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Abstract
Background  Therapeutic advances have improved cancer survival outcomes for an increasing number of patients, 
but novel approaches are still urgently needed for patients who cannot tolerate, or do not respond to current 
treatments. Erythropoietin-producing hepatocellular receptor A2 (EphA2) is highly expressed in a variety of solid 
tumors, which is associated with poor prognosis, especially in tumors considered difficult-to-treat, such as pancreatic 
and head and neck cancer.

Main body  EphA2 has emerged as a promising therapeutic target for the treatment of solid tumors; however, 
efficacy and safety issues have halted clinical development of previous EphA2-targeting agents including MEDI-547, 
DS-8895a, MM-310, and dasatinib. Despite these setbacks, interest in targeting EphA2 in solid tumors remains, with 
ongoing development of investigational therapies such as antibodies, antibody drug conjugates, EphA2 antagonists, 
peptide drug conjugates, bicyclic peptide drug conjugates, and tyrosine kinase inhibitors. Among these, BT5528, 
a Bicycle® Drug Conjugate (BDC), has shown an emerging differentiated safety profile, in contrast to prior EphA2-
targeting agents, and promising antitumor activity in patients with advanced solid tumors. BT5528 comprises an 
EphA2-targeting bicyclic (Bicycle) peptide, linked to the cytotoxin monomethyl auristatin E (MMAE) via a valine-
citrulline cleavable linker. The high specificity of BT5528 to EphA2, combined with its high affinity, enables precision-
guided delivery of MMAE, while its peptidic nature results in rapid distribution and retention of MMAE within the 
tumor, limited systemic exposure, and liver-sparing renal elimination.

Conclusion  The preclinical and emerging clinical data for BT5528 suggest that novel approaches to targeting EphA2 
can achieve efficacy without the safety issues that plagued earlier agents. Here, we review EphA2 as a target and the 
historical and current clinical development of EphA2-targeting therapeutic agents.
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Background
Despite significant therapeutic advances that have 
improved cancer survival outcomes for an increas-
ing number of patients [1], novel approaches are still 
urgently needed for patients who cannot tolerate, or do 
not respond to current treatments, especially in tumors 
considered difficult to treat. Erythropoietin-producing 
hepatocellular receptor A2 (EphA2) is a member of the 
receptor tyrosine kinase family that is highly expressed in 
a variety of solid tumors and contributes to oncogenesis, 
tumor-associated angiogenesis, invasiveness, and metas-
tasis [2–9]. Although EphA2 has long been recognized 
as a promising therapeutic target, its full potential in 
solid-tumors has yet to be realized, largely due to efficacy 
and safety challenges encountered in early clinical trials 
for EphA2-targeting agents [10–13]. In this article we 
explore the novel next-generation agents that we believe 
are poised to unlock the potential of EphA2 using mul-
tiple precision-guided approaches.

EphA2: a high-value target in oncology
Erythropoietin-producing hepatocellular receptors are 
the largest group of receptor tyrosine kinases. EphA2 
signaling has been shown to regulate cell prolifera-
tion, survival, and migration via activation of the AKT-
mTORC1 and RAS-ERK oncogenic pathways and the 
Wnt/β-catenin signaling pathway [14–17]. EphA2 exhib-
its diverse biological functions [18], and while typically 
expressed at low levels in healthy tissues [19], immuno-
histochemistry studies of clinical tumor samples and pre-
clinical cell lines have demonstrated that EphA2 is highly 
expressed in a variety of tumor types, with high EphA2 
expression in clinical samples from bladder, brain, breast, 
head and neck, lung, prostate and pancreatic tumors [2–
7, 20–34]. Pancreatic adenocarcinoma (PAAD), compris-
ing mainly of pancreatic ductal adenocarcinoma (PDAC; 
>90%) [35], and head and neck squamous-cell carcinoma 
(HNSCC) were found to have among the highest EphA2 
expression levels in a pan-tumor study [31].

Substantial evidence indicates that high expression 
of EphA2 is significantly correlated with higher tumor 
grade, later stage, increased likelihood of metastasis, 
and worse prognosis across multiple solid tumors [2–9, 
31, 34, 36–38]. For example, in a study from The Cancer 
Genome Atlas (TCGA) database and the Genotype-Tis-
sue Expression (GTEx) portal, a significant correlation 
between increasing pathological stage and EphA2 expres-
sion was reported among patients with PAAD; further-
more, those with high EphA2 expression had shorter 
overall survival and disease-free survival than those 
with low EphA2 expression [31]. Furthermore, immu-
nohistochemical analysis of NSCLC tissue from patients 
revealed that high expression of EphA2 predicted dis-
ease relapse as well as the site of relapse [3]. Regarding 

metastasis, high EphA2 levels were associated with brain 
metastases in patients with NSCLC, whereas low EphA2 
expression correlated with no relapse, or the subsequent 
development of contralateral lung metastasis [3]. A num-
ber of studies in breast cancer, esophageal squamous 
cell carcinoma, colorectal carcinoma and HNSCC tissue 
suggest high EphA2 expression correlates closely with 
metastasis [4, 9, 38], providing further evidence for the 
role of EphA2 in tumor progression.

The prognostic significance of EphA2 combined with 
its characteristic tumor expression and localization pat-
terns, positions EphA2 as an attractive target for novel 
anticancer therapies.

EphA2 in solid tumors: a historical challenge
Despite clinical interest in EphA2 as a target in oncology, 
investigational treatments have failed over the last fifteen 
years for both efficacy- and safety-related reasons (Table 
1).

MEDI-547 (MedImmune)
MEDI-547 is an antibody drug conjugate (ADC) com-
prising the EphA2-targeting monoclonal antibody (mAb) 
1C1 conjugated to the cytotoxin maleimidocaproyl-
monomethyl auristatin phenylalanine (mcMMAF). In 
preclinical studies using nude mouse xenograft and rat 
syngeneic tumor models, MEDI-547 effectively inhibited 
the growth of EphA2-expressing tumors with no observ-
able adverse effects in either model [39]. Similarly, MEDI-
547 effectively inhibited endometrial cancer growth in 
mouse orthotopic xenograft tumor models without overt 
signs of toxicity, while also reducing metastatic spread 
[40].

Despite these promising preclinical findings, clotting 
abnormalities were reported in cynomolgus monkey, 
mouse, and rat models, and hematological toxicity was 
observed as a dose-limiting toxicity in human studies 
[50]. The first-in-human Phase 1 trial (NCT00796055) 
was terminated prior to enrollment of the second dose 
escalation cohort, due to bleeding and coagulation events 
in 5 of the 6 treated patients. As a result, further clinical 
investigation of MEDI-547 was discontinued [10, 50].

DS-8895a (Daiichi Sankyo)
DS-8895a, an afucosylated anti-EphA2 mAb, demon-
strated increased in vitro antibody-dependent cell-medi-
ated cytotoxicity (ADCC) and significantly inhibited 
tumor growth in EphA2-positive breast and gastric 
cancer xenograft mouse models [41]. In the first-in-
human Phase 1 dose escalation/dose expansion study 
(NCT02004717), DS-8895a was generally well tolerated 
in patients with EphA2-positive esophageal and gas-
tric cancers (dose expansion arm) when administered 
at 20 mg/kg. Infusion-related reactions were reported in 
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40% of patients, but these were low grade and considered 
manageable [11]. Despite evidence of enhanced ADCC 
activity, DS-8895a did not induce strong tumor shrink-
age, and all enrolled patients ultimately discontinued the 
study [11]. Subsequent investigation in a Phase 1 safety 
and bioimaging study of patients with advanced EphA2-
positive cancers (NCT02252211) also failed to demon-
strate adequate therapeutic efficacy of DS-8895a at 1 mg/
kg and 3 mg/kg (as seen by 89Zr-DS-8895a imaging), 
likely due to low tumor uptake [42]. Biodistribution data 
from this trial were central in stopping further clinical 
development of DS-8895a; biodistribution was a second-
ary endpoint alongside tumor uptake [bioimaging] and 
pharmacokinetics [42].

