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Abstract

Introduction. Cancer is one of the most serious and common diseases with a high level of mortality. Due to this reason the searching of new
directions and methods of cancer treatment is becoming more and more important with each passing year. Significant advances in cancer
immunotherapy have been reached over the past few decades. Moreover, an inhibition of the interaction between the programmed cell death
receptor (PD-1) and its ligand (PD-L1), is sure to be perspective direction of the immuno-oncological therapy development.

Text. PD-1/PD-L1 interaction plays a pivotal role in negative regulation of immune system, that protects host’s cells and tissues from the
excessive immune response. However, it is also used by tumor cells to avoid the host's immune system. The discovery of this mechanism led to
the development of inhibiting PD-1 or PD-L1 agents that enhance anti-tumor immunity. Meanwhile, anti-PD-L1 agents provide less toxicity in
comparison with anti-PD-1 agents. FDA currently approved Atesolizumab, Durvalumab, and Avelumab PD-L1 inhibitors for cancer treatment. These
agents demonstrated effective response during the clinical trials, however, they are used for a limited number of oncological diseases. In addition,
BMS-936559 is a promising agent that had passed the first stage of the clinical trials. Nevertheless, immunotherapy involving PD-L1 inhibitors is
closely related to a vast number of severe side effects including immune-mediated effects caused by the inhibition of PD-L1 ligands located on
healthy cells. In these terms, the development of new agents deprived of these disadvantages is the reason for further studies.

Conclusion. Immunotherapy in cancer uncovers new perspectives in treatment of refractory to standard therapies forms of cancer. And the
development of new and improvement of existing PD-L1 blocking agents are of great importance in fighting against tumoral diseases.
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Pesiome

BBegeHue. Pak ABNSETCA OOQHUM 13 CaMbIX TSXKENbIX U PaCcnpOCTPAHEHHbIX 3a60NeBaHNiA C BbICOKOW BEPOATHOCTLIO IETaNlbHOrO UCX0Aa, NO3ToMy
NOVCK HOBbIX HamnpasfieHW U CNOCOOOB NevYeHns PaKoBbIX 3abofeBaHUn C KaXabiM rofoM npuobpeTaeT Bce GOMbLIYID aKTyalbHOCTb. 3a
nocnefHue HECKONIbKO AECATKOB JIET BbINU AOCTATHYTbI 3HAYNTESNIbHBIE YCNEXW B UMMyHOTepanvu paka. [1py 3Tom nepcrnekTMBHbIM HanpasieHem
MMMYHOOHKO/IOFMYeCKO Tepanun ABnaeTcAa 6NoKMpoBaHMe B3aUMOAENCTBMNA peLienTopa NporpaMmmnpyemMoi knetouHon cmeptu (PD-1) ¢ ero
nurangom (PD-L1).

Tekcr. B3aumopencrame PD-1/PD-L1 nrpaet BaxHyio posib B OTpULIATENbHOW perynaumnm UMMYHHOW CUCTEMbI, 3alymLLan KNeTKU U TKaH opraHn3ma
X03fIHa OT YPE3MEePHOro MMMYHHOO oTBeTa. OHAKO AaHHbIV MEXaHN3M TakXe 1CMOoJb3yeTCA ONyX0NEBbIMU KNeTKamu A No4aBeHUs UMMYHHOTO
OoTBeTa opraHm3Ma xo3svmHa. O6Hapy»KeHre 3TOro MexaHr3Ma MOJIOXMIIO Havano pa3paboTke nekapCcTBEHHbIX NpenapaTos, MHrMbupyowmx PD-1
unu PD-L1, uenblo KOTOpbIX ABAAETCS YCUNEHEe NPOTUBOOMYXONEeBOro nMmMyHuTeTa. Mpu aTom aHTK-PD-L1-npenapatbl 06agaoT noTeHUManbHO
MeHbLUEel TOKCMYHOCTbIO MO CpaBHeHWIo ¢ aHTK-PD-1. B HacTosiwee Bpema ans npumeHeHus FDA (Food and Drug Administration, CLLA) ogo6peHbl
nHrnébutopsl PD-L1 Atesonusymab, [lypsanymab n Aenymab. [laHHble nieKapcTBeHHble CcpeAcTBa 06najaloT AOCTaTOYHON 3PEeKTUBHOCTbIO,
NOATBEPXAEHHON KAVHUYECKUMY UCCNeAO0BaHMAMU, OfHAKO NMPUMEHAIOTCA ANA OYEHb OrPaHUYEHHOrO UKC/Aa OHKONIOTMYeCKUX 3aboneBaHWii.
MoTeHuManbHO NepCcneKkTUBHLIM fleKapCTBEHHbIM Npenapatom asnaeTca BMS-936559, KoTopbiii npolen TONbKO NepByl0 CTaAMio KIMHUYECKUX
ncnbitaHnin. OfHaKo MMMYHOOHKOOrMYecKkas Tepanus nHrnbutopamu PD-L1 conpsikeHa ¢ BO3HMKHOBEHMEM GOJbLLOrO YMCa TAXKENbIX MOOOYHbIX
3¢ deKTOB, B TOM YnCSIE MIMMYHOOMNOCPELOBaHHbIX, KOTOPble BO3HWKAIOT M3-3a 6/10KMpoBaHusA nnraHgos PD-L1, Haxogsawmxca Ha 3M0POBbIX KeTKax.
3To cTUMynupyeT NpoBeAeHVe AaNbHEeNINX UCCNefOoBaHWUiA, HamnpaB/ieHHbIX Ha Pa3pabOTKy HOBbIX JIeKapCTBEHHbIX MPenapaToB, JULWEHHbIX
OTMEUYEHHbIX HeflOCTaTKOB.

