Biomeditsinskaya Khimiya, 2025 vol. 71, issue 6, pp. 454—459.

SHORT COMMUNICATION

PREDICTION OF POTENTIAL ADVERSE DRUG REACTIONS
UTILIZING HIGHLY SPECIFIC STRUCTURAL FRAGMENTS
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The use of in silico approaches to assess potential adverse reactions of new pharmaceutical substances
reduces the risks, financial and time costs, associated with drug development. Using our previously developed method
for identifying chemical motifs associated with certain types of undesirable biological activity, we have evaluated
the off-target toxicity of clinically investigated pharmaceutical substances that would help to evaluate the potential risks
of further research and use in clinical practice. For this purpose, we have created highly specific structural fragments
for epidermal growth factor receptor and dipeptidyl peptidase 4 inhibitors, which are two molecular targets associated
with a wide range of adverse reactions. A search for compounds containing these fragments was performed
among 12,070 entries with information on clinical trials in the PubChem database. We have shown that five compounds
entering phase I and II trials may have an unfavorable benefit-risk ratio due to the potential inhibition
of at least one of the analyzed enzymes. Incorporating such analytical frameworks into early drug discovery and
preclinical assessment could substantially reduce overall development costs and timelines, facilitating the introduction
of safer and more cost-effective therapeutic agents.
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INTRODUCTION

Adverse reactions (ARs) arising from
the use of pharmaceuticals represent a global
pharmacotherapeutic problem. They can create
additional burden on the healthcare system and increase
risks for all participants in the drug management system,
from patients to pharmaceutical companies [1, 2].
Significant reduction of the risk probability and
the increase of the safety of new pharmacotherapeutic
agents is possible through preliminary preclinical
evaluation of the active pharmaceutical ingredient (API)
under development. Such evaluation will enable
the filtering of unsafe compounds that exhibit potential
off-target toxicity due to the interaction of the API with
multiple non-therapeutic and undesirable targets [3, 4].

Off-target toxicity analysis is traditionally
performed through numerous in vitro experiments,
which is costly and time-consuming. To reduce these
costs, in silico approaches are becoming increasingly
popular, enabling preliminary screening of potentially
unsafe compounds before experimental testing [5].

Among the undesirable targets associated with
the development of a wide range of ARs and included
in the research kits of many pharmaceutical companies
are the epidermal growth factor receptor (EGFR) and
dipeptidyl peptidase 4 (DPP4) [6]. Inhibition of EGFR
is accompanied by dermatological ARs (itching,

dry skin, acneiform rash, paronychia, hair and nail
changes), which significantly reduce the quality of life
of patients [7]. Blockade of the DPP4 action
can decrease the degradation rate of endogenous
peptides, chemokines, and cytokines (bradykinin,
substance P, stromal growth factor-1, etc.), which,
in turn, can cause the development of serious allergic
reactions (e.g., angioedema) [8] or arthralgia [9].

We previously developed a method for in silico
assessment of compound interactions with undesirable
targets which consists of identification of fragments
highly specific for a particular type of biological
activity in the structural formulas of the analyzed
molecules [10]. Using this method it is possible
to identify potential adverse reactions that could
terminate the development of a new API. In the present
study, the developed method was applied to a number
of pharmaceutical substances in various stages
of clinical trials, with the aim of predicting the potential
risks of taking these substances based on an assessment
of interactions with two undesirable targets:
EGFR and DPP4.

MATERIALS AND METHODS

Data on pharmaceutical substances studied
at various stages of clinical trials were obtained
from the PubChem database [11] and contained
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12,070 structural formulas of compounds for which
information on the performance of clinical trials
was submitted in one of three registries (Table 1):
ClinicalTrials.gov (US registry), EudraCT (clinical
trials database of the European Union countries), and
NIPH Clinical Trials Search of Japan (a joint registry
of clinical trials of three Japanese research centers).
Among the analyzed structures, 5,198 have been
previously approved for medical use, studied
with the aim of their repositioning. Information
on the performance of phase I, phase II, phase III, and
phase 4 clinical trials was submitted for 6,787, 8,047,
5,373, and 3,668 PubChem records, respectively.
We also found information about early phase I
studies, also known as phase 0, for 1,249 compounds
in the dataset. For 5,300 structures, information
about the stage of the trials was not provided.
It is important to note that a single compound
may be at different stages of study in several clinical
trials across different nosologies.

