnostic potential of miR-217 and several "reciprocal pairs" formed by this molecule. The results of the ROC
(Receiver operation curve) analysis and the values of the area under the AUC (area under curve) curves are presented.
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with a relatively high diagnostic potential as individ-
ual markers. However, the ratio of the concentration
of these molecules and molecules with a "recipro-
cal" expression behavior have significantly higher
diagnostic value. Figure 7 shows the ROC curves
confirming this conclusion for the "reciprocal pairs”
that form the miR-216a and miR-217 molecules.

Thus, the AUC value for miR-216a is 0.81, and
for the concentration ratios of this molecule and
miR-192, miR-1246 or let-7a, the AUC values increase
10 0.93, 0.95 and 0.97, respectively. Similarly, the AUC
value for miR-217 is 0.81, and for the concentration
ratios of this molecule and miR-155, miR-1246 or
let-7a, the AUC values increase to 0.93, 0.95 and
0.96, respectively. In general, the analysis of a "pan-
el" of four molecules, miR-216a, miR-217, miR-1246
or let-7a, provides the ability to calculate four pa-
rameters for the differential diagnosis of chronic
pancreatitis and PDAC, and the AUC value of these
parameters is in the range of 0.95-0.97, sensitivity:
0.88-0.95, specificity: 0.82-1.

DISCUSSION

The article presents the results of a pilot study con-
ducted to assess the prospects for the development
of a method for differential diagnosis of focal pancre-
atic pathology based on microRNA analysis in biopsy
material. The materials of postoperative histological
examination were used in the work. The authors sug-
gest that the obtained results will serve as the basis
for the development of an innovative method of mo-
lecular analysis of the EUS-FNA material, which will
be able to complement and increase the diagnostic
potential of a standard morphological study.

The study analyzed the expression of 85 cancer-
associated microRNA molecules in the material of
76 samples obtained from 47 operated patients. His-
tological examination made it possible to form four
groups of samples corresponding to the diagnoses:
chronic pancreatitis (ChP), mild pancreatic intraepi-
thelial neoplasia (PanIN-1/2), severe intra-epithelial
neoplasia (PanIN-3) and the most common form of
pancreatic cancer (invasive ductal adenocarcinoma,
PDAC). MicroRNA expression analysis revealed sta-
tistically significant differences in expression levels
of miR-143,-217,-2164a, -375, -200c, -1246 between
assayed groups of samples. The results obtained have
both fundamental and applied significance.
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Involvement of miR-217 [23], -216a [22], -375
[19],-1246 [20] in the process of malignant trans-
formation of the ductal epithelium of the pancreas
was shown earlier; these data were confirmed by the
our results. Suppression of miR-143 in PDAC cells
is an interesting finding, which is also in a line with
the scientific literature. Thus, a comparative analysis
of normal pancreatic tissue and PDAC, conducted
by Chinese researchers using the material of 37 pa-
tients, showed similar results to ours [27]. In addi-
tion, ectopic expression of this molecule in various
pancreatic cancercell lines (MIA PaCa-2 and PANS-1)
had a therapeutic effect, inhibiting cell proliferation
and metastatic potential [27; 28]. In situ experiments
have shown that a decrease in the concentration/
functional activity of miR-143 in PDAC cells is asso-
ciated with activation of the expression of a number
of oncogenes (ARHGEF1 (GEF1), ARHGEF2 (GEF2),
K-RAS), which confirms the therapeutic potential of
synthetic analogues of this molecule.

No statistically significant changes in the expres-
sion of miR-1246 were detected in our study, but the
ratio of the concentration of this molecule and the
concentration of miR-216a or miR-217 showed a high
diagnostic potential. The results obtained indicate
the possibility of over-expression of this molecule in
PDAC cells, and this process is associated with inhi-
bition of miR-216a or miR-217 expression. Whether
this association is random or biologically justified
event is still unknown. The analysis of scientific
literature does not form an unambiguous idea of
the participation of miR-1246 in the development of
PDAC. A number of publications show the diagnostic
potential circulating in the plasma miR-1246 [6; 29],
but what is the relationship between the concentra-
tion of this molecule in plasma and its role in PDAC
cells is not clear. The analysis of the biogenesis of
this molecule in tumor cells was recently carried out
by a group of American researchers [30]. It has been
shown that miR-1246 is a product of degradation
of small nuclear RNA (RNU2-1), which functions as
part of the nuclear complex of the spliceosome. In
this case, miR-1246 is a product of a non-canonical
microRNA synthesis pathway, and an increase in
intracellular concentration and/or secretion of this
molecule by PDAC cells may not be related to its role
in the process of post-transcriptional regulation of
target genes expression. Our results shown that the
expression of the let-7a molecule has a "reciprocal”
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character relative to the expression of miR-216a and
miR-217. The biological meaning of this phenome-
non remains still unknown, but it can be used for
clinically acceptable interpretation of RT-PCR results.
In general, the results obtained complement the ex-
isting ideas about the role of individual microRNA
molecules in the development of PDAC.

The practical value of the results obtained is im-
portant as well. We achieved to demonstrate, firstly,
the technical possibility of isolating and analyzing
microRNAs in biopsies of pancreatic formations us-
ing domestic reagents, and, secondly, the diagnostic
potential of such an analysis. In terms of developing
a technology suitable for clinical use, additional ef-
forts should be made (1) to develop a method for
preserving the EUS-FNA material and subsequent
isolation of small RNAs and (2) to determine the
optimal (minimum) set of marker microRNAs for
inclusion in the diagnostic "panel for differential di-
agnosis of focal pancreatic lesion. In order to ensure
high and, most importantly, reliable indicators of the
diagnostic significance of the test system, an import-
ant aspect is the development of an algorithm for in-
terpreting RT-PCR data. This issue was successfully
solved previously in the frame of test-system for the
assessment the severity of cervical epithelial dys-
plasia [31]. Thus, the following analytical algorithm
seems optimal: semi-quantitative analysis of a set

of microRNA molecules with reciprocal (opposite)
PDAC-associated expression changes, calculation
of concentration ratios of "reciprocal pairs" of mi-
croRNAs, determination of the significance of each
such parameter using a machine learning algorithm
and calculation of the final diagnostic criterion re-
flecting the risk of pancreatic malignancy. After eval-
uating diagnostic parameters on a large collection
of biopsy material, the developed test system can
be registered as a medical device and offered for
practical use.

CONCLUSION

In presented study we identified several potentially
marker microRNA molecules and shown that the
assessment of their expression in the sample of fo-
cal pancreatic formations is a promising diagnostic
approach.

The development of a reliable and clinically-
applicable diagnostic technology will require con-
tinued research in two main areas: (1) expanding
the panel of marker molecules and developing an
algorithm for their complex analysis, and (2) validat-
ing the diagnostic potential of the new technology
using a larger collection of biological samples and
developing approaches to clinically convenient and
effective interpretation of the RT-PCR results.
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ABSTRACT

Purpose of the study. Creation of a transplantable orthotopic PDX model of gastric cancer in Balb/c Nude immunodeficient
mice using implantation and injection.

Materials and methods. Two methods, that are injection and implantation, were used to create an orthotopic PDX model of
human gastric cancer. The first method involved injections of a suspension of a mechanically disaggregated patient's tumor
after filtration into the gastric wall of Balb/c Nude mice. For the second method, small fragments (3 x 3 x 3 mm) of patients'
tumors were implanted in the gastric wall of mice along the greater curvature with a dissection of the serous muscular layer.
Results. Control laparotomy in Balb/c Nude immunodeficient mice showed a successful engraftment of the tumor material at
the 1st and 3rd procedures when using the implantation method for the creation of a PDX model of gastric cancer. The injection
method was ineffective, and no models were created. The histological type of the obtained PDX models was compared to the
type of the donor tumor by histological examination (hematoxylin and eosin staining). The tumor grade remained stable and did
not change during xenograft passage, which showed that the obtained model was identical to the histotype of the donor tumor.
Conclusion. The presented implantation method for the model creation results in effective tumor engraftment. The developed
model can be used to test the effectiveness of anticancer or antimetastatic drugs, for studying the functions of biomarkers,
or in assessing the microenvironment of a gastric cancer.
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3.1.6. OHkonorus, nyyesas Tepanus

OPUTMHAJIbHASA CTATbA

MOZESIMPOBAHUE PAKA XEJTYAKA HA UMMYHOAEDULIMTHBIX MbILIAX MYTEM
OPTOTOMMUYECKONA KCEHOTPAHCI/TAHTALLUM

J1. 3. Kypb6aHoea, T. C. Kapacés, A. C. loHyapoBa™, E. H. Konechukos, A. 10. Makcumos, M. A. ABepkuH, A. B. lanuHa,
M. B. PomaHoBa, M. A. l'ycapesa, M. C. 3uHbKoOBUY

HMWL oHkonorum, r. PoctoB-Ha-[loHy, Poccuiickas Gegepauus
M fateyeva_a_s@list.ru

PE3IOME

Lienb nccnepoBanus. CosfaHne nepeBMBaemMoin optotonunyeckoin PDX-mopenu paka xenyaka Ha UMMyHoAebULUTHBIX
Mbiwax nuHum Balb/c Nude npy nomoLm uMnaaHTaLMoOHHOMO U MHBEKLMOHHOIO CMOCO6OB.

Marepuanbl u MeToAbl. C Lenbio co3faHust optotonmyeckor PDX-Mopenu paka xenyfka YenoBeka 6blv MPUMEHEHDI
2 cnocoba — MHBEKLUMOHHbIA U UMMIAHTaLMOHHbIN. [epBbIi CNOCO6 3aK/oYancsi B UHbEKLUM CYCMEH3UU MeXaHUYeCcKu
JesarpernpoBaHHOI OMyXo/nu NauneHTa nocne uibTpaunm B CTEHKY Xenyaka Mbiwen nuHnm Balb/c Nude. nsa BToporo
cnoco6a Menkue pparmMeHTbl (3 x 3 x 3 MM) OMyX0JIM MNALUEHTOB 6bIIM UMMNIAHTMPOBaHbI MbillaM B CTEHKY XenyaKa rno
60/1bLLOV KPUBU3HE C pacceYeHneM CEPO3HO-MbILLEYHOrO CJI0S.

Pesynbrarbl. [1py NPYMEHEHNM UMMNAHTaLMOHHOIO cnocoba nosyyeHns PDX-Mofenu paka xenyzka Ha UMMyHoAeDULMUTHBIX
Mbiwax nuHum Balb/c Nude B xofie npouefyp KOHTPOSIbHOW lanapoToMuK, 6bin1 06HaPYXXeH MONOXMUTENbHbIN pe3ynbTaT
NPWXUBIEHMWS ONyX0NeBOro MaTepuana npu 1-o u 3-eit npoueaypax. MHbeKLMOHHbIN cnocob He fan adpheKTUBHOO pe-
3ynbTaTa — He 6bln1a NoJslyyeHa H1 ofgHa MoAaesnb. MTMCToTUN nonyYyeHHbIx PDX-Moaenei cpaBHMUBany ¢ JOHOPCKOM OMyX0sbto
1 NOATBEPXKAANM MPU NOMOLLYM MMCTONIOMMYECKOro UccnefoBaHmns (oKpalumBaHe reMaToKCUIIMHOM 1 303MHOM). CTeneHb
anbdepeHUMpOBKM OcTaBanacb CTabUNbHOW U He MeHsANach B pe3ynbTaTe NaccMpoBaHWUsA KceHorpadTa, YTo nokasano
VMAEHTUYHOCTb NONYYEHHOW MOAENN TMCTOTUMNY LLOHOPCKOM OMNYXOJu.