3aknioueHue. /IMMyHoTepanusa 3/110KayecTBEHHbIX HOBOOOPa3oBaHMii HeCeT B cebe OrpoMHbIN MOTEHUMAN U OTKPbIBAET HOBble FOPU3OHTHI B
neyeHn Gopm paka, peppakTepHbIX K CTaHAAPTHbIM MeTofaM feueHus. [Mpu 3TomM pa3paboTKa HOBbIX M YCOBEPLUEHCTBOBaHME CYLLECTBYIOLMX
NeKapCTBEHHbIX MpenapaTtoB-nHrMbuTopos PD-L1 ABRAlOTCA NepcneKTUBHbIMK HanpaBieHUAMW, ONpeAensAlWwnMn TpaekTopuio 60pbbbl ¢
onyxonesbiMy 3aboneBaHNAMM.

© Andrusova N. N., Kolganova M. A., Aleshina A. V., Shohin I. E., 2021
© AHppycoBa H. H., Konranosa M. A., AnewwnHa A. B., LoxuH . E., 2021

31


https://crossmark.crossref.org/dialog/?doi=10.33380/2305-2066-2021-10-1-31-36&domain=pdf&date_stamp=2021-02-25

32

Research and development of new drug products
Mouck u pazpabomka Ho8bixX JleKapcmeeHHbIX cpedcme

KnioueBble cnoBa: PD-L1-vHrubntop, 6NOKMPOBKAa KOHTPOJIbHBIX TOYEK WMMMYyHWTETa, MMMyHOTepanusa paka, aBenymab, Aypsanymad,

aTeaonmaymaG, MOHOK/IOHaJIbHbl€ aHTUTENA

KoHGNMKT nHTEepecoB: KOHPNNKTa NHTEPECOB HeT.

Bknap aBTOpOB. Bce aBTOpbI yuacTBOBanu B c6ope nHGopmaumnm, eé aHanuse, 06Cy>KAEHUN 1 HaNMCaHNMN TEKCTa CTaTby.

BAna untnposanma: Angpycosa H. H., KonraHosa M. A., AnewmnHa A. B., LLloxnH W. E. PD-L1 Kak noTeHumanbHaa MyLLeHb B MPOTNBOPAKOBOMN Tepanuu.
Paspabomka u pecucmpayus nekapcmeaeHHoix cpedcma. 2021;10(1):31-36. https://doi.org/10.33380/2305-2066-2021-10-1-31-36

INTRODUCTION

Cancer diseases still take the leading positions in
the number of lethal cases both in Russia and world-
wide. Therefore the development and improvement
of methods for cancer therapy is an up-to-date problem
and the priority trend of studies in many countries.

During the last decades, numerous immunothera-
peutic approaches to cancer therapy were developed
and evaluated. And, though the results of these nume-
rous early efforts were disappointing, the ability to induce
long remissions of large tumors with high doses of inter-
leukin-2 (HD-IL-2), interferon a and vaccines nevertheless
provided evidence of high immunotherapy potential [1,
2]. Further studies have provided a clearer understan-
ding of the facts limiting antineoplasticimmune response
that lead to the development of various drug agents
which target immunostimulating and immunosuppres-
sor pathways. One of the key drug targets is the ligand of
programmed cell death protein-receptor PD-L1 involved
in the mechanism of the immunosuppression induced by
a tumor.

This review contains the detailed information
on the drugs targeting PD-L1 ligand which are used
nowadays.

