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Abstract

The therapeutic landscape for hematological malignancies has been fundamentally revolu-
tionized over the last decade by the introduction of targeted antibodies. Notably, antibody—
drug conjugates (ADCs) have emerged as a critical breakthrough, significantly improving
the efficacy of immune-based treatment. ADCs function as highly sophisticated delivery
systems: a selective monoclonal antibody recognizes a specific cell-surface target, guiding
a potent toxic payload, attached via a chemical linker, directly into the cancer cell upon
internalization. Intensive research has been dedicated to optimizing these components—
improving antibody selectivity, enhancing linker stability, and utilizing highly effective
payloads—which has resulted in a plethora of compounds that have reached patients’
bedsides and improved the clinical course of different tumors. This review provides a
crucial overview of the current landscape of approved ADCs for hematological malignan-
cies. It critically discusses their existing limitations and details the essential structural
and chemical improvements that have yielded more potent and selective next-generation
tools, finally presenting future strategies to generate highly effective “bullets” capable of
decisively improving long-term disease prognosis.

Keywords: antibody—-drug conjugates; payload; linker; hematological malignancies;
leukemia; lymphoma

1. Introduction

The enhanced knowledge of the molecular mechanisms and genetic features of hema-
tological disorders has increasingly enabled the integration of targeted therapies into
treatment strategies, reshaping the therapeutic scenario by complementing, or even re-
placing, conventional chemotherapy. Indeed, systemic chemotherapy, which has largely
represented the standard of care during the last century, is associated with off-target toxici-
ties, often limiting the intensity of treatment regimens and restricting the eligible patient
population. Therefore, targeted therapies are significantly modifying the prognosis of
patients and substantially increasing treatment-eligible cohorts.

In this evolving scenario, monoclonal antibodies (mAbs), comprising both non-
modified (naked) and cytotoxic-conjugated structures, play a central role in modern oncol-
ogy and immunology. Although the technology for antibody-drug conjugates (ADCs) has
existed for over four decades, it is only in recent years that they have rapidly and exponen-
tially expanded in large-scale manufacturing and clinical approvals. To date, more than
300 ADCs have been developed, of which 16 were approved globally by 2024 for clinical
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use in both solid and hematological tumors. In addition, over two hundred compounds are
currently under evaluation in clinical trials worldwide [1,2].

This review aims to provide a snapshot of current clinical applications of ADCs in
the field of hematological malignancies, outlining their key features and discussing their
potential and limitations, with a focus on future improvements. Furthermore, it will
explore new frontiers in the development of promising next-generation ADCs to be used
for targeted therapies in hemato-oncology.

2. ADC Structure and Mechanism of Action

ADCs are composed of a mAb conjugated to a cytotoxic agent through a chemical
linker (Figure 1). They aim to selectively deliver their payload to tumor cells while sparing
healthy tissues.
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Figure 1. Scheme of antibody-drug conjugate structure. Antibody—drug conjugates (ADCs) are made
of an antibody, mainly belonging to the IgG1 and IgG4 class of antibody, conjugated to a payload
via either a cleavable or a non-cleavable linker. The main payloads used are listed. This image
was created in Biorender by Maria Chiara Montalbano (2025; https:/ /BioRender.com; accessed on
1 December 2025; University Department license).

The ADC mechanism of action follows three main steps: (i) binding of the mAb to the
target antigen, preferably a tumor-associated antigen (TAA) expressed on the tumor cell
surface; (ii) internalization; and (iii) lysosomal degradation, with consequent intracellular
release of the payload, which, in turn, can exert its cytotoxic action (Figure 2).

Besides being merely a carrier, the antibody unit may directly and indirectly interact
with the immune system through immunogenic cell death, crystallizable fragment (Fc)-
effector functions, Fc-mediated payload uptake, and bystander payload uptake that either
kills or stimulates immune cells (Figure 2) [3]. Each component critically shapes the ADC
pharmacokinetic (PK) and pharmacodynamic (PD) profile. Over the years, their progressive
refinement has driven the evolution of increasingly advanced ADC generations.

Humanized or fully human antibodies represent the predominant backbone of cur-
rently available compounds. Among mAbs, the IgG1 subtype is by far the most widely
used in ADC therapeutic applications due to its low immunogenicity and favorable PK
properties, followed by IgG4 (Figure 1). Their Fc plays an active role enhancing therapeutic
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ADC with cleavable linker

efficacy through interaction with Fc receptors (FcyRs) expressed on the immune cell sur-
face, mediating additional immune-mediated cytotoxic effects, mainly antibody-dependent
cellular cytotoxicity (ADCC), antibody-dependent cellular phagocytosis (ADCP), and
complement-dependent cytotoxicity (CDC) [2,4]. Improved antibody stability is warranted
by neonatal Fc receptor (FcRn) binding, preventing antibody degradation and ensuring its
persistence at the target site, extending its half-life [2].
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Figure 2. Mechanisms of action of an antibody-drug conjugate. The antibody recognizes a specific
antigen/epitope on the target cell surface and, once bound, the complex is internalized with subse-
quent fusion with lysosomes. The payload is then released within the intracellular space where it is
free to act on its specific molecular target, finally inducing cell apoptosis. Depending on the nature
of the linker, the payload can either be released outside the target cell because of tumor microen-
vironment (TME) conditions or as a consequence of tumor cell death, with subsequent activation
of the bystander effect (cleavable linker, left panel). In the case of non-cleavable linker, there is no
TME-mediated ADC processing and the payload can only be released in the intracellular space, after
lysosome processing. The bystander effect is prevented because of the linker chemistry (non-cleavable,
right panel). This image was created in Biorender by Matilde Micillo (2026; https://BioRender.com;
accessed on 6 January 2026; University Department license).

Antibody-ideal targets should be, if not exclusively, a molecule expressed more on
tumor cells compared to normal tissues to minimize undesired toxicity on the healthy
counterpart. Moderate binding affinity is often preferred, ensuring robust interaction
with highly expressing tumor cells, avoiding binding to normal tissues with low antigen
density [5].

The linker ensures conjugation of the payload to the antibody, yet its role extends
well beyond simple chemical attachment, influencing drug efficacy and safety. Linker
stability and cleavability are key determinants of the payload release mechanism. Linkers
are designed to be either cleavable or non-cleavable. The former enable payload release
either following endosomal or lysosomal processing or in response to enzymatic or chem-
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ical reactions, such as protease activity, acidic pH, or redox conditions, occurring within
the tumor microenvironment (TME) [6]. Consequently, cleavable linkers can mediate a
“bystander effect” through extracellular payload diffusion, with dual implications: while it
may increase off-target toxicity, it also enhances antitumor efficacy by eliminating tumor-
surrounding cells characterized by a low or heterogeneous antigen expression [5,7]. In
contrast, non-cleavable linkers require complete lysosomal degradation of the antibody to
release the cytotoxic payload in the intracellular space, thereby minimizing extracellular
payload dissemination and reducing bystander-associated toxicity [8] (Figure 2).

