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The aim of the work was to conduct a review of drugs approved by the FDA in 2022.

Materials and methods. In searching for the materials to write this review article, bibliographic databases including PubMed,
Google Scholar and e-library.ru were utilized. The search was conducted for the publications spanning the period from 2008
to 2023. Herewith, the following keywords and word combinations were used: new drug approval, NDA, drug authorization,
approval package, breakthrough medicine.

Results. The discovery and development of drugs are among the most crucial scientific processes in healthcare. Developing
a new drug is a highly intricate, expensive, and time-consuming process. Nowadays, the problem of costs reduction and
the process of expedited discovering of new medications are particularly pertinent. To optimize the search for active
compounds, virtual and high-throughput screenings, machine learning, artificial intelligence, cryo-electron microscopy,
and drug repurposing are employed. Simultaneously, the search for original molecules to serve as the basis for innovative
drugs continues. This article presents a review of medications approved by the FDA in 2022 for the treatment of various
pathologies.

Conclusion. A drug development is a complex and resource-intensive process, with only a small fraction of candidates
advancing to clinical trials. A drug design evolves in tandem with societal needs, and this review highlights some of the
drugs approved by the FDA in 2022. Technological advancements are expected to expedite drug development, potentially
reducing the time to the market. Biotechnology, including cell therapy, holds significant prospects, and achievements in
genetic mapping and chip technologies will enhance the accessibility of personalized pharmacology.
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Abbreviations: ADMET — absorption, distribution, metabolism, excretion, and toxicity; Al — artificial intelligence; Ang2 —
angiopoietin 2; ANN — artificial neural networks; CALD — cerebral adrenoleukodystrophy; CNN — convolutional neural
networks; cryo-EM — cryogenic electron microscopy; CVDs — cardiovascular diseases; DL — deep learning; EMA — European
Medicines Agency; FBS — fragment-based screening; HTS — high throughput screening; FDA — Food and Drug Administration;
GIP — gastric inhibitory polypeptide; GLP-1 — glucagon-like peptide-1; IL — interleukin; ISMC — International Symposium on
Medicinal Chemistry; JAK1 — Janus kinase 1; LDA — linear discriminant analysis; MHRA — The Medicines and Healthcare
products Regulatory Agency; ML — machine learning; MLP — multilayer perceptron; NME — New Molecular Entity;
NYHA — New York Heart Association; PD-1 — programmed cell death 1 receptor; PDB — Protein Data Bank; QSAR — quantitative
structure-activity relationship; RF — random forest; RNN — recurrent neural networks; SBDD — structure-based drug discovery;
SVM — support vector machine; TSLP — thymic stromal lymphopoietin; VEGF — vascular endothelial growth factor; VLCFAs —
very long chain fatty acids; R&D — research and development; CNS — central nervous system; CT — clinical trials.

For citation: D.V. Kurkin, E.I. Morkovin, D.A. Bakulin, Yu.V. Gorbunova, Yu.A. Kolosov, M.A. Dzhavakhyan, I.E. Makarenko, R.V. Drai,
A.V. Zaborovsky, O.V. Shatalova, A.V. Strygin, V.I. Petroy, A.P. Pleten, A.A. Prokopov, T.Yu. Tatarenko-Kozmina. Overview of drugs approved by the
FDA in 2022. Pharmacy & Pharmacology. 2023;11(3):193-210. DOI: 10.19163/2307-9266-2023-11-3-193-210
© A.B. KypkuH, E.N. MopkoeuH, [.A. bakynuH, 0.B. lopbyHoea, 10.A. Konocos, M.A. [ixcasaxsaH, U.E. MakapeHko, P.B. Apali,

A.B. 3a6opoeckuti, 0.B. lLlamanosa, A.B. CmpobizuH, B.U. Mempoes, A.I1. laemeHs, A.A. lpokonos, T.F0. TamapeHko-Ko3muHa, 2023
Ans uutuposanua: [.B. KypkuH, E.U. MopkosuH, [.A. bakynuH, t0.B. fopbyHoBa, t0.A. Konocos, M.A. [ixkaBaxsH, U.E. MakapeHko, P.B. [pait,
A.B. 3aboposckuir, O.B. LLiatanosa, A.B. CTpbiruH, B.U. MeTpos, A.M. MneTeHb, A.A. Mpokonos, T.10. TatapeHKo-Ko3amuHa. O630p eKapCTBEHHbIX
cpeacts, ogobpeHHbix FDA 8 2022 rogy. ®apmayus u papmakonoaus. 2023;11(3):193-210. DOI: 10.19163/2307-9266-2023-11-3-193-210

Tom 11, Beinyck 3, 2023 193


https://crossmark.crossref.org/dialog/?doi=10.19163/2307-9266-2023-11-3-193-210&domain=pdf&date_stamp=2023-09-01https://crossmark.crossref.org/dialog/?doi=10.19163/2307-9266-2023-11-3-193-210&domain=pdf&date_stamp=2023-09-01

