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Abstract 

Peptide–drug conjugates (PDCs) ha v e emerged as a promising class of targeted therapeutics with substantial pharmaceutical advantages and 
market potentials, which is a combination of a peptide (selective to the disease-relevant target), a linker (stable in circulation but cleavable at 
target site) and a cytoto xic / radioactiv e drug (efficacious / traceable f or disease). Among e xisting PDCs, those based on radiopharmaceuticals 
(a.k.a. radioactive drugs) are valued due to their accurate imaging and targeted destruction of disease sites. It’s demanded to accumulate the 
biological activity and pharmaceutical information of PDCs. Herein, a database PDCdb was thus constructed to systematically describe these 
valuable data. Particularly, biological activities for 2036 PDCs were retrieved from literatures, which resulted in 1684, 613 and 2753 activity data 
generated based on clinical trial, animal model and cell line, respectively. Furthermore, the pharmaceutical information for all 2036 PDCs was 
collected, which ga v e the div erse dat a of (a) ADME propert y, plasma half-life and administration approac h of a PDC and (b) c hemical modification, 
primary target, mode of action, conjugating feature of the constituent peptide / linker / drug. In sum, PDCdb systematically provided the biological 
activities and pharmaceutical inf ormation f or the most comprehensive list of PDCs among the a v ailable databases, which w as e xpected to attract 
broad interest from related communities and could be freely accessible at: https:// idrblab.org/ PDCdb/ 
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Introduction 

Peptide–drug conjugates (PDCs) have emerged as a promising
class of targeted therapeutics with tremendous pharmaceuti-
cal advantages and profitable market potentials, which have
resulted in seven therapeutic / diagnostic agents approved by
Received: August 8, 2024. Revised: September 10, 2024. Editorial Decision: Septe
© The Author(s) 2024. Published by Oxford University Press on behalf of Nuclei
This is an Open Access article distributed under the terms of the Creative Comm
(https: // creativecommons.org / licenses / by-nc / 4.0 / ), which permits non-commerc
original work is properly cited. For commercial re-use, please contact reprints@o
permissions can be obtained through our RightsLink service via the Permissions l
journals.permissions@oup.com. 
U.S. FDA ( 1–3 ). Among available PDCs, those based on radio- 
pharmaceuticals (a.k.a. radioactive drugs) are valued due to 

their accurate imaging and targeted destruction of disease site 
( 4–6 ). An effective PDC, as demonstrated in Figure 1 , is con- 
sidered to be a combination of a peptide (selectively targeting 
mber 17, 2024. Accepted: September 20, 2024 
c Acids Research. 
ons Attribution-NonCommercial License 
ial re-use, distribution, and reproduction in any medium, provided the 
up.com for reprints and translation rights for reprints. All other 
ink on the article page on our site—for further information please contact 

https://doi.org/10.1093/nar/gkae859
https://orcid.org/0000-0002-7131-6251
https://orcid.org/0000-0002-6364-7843
https://orcid.org/0000-0001-8069-0053
https://idrblab.org/PDCdb/


Nucleic Acids Research , 2025, Vol. 53, Database issue D 1477 

Figure 1. A schematic illustration of the mechanism of action (MOA) of peptide–drug conjugates (PDCs). ( S1 ) two types of peptide carrier, CPP and CTP, 
mediating the entry of PDCs into disease cells; ( S2 ) direct penetration of PDCs or internalization of their receptor-binding comple x es; ( S3 ) drug release in 
cytoplasm; ( S4 ) molecular interaction leading to the impairment of target function; ( S5 ) receptor recycling; ( S6 ) drug-induced disease cell death (created 
using Biorender.com). 
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he disease-associated sites), a linker (stable in circulation but
leavable at targeted disease sites) & a cytotoxic / radioactive
rug (efficacious / traceable for a studied disease indication)
 7 ,8 ). Particularly, the biological activities (a) between a PDC
eptide and its binding receptor on the membrane of disease
ell, (b) between a PDC drug and its therapeutic target / aimed
isease cell and (c) between the entire PDC and its aimed dis-
ase model are key for determining the drug-like of properties
f PDC peptide ( 9 ), off-target toxicity of PCD drug ( 10 ) and
he overall efficacy of studied PDC ( 11 ), respectively. 