Linker stability remains a central challenge in ADC development. To date, no ap-
proved ADC features a completely stable linker, with most of them undergoing substantial
deconjugation due to TME conditions or antibody-linker dissociation driven by the con-
jugation chemistry [1,6]. The consequence is that only ~50% of the drug is linked to the
antibody structure in the circulation one week after administration [1]. Among the cur-
rently approved ADCs for hematological malignancies (Table 1), different linker chemistries
have been exploited. Brentuximab vedotin and polatuzumab vedotin (Pola-V) are made
with a valine—citrulline linker, while the valine—alanine linker is used for loncastuximab
tesirine, all protease-cleavable linkers sensitive to lysosomal enzymes [9-11]. Alternatively,
acid-cleavable linkers, such as hydrazones, which remain relatively stable at physiological
pH but undergo hydrolysis in acidic compartments, have been employed in gemtuzumab
ozogamicin (GO) and inotuzumab ozogamicin (InO). Of note, acid-sensitive linkers have
been associated with a higher risk of premature payload release in the circulation [12-14].
Lastly, belantamab mafodotin is made with a non-cleavable linker, maleimidocaproyl, that
can only be processed within the lysosomal compartment, allowing for payload release [15].

A wide range of cytotoxic payloads have been investigated over the course of ADC
development. Early-generation ADCs employed conventional chemotherapeutic agents
such as taxanes, methotrexate, and anthracyclines, yet their efficacy was poor due to
inefficient delivery to tumor cells [7]. This experience led to the concept that the payload
needs to exhibit strong cytotoxic activity at very low concentrations, ideally achieving
50% inhibition (ICsp) in the low or even sub-nanomolar range. Indeed, modern ADCs
incorporate significantly more potent payloads than traditional systemic chemotherapies,
limiting their use as standalone therapeutic agents. Currently, among ADCs approved
for clinical use, five classes of payloads are employed, showing different mechanisms of
actions: DNA damaging agents, microtubules inhibitors and, more recently, topoisomerase
1 (TOP1) inhibitors (Figure 1) [1].
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Table 1. Food and Drug Administration (FDA)- and European Medicine Agency (EMA)-approved antibody-drug conjugates for hematological malignancies

and their main related toxicities. AML: acute myeloid leukemia; APL: acute promyelocytic leukemia; TN: treatment-naive; cHL: classical Hodgkin lymphoma;

ASCT: autologous stem cell transplantation; sSALCL: systemic anaplastic large-cell lymphoma; CHP: cyclophosphamide, doxorubicin, prednisone; R/R: relapsed /refractory;
CTCL: cutaneous T-cell lymphoma; DLBCL: diffuse large-B-cell lymphoma; LBCL: large-B-cell-lymphoma; R-CHP: rituximab-CHP; HGBL: high-grade B-lymphoma;
B-ALL: B-lineage acute lymphoblastic leukemia; Ph+: Philadelphia positive; TKI: tyrosine kinase inhibitor; RRMM: relapsed or refractory multiple myeloma;
BCMA: B-cell maturation antigen; CL: cleavable; Non-Cl: non-cleavable. * (EMA).

ADC Name Target Payload Linker DAR mAb Approved Indications Main Related Toxicities Ref.
CD33+ untreated AML in patients > 15 years, except APL, in
Cemtuzumab combination with daunorubicin and cytarabine (EMA) HVOD/SOS
L. CD33 N-acetyl-gamma-calicheamicin Cl 2.5 IgG4k CD33+ untreated AML in adult patients; CD33+ R/R AML in Myelosuppression (thrombocytopenia, neutropenia) [16-18]
ozogamicin . . o . .
patients > 2 years. GO can be used in combination with Infections
daunorubicin and cytarabine and as monotherapy (FDA)
CD30+ TN cHL stage III/IV in association with AVD
(EMA/FDA)
CD30+ TN cHL stage IIB/III/IV in association with etoposide,
cyclophosphamide, doxorubicin, dacarbazine and
dexamethasone (EMA)
CD30+ TN high risk cHL in pediatric patients in association
with doxorubicin, vincristine, etoposide, prednisone and Peripheral sensory neuropathy
Brentuximab Monomethy] auristatin cyclophosphamide (FDA) Myelosuppression (neutropenia)
vedotin CD30 E (MMAE) Cl 4 IgG1 CD30+ high risk cHL maintenance after ASCT (EMA/FDA) GI symptoms (nausea, diarrhea, decreased appetite) [19-22]
CD30+ cHL after ASCT failure or after failure of at least two Elevated liver enzymes
prior treatment lines (EMA /FDA) Pruritus
TN sALCL in association to CHP (EMA /FDA)
R/RSALCL (EMA /FDA)
CD30+R/RCTCL (EMA/FDA)
R/RLBCL after two or more lines of systemic therapy not
eligible for ASCT or CAR-T therapy in combination with
lenalidomide and rituximab (FDA)
Inotusumab R/R CD22+ adult B-ALL (EMA); R/R CD22+ pediatric and g/gve;‘::sll’gﬁszzn S;Zgombocytopema, neutropenia)
ozogamicin CD22 N-acetyl-gamma-calicheamicin Cl 6 IgG4k adult B-ALL (FDA) ) GI symptoms (nalzsea and vomiting) [23-26]
B-ALL Ph+ after TKI treatment failure (EMA /FDA) HVOD/SOS
c _ R/R DLBCL in combination with BR (EMA /FDA) Peripheral sensory neuropathy
onatumumab D79 Monomethyl auristatin al 35 IeG1 Previous! treated DLBCL in association to Myelosuppression (neutropenia) [27-29]
vedotin E (MMAE) : & Rrec\gﬁ)us yunireate GI symptoms (nausea and vomiting, diarrhea,
~ (EMA/FDA) d .
ecreased appetite)
Myelosuppression (thrombocytopenia, neutropenia,
anemia)
. . Hepatotoxici
Loncas't 1'1x1mab CD19 Pyrrolobenzodiazepine (PBD) Cl 2 IgG1 R/R D].“BCL and HGBL monotherapy after two lines of Per}i)pheral edtgma [30-32]
tesirine systemic therapy (EMA /FDA) I . .
symptoms (nausea and vomiting, diarrhea,
decreased appetite)
Skin-related toxicity (rash)
In combination with bortezomib and desametasone (BVd) in
Belantamab RRMM patients (EMA) Ocular toxicity (mainly corneal epithelium
BCMA Monomethyl auristatin F (MMAF) ~ Non-CI 2.5 IgG1 In combination with pomalidomide and desametasone (Pd) alterations) [33]

mafodotin *

in RRMM patients after at least one lenalidomide-based
therapy (EMA)

Myelosuppression (thrombocytopenia, anemia)
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DNA-damaging agents, such as calicheamicin and pyrrolobenzodiazepines (PBDs),
induce cell death by binding to the minor groove of double-strand DNA, causing its
disruption. Calicheamicin was the first payload conjugated to a mAb that received approval
from the Food and Drug Administration (FDA), GO, for the treatment of acute myeloid
leukemia (AML; Table 1) [34]. PBDs show enhanced cytotoxic efficacy, covalently binding to
the DNA strands via interstrand DNA cross-linking, without inducing significant structural
distortions, with reduced recognition by the cellular DNA repair machinery [2]. However,
their systemic toxicity initially limited their application, later restricting their use mainly to
targeted therapeutic strategies in the setting of hematological malignancies. Loncastuximab
tesirine represents the only approved member of this family of payloads, employed in
the treatment of relapsed or refractory (R/R) diffuse large B-cell lymphoma (DLBCL;
Table 1) [35].