3aknoueHue. NpeacTaBneHHbIN UMNNAHTALMOHHbIA METOA, Co3laHnst Mofenu AaeT aPheKTUBHbIN pedynbTaT NPUXUB-
neHus onyxonu. MonyyeHHas Moaesnb NO3BONSIET UCMONb30BaTb €€ AN NPoBepKU 3PHEKTUBHOCTU NPOTUBOOMYXOSIEBbIX
WM aHTUMeTacTaTUYEeCKMX NpenapaTos, BO3SMOXHbIX UCCNefoBaHUIA PYHKLUMI GUOMapKepoB, a Takxe AJs OLLeHKN MUKPO-
OKPY>XEHWS OMYXONN enyaka.

KntoueBble cioBa: OpTOTONMYECKAsi KCEHOTPAHCNIAaHTaLMS, paK Xenyaka, UMMyHoaedbuumTHbIe Mbiwm, PDX-Mogenu,
TpaHcnaHTauums

[Ons yutuposanus: KypbaHoBa J1. 3., Kapacés T. C., fonyapoBa A. C., KonecHukos E. H., Makcumos A. 10., ABepkud M. A., TanuHa A. B.,
PomaHoBa M. B., lycapeBa M. A., 3uHbkoBuy M. C. MogenupoBaHue paka xenyaka Ha MMMYHOAE(MULNTHBIX MblLiax NyTeM OPTOTONUYECKOW
KCeHOTpaHcnnaHTauuu. I0xHo-Poccuitckuii OHKonoruyeckuii xxypHan. 2023; 4(3):36-43.
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INTRODUCTION

Every year, gastric cancer is diagnosed for the first
time in more than 1 million people. At the moment,
gastric cancer remains the fourth cause of cancer
mortality [1; 2]. Treatment of patients diagnosed
with gastric cancer consists in the use of surgical
methods, chemotherapy, immunotherapy. However,
all these methods have limited effectiveness. Over
a 20-year period, the proportion of patients with me-
tastases increased from 24 to 44 %, which indicates
an urgent need for an optimized approach to both
treatment and diagnosis [3]. More and more efforts
are being made to find effective ways to research
and understand the biology and therapeutic features
of gastric cancer.

One of such approaches is the use of orthotopic
cancer models obtained from patients (PDX stands
for: patient derived xenograft) [4; 5]. The main ad-
vantage of PDX models is that tumor cells tend to
consistently repeat the features of the original tumor,
and the orthotopic implantation method can better
simulate the natural environment of the tumor. It
has been shown that for some types of tumors, the
subcutaneous model has a lower rate of engraftment
than the orthotopic one [6]. Orthotopic xenografts
of tumors are one of the best experimental models
for representing the mechanisms of spontaneous
metastasis [7; 8].

This model is an important tool for providing sci-
entific substantiation of the relevance of new thera-
peutic combinations in gastric cancer. To study the
growth and metastasis of gastric cancer, as well as
to test the effectiveness of treatment and therapy,
as well as testing new pharmacological substances,
various methods of orthotopic transplantation to be-
stimus mice (Balb/c Nude) have been developed [9;
10]. Although several methods are used to develop
an orthotopic model, the optimal way to create it has
not yet been determined.

The purpose of the study was to create an orthot-
opic PDX model of gastric cancer in immunodeficient
Balb/c Nude mice using implantation and injection
methods.

MATERIALS AND METHODS

Tumor sample

The tumor samples required for orthotopic trans-
plantation to laboratory animals were obtained from
patients diagnosed with gastric cancer who were
treated in 2022, from whom written permits were ob-
tained for the use of samples for research purposes.

Laboratory animals

All procedures related to in vivo studies on mice
were carried out in accordance with the "Guide-
lines for the maintenance and use of laboratory
Animals" [11]. 39 female immunodeficient Balb/c

Table 1. Characteristics of tumor material donor patient, and evaluation of xenotransplantation results to immunodeficient

Balb/c Nude mice

Characteristics of tumor material donor patient

Assessment of
implantation
outcomes

Method of (1¢t generation)
xenotransplant
isolation Total number of
Proce- Donor Method . .
. TNM . Prior transplantations /
nL?rlrJ:tfer pallee:ts ?ng?g:}e stage Micromorphology therapy number of successful
implantations
Tumor fragment
implantation 1 Distal 7/6
F subtotal TN.M Low-differentiated )
Injection resection 0 adenocarcinoma
of tumor 2 7/0
suspension
Tumor fragment
implantation 3 Distal UE
— F subtotal T.NM, Low-differentiated 3
Injection resection adenocarcinoma
of tumor 4 7/0
suspension
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Nude mice were used to create tumor models. The
animals were kept in the SPF-zone of the vivarium,
in individually ventilated cages at a temperature of
21-23 °C. The mice were provided with free access
to food and water.

Creating an orthotopic model

The orthotopic PDX model of gastric cancer was
obtained in two ways. The first method consisted
in implanting a fragment of the patient's tumor into
the gastric wall of Balb/c Nude mice along the large
curvature. The second method was the injection of
a homogenized crushed tumor of the patient into
the gastric wall of Balb/c Nude mice along the large
curvature. The tumor material was obtained from
two patients. General characteristics of patients and
evaluation of the results of tumor engraftment to
animals are presented in the table 1.

Xenograft engraftment and growth were evaluated
by performing control laparotomies 20 and 40 days
after implantation and injection of tumor material.
Surgical manipulations were performed using inject-

able anesthesia for laboratory animals using veteri-
nary drugs "Xylazine" and "Zoletil-100".

Assessment of the growth of tumor xenografts

Measurements of tumor nodes were performed
during laparotomy using a caliper. The volume of tumor
nodes was calculated by the formula: V =L x W2/ 2,
where V is the volume of the tumor (mm?); L, W are
the linear dimensions of the tumor (mm).

Histological examination

Fragments of tumor tissue were fixed in 10 % for-
malin for 24 hours, then subjected to dehydration,
after which they were enclosed in paraffin. After that,
microsections were prepared, which were stained
with hematoxylin and eosin according to the stan-
dard procedure. A donor and xenogenic tumor were
subjected to histological examination.

Statistical analysis

Statistical data processing was performed using
the STATISTICA 8.0 software package. The results
are presented as median values [25th and 75th per-
centiles].

Fig. 1. Generating an orthotopic PDX model by implanting a fragment of a human gastric cancer into the body wall of the immunodeficient
mice stomach. A - dissection of the skin, muscles and tissue of the abdominal wall of an immunodeficient mouse; B — implantation of a
human tumor fragment into the body of the mouse stomach; C — suturing of the mouse abdominal wall tissue; D - final appearance after

transplantation.
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RESEARCH RESULTS

Modeling of gastric cancer on immunodeficient
Balb/c Nude mice was carried out in two ways — the
method of injection of a suspension of the patient's
tumor cells; the method of implantation of a frag-
ment of the patient's tumor. To create xenografts, 4
procedures were performed (2 procedures for each
method). As part of one procedure, the model was
created on a group of seven animals.

After surgery, the patient's tumor fragment was
washed with a nutrient medium (DMEM and 1 % pen-
icillin/streptomycin) and areas with signs of necrosis
were removed.

The first method of creating a PDX model was
carried out as follows. The tumor was cut into small
fragments (3 x 3 x 3 mm), then the resulting fragment

e I

T

!

Fig. 2. Orthotopic xenograph of human gastric cancer on the
gastric body of an immunodeficient mouse of the Balb/c Nude line.

was implanted into the gastric wall of an immunode-
ficient Balb/c Nude mouse. After anesthesia of the
animal with the sedative "Xylazine" at a concentration
of 20 mg/kg and the general anesthesia drug "Zoletil
100" at a concentration of 50 mg/kg, layered dissec-
tion of the skin and tissue of the abdominal wall of
the mouse was performed. After the expansion of the
surgical wound with the help of anatomical tweezers,
the stomach was isolated and the serous-muscular
layer of the stomach was dissected along a large
curvature. Then the resulting fragment of the donor's
tumor was sewn with a ligature to the gastric wall at
the site of the incision and the abdominal cavity and
skin were sewn in layers (Fig. 1).

When using the implantation method for obtaining
a PDX model during the control laparotomy proce-
dures, a positive result of the engraftment of tumor
material was found (Fig. 2).

The tumors of the obtained PDX models retained
identical histological features of the original tumors
of the donor patients (Fig. 3).

The second method was as follows: the frag-
ments of the tumor were subjected to mechanical
disaggregation, then the resulting suspension was
transferred to a vial, passed through a filter and typed
into a syringe. After that, an injection was carried out
into the corresponding part of the gastric wall of an
immunodeficient mouse.

DISCUSSION

When using the injection method to obtain a PDX
model, no tumor growth was detected during the
control laparotomy procedures. It can be assumed

Fig. 3. Histological preparations of gastric cancer. A is the patient's tumor (donor tumor). H&E staining. x 200; B — xenograft, 1t generation;

C - xenograft, 2" generation.
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that the absence of a positive result in the form of
engraftment of tumor material and the formation
of a tumor node was probably due to the phenome-
non of anoikis — a form of apoptosis that occurs in
response to loss of connection with the matrix or
caused by the separation of cells from neighboring
cells caused by mechanical disaggregation. Thus,
the method of injecting a suspension of tumor cells
is insufficiently effective due to the complexity of
manipulations and lack of effectiveness, as was
shown in our study and in the researches of other
authors [12; 13].

Implantation procedure No. 1 showed a result with
86 % engraftment and tumor growth as a result of
xenotransplantation during the first generation. The
first laparotomy was performed 20 days after the
operation. According to the results, the median vol-
ume of xenografts was 99.61 [70.44; 138.29]. With
laparotomy performed after 40 days, the median
was 221.21 [184.27; 202.17]. The second genera-
tion showed 100 % engraftment and faster tumor
growth. The median volumes of xenografts were
125.56 [106.21; 168.51] and 288.61 [223.48; 344.1] 20
and 40 days after implantation, respectively (Table 2).

As a result of procedure No. 3, the growth of xe-
nografts was observed in five of the seven animals
in the group at the 1st generation. At laparotomy on
day 20, according to the results of measurements,
the median volume of xenografts was 67.37 [55.35;
118.59]. As a result of laparotomy on day 40, the
median tumor size was 126.77 [104.76; 169.99].

The second generation was also characterized by
higher growth rates. The median volumes of xeno-
grafts of the second generation were 157.71 [102.16;
172.96] and 291.5 [251.42; 346.32] 20 and 40 days
after implantation, respectively (Table 2).