Moreover, the pharmaceutical information of a PDC (such
s toxicology profile, ADME property, plasma half-life, circu-
ation stability and administration method) and its constituent
omponents (such as chemical modifications & renal clear-
nce of PDC peptide, primary target & mechanisms of ac-
ion of PDC drug and chemical type & conjugating features
f PDC linker) are reported as essential for the design, op-
imization and clinical assessment of PDC ( 12–17 ). In other
ords, it is highly demanded to accumulate the biological ac-

ivity and pharmaceutical information of PDC. Furthermore,
ith the booming applications of Artificial Intelligence (AI)

n biomedical research ( 18–20 ), it is imperative to accumu-
ate such kind of big data of PDCs to facilitate the learning of
he drug-like patterns that effectively promote the discovery
f new PDCs ( 21–23 ). 
So far, several databases have been developed to describe

he PDC-related information. Some of them provide a few
DCs (especially, the FDA-approved ones) as part of a broader
collection of chemical or biological information, such as
PubChem ( 24 ), Drugs@FDA ( 25 ), DrugCentral ( 26 ), Drug-
Bank ( 27 ) and NCATS Inxight Drugs ( 28 ); some others of-
fer the cell-penetrating / targeting peptides that are capable
of functioning as one of the key components of a PDC,
such as HORDB ( 29 ), CPPsite ( 30 ) and APD3 ( 31 ); the re-
maining focus on collecting and providing the structural and
physicochemical features of PDC, such as ConjuPepDB ( 32 ).
These databases have received extensive research interest from
worldwide users, but none of them provide the data of bio-
logical activity and pharmaceutical information of PDC. In
other words, it is urgently needed to have a database system-
atically describing those valuable data for a comprehensive set
of PDCs. 

In this work, a knowledge base titled ‘ PDCdb ’ was there-
fore developed to systematically provide those valuable data
described above for a substantial number of PDCs. In par-
ticular, a variety of biological activities for 2036 PDCs were
retrieved from literatures, which resulted in 1684, 613 and
2753 activity data generated based on clinical trial, ani-
mal model and cell line, respectively. Furthermore, the phar-
maceutical information of all 2036 PDCs were comprehen-
sively collected, which gave the diverse data of (a) ADME
property, plasma half-life and administration approach of a
PDC and (b) chemical modification, primary target, mode
of action, conjugating feature and chemical type of the con-
stituent peptide / linker / drug. Moreover, a variety of search
engines based on keywords, sequence-similarity, structure-
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Table 1. A list of peptide–drug conjugates that ha v e been appro v ed so f ar f or clinical use (as of August 2024). T he appro v ed administration / office is U .S . 
Food and Drug Administration (U.S. FDA) 

PDC name (sponsor or 
company) 

Brand 
name Receptor 

Cytotoxic or 
radioactive drug 

Year of 
approval diseases 

Diagnostic PDC 

64 Cu oxodotreotide Detectnet SSTR2 Copper-64 2020 Sep SSTR 

+ NE tumors 
(Radiomedix) 
68 Ga PSMA-11 Illuccix PSMA Gallium-68 2020 Dec PSMA 

+ prostate cancer 
(Telix Pharma) 
68 Ga edotreotide N.A. SSTR2 Gallium-68 2019 Aug SSTR 

+ NE tumors 
(UIHC-PET Imaging) 
68 Ga oxodotreotide Netspot SSTR2 Gallium-68 2016 Jun SSTR 

+ NE tumors 
(AAA, Novartis) 

Therapeutic PDC 

177 Lu vipivotide 
tetraxetan 

Pluvicto PSMA Lutetium-117 2022 Mar PSMA 

+ mCR prostate 
cancer 

(AAA, Novartis) 
177 Lu oxodotreotide Lutathera SSTR2 Lutetium-117 2018 Jan SSTR 

+ GEP-NE tumors 
(AAA, Novartis) 
Melphalan flufenamide a Pepaxto N.A. b Melphalan 2021 Feb Multiple myeloma 
(Oncopeptides) 