Microtubule inhibitors, including auristatins and maytasinoids, act by inhibiting
microtubule polymerization. Auristatins are a class of synthetic compounds whose use
as payloads in ADC synthesis found application in both solid tumors and hematological
malignancies. Monomethyl auristatin E (MMAE) and monomethyl auristatin F (MMAF)
are the most exploited members of this family. MMAE is incorporated in BV and Pola-V,
two well-known FDA-approved ADC drugs (Table 1). DM1 and DM4 represent the most
widely used maytasinoid compounds. Trastuzumab emtansine has been the first ADC
approved for the treatment of solid tumors, in particular HER2-positive breast cancer,
incorporating DM1 as cytotoxic payload [1,7].

Lastly, TOP1 inhibitors are the most recently approved class of ADC payloads. Their
distinguishing feature lies in their intermediate cytotoxicity compared to the other com-
pounds discussed above. The potential development of this class of payload has been
allowed by recent structural modifications that have led to the design of highly loaded
ADCs, with a greater number of payload molecules per antibody, and a consequent in-
creased drug-to-antibody ratio (DAR) [7]. Topoisomerases are nuclear enzymes involved
in DNA repair. Topoisomerase 1 cleaves single-stranded DNA, while isoform 2 targets
double-stranded DNA. The inhibition of these enzymes prevents their interaction with
DNA, leading to the accumulation of unrepaired genetic damage and subsequent induction
of apoptosis. TOP1 inhibitors are mainly classified into two groups: camptothecin (CPT)
derivatives and non-CPT compounds. To date, two CPT-based derivatives have been
conjugated to mAbs and approved for clinical use: deruxtecan (DXd) and SN-38. Two
other notable compounds belonging to this class of payloads are exatecan, characterized
by greater hydrophilicity, and irinotecan, a prodrug version of the SN38, exhibiting lower
hydrophobicity and reduced toxicity. Non-CPT derivatives are currently undergoing early-
phase evaluation as small molecules: compared to CPT compounds, they exhibit greater
stability and activity, along with a higher cytotoxicity profile [7].

3. ADCs in the Landscape of Hematological Malignancies: Overview of
the Approved Compounds

Hematological malignancies represent the first therapeutic area where ADCs were
applied, marked by the approval of GO in 2000 for the treatment of AML. Since then,
six compounds have been approved by the FDA and the European Medicine Agency
(EMA) (Table 1).

This section of the review is organized to present the approved ADCs in the hemato-
logical field, their clinical applications, and the results obtained from clinical trials.

https:/ /doi.org/10.3390/ijms27021025
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3.1. Gemtuzumab Ozogamicin

Gemtuzumab ozogamicin (GO, Mylotarg®) is made of an anti-CD33 humanized
IgG4k antibody covalently bound to the cytotoxic payload N-acetyl-gamma-calicheamicin.
CD33 is a transmembrane glycoprotein expressed on myeloid cell lineages, with a higher
expression characterizing AML blasts.

GO received accelerated FDA approval in 2000 based on three trials demonstrating
efficacy of GO used as single agent in patients with R/R AML [12,34]. However, the
randomized phase 3 SWOG S0106 and AML-17 trials, which evaluated the addition of GO
to standard chemotherapy in two different aged cohorts of patients with newly diagnosed
AML, failed to demonstrate clinical benefit compared to the control arms. Both studies
also reported increased induction-related mortality, leading to the withdrawal of GO
from the market a decade later [36,37]. Subsequent evidence emerged from two large
randomized controlled trials (RCTs), AML15 and AML16, which employed a reduced and
fractionated dose of GO corresponding to the approved 3 mg/m? dose. These studies
demonstrated improved overall survival (OS) in patients with core-binding factor (CBF)
AML (AML15) and improved OS with reduced 3-year cumulative incidence of relapse
(AML16) [38,39]. The addition of GO to chemotherapy was also evaluated by the MD
Anderson Cancer Center (MDACC) group that analyzed outcomes in patients treated with
the FLAG (fludarabine, cytarabine, G-CSF) regimen combined with GO. Favorable results
were observed in patients with CBF AML, with improvements in both OS and 3-year
relapse-free survival (RFS) [40]. Further support came from the pivotal French phase 3 RCT
ALFA-0701 (MF-3), in which GO was administered with the currently approved schedule
(days 1, 4, and 7 during induction, and day 1 of each consolidation cycle). This trial
showed significant improvement in event-free survival (EFS) and OS at 2 years. Consistent
with AML15 and MDACC findings, the survival benefit of GO was observed primarily
in patients with favorable and intermediate cytogenetic risk profiles [41]. Finally, in a
large meta-analysis of a cohort of more than 3000 patients from five RCTs, GO was shown
to significantly improve 5-year OS and reduce the risk of relapse. The absolute survival
benefit was registered especially in patients with favorable cytogenetic characteristics [42].
Collectively, these data led to the reapproval of GO by the FDA in 2017, followed by EMA
in the subsequent year [43-45].

Considering the evidence discussed above, the European LeukemiaNet (ELN) guide-
lines recommend the use of GO for the treatment of CD33" AML with favorable cytogenetic
risk [46].

3.2. Brentuximab Vedotin

Brentuximab vedotin (BV, Adcetris®) consists of a humanized anti-CD30 IgG1 anti-
body conjugated to the cytotoxic payload MMAE via a highly stable cleavable linker. CD30
is a transmembrane glycoprotein belonging to the tumor necrosis factor (TNF) receptor
family. Its downstream signaling cascade promotes cellular proliferation and inhibits apop-
tosis through the NF-«B pathway [47,48]. CD30 expression is highest on Reed—Sternberg
cells and in systemic anaplastic large-cell lymphoma (sALCL), whereas it is lower and
more variable in other lymphoma subtypes, including peripheral and cutaneous T-cell
lymphomas (PTCL and CTCL). In normal tissues, CD30 expression is limited, except for
activated lymphocytes [47,49].

