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INTRODUCTION. Major international pharmaceutical companies play a crucial role in the
development of original medicines. To determine the directions for original medicines
development in Russia, it is essential to analyze global trends and emerging weak signals
(tendencies) - early indicators of future-significant innovations.

AIM. This study aimed to identify trends and emerging weak signals that could shape
pharmaceutical development in Russia through an analysis of the pipeline of original
medicines being developed by global pharma leaders.

MATERIALS AND METHODS. An analysis was conducted on the medicinal product deve-
lopment plans for 2024 of the 20 largest pharmaceutical companies globally, which have
the highest research and development budgets. The focus was on original medicines
scheduled for clinical trials Phase 1 from January to May 2024. A descriptive research
approach was applied, based on retrospective analysis of secondary data. The study mea-
sured the number of original medicines under development, research directions, target
classes, medicine types, and groups. Both quantitative and qualitative evaluations were
used to identify key trends and tendencies (emerging weak signals) in pharmaceutical de-
velopment of medicines.

RESULTS. During the analysed period, 17 out of 20 leading pharmaceutical companies
initiated Phase 1 trials for a total of 84 original medicines. The most active research areas
included oncology, endocrinology and metabolism, cardiovascular system, and immuno-
logy. Notably, 40 medicines entered Phase 1 trials in oncology. The largest share (42%)
of the medicines in development consists of high molecular weight molecules. Based on
the number of medicines developed by multiple companies, trends were identified for the
following medicine classes: “Large molecule” - bispecific antibodies (10 medicines, 5 de-
velopers); monospecific antibodies (8 medicines, 7 developers); antibody-drug conjugates
(8 medicines, 3 developers); “Small molecule” - enzyme inhibitors (9 medicines, 6 deve-
lopers); “Cell therapy” - CAR-T-based therapies (6 medicinal products, 2 developers).
CONCLUSIONS. Current trends in targeted therapy development include the creation
of bispecific antibodies and next-generation antibody-drug conjugates, alongside CAR-
T therapies based on autologous T cells, predominantly for the treatment of malignant
neoplasms. The study of multispecific antibodies is shaping a new direction in targeted
cancer therapy. The development of low-molecular-weight enzyme inhibitors is establish-
ing a trend in various therapeutic areas. Specifically, enzyme inhibitors of targets based on
synthetic lethality principle (such as WRN and PRMT5) are emerging as a key tendency in
small-molecule medicine development for targeted cancer therapy.

Keywords: original drugs; medicinal products; global trends; tendencies; emerging weak signals; pipeline; Phase I;
clinical trials; drug development

For citation: Litvin L.S., Kulikova E.A. Strategic indicators in the development of original medicinal products in
2024: Analysis of pipelines of international pharmaceutical leaders. Regulatory Research and Medicine Evaluation.
2025;15(4):471-484. https://doi.org/10.30895/1991-2919-2025-752

Funding. The study was supported by the Russian Ministry of Health through funding for the Coordination Center for Research
and Development in Medical Science at the RIH (Russian Research Institute of Health) under the federal project ‘Medical Sci-

ence for Humanity'

Disclosure. The authors declare no conflict of interest requiring disclosure in this article.

© L.S. Litvin, E.A. Kulikova, 2025

Regulatory Research and Medicine Evaluation. 2025. Vol. 15, No. 4

471


http://
https://doi.org/10.30895/1991-2919-2025-752
mailto:litvinls@mednet.ru
https://orcid.org/0000-0002-2229-1078
https://orcid.org/0009-0007-6003-7461

472

JlumeuH JI.C., Kynukosea E.A.

Crparernyeckue MHAMKATOPBI B pa3paboTKe OPUrMHAIbHBIX Ipenapatos B 2024 rogy: aHaiIM3 MaiIviaiHoB. ..

N.C. MuteuH < 7,
E.A. KynukoBa

CTpaTeI‘I/I‘IECKI/Ie MHANKATOPbI B pa3pa60TKe
OPUTrMHAJIBHBIX IIpernapaTosB B 2024 rony:
aHaJIM3 NaMIIaiiHOB MEXAVHApPOIAHbDbIX
(l)apMaHEBTI/I‘IeCKI/IX JINaepoB
@edepanvHoe zocydapcmeeHHoe 0t100xiemHoe yupexcoeHue «LlenmpanvHoili
Hay4HO-UCCNe008amenbCKUll UHCmMumym opzanu3ayuu u uHpopmamusayuu

30pasooxpaneHus» Munucmepcmea 30pasooxpanetus Poccutickoti @edepayuu,
ya. Zlobponiobosa, 0. 11, Mockea, 127254, Poccuiickas @edepayus

X Jlumeun Jlonuana CmeganosHa; litvinls@mednet.ru

BBEAOEHUE. KntoueBoe BAUSIHUME Ha MIAHUMPOBAHME pPa3paboTKM OpMIMHANBHbIX e-
KapCTBEHHbIX NPenapaToB OKa3blBAlOT KpyMnHeiilwune 3apybexxHble GpapMaLeBTUyeckue
KoMnaHuu. [lnga onpeneneHuns HanpaefieHUt pa3paboTkM OpUTrMHaNbHbIX NpenapaTos
B Poccuu akTyaneH aHanus MUPOBbIX TPEHAOB M CNabbiX CUrHANOB (TEHAEHLMI) — paH-
HUX MHOMKATOPOB 3HAUYMMbIX B OyayLieM MHHOBALMNA.

LLE/Ib. BoisiBneHue TpeHA0B M TEHAEHLMMI, CNOCOOHbIX OKa3aTb BAMSHME Ha dhapMaLeB-
TUYecKyt pa3paboTky B Poccuum, nyTem aHanusa cnekTpa pa3pabaTbiBaeMblX OpUTK-
HaNbHbIX NPenapaToB KPYyMHeMWMUMU 3apyBexXHbIMU KOMMNAHUSIMMU.