Abbreviations for receptor. PSMA: prostate-specific membrane antigen; SSTR2: somatostatin receptor 2. 
Abbreviations for diseases. GEP-NE: gastroenteropancreatic neuroendocrine; mCR: metastatic castration-resistant; NE: neuroendocrine. 
a Withdrawn by the FDA on 23 February 2024. 
b A cell-penetrating peptide without targeted receptor. 
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similarity and disease / chemical-classification were designed
and provided in the online database, and all data were cross-
linked to existing databases. All in all, PDCdb is unique
in systematically offering the biological activities and phar-
maceutical information for the most comprehensive list of
PDCs among available databases. Because of the importance
of those collected data, our PDCdb was expected to attract
broad interest from related research communities and could
be freely accessible at: https:// idrblab.org/ PDCdb/ 

Factual content and data retrieval 

Systematic collection of the information of 
peptide–drug conjugates (PDCs) 

Explicit pharmaceutical information and biological activity
data of PDCs were collected by the following procedures.
First, a comprehensive literature review was performed us-
ing keyword search in PubMed, which identified a total of
2036 PDCs (a list of FDA-approved PDCs was explicitly pro-
vided in Table 1 ). Second, the pharmaceutical information
of the PDCs and their constituent components were further
extracted from literature. Third, the biological activities of
the PDCs were identified using keyword combinations such
as ‘peptide–drug conjugation + activity’. As a result, a to-
tal of 5050 biological activities were collected, which re-
sulted in 1684 from clinical trials, 613 from animal mod-
els and 2753 from cell line studies. Furthermore, the disease
classes of these collected data were very diverse, which in-
cluded not only cancer but also many other diseases, such
as COVID-19, diabetes, rheumatoid arthritis, malaria and so
on. 

Explicit description on the pharmaceutical 
information of each studied PDC 

The development of PDCs requires a meticulously planned
approach that utilizes comprehensive pharmaceutical data
to guide their design and optimization ( 33–35 ). Those data
include structural detail and clinical information, such as
targeted disease, PDC structure, clinical response, ADME
properties, administration method, peptide modification seg- 
ments and linking strategy ( 36–40 ). Meanwhile, the com- 
prehensive pharmaceutical data of PDC’s constituent compo- 
nents were key for effective PDC design ( 41–44 ). Specifically,
the selection of targeted peptide affects the target binding 
affinity, efficiency of drug endocytosis, therapeutic indices and 

therapeutic windows of PDCs, while peptide modifications en- 
hance the circulation stability of PDC ( 45–50 ). Meanwhile,
pharmaceutical information of the drug, which acts as the 
primary effector of a PDC, is important ( 51 ,52 ). Various in- 
dications exhibit varying sensitivities to specific drug types,
and the drug type conjugated to a peptide determines the ulti- 
mate application of PDC (therapeutic / diagnostic), highlight- 
ing the necessity of selecting appropriate drugs for PDC de- 
signs ( 53 ,54 ). Moreover, the physical and chemical proper- 
ties of drugs as small molecules are also taken into consider- 
ation ( 55 ,56 ). The linker, which connects peptide and drug,
plays a pivotal role in PDC system. It determines the drug 
release mechanism, thereby impacting the metabolic prop- 
erties, off-target toxicity as well as the therapeutic window 

of PDC ( 57–60 ). As a result, comprehensive pharmaceuti- 
cal information covering the complete PDC conjugate and 

its components is critical for the design and iterative devel- 
opment of the PDC ( 61–63 ), and these aspects are system- 
atically detailed in our newly developed online knowledge 
base. 

In PDCdb, detailed pharmaceutical information of each 

PDC is explicitly provided. As illustrated in Figure 2 , which 

displayed the webpage of a well-known PDC 

177 Lu-PSMA- 
617, the available pharmaceutical information on this page 
included: PDC name & the corresponding clinical status, dis- 
ease, PDC structure, three constituent components, peptide 
receptor, modified type & segment of peptide modification,
drug target and external links to several established molec- 
ular biological databases such as PubChem ( 24 ), TTD ( 64 ),
Chembl ( 65 ) and DrugBank ( 27 ). Moreover, explicit illustra- 
tion is provided to offer a detailed description of the phar- 
maceutical information available in PDCdb . As shown in the 
upper part of Figure 3 , the database offered comprehensive 
data on PDCs, including targeted disease, PDC structure, di- 