 MM-310 (Merrimack Pharmaceuticals, Inc.)
MM-310 is a liposomal formulation of a docetaxel pro-
drug, conjugated to a high affinity single-chain vari-
able fragment targeting EphA2, designed for sustained 
delivery of active drug to solid tumors [43, 44, 51]. Pre-
clinical studies have demonstrated a strong correlation 
between EphA2 expression and the uptake or biodis-
tribution of MM-310 [44, 45]. Multiple xenograft mod-
els have demonstrated that MM-310 has greater tumor 

penetration and overall antitumor activity compared to 
its non-targeted counterpart or to free docetaxel, while 
maintaining a favorable toxicity profile [7, 44]. Specifi-
cally, MM-310 was able to overcome the hematological 
toxicity associated with free docetaxel, with no coagu-
lopathies or bleeding events reported; this was correlated 
with reduced systemic exposure to docetaxel following 
MM-310 administration compared to administration of 
docetaxel alone [44, 52]. Again, despite these promising 
preclinical results, the first-in-human Phase 1 study for 
MM-310 (NCT03076372) was unable to reach an optimal 
therapeutic index. Cumulative Grade 3 peripheral neu-
ropathy emerged as a significant safety concern, leading 
to termination of the study and the clinical development 
program for MM-310 [12, 46].

Dasatinib (Bristol-Myers Squibb)
Dasatinib is a kinase inhibitor that was developed to tar-
get Abl and Src protein tyrosine kinases; however, protein 
profiling studies have revealed that dasatinib interacts 
with more than 30 kinases, including EphA2 [47, 53]. 
Dasatinib is highly effective against Philadelphia chro-
mosome-positive chronic myeloid leukemia and acute 
lymphoblastic leukemia and is approved in the US and 

Table 1  Early EphA2-targeting agents in oncology
Agent/Class MOA Status Reason for 

discontinuation
MEDI-547 (1C1-mcM-
MAF) [10, 39, 40]
Antibody drug 
conjugate

A human immunoglobulin G1 mAb directed against EphA2 (1C1) conjugated 
to the microtubule inhibitor MMAF using a stable maleimidocaproyl (mc) 
linker
Upon internalization of MEDI-547, mcMMAF is released from 1C1 by lyso-
somal degradation of the antibody component, leading to cell cycle arrest, 
microtubule disruption, and apoptotic cell death

Clinical develop-
ment discontinued

Safety concerns 
(bleeding/coagula-
tion events)

DS-8895a [11, 41, 42]
Anti-EphA2 antibody

A humanized anti-EphA2 mAb that has been afucosylated to enhance ADCC Clinical develop-
ment discontinued

Insufficient efficacy
(response not suf-
ficient to induce 
strong tumor shrink-
age, likely due to 
low tumor uptake)

MM-310 (EphA2-ILs-
DTXp) [7, 12, 43–46]
Antibody targeted 
nanoparticle

Liposomal formulation of a docetaxel prodrug conjugated to a high affinity 
signal-chain variable fragment targeting EphA2
Following accumulation of MM-310, docetaxel is released from MM-310 and 
accumulates at the tumor site, resulting in cell cycle arrest and the induc-
tion of cell death. MM-310 increases the half-life of docetaxel and provides 
enhanced and specific accumulation in EphA2-expressing tumors

Clinical develop-
ment discontinued

Safety concerns
(cumulative Grade 
3 peripheral 
neuropathy)

Dasatinib [13, 47, 48]
Kinase inhibitor

Inhibits EphA2 directly by preventing its activation through phosphorylation, 
blocking downstream signaling pathways

FDA and EMA 
approved for the 
treatment of Ph+ 
CML and ALL
Clinical develop-
ment discontinued 
in solid tumors

Poor efficacy in solid 
tumors

Source: Agents identified through Clinicaltrials.gov search for oncology [condition/disease] plus EphA2 [other terms] with completed/terminated/withdrawn/
unknown status; agents from the following trials were identified in search but not included in table due to lack of available additional information: NCT05198843 
(trial terminated); NCT02575261 (trial withdrawn); and NCT03423992 (unknown status; although results were published in 2021 from three patients proposing 
additional studies are needed [49]). ADCC, antibody-dependent cellular cytotoxicity; ALL, acute lymphoblastic leukemia; CML, chronic myeloid leukemia; EphA2, 
erythropoietin-producing hepatocellular receptor A2; EMA, European Medicines Agency; FDA, Food and Drug Administration; mAb, monoclonal antibody; 
mcMMAF, maleimidocaproyl monomethylauristatin phenylalanine; MMAF, monomethylauristatin phenylalanine; MOA, mechanism of action; Ph+, Philadelphia 
chromosome-positive
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EU for both indications [13, 47, 54, 55]. Preclinical data 
demonstrate in vitro antitumor activity and direct EphA2 
targeting by dasatinib in pancreatic cancer cell lines and 
murine xenograft models [48]. However, despite demon-
strating clinical efficacy in blood tumors, clinical trials 
in solid tumors have been unsuccessful. Across 11 clini-
cal trials involving 459 patients treated with dasatinib, 
no patient achieved a complete response, only 10 (2%) 
achieved a partial response, and 150 (33%) achieved sta-
ble disease as their best response [13].

Targeting EphA2 in solid tumors: a future success?
Despite setbacks with early EphA2-targeting agents, 
there remains significant interest in EphA2 as a therapeu-
tic target across multiple solid tumor types. A review of 
manuscripts from PubMed and abstracts from relevant 
oncology congresses (November 2021 to July 2024) iden-
tified 26 manuscripts/congress abstracts reporting on 23 
EphA2-targeting agents currently in preclinical or clinical 
development. These agents span a range of tumor types, 
including brain, breast, cervical, lung, melanoma, osteo-
sarcoma, pancreatic, and prostate cancers. The agents 
currently in development belong to diverse drug classes, 
including EphA2-targeted antibodies, ADCs, EphA2 
antagonists, peptide drug conjugates, bicyclic peptide 
drug conjugates, and tyrosine kinase inhibitors (Supple-
mental Methods; Supplementary Table S1). Several early 
phase clinical trials are currently ongoing (Table 2). 
Among these, the largest is evaluating BT5528, which has 
shown an emerging differentiated safety profile, promis-
ing antitumor activity in patients with advanced solid 
tumors, and has no treatment-related adverse events 
(TRAEs) of hemorrhage reported to date [56–59]. Clini-
cal trial results for the other agents have not yet been 
published.

BT5528: making EphA2-targeting a reality
Bicycle® molecules represent a novel class of therapeu-
tics currently under clinical evaluation that offer the 
manufacturing and pharmacokinetic advantages of small 
molecules with the high binding specificity of biolog-
ics [60–62], making them ideally suited for the targeted 
delivery of a variety of payloads to solid tumors. Bicycle 
molecules are based on short, synthetic, phage-derived 
peptides (typically 9–20 amino acids long) that are con-
strained by a molecular scaffold to form two stable loops, 
resulting in molecules that are stabilized in optimal 
binding conformations [63, 64]. Bicycle Drug Conjugate 
(BDC) molecules are a type of Bicycle molecule compris-
ing a tumor-targeting bicyclic peptide conjugated to a 
payload, typically a cytotoxin.

BT5528 is an EphA2-targeting Bicycle Drug Conju-
gate (BDC) that comprises a Bicycle peptide that binds 
with high affinity and specificity to EphA2, linked to the 

cytotoxin monomethyl auristatin E (MMAE) via a valine-
citrulline cleavable linker (Fig. 1A) [60, 65]. BT5528 
can deliver its MMAE payload via two mechanisms: 1) 
receptor-mediated internalization and payload release 
after endo-lysosomal trafficking and 2) bystander kill-
ing, which does not require internalization and occurs 
via extracellular release of MMAE into the tumor micro-
environment or through diffusion from a cell where the 
MMAE was released intracellularly [65].