In the last decade, BV has significantly influenced the treatment paradigm of classical
Hodgkin lymphoma (cHL). In 2018, based on promising results from preliminary phase
1/2 studies, the phase 3 ECHELON-1 trial was conducted to compare BV combined with
doxorubicin, vinblastine, and dacarbazine (BV-AVD) to the standard ABVD (doxorubicin,
vinblastine, bleomycin, dacarbazine) regimen in treatment-naive (TN) patients with stage
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II/IV cHL. The experimental arm showed significant superior modified progression-free
survival (mPFS) (82.1% vs. 77.2%), resulting in regulatory approval [50]. A significant
improvement in OS and PFS with BV-AVD compared to ABVD has recently been reported
in the ECHELON-1 trial median follow-up of approximately six years, which led to a shift
in clinical practice largely replacing ABVD in this scenario [50]. In the first line setting,
the European Commission recently approved the BrECADD regimen (BV combined with
reduced doses of etoposide, cyclophosphamide, and increased doses of doxorubicin, dacar-
bazine, and dexamethasone) for adult patients with stage IIb with risk factors/III or IV cHL,
based on the results of the HD21 trial. The study demonstrated both superior PFS and the
improved tolerability of BrECADD compared to escalated BEACOPP (bleomycin, etopo-
side, adriamycin, cyclophosphamide, vincristine, procarbazine, prednisone) in the context
of intensified systemic chemotherapy [51]. The use of BV has also recently been extended to
both pediatric and elderly patients. In 2022, the FDA approved BV in combination with the
AVEPC regimen (doxorubicin, vincristine, etoposide, prednisone, and cyclophosphamide)
for patients older than 2 years with high-risk cHL. This approval was based on the results
of the AHOD1331 study, which demonstrated the superior efficacy of adding BV in terms of
EFS without significant differences in toxicity [52]. Furthermore, BV was also administered
sequentially before and after AVD in untreated patients with cHL older than 60 years,
showing significant efficacy and tolerability even in this patient population [53].

In the R/R setting, BV found its first indication and approval. Phase 2 trials conducted
in R/R cHL after autologous stem cell transplantation (ASCT) and in R/R sALCL showing
high response rates led to accelerated FDA approval in 2011, followed shortly thereafter by
EMA [19,54-56]. In 2015, the indication was converted to full approval for use as post-ASCT
maintenance therapy in patients with cHL at high risk of relapse, based on the results of
the phase 3 AETHERA trial, in which a benefit in terms of PFS in patients treated with BV
compared to placebo was demonstrated across all risk groups [57].

In addition to its role in the treatment of cHL, BV is also currently approved for
the treatment of SALCL and R/R CD30" CTCL. The ECHELON-2 trial, which enrolled
newly diagnosed CD30" PTCL patients—mainly sALCL, randomized to receive BV plus
CHP (cyclophosphamide, doxorubicin, and prednisone) or CHOP (cyclophosphamide,
doxorubicin, vincristine and prednisone)—demonstrated significantly improved PFS and
OS with the BV-CHP regimen [58,59]. Current guidelines recommend BV in combination
with CHP for TN adults with sALC and its use for R/R cases. BV is also approved for
CD30* CTCL patients who have received at least one prior systemic therapy, based on
results from the phase 3 ALCANZA study. In this trial, patients with MF or primary
cutaneous CD30* lymphoma were randomized to BV or physician’s choice. The BV arm
showed significant superiority in terms of objective responses compared to the control
arm [60].

Finally, considering the variable expression of CD30* in lymphoproliferative disorders,
the use of BV has recently been extended to other malignancies, mainly LBCL. In this setting,
the combination of BV with chemoimmunotherapy (CIT) has demonstrated significant
efficacy, leading to the recent FDA approval of BV in combination with lenalidomide and
rituximab for R/R patients ineligible for ASCT or CAR-T therapy, based on the results of
the ECHELON-3 trial [61].

3.3. Inotuzumab Ozogamicin

Inotuzumab (InO, Besponsa®) is an anti-CD22 directed humanized IgG4 antibody
conjugated to N-acetyl-gamma-calicheamicin through a cleavable linker [62]. CD22 is a
transmembrane receptor expressed on the B-cell surface and by most B-cell malignancies,
playing an inhibitory role in B-cell receptor (BCR) signaling [63].
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Early phase 2 trials of InO in B-cell non-Hodgkin lymphomas (NHLs) yielded en-
couraging results, even though phase 3 studies failed to confirm the data, leading to
discontinuation of its development in this disease setting [62,64—66].

Based on preclinical evidence indicating the higher sensitivity of acute lymphoblastic
leukemia (ALL) cells to calicheamicin compared with NHL, a phase 2 trial was subse-
quently conducted in patients with R/R ALL. The study enrolled 90 patients, obtaining a
58% complete remission (CR) rate and demonstrating a fractionated dosing schedule
efficacy and reduced toxicity compared with the single-dose regimen [67,68].

InO was further evaluated in a multicenter phase 1/2 trial, which established
1.8 mg/m? as the recommended dose, administered fractionally over a 28-day cycle. Among
72 patients with R/R B-cell ALL, the CR/CRi (CR with incomplete marrow recovery) rate was
68%, with 84% of responders achieving measurable residual disease (MRD) negativity [23].
Based on these findings, the pivotal phase 3 INO-VATE trial compared InO to standard
chemotherapy in the salvage setting [69]. InO significantly improved CR/CRi rates
(81% vs. 29%), MRD negativity (78% vs. 28%) and PFS (5.0 vs. 1.8 months). At 3 years, OS
remained higher with InO (20% vs. 7%), and a greater proportion of patients proceeded to
hematopoietic stem cell transplantation (HSCT; 48% vs. 22%) [70,71]. These data led to the
regulatory approval of InO from FDA ad EMA for adults with R/R B-cell ALL [72]. InO is
also now increasingly used to bridge patients to HSCT and to eliminate MRD [63].

Following the positive outcomes of InO as a salvage monotherapy, clinical studies
evaluated its combination with low-intensity chemotherapy and targeted agents in both
R/R ALL and frontline setting. These studies focused on both elderly patients, whose
treatment remains challenging, and younger cohorts.

The integration of InO into the mini-hyper-CVD regimen (cyclophosphamide, vin-
cristine, dexamethasone plus methotrexate and cytarabine) in patients with R/R ALL led
to global responses reaching 78% in the treated population and an overall MRD negativity
rate of 82% among responders. Notably, 44% of patients proceeded to HSCT, supporting
the potential of this combination. The addition of the bispecific antibody blinatumomab
in subsequent studies demonstrated improved results, even in the first-line setting of an
elderly patient subgroup [70-74]. A clinical trial is currently ongoing to compare this
regimen with the standard adjusted-dose hyper-CVAD in patients over 66 years of age with
newly diagnosed B-ALL [72]. A 3-year OS rate of 88% was also achieved from MDACC,
which assessed the combination of InO and blinatumomab with the hyper-CVAD regi-
men alternating with high-dose methotrexate and cytarabine in patients younger than
60 years [62,72]. The INITIAL-1 and EWALL-InO trials tested InO combinations with
dexamethasone or chemotherapy, respectively, as induction therapy in newly diagnosed
ALL patients aged 55 years or older, reporting high response rates. Finally, the Alliance
A041703 trial was the first to investigate a completely chemotherapy-free frontline approach
in elderly patients with ALL, combining InO with blinatumomab [62,72,75,76].

InO has also demonstrated promising activity in R/R Philadelphia chromosome-
positive (Ph*) B-ALL and Ph-like ALL. Different trials evaluating its efficacy in subgroup
analyses both as a single agent or in combination with tyrosine kinase inhibitors (TKIs) are
ongoing, showing preliminary but encouraging response rates [62,77,78]. Currently, the
use of InO in adult patients with Ph* ALL is restricted to those who have failed prior TKI
therapy [79].