MATEPUAJIbl U METOLbI. MNMpoBeaeH aHann3 nnaHoB pa3paboTku npenapaTtoB Ha
2024 r. 20 KpynHeWLIMX Ha MMPOBOM pbiHKe 3apybexHbix hapMaLeBTUYEeCKUX KOMMa-
HWI, UMeoWKUX Hanbonee BbICOKME BOOXETbl HAa MCCNeaoBaHMs U pa3paboTku. Mpo-
QHaNM3UPOBaHbl OPUTMHANbHbIE NPenapaThbl, 3aM1aHUPOBaHHbIE K U3YYEHUIO B KUHU-
yeckux uccnenoBaHusx | dasbl 3a nepuop sHBapb-Man 2024 r. lNpuMeHeHa KoHuenums
onMcaTeNbHOro UCCefoBaHus, KoTopas 6a3upyeTcs Ha PeTpOCNeKTMBHOM aHanuse
BTOPMYHbIX OaHHbIX. MI3MepeHusaMu NpoBefeHHOro aHanus3a SBASIMCL HOMEHKATypa
paspabaTbiBaeMbIX OpUrMHabHbIX NpenapaToB, HanpaBneHus pa3paboTku, Lenesble
KNacchl, BUABI U rpynnbl npenapatoB. Ha 0CHOBaHUM KONWYECTBEHHOM U KauyeCTBEHHOM
OLIeHKM MPOBOAMNOCH ONpeaeneHue TpeHA0B U TeHAEeHUMI (Cnabbix CUrHanoB) B pas-
paboTKe OpUrMHabHbIX NPEnapaTos.

PE3VJIbTATbI. 3a aHanusupyemsliii nepuog, 17 n3 20 kpynHeiwmnx dapMaLeBTUYeCcKmX
KOMMNaHWi BKNOUMAKM B uccnenoBaHus | dasbl 84 opurnHanbHbix npenapara. bonbue
BCero paspabaTbiBaeMbIX MONIEKYN OMpeAeNieHo B HanpaBleHUSIX: OHKONOrUs, SHA0-
KpVHONOrus u obMeH BeLLecTB, CepAEYHO-COCYAUCTas cucteMa, uMMyHonorus. 40 npe-
napaToB BKJIOYEHbI B uccnenoBaHus | Gasbl B HanpaBneHuu oHkonorus. Hanbonblee
KONM4eCcTBO nNpenapaToB (42%) OTHOCKUTCS K MONEKyNaM C OTHOCUTENbHO BbICOKOW MO-
NeKynsipHon Maccoi. Ha 0CHOBaHMM BbISIBIEHHOTO KOIMYECTBA NPenapaToB Y HECKOSb-
KMX pa3paboTuMKOB cAenaHo NpeanofioKeHUe O HaNMyuuM TPeHAOB pa3paboTku ang
Cnepylowmx Knaccos: «bonblwas Monekyna» — 6ucneunduueckoe aHtuteno (10 npena-
paToB, 5 pa3paboTunKoB); MOHOCNeunbuyeckoe aHTUTeNo (8 npenapaTos, 7 paspaboT-
UMKOB); KOHBIOTAT aHTUTENO-NeKapCcTBEHHOe cpeacTeo (8 npenapartos, 3pa3pabotun-
Kka); «Manas mMonekyna» — MHrMGUTOPBLI hepmeHToB (9 NpenapaTtos, 6 pa3paboTUNKOBY);
«[penapat kneTouHol Tepanuu» — npenapatbl Ha ocHoBe CAR-T TexHonoruu (6 npe-
napaToB, 2 pa3paboTunka).

BbIBOAObl. AkTyanbHbIMM TpeHAAMKU B pa3BUTUM TapreTHOW Tepanuu SBRSeTcs pas-
paboTka Gucneunduyeckmx aHTUTEN U KOHBIOraTOB «aHTUTENO-NeKapCcTBO» HOBOrO
nokKoneHus, napannenbHo ¢ paspabotkoi CAR-T npenapaToB Ha OCHOBE ayTONOMMY-
HbIX T-KNIeTOK, MPeUMYLLECTBEHHO 419 Tepanuu 3N10Ka4yeCTBEHHbIX HOBOO6PAa30BaHUNM.
WccnepoBaHue npenapaToB rpynmnbl MynbTUCNEUMPUYECKUX aHTUTeN popmupyeT
TeHAeHUM0 pa3paboTky npenapaToB A8 TapreTHou Tepanuu paka. Co3gaHue HU3KO-
MONEKYNSPHbIX MHIMOBUTOPOB (hepMEHTOB onpeaensieT TpeHa, pa3paboTku npenapaTos
B pa3fIMuHbIX TepaneBTUYeckux obnactax. PaspaboTka MHIMOGUTOPOB epMeHTOB, BO3-
[EeNCTBYHOLWMX HA MULLEHU, OCHOBAHHbIE Ha MPUHLMNE CUHTETUYECKOMW NeTanbHOCTU
(takne kak WRN u PRMTYS), aBnseTcsa TeHaeHUMen B pa3paboTke Manbix MONekyn ans
NpULEeNbHOM Tepanuu 3N10Ka4eCTBEHHbIX OMyXOnein.
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CDuHchupoaaHMe. PaboTa BbiNnonHeHa B WHULUMATUBHOM nopanke, 6e3 CI'IOHCOpCKOﬁ noAAEPXKKU. MccnepoBaHue npoBeaeHO nNpu

tuHaHcoBOM noanepkke MuH3apasa Poccuu, HanpaBneHHoW Ha obecneyeHne AeATENbHOCTU KOOPAMHALMOHHOMO LEHTpa uccne-
[l0BaHWI 1 pa3paboTok B obnactu MeauumnHckoi Haykn OIbY «ULHMMOW3» Munsapasa Poccumn B pamkax peanusaummn denepanb-

HOro npoekTa «MepuumnHCKas HayKa oNna YyenoBekar».