General characteristics
of PD-1/PD-L1 interaction

PD-1 (programmed cell death receptor) represents a
transmembrane protein from immunoglobulins family.
PD-1 receptor, along with CTLA4 receptor, plays an im-
portant role in negative regulation of the immune sys-
tem inhibiting activity of cytotoxic T-lymphocytes that
prevents autoimmune reaction and cells damages in
inflammations [3]. It consists of the extracellular N-end
IgV-like domain, the transmembrane domain and the
cytoplasmatic end involved to inhibitory signaling [4].
PD-1 is expressed on the activated immune cells inclu-
ding CD4+ T-cells, CD8+ T-cells, B-cells, NK cells, mono-
cytes, dendrites, macrophages, as well as, tumor infilt-
rating cells [5]. Moreover, PD-1 is selectively activated in

T-cells in response to constant antigen exposure. Thus,
PD-1 expression in T-cells is one of the markers of T-lym-
phocyte depletion [6].

There are two known ligands of PD-1 receptor -
PD-L1 (B7- H1) and PD-L2 (B7-DC) belonging to B7 family.
PD-L1 is expressed in various hematopoietic, as well as,
endothelial and epithelial cells [7]. PD-L2 also expressed
in a limited way, mainly on activated macrophages and
dendrites [8]. However PD-L1 may be also expressed on
tumor cells and tumor infiltrating cells of the immune
system - lymphoid and myeloid, and stromal cells me-
diating tumor integration [9]. Numerous cases of PD-L1
expression in different cancer types including mela-
noma, multiple myeloma, leukemia, glioblastoma and
gastric, renal, bladder, breast and lung cancer are desc-
ribed [10-12]. When bound to PD-L1 ligand in a tumor
cell with T-lymphocyte PD-1 receptor, T-cell cytoto-
xic activity is suppressed by inhibition of proliferation
of T-lymphocytes and cytokine products. As well, the
apoptosis of tumor infiltrating T-cells is induced [13].
Thus, PD-L1/PD-1 interaction plays an important role
in the mechanism of tumor evasion from the immune
response. Therefore, the blockage of this interaction
promotes the termination of the PD-L1/PD-1 mediated
suppression of the immune response and causes reacti-
vation of antineoplastic immunity that in fact the chal-
lenge for cancer immunotherapy.

Drugs - PD-L1 inhibitors

Cancer immunotherapies gain more physicians’ con-
fidence as new treatment methods for malignant neo-
plasms. Inhibitors of PD-1/PD-L1-pathways take the spe-
cial position in cancer immunotherapy as they appear
effective in treatment of cancer diseases not susceptible
to standard treatment methods. It is suggested that the
selection as a PD-L1 ligand target may be accompanied
with lower toxicity, partially by selective modulation of
the immune response in a tumor microenvironment that
provides a great interest to its selection as a target for
drug products [14].

Nowadays, drugs — PD-L1 inhibitors Atezolizumab,
Durvalumab and Avelumab (table 1) are recommended



for systemic therapy of locally spreading and metasta-
tic cancer diseases by the European Society of Medical
Oncology.

Atezolizumab

Atezolizumab - humanized monoclonal antibodies,
immunoglobulins G (IgG1) with a modified Fc-fragment.
Atezolizumab binds directly with PD-L1 ligand and blocks
its interaction with PD-1 receptor [15].

The drug is approved for treatment of patients with
locally spreading and metastatic urothelial carcinoma
expressing PD-L1 =5 % on immunocompetent cells who
fail Cisplatin therapy [16]. It is indicated when any plati-
num-containing chemotherapy is impossible, irrespec-
tive of PD-L1 expression level. Atezolizumab is indicated
to patients with disease progression during or after of any
platinum-containing chemotherapy within 12 months
after neoadjuvant or adjuvant chemotherapy [16]. The
efficacy of atezolizumab is proven in clinical trials in
which the objective response rate was 23 % and 25 %,
respectively [17, 18].

Atezolizumab is used in combined treatment of non-
small cell lung cancer with Bevacizumab, Paclitaxel, Car-
boplatin and Nab-palitaxel in the first-line therapy and
in monotherapy of locally spreading or metastatic non-
small cell lung cancer in adult patients [16]. Combined
with chemotherapy, Atezolizumab considerably reduces
the risk. of disease progression and mortality compared
to chemotherapy alone [19].

In 2019, the FDA approved Atezolizumab in com-
bined therapy of an inoperable locally spreading or
metastatic triple-negative breast cancer in the first-
line therapy combined with Nab-paclitaxel with PD-L1
expression =1 % on immunocompetent tumor infiltra-
ting cells [16]. The clinical trials have shown that Atezoli-
zumab in combination with Nab-paclitaxel reduces the
risk of disease progression or death, and also increases
the total survival of patients almost for 9.5 months com-
pared to Nab-paclitaxel monotherapy [20].

The clinical trials aimed to determine Atezolizumab
efficacy in renal cancer [21] are ongoing.

Ta6nuua 1. JlekapcTBeHHble npenapaTbl-uHrn6mropbi PD-L1
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Durvalumab

Durvalumab (Imfinzi®) represents human monoclo-
nal antibodies — immunoglobulins G (IgG1) which block
biding of PD-L1 ligand with PD-1 receptor allowing
T-lymphocytes to differentiate and destroy tumor cells.
At the same time, PD-1 interaction with PD-L2 is not
affected [22].