REVIEWS Scientific and Practical Journal

PHARMACY &
PHARMACOLOGY

ISSN 2307-9266 e-ISSN 2413-2241

O630p nekapcTBeHHbIX cpeacTB, oaobpeHHbIX FDA B 2022 roay

0.B. Kypkun'?, E.U. MopKosuH?, [.A. bakynuH?, H0.B. lopbyHoBa?, H0.A. Konocos?,
M.A. OkaBaxaH3, U.E. MakapeHko'*, P.B. pait*, A.B. 3a6opoBckuii’, O.B. LLlaTanosa?,
A.B. Ctpbirun?, B.W. MeTpos?, A.MN. MneteHb!, A.A. NpoKkonos!?, T.l0. TatapeHKo-Ko3amuHa'!

! depepanbHoe rocyaapcteeHHoe broaxeTHoe obpa3oBaTesibHOe yupexaeHue Bbiclliero ob6pasoBaHma
«MOCKOBCKMI rocyAapCTBEHHbIN MeAMKO-CTOMATONIOTMYECKU yHMBEPCUTET umeHn A.U. EBAOKMMOBA»
MwuHucTepcTBa 34paBooxXpaHeHns Poccuiickon deaepaumm,

127473, Poccua, r. MockBa, ya. Jeneratckas, a. 20/1

2 dbepepanbHoe rocyaapcrTeeHHoe 6roaxeTHoe 06pasoBaTenbHoe yuperKaeHne Bbicliero obpasosaHus
«Bonrorpaackunit rocyaapcTBeHHbIN MeANUMHCKUIA YHUBEPCUTET»

MwuHucTepcTBa 34paBooxXpaHeHns Poccuiickon deaepaumm,

400131, Poccua, r. Bonrorpag, na. MNaswwux bopuos, a. 1

3 depepanbHoe rocyaapcTseHHoe 610aXKeTHOe HaydHoe yupexaeHne

«Bcepoccuiicknin Hay4yHO-UCCNen0BaTeIbCKUI MHCTUTYT IEKAPCTBEHHbIX M apOMaTUYECKMX pacTeHunii» (BUJAP),
117216, Poccua, r. Mocksa, yn. lpuHa, 4. 7

4 3aKpbITOe aKUMOHepHoe 0611ecTBo «Dapm-XoNaANH»,

198515, Poccus, r. CaHKT-leTepbypr, noc. CTpenbHa, yn. Ceasu, 4. 34-A

E-mail: strannik986@mail.ru

MNonyuyeHa 20.05.2023 MNocne peueHsnposaHua 30.07.2023 MpuHATa K nevatn 15.08.2023

Lienb. AHanu3 aKTyasbHbIX TEHAEHLMM 3apybekHOM NPaKkTUKM B 06/1acTM Pa3paboTKM M perncrpaLvm NeKapCTBeHHbIX
npenapaTos.

Matepuanbl u metogbl. [pn Novcke matepuana A1A HanMCaHWA 0H630PHOM CTaTbW UCMONb30BaAU pedepaTnBHble Hasbl
naHHbiX PubMed, Google Scholar u e-library.ru. MNMouck ocywectsnaam no nybavkaumam 3a nepuog, ¢ 2008 no 2023 rog, ¢
MCMNO/Ib30BaHWEM CNefyHoLMX KatoueBblx cnoB: «new drug approval», «NDA», «drug authorization», «approval package»,
«breakthrough medicine».