The tumor pathology in both PDX and patients
was a low-grade adenocarcinoma of a solid type.
There were no changes in the degree of differentia-
tion as a result of xenograft passage (within the two
generations obtained). The observations obtained in-
dicate the ability of xenotransplanted tumors of early
generations (1st and 2nd generations) to accurately
display the morphological features of donor tumors.

CONCLUSION

Up to the date, a number of methods of orthotopic
transplantation have been developed, but each of
them has disadvantages that limit its widespread
use. As part of our study, 2 methods of creating an
orthotopic model of gastric cancer were analyzed:
injection and implantation. The injection method
proved to be ineffective. The implantation method
yielded a result with a high level of tumor engraft-
ment, i.e. 86 % and 100 % of the two patients' tumor
materials. The presented method of creating a model
allows us to transplant tumor tissue into the stomach
orthotopically without additional labor, and also gives
an effective result of tumor engraftment. The ob-
tained models can potentially be used for screening
and evaluation of known and new drugs.

Table 2. Volumes of orthotopic xenografts of human gastric cancer of two consecutive generations 20 and 40 days after
implantation of the tumor fragment to immunodeficient Balb/c Nude mice, presented as median (M) and interquartile span

(implantation procedure No. 1, 3)

Procedure No. Generation Laparotomy M 25 percentile 75 percentile
20 days 99.61 70.44 138.29
1
40 days 221.21 184.27 202.17
Procedure 1
20 days 125.56 106.21 168.51
2
40 days 288.61 223.48 3441
20 days 67.37 55.35 118.59
1
40 days 126.77 104.76 169.99
Procedure 3
20 days 157.71 102.16 172.96
2
291.5 251.42 346.32
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A RARE CLINICAL CASE OF SYRINGOMYELIA PROGRESSION IN THE
PRESENCE OF CHIARI | MALFORMATION FOLLOWING THE SURGERY
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ABSTRACT

Today, an Arnold-Chiari malformation is defined as a developmental pathology of the craniovertebral junction manifested by
a discrepancy between the volume and contents of the posterior cranial fossa, which in turn leads to compression of neu-
rological structures and changes in the cerebrospinal fluid circulation. There are several theories of the correlation between
Chiari malformation and syringomyelia, but the exact mechanism of syringomyelia development remains unclear.

This article describes a clinical case of treatment of a child with Chiari | malformation and syringomyelia within the cervical
and thoracic segments of the spinal cord; after complete posterior fossa decompression, syringomyelia progressed in the
early postoperative period with the development of a severe neurological deficiency. Since there is no standard treatment of
such postoperative complications, a decision was made on the expectant management of the patient. From the twentieth
day of the postoperative period, the patient showed complete regression of the neurological deficiency and positive MRI
dynamics of syringomyelia.

The presented clinical case raises such issues as not only the pathophysiology of syringomyelia progression after complete
posterior fossa decompression, but also the determination of patient management tactics in case of a complicated postop-
erative course of the disease.

The presented clinical case is of interest due to the rarely described aggravation of syringomyelia with enhancing neurological
symptoms in the early postoperative period after complete posterior fossa decompression.

Our observation suggests that the expectant management of the patient, despite syringomyelia progression with neurological
deficiency aggravation after posterior fossa decompression, allowed a favorable long-term outcome of Chiari | malformation.

Keywords: syringomyelia progression, Chiari | malformation, craniovertebral junction anomaly, posterior fossa
decompression
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3.1.6. OHKonorus, nyyesas Tepanusi

KNMWHUYECKOE HABNIOAEHUE

PEAKMIA KIMHUYECKWN CTYYAM NTPOTPECCUPOBAHMSA CUPUHTOMMENNM HA BDOHE
AHOMAJIMA KWAPW | TUNA NOCJIE ONEPATUBHOTO BMELLATEJIbCTBA

3. E. Poctopryes, H. C. KysHeioBa™, A. A. Macnog, B. E. XaTiowuH, b. B. MateBocsH, I. A. Pe3Huk,
0. B. Nanpoea, E. B. WanawHasn

HMWL| oHkonoruwm, r. PoctoB-Ha-[loHy, Poccuiickas Gegepauus
B4 kyznet.nat@gmail.com

PE3IOME

Ha cerogHsAwWwHMI feHb ManbdopMauma ApHonbaa-Knapy onpefensieTcsi Kak naTosiorus pa3BuTUsi KpaHMoBepTeGpPaibHOro
nepexoAa, NposiBAAIOLLASCA HECOOTBETCTBMEM 06bEMA U COAEPXKMMOTO 3aiHel YEPENHOM IMKM, YTO B CBOKO oYepesb Npu-
BOAMT K KOMMNPECCUUN HEBPOMOIMYECKUX CTPYKTYP U MUBMEHEHMIO XapaKTepa JIMKBOPOToKa. CyLlecTBYeT HECKOJIbKO TEOpUiA
Koppenauuu mexay manbpopmavmeinn Knapu n cupyuHroMmmenmen, oiHako TOYHbIA MeXaHU3M pasBUTUS CUPUHTOMUENUU
ocTaeTcs NpegMeToM Anst AUCKYCCUM.

B cTaTbe onucaH KNMHUYECKUIA CnyYail neyeHns pebeHka c aHoMmanunei Kuapu | Tuna v CMpuHroMmnenuen LWenHbIX U rpyaHbIX
CEerMeHTOB CMMHHOIO MO3ra, y KOTOPOro Nnocne NpoBeAeHHON AEKOMNPECCUM 3aHel YepernHom SIMKK «MOJTHOro o6bema»
B paHHEM nocneonepalMoHHOM NepPUoAe BO3HUKIIO NPOrpeccMpoBaHe CUPUHIOMUENNU C Pa3BUTMEM FPy6Oro HEBPOJIO-
rmyeckoro gepuunTa. YUntbiBasi OTCyTCTBME CTaHAAPTHbIX MOAXOAOB B JIEYEHUM TaKUX MOCNE0NepaLMOHHbIX OCIIOXHEHWN,
NPUHSATO peLLeHre O BbXXuaaTeNlbHOW TaKTUKe BeAeHUsi naumeHTa. C aBajuaTbix CyTOK MocneonepaumMoHHOro nepuoga
y NauueHTa OTMEYEH MOJTHbIV perpecc HeBposiornyeckoro geduvumnTa v NONOXUTENbHAst MarHUTHO-pe30HaHCHas ToMorpa-
¢us (MPT) gMHaMUKa CUPUHIOMUENNN.

MpeacTaBneHHbIW KIMHUYECKMIA cryyai NOAHUMAET He TOJIbKO BOMPOChI NaTodn3nonorum nporpeccMpoBaHnsi CUPUHIOMU-
e/lMm1 nocre BbIMOJIHEHUSI IeKOMMPECCUM 3afiHelN YepenHom SIMKM «MOJTHOFO 06beMay, HO U onpefesieHne TaKTUKU BeAeHUst
nawuueHTa B Clyyae OC/IOXHEHHOIO Noc/ieonepaLoHHOro Te4eHns 3aboneBaHus.

WHTepec npeficTaBNEHHOr0 KIMHUYECKOrO CllyyYas 3aK/to4aeTcsl B TOM, YTO ONMCaHO pefiko BCTpevaroLleecs ycyrybneHuve
CUPUHIOMMENNY C HapacTaHWEM HEBPOJIOMMYECKOW CUMMNTOMATHKN B paHHEM MoOc/ieonepauoHHOM nepuoge nocsie Bbl-
NMOJIHEHUSI AEKOMIMPECCUN 3a[HEW YEPENMHOW SIMKU «TOJTHOFO 06beman.

OcHoBbIBasiCb Ha AiaHHbIX HaLLero HabMAeHWs, BbhkuaaTeNnbHasi TaKTUKa BeleHWUs NaLueHTa, HECMOTPS Ha NMPOrpPeccupo-
BaHWe CUPUHTOMUENUU C YCYry6NeHnemM HEBPOIOrnyeckoro feduunTa, nocne AeKOMNpeccun 3agHen YepenHomn ssIMKU Nno3eo-
nvna go6utbcst 61aronosyYHoro OTAaneHHOro pesynbrata Te4eHust 3aboneBaHus;, CBA3aHHOro ¢ aHomanuen Kuapu | Tuna.

KnioyeBble cNnoea: NporpeccMpoBaHne CUPMHroMUenum, aHoManua Kuapu |, aHomanusi KpaHuoBepTebpasnbHOro nepexo-
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INTRODUCTION

Currently, Arnold-Chiari malformation is defined
as a pathology of the development of the cranio-
vertebral junction, manifested by a mismatch in the
volume of the posterior cranial fossa and brain struc-
tures, which in turn leads to prolapse of the cerebel-
lar tonsils below the Chamberlain line, compression
of neurological structures within the cranio-vertebral
junction and impaired cerebrospinal fluid dynamics
of varying severity [1].

In clinical practice, the most common is type
| Chiari anomaly. According to the literature, it occurs
with a frequency of 1 per 1000 newborns, with a fe-
male prevalence of 1.3 to 1[2]. In 20-85 % of cases,
Chiari | is potentially associated with syringomyelia,
more often affecting the cervical region, followed by
a combined lesion of the cervical-thoracic region (Fig.
1.). However, there is currently no consensus explain-
ing the etiology and progression of syringomyelia.

In the neurological aspect, Chiari type | anomaly
remains asymptomatic in most cases, which cre-
ates certain difficulties in diagnosing the disease
and is detected when performing magnetic reso-
nance imaging (MRI) for other reasons. When the
disease manifests, the most common symptom in
both adults and children is headache and segmental
violations of temperature sensitivity are much less
common [3].

According to modern concepts, MRI of the central
nervous system is the main and widely used diag-

Fig. 1. Arnold-Chiari anomaly type I: A - cerebellum; B — prolapse
of the cerebellar tonsils below the foramen magnum;
C - syringomyelia at the cervical level.
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nostic method that allows to obtain an image of the
anatomy of the craniovertebral junction with the de-
tection of hydrocephalus and/or syringomyelia, as
well as fixed spinal cord syndrome [4].

The main method of treatment of patients with
craniovertebral junction anomaly is surgical interven-
tion, which is indicated by the presence of neurolog-
ical symptoms associated with both syringomyelia
and the insertion of the tonsils of the cerebellum [5].
Surgical intervention is aimed at restoring cerebro-
spinal fluid dynamics at the level of the cranioverte-
bral junction. Optimal access consists in performing
a suboccipital craniectomy with decompressive ex-
pansion of the foramen magnum, often with laminec-
tomy of the posterior arch C1, and if necessary, the
arch C2 of the vertebra, plastic surgery of the dura
mater is performed.

Thus, the intervention, designated as decompres-
sion of the posterior cranial fossa of the "full vol-
ume", is the most common neurosurgical approach
aimed at restoring the flow of cerebrospinal fluid at
the level of the foramen magnum.

