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MMmyHoTepanums cTaHoBUTCA BCE bosiee pacnpocTpaHEHHbIM METOAO0M SieYeHUs Ana 60pbbbl C PasNUUHBIMM BUAAMM PaKa, B OCHOBE KOTOPOTO IEXKUT
naea MoLyNMPOBaHMUA UMMYHHOW CUCTEMbI NaLMeHTa. Baoknposka ceasbiBaHua mexay PD-1 v PD-L1, ogHoro n3 BUA0B AaHHOM Tepanmu, No3BonseT
YCWUAUTL NPOTUBOONYXO/EBYIO UMMYHHYIO aKTUBHOCTb. MpUMEHEeHMEe UHIMBUTOPOB MMMYHHbIX KOHTPOJ/IbHbIX TOYEK MPOAEMOHCTPUPOBAIO 3HAUU-
Te/NbHyio 3GPEKTUBHOCTb C BbICOKOW 4aCTOTOM OTBETA U A/IUTENBHON PEMUCCUEN NPU HEKOTOPbIX BUAAX 3/I0KaYeCTBEHHbIX HOBOOBPa30BaHMA.
HecmoTps Ha npoBoaumoe neyeHue, ruobnactoma (Ib) AsnaeTca HeMsbeKHO peLmuanBMpPYIOLLEH ONYXO/bHO, ANA KOTOPOI XapaKTepHa aKTUBaLmaA
Pa3NNYHbIX MEXAHM3MOB YCKO/b3aHWA OT MMMYHHOTO OTBETA, NPENATCTBYIOLMUX MPUMEHEHNIO COBPEMEHHBIX UMMYHOTEPaANeBTUYECKUX CpeacTB. B
0630pe iMTepaTypbl NPOBEAEH aHaAM3 U PAaCCMOTPeH Hanbosiee U3yUYeHHbIM Ha CEeroaHALLHUI AeHb MexaHU3M PE3UCTEHTHOCTU ONyXoel K UMMYH-
HoMmy oTBeTy — aKkcnpeccua PD-1 u PD-L1 npw 6. MpeacTaBneH pag, KAMHUYECKUX UCCAEA0BaHMI C pe3ynbTaTaMu MPUMEHEHUA HIMBUTOPOB MMMYH-
HbIX KOHTPO/IbHbIX TOUYEK Yy MauueHToB ¢ B, a TaKKe AaHO onucaHWe APYruX MEXaHU3MOB PE3UCTEHTHOCTM OMYXONM K aKTUBUPOBAHHOW UMMYHHOM
cucTeme. Bce nepeuncneHHble B COAEPKAHUN UCTOUHUKM BblIM NOA0BPaHbI C NOMOLLBIO CNELMann3nPOBaHHbIX HayYHbIX MHGOPMALIMOHHO-MIOUCKO-
BbIX CUCTEM, 3IEKTPOHHbIX BUBANOTEK U NONHOTEKCTOBbIX Ha3 AaHHbIX 3apyOEXHbIX HayYHbIX NepUoAnYecknX usaaHwuin: Google Scholar, eLIBRARY,
PubMed, Elsevier.
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Immunotherapy is a treatment option that is becoming more common for different types of cancer. The idea behind this therapy is to modify the
patient's immune system. One type of this therapy involves blocking the binding between PD-1 and PD-L1. By doing so, it enables increased antitumor
immune activity. Immune checkpoint inhibitors have shown significant efficacy with high response rates and long-term remission in various types of
cancer. Glioblastoma (GBM) is a recurrent tumor characterized by immune evasion mechanisms that resist modern immunotherapy. The literature
review analyzed the mechanism of tumor resistance to immune response, specifically PD-1 and PD-L1 expression in GBM. The review presented
several clinical studies that showed the results of using immune checkpoint inhibitors in GBM patients. Additionally, the review described other
mechanisms of tumor resistance to the activated immune system. All sources were selected using specialized scientific retrieval systems and full-text
databases such as Google Scholar, eLIBRARY, PubMed, and Elsevier.
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6 sBnsetca Haubosnee pPaAcNpPOCTPAHEHHOW WM arpeccuBHOM GBM is an aggressive malignant glioma with uncontrolled
3/10KaYeCTBEHHOW IMOMOMN U XapaKTepusyetca HekoHTponupyemoit  cellular proliferation, necrosis, infiltrative growth, and high vascu-
KNETOYHOM nponndepaument, NOBbIWEHHbIM HEKPO30M, MHPMALTPa-  larity [1]. Treatment of GBM typically involves surgical resection

TUBHbBIM POCTOM U BbICOKOM Backynsapusauumeli [1]. NeueHne M6 octa-  of the tumor followed by radiation and chemotherapy, often with
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Ba/I0Cb OTHOCUTE/IbHO HEU3MEHHbBIM B TEYEHUE MHOTUX JIET U COCTOUT
13 XMPYPr1YECKON pe3eKLmmn Onyxoau ¢ nocieayowmm obaydyeHmem
1 Ha3HaYeHMeM X¥MMMUOTepanun NpenapaTom Temosonomua,. YyscTeu-
TenbHOCTb I'B K IeYeHnto TeMO30/10MUA0M HaXOAUTCA B 3aBUCUMOCTH
OT YpPOBHA aKTMBHOCTM 06-meTuaryaHuH-AHK-meTunTpaHchepasbl
(MGMT). NMpaKTM4YecKkn BO BCEX Cy4YasX OMyXOAU HeM3BEKHO peLu-
ausupytoT [2], a bonee BbICOKME A03bl XMMUONPENAPaTOB He AatoT
HMKaKOro KNunHu4eckoro apdekTa [3].