Pe3synbtatbl. OTKpbITME W pPa3paboTKa /IeKApPCTBEHHbIX CPEACTB ABAAIOTCA OAHMMWM M3 Hambosnee BaXKHbIX HAYYHbIX
HanpaBieHWn B 34paBOOXpaHeHUW. Pa3paboTka HOBOro npenapata — OYEHb C/IOXKHbIN, AOPOroN W AJUTE/bHbIN
npouecc. Kak CHM3UTb 3aTpaTbl M YCKOPUTb OTKPbITUE HOBbIX JIEKAPCTB? ITOT BOMPOC ABAAETCA OCOOEHHO aKTya/lbHbIM
Ha CerogHAWHUM AeHb. [aa ONTMMM3aLMKM NpoLecca MOWCKA aKTUBHbBIX COEAMHEHWUM MCMO/b3YHTCA BUPTYANbHbIA W
BbICOKOMPOU3BOAUTENbHbIN CKPUHWUHT, MalLMHHOE 06y4eHWe, UCKYCCTBEHHbIN MHTENIEKT, KOMOINEKTPOHHAA MUKPOCKONUS, a
TaKXe nepenpodpuiMpoBaHue CyLLECTBYIOLLMX IEKAPCTBEHHbIX CPEACTB. B TO e Bpema NpoaonKaeTca NONCK OPUTMHAIBHBIX
MOMIEKYN OJ1A Pa3paboTKM Ha MX OCHOBE MHHOBALMOHHbBIX MpenapaTtoB. B AaHHOWM cTaTbe npeacTasBieH 0630p /NeKapCTBEHHbIX
cpeacTs, ogobpeHHbix B 2022 rogy Food and Drug Administration (FDA), ana neyeHns pasninyHbIX NaToNOTUNA.
3aknoueHue. PaspaboTka fekapcTB npeacTaBafeT cobor CAOXKHbBIA M pPecypcoemMKUin Mmpouecc, Npu KOTOPOM Aullb
Heb0/1blwan YacTb KaHANAATOB AOXOANT 4,0 KMHUYECKUX UCNbITaHWI. [In3aliH NeKapCTB pa3BMBaETCA BMeCTe CNoTpebHOCTAMM
obuectBa, M1 B 3ToOM 0630pe OCBELLAIOTCA HEKOTOPblEe U3 Mpenapatos, ofobpeHHbIx FDA B 2022 roay. Oxupaetca, 4To
TEXHONOTUYECKME [OCTUNKEHUA YCKOPAT Pa3paboTKy NeKapCTB, MOTEHLUMANIbHO COKPALLAA BPemMA MX BbIXOAA Ha PbIHOK.
BuoTtexHonorua, BKAOYAA KNETOYHYIO Tepanuto, MMeeT H6onblume NepcrneKkTUBbl, a AOCTUNKEHUA B 061aCTU reHeTUYeCcKoro
KapTMPOBAHMWA U TEXHO/IOTUIA YNMOB MOBbICAT AOCTYNHOCTb NEPCOHAM3NPOBAHHOM GpapmaKonormu.

Knouesble cnoBa: Food and Drug Administration; FDA; 6vodapmaueBTMKa; MOHOK/IOHA/NbHbIE aHTUTENa; TEHAEHLUU
JleKapCTBEHHOrO AM3aiHa

Cnucok cokpauwieHui: ADMET — abcopbuus, pacnpegeneHne, Metabosimam, SKCKPELMA Y TOKCUYHOCTb; Al — MCKYCCTBEHHbIN
MHTeNNekT; Ang2 —aHrnonoatuH 2; ANN — MCKycCTBEHHble HelpoHHble ceTu; CALD — uepebpanbHas agpeHonenkogmucTpodus;
CNN —cBepTOYHble HEMPOHHBIE ceTu; cryo-EM —KpnoaneKkTpoHHaa Mukpockonus; CC3 —cepaeyHo-cocyaucTble 3abonesaHus;
DL — rnybokoe obyyeHune; EMA — EBponeiickoe areHTCTBO Mo JIEKAaPCTBEHHbIM cpeacTBam; FBS — dparmeHTapHbIN CKPUHUHT;
HTS — BblCOKONPOU3BOANUTENbBHbIN CKPUHWUHT; FDA — YnpaBneHWe no KOHTPOJIKO 33 MPOAYKTaMu U nekapctsamu; UM —
TIIOKO303aBUCUMbIA  MHCYNIMHOTPOMHbIM nonaunentua; [MM-1 — riokaroHonoaobHbIi nentna-1; IL — WHTEpAenKuH;
ISMC — MexayHapoAHbI CUMMO3UYM N0 MeAUUMHCKOM Xnmuu; JAKL — saHyc-KnHa3a-1; LDA — IMHeHbIN AUCKPUMMWHAHTHBbIN
aHanu3; MHRA — AreHTCTBO MO peryMpoBaHUIO NEKAPCTBEHHbIX CPeAcTB M TOBAapOB MeAUULMHCKOro HasHayeHua; ML —
MaLWnHHoe obyyeHne; MLP — ceTb MHorocnoiHoro nepcentpoHa; NME — HoBble MonekrynspHble coeanHeHmns; NYHA — Hbto-
Mopkckaa Kapamonormyeckas accoupaums; PD-1 — peuentop NporpaMmmmpyemoii CMepTu KaeTok 1; PDB — BaHK AaHHbIX
6enKkoB; QSAR — KONMYeCTBEHHOE COOTHOLLEHME CTPYKTYPa-aKTUBHOCTb; RF — meToa cnyyaliHoro neca; RNN — pekyppeHTHble
HelWpoHHble ceTh; SBDD — CTpyKTypa-3aBUCMMOE WCC/Ie0BaHNE NEKAPCTBEHHbIX mpenapatos; SVM — meTon onopHbIX
BEKTOpOB; TSLP — cTpoManbHbIvi IMMPonosTuH Tumyca; VEGF — pakTop pocta aHaoTenms cocynos; VLCFAS — )KMpPHbIe KUCNOTbI
C 0YeHb A/IMHHOM Uenbto; JIC— nekapctBeHHoe cpeacTBo; HUOKP — HayuyHo-Mccnen0BaTeIbCKUE U OMbITHO-KOHCTPYKTOPCKUE
pabotbl; LLHC — ueHTpanbHas HepBHasa cuctema; KM — KnnHnyeckue nccnenoBaHus.
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INTRODUCTION exclusion criteria comprised earlier publications,