The Bicycle peptide component of BT5528 was selected 
from phage library screening of short peptides containing 
three strategically placed cysteine residues interspersed 
with random amino acids [66]. Further optimization of 
the Bicycle peptide utilized structure-guided and rational 
drug design principles. The final peptide has high affinity 
for the ligand-binding domain of EphA2, with a footprint 
that overlaps the binding site reported for endogenous 
ephrin ligands [67].

Key attributes of BT5528
BT5528 possesses key attributes that distinguish it as a 
promising potential EphA2-targeted therapy, distinct 
from those of previous EphA2-targeting agents that have 
had clinical development discontinued (see Table 1).

High affinity and specificity
BT5528 combines high specificity and affinity for EphA2, 
enabling precision-guided delivery of MMAE to the 
tumor (Table 3). Its binding affinity is similar to that of 
biologics; however, in contrast with previous EphA2-
targeting agents, BT5528 is also highly specific for EphA2 
(Table 3) [65]. In a protein array of 5528 proteins, 1 µM of 
BT5528 was observed to bind exclusively to EphA2 (Bicy-
cleTx Ltd unpublished data). Furthermore, quantifica-
tion of cell surface-bound MMAE using an anti-MMAE 
antibody and confocal high content screening demon-
strated binding of BT5528 to the surface of HT-1080 cells 
expressing high levels of EphA2 [65].

Short plasma half-life
BT5528 has a short plasma half-life, with transient sys-
temic exposure and rapid clearance of plasma MMAE (Fig. 
1B) [65]. Minimizing systemic exposure of BT5528 reduces 
exposure of non-target healthy tissue to MMAE [65, 74] and 
may explain the lack of BT5528-related hematological toxic-
ity. In translational non-human primate (NHP) studies, no 
evidence of bleeding or hemorrhage (assessed by clinical 
signs and histopathology) were observed at doses exceeding 
the maximum tolerated dose, with no effect on the coagula-
tion parameters D-dimer, activated partial thromboplastin 
time, and prothrombin time (Fig. 1C) [65]. A similar lack 
of hematological toxicity was observed following treatment 
with MM-310, which has a slow-release EphA2-targeted 
liposomal formulation and limited systemic exposure to the 



Page 5 of 11Bennett et al. Journal of Translational Medicine          (2026) 24:322 

payload docetaxel [44]. In contrast, the serum concentra-
tion of the EphA2-targeting ADC MEDI-547 (0.08 mg/kg) 
persists in patients after 3 days, and both treatment-related 
bleeding and coagulation events have been observed [10].

Small size
As a peptide-drug conjugate, with a low molecular weight 
of ~4.4 kDa, BT5528 is predominantly cleared through 
the kidney and bladder, with minimal exposure to the liver 
[60, 65]. Preclinical NHP toxicity studies for BT5528 dem-
onstrated a lack of liver-related toxicity, with no changes 
in the liver enzymes alanine aminotransferase or aspartate 

aminotransferase following either a low or high dose of 
BT5528 (Fig. 1C) [65].

Rapid and extensive tumor distribution
Because of its low molecular weight, BT5528 is rapidly dis-
tributed, with rapid tumor uptake and retention of MMAE, 
at levels that exceed those in plasma circulation, persist-
ing for at least 48 hours (Fig. 1B) [60, 65, 74, 75]. Due to 
the persistent tumor exposure to MMAE, antitumor activ-
ity of BT5528, has been demonstrated (Fig. 1D), including 
complete tumor regression correlating with EphA2 expres-
sion [65]. This has been shown in murine cell-line derived 

Table 2  Ongoing trials of EphA2-targeting oncology agents, by primary completion date (as of 15 September 2025)
Agent/Class Trial 

(enrollment)
Tumor Status Endpoints Estimated 

primary 
completion

P30-EPS vaccine
Peptide-based tumor-
associated antigen 
vaccine

NCT05283109
Interventional 
Ph 1 (N = 24)

Grade IV malig-
nant glioma

Active, not 
recruiting

Primary: DLTs
Secondary: Change in mean fold increase in pp56-specific 
T cells and EphA2- or survivin-specific T cells; median 
survival; median PFS

April 2025 
(actual)

EphA2-targeting 
DOPC-encapsulated 
siRNA
siRNA

NCT01591356
Interventional 
Ph 1 (N = 49)

Solid tumors Active, not 
recruiting

Primary: Safety and tolerability; MTD
Secondary: Changes in EphA2 expression; changes in 
endothelial and tumor cell apoptosis; BoR; DoR; TTP

April 2025

BT5528
Bicycle®Drug Conjugate

NCT04180371
Interventional
Ph 1/2 (N ≈ 288)

Advanced solid 
tumors associ-
ated with EphA2 
expression

Recruiting Primary: MTD, safety and tolerability (esc); ORR, DoR, CBR, 
PFS, OS (exp)
Secondary: ORR, DoR, CBR, time to progression, PFS, OS 
(esc); safety; PK parameters; ADAs; association between 
EphA2 expression and response (exp)

October 
2025
(Ph 1 data 
published 
[56])

TP53-EphA2-CAR-DC
CAR-DC vaccine

NCT05631886
Interventional
Ph 1 (N ≈ 10)a

La/m solid 
tumors

Recruiting Primary: Safety and tolerability; clinical response; immune 
response
Secondary: PFS; OS, TTR; DoR; number and copy number 
of TP53-EphA2-CAR-DCs; level of cytokines in serum

December 
2025

KRAS-EphA2-CAR-DC 
CAR-DC vaccine

NCT05631899
Interventional
Ph 1 (N ≈ 15)

La/m solid 
tumors

Recruiting Primary: Safety and tolerability; clinical response; immune 
response
Secondary: PFS; OS; TTR; DoR; number and copy number 
of KRAS-EphA2-CAR-DCs; level of cytokines in serum

December 
2025

EphA2-targeted CAR-T 
cells and CAR-DCs
CAR-DC and CAR-T cell 
therapy

NCT06972576
Interventional 
(N ≈ 18)

Advanced NSCLC Recruiting Primary: Safety; MTD; remission rate
Secondary: ORR; OS; DFS; in vivo persistence, immu-
nophenotype, and functional activity of CAR-T cells and 
CAR-DCs following infusion; safety

April 2026

E-SYNC CAR-T Cells
CAR-T cell therapy

NCT06186401
Interventional 
Ph 1 (N ≈ 20)

EGFRvIII positive 
(+) glioblastoma

Recruiting Primary: Safety and tolerability
Secondary: Patients (%) who successfully receive E-SYNC T 
cells; primed E-SYNC T cells (%) in TILs vs PBMC

August 
2026

TBVA-Dendritic Cell 
Vaccine
DC vaccine

NCT05127824
Interventional 
Ph 2 (N ≈ 42)

Non-metastatic 
ccRCC

Recruiting Primary: Immune response; safety and tolerability, DLTs
Secondary: Effect of treatment on markers of vascular 
normalization

December 
2026

SC-102
Peptide drug conjugate

NCT06710158
Interventional 
Ph 1 (N ≈ 120)

Advanced solid 
tumors

Recruiting Primary: Safety and tolerability; MTD; ORR
Secondary: PK parameters; ADAs; DoR; DCR

December 
2026

Source: Unless otherwise stated, information sourced from https://clinicaltrials.gov by NCT number, searching ‘EphA2’ in ‘other terms’ and manually selecting 
ongoing trials in solid tumors
aIncludes patients with relapsed/refractory lymphomas