MmmyHOTepanua — Hanpas/ieHWe B OHKOMIOTMK, B OCHOBE KO-
TOPOTO NIEXKUT UAes MOAYNALUN MEXaHU3MOB UMMYHHOMN CUCTEMbI
naumeHTa. UMmyHoMOAyNAUMSA CTAHOBUTCA BCE Bonee nNonynapHbIM
MeToA0M 60opbbbl C pasnnyHbIMK BUAAMK paKa [4]. K coxaneHuto,
[0 CUX NOP MMMYHOTEPanuUA NPOAEMOHCTPMPOBaNa OrpaHUYeHHbIN
ycnex npu 6. Tem He MeHee, AaHHbIN BUA, NeYeHMA NOKasan HeKo-
TOpble NepBOHaYaNbHble NePCNeKTUBbI B KAYECTBe AO0MNONHUTENbHOW
Tepanuu 6 [5, 6].

b M3HaYanbHO NMpPM3HAHA MMMYHONOFMYECKU XONOAHOW Ony-
XONblO, XapaKTepU3ylOLWeNCcA aKTUBaLMel PasNNYHbIX MeXaHW3-
MOB YCKO/Ib3aHUA OT MMMYHHOFO OTBETa, BK/OYaA MHOUALTPALMIO
MUKpOCpeabl MMMYHOCYMPEeCCUBHbIMU KAeTKamu [7], akTuBauuio
TpaHchopmupytoero dpaktopa pocta-b (TGF-b), akcnpeccuio MHAO-
NaMuH-2,3-auokeureHasbl (IDO) M MHIMGUTOPOB KOHTPOJbHbIX TO-
YeK, B YaCTHOCTM SIUraHAa 3anNporpaMMUpPOBaHHOM rnbenm kneTku-1
(PD-L1) [8].

Bbino obHapyeHo, uto PD-L1, upeamepHO 3KkcnpeccupyeTcs
Knetkamu 6 1 Fb-accoummnpoBaHHbIMKU Makpodparamu [9]. CornacHo
[JaHHbIM NpoBeAEHHOTO nccnefoBanusa PD-L1 akcnpeccupyetcs 60-
nee, yem B 88% cnydaes b [10]. PD-L1 aBnsetca rAMKonpoTeMHoOm
TvNa |, copepiKaluym CTPYKTYpHble gomeHbl IgV u 1gC, rmapodobHbiii
TPaHCMeMOpaHHbIA OOMEH M AOMEH CTPYKTYpbl LMTOMIA3MaTy-
yeckoro xBocTa. Peuentopom K auraHay PD-L1 cayxut PD-1, KoTo-
pbIli B BbICOKOW CTENEHM SKCNPECCUPYETCA aKTUBHbBIMU T-KNeTKkamm.
Memb6paHHbI 6enoK 3anporpaMmmnpoBaHHo rnbenn knetok-1 (PD-
1) npeacrtasnset coboit TpaHCMeMBpPaHHBbIN UKONPOTEUH Tuna | ¢
MONEKYNAPHOM maccoi 50-55 K[la, KOTOpbI COAEPKUT OAUH BHe-
KNETOYHbIA fomeH 18V, rmapodobHbIii TpaHCMeMBPaHHbIN AOMEH
N [OMEH LMTOMNNAa3MaTUYeCKON XBOCTOBOW CTPYKTypbl. [JomeH IgV
€oCTOMT 13 20 aMUHOKMCIOT, OTAENEHHbIX OT NAa3MaTUYECKON MeM-
6paHbl. LiuTonnasmaTuyecknii XBoCT COAEPKMUT ABa TUPO3UHOBBIX
MOTMBA: MHIMOMPYIOLWMUIA MOTMB Ha OCHOBE TMPO3UHA UMMYHHOTO
peuentopa (ITIM) M MOTMB NepeKkloYeHUA Ha OCHOBE TUPO3WHA,
MHTMBMPYIOWMIA MMMYHHBIA peuentop (ITSM). UccnegosaHua no-
Ka3zanu, yto ITSM Heobxoaum Ana oKasaHMA UMMYHOCYNPECCUBHOM
¢dyHKUMM PD-1 Ha aKTMBHble T-kneTku [11].

Puc. Bzaumoodelicmsusa PD-1 u PD-L1 8 MukpookpyxeHuu onyxonu. I
B MUKpOOKpyxceHuu onyxonu PD-L1, komopebil ceasvieaemcsa ¢ PD-1,
QJHOMGA/IBHO CUMBHO 3KCNPECCcUpyemca Ha ONnyxosesbiX KNemkax. AK-
musayua nepedayu cueHanos PD-1/PD-L1 eei3bieaem ochopusiu-
pPOBAHUE OCMAMKO8 MUPO3UHA 8 OOMEHAxX yumonsaasmamuyeckol
cmpykmypel ITIM u ITSM PD-1. Il. B umoze npoucxodum nodasneHue
npomusoonyxonesoli akmusHocmu TIL 30 cyém uHeubuposaHus npo-
OYKUUU 2PaHYNAPHBIX hepMeHmMOo8 U pa3nuyHbIX UUMOKUHO8 U 3acmoli
KeMOYHO020 YUKAQ C nocnedyroujum anonmo3som [12]. TME — mukpoo-
KpyxceHue onyxonu,; Tumor cell—onyxonesas knemka; TIL—onyxonb-un-
unempupyrowue numgoyumel; TCR — T-knemoyHell peyenmop; MHC
— 2n1a8HbIl Komnaekc 2ucmocosmecmumocmu;, ITIM — uHeubumopHsIii
MOMUB UMMYHHO20 peyenmopa Ha ocHoge mupo3uHa; ITSM —momus
NepeKntoYeHUA Ha OCHOBE MUPO3UHA UMMYHHO20 peuenmopa, ATP —
adeHosuHmpugocgpam; ADF — adeHosuHOugocam; P — ocmamok
ocgopHoli Kuciomei; TL —anonmos T-numgpouuma
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temozolomide. The effectiveness of temozolomide treatment for
GBM depends on the activity level of O6-methylguanine-DNA
methyltransferase (MGMT). In most cases, tumors inevitably re-
cur [2], and higher doses of chemotherapy are ineffective [3].