The search for new drugs is a long and complex
process, which can be roughly divided into four main
phases: (i) target identification and validation; (ii)
compound screening and optimisation of hit structures;
(iii) pre-clinical studies; and (iv) clinical trials [1].
Completion of a typical drug development cycle from a
target identification to an FDA-approved drug takes up
to 14 years at an estimated cost of $800 million [2—-4].
For this reason, large corporations are continually
searching for new methods to accelerate this process,
as well as monitoring new technologies from other
areas of research [5]. Various approaches are used to
optimise the process of active compounds searching:
virtual screening [4], machine learning [6], artificial
intelligence [1], high throughput screening [7]. Cryo-
electron microscopy is a rapidly developing tool for
investigating drugs based on their chemical structures [8].

Furthermore, the protracted timeline for the
emergence of drug candidates has opened avenues
for the repurposing and repositioning of existing
medications. Drug repurposing entails the utilization
of drugs previously sanctioned for treating established
pathologies, as authorized by regulatory agencies
such as the Food and Drug Administration (FDA),
the European Medicines Agency (EMA), and the
Medicines and Healthcare products Regulatory Agency
(MHRA) [9]. This paper provides a selective overview
of the strides made within the global pharmaceutical
industry, with a specific focus on market leaders and
enterprises committing substantial financial resources
to the research and development of pharmaceuticals
and healthcare products.

THE AIM of this study is to analyze current trends
in the development and registration of pharmaceutical
drugs.

MATERIALS AND METHODS

The literature search (including results of clinical
studies, literature reviews, and, in some cases,
information on preclinical studies) was based on the
information available on the official websites of the
FDA and EMA related to the issuance of registration
certificates for new pharmaceutical drugs, as well as in
bibliographic databases like PubMed, Google Scholar and
e-library.ru. The search encompassed publications from
2008 to 2023. The list of keywords included (but was not
limited to) the following ones: new drug approval, NDA,
drug authorization, approval package, breakthrough

medicine. A total of 410 sources were analyzed. The
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non-English language articles, retracted articles, and
the articles not directly relevant to the review topic.
Furthermore, after a systematic categorization, 37
articles with duplicative information were removed.
Following thorough the examination, 82 sources were
deemed suitable for an inclusion in the review.

RESULTS AND DISCUSSION

Challenges of drug development

There has been an incredible increase in the amount
of scientific information available on a wide range of
areas of biology, including new findings on human
physiology and the pathophysiology of human diseases.
Research and development in the pharmaceutical
industry is estimated to the cost over US$100 billion
annually [10]. Clinical trials (CTs) of drugs account for
up to 63% of this amount, while the cost of preclinical
studies is only estimated at 32% [11]. In 2011, out
of 5408 clinically investigational drugs worldwide,
around 2000 were in phase | and phase Il, and around
850 were in phase Il [10]. It is worth pointing out
that many medicinal products that have reached the
phase are indicated for more than one treatment
application [12].

In recent years, significant attention has been
dedicated to the advancement of genomic and
bioinformatic approaches for the discovery of novel
disease biomarkers or potential drug targets [13]. The
revolution in genomics and proteomics has resulted in
the emergence of thousands of new drug targets [14].
These biomarkers can be regarded as indicators for
measuring and evaluating normal biological processes or
for influencing biological systems by certain agents, such
as therapeutics, biological, or physical agents [15]. The
utilization of biomarkers for patient selection in phase
I/1l studies may expedite the development of anticancer
drugs [14, 16].

In spite of the favourable profile of pre-clinical
studies, of course, drugs can fail in CTs or reach the
market with delays as a result of serious side-effects [17].
Although the best efforts have been made, failures in CTs
have increased dramatically over the past 20 years, with
drop-out rates increasing between 1990 and 2010 for
phase | from 33 to 46%, for phase Il from 43 to 66% and
for phase Ill from 20 to 30% [10]. The current reasons for
phase Il failures are: lack of efficacy (51%), safety issues
(19%), strategic issues (29%) and pharmacokinetic/
bioavailability issues (1%) [18]. The reasons for phase IlI
failures are: lack of efficacy (66%), safety problems (21%),
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financial or commercial difficulties (7%) and other
aspects (6%). Overall, the performance of new drugs
in phase Il is around 20% (51% ineffectiveness and
19% safety concerns) and it is around 50% in phase Il
(66% ineffectiveness and 21% safety concerns) [19].
Thus, although success in the execution of research and
development (R&D) is important at each stage, the right
choice of strategy at the earliest stage remains crucial.