MoTeHUManNbHbIi KOHPAUKT UHTEPECOB. ABTOPLI 3aABNSIOT 06 OTCYTCTBUM KOH(NMKTA UHTEPECOB.

INTRODUCTION

Major global pharmaceutical companies exert
significant influence on the range of original
medicinal products (MPs) under development.
Effective strategies that facilitate the advance-
ment of promising MP research enable these
companies to maintain competitive edge, cre-
ate long-lasting business models, and shape
shifts in conventional clinical paradigms by
offering innovative solutions. This ultimately
determines their long-term success in the
pharmaceutical market [1].

Analysis of global trends and tendencies
(weak signals) in the development of original
MPs is one of the key tools for understand-
ing potential growth vectors for the Russian
manufacturers. It helps identify target medical
conditions, new therapeutic targets and devel-
opment approaches most justified in terms of
proven clinical effect, meeting patient needs,
and commercial viability.

The aim of this study is to identify trends and
tendencies that may affect pharmaceutical de-
velopment in Russia by analysing the range of
original medicinal products developed by the
largest foreign companies.

Research tasks: to analyse 2024 MP develop-
ment plans of 20 largest international phar-
maceutical companies; to identify MPs sched-
uled for study in clinical trials (CT) Phase [; to
analyse the distribution of MPs by therapeutic
areas/medical fields and indications; to de-
velop an approach to MPs classification; to
determine drug targets; to identify trends and

tendencies (weak signals) in MPs develop-
ment.

MATERIALS AND METHODS

MP development pipelines were analysed for
2024, focusing on 20 largest pharmaceutical
companies in the global market with the high-
est R&D budgets for MPs in 2023". The com-
panies’ pipelines (Merck & Co., Roche, Novar-
tis, Johnson & Johnson, AstraZeneca, Pfizer, Eli
Lilly, Bristol Myers Squibb, GSK, AbbVie, Sanofi,
Gilead Sciences, Boehringer Ingelheim, Mod-
erna, Takeda, Amgen, Novo Nordisk, Regeneron
Pharmaceuticals, Bayer, Otsuka Pharmaceuti-

cal)’ are publicly available on the companies’

official websites and were used to assess the
range of MPs under development. Data pro-
vided by the companies as of May 2024 were
used for the analysis; this limitation is due to
differing update schedules on company web-
sites.

MPs scheduled for study in CT Phase | were
identified for all companies listed over Jan-
uary-May 2024. Pharmaceutical companies
were ranked by their R&D investment scopes
and the number of original MPs scheduled
for first-in-human trials during the analysed
period. MPs were categorised by therapeutic
areas/medical fields.

Development areas and indications for these
MPs were assessed according to the Interna-
tional Statistical Classification of Diseases and
Related Health Problems, 10th Revision (ICD-10).

MPs were categorised by classes, types and
groups. In this work, a class denotes a typically

1

Drug Discovery and Development. Top 25 investors in pharma R&D 2023.

2

https://www.merck.com/research/product-pipeline/; https:

www.roche.com/solutions/pipeline/; https://www.novartis.com

research-development/novartis-pipeline; https://www.investor.jnj.com/pipeline/development-pipeline/default.aspx; https://www.

astrazeneca.com/our-therapy-areas/pipeline.html; https://www.pfizer.com/science/drug-product-pipeline; https://www.lilly.com

discovery/clinical-development-pipeline; https://www.bms.com/researchers-and-partners/in-the-pipeline.html; https://www.gsk.

com/en-gb/innovation/pipeline/;

https://www.abbvie.com/science/pipeline.html; https://www.sanofi.com/en/our-science/our-

pipeline; https://www.gilead.com/science-and-medicine/pipeline; https://www.boehringer-ingelheim.com/human-pharmaclinical-

pipeline; https://www.modernatx.com/research/product-pipeline; https://www.takeda.com/science/pipeline/; https://www.amgen-

pipeline.com/; https://www.novonordisk.com/science-and-technology/r-d-pipeline.html; https://www.regeneron.com/pipeline-

medicines/investigational-pipeline; https://www.bayer.com/en/pharma/development-pipeline; https://www.otsuka.co.jp/en

research-and-development/pipeline
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common chemical structure of molecules. MP
class names are given according to formula-
tions proposed in the pipelines (with Russian
translations). MPs are systematised by type
and group within classes based on common-
alities in MP development technologies; the
system was proposed by the project coordina-
tion center “Medical Science for Humanity”.
MP type refers to biological and/or chemical
synthesized medicinal products. MP group re-
fers to biological and/or chemical synthesized
medicinal products united by a common spe-
cific development technology and potential
physicochemical or chemical interaction with
targets.

A descriptive research concept was applied
based on retrospective analysis of second-
ary data. The object were the original MPs in
development, development vectors and thera-
peutic areas, target classes, types and groups
of MPs.

To determine trends in original MP development,
classes, types, and groups of MPs developed by
the largest number of companies and in the
greatest amount were identified. In this work,
trends were understood as identified similari-
ties in the choice of MPs developed by several
companies (at least two), indicating a common
pathway of pharmaceutical development.