Immunotherapy is a direction in oncology that is based on
the idea of modulating the mechanisms of the patient's immune
system. The use of immunomodulation to treat cancer is gaining
popularity as an effective method [4]. Unfortunately, immuno-
therapy has shown limited success in treating GBM, although it
has demonstrated some potential as an adjunctive therapy for
GBM [5, 6].

GBM is an immune cold tumor with immune evasion mech-
anisms, including immunosuppressive cell infiltration in the mi-
croenvironment [7], activation of transforming growth factor-b
(TGF-b), expression of indoleamine 2,3-dioxygenase (IDO), and
checkpoint inhibitors, in particular programmed cell death li-
gand-1 (PD-L1) [8].

PD-L1 was found to be overexpressed by GBM cells and
GBM-associated macrophages [9]. According to a study, PD-L1 is
expressed in more than 88% of GBM cases [10]. PD-L1 is a type
| glycoprotein containing IgV and IgC structural domains, a hy-
drophobic transmembrane domain, and a cytoplasmic tail struc-
ture domain. The ligand PD-L1 receptor is PD-1, which is highly
expressed by active T cells. Membrane protein programmed
cell death-1 (PD-1) is a type | transmembrane glycoprotein with
a molecular weight of 50-55 kDa that contains one extracellular
IgV domain, a hydrophobic transmembrane domain, and a cyto-
plasmic tail domain. The IgV domain consists of 20 amino acids
separated from the plasma membrane. The cytoplasmic tail con-
tains two tyrosine motifs: the immune receptor tyrosine-based
inhibitory motif (ITIM) and the immune receptor tyrosine-based
switching motif (ITSM). Studies have shown that ITSM is required
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Fig. Interactions of PD-1 and PD-L1 in the tumor microenvironment. I.
In the tumor microenvironment, PD-L1 binds to PD-1 and is abnormally
highly expressed in tumor cells. Activation of PD-1/PD-L1 signaling
causes phosphorylation of tyrosine residues in the cytoplasmic ITIM
and ITSM domains of PD-1. Il. As a result, the antitumor activity of
TILs is suppressed due to inhibition of the production of granular
enzymes and various cytokines and cell cycle stagnation followed by
apoptosis [12]. TME — tumor microenvironment; TC — Tumor cell; TILs
— tumor-infiltrating lymphocytes; TCR — T-cell receptor; MHC — major
histocompatibility complex; ITIM — immunoreceptor tyrosine-based
inhibitory motif, ITSM — immunoreceptor tyrosine-based switch motif;
ATP — adenosine triphosphate; ADF — adenosine diphosphate;, P —
phosphoric acid residue; TL — T-lymphocyte apoptosis
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B3aumogeiicteme mexagy PD-1 v PD-L1 npoucxoamT B MUKpPO-
OKPYXEHUM ONYXO/U (PUC.) U NPUBOAUT K UHTMOMPOBAHMIO BYHK-
umm T-KNeToK, BKAKOYas nogasneHue nponndepauum AMmeoLumTos,
CeKpeunmn LMTOKMHOB M LUTOTOKCUYECKOW aKTUBHOCTU, YTO B MUTOTE
MHAYUMPYET UCTOLLEHWE onyxonecneunduyeckmx T-KNeTok 1 anon-
T03. 3TO M NO3BONAET ONYXO/EBbIM KJIETKAM YK/IOHATBLCA OT Haf30pa
a[anTMBHOW MMMYHHOW cucTembl [12].

BbnoknposKa casbiBaHua PD-1 ¢ PD-L1 moxeT ycunmeatb npo-
TUBOOMYXO/NIEBYIO UMMYHHYHO aKTUBHOCTb [6]. MpMHMMan BO BHUMA-
HMe TOT GaKT, YTo, MO AaHHbIM Hay4yHOM nTepaTypbl, 88% b oT/K-
yatotca aKcnpeccueit PD-L1, 06BbACHMM 3HAYMTE/bHbLIN MHTEpeC K
MCNO/Ib30BAHUIO TepaneBTUYECKUX CPEACTB A/1A NPOTUBOAENCTBUA
3TOMY MEXaHM3MYy YCKO/Ib3aHMA OT UMMYHHOTO oTBeTa [13].

MmmyHoTepanua nuruburopamu PD-1/PD-L1

nauueHTtos c b

MoHnmaHue ponu PD-L1 n PD-1 B natoreHese 310Ka4yeCcTBEH-
HbIX HOBOOBPA30BaHWIN NPUBENO K NMOABAEHUIO HOBbIX NMPenapaTos
B TEPANMU OHKONOTMYECKMX 3abonesaHnii [14]. MOHOKNOHabHbIE
aHTWUTeNa CTasn NOBOPOTHBIM MOMEHTOM B MMMYHOTEPANuM paka.
3TOT HOBbIM KAAacC MUMMYHOMOAYNMPYIOLWMUX NPOTUBOOMYXO/EBbIX
areHToB, TaK Ha3blBAEMbIX MHMMOUTOPOB MMMYHHbIX KOHTPO/bHbIX
TOYeK, NPOAEMOHCTPUPOBAN BreYaTAAoLLYy0 3GdEKTUBHOCTb C Bbl-
COKOM YacTOTOW OTBETa M AJIUTENbHOW PEMUCCUEN MPU HEKOTOPbIX
TWMNax paKka, BKAOYAA MeNaHOMy, pak NErku1x, NOYEYHO-KIETOUHYIO
KapLMHOMY, pak MOY€EBOro Ny3blps, PaK ronosbl 1 pak weu [15], Ho
NoKa He ANA oM.

TepanesTuyeckan 3GpdeKTUBHOCTb UHTMOUTOPOB KOHTPO/IbHbIX
Touek PD-1/PD-L1 1 MexaHW3Mbl PE3UCTEHTHOCTY K JaHHOM Tepanuu
y naumeHTos ¢ I'b A0 KOHLA OCTaloTCA HEM3BECTHbIMU. Ha AaHHbIV
MOMEHT NPOoXoAMT 60/IbLIOEe KOMYECTBO MCCeL0BaHUI MO Npume-
HEHMIO MHIMBUTOPOB MMMYHHbIX KOHTPO/IbHbBIX TOYEK Y NaLUEHTOB C
I'B, UX NPOMENKYTOUHbIE PE3YNbTaTbl NPEACTaBAEHbI B TabA.