3.4. Polatuzumab Vedotin

Polatuzumab vedotin (Pola-V, Polivy®) is composed of a humanized IgG1 antibody
targeting CD79b, covalently linked to MMAE via a cleavable linker [27]. CD79b is a
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signaling component of the BCR, ubiquitously expressed on the surface of B cells and
mature B-cell lymphoproliferative malignancies [10,80].

First trials of Pola-V in R/R NHL patients, alone or in combination with the anti-CD20
mADb rituximab, showed a modest overall response rate (ORR) and insufficient CR rates,
prompting its combination with CIT [28,80,81]. In transplant-ineligible R/R DLBCL pa-
tients, a phase 1/2 trial comparing Pola-V combined with bendamustine and rituximab
(Pola-BR) versus bendamustine and rituximab (BR) alone demonstrated significantly higher
CR rates (40% vs. 17.5%), mPFS (9.5 vs. 3.7 months), and OS (12.4 vs. 4.7 months) [80]. The
clinical benefit of the Pola-BR regimen was shown to be independent of the lymphoma
cell of origin and its molecular profile [80,82]. The subsequent extension study confirmed
efficacy, reporting 41.5% ORR (mainly CR) and a favorable toxicity profile [83]. Based on
these results, in 2019, the FDA granted accelerated approval for Pola-BR in R/R DLBCL
after at least two prior lines of therapy. The following year, the EMA granted conditional
marketing authorization for Pola-BR in patients with transplant-ineligible R/R DLBCL [83].
More recently, Pola-V has been incorporated into the first-line treatment of DLBCL. Its
combination with rituximab, cyclophosphamide, doxorubicin, and prednisone in the Pola-
R-CHP scheme demonstrated high ORR (89%) and CR (77%) in phase 1b/2 studies, paving
the way for the phase 3 POLARIX trial [29]. The comparison with the standard R-CHOP
regimen showed a reduced risk of disease progression, relapse, or death (stratified hazard
ratio [HR] 0.73) and improved 2-year PFS (76.7% vs. 70.2%) in untreated intermediate-
or high-risk DLBCL patients in the experimental arm [84]. The toxicity profile of the
two regimens was comparable; the known adverse effects of MMAE, namely, cytopenia
and peripheral neuropathy, represented the most concerning issues in patients treated with
Pola-V [84]. Based on these data, the Pola-R-CHP regimen obtained full approval for
previously untreated adult DLBCL patients. The increasing use of targeted combination
therapies prompted the evaluation of Pola-V in combination with bispecific antibodies
(bsAbs), demonstrating promising response rates and an acceptable safety profile. Notably,
recent promising data have been published about the combination of Pola-V with mosune-
tuzumab, a CD20/CD3 T-cell-engaging bispecific antibody, in patients with R/R DLBCL
ineligible for transplantation in a phase 1b/2 trial [85].

3.5. Loncastuximab Tesirine

Loncastuximab tesirine (Zynlonta®) consists of a humanized anti-CD19 IgG1 antibody
conjugated to the alkylating agent PBD dimer. The high potency of PBD compounds led to
the development of ADCs with lower DARs, with loncastuximab tesirine being the only
approved compound characterized by a DAR of 2 [7,35,86]. Furthermore, owing to its high
stable linker chemistry, loncastuximab tesirine represents the only approved ADC retaining
approximately 80% of its conjugated form at the same time point [1].

CD19 is a well-established B-cell-specific marker, belonging to the Ig superfamily
and playing a crucial role in the BCR-mediated regulation of intracellular signaling. It
is widely expressed on B lymphocytes, from the pre-B stage through to late stages of
differentiation [87].

Loncastuximab tesirine clinical activity in R/R DLBCL emerged from the phase 1/2
LOTIS-1/2 trials [30]. In the phase 2 LOTIS-2 trial, loncastuximab tesirine achieved an
ORR of 48.3% in heavily pretreated patients. The median duration of response (DOR)
was 13.4 months, and durable CRs were observed, with over 30% of patients remaining
event-free for >1 year. Loncastuximab tesirine was generally well tolerated, with most
treatment-emergent adverse events (TEAEs) being manageable and of mild to moderate
severity [31,32,88]. Analyses of the LOTIS-2 trial also indicated that both younger and older
patients (>70 years) showed comparable outcomes across most assessed parameters [89].
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These findings led to the regulatory approval from FDA and EMA of loncastuximab
tesirine as a single agent for R/R DLBCL and high-grade B-cell lymphoma (HGBL) after two
or more lines of systemic therapy, representing the first ADC with a PBD payload approved
for this indication. Ongoing trials are evaluating loncastuximab tesirine in combination
with rituximab in R/R DLBCL compared to the standard regimen rituximab, gemcitabine,
and oxaliplatin (R-GemOx) and in association with mosunetuzumab in the LOTIS-5 and
LOTIS-7 trials [86]. As confirmed by a recent retrospective analysis, loncastuximab tesirine
monotherapy currently represents a potential therapeutic option in heavily pretreated and
refractory DLBCL patients; however, further investigation will provide greater evidence of its
role in the R/R or frontline setting and its potential role in different B-cell histologies [90,91].

3.6. Belantamab Mafodotin

Belantamab mafodotin (Blenrep®) is made of a humanized, afucosylated anti-BCMA
IgG1 antibody conjugated to MMAE. BCMA (also known as CD269), a TNF receptor
superfamily member essential for plasma cell survival, has emerged as a critical target in
multiple myeloma (MM). The overexpression and activation of BCMA have been associated
with MM progression, making it an attractive therapeutic target [92]. However, the clinical
development of belantamab mafodotin has been complex, involving multiple phases of
approval and subsequent withdrawal [93].

Belantamab mafodotin was initially approved based on the phase 1 and 2 DREAMM-
1 and 2 trials, showing 32% ORR in triple-class refractory MM [94,95]. However, the
subsequent phase 3 DREAMM-3 trial, comparing belantamab mafodotin monotherapy
with the combination of pomalidomide and dexamethasone in patients with R/R mul-
tiple myeloma (RRMM) after >2 prior lines of therapy, failed to show PFS superiority,
leading to its withdrawal from both the US and European markets between 2023 and
2024 [96]. Nevertheless, the therapeutic potential of belantamab mafodotin has continued
to be investigated, particularly in combination with immunomodulatory agents (IMIDs)
and proteasome inhibitors (PIs). Preclinical studies have demonstrated both synergistic and
additive effects, thereby supporting the rationale for its use in combination therapies [93].
In particular, the combination studies DREAMM-7 and DREAMM-8 directly compared
belantamab mafodotin plus bortezomib and dexamethasone (BVd) versus daratumumab,
bortezomib, and dexamethasone (DREAMM-7), and belantamab mafodotin plus pomalido-
mide and dexamethasone (BPd) versus pomalidomide, bortezomib, and dexamethasone
(DREAMM-8) in patients with RRMM. Both studies extended their follow-up periods to
allow for PFS analyses [97,98]. The 3-year analysis from the DREAMM-7 trial demonstrated
an OS benefit in patients treated with the BVd triplet. Similarly, the interim analysis from
the DREAMM-8 trial presented at EHA 2025 showed improved PFS and a trend toward
better OS in patients receiving the experimental regimen, laying the groundwork for the
data that supported the recent approval of the drug [98].