Drug development trends by therapeutic areas

During the inaugural “International Symposium
on Medicinal Chemistry” (ISMC) held in the 1970s,
infectious diseases constituted a substantial focal
point, comprising 30% of the proceedings in both 1970
and 1972 [20, 21]. However, the significance of this
domain steadily declined, reaching less than 15% until
2016, followed by a resurgence in 2018. Meanwhile,
deliberations related to central nervous system (CNS)
disorders took precedence at ISMCs until the 2000s,
accounting for 20.8% in the 1980s, 16.6% in the 1990s,
and 16.8% in the 2000s. However, their prominence
waned to third place in the 2010s (9.9%). This overall
decline can be attributed to a dwindling number of CNS
drug candidates in clinical development since the 1990s,
indicative of waning pharmaceutical industry interest
in CNS conditions [22]. In CNS-related research, the
focus is gradually transitioning from psychiatry, which
dominated the landscape until the late 1980s, toward
neurology.

In the 1970s, cardiovascular diseases (CVDs)
occupied the third position, commanding a notable share
of 30% in 1974. Subsequently, CVDs ascended to the
second spot in the 1980s (13.1%) and the 1990s (14.5%).
Nevertheless, the number of CVD-related presentations
plummeted significantly in the late 1990s, relegating
this domain to the lower echelons with only 3.6% in the
2000s and 3.9% in the 2010s [20]. This corresponds to
the diminishing focus on the pharmaceutical research
and development in this area, leading to its stagnation
spanning two decades [23].

The most conspicuous transformation has occurred
in oncology. While this therapeutic realm was scarcely
represented in the 1970s (2.7%), it experienced a
remarkable surge in contributions by the 2000s and
has dominated the ISMC program, occupying 21.5% in
the 2010s. This evolution aligns with the consistent rise
in the FDA-approved New Molecular Entities (NMEs)
designated for cancer treatment and the preeminence
of anti-tumour drug candidates, constituting 36.7% of
the overall pharmaceutical R&D landscape [21].

In contrast, other therapeutic domains make more
modest contributions to contemporary symposium
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programs [20]. Immunology and metabolic disorders
each account for up to 10%, while analgesia issues
contribute up to 7%, and respiratory diseases — only
1%. Several therapeutic areas have made sporadic
appearancesin ISMC curricula, including musculoskeletal
diseases, gastrointestinal diseases, otorhinolaryngology,
reproduction, sleep disorders, urology/nephrology,
dermatology, and ophthalmology.

Strategies for drug design

Over the last 30 years, the targeted drug discovery
has made it possible to significantly expand the list of
chemotypesand pharmacophoresfortheirdevelopment.
New techniques such as high throughput screening
(HTS), fragment-based screening (FBS), crystallography
combined with molecular modelling, and combinatorial
and parallel chemistry have made the generation
of a considerable variety of chemical hit structures
possible [24]. Moreover, this plethora of chemotypes
can now be used as a source of compounds-tools to
explore the undiscovered biological space and search
for new drug targets or for phenotypic screening using
systematic approaches to identify drug candidates in an
agnostic manner.

Artificial Intelligence (Al) encompasses multiple
domains of techniques, including reasoning, knowledge
representation, decision mining, and machine
learning (ML) [25]. ML employs algorithms capable
of identifying patterns within datasets, which are
subsequently classified [1]. Deep learning (DL), a

subset of ML, involves artificial neural networks
(ANN) [26], which consist of interconnected
computational elements resembling “perceptrons”,

akin to biological neurons, replicating electrical impulse
transmission in the human brain [27]. ANNs comprise
nodes receiving distinct inputs, ultimately producing
output signals, either single or multi-connected,
through algorithmic processes to solve problems [28].
ANNs encompass various types, including multilayer
perceptron networks (MLP), recurrent neural networks
(RNNs), and convolutional neural networks (CNNs),
all employing supervised or unsupervised learning
procedures [29, 30]. Despite its merits, Al confronts
substantial data challenges such as scale, growth,
diversity, and data uncertainty. Within pharmaceutical
drug development, datasets may encompass millions of
compounds, posing challenges for traditional machine
learning tools [31]. Quantitative structure-activity
relationship (QSAR)-based computational models can
swiftly generate numerous compounds or predict
simple physicochemical parameters like logP or logD.
However, these models fall short in predicting complex
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biological properties, including compound efficacy and
side effects [32]. They also grapple with issues like
small training datasets and experimental data errors.
To surmount these challenges, recent Al approaches,
including DL and modeling studies, have emerged for
assessing drug molecule safety and efficacy through
a big data analysis [33]. In 2012, Merck sponsored the
QSAR ML task, evaluating DL's utility in pharmaceutical
industry drug development [34, 35]. DL models have
demonstrated superior predictive capabilities compared
to traditional ML approaches across 15 candidate drug
absorption, distribution, metabolism, excretion, and
toxicity (ADMET) datasets [33, 36].