ADA, antidrug antibodies; BoR, best overall response; CAR-DC, chimeric antigen receptor engineered dendritic cell; CAR-T, chimeric antigen receptor T-cell therapy; 
CBR, clinical benefit rate; ccRCC, clear cell renal cell carcinoma; CR, complete response; DC, dendritic cell; DCR, disease control rate; DFS, disease free survival; 
DLT, dose-limiting toxicity; DOPC, 1,2-dioleoyl-sn-glycero-3-phosphatidylcholine; DOR, duration of response; EGFRvIII, epidermal growth factor receptor variant 
III; esc, dose escalation; exp, dose expansion; la/m, locally advanced/metastatic; MTD, maximal tolerated dose; ORR, objective response rate; NSCLC, non-small cell 
lung cancer; OS, overall survival; PBMC, peripheral blood mononuclear cells; PFS, progression-free survival; Ph, Phase; PK, pharmacokinetics; PR, partial response; 
SD, stable disease; siRNA, small interfering ribonucleic acid; TBVA, tumor blood vessel antigen; TEAE, treatment-emergent adverse event; TIL, tumor-infiltrating 
lymphocyte; TTP, time to progression; TTR, time to response

https://clinicaltrials.gov
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Fig. 1 (See legend on next page.)
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and patient-derived xenograft models of multiple tumor 
types, including lung, breast, prostate, gastric, and sar-
coma as well as difficult-to-treat and highly-resistant mod-
els of pancreatic disease and metastatic disease [76, 77]. In 
EphA2-expressing HT-1080 xenografts, complete regres-
sion was observed by Day 14 following exposure to BT5528 
(3 mg/kg) once weekly [65], while in larger, more complex 
murine xenograft models of NSCLC and prostate cancer 
(LU-01–0251 and PC-3, respectively), complete regression 
was observed by Day 28 [65]. Of note, in patient-derived 
xenograft models, similar antitumor activity was observed 
for both small and large NSCLC tumors, despite the poor 
vasculature of large tumors, suggesting that BT5528 can 
achieve deep penetration into the tumor tissue [65]. It is 
anticipated that sensitivity to BT5528 will be retained upon 
re-challenge, as demonstrated in an NSCLC xenograft 
model with BCY6033, an EphA2-targeting BDC™ molecule 
analogous to BT5528 [78].

In general, preclinical antitumor activity with BT5528 
was at least as good as with ADCs: BT5528 induced tumor 
regression in the HT-1080 and PC-3 xenograft models that 
was comparable to an EphA2-targeted ADC (1C1-mcM-
MAF); however, faster and more complete antitumor activ-
ity was seen with BT5528 than the ADC for large NSCLC 
patient-derived tumors, despite equivalent antitumor activ-
ity in small tumors of the same type [65]. This difference 
may relate to extent of tumor uptake with Bicycle molecules 
versus antibodies: micro positron emission tomography 
(µPET) imaging studies using a Gallium 68 (68Ga) radiola-
beled EphA2-targeting Bicycle binder BCY6164 (a close 
analogue of the peptide used in BT5528 conjugated to 
DOTA chelating group) in mice bearing subcutaneous 
HT-1080 xenografts, showed high and specific tumor tar-
geting 1 hour post-dose [60, 65]; however, a biodistribution 
study of the antibody radionuclide conjugate 89Zr-DS-8995a 
in patients demonstrated low tumor uptake associated with 
a low response [42].

Promising clinical progress with BT5528
Although preliminary, available clinical data for BT5528 
are consistent with preclinical data and provide evidence of 
a promising efficacy-safety profile. These data suggest that 

Bicycle technology may offer a means to effectively target 
EphA2 without the safety issues that have plagued available 
ADCs.

The first-in-human Phase 1/2 trial (NCT04180371) is 
being conducted to investigate the safety and tolerability 
of BT5528 in patients with advanced solid tumors known 
to express EphA2; the trial includes both dose escalation 
(2.2–8.5 mg/m2 IV once weekly or 6.5–10.0 mg/m2 IV every 
other week) and dose expansion (6.5 mg/m2 IV every other 
week and 5 mg/m2 IV once weekly) parts [56, 58, 59]. Early 
evidence from this ongoing study has shown BT5528 to be 
generally tolerable, with preliminary antitumor activity. To 
date, no treatment-related bleeding or hemorrhage events 
have been observed in dose escalation (N = 128) [56, 58, 
59], similar to MM-310 as discussed previously. Across the 
dose escalation and dose expansion parts of the study, 128 
patients have received BT5528 monotherapy, with objective 
responses observed in urothelial carcinoma [UC], HNSCC, 
and ovarian cancer [58]. The greatest antitumor activity was 
observed in patients with UC; efficacy-evaluable patients 
in the 6.5 mg/m2 once every 2 weeks and the 5 mg/m2 once 
weekly cohorts achieved 45% and 27% objective response 
rates, respectively [58]. Gastrointestinal disorders were the 
most common TRAEs overall (64%), and the incidence of 
treatment-related peripheral neuropathy (TRPN) was 19% 
and 29% at the two doses tested (6.5 mg/m2 IV every other 
week and 5 mg/m2 IV once weekly, respectively), with no 
Grade ≥3 TRPN [57, 58]. In contrast, MM-310 was discon-
tinued because of cumulative Grade 3 peripheral neuropa-
thy [12, 46].

EphA2-targeted delivery of other payloads
While much focus has been on the delivery of chemo-
therapies as payloads, radionuclide-conjugated EphA2-
targeted peptides are also in development for diagnostic 
and therapeutic use. Specifically, 177Lu-RAYZ-6114 and 
-6283 have demonstrated high tumor uptake and 177Lu-
RAYZ-6114 inhibits tumor growth in vivo [79]. Fur-
thermore, the EphA2-targeted radionuclide-peptide 
conjugate 99mTc-HYNIC-PEG4-EPH-3 has potential for 
diagnosis of tumor with high EphA2 expression due to its 
tumor-targeting capability [80].

(See figure on previous page.)
Fig. 1  Structure of BT5528 and key preclinical data. Source: Bennet et al. 2020 [65]. Reused with permission from Mol Cancer Ther [65]. A) Structure of 
BT5528. Purple: bicycle binder; orange: spacer (10 × sarcosine); cyan: cleavable linker, glutaryl-Val-Cit-PAB; red: cytotoxin MMAE; B) Systemic clearance 
of BT5528 and MMAE.a BT5528 gives rise to transient MMAE levels in plasma: PK profiles of BT5528 and MMAE in plasma and MMAE in tumor samples 
following dosing with BT5528. Error bars indicate SD of n = 3 (PC3 xenograft model; BT5528 IV 0.5 mg/kg); C) Markers of hematologic and hepatic 
toxicity.b Clotting and liver parameters: BT5528 dosing to cynomolgus monkeys does not cause bleeding, coagulation, or liver toxicity: D-dimer, APTT, 
ALT, and AST responses (on day 32) following low (0.75 mg/kg) and high (1.5 mg/kg) BT5528 intravenous dosing to cynomolgus monkeys (three male 
and three female) on Days 1, 8, 15, 22, and 29; D) BT5528 antitumor activity.d BT5528 gives rise to significant antitumor activity: tumor volume follow-
ing BT5528 IV 0.5 mg/kg weekly (PC3 xenograft model). Error bars indicate SD of n = 3 (*, p < 0.05; **, p < 0.01; ***, p < 0.001; two-way ANOVA with Sidak’s 
multiple comparisons test). an = 3; bCynomolgus monkeys (three male and three female) dosed with vehicle or BT5528 0.75 mg/kg or 1.5 mg/kg IV on Days 
1, 8, 15, 22, and 29; cTumor volume in PC3 xenograft model (prostate cancer cell line) following dosing with vehicle or BT5528 0.5 mg/kg IV once weekly; 
error bars indicate SD of n = 3 (*p < 0.05; **p < 0.01; ***p < 0.001; two-way ANOVA). ALT, alanine aminotransferase; ANOVA, analysis of variance; APTT, 
activated partial thromboplastin time; AST, aspartate aminotransferase; D-Asp, D-aspartic acid; Harg, homoarginine; HyP, hydroxyproline; IV, intravenous; 
MMAE, monomethyl auristatin E; pHH3, phosphohistone H3; PK, pharmacokinetics; Sar, sarcosine; SD, standard deviation
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Leveraging the rapid and extensive targeted distribution 
of Bicycle molecules, the Bicycle Radionuclide Conjugate 
(BRC) BCY18469 is being explored preclinically, radiola-
beled with positron-emitting radionuclide 68Ga for PET 
imaging and with the photon-emitting indium-111 (111In) 
for single photon emission computed tomography (SPECT) 
imaging [81]. SPECT imaging of [111In]In-BCY18469 in a 
PC-3 xenograft model demonstrated good tumor uptake at 
1 hour and roughly 50% retention at 24 hours post-injection, 
with clear contrast between the tumor versus surrounding 
tissue (Fig. 2) [81]. Similar research is ongoing with EphA2-
targeting fluorine-18 [18F]‑labeled and [68Ga]‑labeled bicy-
clic peptides for non-invasive detection of prostate-specific 
membrane antigen-negative prostate cancer and pancre-
atic adenocarcinoma [82, 83]. In addition, in a subcuta-
neous KPC model of pancreatic cancer, which replicates 
the treatment resistant nature of the disease, an [225Ac]-
labeled bicyclic peptide significantly improved response 
and survival when compared to control groups [82]. These 
data highlight the potential value of EphA2 targeting 
radiopharmaceuticals.