However, there are many questions here: what
amount of decompression is required to successfully
change the pathology of the cerebrospinal fluid flow,
what treatment results are considered satisfactory,
what tactics to choose with the further progression
of syringomyelia in the postoperative period, what
mechanism is responsible for the ineffectiveness of
treatment, what is the need and priority of additional
surgical interventions [6]?

The clinical example we have given shows the
difficulty of determining tactics with an extremely
rare aggravation of syringomyelia with the develop-
ment of a gross neurological deficit after performing
a "full-volume" surgical intervention.

Description of the clinical case

Patient T., 17 years old, was admitted to the clin-
ical diagnostic department of the National Medical
Research Centre for Oncology with complaints of
severe headache in the occipital region. Pain syn-
drome according to the visual-analog pain scale
is 7 points. In the neurological status: cerebral
syndrome; tendon and periosteal reflexes in the
extremities symmetrical; muscle strength 5 points;
segmental sensory disorders were not detected.
According to MRI of the central nervous system
(Fig. 2): omission of the tonsils of the cerebellum
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by 18 mm below the occipital foramen magnum
(Fig. 2A). There are no data for hydrocephalus. Sy-
ringomyelia of the cervical and thoracic spinal cord
with expansion of the central spinal canal up to 6
mm (Fig. 2 B, C). Lack of fixation of the spinal cord
at the lumbar level.

The patient underwent surgical intervention in the
volume of resection of the posterior edge of the fo-

ramen magnum and the posterior semicircle of the
atlas (Fig. 3); Y-shaped opening of a significantly
hypertrophied dura mater and its subsequent plasty
using an artificial dura mater plate from Medtronic.
The arachnoid meninges were not opened in con-
nection with the performed tasks of surgical inter-
vention, in order to avoid further formation of the
adhesive process.

Fig. 3. 3D model of bone decompression reconstruction based on
the results of postoperative CT scan of the brain.

Fig. 4. MRI data (T2 mode) of the brain, cervical spinal cord —
3 days after surgery.
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In the early postoperative period, the patient had an
increase in cerebral symptoms, the appearance of pro-
nounced muscle weakness in the upper extremities up
to 2 points and pronounced hypesthesia in the hands.
A control MRI of the central nervous system was per-

Fig. 5. MRI data (T2 mode) of the brain, cervical spinal cord
performed 23 days after surgery.

Fig. 6. MRI data (T1 mode) of the brain, cervical spinal cord
performed 3 months after surgery.
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formed on the 3rd day after the operation. To exclude
the potentially reversible state of "presyrinx", MRl was
performed using T1 and T2-weighted sequences [7].
MRI data of the brain and cervical spinal cord: no hy-
drocephalus; prolapse of the cerebellar tonsils into
the surgically expanded occipital foramen magnum
remains 18 mm below the large occipital foramen;
negative dynamics of syringomyelia of the cervical
spinal cord with the expansion of the central spinal
canal to 14 mm (versus 6 mm before surgery) (Fig. 4).

Given the lack of standard treatment tactics, in
this case, a decision was made on conservative man-
agement of the patient. Acetazolamide is prescribed
in a daily dose of 250 mg. Since the twentieth day
after the operation, a positive dynamics of the neu-
rological status was noted in the form of an increase
in muscle strength to 5 points, a complete regression
of the cerebral syndrome and sensitive disorders.

MRI data of the brain and cervical spinal cord per-
formed on the 23rd day after surgery revealed posi-
tive dynamics of the disease: omission of the tonsils
of the cerebellum by 11 mm (vs. 18 mm on the 3rd
day after surgery); syringomyelia of the cervical spi-
nal cord from the cerebrospinal junction and caudal
with the expansion of the central spinal canal to 3
mm (vs. 14 mm on the 3rd day after surgery) (Fig. 5).

Clinically, in the late postoperative period, there is
a complete regression of the cerebral syndrome and
the absence of focal manifestations.

On the control MRI 3 months after the operation,
further positive dynamics was noted: lowering of the
tonsils of the cerebellum by 8 mm (versus 11 mm
on the 23rd day after surgery); syringomyelia of the
cervical spinal cord with expansion of the central
spinal canal to 2 mm (versus 3 mm on the 23rd day
after surgery) (Fig. 6).

DISCUSSION

Suboccipital craniectomy, resection of the poste-
rior semicircle of the atlas with subsequent plasty of
the dura mater without opening the arachnoid medul-
la is a highly effective method of treating Chiari type
| anomaly associated with syringomyelia. However,
this method does not exclude a complicated course
of the disease with further progression of syringo-
myelia and aggravation of neurological deficit, which
makes it difficult for the neurosurgeon to choose the
patient's treatment tactics.
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In search of an answer to the question about the
possible mechanisms of the progression of syringo-
myelia after performing a decompressive operation
of "full volume', it is worth referring to the work of
Aboulker J. (1979), who suggested that the displace-
ment of the cerebellar tonsils downwards causes
stenosis of the subarachnoid space at the level of
the foramen magnum with the possible formation
of syringomyelia. After decompression of the pos-
terior cranial fossa, the tonsils are further displaced
downwards due to the weakening of the "support”
of the cerebellum [6]. This is also confirmed by the
theory of Oldfield E. H. et al. (1994) on the pulsating
aggravation of the dislocation of the cerebellar ton-
sils during each respiratory cycle and cardiac systole,
followed by the development of dynamic blockade
of the cerebrospinal fluid pathways in the region of
the foramen magnum and aggravation of syringo-
myelia [8-10]. A number of authors, investigating
this issue, identified as the basis of the persistent
course of the disease: syringomyelia in this group of
patients does not always occur due to obstruction
of the cerebrospinal tract in the area of the foramen

magnum, or the operation did not eliminate obstruc-
tion of the cerebrospinal tract in the area of the fora-
men magnum, which initiates the pathophysiological
mechanism of progression of syringomyelia [11].

Based on our observation data, the patient's wait-
and-see management tactics, despite the progres-
sion of syringomyelia with an aggravation of neuro-
logical deficit after decompression of the posterior
cranial fossa, made it possible to achieve a safe
long-term outcome of the course of the disease as-
sociated with type | Chiari anomaly.

CONCLUSION

The given clinical case demonstrates that patients
after neurosurgical treatment for type | Chiari anom-
aly associated with syringomyelia should undergo
thorough clinical and instrumental dynamic moni-
toring for potential progression of syringomyelia. In
case of an increase in syringomyelia and aggrava-
tion of neurological symptoms in the postoperative
period, conservative management of the patient is
permissible.
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ABSTRACT

Recently, there has been an increase in the number of patients with primary multiple malignant tumors, which not only affect
one or more organs, but also differ in their histological structure. At the same time, melanoma of the skin is a rare localization
among primary malignant neoplasms. This nosology accounts for only 3—-5 % of all skin tumors. Melanoma is associated
with high mortality due to the development of a pronounced metastatic potential, and therefore the study of this malignant
formation is of the greatest relevance. Over the past 50 years, the incidence of multiple primary melanoma has increased sig-
nificantly. At the same time, the number of patients with more than 2 lesions has increased to 18 % of the number of primary
multiple melanomas over the past 50 years. This emphasizes the importance of monitoring patients with melanoma and reg-
ularly examining patients for new lesions. This article demonstrates a clinical case of a patient with a confirmed diagnosis of
a primary multiple disease with melanoma of the skin and rectum. For skin melanoma, the patient underwent a wide excision
of the tumor with inguinal-femoral lymph node dissection on the right. Subsequently, radiation therapy and chemotherapy
were performed. Further, during a comprehensive examination, the patient was diagnosed with a malignant neoplasm of the
lower ampullar rectum with a transition to the anal canal. The patient underwent laparoscopic-assisted abdominoperineal
extirpation of the rectum. Histological analysis revealed nodular melanoma. From the anamnesis of the patient, among the
comorbidities, breast cancer, uterine myoma, hemangioma of the liver and lung hamartoma were also identified. The clinical
course of all malignant tumors was favorable, without the development of relapses and metastases. The greatest interest in
this situation is the primary multiple melanoma in connection with successful treatment with the most unfavorable prognosis.
The described clinical observation indicates the need for an in-depth study of cases of primary multiple malignant tumors and
the search for mechanisms for a favorable course of malignant neoplasms in this case.
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3.1.6. OHKonorus, nyyeBas Tepanus

KNMHUWYECKOE HABJIIOAEHUE

KNWHUYHECKOE HABJTIOAEHWUE NALMEHTKK C MEPBUYHO-MHOXECTBEHHBIMU
3/IOKAHECTBEHHbIMM ONMYX0NIAMU, BKNHOYARLLUMU NEPBUYHO-MHOXECTBEHHYIO

MEJTAHOMY

10. A. l'eBopksH, H. B. CongatkuHa™, 0. K. boupapenko, U. H. MupoHenko, B. E. KonecHukos, A. B. lawkos

HMWL| oHkonoruwm, r. PoctoB-Ha-[loHy, Poccuiickas Gefepauus
B4 snv-rnioi@yandex.ru