The drug is approved by the FDA for treatment of
adult patients with locally spreading and metastatic
urothelial carcinoma observed during platinum-con-
taining chemotherapy and progressing after the
treatment [23].

Avelumab

Avelumab - fully human monoclonal IgG1 antibodies
which, unlike other drugs, not only inhibit PD-1/PD-L1 in-
teraction but also influence antibody-dependent cell-me-
diated cytotoxicity that causes lysis of tumor cells [27].

Avelumab administration as a drug for treatment
of Merkel-cell carcinoma of adult patients and chil-
dren above 12 years is based on the clinical trials, whose
objective response rate was 29.5 %, with the response
lasting from 2.8 to 14.6 months (the median was not
established) [28, 29]. The drug is effective and considera-
bly increases life expectancy of patients with the urothe-
lial carcinoma progressing during or after platinum-con-
taining chemotherapy and in combined therapy with
Axitinib for patients with progressive renal cancer [30, 31].

The promising trend for avelumab is treatment of
breast cancer and relapsing, and refractory ovarian can-
cer [32-34].

BMS-936559

Product BMS-936559 by Bristol-Myers Squibb rep-
resents fully human antibodies, IgG4 immunoglobulins
with high affinity to PD-L1 molecule. Nowadays, only the
first stage of the drug clinical trials has been carried out
on patients with melanoma, renal cancer and non-small
cell cancer [35, 36]. BMS-936559 has a sufficient poten-
tial to be among other drugs inhibiting immunity check-

Medicinal product (INN) Trade name Manufacturing company Application

Atezolizumab (MPDL3280A) Tecentrik® Roche .Non—sma!l cell lung cancer, urothelial carcinoma,
triple negative breast cancer

Durvalumab (MEDI4736) Imfinzi® AstraZeneca Locally advanced and metastatic urothelial carci-
noma, non-small cell lung cancer

Avelumab (MSB0010718C) Bavencio® Merck KgaA n Pfizer nomzrkd carcinoma, kidney cancer, urothelial carci-
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points however the manufacturer did not inform about
the intentions to carry out further clinical trials of the
drug product.

Development prospectives
of anti-PD-L1 cancer immunotherapies

Despite prospectives of cancer immunotherapies —
immunity checkpoint inhibitors, their use is limited due to
some difficulties. First of all, the programmed cell death
receptor ligand expresses not only on tumor cells but
also on healthy host cells that is a protective body reac-
tion from the excessive damage caused by T-cells inflam-
mation. In this context, cancer immunotherapy shall be
specifically targeted on tumor sites but not on system
activation of the immune system. This selectivity may be
achieved by identification of the immunomodulatory tar-
gets being directly within a tumor. The differentiated ap-
proach lies in addition of components targeting a tumor
to systemic immune response activators that will limit lo-
cation of their action [37].

Other important feature of cancer immunotherapies
is efficacy of drugs of this type proven for rather few can-
cer types whereas long response is not observed in most
epithelial malignancies.

Finally, immunotherapy is closely related to a wide
range of adverse effects such as fatigue, itching, rash,
nausea, type 1 diabetes, pneumonia, etc. [38]. Check-
point inhibitors can also cause immuno-mediated
adverse effects in almost in any body system. Most of
them are reversible, except for endocrine effects, and le-
thal outcomes occur rarely. The clinical trials have shown
that 21 % of cancer patients receiving immunity check-
point inhibitors had immuno-mediated adverse effects,
one lethal outcome was reported among 28 patients
due to pneumonitis and colitis [39]. Moreover, monoclo-
nal antibodies may cause drug immunogenicity which,
in its turn, may also cause adverse reactions and reduce
clinical efficacy [40].

The decrease of adverse effects related to the
comprehensive investigation of anti-PD-L1 drug effects
on body functions is one of the greatest study priorities.

CONCLUSION

Cancer immunotherapy opens new opportunities in
treatment of malignant neoplasms. Investigation of the
mechanism of PD-1/PD-L1 interaction, as well as, the de-
velopment of new and improvement of the existing
anti-PD-L1-drugs has a great potential for treatment of
tumors refractory to standard therapies.

The FDA approved three drugs of this type: Atezoli-
zumab, Avelumab and Durvalmab which has allowed to
increase treatment efficacy for patients with multiple
disease relapses.

Despite the fact that efficacy of anti-PD-L1-thera-
py is confirmed with clinical trials on numerous cancer
types, study efficacy of drugs in other cancer diseases
is still the challenging trend for investigations that rep-
resents the prospective of their expanded use. The de-
velopment of new methods for targeted delivery of the
existing drugs, as well as investigation and search of
methods for decrease of adverse effects are equally
important fields.
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