Classes with the largest numbers of MPs were
evaluated for emerging tendencies (weak sig-
nals). In pharmaceutics, a tendency (weak sig-
nal) is an early, often faint sign of a potential
change that may interfere with the industry
in the future. Such signals require monitoring,
since they can lead to new trends. Thus, weak
signals are indicators of potentially significant
events in the future; applied to the pharma-
ceutical industry, they mark the emergence of
promising new developments. It was assumed
that a tendency (weak signal) in drug develop-
ment could be MPs forming a fundamentally
new group of products and meeting three
proposed qualitative criteria to determine the
tendency status:

1) published information indicating potential
clinical significance of MPs in the new group;
2) no currently registered MPs worldwide that
could be classified into this group;

3) publications reporting that several MPs of
this group have been advanced to clinical trial
stages.

Based on information about several MPs of
the same class being developed that have the
similar target, an assumption was also made
about existing tendency in MP development
(Fig. 1).

RESULTS AND DISCUSSION

During the study period (January-May 2024),
17 out of 20 companies initiated CT Phase 1
for a total of 84 new original MPs (Table 1).
Leaders by number of new MPs in pipelines
were AstraZeneca (n=18), Pfizer (n=13), and
Bristol Myers Squibb (n=9). Analysis of Merck,
Takeda and Otsuka Pharmaceutical pipelines
did not reveal any new molecules scheduled
for Phase | trials.

Analysis of therapeutic areas/fields and indica-
tions. MPs included in CT Phase | can be classi-
fied into 12 development areas (Table 2). Forty
MPs (48%) concern Oncology, underlining its
priority status. AstraZeneca (n=11), Pfizer (n=8),
Bristol Myers Squibb (n=6), and Novartis (n=5)
showed high activity in this therapeutic area.
Other priority development areas include En-
docrinology and Metabolism, Immunology, and
Cardiovascular system.

Analysis showed that out of 84 MPs, 76 (90%)
could be aligned with ICD-10 classes and
groups, while eight (8) MPs (10%) were dif-
ficult to allocate due to broad range of indica-
tions (e.g., fibrosis). For Immunology, ICD-10
analysis was a challenge because of the wide
spectrum of indications specified by develop-
ers (Qutoimmune diseases, inflammation etc.).
Therefore, instead of Immunology, the next
most numerous area, Cardiovascular system,
was analysed. Systematised quantitative distri-
bution of the developed original MPs accord-
ing to their indications as per ICD-10 classes
and groups is presented in Table 3 “Distribution
of Indications for Investigational Original Drugs
Scheduled for First-in-Human Trials in 2024 by
Total Drug Count, Classes and ICD-10 Groups”
(published on the journal website®).

Analysis of MP classes, types, and groups. Among
84 original MPs included in pipelines for CT
Phase I, 11 drugs could not be classified, so
73 MPs were included in the class-based anal-
ysis. MP distribution is presented in Table 4
“Distribution of Investigational Original Drugs
Scheduled for First-in-Human Trials in 2024 by
Class, Type and Group” (published on the jour-
nal website®).

* https://doi.org/10.30895/1991-2919-2025-752-annex
4 0.
Ibid.
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Total original MPs developed
by TOP-20 pharmaceutical
companies

MP classes

Classes and types including
the highest number of MPs

MP of a brand new group

MPs from different developers
having the same target

MP development tendencies

The figure is prepared by the authors / PucyHok noarotosnieH aBTopamu

Fig. 1. Flowchart for identifying tendencies (weak signals) in the development of original medicinal products
Puc. 1. Cxema onpedeneHus meHOeHyull (C1abbix CU2HA08) 8 pa3pabomke opu2UHANbHbIX 1IEKAPCMBEHHbIX NPENapamos

The most frequently developed MP classes
are: Large molecule (42%); Small molecule
(27%); Cell therapy product (12%). To identify
trends, the number of MPs with similar struc-
tures and the number of companies initiating
their development were assessed.

The Large Molecule class lists the following
MP groups that define the trends: monospe-
cific antibody (monoclonal antibody, MAD);
antibody-drug conjugate (ADC); bispecific anti-
body (BsAb). ADCs and BsAbs have reached the
global market relatively recently, and to date, a
comparatively small number of these products
have been registered [5].

Within the Large molecule class, noteworthy
is Multispecific antibody group represented by
a single drug candidate being developed (7a-
ble 4). Despite being the only MP assigned to
this fundamentally new group, it still defines
a development tendency (weak signal) within
the Large Molecule class. This conclusion is
justified by combination of the following cri-
teria: published information on the potential
clinical significance of MPs belonging to the
Multispecific antibody group [2]; currently ab-

Regulatory Research and Medicine Evaluation. 2025. Vol. 15, No. 4 ‘ 475

sent MPs authorised worldwide that could be
classified within this group [3]; and the con-
firmed clinical development stage of a number
of multispecific antibodies [4].

Within the Small molecule class, the dominant
group defining development trend is enzyme
inhibitors (Table 4). In this group, the fact that
several developers have multiple MPs de-
signed for the same biological target suggests
emerging tendencies in the development of
WRN inhibitors and PRMT5 inhibitors.

In the Cell therapy products, prevalent MPs
belong to one group that defines the devel-
opment trend: CAR-T based on autologous T-
lymphocytes. No additional tendencies were
identified for this class.

It is reasonable to deem the above MP groups
as the current key development areas among
the analysed foreign pharmaceutical compa-
nies and to consider them in more detail in
connection with the new drug candidates pre-
sented by these companies.

Large Molecule class. Monoclonal antibodies
have been widely marketed since 1986 [6].
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Table 1. Distribution of pharmaceutical companies by R&D investment scope and number of original medicines scheduled for first-in-human

trials in 2024

Tabnuya 1. PacnpedeneHue gapmauesmuyeckux komMnanuli no obvemam uHeecmuyuli 8 R&D u konuyecmsy opuuHaNbHLIX NPenapamos,

3aN/1IGHUPOBAHHBIX K Nep8oMYy npuMeHeHuto y Yenoeeka 8 2024 2.