https://idrblab.org/PDCdb/
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Figure 2. The typical PDC page depicting 177 Lu-PSMA-617. A multitude of pharma-information was described by integrating PDC name, clinical status, 
targeted disease, downloadable str uct ure, three constituent component, peptide receptor, drug target, peptide modified type, corresponding modified 
segment and a variety of external links to established molecular biological databases. 
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erse clinical response data (such as the clinical detail of tested
DC & enrolled patient and administration dosage & times),
he reported ADME property, drug-like properties (including
olecular weight, topological polar surface area, rotatable
onds count, hydrogen bond donor / acceptor count) of the
tudied PDC, etc. Such data could be an indispensable comple-
ent to currently available pharmaceutical knowledge base. 
Pharmaceutical information of three constituent compo-

ents of the studied PDC is also explicitly provided in PD-
db . As shown in Figure 3 , the pharmaceutical information

or the corresponding peptide contained: diverse strategies
pplied to enhance peptide stability and permeability. These
trategies were cyclization modification (1C / 2C-peptide sta-
ling ( 66 )), amino acid modification (D-amino acid instead of
-amino acid ( 67 ) and side-chain variation), binding modifica-

ion with chemical macromolecules (e.g. addition of polyethy-
ene glycol, fatty chains, or macromolecules over 50 kDa to the
 / C-terminals / side chains of peptides) and modification by
dosage form (e.g. using acid-stable coatings), and peptide se-
quences; pharmaceutical information of corresponding linker
included: linking strategy (cleavable ( 68 ) & uncleavable ( 69 )),
and the chemical structures for various linker chemistries
(enzyme-sensitive, pH -sensitive, GSH-sensitive, uncleavable,
etc.); pharmaceutical information of corresponding drug con-
tained: the diverse drug types conjugated to studied peptide
(such as chemotherapy drugs, radionucleotides and imaging
agents), the target of a studied drug, etc . To the best of our
knowledge, PDCdb is the first one systematically giving the
pharmaceutical information for not only PDCs but also their
individual components. 

Di ver se biological activities of each studied PDC 

and its components 

Biological activity data are essential for the development and
optimization of PDCs ( 70–72 ). These data help to assess the
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Figure 3. The comprehensive pharmaceutical information of PDC covered by this database. First, detailed PDC data were described, which included: 
targeted diseases, str uct ure, clinical response, ADME property, drug-like property, etc . Second, detailed pharmaceutical information of PDC’s three 
constituent components was explicitly illustrated by providing the data for ( A ) peptide (such as the peptide sequence and strategies used to improve 
peptide’s st abilit y / permeabilit y, ( B ) linker (such as the linking strategies and str uct ure of different linker chemistries) and ( C ) dr ug (such as the binding 
target and drug types conjugated to corresponding peptide). 
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critical functional characteristics of PDC ( 73 ), such as the
binding affinity between peptide and its receptor on the dis-
ease cell membrane, efficacies between cytotoxic / radioactive
drug and its therapeutic target / disease cell, and MOA be-
tween entire PDC and its targeted model ( 74–78 ). Addition-
ally, these data can contribute to the validation of the func-
tional characteristics of targeted receptors and shed light on
the identification of novel receptor targets ( 79–81 ). These as-
sessments are critical for determining the off-target toxicity of
cytotoxic / radioactive drug, as well as evaluating the drug-like
properties and overall therapeutic efficacy of PDC ( 82–84 ).
Moreover, characterizing the biological activity data of the en- 
tire PDC, including its peptide or drug, is key for identifying 
the optimal combination that maximizes efficacy while mini- 
mizing off-target effects ( 85–87 ). Such activities included: ob- 
jective response rates (ORRs) and complete remissions (CRs) 
among a series of clinical trial stages, inhibition level and 

growth delay of PDC in PDX models / cell lines, and half max- 
imal inhibitory concentration (IC50) across different disease 
cell lines. All in all, such diverse biological activities were 
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Figure 4. The typical PDC activity page for 177 Lu-PSMA-617. Various activity data of PDC were provided, which contained the ones identified from human 
clinical study, the ones disco v ered b y cell line-deriv ed x enograft model, the ones obtained from model organism and the ones re v ealed based on cell 
line. For each type of activity data, specific activity values together with the activity type and experimental / clinical information were explicitly provided. 
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ssential for the design, optimization and clinical evaluation
f PDCs, which were systematically provided by our knowl-
dge base. 