Virtual screening (VS) operates the
expansive virtual chemical space, presenting a spatial
representation of molecules and their properties. VS
endeavors to identify biologically active compounds
within this space, facilitating the selection of molecules
for a further evaluation [37]. Several publicly
accessible chemical spaces, including PubChem,
ChemBank, DrugBank, and ChemDB, support these
efforts.

within

Diverse in silico methods for virtual screening,
employing  both and  ligand-based
approaches, offer an enhanced profile analysis, an
expedited removal of non-promising compounds, and
a cost-effective selection of drug candidates [38]. Drug
design algorithms, such as Coulomb matrices and a
molecular fingerprint recognition, consider physical,
chemical, and toxicological profiles to identify lead
compounds [1].

Various strategies, encompassing predictive
models, molecular similarity assessments, molecular
generation processes, and in silico techniques,
facilitate the prediction of desired compound chemical
structures [39, 40]. Pereira et al. introduced the
DeepVS system, capable of docking 40 receptors and
2950 ligands with an exceptional performance in
screening 95 000 ligands across these receptors [41].
Another approach employed a multi-criteria automated
replacement algorithm to optimize the activity profile
of a cyclin-dependent kinase-2 inhibitor, assessing their
form similarity, biochemical activity, and physicochemical
properties [42].

structure-

Table 1 - Current trends in FDA approved drugs by indication

Group of disorders LT

Indications

drugs, absolute value (%)

Angiofibroma, hepatocellular carcinoma, melanoma,
myelofibrosis, multiple myeloma, non-small cell lung

Cancer 17 (21%) . . .
cancer, acute myeloid leukemia, prostate cancer, ovarian
cancer, follicular lymphoma, cholangiocarcinoma
Insomnia, Alzheimer’s disease, major depressive

CNS diseases 10 (12%) d!sorder, mu.ItlpIe scler05|s., attention deﬁut- hyper.actlwty
disorder, seizures of various genes, anxiety disorder,
cerebral adrenoleukodystrophy

Dermatological diseases 8 (10%) Atopllc .derm.atltls, plaque psoriasis, generalized pustular
psoriasis, skin burns, rosacea
Vaginal fungal infection, HIV infection, prevention of

. . COVID-19, prevention of measles, mumps, rubella

Infect d 6 (79 ) e Y

niectious diseases (7%) prevention of recurrent Clostridioides difficile infection,
Helicobacter infection
Acid sphingomyelinase deficiency, pyruvate kinase

Metabolic disorders 6 (7%) deficiency, urea cycle disorders, type 2 diabetes,
transthyretin amyloidosis

Complications of anticancer therapy 5 (6%) C.hemc?th.erapy—related n.e.utropenla, prevention of
cisplatin-induced ototoxicity

Diagnoses and examinations 5(6%) Not applicable
Open-angle glaucoma, macular degeneration, yellow

Ophthalmological disorders 5 (6%) spot oedema, glaucoma/intraocular hypertension,
superficial anesthesia

Musculoskeletal disorders 4 (5%) Amyotrophic lateral sclerosis, spasticity

. . . H jon, h i , i is,

Cardiological diseases 3 (4%) yperte'ntlon coronary .eart d{sease angina pectoris

heart failure, hypertrophic cardiomyopathy
) . Beta-thal ia, col lutinin di X
Haematological diseases 3 (4%) eta-thalassaemia, cold agglutinin disease

haemophilia B
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Table 3 — Combinations of chemotherapeutic drugs with evacizumab
to treat different types of cancer.

Indication

Drug administered in combination with bevacizumab

Metastatic colorectal cancer

Fluorouracil (15=2" line)

Fluoropyrimidine+irinotecan or Fluoropyrimidine+oxaliplatin (2" line)

Non-small cell lung cancer

Carboplatin+paclitaxel (1% line)

Metastatic renal cell cancer

Interferon alpha

Persistent, recurrent or metastatic cervical cancer

Paclitaxel+cisplatin or Paclitaxel+topotecan

Epithelial cancer of the ovaries, fallopian tubes or  Paclitaxel

primary peritoneal cancer

QSAR modeling tools have evolved into Al-based
QSAR approaches, such as a linear discriminant analysis
(LDA), support vector machines (SVMs), random
forest (RF), and decision trees, accelerating a QSAR
analysis [43-45].