Rank of R&D investments, 2023

Compan -
pany Mecmo komnaxuu e peiimurze

HaseaHue koMnaHuu

uHeecmuyuii 6 R&D e 2023 a.
Merck & Co 1
Roche 2
Novartis 3
Johnson & Johnson 4
Astra Zeneca 5
Pfizer 6
ELi Lilly 7
Bristol Myers Squibb 8
GSK 9
AbbVie 10
Sanofi 11
Gilead Sciences 12
Boehringer Ingelheim 13
Moderna 14
Takeda 15
Amgen 16
Novo Nordisk 17
Regeneron Pharmaceuticals 18
Bayer 19
Otsuka Pharmaceutical 20

R&D investments, 2023
($ billion)
UNneecmuyuu e R&D
€ 2023 2. (mnpd $)

30,5 0

14,7 5
6

3

Number of medicinal products
Konuuecmeo HaumeHosaruii
npenapamoe

13,6
11,9
10,9 18
10,6 13
93
9,2
7.7
7.6
7.2
5,7
5,6
4,84
4,80
478
470
44
35
2,0

B P AN O FP WN VI P O 0

o

The table is prepared by the authors using official websites of pharma companies as of December 2024 / Tabnuua coctaBneHa aBTo-
paMu Mo AaHHbIM, pa3MeLLeHHbIM Ha OPULMANbHBIX MHTEPHET-pecypcax GapMaLeBTUYECKMX KOMMNAHMI N0 COCTOSIHMIO Ha Mait 2024 r.

Note. R&D, Research and Development.
Mpumeyanue. R&D - Uccnedosarus u pazpabomku.

Currently, the U.S. Food and Drug Adminis-
tration (FDA) has approved more than 100
therapeutic monoclonal antibodies, which
have made breakthroughs in tumour immu-
notherapy and substantially improved survival
of patients with certain tumours and other
diseases [7]. MAbs have changed the frame-
work of cancer therapy thanks to precise tar-
geting of tumour surface antigens; however,
MADbs alone are often insufficient [8]. The ADC
concept emerged to bridge the gap between
MAbs and cytotoxic agents, thereby improving
the therapeutic window. The key idea behind
ADC is targeted delivery of a cytotoxic drug
to tumour cells while minimising systemic
toxicity. ADCs can also recruit immune cells to
eliminate target cells [9].

ADCs are targeted agents in which a cytotoxic
substance connects to a MAb via a chemical
linker. ADCs enable focused delivery of cyto-

static to target cells with reduced systemic
toxicity [10]. The first ADC, Mylotarg (gemtu-
zumab ozogamicin), was approved in 2000
for the treatment of acute myeloid leukaemia
[11]. Currently, a notable expansion of targets
and indications for ADCs is observed. Exist-
ing strategies for developing next-generation
ADCs suggest high potential of this category
for advancing targeted cancer therapy and
potential replacement of traditional chemo-
therapy in the future [12].

Three companies focus on ADC development
(Table 4). Most ADCs being developed target
solid tumour antigens. One of the eight ADCs
in CT Phase | (BL-B01D1, Bristol Myers Squibb)
is first-in-class’. It is a bispecific antibody-drug
conjugate targeting human epidermal growth
factor receptor type 3 (HER3) and epidermal
growth factor receptor (EGFR). EGFR and HER3
are highly expressed in epithelial tumours.

«Mepsble B Knacce» («First-in-class») — npenapaTbl, UMEIOLME MEXAHU3M AENCTBUSA, OTNIUYHbIA OT MEXaHM3Ma LenNCTBUA

npenapaToB, NPUMEHSIEMbIX B CYLLECTBYIOLLEH NPaKTHKe.

PerynsatopHble ucCneaoBaHMS M 3KCNePTM3a leKapCcTBeHHbIX cpeacTs. 2025. T. 15, N2 4



Litvin L.S., Kulikova E.A.

Strategic indicators in the development of original medicinal products in 2024: Analysis of pipelines of international...

Table 2. Distribution of original medicines scheduled for first-in-
human trials in 2024 by therapeutic area

Ta6nuua 2. PacnpedeneHue gapmavesmuyeckux KOMNAaHul no obve-
Mam uHeecmuyuli 8 R&D u Konuyecmesy opu2uHaIbHbIX Npenapamos,
3aN/IGHUPOBAHHbIX K NepsoMy npuMeHeHuUto y yenosexa 8 2024 2.

Number of medicinal products

Area of development Konuyecmeo npenapamoe

Hanpaenexue paspabomku

Units 5

Eo. %
Oncology 40 47
OHkonorus
Endocrinology and metabolic 9 11
diseases
JHAOKPUHONOIUS U 06MEH
BELLECTB
Immunology 8 10
MmMmyHonorus
Cardiovascular system 7 8
CeppeyHo-cocyaucras cuctema
Rheumatology 4 4,8
PeBmatonorus
Infectious diseases 4 48
MHdeKLMOHHbIe 6onesHu
Clinical neurology 4 4,8
KnuHnyeckas Hesponorus
Respiratory system 2 2,4
[bixatenbHas cucteMa
Gastroenterology and 2 2,4

hepatology lacTpoaHTeponoruns
1 renaTonorus

Pathology 2 2,4
MaTonornyeckas aHaToMus

Coloproctology 1 1,2
Kononpokrtonorus
Allergology 1 1,2
Annepronorus

Total 84

Wtoro

The drug contains a novel topoisomerase |
inhibitor (Ed-04), released after antibody-
mediated internalisation. Preclinical studies
of BL-BO1D1 demonstrated broad potential
efficacy across various solid tumours with an
acceptable safety profile [13].