 variety of biological activities of each 

eptide–drug conjugate 

s shown in Figure 4 , the biological activities of a typical
DC 

177 Lu-PSMA-617 were explicitly described. These ac-
ivity data included results from human clinical studies, cell
ine-derived xenograft models, model organism and cell line.
or each activity type, specific activity values were described,
long with the corresponding activity type (such as ORR and
R of PDC in various clinical stages, inhibition level and
rowth delay of PDC in disease model / cell line and IC50 of
DC in disease cells), as well as units and experimental la-
els (such as NCT number, cell line & disease model). Taking
he activity data of ‘ 177 Lu-PSMA-617’ as an example (shown
in Figure 4 ), its biological activity includes: efficacy informa-
tion of PDC, aimed disease, patient enrollment details, half-
life periods, administration dosage & time, the reported MOA
of PDC, etc . In PDCdb , details for 5050 biological activi-
ties were collected. Moreover, a variety of experimental de-
tails were provided, including the in- vivo models (lung cancer
CDX A549, breast cancers CDX MDA-MB-468, malaria Plas-
modium falciparum 3D7, etc. ) and various disease cell lines
(e.g. MCF-7, SMMC-7721, Hep-G2, U-87, A-549, etc .). The
ADME property of PDC were also systematically identified
and explicitly described in the constructed database. 

The biological activities of the receptor and drug in 

each PDC 

In addition to the PDC itself, the activity data of its con-
stituent components (peptide / drug) were reported to be criti-
cal in determining the overall effectiveness of PDC ( 88–91 ).
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Figure 5. Activity data of PDC’s constituent components. ( A ) activity details of a peptide PSMA-617 . The representative activities included peptide’s 
binding affinity to its receptor, experimental method adopted to measure its binding affinity. ( B ) Activity details of a drug Do x orubicin . In each activity 
datum, the corresponding experimental validation methods (such as administration times, dosage and cell line) were systematically collected and 
explicitly described. 
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Consequently, the activity information of both peptide and
drug in a studied PDC were also covered by PDCdb . As
demonstrated in Figure 5 A, the activity details for an exem-
plar peptide PSMA-617, including quantitative measures of
its binding affinity, were shown. Moreover, the systematic ex-
perimental method used to measure this binding affinity was
also described. Similarly, the activity detail of the exemplar
drug doxorubicin was also provided in PDCdb (as shown in
Figure 5 B). Under each activity information, the correspond-
ing experimental validation methods (including administra-
tion time, dosage and cell line) were fully collected and de-
scribed. Based on such valuable information, the reader could
easily retrieve relevant activity data that might be capable of
facilitating the development of studied PDCs, such as increas-
ing the PDC efficacy and reducing the corresponding cytotox-
icity ( 92–94 ). 

Standardization, access and download of PDCs and 

their activity data 

To make the access and analysis of PDCdb data convenient
for all readers, the collected raw data were carefully cleaned
up and then systematically standardized. These standardiza- 
tions included: (a) all the PDCs, receptors, linkers, drugs, tar- 
gets and cell lines were cross-linked to established databases; 
(b) all disease indications were standardized by the latest In- 
ternational Classification of Disease (ICD-11) that was offi- 
cially released by World Health Organization ( 95 ). Further- 
more, a user-friendly interface was created by our database to 

enable convenient browse and search of data. All PDC-related 

data could be viewed, accessed and downloaded from PDCdb ,
which could be freely accessed without login requirement at: 
https:// idrblab.org/ PDCdb/ 

Conclusion and perspective 

Herein, a database PDCdb providing comprehensive biologi- 
cal activities and pharmaceutical data for thousands of PDCs 
was developed. These data were expected to significantly aid 

in the effective design of new PDCs for the treatment of vari- 
ous disorders. Since PDCs had emerged as a promising class of 
targeted therapeutics with substantial pharmaceutical advan- 
tages and market potentials, there would be an exponentially 
increasing amount of new PDC information derived from pa- 

https://idrblab.org/PDCdb/
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ients with different diseases in the future. So, the informa-
ion in PDCdb will be updated promptly, with regular en-
ancements to the webpages. Furthermore, the accumulation
f such ‘big data’ in PDCdb will facilitate AI-based learning
f PDC drug-like patterns, thereby guiding modern drug dis-
overy. 

ata availability 

ll peptide–drug conjugate data can be viewed, accessed and
ownloadable from PDCdb, which is freely accessible with-
ut any login requirement by all users at: https://idrblab.org/
DCdb/. 
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