Cryogenic electron microscopy. Until 2014,
cryogenic  electron microscopy (cryo-EM) rarely
provided the resolution below 4.0 A, often necessary for
a structure-based drug discovery (SBDD) [46]. However,
the tremendous advances in the methodology over the
latest few years have led to a higher availability of high-
resolution structural data. “The quantum leap” of cryo-
EM is due to many advances, such as direct electron
detectors for image recording, improved computational
methods and a hardware parallelisation for processing
large datasets [47]. Furthermore, the nature of cryo-EM
as a direct imaging technique allows a rapid diagnosis
of biochemical problems such as aggregation and
instability of samples, leading to the rapid improvement
through genetic and biochemical modifications [48]. As
a result, the number of cryo-EM structures deposited in
the Protein Data Bank (PDB) with a resolution of 4.0 A
or higher increased from 16 before 2014 to 1753 new
structures deposited in 2020 alone. The proportion
of newly deposited structures with resolutions
better than 4.0 and 3.5 A increased from 36 and 12%
in 2015 to 75 and 50% in 2020 [8]. Perhaps most
impressively, the proportion of deposited structures
above 3.0 and 2.5 A resolution in 2020, previously
almost non-existent, is now a significant 18 and 3%
respectively [8, 49].

Drug repositioning. Drug repositioning has a number
of interrelated benefits [50]. Essentially, they include
the simplification of regulatory procedures to bring
a previously approved drug to the market, especially
in some countries such as the US [51]. This procedure
considers previously obtained data, in particular on the
safety and toxicity of the drug, which can significantly
speed up the initial stages of development of a new
drug [52] and hence make it cheaper (by more than 80%
according to Naylor) [53], and increase the chances of
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it reaching the market. One important consideration,
however, is that because the level of safety required
for a medicine is highly dependent on its indication, the
side effects of a medicine will be proportionately less
acceptable if it is repositioned to treat a less serious
disease than its original indication [54, 55]. Any change
in the formulation, dosage or route of administration
would require a reassessment of the safety profile
of the drug in this new setting, as it would be a new
pharmaceutical product.

Current state of FDA-approved drugs

According to the analysis of recent developments,
drugs with an anticancer activity (21%), CNS
disorders (12%), and dermatological conditions (8%) are
most frequently approved (Table 1). It is worth pointing
out that about 22% of the approved drugs are biotech
products, which may indicate current trends in the drug
design (Table 2).

Spikevax® is an mRNA vaccine that can be used for
an active immunization against COVID-19 in persons
aged 12 years and older. The FDA-approved vaccine
Spikevax® (monovalent) and the emergency-approved
(EUA) vaccine Moderna COVID19 (monovalent) contain
the same mRNA component of the original SARS-CoV-2
strain, but when used with the FDA approval, the
vaccine is labeled Spikevax® and when used under the
EUA — Moderna COVID19 vaccine. Moderna COVID19,
a bivalent vaccine, differs from the original Moderna
COVID19 (monovalent) vaccine and Spikevax® because
it contains two SARS-CoV-2 mRNA components. The
efficacy of the vaccine has been confirmed by numerous
studies [56-58].

Opdualag® (nivolumab and relatlimab) is an
antibody combination indicated for the treatment of
unresectable or metastatic melanoma in adults and
children from 12 years of age [59]. Nivolumab is an
antibody that blocks programmed death-1 receptor
(PD-1), first approved under the brand name of Opdivo
for the treatment of unresectable or metastatic
melanoma in 2014. Lymphocyte activation gene-3
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(LAG-3) is a cell surface molecule expressed on effector T
cells and regulatory T cells, and it is associated with the
T cell depletion and resistance to immunotherapies such
as antibodies that block PD-1 [60]. Relatlimab is an LAG-3
blocking antibody that binds to LAG-3 on T cells, thereby
restoring the effector function of depleted T cells and
potentially promoting an anti-tumour response [61].
The combination of nivolumab and relatlimab leads to
an increased T-cell activation compared to the activity of
either antibody alone. The FDA approval of Opdualag®
is based on the results of the phase 2/3 RELATIVITY-047
trial, in which a fixed combination of relatlumab and
nivolumab demonstrated a statistically significant and
clinically relevant progression-free survival benefit
compared to nivolumab monotherapy [62].

Alymsys® (bevacizumab) is a vascular endothelial
growth factor (VEGF) inhibitor intended to treat several
types of cancer, including metastatic colorectal cancer;
non-small cell lung cancer; glioblastoma; metastatic
renal cell carcinoma; cervical cancer; epithelial ovarian,
fallopian tube or primary peritoneal cancer [63-66]
(Table 3). Instead of directly targeting cancer cells,
bevacizumab affects the tumour microenvironment,
characterised by complex interactions between
cancer cells, normal cells and the extracellular matrix.
Moreover, VEGF plays additional roles independent of
angiogenesis in the complex tumour microenvironment,
including a modulation of anticancer immune response.
Since the initial approval of bevacizumab, a number
of targeted cancer therapies have become available,
changing the treatment landscape for many solid
tumour indications and providing opportunities for
new approaches to combination therapy. Notably, the
approval of bevacizumab in combination with immune
checkpoint inhibitors for non-small cell lung cancer
treatment has recently occurred, with additional CTs
demonstrating clinical benefits in renal cell cancer
patients in combination with PARP inhibitors for ovarian
cancer treatment [67].