PE3IOME

B nocnepHee Bpemsi 0TMeYaeTCs yBeIM4eHne Yicna naumMeHToB C MEPBUYHO-MHOXECTBEHHbBIMU 3/T0KAYeCTBEHHbIMU OMyXO-
JIIMU, KOTOpPbIe He TONIbKO MopaatoT OAUH UM HECKOJIbKO OPraHoB, HO M OT/IMYAtOTCSt MeXay co60i No rMCTONorMYecKom
CTpYKType. MNpun 3TOM cpeau NepBUYHbIX 3110KaYECTBEHHbIX HOBOO6PA30BaHMUI peiKoW ToKanu3aLmein AsBseTcs MenaHoma
KOXW. [laHHaa HO30510rns cocTaBnsieT Bcero 3—5 % OT BCex onyxosen Koxun. MenaHoma cBsidaHa C BbICOKOW CMEPTHOCTbIO
13-3a pa3BUTUA BbIPAXXEHHONO METACcTaTUYECKOro NOTeHLMana, B CBA3N C YeM U3yYeHWe AaHHOMO 3/10KaYeCTBEHHOMO 06-
pa3oBaHuA NpeacTaBnseT HanboMbLUY akTyallbHOCTb. 3a nocneaHue 50 feT BCTPe4aeMoCTb NEPBUYHO-MHOXECTBEHHOW
MeJlaHOMbI 3HauMTeNlbHO Bo3pocria. [1pn 3TOM KONMMYECTBO MaLMEHTOB, MMetoLLmX 6osee 2 o4aros, BO3pocsio o 18 % oT
yncna nepBMYHO-MHOXECTBEHHbIX MeTaHOM B TeyeHue nocnegHux 50 net. 3To NoQYEPKUBAET BAXXHOCTb HabMOAEHUs!
naLMeHTOB C MENAHOMOW U PerynsipHbIX OCMOTPOB 60JIbHbIX Ha MPeAMeT BO3HUKHOBEHUSI HOBbIX 04aroB. B gaHHoM cTaTbe
NPOAEMOHCTPUPOBAH KIIMHUYECKMI CllyYall MaUUeHTKU C YCTaHOBMIEHHbIM AMarHo30M NepPBUYHO-MHOXECTBEHHOMO 3a60-
NIEBaHUS C MOPaXKEHNEM MeNTaHOMOM KOXM U NPAMON KUMKW, Mo noBogy MenaHOMbl KOXW NauueHTKe 6b1s10 BbINOIHEHO
LUIMPOKOE UCCEYeHME OMyXou C NaxoBo-6efipeHHO nuMdoanccekLmeit cnpaea. B nocneaytolem npoBoaunach fiyyeBas
Tepanus U xumuoTepanusi. B nocnepgytolemM npu KoOMmniekcHoM o6cnefoBaHumM 60/1bHOM 6bin YCTAaHOBNEH AMArHO3 3/10-
KayecTBEHHOro HOBOO6Pa30BaHUsSI HUXHe-aMMy/IsiPHOro oTAeNa NPSIMON KULLKKW C NEPEXof0oM Ha aHanbHbI KaHan. MNauyu-
€HTKe 6blna BbINOJIHEHA JTaNapOoCKOMUYEeCKMU-aCCUCTUPOBaAHHAs GPIOLLHO-NPOMEXHOCTHas 3KCTUPMaUust MPSIMON KULLIKK.
Mo AaHHbIM FMCTONOrMYECKOro aHanM3a BbisiBieHa y310Bas MenaHomMa. M3 aHaMHe3a 60/1bHOW cpeAn COMyTCTBYHOLUX
3a60neBaHNUi Takxe 6blSIM BbIsIBIIEHbl paK MOJIOYHOM YKenesbl, MMOMa MaTKW, reMaHrMoma neyeHun, raMapToma nerkoro.
KnuHunyeckoe TeyeHme BCeX 3/10KAYECTBEHHbIX OMNyXxonei 6b110 61aronpusaTHbIM, 6e3 pasBUTUSI PELMAMBOB Y METACTa30B.
Han6onblumnii HTepec B JaHHOW CUTyauuu NpeacTaBnsieT NepBUYHO-MHOXECTBEHHAA MeNaHoOMa B CBSI3W C YCMNELIHbIM
JleyeHneM npu Hanbosnee He6MaronPUATHOM NporHose. ONMcaHHoe KNMHUYECKoe HabneHne CBUAETENIbCTBYET O HEO6XO-
OVMOCTM YrNy6/IEHHOTO U3YYEHNS CNyYaeB NEPBUYHO-MHOXECTBEHHbIX 3/TOKAYECTBEHHbIX OMyX0sei U noucka MexaHu3mMoB
61aronpusITHOrO TeYEHMUs! NPY 3TOM 3/10KAYECTBEHHbIX HOBOO6GPa30BaHU.

KnioueBble cnosa: nepBUYHO-MHOXXeCTBEHHbIE 3/10Ka4YeCTBEHHbIe OMnyXoJiu, NnepBU4YHO-MHOXXeCTBEHHaa MeJlaHOMa,
MeJlaHOMa KOXun
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INTRODUCTION

Recently, there has been an increase in the number
of patients with primary multiple malignant tumors
having different histological structure and affecting
one or more organs. The cases of two primary ma-
lignant neoplasms are the most common, while the
cases of a greater multiplicity of malignant tumors
are less than 0.5 % [1-3].

At the same time, among primary malignant tu-
mors, a rare localization is skin melanoma, which
accounts for only 3-5 % of all skin tumors, but the
relevance of this disease is due to high mortality due
to pronounced metastatic potential [4].

Primary multiple melanoma is understood as the
occurrence of two or more separate melanomas in
one patient. Over the past 50 years, the incidence
of primary multiple melanoma has increased sig-
nificantly (in the 1960s, its rate was less than 1 %
among men and women; in the 2000s — 6.4 % among
women and 7.9 % among men). The number of pa-
tients with more than 2 lesions over the past 50 years
has increased to 18 % of the number of primary mul-
tiple melanomas [5].

According to a study by Menzies S et al. (2017),
4.8 % of all melanomas are primarily multiple, and
the average period between the detection of the first
and second foci is 33.7 months. At the same time,
in 70 % of patients, the second focus is diagnosed
within about 2 years after the first one is detected [6].
This underlines the importance of monitoring pa-
tients with melanoma and regular examinations for
the appearance of new foci. Among the most fre-
quent localizations, the authors note the lesion of
the lower lip. There was no significant difference in
the age of patients with solitary and multiple mel-
anomas. According to other authors, 1-8 % of all
melanomas are primarily multiple [7]. About 6-12 %
of all melanomas are familial and 12 % of familial
melanomas are primarily multiple [8]. Risk factors
for hereditary and primary multiple forms include mu-
tations of the breast cancer 1 (BRCA1), BRCA1-as-
sociated protein 1 (BAP1), CDKN2A and telomerase
reverse transcriptase (TERT) genes [9-10]. Despite
the available information about melanoma, there is
no significant data on the management of patients
with primary multiple melanoma to date.

The purpose of the study is to improve the di-
agnosis and treatment results of primary multiple

malignant neoplasms by applying careful dynamic
monitoring of oncological patients.

Description of the clinical case

As the matter of information above, the following
clinical observation is of interest.

Patient S., female, 64 years old, in September
2021, was admitted to the National Medical Re-
search Centre for Oncology with complaints of an
admixture of blood and mucus in the feces, pain
during defecation, general weakness for 3 months.
Fibrocolonoscopy was performed at the patient's
place of residence, during which a tumor of the
anal canal was detected, a biopsy was taken. Ac-
cording to the results of histological examination
of the biopsy G2 squamous cell carcinoma has
been confirmed.

It is known from the anamnesis that in 1990 the
patient received treatment for melanoma of the skin
of the right thigh (the stage of the disease is not
known due to the loss of discharge documents).
The patient underwent a wide excision of the tumor
with inguinal-femoral lymph dissection on the right,
radiation therapy and chemotherapy were performed.
In 1991, for the second stage of right breast cancer
(pT2NOMO), the patient underwent combined treat-
ment, including remote gamma therapy and radical
mastectomy. In 2001, supravaginal amputation of
the uterus with appendages was performed due to
uterine fibroids of the patient.

The patient's closest relatives have no oncological
diseases.

A follow-up examination of the patient was con-
ducted at the National Medical Research Centre
for Oncology. A revision of histopreparations and
IHC No. 11832-33/21 was performed: in biopsies
of rectal tumors, the morphological picture and im-
munophenotype of tumor cells (S-100+, Vimentin +,
panCK-) correspond to pigmented melanoma.

With spiral computed tomography (CT) of the
chest and abdominal organs, focal formation of
the middle lobe of the right lung of tumor genesis
and hemangioma of the right lobe of the liver were
revealed.

During magnetic resonance imaging (MRI) of the
pelvic organs, a semicircular tumor involving the mu-
cous and submucosal layer without signs of damage
to the condyle subserous and serous layers with exo-
phytic growth and narrowing of the rectum to 2/3 of
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its lumen is determined by 25 mm from the anoder-
mal junction in the anal canal and by continuation in
the lower ampullary section. MR-signs of extramural
growth, invasion of mesorectal tissue, mts lesions of
lymphatic collectors in the pelvic and retroperitoneal
tissues were not detected.

According to the results of a comprehensive ex-
amination, the patient was diagnosed with malignant
neoplasm (MN) of the lower ampullary rectum with
a transition to the anal canal T3NOMO, art. ll, clinical
group 2.

Fig. 1. Postoperative tissue with rectal melanoma.
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laparoscopically assisted abdominal-perineal
extirpation of the rectum was performed on
09/13/2021. The postoperative preparation is shown
in figure 1.

Postoperative pathomorphological examination
No. 98743-60/21: nodular melanoma of the lower
ampullary rectum with a transition to the anal ca-
nal, with ulceration, fusiform and epithelioid cell
variants of the structure, with a high content of un-
evenly distributed brown pigment, with pronounced
lymphocytic infiltration along the periphery of the
tumor, with invasion to the muscular membrane,
with a Breslow thickness of 7 mm. There is sinus
histiocytosis in 2 lymph nodes; 10 fragments are
represented by fatty tissue with dilated full-blooded
blood vessels. There were no signs of tumor growth
along the resection lines.

No V600 mutation in exon 15 of the BRAF gene
was detected during the DNA study

The postoperative period proceeded without com-
plications.

On 10/27/2021, a videothoracoscopic atypical
resection of the middle lobe of the right lung was
performed. Postoperative pathomorphological exam-
ination No. 118321-23/21: morphological picture of
pulmonary (chondoromatous) hamartoma.

With further follow-up and control examination
every 3 months, no data for the progression of the
disease was revealed.

DISCUSSION

Thus, one patient had six tumor locations: three of
them benign (uterine fibroids, liver hemangioma, lung
hamartoma) and three malignant (skin melanoma,
breast cancer, rectal melanoma). The clinical course
of all malignant tumors was favorable, without the
development of relapses and metastases. Primary
multiple melanoma is of the greatest interest in this
observation due to successful treatment with the
most unfavorable prognosis.

CONCLUSION

The described clinical observation indicates the
need for an profound study of cases of primary mul-
tiple malignant tumors and the search for mecha-
nisms of a favorable course of malignant neoplasms
in this case.
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IMMUNOTHERAPY FOR EPITHELIAL TUMORS OF THE THYMUS
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ABSTRACT

Thymomas and carcinomas of the thymus gland, also known as epithelial tumors of the thymus (TT) are rare malignant
neoplasms, but are the most common solid tumors of the anterior mediastinum. The incidence does not exceed 1.3-1.7
per million inhabitants per year. In Europe, about 1,500 new cases are registered annually, and the average age of patients is
around 40-50 years.

Originating from the epithelial component of the thymus, the primary lymphoid organ, they are accompanied by a high risk of
developing autoimmune disorders due to their unique biology. Indeed, up to 30 % of TETS patients suffer from autoimmune
disorders (AID), the most common of which is myasthenia gravis (MG). AID are detected not only during the diagnosis of
a tumor, but also during follow-up. With rare exceptions, there are no specific targets for targeted therapy in TETS. Immune
checkpoint inhibitors (ICIs) halt the ability of tumor cells to evade immune surveillance, enhancing their killing. Unprecedent-
ed achievements of immunotherapy (IT) in the treatment of metastatic non-small cell lung cancer (NSCLC) and melanoma
have made it reasonable to study the effectiveness of prescribing ICI in patients with TETs. The prevalence of AIR in different
morphological subtypes of TETs may influence the decision to conduct IT due to the increased risk of toxicity. The review
summarizes current data on the effectiveness of IT in thymoma and thymus cancer (TC) and discusses several unresolved
problems associated with the use of ICl in TETs.

The purpose of this review is to present up-to-date data on the issue under discussion and possible prognostic biomarkers
for IT, and to highlight the problems associated with autoimmune disorders (AID).

In our opinion, a deep understanding of the molecular genetic and immune landscape of thymus epithelial tumors and the
interaction of ICI with the immune system is the key to improving the effectiveness and preventing the side effects of auto-
immune IT. A comprehensive solution to existing problems will undoubtedly open up new possibilities for the drug treatment
of this rare and difficult disease.