CynTaercs, YTo O4HWMM U3 OOBACHEHWUI HWU3KOW 3ddEKTUBHO-
CTV Tepanuu UHTMBUTOPaMM KOHTPONbHBIX TOUEK ABAAETCA Hannume
remaTtosHuedpannyeckoro bapbepa (I'3B), NOCKONbKY cOoeAMHEHUs
>400-600 [a He MoryT NpoHMKaTb Yepe3 3b. HuBoaymab, moHo-
KNOHanbHOe aHTUTeno K PD-1 umeet monekynapHyto maccy 146 k/la
[25]. OaHako, Bo-nepBbIX, LenocTHOCTb M6 HapyLieHa B COCYAMCTOM
cetn onyxonu [26], a BO-BTOPbIX, €CTb A0KA3aTeNbCTBA TOrO, YTO
onocpefoBaHHas aHTUTENamum 6aokaga ocu PD-1/PD-L1 1 nocneay-
IOLLAA aKTMBALMA T-KNETOK NPOUCXOAAT BHE LEeHTPaNbHOW HepBHOM
cuctembl [27]. LOKNMHWYECKME U PaHHWUE KIMHWYECKME UCTbITAHUA
NPOAEMOHCTPUPOBAAM, YTO onyxonecneuuduyeckme sGpeKkTopHble
T-KNeTKK, cBA3aHHbIE C UHTMOUTOPAMMU MMMYHHbIX KOHTPOJIbHbIX TO-
yekK, cnocobHbI MUrpUpoBaTh Yepe3 MB K BbI3biBaTb MMMYHHbIE OT-
BETbl BO BHYTPMMAPEHXMMATO3HOM OMyXONEeBOM MUKPOOKPYKEHUN
[8, 27].

CyLLecTBYIOT PacXoXAeHNA B OTBETE Ha 610KaAbl KOHTPONbHbIX
Toyek PD-1/PD-L1 mexay pasnuyHbIMU FEHOMHbIMM MOATUNAMM
WM MONERYAAPHBIMU Npodunamm. AHanus akcnpeccum PD-L1 B 06-
pasuax b nokasan, 4To Me3eHXMMasbHbI eé noaTun umeet bonee
BbICOKYIO 3Kcnpeccuto PD-L1, Korga Kak NpoOHeMpasbHbl noatun
— Hu3kyto [10]. Takum obpasom, Heobxognma 6onee TwaTesbHas
BbIYMC/IUTE/IbHAA XapaKTepUCTMKA CNOCOBHOCTM Kaxkzoro noatvna
pearnposaTtb Ha 610Kaabl KOHTPO/IbHbIX To4eK PD-1/PD-L1.

B pase uccnepoBaHuii yKasbiBanoch Ha npobnemy Bbibopa pe-
MUMOB fledeHmnsa 610KaTopamm KOHTPONbHbIX Touek PD-1/PD-L1 ans
nepBUYHON U peumnausupytowei T6. Tak, Hanpumep, B KAUHUYE-

to exert the immunosuppressive function of PD-1 on active T cells
[11].

The interaction between PD-1 and PD-L1 occurs in the tu-
mor microenvironment, as shown in the figure. This interaction
leads to the inhibition of T-cell function. Specifically, it suppresses
lymphocyte proliferation, cytokine secretion, and cytotoxic activ-
ity. Consequently, tumor-specific T-cell exhaustion and apoptosis
are induced. As a result, tumor cells can evade detection by the
adaptive immune system [12].

Blocking PD-1 binding to PD-L1 may enhance antitumor im-
mune activity [6]. It is worth noting that the available literature
suggests that 88% of GBM exhibit the expression of PD-L1. This
fact explains the heightened interest in therapeutic agents that
can counteract this mechanism of immune evasion [13].

Immunotherapy with PD-1/PD-L1 inhibitors in patients

with GBM

The emergence of new drugs in oncology resulted from an
understanding of PD-L1 and PD-1's role in malignant neoplasm
pathogenesis [14]. Monoclonal antibodies have revolutionized
cancer immunotherapy. This new category of immunomodula-
tory anticancer drugs, known as immune checkpoint inhibitors,
has shown remarkable effectiveness in treating several types of
cancer with high response rates and can lead to long-lasting re-
mission. These cancers include melanoma, lung cancer, renal cell
carcinoma, bladder cancer, head and neck cancer [ 15], but not
yet gliomas.

The effectiveness of PD-1/PD-L1 checkpoint inhibitors as a
therapeutic option and the reasons behind the resistance to this
treatment in patients with GBM are still unknown. Currently, sev-
eral studies are being conducted to evaluate the use of immune
checkpoint inhibitors in GBM patients and their interim results
are summarized in the table below.

One possible reason for checkpoint inhibitor therapy's low
effectiveness is the blood-brain barrier (BBB), which prevents
compounds larger than 400-600 Da from crossing it. Nivolumab is
a type of monoclonal antibody that targets PD-1. It has a molec-
ular weight of 146 kDa [25]. The integrity of the BBB is disrupted
in tumor vasculature [26]. Additionally, there is evidence that T
cell activation occurs outside the CNS following the antibody-me-
diated blockade of the PD-1/PD-L1 axis [ 27]. Preclinical and early
clinical trials have shown that effector T cells specific to tumors
associated with immune checkpoint inhibitors can cross the BBB
and induce immune responses in the intraparenchymal tumor
microenvironment [8, 27].

Discrepancies exist in response to PD-1/PD-L1 checkpoint
blockades between different genomic subtypes or molecular
profiles. Analysis of PD-L1 expression in GB samples showed that
its mesenchymal subtype has higher PD-L1 expression, while the
proneural subtype has low expression [10]. Therefore, a more
comprehensive computational assessment is necessary to deter-
mine each subtype's response to PD-1/PD-L1 checkpoint inhibi-
tors.