Currently, belantamab mafodotin is approved in Europe for the treatment of RRMM in
combination with bortezomib and dexamethasone (BVd regimen), as well as in combination
with pomalidomide and dexamethasone (BPd regimen) in patients who have previously
received a lenalidomide-based line of therapy. In the US market, its license was revoked by
the FDA in 2023 and has not yet been reinstated.

4. What We Have Learned from the Clinical Trials

The clinical development of ADCs in hematologic malignancies has followed a “learn-
ing curve”, ultimately revealing that the efficacy of these agents is not solely determined
by target expression or payload cytotoxicity. Indeed, the final clinical efficacy of an ADC
is dictated by the complex interplay among drug features (antigen, linker, and payload),
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patient-related characteristics, dosing strategies, and combination with other therapeu-
tic agents. To this end, large clinical trials are essential to (i) define optimal dosing and
schedule, (ii) identify the most responsive patient cohort(s), and (iii) evaluate the efficacy
of ADCs as single agents or the need for combination strategies. The clinical development
of GO and InO provides a paradigmatic example: the initial toxicity of these compounds
was mitigated through dose and schedule optimization, as well as through combination
with chemotherapy or bsAbs, thereby counterbalancing the narrow therapeutic window
associated with their shared payload [78,99]. Nevertheless, payload-related toxicity re-
mains a major limitation of ADC therapy. For instance, MMAE-associated peripheral
neuropathy and MMAF-related corneal toxicity may necessitate dose reductions or even
treatment discontinuation. Similarly, highly potent payloads, such as PBD dimers in loncas-
tuximab tesirine, impose drug design limits, requiring low DARs and therefore narrowing
the therapeutic window. Importantly, linker stability and its PK properties, which are
discussed below in a dedicated section, directly affect payload release and downstream
effects. Accordingly, ADC efficacy depends not only on payload choice, but on its optimal
pairing with the linker, as the two act synergistically to maximize therapeutic activity.

Clinical experience with ADCs has also shown that antigen expression alone is in-
sufficient to predict efficacy. Although ADCs require a minimal antigen density to exert
adequate therapeutic effects, stability over time critically influences treatment outcomes.
Antigens, such as CD22 and CD79b, exhibit a rapid and efficient internalization following
ADC binding, resulting in an effective payload delivery and marked clinical activity, as in
the case of InO and Pola-V. Similarly, the relatively stable expression and internalization of
CD33 may partially explain the durable responses achieved with BV. In contrast, BCMA
expression is more dynamic, with documented antigen downregulation and shedding
under therapeutic pressure, contributing to antigen escape and limiting the durability of
responses to BCMA-targeted ADCs, such as belantamab mafodotin [2,100].

A final critical point that needs to be considered is the identification of patient sub-
groups that would benefit most from ADC treatment. To this end, it is essential to genet-
ically and molecularly profile patient cohorts to define their common disease biological
features, as exemplified by GO administration in patients with CBF AML. This “molecularly-
driven approach” allows for the use of ADCs in clinical subgroups in which efficacy is
maximized, while minimizing or avoiding the risk of exposing patients to toxicity when
therapeutic benefit would be limited.

Collectively, these data highlight how antigen expression, internalization, and re-
cycling directly impact on clinical outcomes and potentially in resistance phenomena,
underscoring the importance of integrating antigen biology with patient selection, treat-
ment schedule, and ADC design. Moreover, the different therapeutic responses observed
indicate that the use of ADCs in clinics must follow a “personalized” approach.

5. ADCs’ Current Limitations

Although ADCs have demonstrated significant therapeutic activities and currently
represent a rapidly growing class of anticancer agents, several challenges still limit their
clinical utility.

(i) Lessthan 1% of the total dose of intravenously administered ADCs reaches tumor cells,
whereas approximately one third of the injected dose remains in circulation and up to
15% distributes to the liver, with additional uptake in the spleen, kidneys, and adipose
tissue [101-103]. This issue is mainly relevant for those ADCs targeting antigens that
are not exclusively tumor-associated antigens, thus presenting a broader expression,
including normal cells [102]. Defining their toxicity mechanisms is therefore crucial to
design safer and more selective compounds.
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(i)

(iii)

Cancers are usually characterized by intra- and inter-tumoral heterogeneity. On the
one side, intratumoral heterogeneity is the result of changes over time in antigen
expression and density, or the presence of cells with a more aggressive phenotype.
These features can determine suboptimal drug responses or the emergence of ADC-
resistant clones during treatment, ultimately resulting in disease relapse. On the other
hand, the same type of neoplasia can be genetically and/or molecularly different
across patients, underscoring the need to optimize therapeutic strategies based on
disease profiling and the implementation of patient-tailored treatments [104].

The conjugated payload and linker used in ADC design, independently of the tar-
get antigen, contribute to the dose-limiting toxicity (DLT) and maximum tolerated
dose (MTD). Data from clinical ADC development programs have shown that com-
pounds sharing the same linker-payload exhibit highly similar toxicity profiles, DLTs,
and MTDs, largely independent of the target antigen or its expression in normal
tissues [102,105]. For instance, ve-MMAE-based ADCs consistently induce bone
marrow suppression, sepsis, and peripheral neuropathy, a pattern observed across
multiple clinical candidates and approved agents, such as Pola-V [28,106]. ADCs
sharing the same payload may show a similar toxicity profile. Specifically, MMAE-
containing ADCs are commonly associated with neutropenia and neuropathy, DM1-
based ADCs with thrombocytopenia and hepatotoxicity, MMAF- or DM4-containing
ADCs with ocular toxicity, and PBD dimer ADCs with bone marrow suppression,
vascular leak syndrome, and hepatic and renal adverse events [105,107]. Illustra-
tive clinical examples further highlight this principle. Trastuzumab-based ADCs
armed with distinct payloads exhibit non-overlapping toxicities, with trastuzumab
emtansine (DM1 payload) primarily causing thrombocytopenia and hepatotoxicity,
whereas trastuzumab deruxtecan is associated with interstitial lung disease and en-
hanced myelosuppression [108]. Similarly, BCMA-targeted ADCs show divergent
DLTs depending on the payload, with MMAF-based belantamab mafodotin character-
ized by ocular toxicity, while alternative warheads confer distinct systemic adverse
events [93]. CD33- and CD22-targeted ADCs conjugated to calicheamicin, such as GO
and InQO, are consistently associated with hepatotoxicity and sinusoidal obstruction
syndrome [24,109,110]. Finally, toxicity analyses stratified by ADC payload and linker
type showed higher rates of grade >3 adverse events (meaning severe or medically
significant, but not immediately life-threatening events, according to CTCAE crite-
ria [111]) among ADCs with cleavable linkers compared to those with non-cleavable
ones (7.9% vs. 2.2%, respectively) [112].