Bicycle molecules can also be conjugated to immune-
targeted Bicycle peptides to create Bicycle tumor-targeted 
immune cell agonists (Bicycle TICAs) [84, 85]. BCY12491, 
an EphA2- and CD137-targeting Bicycle TICA, exhibits 
highly potent activation of peripheral blood mononuclear 
cells in the presence of EphA2-expressing tumor cell lines, 
as well as CD8+ T cell–mediated tumor regression, immu-
nologic memory, and significant modulation of the tumor 
microenvironment in preclinical murine syngeneic tumor 
models [85]. In addition, Bicycle TICAs that target both 
EphA2 and the natural killer (NK) cell surface receptor 
NKp46 (termed NK-TICA), have been found to drive potent 
activation and NK cell–mediated in vitro tumor cytotoxicity 
[84, 86]. Thus, Bicycle TICAs are well positioned to exploit 
the precision-targeted delivery of Bicycle molecules along-
side immune cell agonism in the treatment of cancer.

Conclusions
In summary, EphA2 is a target of great interest in oncol-
ogy. Historically, clinical development of EphA2-targeted 
therapies has been difficult, with issues in both efficacy and 
safety. Although several novel next-generation agents that 

Table 3  Key attributes of BT5528 and other EphA2-targeted agents
Entity/
Characteristic

BT5528 MEDI-547 DS-8895a MM-310 Dasatinib

Affinity KD 0.88–2.67 nM
(to purified EphA2 of 
human, mouse, rat, or cyno-
molgus monkey) [65]

KD 0.59–1.33 nM (to 
purified EphA2 of human, 
mouse, rat or cynomolgus 
monkey) [39]

High affinity [68] High affinity [19] Sub 
micromolar 
affinity across 
kinases [69]

Specificity High: only EphA2
(highly selective 
against > 5,000 other 
targets, including closely 
related human and rodent 
homologs [EphA3-7; EphB1; 
and EphB4] [65]

High: EphA2+FcR
(specific binding to EphA2 
vs any other EphA or EphB 
receptors; presence of 
Fc-binding domain on 
antibody) [39]

High: EphA2+FcR
(specific binding to EphA2 vs 
proteins similar to the region 
containing the C-terminal FnIII 
domain of EphA2; binding af-
finity between Fc and FcᵧRIIIa) 
[41, 42]

High: EphA2
(specific binding to 
EphA2; no Fc binding 
as comprises only the 
high-affinity single-
chain variable fragment 
of antibody) [43, 44]

Low
(acts on mul-
tiple kinases 
including 
EphA2) [47]

Half-life Short
0.3–0.6 hours (across 
preclinical studies in 
mouse, rat, and nonhuman 
primate) [65]

Long
Data not available but 
expected to be consistent 
with other ADCs

Long
~10–14 days (patients with 
EphA2-positive esophageal 
and gastric cancer exposed to 
Cycle 1 at 20.0 mg/kg) [11]

Short
~13–18 hours (pre-
clinical studies in dogs 
exposed to 5–15 mg/
kg) [44]

Short
4.3 hours (pa-
tients with 
advanced 
solid tumors 
exposed to 
100 mg twice 
daily) [70]

Size ~4.4 kDaa [65] ~150 kDab [65]
11–12 nm hydrodynamic 
diameterb [71]

~150 kDab [65]
11–12 nm hydrodynamic 
diameterb [71]

~100 nm hydrodynamic 
diameterc [72]

0.49 kDaa 
[73]

Tumor 
distribution

Rapid and extensive distri-
bution with payload tumor 
retention [65]

Slow, limited distribution 
(poor extravasation due to 
large size) [65]

Slow, limited distribution 
(poor extravasation due to 
large size) [42, 65]

Rapid and extensive dis-
tribution (tumor vessels 
extravasate liposomes) 
[44, 71] with slow and 
sustained release of 
payload [44]

Rapid and 
extensive 
distribution 
[47]

aHydrodynamic diameter not available
bTypical molecular weight and hydrodynamic diameter for antibodies/ADCs [65]
cTypical hydrodynamic diameter for a nanoliposome; molecular weight not available [72]

ADC, antibody drug conjugate; EphA2, erythropoietin-producing hepatocellular receptor A2; KD dissociation constant; kDa, kilodaltons
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target EphA2 are in preclinical development, the BDC® mol-
ecule BT5528 is the only such agent to have reported prom-
ising antitumor activity and limited toxicity compared with 
previous EphA2-targeting investigational drugs. The ongo-
ing work on BT5528, together with other Bicycle molecules, 
demonstrates potential for the targeting of EphA2 in the 
diagnosis and treatment of solid tumors.

Abbreviations
ADC	� Antibody drug conjugate
ADCC	� Antibody-dependent cell-mediated cytotoxicity
Bicycle TICAs	� Bicycle® tumor-targeted immune cell agonists
BDC®	� Bicycle® Drug Conjugate
BRC®	� Bicycle® Radionuclide Conjugate
EphA2	� Erythropoietin-producing hepatocellular receptor A2
HNSCC	� Head and neck squamous-cell carcinoma
mAb	� Monoclonal antibody
mcMMAF	� Maleimidocaproyl monomethyl auristatin F
MMAE	� Monomethyl auristatin E

NHP	� Non-human primate
NK	� Natural killer
NSCLC	� Non-small cell lung cancer
PAAD	� Pancreatic adenocarcinoma
PDAC	� Pancreatic ductal adenocarcinoma
SPECT	� Single photon emission computed tomography
TRAE	� Treatment-related adverse events
UC	� Urothelial carcinoma
µPET	� Micro positron emission tomography

Supplementary information
The online version contains supplementary material available at ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​​1​1​8​6​​/​s​​1​2​9​6​7​-​0​2​6​-​0​7​8​7​0​-​3.

Supplementary material 1

Acknowledgements
Not applicable.

Fig. 2   SPECT imaging of [111In]In-BCY18469 in a tumor xenograft mouse model. Source: El Fakiri et al. 2024 [81]. Reused with permission from Theranos-
tics. SPECT/CT imaging was performed in three 5- to 8-week-old male athymic nude mice (Janvier Labs, UK) inoculated with PC-3 cells Maximum intensity 
projection at 1 and 24 h p.i. of 230 pmol (5.3 ± 0.2 MBq) of [111In]In-BCY18469

 

https://doi.org/10.1186/s12967-026-07870-3
https://doi.org/10.1186/s12967-026-07870-3


Page 10 of 11Bennett et al. Journal of Translational Medicine          (2026) 24:322 

Author contributions
 All authors contributed to the conception, writing and editing of the article. 
All authors read and approved the final manuscript.

Funding
 This work was funded by BicycleTx Ltd. Medical writing support was provided 
by Becky Bradley, PhD, and Rebecca L. Crepeau, PhD, of Avalere Health Global 
Limited, which was funded by BicycleTx Ltd.

Data availability
 Not applicable.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
GB, JR, and GM are employees of Bicycle Therapeutics and own stocks/stock 
options in the company.

Received: 27 October 2025 / Accepted: 8 February 2026

References
1.	 Siegel RL, Kratzer TB, Giaquinto AN, Sung H, Jemal A. Cancer statistics, 2025. 