Several studies have highlighted the challenge of selecting
treatment plans involving PD-1/PD-L1 checkpoint inhibitors for
primary and recurrent GBM. For instance, the phase Il clinical
trial CheckMate-143 revealed that using anti-PD-1 monoclonal
antibodies (nivolumab) as a therapeutic monotherapy did not
result in a higher overall survival rate compared to bevacizumab
in patients with recurrent GBM who had previously undergone
chemotherapy and radiation therapy [16]. A recent study found
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Tabnauya ViccnedosaHusa uHaubUMOpPO8 UMMYHHbIX KOHMPObHbIX MoYeK npu b

NCT03367715

NCT02017717
CheckMate 143
[16]

NCT02667587
CheckMate 548
[17]

NCT02617589
CheckMate 498
[18]

NCT02794883

NCT03684811
[19]

NCT02337686
(20]

NCT03047473
(21]

NCT02335918
(22]

NCT02336165
(23]
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MGMT-He-
MeTUINPO-
BaHHaa b

Prb

nre

Mnre

PIre

Prb

Prb

nre

PIre

Mre/Pre

10

529

716

560

36

32

18

30

175

159

56

56

58

58

43

56

lpynnbl uccnegosaHus

Husonymab + Ununumymab +
NyyeBas Tepanua

rpynna N: Husonyma6b
rpynna N + |: Husonymab +
Nnunnmyma6b
rpynna B: beBaunsymab

| rpynna: HuBonymab +
Temo3zonomuz + ny4eBan Tepanmsa
Il rpynna: HuBonymab nnaue6bo +
Temo3zonomuz, + nyyeBan Tepanma

| rpynna: HuBonymab + nyyesas
Tepanua
Il rpynna: Temo3onomug, + nyyesasn
Tepanua

| rpynna: Jypsanymab
Il rpynna: Tpemenumymab +

[Oypsanymab
Il rpynna: Tpemenumymab

KoropTta 1A: OnyTasnaeHu6b
Koropta 1B: OnytasnaeHuno + Asa-
UUTUANH

Membponnsymab + xupypruyeckoe
neyeHve

nobasneHune Asenymaba K
CTaHAAPTHOMY /IeYEHUIO

Bapannymab + Husonymab

KoropTa A: nepBuyHas I'b ypsany-
mab 10 mg/kg + nyyesas Tepanus
KoropTa B: peuunaus 6 ypsanymab
10 mg/kg
KoropTa B2: peunamus b Aypsany-
mab 10 mg/kg + besaunsymab 10
mg/kg
KoropTa B3: peunams b Aypsany-

mab 10 mg/kg + besaunsymab 3 mg/

kg
koropta C: peunaus b ypsanymab
10 mg/kg + BeBauusymab 10 mg/kg

Pe3ynbratbl

MB: 16.85 mec (46,49-32,89)
MBB: 5.92 mec (1,48-13,93)

OTCYTCTBUE Y/yULIEeHUA
BbI)KMBAEMOCTU NPU NPUMEHeHUN
Husonymaba (9,8 mec) no
cpaBHeHuto ¢ beBauesymabom (10
mec)

MB
I rpynna: 28,91 mec (24,38-31,57)
Il rpynna: 16,85 mec (4,49-32,89)
MBB
| rpynna: 10,64 mec (8,90-11,79)
Il rpynna: 10,32 mec (9,69-12,45)

MB
| rpynna: 13,40 mec (12,62-14,29)
Il rpynna: 14,88 mec (13,27-16,13)
MBB
| rpynna: 6,01 mec (5,65-6,21)
Il rpynna: 6,21 mec (5,91-6,74)

MB
| rpynna: 7,246 mec (2,746-16,32)
Il rpynna: 11,71 mec (18,332-32,71)
Il rpynna: 7,703 mec (7,411-40,14)
MEB
| rpynna: 2,746 mec (2,68-8,727)
Il rpynna: 4,356 mec (2,941-32,74)
Il rpynna: 4,913 mec (2,905-120,4)

MBB
koropta 1A 8,21 Hep, (7,14-37,50)
Koropta 1B: 8,29 Hep, (8,14-9,43)

MB
20 mec (8,64-28,45)

OTBET Ha /ieyeHune 23,3%
MB 15,3 mec
MBB 9,7 mec

12-mecAYHan BbI*KMBAEMOCTb
40,9%

MB
Koropta A: 64,8 Hepg, (51,6-78,9)
KoropTa B: 39,4 Hep (23,7-64,3)
Koropta B2: 37,3 Hep, (24,4-43,4)
Koropta B3: 39,7 Hep, (26,9-47,4)
koropta C: 19,3 Heg (10,3-27,7)
MBB
Koropta A: 19,9 Hep, (16,0-32,3)
Koropta B: 13,0 Hea (7,4-20,1)
Koropta B2: 16,0 Hepg, (11,9-16,1)
Koropta B3: 15,7 Hep, (8,3-16,4)
Koropta C: 7,9 Heg, (5,3-8,6)

®a3za uccne-
[oBaHUA

Ib/Il

I/
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NCT02337491
[24]

PI6

80

51

MB
KoropTa A: 8,8 mec (7,7-14,2)
KoropTa B: 10,3 mec (8,5-12,5)
MBEB
KoropTa A: 8,8 mec (7,7-14,2)
KoropTa B: 1,4 mec (1,4-2,7)

Koropta A: lMembponnsymab + besa-
Lu13ymab
KoropTa B: Membponnsymab

Mpumeyanusa: MGMT — 06-meTunryaHuH-AHK-meTuntpaHchepasa, MB — meaunaHa Bbixxnsaemoctv, MBB — meavaHa 6e3peupansHoit BbixkmaemocTy, N6 — nepsuyHas
ravobnactoma, PI6 — peumamsumpytowas rmvobaactoma

Table Immune checkpoint inhibitor studies in GBM

NCT03367715

NCT02017717
CheckMate 143
[16]