Keywords: thymus epithelial tumors (TETs), thymoma, thymic carcinomas (TC), immune checkpoint inhibitors (ICIs),
autoimmune disorders (AID), immunotherapy (IT) toxicity
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PE3IOME

TUMOMBbI ¥ KapLWHOMbI BUJIOYKOBOW XeNesbl, Tak)Ke U3BECTHble Kak anuTenmanbHble onyxonu Tumyca (OT), ABnstoTcs
peAKUMU 3110Ka4eCcTBEHHbIMU HOBOOGPA30BaHUAMM, HO TakxXe Hanbosee YacTbiMU CONMAHBIMU OMYXONSIMU NepeaHero
cpefocTeHusi. 3aboneBaeMocTb He npesbllwaeT 1,3—1,7 Ha MUINNOH XuTenen B rog. B EBpone exerofHo peructpupyetcs
okono 1500 HoBbIX cryyaes, a cpefiHuil Bo3pacT 3abonesLlunx coctasnsiet oT 40 go 50 net.

Mponcxoasn U3 anuTenManbHOro KOMMOHeHTa TUMyca — NepBUYHOIO NIMMGPONAHOrO OpraHa, OHW 13-3a CBOEeW YHUKanbHOW
6MONOrMN COMPOBOXAAITCA BbICOKUM PUCKOM Pa3BUTUSI @yTOMMMYHHbIX PaccTpoincTB. [ledcTButenbHo, Ao 30 % 6onb-
Hbix OT CTpagatoT ayTOMMMYHHbIMK paccTpoiicTBamu (AUP), Hanbonee YacTbIM U3 KOTOPbIX SIBNIIETCA MUACTEHUS TPaBUC
(MI). AUIP BbIABNAIOTCS He TOMbKO NPU JMarHOCTUKE ONyXOMu, HO U BO BPeMsi MocsieflytoLlero HabntoaeHus. 3a pefikum
ucknodeHmem B OT OTCYTCTBYIOT cneumbuyeckne MuLLIeHN ANiA TapreTHon Tepanumn. MHrMbutopbl UMMYHHbBIX KOHTPObHBIX
Touek (MMKT) nofaBnsitoT cnoCcO6GHOCTb OMYXOJEBbIX KNETOK YKOHATLCS OT UMMYHHOIO HaA30pa, YCUIIMBAs UX KUITUHT.
becnpeLeeHTHble AOCTMXKEHUs UMMyHoTepanuu (UT) B ieyeHUn MeTacTaTUYeckoro HEMEIKOKJIETOYHOIo paKa JIerkoro
(HMPJ1) 1 MenaHoMbl cenanm 060CHOBaHHbIM U3ydeHne ahdeKTUBHOCTU HasHavyeHna MUKT nauueHTam ¢ OT. Pacnipo-
cTpaHeHHoCTb AUP npu pasHbix Mopdonoruyeckux noartunax OT MOXeT NOBAUATb Ha peLleHne o npoBefeHun UT na-3a
NMOBbILWEHHOrO pUcKa TOKCMYHOCTU. B 0630pe 0606LLeHbI COBPEMEHHbIE flaHHble 06 a3t dhekTuBHOCTU UT Npu TUMOME 1 pake
Tumyca (PT) 1 06Cy»aatoTca HECKObKO HepeLLEHHbIX MPO6JieM, CBA3aHHbIX ¢ Ucrnosib3oBaHnem UUKT npum OT.

Llenb saHHoro o63opa — NpeAcTaBUTb COBPEMEHHbIE laHHble MO 06CYyXAaeMOMy BONPOCY M BO3MOXHbIe MPOrHOCTUYECKNe
6romapkepbl ana UT 1 ocBeTUTb NPo6ieMbl, CBA3aHHbIE C ayTOMMMYHHbIMU paccTpoiicTBamu (AUP).

Mo HalleMy MHEHWIO, Ny6oKoe MOHUMaHNe MONEKYNIIPHO-TEHETUYECKOTO U UMMYHHOTO NlaHawadTa anuTennmasnbHbIX ony-
XOnei BUIOYKOBOW Xenesbl u B3aumogeincteusa MAKT ¢ UMMYHHOW cUCTEMO ABASIETCA KIIKOYOM K NOBbILIEHUIO 3hheKTUB-
HOCTU M NpeAoTBpaLLEHNIO MOBGOYHOro ayTOMMMYHHOIO AencTBusi UT. BcecTOpoHHee pelueHne CyLLecTBYOLMX NPO6ieM,
HECOMHEHHO, MO3BOJIUT OTKPbITb HOBbIE BO3MOXXHOCTU JIEKAPCTBEHHOIO JIEYEHWSI 3TOr0 PeLKOro U TPYAHOro 3a6oieBaHus.

KnioueBble cnoBa: anutenuanbHble onyxonu Tumyca (OT), TMoMbl, pak Tumyca (PT), MHTMGUTOPbI UMMYHHBIX KOHTPOJIb-
HbIX Touek (MMKT), ayTouMMyHHble paccTpoicTea (AUP), TOKCUYHOCTb MMMyHoTepanum (UT)
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INTRODUCTION

Epithelial tumors of the thymus (TETs) are rare
and potentially aggressive malignant neoplasms of
the anterior mediastinum. The incidence does not
exceed 1.3-1.7 per million inhabitants per year; in
Europe, about 1,500 new cases are registered an-
nually, and the average age of patients is from 40 to
50 years [1]. Based on the morphological structure,
namely the proportion of two components of the thy-
mus gland - immature lymphocytes and epithelial
cells — the WHO classification distinguishes two types
of epithelial tumors: thymoma and thymus cancer
and six main morphological subtypes: thymomas A,
AB, B1, B2, B3 and TC [2]. The epithelial component
is the only one in which a malignant tumor develops.
At the consensus meeting of the ITMIG (International
Thymic Malignancy Interest Group) in 2011, the WHO
classification was approved as a standard for clinical
practice [3]. Less common than thymoma, thymus
cancer accounts for about 10-15 % of and is largely
associated with the development of distant metasta-
ses and poor prognosis. TCis most often represented
by squamous cell carcinoma. Tumor cells of thymus
carcinomas express cluster determinants CD5+ and
CD117/KIT+, determined by immunohistochemical
examination (IHCE) and have specific molecular
features that distinguish them from thymoma and
squamous cell lung cancer [4].

The clinical course of TETs is determined by the
nature of the growth of the neoplasm. Encapsulat-
ed tumors corresponding to stage | according to
the Masaoka-Koga (M-K) surgical classification ac-
count for 65 %, while invasive tumors of stage II-IV
account for 35 % of cases [5; 6]. Surgical intervention
is a key stage of treatment for TETs stage |, Il and
even lll, since radical removal of the tumor, along
with stage [5; 6] and morphological structure [3], is
the most important independent prognostic factor in
terms of survival [6-8]. Tumor recurrence, depending
on the stage of the disease, should be expected in
8-33 % of patients with thymoma and in 25-59 %
of patients with TC [9]. Regimens of combined che-
motherapy (CT) based on platinum preparations
remain the standard method of treatment of inop-
erable, refractory and metastatic forms of the dis-
ease. The possibilities of modern CT are known to
be limited, while the response rate ranges from 69 %
for thymoma to 42 % for TC [9; 10]. In addition, some
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effectiveness of targeted drugs from the group of
tyrosine kinase inhibitors, such as sunitinib [11] and
everolimus [12], has been demonstrated. Less often,
the c-KIT and PI3KCA genes, as well as epigenetic
signaling pathways, are used as targets [13]. The
expected 5-year overall survival(s) for thymoma is
80 %, and for TC — 40 % [14].

ICIs have changed the paradigm of cancer treat-
ment, becoming the standard treatment for mela-
noma, NSCLC and bladder cancer [15]. The role of
immunotherapy (IT) in the treatment of TETs has
not been definitively studied, primarily due to the
high frequency of autoimmune conditions leading
to a high risk of toxicity.

The purpose of this review is to present up-to-date
data on the issue under discussion and possible prog-
nostic biomarkers for IT, and to highlight the problems
associated with autoimmune disorders (AID).

Thymus physiology and oncogenesis

The thymus gland is the central organ of the im-
mune system that ensures the development of immune
tolerance. After formation in the bone marrow, imma-
ture thymocytes mature in the thymus as a result of
interaction between cortical and medullary epithelial
cells of the thymus gland. The presentation of tissue-
specific autoantigens through the main histocompat-
ibility complex of class Il (MHC-II) is regulated by two
transcription factors: the AIRE genes (autoimmune
regulator) and Fez (Fez family zinc finger 2) [16]. The
passage of T-thymocytes through the thymus cortex
and corticomedullary junction implies phenotypic mod-
ifications affecting the functioning of T-lymphocytes.
Immature T-lymphocytes reacting with MHC-Il are able
to penetrate into the thymus medulla, while non-inter-
acting T-cells are eliminated. Both dendritic cells and
medullary epithelial cells are found in the medulla of
the thymus gland. Medullary epithelial cells expressing
AIRE undergo various changes and undergo apopto-
sis, releasing tissue-specific autoantigens for thymus
dendritic cells. T-lymphocytes reacting against tissue-
specific autoantigens undergo apoptosis, providing
immune tolerance [16]. This process occurs mainly in
childhood, but is sometimes present in adults and prob-
ably goes further into the process of carcinogenesis [4].

Autoimmune disorders and TETs
Autoimmune disorders (AID) need to be differen-
tiated from paraneoplastic syndromes. Their patho-
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physiology, clinical course and impact on survival
are different. Paraneoplastic syndromes, as a rule,
arise as a result of the production of hormones, cy-
tokines or peptides by tumor cells, which leads to
metabolic disorders and the induction of autoanti-
bodies produced by tumor cells. Thus, the successful
treatment of the tumor should eliminate the clinical
manifestations of paraneoplastic syndromes, regard-
less of whether airs can stop due to a violation of
the regulation of the function of the thymus gland
and imperfect selection of immature T-lymphocytes.

AlDs are present in more than 30 % of observa-
tions from [16]. The most common syndrome is my-
asthenia gravis (MG), the frequency of which ranges
from 17 % in thymoma A to 71 % in thymoma B2 [7].
In addition, endocrine, rheumatological, gastrointes-
tinal, renal, and skin lesions are recorded [17]. The
data from RYTHMIC (Réseau tumeurs THYMiques et
Cancer), one of the largest TET registries in Europe,
demonstrate a 20.2 % prevalence of AIR with more
than one disorder in 3.8 % of patients. The majori-
ty of patients had MG - 69.6 %, followed by: Hood
syndrome — 5.6 %, systemic lupus erythematosus -
4.4 %, thyroiditis — 3.4 % and pure erythrocyte apla-
sia — 2.8 %. As for the morphological subtypes, the
prevalence of AID more than 40 % was established
with thymoma B2-45 % and B3-41 % [18]. Thymomas
AB, B1 and B2 are rich in lymphocyte agglomerates,
which explains their more frequent relationship with
AIR compared to thymoma B3 and RT. Nevertheless,
several studies have described a high prevalence of
autoimmune conditions in thymoma B3 [7; 18]. It is
important to note that TC is rarely associated with
AID [19]; the absence of MG in thymus carcinoma
has been reported [20], possibly due to the presence
of immature T cells. The high prevalence of air in
TETs and the appearance of autoimmune symptoms
after diagnosis [18] requires extremely careful moni-
toring of the condition of patients during IT.