CA Cancer J Clin. 2025;75(1):10–45.
2.	 Dunne PD, Dasgupta S, Blayney JK, et al. EphA2 expression is a key driver of 

migration and invasion and a poor prognostic marker in colorectal ancer. Clin 
Cancer Res. 2016;22(1):230–42.

3.	 Kinch MS, Moore MB, Harpole DH Jr. Predictive value of the EphA2 receptor 
tyrosine kinase in lung cancer recurrence and survival. Clin Cancer Res. 
2003;9(2):613–18.

4.	 Liu Y, Zhang X, Qiu Y, et al. Clinical significance of EphA2 expression in 
squamous-cell carcinoma of the head and neck. J Cancer Res Clin Oncol. 
2011;137(5):761–69.

5.	 Thaker PH, Deavers M, Celestino J, et al. EphA2 expression is associ-
ated with aggressive features in ovarian carcinoma. Clin Cancer Res. 
2004;10(15):5145–50.

6.	 Herrem CJ, Tatsumi T, Olson KS, et al. Expression of EphA2 is prognostic of 
disease-free interval and overall survival in surgically treated patients with 
renal cell carcinoma. Clin Cancer Res. 2005;11(1):226–31.

7.	 Kamoun W, Swindell E, Pien C, et al. Targeting EphA2 in bladder cancer using 
a novel antibody-directed nanotherapeutic. Pharmaceutics. 2020;12(10):996.

8.	 Mudali SV, Fu B, Lakkur SS, Luo M, Embuscado EE, Iacobuzio-Donahue CA. 
Patterns of EphA2 protein expression in primary and metastatic pancre-
atic carcinoma and correlation with genetic status. Clin Exp Metastasis. 
2006;23(7–8):357–65.

9.	 Zhou L, Lu X, Zhang B, Shi Y, Li Z. EphA2 as a new target for breast cancer and 
its potential clinical application. Int J Clin Exp Pathol. 2021;14(4):484–92.

10.	 Annunziata CM, Kohn EC, LoRusso P, et al. Phase 1, open-label study of MEDI-
547 in patients with relapsed or refractory solid tumors. Invest New Drugs. 
2013;31(1):77–84.

11.	 Shitara K, Satoh T, Iwasa S, et al. Safety, tolerability, pharmacokinetics, and 
pharmacodynamics of the afucosylated, humanized anti-EPHA2 antibody 
DS-8895a: a first-in-human phase I dose escalation and dose expansion study 
in patients with advanced solid tumors. J Immunother Cancer. 2019;7(1):219.

12.	 Merrimack discontinues development of MM-310. 2019. ​h​t​t​p​​s​:​/​​/​w​w​w​​.​p​​r​n​e​​w​
s​w​​i​r​e​.​​c​o​​m​/​n​​e​w​s​​-​r​e​l​​e​a​​s​e​s​​/​m​e​​r​r​i​m​​a​c​​k​-​d​​i​s​c​​o​n​t​i​​n​u​​e​s​-​​d​e​v​​e​l​o​p​​m​e​​n​t​-​​o​f​-​​m​m​-​3​​1​
0​​-​3​0​0​8​2​5​0​1​8​.​h​t​m​l.

13.	 Chapdelaine AG, Sun G. Molecular pharmacology of dasatinib provides 
unique insights into the mechanistic basis of success and failure of targeted 
cancer therapy. ACS Pharmacol Transl Sci. 2025;8(1):1–9.

14.	 Cui XD, Lee MJ, Kim JH, et al. Activation of mammalian target of rapamycin 
complex 1 (mTORC1) and Raf/Pyk2 by growth factor-mediated Eph receptor 

2 (EphA2) is required for cholangiocarcinoma growth and metastasis. Hepa-
tology. 2013;57(6):2248–60.

15.	 Miao H, Li DQ, Mukherjee A, et al. EphA2 mediates ligand-dependent inhibi-
tion and ligand-independent promotion of cell migration and invasion via a 
reciprocal regulatory loop with Akt. Cancer Cell. 2009;16(1):9–20.

16.	 Peng Q, Chen L, Wu W, et al. EPH receptor A2 governs a feedback loop 
that activates Wnt/β-catenin signaling in gastric cancer. Cell Death Dis. 
2018;9(12):1146.

17.	 Wilson K, Shiuan E, Brantley-Sieders DM. Oncogenic functions and therapeu-
tic targeting of EphA2 in cancer. Oncogene. 2021;40(14):2483–95.

18.	 Park JE, Son AI, Zhou R. Roles of EphA2 in development and disease. Genes. 
2013;4(3):334–57.

19.	 Xiao T, Xiao Y, Wang W, Tang YY, Xiao Z, Su M. Targeting EphA2 in cancer. J 
Hematol Oncol. 2020;13(1):114.

20.	 de Aguiar ACF, Ferreira N, Borba M, et al. TYRO3 and EPHA2 expression are 
dysregulated in breast cancer. Cell Biochem Funct. 2024;42(7):e4128.

21.	 Wykosky J, Gibo DM, Stanton C, Debinski W. Interleukin-13 receptor alpha 2, 
EphA2, and Fos-related antigen 1 as molecular denominators of high-grade 
astrocytomas and specific targets for combinatorial therapy. Clin Cancer Res. 
2008;14(1):199–208.

22.	 Abraham S, Knapp DW, Cheng L, et al. Expression of EphA2 and ephrin A-1 in 
carcinoma of the urinary bladder. Clin Cancer Res. 2006;12(2):353–60.

23.	 Amato KR, Wang S, Tan L, et al. EPHA2 blockade overcomes acquired resis-
tance to EGFR kinase inhibitors in lung cancer. Cancer Res. 2016;76(2):305–18.

24.	 Brannan JM, Dong W, Prudkin L, et al. Expression of the receptor tyrosine 
kinase EphA2 is increased in smokers and predicts poor survival in non-small 
cell lung cancer. Clin Cancer Res. 2009;15(13):4423–30.

25.	 Dai T, Liu Y, Cao R, Cao J. CBX7 regulates metastasis of basal-like breast cancer 
through Twist1/EphA2 pathway. Transl Oncol. 2022;24:101468.

26.	 Liu X, Li Y, Chen C, et al. Exosomal EphA2 promotes tumor metastasis of 
triple-negative breast cancer by damaging endothelial barrier. Clin Exp 
Metastasis. 2023;40(1):105–16.

27.	 Nikas I, Giaginis C, Petrouska K, et al. EPHA2, EPHA4, and EPHA7 expression in 
triple-negative breast cancer. Diagnostics (Basel). 2022;12(2):366.

28.	 Jagadeesan D, Sathasivam KV, Fuloria NK, et al. Comprehensive insights into 
oral squamous cell carcinoma: diagnosis, pathogenesis, and therapeutic 
advances. Pathol Res Pract. 2024;261:155489.

29.	 Bai J, Chen Y, Sun Y, et al. EphA2 promotes the transcription of KLF4 to 
facilitate stemness in oral squamous cell carcinoma. Cell Mol Life Sci. 
2024;81(1):278.

30.	 Sato S, Nakagawa M, Terashima T, et al. EphA2 proteolytic fragment as a sensi-
tive diagnostic biomarker for very early-stage pancreatic ductal carcinoma. 
Cancer Res Commun. 2023;3(9):1862–74.

31.	 Zou J, Zhang K, Zhu J, Tu C, Guo J. Identification of therapeutic targets and 
prognostic biomarkers of the ephrin receptor subfamily in pancreatic adeno-
carcinoma. J Int Med Res. 2024;52(1):3000605231218559.

32.	 Campbell CT, Smale R, Lee J, et al. Abstract 5300: A survey of EphA2 
expression by immunohistochemistry (IHC) in tumor tissue microar-
rays (TMAs) to support BT5528 indication selection. Cancer Res. 
2020;80(16_Supplement):5300.

33.	 Zelinski DP, Zantek ND, Stewart JC, Irizarry AR, Kinch MS. EphA2 overex-
pression causes tumorigenesis of mammary epithelial cells. Cancer Res. 
2001;61(5):2301–06.