In addition to the limitations discussed above, the development of acquired resistance

during treatment represents a major drawback to ADC efficacy [113]. This clinical issue

may arise at different levels:

(@)

(ii)

(iii)

The downregulation of the surface target antigen during therapy, which ultimately
leads to treatment refractoriness. While this phenomenon has been reported for
treatment with anti-BCMA ADCs (e.g., belantamab mafodotin), it appears to be less
relevant and frequent for other ADCs, including the anti-CD33 GO and the anti-CD30
BV [114-116].

Antigen escape occurring because of genetic mutations or structural alterations of the
target antigen, as described for anti-CD22 therapy with InO [114].

Alteration in proteins involved in endocytic trafficking or lysosomal dysfunctions,
such as changes in lysosomal pH or defects in transmembrane transport, which are
critical determinants for payload release [113].
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(iv) Payload target or target-related protein alterations, as reported for anti-CD22 ADC
InO, where mutations in key genes or pathways involved in DNA repair lead to
reduced sensitivity to calicheamicin [117].

(v) The overexpression of ATP-binding cassette transporters on the tumor cell surface.
This mechanism has been described in resistance to both GO and BV, as these efflux
pumps promote the extrusion of the cytotoxic payload from tumor cells [115,116].

(vi) The dysregulation of apoptotic pathways, as in the case of GO therapy, where the
overexpression of the anti-apoptotic proteins BCL-2 and BCL-xL has been shown to
contribute to resistance [116].

To overcome these limitations, multiple strategies have been explored to develop in-
creasingly effective and selective compounds, ultimately aiming to minimize the incidence
of off-target or unexpected toxicities and to avoid resistance.

6. Conclusions and Future Directions

The evolution of ADCs has been driven by the iterative optimization of each struc-
tural component—antibody, linker, and cytotoxic payload—leading to next-generation
compounds with improved physical-chemical properties, efficacy, and safety profiles.

Starting from the antibody, recent developments in antibody engineering have centered
on optimizing epitope selection, binding affinity, and surface charge to enhance therapeutic
specificity while minimizing off-tumor toxicity. Targeting epitopes that promote rapid
receptor-mediated internalization or employing bsAbs improve ADC uptake and potency,
even for tumors characterized by low antigen density [5,118]. The fine tuning of binding
affinity remains critical to balance sufficient target engagement with reduction of on-
target/off-tumor adverse effects. Furthermore, controlled charge alterations of the antibody
structure have been shown to reduce target-independent toxicities and related adverse
events [119].

Humanized or fully human IgG backbones remain the preferred scaffolds for clinical
ADC development. IgG1 is now favored over IgG4 for its longer serum half-life, structural
robustness, and capacity for FcyR engagement, while maintaining limited immunogenicity [2,4].
Most ADCs retain the N297-linked Fc glycan, which supports FcyR binding but can pro-
mote nonspecific hepatic uptake via mannose receptors. To mitigate hepatotoxicity, a-
glycosylated antibodies are currently being explored, and the conjugation of small-molecule
payloads to the CH2 domain of the antibody has been reported to restore structural
stability [120].

In parallel, next-generation designs, such as bispecific ADCs (bsADCs) that simulta-
neously target multiple tumor antigens or two distinct epitopes on the same antigen (bi-
paratopic design) pave the way for more selective and highly effective compounds [120,121].
Indeed, bsADCs can induce receptor clustering and accelerate internalization, thereby
enhancing lysosomal processing and increasing payload release compared with conven-
tional ADCs [121]. By engaging two targets or epitopes, bsADCs have the potential to
bypass key limitations of conventional ADCs, resulting in improved tumor selectivity
while limiting the off-tumor on-target mechanism, and mitigating the effects of antigen
heterogeneity [120,122,123]. This strategy is exemplified by biparatopic ADCs targeting
HER?2, where epitope selection has been critical to modulating receptor trafficking, leading
to enhanced internalization and improved cytotoxic activity [124]. A further example of
the improved efficacy of bsADCs is represented by HER2 xPRLR bsADCs that showed a
marked enhanced activity over monospecific HER2 ADCs in double-positive cells, with
an approximately 100-fold reduction in ECs, driven by PRLR-mediated internalization
and lysosomal trafficking [125,126]. Additional bispecific designs, such as ADCs target-
ing HER? and the lysosomal membrane protein CD63, further support the concept that
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redirecting ADCs toward lysosomal compartments can enhance payload delivery and
antitumor activity [127]. Despite these advancements, bsADC development remains largely
limited to solid tumors, with no constructs, in advanced clinical stages, capable of targeting
onco-hematological antigens.

Although the ideal ADC target would be exclusively expressed on malignant cells,
many clinically validated antigens, such as CD19, are also found in normal counterparts,
leading to target-mediated toxicities. Novel strategies to enhance tumor selectivity thus
include the use of antibodies recognizing TAAs [121]. In line with this view, the application
of transcriptomic and proteomic analyses to compare normal versus cancer cells is a
driving force in the identification of such antigens, opening up opportunities for more
selective compounds. An alternative strategy is represented by the use of conditionally
activated constructs such as probody-drug conjugates (PDCs) [128]. Probody technology
represents an innovative strategy to address the challenge of on-target/off-tumor toxicity
by exploiting the dysregulated protease activity typical of the TME. PDCs remain inert in
systemic circulation and are selectively activated upon proteolytic cleavage within the TME,
where elevated protease activity or acidic pH can unmask antigen-binding sites, resulting
in localized payload release. This approach allows side effects associated with broadly
expressed antigens to be reduced while improving tumor selectivity and efficacy [120].
CX-2029, an anti-CD71 MMAE-conjugated PDC, demonstrates the clinical potential of
this approach. Preclinical studies in non-human primates showed a 10-fold increase in
tolerable dose compared with the unmasked ADC, allowing efficient payload delivery
while minimizing systemic toxicity [129,130]. The preclinical efficacy of CX-2029 in multiple
patient-derived xenograft (PDX) models, including DLBCL, supported its advancement
into a phase I-II first-in-human clinical trial (PROCLAIM-CX-2029) [130,131]. Alternative
masking strategies, such as heterodimeric coiled-coil domains, offer steric or ion-dependent
conditional masking and have demonstrated broad applicability across hematologic targets
such as CD19 and CD20 in preclinical models [120,132].

A second area of innovation in ADC performance is represented by the linker. Far
from being an inert connector, it profoundly influences the balance between systemic
stability and efficient payload release. Advances in linker chemistry have markedly reduced
premature systemic deconjugation, improved PK, and enhanced therapeutic efficacy [5].
One key approach involves the reduction of compound hydrophobicity through linker
modifications. Lowering ADC hydrophobicity has been shown to enhance both PK and
antitumor activity, partly by mitigating micropinocytosis-mediated off-target uptake and
nonspecific tissue distribution [133]. Enhanced linker hydrophilicity may also modulate
ADCs’ toxicity profile by influencing the bystander effect, potentially through the reduced
efflux of payload metabolites via MDR1 transporters, although this outcome appears to be
construct-dependent [134].