Molecular features of TETs and AID

The unique biology of thymus tumors gives spe-
cial interest to the study of autoimmune processes
due to the strong association with AID, especially
with MG. In fact, knowledge about the molecular
characteristics of MG associated with thymoma
is limited. It is well known that antibodies against
the acetylcholine receptor (AchR) are mandatory
for the development of MG, anti-AchR are able to

block the postsynaptic membrane, as well as reduce
the amount of AchR in the neuromuscular junction,
which leads to a decrease in the reaction to acety-
choling, clinically manifested by paroxysmal weak-
ness and fatigue of skeletal muscles [21]. Immuno-
regulation disorders and tolerance caused by the
tumor microenvironment, probable mechanisms of
the pathogenesis of tumor-related AID, primarily MG.

Several studies have investigated whether various
acetylcholine subunits are expressed in the thymus
and whether some of them are associated with the
development of MG associated with thymoma. Low
levels of expression of AIRE (autoimmune regulator)
and AID by tumor cells correlate with a higher risk of
MG [22]. Moreover, the relative levels of Foxp3 (fork-
head box P3) RNA expression were significantly higher
in the tumor tissue samples of patients without AID
compared with patients suffering from MG and/or
other AID. It should be noted that AIRE and Foxp3 are
transcription factors that play an important role in the
differentiation of T-reg lymphocytes, which play an
important role in suppressing immunity, contributing
to tumor growth [23]. Interestingly, AIRE may be asso-
ciated with specific genomic changes, for example, an
imbalance of the NF-kappaB/AIRE signaling pathway
observed in MG associated with thymoma [23].

One of the largest molecular studies of TETs was
conducted within the framework of TCGA (The Can-
cer Genome Atlas). The analysis of 117 TETs revealed
a higher frequency of aneuploidy in the thymomas of
patients with MG [13]. In addition, the expression lev-
els of the a-subunit of AchR (CHRNA1 - neuronal ace-
tylcholine receptor subunit alpha-1) were higher in tim
samples of patients suffering from MG. A medium-
sized neurofilament (NEFM - neurofilament medium
chain) is a protein with similar immunogenic proper-
ties to CHRNAT and titin, mainly overexpressed in the
tim A and AB subgroups, accompanied by MG. As for
TC, despite their more aggressive biological behavior,
several tumor suppressor genes were found in them:
CYLD, CBFB, CDH1, CDH11, CTCF and ZFHX3, as
well as a higher mutational load of the tumor (TMB)
compared to thymomas [13]. The presented results
confirm the conclusions that TC and thymoma differ
in their genetic and epigenetic profiles. Indeed, the re-
sults of a grandiose transcriptomic analysis of 2,560
genes in 194 samples TETs the recent one revealed
two different clusters of genes that distinguish TC
from thymoma [24].
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In a Chinese study of 105 patients suffering from
MG, an increase in inflammatory responses was
found, in contrast to patients without AIR. It should
be noted that in the latter, a mutation of the GTF2I
gene was detected significantly more often [25]. In
fact, the presence of the GTF2I mutation correlates
with better survival rates and, perhaps, its carriers
can become candidates for IT. The GTF2I mutation
was detected in 82 % of tim A and 74 % of tim AB,
but rarely in aggressive subtypes, especially in RT,
in which repeated mutations of known malignant
tumor genes were detected, including TP53, CYLD,
CDKN2A, BAP1 and PBRM1 [13]. At the same time,
the expression of the GTF2I gene, which is very im-
portant, is associated with severe toxicity in IT, so
there is an obvious need for further study of GTF2I
as a biomarker [26].

Finally, to differentiate thymoma from thymus
cancer and to understand the pathogenesis of MG,
several other biomarkers have been studied: IGFBP1,
KLF15, PDK4 and HIF3A. Other AIRS, such as en-
cephalitis or polymyositis, correlate with an increase
in anti-Hu antibodies, Ma2 antibodies and CRP5 an-
tibodies or a violation of the regulation of the T-cell
receptor (TCR) and an increase in the expression of
MHC-I in muscle fibers, but the landscape of AID and
MG is still unknown [27].

The strategy of TETs immunotherapy

In recent years, ICls have revolutionized the treat-
ment strategy and prognosis of several solid tumors.
In previously treated patients, the appointment of
ICls gave a 5-year overall survival rate of 34 % in
advanced melanoma, 28 % in renal cell carcinoma
and 16 % in NSCLC [15], which led to the approval of
anti-PD1 inhibitors (anti-Programmed cell Death pro-
tein 1), anti-PDL1 inhibitors (anti-Programmed Death
Ligand 1) and anti-CTLA4 inhibitors (anti-Cytotoxic T
Lymphocyte Antigen 4) for the treatment of metastat-
ic forms of the disease. Given the prolonged effect
of ICls in many solid tumors, high hopes are pinned
on IT of epithelial tumors of the thymus gland [4].

Immune-related predictive biomarkers

Several biomarkers have been tested as predic-
tors of IT effectiveness, however, only two have been
approved as biomarkers of response to the appoint-
ment of ICIs: I) PD-L1 expression in tumor cells and
II) tumor mutation load (TMB), which is determined
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by the number of non-synonymous single-nucleotide
variants in the coding region of the tumor genome.
Tumors with high TMB contain more neoantigens
that enhance the immune response, which leads
to an increase in the effectiveness of IT, as shown
in previous studies. In addition, activation of the
immune system requires a high content of tumor-
infiltrating lymphocytes (TILs) to achieve a better
response to treatment [28].

PD-L1 expression is observed in more than 90 %
of epithelial cells of the normal thymus gland and
has been extensively studied in TET due to the ag-
gressiveness of their biological behavior. On the
material from 100 tim and 69 TC, high expression
of PD-L1 and FOXP3+T reg was associated with
a higher degree of malignancy of neoplasms. In other
studies, PD-L1 expression in thymoma varied from
23 % to 92 % of tumor cells, and in TC — from 36 %
to 100 % of tumor cells. Indeed, a number of clinical
and pathological features, namely: young age, the
common stage of the disease according to the M-K
classification, the impossibility of radical removal
and neoadjuvant therapy of thymoma, correlated
with high expression of PD-L1. On the contrary, the
correlation with morphological subtypes remains
unclear. Reliable data on survival rates have not yet
been presented, given that in some studies high PD-
L1 expression correlated with better survival, and in
others with poor outcomes. In addition to PD-L1 ex-
pression, the severity of TILs tumor tissue infiltration
was studied, although on limited material. R. Higuchi
and colleagues studied the expression of PD-L1 and
the severity of TILs in surgical preparations in 39
patients with thymomas and RT. PD-L1 expression
above 1 % was registered in 54 % of samples with
different distribution among TETs subtypes: B2> B3>
PT> B1> AB> A. A high infiltration (84 %) of CD8+
among CD3+ TILs was determined, which was evenly
distributed among all cases. High PD-1 expression
in TILs was found in 23-62 % of PTCS, without any
predictive or prognostic significance [29-31].

Interestingly, TMB in TETs is one of the lowest
among malignant tumors. The question of whether
PD-L1 is the best predictive biomarker remains con-
troversial due to the deterioration of the condition
of many patients, despite IT. A more favorable ther-
apeutic effect is better with aggressive thymomas
of B2 or B3 subtypes, although the high prevalence
of AID makes it difficult to use ICls.
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IT effectiveness in clinical trials

ICls have been studied in several clinical studies
on TETs. In one phase Il group study, 40 patients with
recurrent TC were treated with pembrolizumab, a hu-
manized antibody IgG4 targeted at the PD-1 receptor.
Patients with a history of air were not included in the
study. The overall response rate (ORR) was observed
in 22.5 % of cases. Disease control was achieved in
30 (75 %) patients with a median response time of
3 years. The median progression-free survival (PFS —
progression free survival) was 4.2 months, and the
median overall survival(s) was 24.9 months. One-
year PFS and OS reached 29 % and 71 %, respective-
ly, and 5-year OS was 8 %. High, at least 50 %, PD-L1
expression in tumor cells was observed in 10 (25 %)
patients, which was associated with longer survival:
median PFS 24 vs. 2.9 months; median S was not
reached compared to 15.5 months. When PD-L1 was
expressed by tumor cells less than 50 %, only 3 out
of 27 patients with a response was achieved. The
IFN-y signature evaluated by Nanostring analysis
correlated with the response to pembrolizumab ther-
apy, on the contrary, the TP53 mutation registered
in 36 % of tumors was associated with lower PD-L1
expression and shorter s. Interestingly, after a re-
lapse of the disease, 4 patients, one of them 2 years
after the completion of therapy with pembrolizumab,
pembrolizumab was prescribed repeatedly with 2 re-
sponses to treatment [32].

J. Cho and colleagues conducted a second clinical
trial with a similar design, examining the efficacy of
pembrolizumab in 26 patients with recurrent TC and
in 7 patients with recurrent thymoma: subtype B1-4,
subtype B2/B3-1 and subtype B3-1). Three patients
had a history of MG. ORR was 19.2 % in patients with

TC and 28.6 % in patients with thymoma. Similarly,
out of 26 patients with RT, 5 (19 %) achieved a par-
tial response, and 14 (54 %) stabilized the disease.
Tumors with high PD-L1 expression responded bet-
ter to treatment. The median duration of response
in patients with thymoma was not reached, in pa-
tients with TC was 9.7 months. Median PFS was 6.1
months in both groups. The median OS was 14.5
months for TC sufferers and was not achieved in
patients with thymoma (Table 1) [33].

Avelumab is a human antibody IgG1 against PD-L1
was studied in 7 patients with thymoma and 1 MRI
without a history of autoimmune conditions. The fol-
lowing morphological subtypes were registered among
patients with thymoma: B3-2, B2/B3-1, B2-2 and B1-1.
An objective response was obtained in four (57 %) of 7
patients with thymoma, including a confirmed partial
response in 2 (29 %) patients. It should be noted that
a significant decrease in tumor size was observed after
one dose of avelumab in three patients [34].

Finally, a Japanese phase Il study evaluated the
role of nivolumab in the treatment of patients with
inoperable or recurrent thymus carcinomas. Of these,
11 patients registered stabilization of the disease,
including five patients for 24 or more weeks. Me-
dian PFS and median S were 3.8 months and 14.1
months, respectively. Further inclusion of patients
in the study was terminated prematurely at the first
stage due to the fact that none of them achieved an
objective response [35].