NCT02667587
CheckMate 548
[17]

NCT02617589
CheckMate 498
[18]

NCT02794883

NCT03684811
[19]

NCT02337686
(20]

NCT03047473
[21]

NCT02335918
[22]

MGMT
unmethylated
GBM

rGBM

pGBM

pGBM

rGBM

rGBM

rGBM

pGBM

rGBM

Number of
patients

[E
o

529

716

560

36

32

18

30

175

Mean
age

56

58

58

43

Treatment
groups

Results

Nivolumab + Ipilimumab + MS: 16.85 months (4.49-32.89)
radiation therapy mDFS: 5.92 months (1.48-13.93)

group N: Nivolumab
group N + I: Nivolumab + Ipilimumab
group B:
Bevacizumab

no survival benefit with Nivolumab
(9.8 months) compared with mDFS
(10 months)

MS:
Group 1: Nivolumab + Temozolomide +  G1: 28.91 months (24.38-31.57)
radiation therapy G2: 16.85 months (4.49-32.89)
Group 2: Nivolumab placebo + mDFS:
Temozolomide + radiation therapy G1:10.64 months (8.90-11.79)

G2:10.32 months (9.69-12.45)

MS
G1: 13.40 months (12.62-14.29)
G2: 14.88 months (13.27-16.13)
mDFS
G1: 6.01 months (5.65-6.21)
G2: 6.21 months (5.91-6.74)

Group 1: Nivolumab + radiation therapy
Group 2:
Temozolomide + radiation therapy

MS
G1:7.246 months (2.746-16.32)
G2:11.71 months (18.332-32.71)
G3:7.703 months (7.411-40 .14)
mDFS
G1: 2.746 months (2.68-8.727)
G2:4.356 months (2.941-32.74)
G3:4.913 months (2 .905-120 .4)

Group 1: Durvalumab
Group 2: Tremelimumab + Durvalumab
Group 3: Tremelimumab

Cohort 1A:
Olutazidenib
Cohort 1B:
Olutazidenib + Azacitidine

mDFS
Cohort 1A 8.21 weeks (7.14-37.50)
Cohort 1B: 8.29 weeks (8.14-9.43)

MS
20 months (8.64-28.45)

response to treatment 23.3%
adding Avelumab to standard treatment MS: 15.3 months
mDFS: 9.7 months

Pembrolizumab + surgical treatment

Varlilumab + Nivolumab 12-month survival rate 40.9 %

Clinical trial
phase

Ib/Il

1/l
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Cohort A: pGBM
Durvalumab 10 mg/kg + radiation MS

therapy
Cohort B: recurrent headache
Durvalumab 10 mg/kg
Cohort B2: recurrent headache

Cohort A: 64.8 weeks (51.6-78.9)
Cohort B: 39.4 weeks (23.7-64.3)
Cohort B2: 37.3 weeks (24.4-43.4)
Cohort B3: 39.7 weeks (26.9-47.4)

NCT0[22333]6165 pGBM/rGBM 159 56 Durvalumab l(iomrigl;i;- Bevacizumab  Cohort C: 19.3mV\|/DeFesks (10.3-27.7) "
Cohort B3: recurrent headache Cohort A: 19.9 weeks (16.0-32.3)
Durvalumab 10 mg/kg + Bevacizumab Cohort B: 13.0 weeks (7.4-20.1)
3 mg/kg Cohort B2: 16.0 weeks (11.9-16.1)
Cohort C: recurrent headache Cohort B3: 15.7 weeks (8.3-16.4)
Durvalumab 10 mg/kg + Bevacizumab Cohort C: 7.9 weeks (5.3-8.6)
10 mg/kg
MS
Cohort A: Cohort A: 8.8 months (7.7-14.2)
NCT02337491 Pembrolizumab + Bevacizumab Cohort B: 10.3 months (8.5-12.5)
[24] s 80 51 Cohort B: mDFS I

Pembrolizumab

Cohort A: 8.8 months (7.7-14.2)
Cohort B: 1.4 months (1.4-2.7)

Notes: MGMT — O6-methylguanine-DNA methyltransferase, MS — median survival, mDFS — median disease-free survival, pGBM — primary glioblastoma, rGBM — recurrent

glioblastoma

ckom uccnegosaHum Il ¢asbl CheckMate-143 coobLianocs, 4To mo-
HoTepanus B 1e4ebHOM peXkrMe MOHOKNOHaNbHbIMM aHTUTENAMMU K
PD-1 (HMBOAYMab) He NPUBOAMT K YBEAMUYEHWIO 0BLLEN NPOAONKM-
TENbHOCTU XKU3HM MO CPaBHEHUIO ¢ beBaLM3ymabom y naLmeHTos ¢
peunameupytoweit I'b, paHee NonyyaBLUMX XMMUOTEPANUIO U Ny4e-
BYylO Tepanuio [16]. B apyrom nccnepoBaHum 6b10 NPOAEMOHCTPH-
poBaHo, 4To Npw b (Kak NepBUYHON, TaK U peuuanBupytoLLeit) ogHa
HE0aAbIOBAHTHAA WMHBEKLMA MOHOKNOHANbHbLIX aHTUTen K PD-1 c
nocneaylowenn XMpypruyeckom pesekumen Onyxoiu U nevyeHuem
6n10KaTopammn PD-1 B nocneonepauuoHHOM Nepuoge nNpuBoguna K
3HAYNUTE/IbHOMY YBE/IMYEeHMIO Be3peuuamBHOro nepuosa u oben
BbIKMBAEMOCTU, MO CPABHEHMIO C MPUMEHEHMEM TO/IbKO aiblOBAHT-
Hoi Tepanuu [28, 29]. K Tem Ke BbIBOAAM NPULLAN 4BE HE3ABUCK-
Mble MCCNeaoBaTeNbCKUe TPYNMbl, KOTOPbIe UCMOAb30BaAW pasHble
MOHOK/IOHaNbHble aHTUTeNa — nembponnsymab 1 HuBonymab. O6b-
ACHEHWEe AaHHOro deHoMeHa AOCTaTOYHO MpocToe — AAETCA BPeMA
Ha TO, YTOBbl aKTMBMPOBAHHAA MMMYHHaA CUCTEMA «ycrena nosHa-
KOMMTBLCA» C ONYXO/bio L0 e€ yAaneHus ¢ npodykumei T-KneTok na-
MATU. Tem He meHee, HeobX0AMMO NPOBECTU KpyMHOMAcLUTabHble
PaHAOMM3MPOBAHHbIE UCCNEA0BAHMA, YTOObI NONHOCTLIO [OKa3aTb
nonb3y HeoaAbOBaHTHOrO noaxoaa [30].