Using a previously described method [10]
for assessing the contribution of each atom
of a compound to its biological activity, we constructed

structural fragments highly specific for EGFR and DPP4
inhibitors (Fig. 1). As positive controls, we have
added the structures of two APIs, whose approval
for medical use has been revoked to the analyzed
dataset: mobocertinib [12], which blocks EGFR,
and saxagliptin [13], inhibiting DPP4 activity.

RESULTS AND DISCUSSION
Our search resulted in  identification
of 18 pharmaceutical substances (not related

to repurposed approved drugs) whose structural
formulas contained the required highly specific
fragments. One compound was found using
a fragment characteristic of DPP4 inhibitors.
Seventeen of the identified structures contained
a fragment specific for EGFR inhibitors. Based on data
presented in PubChem, EGFR is the therapeutic
target for 13 of these compounds. This indicates
that our previously developed method [10]
can be used to assess not only undesired activity
but also the pharmacotherapeutic potential
of the studied compounds.

Table 1. The number of drug compounds in the different phases of clinical trials submitted to the three registries

according to PubChem data

Number of drug compounds*
Registry name Phase
Phase 0 | Phasel | Phase II | Phase III | Phase IV . Total
not determined
ClinicalTrials.gov 1213 6338 6413 4164 2691 3429 9787
EudraCT 0 1164 4502 3282 2299 84 5872
NIPH Clinical Trials Search of Japan 0 173 396 251 256 1873 1951

* One compound may be studied in several clinical trials conducted at different phases.
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Figure 1. The designed highly specific structural fragments for: A) EGFR inhibitors, B) DPP4 inhibitors.
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Table 2. Structural formulas and brief characteristics for potential inhibitors under clinical trials
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Since the goal of this study was to evaluate
off-target toxicity, further analysis was focused
on the five identified compounds (Table 2); their primary
mechanisms of action in the treatment of the diseases
studied in clinical trials were not mediated
by EGFR or DPP4. Currently no data on experimental
testing of the identified compounds against
the two analyzed targets are available in PubChem.
Mobocertinib and saxagliptin, added as controls
to the analyzed structures, were also detected using
the fragments we constructed.

The four identified compounds (1-4) can potentially
inhibit EGFR. Since this type of tyrosine kinase
receptor is a therapeutic target in the treatment
of anumber of malignancies (particularly non-small cell
lung cancer), it is important to note that these
compounds are studied not only as antineoplastic agents
(compound 2) but also as immunosuppressants.

Compounds 1 and 2 are being developed
for the treatment of rheumatoid arthritis. Although
some authors (e.g., [14]) report the potential
of EGFR inhibitors for the treatment of autoimmune
arthropathies, there are currently no drugs with
a similar mechanism of action approved for this
pathological condition [15]. In this context,
we believe that the EGFR may be considered
an undesirable target for molecules 1 and 2.
Given the wide range of EGFR-associated
adverse reactions that may negatively impact
the benefit-risk ratio, we suggest that the development
of these drugs will be discontinued or their use
will be limited to a specific patient population failing
standard therapies.

Compounds 3 and 4 are being studied
for the treatment of atopic dermatitis. The presence
of fragments highly specific for EGFR inhibitors
in the structural formulas of these molecules, identified
through our analysis, suggests that the development
of compounds 3 and 4 may be discontinued
due to the emergence of dermatological ARs or
disease worsening.

Compound 5, considered as a drug candidate
for the treatment of various malignancies,
can inhibit DPP4. According to existing in vivo data,
inhibition of this enzyme correlates with stimulation
of primary tumor growth and activation of metastatic
processes [16]. It should be noted that in 2016,
the US Food and Drug Administration issued a warning
that DPP4 inhibitors caused severe joint pain, which
could lead to patient disability [17]. Therefore, further
development of compound 5 as an antitumor agent
will likely be discontinued.

CONCLUSIONS

Thus, the results of our analysis suggest that
further study of the five studied pharmaceutical
substances will likely be suspended due to their

potential interaction with at least one undesirable target
associated with the development of adverse reactions
that alter the benefit/risk ratio. Conducting such
analysis at the preclinical stages of the drug research
and development process would avoid the study
of drugs unsafe for these pharmacotherapeutic areas
and reduce the overall financial and time costs
of development, as well as potential risks to patients
and the healthcare system. It should be emphasized
that this study has several limitations, primarily
related to the need for experimental confirmation
of the theoretical conclusions.
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MPOTHO3 MOTEHIUAJBHBIX HEXKEJATEJABHBIX JIEKAPCTBEHHBIX PEAKITUI
C UCTOJIB30BAHHUEM BBICOKOCIIEIIU®UYHBIX CTPYKTYPHBIX ®PAI'MEHTOB