Bispecific antibodies belong to a new gen-
eration of MAbs targeting two antigens or
epitopes. This induces multiple physiological
responses or anti-tumour effects and provides
substantial therapeutic effects resulting from
synergy. Bispecific antibody-based drugs be-
gan entering clinical practice considerably
later than ADCs. The first drug, blinatumomab,
was approved in the USA in 2014 and is used
to treat relapsed acute lymphoblastic leu-

kaemia. In Russia, the drug was authorised
in 2023°. Bispecific antibodies have already
shown clinical advantages over monospecific
antibodies. For example, blinatumomab is so
far the most effective antibody-based anti-
tumour drug, with dosages as low as hundreds
of micrograms per entire treatment course,
whereas 5-20 g of monospecific antibodies
are required per patient per year [14].

Most developed bispecific antibodies target
oncological diseases, some are designed for
chronic inflammatory, autoimmune, neurode-
generative, vascular, and infectious diseases.
Since 2014, the FDA has approved 9 bispecific
antibody-based drugs’. Roche leads in the
number of approved drugs (4 MPs), followed
by Johnson & Johnson (3 MPs). BsAb sales
exceeded $2.4 billion in Q1 2024, with more
than 60% sold in the USA. In 2023, global
BsAbs sales exceeded $8 billion®, confirming
their commercial potential.

Analysis showed that most developed bispe-
cific antibodies target solid tumours. In 2024,
five companies scheduled Phase | CT for bispe-
cific antibodies (Table 4). Among the 10 MPs
being developed, three (3) can be considered
potentially first-in-class’, as there are currently
no drugs with a similar mechanism of action.

Bispecific antibody JNJ-9968 (Johnson &
Johnson) is intended to treat haematologic
malignancies: it selectively targets cells with
mutations in the calreticulin gene. Mutant cal-
reticulin (CALRmut) expressed on the surface
of tumour cells is a novel therapeutic target
for treating myeloproliferative malignant neo-
plasms. The product acts as a bridge between
CALR-mutant tumour cells and T-cells by in-
ducing activation of T-cell cytotoxicity, as ob-
served in studies of CD34" CALR-mutant cells
[15].

Bispecific y6T-cell activator PF-08046052
(Pfizer) for treating progressive solid tumours
targets EGFR. The product acts predominantly
on EGFR-positive tumour cells and may ex-
pand therapeutic options for patients resistant
to standard anti-tumour therapy by activating
the pool of y6T-cells [16].

Bispecific antibody AZD1163 (AstraZeneca)
is an inhibitor of enzymes peptidyl arginine

6

BAWHUMHTO, NMOPUAKU3aT AN NPUTOTOBNEHWUS KOHLEHTPATa AN MPUroTOBNEHUS pacTBopa Ans uHdysuii (MHH: 6auHatymomab;

LPY: AMpxeH EBpona b.B., Hugepnangpi; PY N2 JIM-(002210)-(PI-RU) ot 19.04.2023).

7

FDA. Bispecific antibodies: An area of research and clinical applications.

8

Global Bispecific Antibody Market, Drugs Sales, Patent, Price and Clinical Trials Insight 2029.
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deiminases 2 and 4 (PAD2 and PAD4) devel-
oped for treating rheumatoid arthritis. Inhibi-
tion of PAD2 and PAD4 prevents formation of
several citrullinated autoantigens recognised
by autoantibodies in patients with rheumatoid
arthritis. Preclinical results show robust inhibi-
tory activity against PAD2 and PAD4, indicat-
ing prospective impact of the MP on one of
the important pathogenetic links controlling
formation of autoantigens in rheumatoid ar-
thritis [17].

Despite clinical success of monospecific and
bispecific antibodies, therapeutic effect for
treating malignant tumours is still limited,
such as low response rates, treatment resis-
tance etc., indicating the promise of research-
ing multispecific antibodies (MsAbs). To date,
there is no uniform definition of MsAbs. D. Keri
et al. [18] consider MsAbs to be antibodies
recognising 22 epitopes, whereas A. Amash et
al. [19] consider antibodies targeting 23 tar-
gets as MsAbs. To distinguish general trends
and tendencies in therapeutic antibody devel-
opment, this analysis defines MsAbs as mAbs
targeting three or more targets.

Currently, there are many MsAbs at the clinical
trials [4]. However, no MsAb has yet been ap-
proved for clinical use [3].

Clinical significance of MsAbs as potential im-

munotherapy drugs includes [2]:

« ability to simultaneously bind three or more
distinct antigens;

¢ enhanced activation of immune cells or im-
munosuppression blockade using a flexible
target combination, enabling precise and
effective tumour eradication;

e lower molecular weight compared to tra-
ditional high-molecular-weight agents
(such as scFv format - a single-chain vari-
able fragment or a short-format antibody
capable of recognising the target antigen
but lacking the fragmented crystallizing (Fc)
part, which is the basic functional unit for
MsAb development), enabling higher per-
meability.

Advantages of MsAbs may also include re-
duced manufacturing costs and fewer clinical

trials compared with CAR-T or combination of
antibody therapies [2].

An example of a multispecific antibody is Ab-
bVie’s NK-cell and CD8" T-cell activator for
solid tumours, code ABBV-303. The candidate
drug targets three antigens simultaneously:
hepatocyte growth factor receptor (c-Met),
activating NK-cell receptor (NKG2D), and NK-
cell receptor CD16a. Binding of ABBV-303 to
NKG2D and CD16a redirects both innate (NK
cells) and adaptive (CD8" T cells) immune cells
to lyse tumour cells expressing c-Met. ABBV-
303 is expected to be used in combination
with a wide range of other immune oncology
drugs, as well as with other traditional ap-
proaches, such as chemotherapy and radio-
therapy [20].