Pe3ucteHTHOCTb K UMMYHOTepanuu npu I'b

I'6 06nagaeT MHOrOUYMCAEHHBIMMU MEXaHU3MaMU PE3UCTEHTHO-
CTU K 3G EKTOPHOM MMMYHHOW cucTeme [31-34].

The Cancer Genome Atlas (Athac reHoma paka) npeanoxun
yeTblpe noaTuna b, onupascb Ha anbTepauun U 0COBEHHOCTU MO-
NEKYNAPHO-TeHETUYECKOro CTaTyca: NPOHeNPasibHbIN, HEeMpPanbHbIN,
KNacCUUYEeCKU 1 Me3eHXMManbHbIN. XOTA 3Ta Knaccudukauma npesa-
cTaBnAeT cobov OTNPABHYIO TOUKY, TEM HE MEHEE OHa He y4uTbiBaeT
BHYTpMONyXo/eByto reteporeHHocTb b, Tak, 6bl10 OTYETAMBO NpO-
[leMOHCTPUPOBAHO, YTO B OZLHOM M TOW Ke OMyXOAW B pa3HbIX 30HaX
NPUCYTCTBYIOT pa3Hble MonekynapHble noatunsl [31]. bonee Toro, b
«3BONOLMOHMPYET», NPHMOBpeTas HOBble MyTaLMK, MPUYEM, B paje
CNY4aeB, He 3aBUCMMO OT BHELLHMX (HAKTOPOB, B TOM YMC/E NPOBO-
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that administering a single neoadjuvant injection of anti-PD-1
monoclonal antibodies before surgical resection of the tumor
helped increase the disease-free period and overall survival of
patients with HD (both primary and recurrent). This therapy was
found to be more effective than using adjuvant therapy alone [28,
29]. Two independent research teams have come to the same
conclusion while using monoclonal antibodies — Pembrolizumab
and Nivolumab. The reasoning behind their success is straightfor-
ward: giving the activated immune system ample time to recog-
nize and learn about the tumor before eliminating it. This process
results in the production of memory T cells. However, large-scale
randomized trials are necessary to prove the neoadjuvant ap-
proach's benefits fully [30].

Resistance to immunotherapy in GBM

GBM has multiple mechanisms of resistance to the effector
immune system [31-34].

The Cancer Genome Atlas (TCGA) has identified four sub-
types of GBM based on genetic alterations and molecular genetic
status: proneural, neural, classical, and mesenchymal. Howev-
er, this classification only serves as an initial point and fails to
consider the intratumoral heterogeneity of GBM. It has been
demonstrated that different molecular subtypes coexist in dis-
tinct regions of the same tumor [31]. Moreover, GBM "evolves",
acquiring new mutations, and, in some cases, regardless of exter-
nal factors, including treatment [5]. In this case, the tumor lacks
a universal antigen, making it difficult to develop stable adaptive
immunity, leading to an internal mechanism of GBM resistance.

It's important to consider how tumors adapt to resist attacks
from the immune system. These adaptive mechanisms allow tu-
mors to counteract the immune system's efforts, which are nor-
mally in place to protect against autoimmunity. One of the ways
tumors create an immunosuppressive environment is through
the production of immunosuppressive factors such as tTGF-B, IL-
10, IL-35, and PGE2. These factors are produced by GBM cells in
the microenvironment to reduce the expression of MHC class Il
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aumoro neyenus [5]. B cBA3M ¢ 3TUM, B ONYXONU OTCYTCTBYET YHU-
BEPCA/bHbIA aHTUrEH, HA KOTOPbIA MOXKET BblpaboTaTbCA CTOMKUM
afanTvBHbIN MMMyHUTET. Takum obpasom, obecneyvBaeTcs BHY-
TPEHHUI MexaHU3M pe3ncTeHTHOCTH .

CTOMUT yuuTbIBaTb aJanNTUBHbIE MEXaHU3Mbl PE3UCTEHTHOCTH,
KoTopble 06ycn0BAMBaAOT CNOCOBHOCTL OMYXO/AM MPOTUBOAENCTBO-
BaTb «aTakam» MMMYHHOM CUCTEMbI, NOAYMHAA MeXaHWU3Mbl, KOTO-
pble Npu OTCYTCTBMM NATONOMMM 3alLMLLAIOT OT ayTOMMMYyHUTETa. B
nepsyto oyepeap, [b cO342ET MMMYHOCYNPECCUBHYIO MUKpOCpeay.
Tak, Hanpumep, npoayuupyemble KneTkamu I'b B MUKPOOKpPYXKeHUH
MMMyHocynpeccopHble dakTopbl, TTGF-B, IL-10, IL-35 1 PGE2 cHuxa-
10T aKcnpeccuio monekyn MHC knacca |l u nogasnstoT nponudepa-
Um0 1 akTuBaumio T- u B-knetok [32, 33].

CToUT OTMETUTb, YTO 6ONbLIOE KOAMYECTBO NONYNALMIA B MU-
KPOOKPYKEHUN OMyXOaM KNETOK-CYNpPeccopoB, TakUX KaK peryns-
TOpHble T-KNEeTKM, KOTopble NPOAYLMPYIOT PasNnYHbIE LUTOKMHBI
(TGF-B, IL-10, IL-35 n ap.), MHTMBUPYIOT NpoaUdeEpPaLLUMIO U aKTUBA-
umto T-numoouuTos. ELLE oaHOM COCTaBAAIOLWEN ONyXoaeBol cpesbl
ABNAOTCA MaKkpodaru, KoTopble Nog AeUCTBUEM LUTOKMHOB NpUob-
peTatoT cynpeccopHbiit peHotun (M2) [33, 34].