Enhanced autoimmune toxicity

Activation of immunity increases the risk of de-
veloping undesirable side effects associated with IT

Table 1. Clinical studies on the subject of thymus epithelial tumors immunotherapy

Therapeutic o Median PFS Median of OS irAEs = 3 st.
Author/ year Phase/N agent RR/DCR (%) (mon.) (mon.) %)
Giaccone et al. (33) Il/40TC Pembrolizumab 23/76 % 4.2 249 15%
11/ 40 . 19/73 % 14.5 15.4 %
Cho etal. (34) TcuyT  Pembrolizumab - oq500 0 6.1 Not achieved 71.4 %
Katsuya et al. (36) II/13TC Nivolumab 0/38 % 3.8 11.3 13%
Heery et al. (35) I/7T1PT Avelumab 5% 50 - 63 %

Notes: N — number of patients; TC — thymus cancer; T — thymoma; RR/DCR - objective response; PFS — progression-free survival;, OS — overall

survival; irAEs — adverse events associated with immunotherapy.
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(irAE — immune-related adverse events). The frequen-
cy of treatment-related adverse events in the studies
under consideration is relatively high compared to
the results of IT of other malignant neoplasms, such
as melanoma, NSCLC, squamous cell carcinoma of
the head and neck and urothelial carcinoma, where
the frequency of irAE of 3 or more severity ranges
from 3 % t0 9.7 % [36].

Among 40 patients in the study of G. Giaccone et
al., who received pembrolizumab, 6 (15 %) developed
serious AlDs, and 4 (10 %) had more than one con-
dition: polymyositis and myocarditis in two cases;
pancreatitis, hepatitis and diabetes mellitus in one
case; bullous pemphigoid in one case (autoimmune
exfoliation of the epidermis); in one case, polymyosi-
tis and hepatitis; and, finally, one case of a significant
increase in the level of hepatic transaminases. Three
patients had to stop treatment due to severe toxicity.
Patients suffering from myocarditis and polymyosi-
tis, as well as bullous pemphigoid, needed the ap-
pointment of corticosteroid hormones for the relief
of conditions [33]. It should be noted that one patient
with developed myositis, myocarditis and initial MG
had a complete response for 40 months [32].

In another study, 5 (71 %) of 7 patients with thy-
momas and 4 (15 %) of 26 patients with TC had irAE
of 3 or more severity, including hepatitis — 12.1 %,
myocarditis — 9.1 % and MG - 6.1 %, which 1 patient
had initially; in addition, thyroiditis was recorded,
antineutrophil cytoplasmic antibodies associated
with rapidly progressive glomerulonephritis, colitis
and myoclonus. Treatment was discontinued by 8
(24.2 %) patients. Therapy of undesirable toxic re-
actions, as a rule, was based on the appointment of
corticosteroid hormones and immunoglobulins [33].

Among patients treated with nivolumab, serious
airs were observed in two cases: an increase in the
level of transaminases and adrenal insufficiency [35].
Among patients treated with avelumab, undesirable
side effects associated with IT of all degrees were
noted in 5 (63 %) patients [34].

Of particular concern is the frequency of myocar-
ditis, since myocarditis accompanies TETs in less
than 1 % of cases [32]. Myocarditis is observed in
5 % of TC patients and in 43—-57 % of patients with
thymoma included in clinical trials of ICI therapy [26;
34; 35]. This fact has been confirmed in several on-
going studies of IT of epithelial tumors of the thymus
gland [36].
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Myositis was observed in 8 % of patients with TC
treated with pembrolizumab, and more than half of
patients with thymoma included in the study to in-
crease the dose of avelumab [26]. Muscle toxicity
is explained by the existence of TCR clones and in-
creased expression of MHC-I in muscle fibers with
inflammatory infiltrates of macrophages and lympho-
cytes after treatment with ICls. It should be noted that
in patients who developed myositis, no specific anti-
bodies were detected before and after ICI therapy [37].

MG often concomitant TETa as undesirable side
effects associated with IT was noted in 3-14 % of
TET patients treated with pembrolizumab [26; 33]. As
explained above, the development of MG requires an-
tibodies against AhR, as well as antibodies to MuSK
and Lrp4 [37]. Interestingly, pure aplasia of erythro-
cytes, described as the most common AIR after MG
in studies on IT of epithelial tumors of the thymus
gland, was not recorded.

Ongoing clinical trials

With thymoma of the B1/B2 subtype, IT is not pre-
scribed due to the high prevalence of AIR [4] and should
not be carried out without a comprehensive discussion
of the risks at a multidisciplinary oncological consul-
tation. Currently, several clinical studies are being con-
ducted on the effectiveness of the use of ICI both in
monotherapy and in combination. In Europe, EORTC
(European Organization for Research and Treatment
of Cancer) and the European Platform for Thoracic On-
cology have launched a phase Il study of NIVOTHYM to
study the effectiveness of nivolumab or its combination
with ipilimumab in patients with progressive, refractory
thymoma B3 subtype or TC with planned strict regis-
tration of AIR (NCT03134118). MD Anderson Cancer
Center is conducting a Phase I/Il study using pembroli-
zumab for TC and thymomas (NCT03295227). The Na-
tional Cancer Institute (NCI) has developed a phase Il
protocol to evaluate the efficacy and toxicity of IT ave-
lumab in thymoma and TC, (NCT03076554) (Table 2).

The preliminary results of the CAVEATT protocol,
a study on the combined administration of avelumab
with axitinib, have recently been published, showing
a partial response and stabilization of the disease
in 40 % and 60 %, respectively, with a median PFS of
7.9 months and an acceptable toxicity profile [38]. In
addition, combinations of ICI with tyrosine kinase in-
hibitors sunitinib or lenvatinib, or with an indoleamine
2,3-dioxygenase-1 inhibitor (IDO - indoleamina 2,3-di-
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oxigenasa-1) epacadostatot are being studied due to
the importance of these signaling pathways in TET.
It should be noted that in patients receiving a combi-
nation of pembrolizumab and epacadoscate before
discontinuation of the study, no unexpected results
obtained in melanoma were recorded [32]. A new stud-
ied combination in TET therapy is the bispecific single-
domain Fc-fused antibody (PD-L1/CTLA4) KN046
(NCT04469725). Finally, data on the advantages of
neoadjuvant and adjuvant approaches to IT of solid
tumors formed the basis of studies to assess their
effectiveness in the treatment of OT, for example, in
relation to pembrolizumab (NCT03858582) (Table 2).

Existing IT pitfalls

Since patients with TET have an increased risk of
developing treatment-related adverse events, this is
an important aspect that should be taken into account
when selecting candidates for IT. Some approaches

are needed to reduce the risk of irAEs and increase
the IT safety of epithelial tumors of the thymus gland.

Depending on the histological characteristics for
each morphological subtype, the probability of de-
veloping AIR is different. The degree of infiltration
by lymphocytes of the tumor differs from B1 - rich
in lymphocytes to B3 — poor in lymphocytes. In ad-
dition, different molecular profiles are associated
with each morphological subtype [13]. It is known
that previously detected autoantibodies against AhR
and B-cell lymphopenia studied in thymoma correlate
with a higher risk of myositis when avelumab is pre-
scribed [39]. In addition, overexpression of CHRNA1
and RYR3 (Ryanodine receptor type 3) is present in
thymomas with a MG clinic [13], which is associated
with the ability of tumor cells to secrete functional
proteins that mimic non-tumor cells [37]. A distinc-
tive feature of such tumors is their association with
autoimmunity, carried out through overexpression of

Table 2. Ongoing clinical studies of immunotherapy of thymus epithelial tumors

Title, patients number ’ Final study
NCT/ phase N) Therapeutic agent Tumor type checkpoints
NCT03076554/11 NCI, N = 55 Avelumab TC, thymoma  S2f€l, .
response intensity
NCT03134118/Il NIVOTHYM, N = 50\50  Nivolumab/ TC, thymoma  prg
nivolumab + iplimumab B3
_ MD Anderson Cancer - Dose limiting
NCT03295227/1-Il Center, N = 30 Pembrolizumab TC, thymoma toxicity
NCT04321330/ Il ML41253, N = 34 Atezolizumab TC Response intensity
NCT04417660/11 Maryland, N = 38 Bintrafa Alfa TC,thymoma  Response intensity
NCT03463460/11 NCI, N =40 Pembrolizumab + Sunitinib TC Response intensity
NCT04710628/ Il PECATI, N =43 Pembrolizumab + Lenvatinib TC, thymoma PFS
NCT02364076/11 I(\Slezoz%etown University, Pembrolizumab + Epacadostat TC Response intensity
_ Vanderbilt-Ingram . . Safety,
NCT03583086/ I-1I Cancer Center, N = 177 Nivolumab + Vorolanib TC response intensity.
) . B Pembrolizumab and SO-C101 Dose limiting
NCT04234113/ I-Ib Sotio, N =96 (IL-15/IL-15R a) TC toxicity
KNO046
NCT04469725/11 Jiangsu, N = 66 (PD-L1/CTLA4 bispecific single TC Response intensity
domain Fc protein antibody)
Samsung Medical Pembrolizumab in combination Marks pathological
NCT03858582/11 with neoadjuvant and adjuvant TC, thymoma

Center, N =40

chemotherapy

response

Notes: TC: thymus cancer; PFS (progression-free survival): progression-free survival.
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muscle autoantigens and increased aneuploidy [13].

There are data on the problems of re-prescribing
ICI to patients with developed irAE against the back-
ground of previous IT. In some retrospective studies,
up to 55 % of such cases of irAE were noted, but not
as pronounced as in the initial treatment [40]. How-
ever, this scenario has not been sufficiently studied
in thymoma due to the high probability of developing
air. Careful monitoring and molecular profiling of AIR
in TETs open up opportunities for the inclusion of pa-
tients with this pathology in clinical trials. This tactic
has been studied in melanoma patients receiving ipili-
mumab; of the 30 patients with progressive melanoma
suffering from various AID, such as Graves' disease,
Crohn's disease and rheumatoid arthritis, 27 % had
an exacerbation of AID, 33 % had the development
of new irAEs, while half of the patients were treated
without exacerbation of old and the emergence of
new autoimmune conditions [41]. Finally, as a new
approach, a combination of ICI with selective immuno-
suppressants has been proposed to prevent outbreaks
of air [42], which should be studied in depth in TETs.

CONCLUSION

Immunotherapy is a new approach to the treat-
ment of common epithelial tumors of the thymus
gland, although its introduction into clinical routine
practice seems to be a challenging due to the special
biology of these malignant neoplasms. Despite the
fact that the frequency of treatment-related adverse
events is higher in thymoma compared to thymus
carcinoma, patients with thymus cancer are also at
risk of developing immune toxicity. Nevertheless, the
re-appointment of ICls is possible, but requires very
careful monitoring of autoimmune disorders. New
combinations of IT and targeted therapy seem prom-
ising. In our opinion, a deep understanding of the
molecular genetic and immune landscape of thymus
epithelial tumors and the interaction of ICls with the
immune system is the key to improving the effective-
ness and preventing the side effects of autoimmune
IT. A comprehensive solution to existing problems
will undoubtedly open up new possibilities for the
drug treatment of this rare and difficult disease.
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