Small Molecule class. Of all low-molecular-
weight drugs classified as Small Molecule
(Table 4 “Distribution of Investigational Original
Drugs Scheduled for First-in-Human Trials in
2024 by Class, Type and Group”, published on
the journal website’), enzyme inhibitors are
the most frequently developed (9 MPs, 6 de-
velopers). Enzyme inhibition is a recognised
strategy for treating pathological conditions
such as inflammation, diabetes, microbial in-
fections, HIV, and tumours.

Among target enzymes, developers focus on
enzyme molecules involved in the pathogene-
sis of malignancies. Several companies are de-
veloping MPs that inhibit the same enzymes,
notably protein arginine N-methyltransferase
5 (PRMT5) and Werner syndrome helicase
(WRN). Both are “synthetic lethal” targets'® and
are currently considered promising for target-
ed therapies.

Arginine N-methyltransferase 5 (PRMT5)
belongs to the family of protein arginine N-
methyltransferases. Currently, nine (9) PRMTs
have been identified in human cells. PRMT5 ac-
tivity is critical for haematopoiesis, regulation
of cellular apoptosis, cell-cycle progression
and inflammation, demonstrating its potential
as a drug target in various diseases, including
haematological and solid cancers [21]. It has
been determined that PRMT5 levels are el-
evated in tumours with deletions of the MTAP

°  https://doi.org/10.30895/1991-2919-2025-752-annex
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gene (MTAP del). The PRMT5 enzyme has been
identified as a “synthetic lethal” target for
this cancer genotype. This gene encodes MTA
phosphorylase that accumulates in patients
with MTAP del. Loss of MTAP activity sensitizes
cells to PRMT5 inhibition. PRMT5 inhibition
may slow down or suppress tumour growth [22,
23].

Currently, AstraZeneca is conducting a CT
Phase | of a PRMT5 inhibitor (code AZD3470),
intended to treat Hodgkin lymphoma and
solid tumours. Bristol Myers Squibb is devel-
oping a PRMTS5 inhibitor (code MRTX1719) for
treating solid tumours. These drug candidates
are expected to overcome limitations associ-
ated with first-generation PRMT5 inhibitors,
which demonstrate mechanism-based toxicity
and lack of selective action on the MTAP del
cancer genotype [24].

Developers have chosen Werner syndrome
helicase (WRN) as a target more recently
(since 2019), when a therapeutically promis-
ing relationship between the WRN protein and
tumours with a microsatellite instability (MSI)
phenotype was independently noted in several
publications [25-27]. WRN was shown to play
an important role in various cellular processes
highly significant for maintaining genome
stability, including DNA replication, transcrip-
tion, and repair. Further analysis showed that
WRN depletion causes cell cycle arrest, mitotic
defects, and apoptosis, especially in MSI cells,
sparking interest in research of WRN inhibi-
tors as targeted therapy for cancer [28]. WRN
enzyme is a promising “synthetic lethal” target
for MSI tumours [25].

In 2024, Roche and Novartis included selec-
tive covalent WRN inhibitors (codes RG6457
and HRO761, respectively) in their CT Phase |
development plans for treatment of MSI solid
tumours. By inhibiting WRN protein, these
molecules can induce lethal genomic insta-
bility in cancer cells already compromised in
their DNA repair capacity.

Developers are also focusing on inhibitors of
DGKa and CDK?2 targets for treating malignan-
cies. Diacylglycerol kinase alpha (DGKa) is the
first identified member of the diacylglycerol
kinase family and is associated with progres-
sion of various tumour types. DGKa enzyme
is highly expressed in various cancers and
promotes cancer cell survival due to its anti-
apoptotic and proliferative activity [29]. It was
determined that DGKa expression in cancer

cells promoted tumour growth via the AKT sig-
nalling pathway, suggesting DGKa as a poten-
tial target in tumour cells for targeted therapy.
DGKa was shown to mediate T-cell dysfunc-
tion during anti-PD-1 therapy, exacerbating
exhaustion of reinvigorated tumour-specific
T-cells. Pharmacological antagonism of DGKa
delayed T-cell exhaustion and hindered resis-
tance to PD-1 blockade. DGKa inhibition may
enhance the efficacy of anti-PD-1 therapy [30].
In 2024, Gilead initiated CT Phase | of a DGKa
inhibitor, GS-9911, for patients with late-stage
cancers. Use of this drug, including combina-
tion with other anti-tumour drugs, is expected
to increase survival of patients with various
malignancies resistant to standard therapies
by suppressing proliferation of sensitive tu-
mour cells, inducing apoptosis, relieving T-cell
anergy and restoring their cytotoxic activity.

Cyclin-dependent kinase 2 (CDK2) belongs to
enzymes essentially regulating cell division
and proliferation. CDK2 overexpression is as-
sociated with abnormal cell cycle regulation
and unfavourable outcomes in various cancers.
In clinical use, first-generation inhibitors tar-
geting CDK2 showed poor tolerability, likely
due to off-target effects. Despite substantial
development effort, no approved drugs selec-
tively targeting CDK2 exist to date [31]. CDK2
inhibition is potentially able to overcome mul-
tiple resistance mechanisms to CDK4/6 inhibi-
tors in breast cancer.

In 2024, AstraZeneca included a selective
CDK2 inhibitor, code AZD8421, for therapy of
solid tumours in CT Phase |. AZD8421 showed
an improved therapeutic index and combined
exposure potential in preclinical trials com-
pared with other CDK2 modulators.

Non-receptor tyrosine-protein kinase, TYK2,
is a potential target in nervous system dis-
eases. TYK2 belongs to intracellular Janus
kinase (JAK) family and mediates cytokine
signaling (e.g., via interleukin-23) involved in
pathogenesis of immune-mediated diseases.
Genome-wide association studies in European
populations have linked TYK2 with several au-
toimmune diseases, including rheumatoid ar-
thritis, systemic lupus erythematosus, multiple
sclerosis, inflammatory bowel diseases, and
other pathologies [32].