Camzyos® (mavacamten) is a first-in-class cardiac
myosin inhibitor for the treatment of adults with
symptomatic obstructive hypertrophic cardiomyopathy
of class lI-1ll according to the New York Heart Association
(NYHA) classification [68]. Hypertrophic cardiomyopathy
is a type of a heart disease characterised by thickening
of the heart muscle and the left ventricular stiffness. The
obstruction occurs when the thickened septum causes
a narrowing that can block or reduce a blood flow from
the left ventricle to the aorta, making it difficult for the
heart to expand normally and fill with blood. Camzyos®
is an allosteric, reversible and selective inhibitor of
cardiac myosin [69]. It is thought to work by reducing the
cardiac muscle contractility by inhibiting an excessive
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formation of myosin-actin cross-links. The drug has an
embryo-fetal toxicity.

Fleqsuvy is an oral baclofen suspension for the
treatment of spasticity caused by multiple sclerosis,
especially for the relief of flexor spasms and the
associated pain, clonus and muscle stiffness. Fleqsuvy
may also be useful for patients with a spinal cord disease,
including trauma. It is increasingly used off-label for the
treatment of skeletal muscle pain, a gastroesophageal
reflux disease and alcohol dependence [70-72].

Mounjaro (tirzepatide) is a glucose-dependent
insulinotropic polypeptide (IGP) receptor and a glucagon-
like peptide-1 (GFP-1) receptor agonist shown as a
supplement to diet and exercise to improve a glycaemic
control in adults with type 2 diabetes. Mounjaro works
by activating the body’s receptors for GIP and GFP-1,
which are naturally occurring incretin hormones [73-75].
The drug is administered subcutaneously once a week.
Patients with diabetic retinopathy should take the drug
with caution as taking Mounjaro may exacerbate the
condition.

Cibingqo® (abrocitinib) is indicated for the treatment
of adults and children from 12 years of age with moderate
to severe refractory atopic dermatitis refractory to other
treatments. Cibinqo” selectively inhibits Janus kinase-1
(JAK1) [76]. The inhibition of JAK1 is thought to modulate
several cytokines involved in the pathophysiology of
atopic dermatitis, including interleukin IL-4, IL-13, IL-
31, IL-22 and thymic stromal lymphopoietin (TSLP) [77].
The study published in The Lancet assessed the
effectiveness and safety of abrocitinib in comparison to
dupilumab [78]. Abrocitinib, administered at a daily
dose of 200 mg, demonstrated a superior efficacy to
dupilumab in adults with moderate to severe atopic
dermatitis who were receiving topical therapy, resulting
in rapid alleviation of itching and improvement in atopic
dermatitis symptoms. Cibinqo® is administered orally
once daily.

Adstiladrin® (nadofaragen firadenovec) is a non-
replicative gene-based adenoviral vector designed to
treat adult patients with Bacillus Calmette-Guerin (BCG)
unresponsive non-muscle invasive bladder cancer with
or without papillary tumours [79]. Adstiladrin® acts by
delivering the interferon alfa-2b gene into bladder wall
cells, resulting in the increased secretion of interferon
alfa-2b protein, a native cancer-fighting agent [80].
Adstiladrin® is injected into the bladder once every
three months.

Skysona® (elivaldogen autotemcel) is a single-dose
gene therapy administered intravenously to treat the
underlying cause of cerebral adrenoleukodystrophy
(CALD). Skysona® is indicated for slowing the
progression of a neurological dysfunction in boys aged
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4-17 years with early active CALD. This indication was
approved in a fast-track procedure after the evidence
of a 24-month survival rate without major functional
impairments [68].

CALD is a genetic disorder caused by mutations in
the ABCD1 gene that lead to an accumulation of very
long chain fatty acids (VLCFAs) in the brain. VLCFAs can
destroy the myelin coating of nerve cells and cause
brain damage [81]. Skysona® is made specifically for
each patient using the patient’s own blood stem cells.
Functional copies of the ABCD1 gene are added to the
patient’s stem cells, which can then help the body to
degrade VLCFAs to slow the progression of brain damage
and slow the decline in a neurological function [82].
Skysona packets are administered intravenously over
less than 60 min each.

CONCLUSION

Drug development is obviously a very time-consuming
and labour-intensive process requiring a huge number
of resources. A small proportion of pharmaceuticals
undergoing the preclinical research cycle reach the stage
of CTs. Drug design trends are not static and changing
according to the demands of the society. This review
presents only a few of the most promising drugs approved
by the FDAin 2022. As the technology advances, the speed
of drug development will increase, resulting in a shorter
time for the drugs to reach the market. Biotechnology-
based pharmaceuticals, particularly cell-based therapies,
have great a potential and demand, while genetic mapping
and improved chipping technologies (cell / tissue / organ
on a chip) will increase the availability of personalized
treatment strategies.
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