34.	 Zeng G, Hu Z, Kinch MS, et al. High-level expression of EphA2 recep-
tor tyrosine kinase in prostatic intraepithelial neoplasia. Am J Pathol. 
2003;163(6):2271–76.

35.	 NCCN. NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines®). 
Pancreatic Adenocarcinoma. Version 2. 2025 - February 3, 2025. Updated 
February 3, 2025. Accessed September 3, 2025. ​h​t​t​p​​s​:​/​​/​w​w​w​​.​n​​c​c​n​​.​o​r​​g​/​p​r​​o​f​​e​s​
s​​i​o​n​​a​l​s​/​​p​h​​y​s​i​​c​i​a​​n​_​g​l​​s​/​​p​d​f​/​p​a​n​c​r​e​a​t​i​c​.​p​d​f

36.	 Cui XD, Lee MJ, Yu GR, et al. EFNA1 ligand and its receptor EphA2: potential 
biomarkers for hepatocellular carcinoma. Int J Cancer. 2010;126(4):940–49.

37.	 Kamat AA, Coffey D, Merritt WM, et al. EphA2 overexpression is associated 
with lack of hormone receptor expression and poor outcome in endometrial 
cancer. Cancer. 2009;115(12):2684–92.

38.	 Saito T, Masuda N, Miyazaki T, et al. Expression of EphA2 and E-cadherin 
in colorectal cancer: correlation with cancer metastasis. Oncol Rep. 
2004;11(3):605–11.

39.	 Jackson D, Gooya J, Mao S, et al. A human antibody-drug conjugate targeting 
EphA2 inhibits tumor growth in vivo. Cancer Res. 2008;68(22):9367–74.

https://www.prnewswire.com/news-releases/merrimack-discontinues-development-of-mm-310-300825018.html
https://www.prnewswire.com/news-releases/merrimack-discontinues-development-of-mm-310-300825018.html
https://www.prnewswire.com/news-releases/merrimack-discontinues-development-of-mm-310-300825018.html
https://www.nccn.org/professionals/physician_gls/pdf/pancreatic.pdf
https://www.nccn.org/professionals/physician_gls/pdf/pancreatic.pdf


Page 11 of 11Bennett et al. Journal of Translational Medicine          (2026) 24:322 

40.	 Lee JW, Stone RL, Lee SJ, et al. EphA2 targeted chemotherapy using an 
antibody drug conjugate in endometrial carcinoma. Clin Cancer Res. 
2010;16(9):2562–70.

41.	 Hasegawa J, Sue M, Yamato M, et al. Novel anti-EPHA2 antibody, DS-8895a for 
cancer treatment. Cancer Biol Ther. 2016;17(11):1158–67.

42.	 Gan HK, Parakh S, Lee FT, et al. A phase 1 safety and bioimaging trial of 
antibody DS-8895a against EphA2 in patients with advanced or metastatic 
EphA2 positive cancers. Invest New Drugs. 2022;40(4):747–55.

43.	 Geddie ML, Kohli N, Kirpotin DB, et al. Improving the developability of an 
anti-EphA2 single-chain variable fragment for nanoparticle targeting. MAbs. 
2017;9(1):58–67.

44.	 Kamoun WS, Kirpotin DB, Huang ZR, et al. Antitumour activity and tolerability 
of an EphA2-targeted nanotherapeutic in multiple mouse models. Nat 
Biomed Eng. 2019;3(4):264–80.

45.	 Kamoun WS, Luus L, Pien C, et al. Abstract 871: Nanoliposomal targeting of 
ephrin receptor A2 (EphA2): preclinical in vitro and in vivo rationale. Cancer 
Res. 2016;76(14_Supplement):871.

46.	 Ernstoff MS, Ma WW, Tsai FY-C, et al. A phase 1 study evaluating the safety, 
pharmacology and preliminary activity of MM-310 in patients with solid 
tumors. J Clin Oncol. 2018;36(15_suppl):TPS2604–2604.

47.	 FDA. PHYRAGO (dasatinib) [package insert]. U.S. Food and Drug Administra-
tion website. 2024. Revised December 2024. Accessed April 28, 2025. ​h​t​t​p​​s​:​/​​/​
w​w​w​​.​a​​c​c​e​​s​s​d​​a​t​a​.​​f​d​​a​.​g​​o​v​/​​d​r​u​g​​s​a​​t​f​d​​a​_​d​​o​c​s​/​​l​a​​b​e​l​​/​2​0​​2​4​/​2​​1​6​​0​9​9​s​0​0​3​l​b​l​.​p​d​f

48.	 Chang Q, Jorgensen C, Pawson T, Hedley DW. Effects of dasatinib on EphA2 
receptor tyrosine kinase activity and downstream signalling in pancreatic 
cancer. Br J Cancer. 2008;99(7):1074–82.

49.	 Lin Q, Ba T, Ho J, et al. First-in-human trial of EphA2-redirected CAR T-Cells in 
patients with recurrent glioblastoma: a preliminary report of three cases at 
the starting dose. Front Oncol. 2021;11:694941.

50.	 Fisher JE Jr. Considerations for the nonclinical safety evaluation of antibody-
drug conjugates. Antibodies (Basel). 2021;10(2):15.

51.	 Huang ZR, Tipparaju SK, Kirpotin DB, et al. Formulation optimization of an 
ephrin A2 targeted immunoliposome encapsulating reversibly modified 
taxane prodrugs. J Control Release. 2019;310:47–57.

52.	 Kirpotin DB, Tipparaju S, Huang ZR, et al. MM-310, a novel EphA2-targeted 
docetaxel nanoliposome. Cancer Res. 2016;76(14_Supplement):3912. 

53.	 Rix U, Hantschel O, Dürnberger G, et al. Chemical proteomic profiles of the 
BCR-ABL inhibitors imatinib, nilotinib, and dasatinib reveal novel kinase and 
nonkinase targets. Blood. 2007;110(12):4055–63.

54.	 Talpaz M, Shah NP, Kantarjian H, et al. Dasatinib in imatinib-resistant Philadel-
phia chromosome-positive leukemias. N Engl J Med. 2006;354(24):2531–41.

55.	 Kantarjian H, Shah NP, Hochhaus A, et al. Dasatinib versus imatinib in 
newly diagnosed chronic-phase chronic myeloid leukemia. N Engl J Med. 
2010;362(24):2260–70.

56.	 Bashir B, Wang JS, Falchook G, et al. Results from first-in-human phase I dose-
escalation study of a novel bicycle toxin conjugate targeting EphA2 (BT5528) 
in patients with advanced solid tumors. J Clin Oncol. 2024;42(29):3443–52.

57.	 Doger de Spéville B, McKean M, Baldini C, et al. 654P - Peripheral neuropathy 
(PN) following treatment (tx) with bicycle toxin conjugates (BTCs) BT8009 
or BT5528 monotherapy in patients (pts) with advanced solid tumors. Ann 
Oncol. 2024;35:S517.

58.	 Fontana E, Wang JS, McKean M, et al. 647P EphA2-targeting bicycle toxin 
conjugate (BTC) BT5528 in patients (pts) with advanced solid tumors: a phase 
I/II study. Ann Oncol. 2024;35:S511–12.

59.	 Fontana E, Wang JS, McKean M, et al. 647P EphA2-targeting bicycle toxin 
conjugate (BTC) BT5528 in patients (pts) with advanced solid tumors: a phase 
I/II study. Presented at ESMO 2024; available at: ​h​t​t​p​​s​:​/​​/​w​w​w​​.​b​​i​c​y​​c​l​e​​t​h​e​r​​a​p​​e​u​
t​​i​c​s​​.​c​o​m​​/​m​​e​d​i​​a​/​s​​c​i​e​n​​c​e​​-​p​u​b​l​i​c​a​t​i​o​n​s​/

60.	 Mudd GE, Brown A, Chen L, et al. Identification and optimization of EphA2-
selective bicycles for the delivery of cytotoxic payloads. J Med Chem. 
2020;63(8):4107–16.