Bristol Myers Squibb included TYK2 inhibitor,
code BMS-986465, in the development plan.
Its active substance selectively binds to the
unique regulatory domain of TYK2, blocking
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TYK2 enzyme and the cellular signals it me-
diates. Disrupting these signals by targeting
TYK2 is considered a promising way to sup-
press pronounced inflammation. At the same
time, TYK2 does not block related JAK pro-
teins, whose inhibition can cause serious ad-
verse effects. The product is expected to show
no systemic toxicity as the TYK2 signalling
pathways it inhibits are limited to selected
immune pathways, unlike the pathways of the
other JAK family [33].

Bristol Myers Squibb developed the first TYK2
inhibitor, FDA-approved in 2022", based on
two large trials that confirmed significantly
higher efficacy compared to apremilast'’ in
patients with psoriasis [34]. Information on
the specific indication being developed by the
company in 2024 was not provided. Available
information suggests the investigated disease
area relates to neuroinflammatory diseases.

Salt-inducible kinase (SIK) inhibitors have a
potential in treating gastrointestinal diseases.
SIKs are important regulators of metabolism,
cell division, oncogenesis, and inflammation.
Three (3) SIK isoforms are known to regulate
production of pro-inflammatory cytokines by
innate immune cells to a various degree. How-
ever, the mechanism is not fully elucidated.
Pfizer has initiated development of a SIK in-
hibitor for ulcerative colitis therapy, code PF-
07899895. Specific inhibition of this target is
supposed to suppress hyperactivation of pro-
inflammatory signaling pathways and reduce
production of pro-inflammatory cytokines that
maintain immune inflammation in the colon
mucosa. The product is expected to expand
options for controlling immune inflammation
in ulcerative colitis (potentially in patients re-
sistant to current medical treatment options),
and may help achieve clinical and endoscopic
remission (including steroid-free remission),
improving patients’ quality of Life [35].

HIV reverse transcriptase (RT) is a well-known
target for developing MPs in the highly active
antiretroviral therapy (HAART) group. In 2024,
Gilead began clinical development of a long-
acting non-nucleoside reverse transcriptase
inhibitor, code GS-1614. The candidate drug
differs from analogues by its more prolonged

action. Developers plan to investigate its ef-
ficacy in combination regimens with dosing
possibly once every six (6]) months™. GS-1614
is expected to expand therapeutic options for
patients resistant to antiretroviral drugs and
improve compliance through long-lasting ef-
fect.

Cell therapy products. Cell therapy medicines
are considered advanced therapy medicinal
products (ATMP) [36]. Two main types of cell
therapy exist: cellular immunotherapy and re-
generative medicine [37]. Our analysis showed
that among MPs included in CT Phase |, CAR-
T-based products predominate'* (autologous
CAR-T based on autologous T-lymphocytes:
6 MPs, 2 developers). CAR-T therapy is a form
of adoptive T-cell therapy recently introduced
for the treatment of blood cancers. It involves
ex vivo engineering of patient’s autologous T-
lymphocytes to express receptors targeting
specific antigens on cancer cells, followed by
reinfusion of genetically modified T-cells to
mediate cytotoxicity directed toward tumour
cells [38].

AstraZeneca and Bristol Myers Squibb priori-
tise CAR-T research. Notably, AstraZeneca has
focused its CAR-T product development on
solid tumour therapy (3 of 4 CAR-T medicinal
products in development).

The CAR-T product (code AZD0O754) may be
considered first-in-class’. It is designed to
treat prostate cancer and targets a novel an-
tigen: 6th transmembrane epithelial antigen
of the prostate type 2 (STEAP2) via chimeric
antigen receptors on modified autologous
T-lymphocytes. STEAP2 is a tumour cell an-
tigen that demonstrates high homogeneous
surface expression at all disease stages, with
limited expression in normal tissues. Recently
published data confirm the hypothesis that
STEAP2 plays a functional role in controlling
aggressive prostate cancer traits [39]. The
product also co-expresses a dominant-neg-
ative TGF-B receptor Il (dnTGFBRII) to reduce
the immunosuppressive effects of transform-
ing growth factor beta (TGF-B) on CAR-T cells;
this approach has not been previously used for
their protection [40].

"' SOTYKTU tablets, for oral use. Highlights of Prescribing Information. Initial U.S. Approval: 2022.

08.09.2016.
CATIE. A potential long-acting treatment — GS-1614.
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Bristol Myers Squibb, in turn, is working on
two CAR-T products based on autologous
T-lymphocytes intended for multiple sclerosis
and relapsed/refractory multiple myeloma.

CONCLUSIONS

Thus, out of the 20 largest pharmaceutical
companies with the highest R&D budgets in
2023, 17 companies have initiated studies
of original MPs in CT Phase I. The companies
leading by number of MPs included in de-
velopment plans in January-May 2024 were
AstraZeneca, Pfizer, and Bristol Myers Squibb,
with a total of 84 MPs included in CT Phase
I. The main ICD-10-related MP classes under
development (67%) are: Il Neoplasms (CO0-
C97, Malignant neoplasms); IV Endocrine, nu-
tritional and metabolic diseases (EO0-E90); IX
Diseases of the circulatory system (100-199).
Oncology is the leading area of original MP
development.

The largest share of MPs scheduled for first-
in-human trials are molecules with a rela-
tively high molecular weight (Large molecule
class — 42%). MPs with a relatively low molec-
ular weight (Small Molecule class - 27%) and
cell therapy products (12%) were developed
less frequently.

1. Based on estimated number of MPs with
similar structures being developed by multiple
developers, development trends are assumed
for the following classes: 1) Large molecule -
bispecific antibody (10 MPs, 5 developers);
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