IL.U. Casocuna*, /I.A. @Qunumonos, /1.C. /pyscunosckuii

HayuHo-uccrienoBarenbckuii MHCTUTYT OnomenuimHckol xumun numenn B.H. OpexoBuda,
112191, Mockaa, IToromusckas yi., 10; *am1. moura: polina.savosina@ibme.msk.ru

Ucnonb3oBanue in silico MOAXOMOB I OLEHKH MOTCHIIMAIBHBIX HEXKENIATCIbHBIX PEAaKIUNA HOBBIX
(hapMarieBTHYeCKIX CyOCTaHIMI IO3BOJSICT YMCHBINUTh PHCKH, a TakXkKe (PUHAHCOBBIC W BpPEMCHHEIC 3aTpaThl,
CBsI3aHHBIC C Pa3pabOTKO# JiekapcTBEHHBIX cpencTB. C MOMOIMIBIO pa3padOTaHHOTO HAMHU paHee METONA BEISBIICHUS
XUMHYECKIX MOTHBOB, aCCOIMMPOBAHHBIX C ONPENCIEHHBIMU THIIAMHU HEXENaTeIbHON OMOIOTMYEeCKOil aKTHBHOCTH,
MBI OLICHUIIN “off-targer” TOKCUYHOCTh KIIMHUYECKU HCCIIENYyeMbIX (hapMalleBTHYECKUX CYOCTaHIUM, 4TOObI OLEHUTD
MOTCHIHUAJIBHBIC PHUCKU HX [[aJ'II:-HefIIHeI‘O HUCCIICAOBAaHUI HW HCIOJIB30BAHHS B KJIMHUYECKOM IIpaKTUKE.
JIyist 3TOTO CO3MaHBI CTPYKTYPHBIC (DPArMEHTHI, BRICOKOCTICITU(HYHBIC I HHTHOUTOPOB PEIETITOPa MHUACPMATEHOTO
(hakTopa pocTra WM MUICHTUAWINCNTHAA3E 4 — JBYX MOJICKYJSPHBIX MHIICHEH, aCCONMHUPOBAHHBIX C IIUPOKUM
CIIEKTPOM HEKeNaTeIbHBIX peaknuid. [IpoBeAEH MOWCK COCIWHEHHH, COACPKAIIMX CO3JAaHHBIC (ParMeHTHI,
cpemu 12070 3ammceit 6a361 ganHBIX PubChem, comepxanix HHPOPMAITUIO O TPOBEACHUH KIMHUYECKUX HCIIBITAHUH.
[TokazaHo, 4TO TATH COSAMHEHMMN, UccIenyeMbixX B ¢azax [ u I, moryt obmagarh HeOIAronpUATHBIM COOTHOIIEHUEM
“Hmosb3a-prcK”’, BOZHUKAIOIIUM H3-3a MOTCHIIMAIBHOTO HHIMOUPOBAHUS OHOTO U3 IBYX aHATH3UPYEMBIX ()EPMCHTOB.
[MpumeHeHHE MOMOOHBIX AHATUTHYCCKUX CTPATETHH HA PaHHUX JTOKIMHHYECKHUX JTamax pa3pabOoTKU MOXKET
3HAYUTEIFHO CHU3UTh COBOKYITHEIC ()MHAHCOBBIE U BPEMECHHBIC 3aTPAThl, CIIOCOOCTBYS YCKOPSCHHOMY BEIBOY HA PHIHOK
Ooee Oe30MaCHBIX U JOCTYITHBIX JICKAPCTBCHHBIX CPE/ICTB.

THonuwiii mexcm cmamuvu Ha PyccKOM A3biKe Qocmynel Ha cavime xcypuana (http://pbmc.ibmc.msk.ru).

KoaroueBbie cioBa: in silico viccienoBaHus; HEXeJaTelbHbIE MOJIEKYISIPHBIE MHIIECHU; “off-target” TOKCUYHOCTD;
CTPYKTYpHBIE ()parMeHTHI; HeXeJaTeIbHbIEe PEAKINH

®unancupopanue. Pabora BemonHeHa 1pH (HUHAHCOBON moxpnmepkke Poccuiickoro HaydHoro ¢oHIA
(mpoekt Ne 25-25-00106 ot 26.12.2024 ).
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