61.	 Walsh SJ, Lahdenranta J, Huxley P, et al. Bicycle Toxin Conjugates® for the 
treatment of solid tumors. Cancer Res. 2024;84(6_Supplement):5807–5807.

62.	 Mudd GE, Scott H, Chen L, et al. Discovery of BT8009: a nectin-4 target-
ing bicycle toxin conjugate for the treatment of cancer. J Med Chem. 
2022;65(21):14337–47.

63.	 Eder M, Pavan S, Bauder-Wust U, et al. Bicyclic peptides as a new modality 
for imaging and targeting of proteins overexpressed by tumors. Cancer Res. 
2019;79(4):841–52.

64.	 Baeriswyl V, Rapley H, Pollaro L, et al. Bicyclic peptides with optimized ring 
size inhibit human plasma kallikrein and its orthologues while sparing paralo-
gous proteases. ChemMedChem. 2012;7(7):1173–76.

65.	 Bennett G, Brown A, Mudd G, et al. MMAE delivery using the bicycle toxin 
conjugate BT5528. Mol Cancer Ther. 2020;19(7):1385–94.

66.	 Barderas R, Benito-Pena E. The 2018 Nobel Prize in Chemistry: phage display 
of peptides and antibodies. Anal Bioanal Chem. 2019;411(12):2475–79. 

67.	 Heinis C, Rutherford T, Freund S, Winter G. Phage-encoded combina-
torial chemical libraries based on bicyclic peptides. Nat Chem Biol. 
2009;5(7):502–07.

68.	 Toracchio L, Carrabotta M, Mancarella C, Morrione A, Scotlandi K. EphA2 in 
cancer: molecular complexity and therapeutic opportunities. Int J Mol Sci. 
2024;25(22):12191.

69.	 Heinzlmeir S, Lohse J, Treiber T, et al. Chemoproteomics-aided medici-
nal chemistry for the discovery of EPHA2 inhibitors. ChemMedChem. 
2017;12(12):999–1011.

70.	 Demetri GD, Lo Russo P, MacPherson IR, et al. Phase I dose-escalation and 
pharmacokinetic study of dasatinib in patients with advanced solid tumors. 
Clin Cancer Res. 2009;15(19):6232–40.

71.	 Gabizon AA. Cancer nanomedicine from a clinician-scientist perspective: 
lessons and prospects. J Control Release. 2025;382:113731.

72.	 Lee H, Shields AF, Siegel BA, et al. (64)Cu-MM-302 positron emission 
tomography quantifies variability of enhanced permeability and retention of 
nanoparticles in relation to treatment response in patients with metastatic 
breast cancer. Clin Cancer Res. 2017;23(15):4190–202.

73.	 FDA. SPRYCEL (dasatinib) [package insert]. U.S. Food and Drug Administration 
website. 2010. Revised October 2010. Accessed March 6, 2025. ​h​t​t​p​s​:​​​/​​/​w​w​​w​.​​a​
c​c​​e​s​s​d​​a​t​​a​​.​f​​​d​a​​.​g​​o​​v​/​d​r​​u​g​​s​a​t​​​f​d​a​​_​d​​o​​c​s​​/​l​​​a​b​e​l​​/​​2​0​​1​0​​/​0​2​1​9​8​6​s​7​​s​8​l​b​l​.​p​d​f

74.	 Lahdenranta J, Bennett G, Huxley P, et al. Abstract 1319: Rapid accumulation 
of cytotoxic payload in tumor tissue drives BT5528 activity in tumor models. 
Cancer Res. 2021;81(13_Supplement):1319.

75.	 Donaghy H. Effects of antibody, drug and linker on the preclinical and clinical 
toxicities of antibody-drug conjugates. MAbs. 2016;8(4):659–71.

76.	 Bennett G, Brown A, Mudd G, Lahdenranta J, Keen N. Abstract C066: BT5528, 
a Bicycle Toxin Conjugate targeting EphA2: mechanism of action and clinical 
translation. Mol Cancer Ther. 2019;18(12_Supplement):C066–066.

77.	 Bennett GS, Brown A, Mudd G, Lahdenranta J, Keen N. Abstract 4481: BT5528, 
an EphA2-targeting Bicycle Toxin Conjugate (BTC): profound efficacy without 
bleeding and coagulation abnormalities in animal models. Cancer Res. 
2019;79(13_Supplement):4481.

78.	 Ngo K, Ivanova EV, Teceno TJ, et al. Abstract 333: Activity of the 
erythropoietin-producing hepatocellular A2 receptor (EphA2) target-
ing Bicycle® toxin conjugate (BTC™) BCY6033 in EGFR inhibitor resistant 
non-small lung cancer (NSCLC) patient derived xenografts. Cancer Res. 
2022;82(12_Supplement):333. 

79.	 Clift R, Richardson S, Ehara T, et al. Novel peptide binder for EphA2-targeted 
radiopharmaceutical therapy for multiple solid tumors. J Clin Oncol. 
2023;41(16_Supplement):Abstract e15113.

80.	 Wang L, Zhang H, Huang W, Han Z, Xu H, Gu Y. Development of a novel 
EphA2-targeting radioligand for SPECT imaging in different tumor models. 
Eur J Med Chem. 2024;265:116105.

81.	 El Fakiri M, Regupathy AR, Uhlmann L, et al. Development and preclinical 
characterization of a novel radiotheranostic EphA2-targeting bicyclic pep-
tide. Theranostics. 2024;14(12):4701–12.

82.	 Sharma AK, Gupta K, Mishra A, et al. EphA2-targeted alpha-particle theranos-
tics for enhancing PDAC treatment. Theranostics. 2025;15(10):4229–46.

83.	 Gan Q, Cui K, Cao Q, Zhang N, Yang MF, Yang X. Development of a (18)
F-labeled bicyclic peptide targeting EphA2 for molecular imaging of PSMA-
negative prostate cancer. J Med Chem. 2023;66(21):14623–32.

84.	 Dufort FJ, Leitheiser C, Mudd G, et al. 789 generation of a Bicycle NK-TICA™, a 
novel NK cell engaging molecule to enhance targeted tumor cytotoxicity. J 
Immunother Cancer. 2021;9: Abstract 789.

85.	 Upadhyaya P, Lahdenranta J, Hurov K, et al. Anticancer immunity induced by 
a synthetic tumor-targeted CD137 agonist. J Immunother Cancer. 2021;9(1): 
e001762.

86.	 Rezvaya A, Dufort FJ, Leitheiser C, et al. 1207 NKp46 engaging Bicycle® NK-
TICA™ drives targeted tumor cytotoxicity. J Immunother Cancer. 2022;10: 
Abstract 1207.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://www.accessdata.fda.gov/drugsatfda_docs/label/2024/216099s003lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2024/216099s003lbl.pdf
https://www.bicycletherapeutics.com/media/science-publications/
https://www.bicycletherapeutics.com/media/science-publications/
https://www.accessdata.fda.gov/drugsatfda_docs/label/2010/021986s7s8lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2010/021986s7s8lbl.pdf

	﻿Unlocking the potential of EphA2 with precision-guided cancer therapy: bicycle drug conjugates
	﻿Abstract
	﻿Background﻿
	﻿EphA2: a high-value target in oncology
	﻿EphA2 in solid tumors: a historical challenge
	﻿MEDI-547 (MedImmune)﻿
	﻿DS-8895a (Daiichi Sankyo)
	﻿ MM-310 (Merrimack Pharmaceuticals, Inc.)
	﻿Dasatinib (Bristol-Myers Squibb)

	﻿Targeting EphA2 in solid tumors: a future success?
	﻿BT5528: making EphA2-targeting a reality
	﻿Key attributes of BT5528﻿
	﻿High affinity and specificity﻿
	﻿Short plasma half-life
	﻿Small size
	﻿Rapid and extensive tumor distribution
	﻿Promising clinical progress with BT5528

	﻿EphA2-targeted delivery of other payloads
	﻿Conclusions
	﻿References