Mo mepe paclIMPEeHUs MOKasaHWUI K MPUMEHEHUIO UHIMOW-
TOPOB KOHTPOJIbHbIX TOYEK U YBENMYEHWUA YMCAa MaALMEHTOB, No-
JIy4aloLmX 3T Npenapatbl, BblAENEH MeXaHU3M NpuobpPeTEHHOM
PE3UCTEHTHOCTM, KOTOPbIA BK/IKOYAET TEHETUYECKME W3MEHEHWS,
BbI3BaHHblE MMMYHO/OTMYECKUM «aBJeHNeM». Pe3nCTeHTHOCTb K
6nokage PD-1 b obecneymBaeT aKTMBALMIO afbTEPHATUBHBIX UM-
MYHHbIX KOHTPONIbHbIX TOYEK, TaKMX Kak TIM-3 (6enok-3, coaepsa-
LW T-KNETOUHbIA UMMYHOMMOBYANH M MYyLUMH/LOMEH MyumHa) [35].

CToUT yuuTbIBaTb UCMONb3yeMble AnA 6opbbbl C OTEKOM ro-
NIOBHOTO MO3ra y nauneHToB ¢ 6 KOPTUKOCTEpOUApI, B TOM Yncne
[leKCamMeTa3oH, KOTOpbl 0671aaeT MMMYHOCYNPECCUBHBIM Leii-
ctBrem. [lekcameTasoH obycnaenvBaeT nogasneHue T-KAeTOK 3a
CYET ymeHbLeHua npoandepaummn n anddepeHUMpPOBKU HAaTUBHbBIX
T-KNeToK nocpeacTBOM KOoCTUmyupytowero nyti CD28 [36].

3AKNIOYEHUE

6 0bnasaeT BbICOKOI YCTOMYMBOCTbIO K CTAHAAPTHbIM Me-
TOAAM NleYeHns U, TaKUM 06pa3om, npeacTasaseT coboi cnoxHoe
3abonesaHne. OCb MMMYHHbIX KOHTPO/bHbIX Touek PD-L1/PD-1
CYNTAETCA MHTEPECHOW MWLLEHbIO ANA MMMyHOoTepanuu. Brokaga
B3aumogenctauna mexxay PD-1 u PD-L1 moKeT BOCCTaHOBUTb Haae-
aLmin UMmyHuTET NpoTue 6. HepaBHWe KAMHMYECKME UcCnea0Ba-
HWA MHrMbuTopos PD-L1/PD-1 npoaemoHcTpupoBsanu 3¢pdeKTnBHbIe
OTBETbI. XOTA UCMbITAaHWUA He NOATBEPKAAIOT KPUTUYECKOTO YBENNYe-
HWA 00LLEN BbIXKMBAEMOCTM, BO3MOMXKHO PaCCMOTPEHME NPUMEHEHUS
[AaHHbIX MHIMMBUTOPOB B COMETAHMM CO CTAaHAAPTHOM Tepanuen u B
KOMBVHALMV C ApyTMMU MeToZaMu MMMyHoTepanun. OnpegeneHne
ONTUMANbHOW KOMBWMHAUMKM WM MNOCNEeA0BaTENbHOCTM KOMBUHMPO-
BaHHOW Tepanuu, a TaKKe BblaeNeHMe NaLUMEHTOB, YyBCTBUTE/bHbIX
K AAaHHOMY BUAY NEYeHUs, ABNAETCA CNOXKHOM 3aaadei. Heobxoam-
Mbl JanbHeWwne GyHAAMEHTANbHbIE U KIUHWYECKNE UCCNeA0BaHNA
ANA CO34aHMA NYYLLUX TepaneBTUYECKMX NPOTOKO/OB.

molecules and suppress the proliferation and activation of T and
B cells [32, 33].

It is important to note that many suppressor cells in the tu-
mor microenvironment, such as regulatory T cells, produce vari-
ous cytokines (TGF-B, IL-10, IL-35, etc.) that inhibit the prolifera-
tion and activation of T lymphocytes. Another component of the
tumor environment is macrophages, which, under the influence
of cytokines, acquire a suppressor phenotype (M2) [33, 34].

With the expanding indications for checkpoint inhibitors and
the increasing number of patients receiving these drugs, a mech-
anism of acquired resistance has been identified. This mechanism
involves genetic changes that occur due to immunological "pres-
sure". When resistance to PD-1 HB blockade develops, it can acti-
vate alternative immune checkpoints such as TIM-3 (T-cell immu-
noglobulin and mucin/mucin domain-containing protein-3) [35].

It is important to note that corticosteroids, such as dexa-
methasone, used to reduce brain swelling in patients with GBM,
can potentially suppress the immune system. Dexamethasone
specifically reduces the proliferation and differentiation of naive T
cells through the CD28 co-stimulatory pathway, which can lead to
T cell suppression [36].

CONCLUSION

GBM is known to be one of the most intricate, fatal, and re-
sistant-to-treatment forms of cancer. However, there is a promis-
ing target for immunotherapy — the PD-L1/PD-1 immune check-
point axis. By blocking the interaction between PD-1 and PD-L1,
proper immunity against GBM can be restored. Recent clinical
studies on PD-L1/PD-1 inhibitors have shown promising results
in treating GBM. Although these inhibitors have not significant-
ly increased overall patient survival in clinical trials, they may be
beneficial when combined with standard therapy or other immu-
notherapies. However, it is challenging to determine the optimal
combination and sequence of combination therapy and identify
patients sensitive to a given treatment. Therefore, further re-
search in basic and clinical fields is crucial to develop improved
therapeutic protocols.
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