Another strategy focuses on increasing the DAR without compromising molecular
stability. Conventional ADCs, bearing multiple hydrophobic payloads, often face issues
such as aggregation and accelerated clearance. The use of polymer-based linkers, PEGy-
lated chains, or hydrophilic peptide-based linkers can expand drug loading capacity while
maintaining solubility and favorable PK properties [133,135]. In addition to hydrophobicity
and DAR, linker length and proximal steric hindrance near the conjugation site are struc-
tural variables that influence ADC stability. Tuning of these parameters reduces premature
payload release by limiting unwanted interactions of the linker—antibody conjugate with
serum components and circulating enzymes, thus improving systemic exposure prior to
target engagement [136].

Furthermore, innovations in cleavable linker design aim to restrict payload release
to the tumor compartment while preventing systemic exposure. Sequentially cleavable
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systems, such as glucuronidase-sensitive linkers that unmask a secondary cathepsin site,
ensure that both enzymatic steps occur exclusively within lysosomes. These tandem-
cleavage linkers have demonstrated improved stability and tolerability in preclinical stud-
ies, highlighting their promise for broadening the therapeutic window of next-generation
ADCs [137].

Payload selection represents a final area of innovation in ADC design. Effective
drugs must display adequate mechanism of cytotoxicity, in addition to plasma stability,
and chemical compatibility with conjugation processes, while preserving solubility and
enabling efficient intracellular release. These requirements have driven the development
of novel cytotoxic agents, as well as the design of dual-payload constructs and prodrug
systems. One opportunity of innovation involves the design of hydrophilic cytotoxic
payloads, which allows for high-DAR ADCs without compromising molecular stability or
PK. The glycosylated auristatin 3-D-glucuronide (MMAU) well exemplifies this strategy:
it remains inert in its masked form and regains potent intracellular cytotoxic activity
following lysosomal deglycosylation, while exhibiting minimal bystander effects due to its
limited membrane permeability [138].

Dual-payload ADCs represent another frontier in payload development. These con-
structs integrate two mechanistically distinct cytotoxic agents within a single molecule,
enhancing tumoricidal efficacy and mitigating resistance [139]. An example is provided by
KHS815, a novel TROP2-directed dual-payload ADC carrying a TOP1 inhibitor and an RNA
polymerase II inhibitor, which has shown potent antitumor activity in preclinical models
and a favorable safety profile [140].

Prodrug-based payloads have been designed to minimize off-tumor toxicity by ex-
ploiting tumor-specific features, such as acidic pH, hypoxia, hyper-sialylation, and elevated
protease activity [141]. In these systems, highly potent or hydrophobic cytotoxins are
transiently masked becoming activated only within the TME, where enzymatic or non-
enzymatic cleavage restores their cytotoxic function [142]. In addition to the above dis-
cussed payloads already approved for ADC, other compounds with different mechanisms
of action have entered this scenario, currently undergoing various stages of clinical and
preclinical investigation. They are mainly represented by transcription, TOP2, BCL-xL,
and tyrosine kinase (TK) inhibitors [7]. Among transcription inhibitors, antibody-targeted
amanitin conjugates (ATACs) and histone deacetylase inhibitors (HDACi) represent a
notable example of advanced payloads. By blocking RNA polymerase II, amanitin ex-
erts potent cytotoxicity even in quiescent cells, addressing a key limitation of classical
antimitotic payloads. Early clinical candidates, such as anti-BCMA or anti-CD37 ADCs
carrying amanitin derivatives, have shown promising preclinical efficacy and are now
being evaluated [143-145].

More recently, not only potent cytotoxic agents, but also immune modulators, pro-
tein degradation inducers, and metabolic inhibitors have been considered as potential
ADC payloads. Besides emerging as therapeutic tools in the oncology field, they can be
promising drugs in the setting of chronic inflammatory and autoimmune diseases [5,7].
For instance, immune-stimulating antibody conjugates (ISACs) combine targeted delivery
with immune activation, employing antibodies conjugated to immune agonists (mainly
Toll-like receptors—TLRs—and stimulator of interferon genes—STING) to promote local
immune responses within the TME. Early clinical examples, including anti-HER2 antibod-
ies conjugated to TLR7/8 agonists, have demonstrated encouraging preclinical efficacy
and tolerability [7]. PROTACsS (Proteolysis Targeting Chimeric Molecules) also represent a
novel class of bifunctional agents, inducing proteasomal degradation of targets recruiting
E3 ligases [146]. Integration into antibody-based constructs has led to the development of
Degrader-Antibody Conjugates (DACs) or Antibody neoDegrader Conjugates (AnDCs),
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which exploit antibody-mediated delivery to overcome the poor cell permeability of PRO-
TACs. Different strategies are also represented by ADCs delivering NAMPT inhibitors,
showing selective NAD depletion and potent in vivo antitumor activity revealing metabolic
interference as a promising therapeutic avenue [147]. Similarly, kinesin spindle protein (KSP)
inhibitors specifically target proliferating cells, potentially avoiding undesired toxicities.

Overall, this review provides an overview of the current landscape of ADC devel-
opment in hematological malignancies. Six ADCs have already been approved by the
FDA and EMA, representing a substantial portion of the therapeutic arsenal available to
treat these patients (Table 1). These agents have often reshaped the treatment paradigm,
and have significantly improved prognosis, while expanding therapeutic options. Besides
the approved compounds, the interest in this field is witnessed by the overall number of
ADCs that have been included in preclinical and clinical investigations for hematological
malignancies over the last decade (Tables 2 and 3).

Table 2. Overview of ADCs under preclinical investigation for hematological malignancies in
the last decade. B-ALL: B-lineage acute lymphoblastic leukemia; DLBCL: diffuse large-B-cell lym-
phoma; NHL: non-Hodgkin lymphoma; RT: Richter transformation; AML: acute myeloid leukemia;
CTCL: cutaneous T-cell lymphoma; MM: multiple myeloma; ALL: acute lymphoblastic leukemia;
CLL: chronic lymphocytic leukemia; HL: Hodgkin lymphoma; Cl: cleavable; Non-Cl: non-cleavable.
NA: not available.

Compound Name Target Payload Linker Experimental Model References
huB4-DGN462 CD19 DGN462 (IGN) al B-ALL and B-lymphoma cell lines, [148]
DLBCL xenograft models
Anti-CD22-(LC:K149C)-SN3624 cD22 SN3624 Non-Cl NHL xenograft models [149]
(seco-CBI-dimer)
CAT-02-106 CD22 Maytansine Non-Cl NHL xenograft models [150]
PF-08046032 CD25 MMAE NA Lymphoma xenograft models [151]
AMDCPT .
SGN-CD30c CD30 (TOP1 inhibitor) Cl Lymphoma preclinical models [152]
Anti-CD37 Amal, 2,3 CD37 Amanitin Cl RT xenograft models [143]
IMGN529 L AML cell lines, primary AML blasts
(Naratuximab emtansine) Ch37 DM1 (Maytasinoid) Non-Cl and xenograft models [153]
AML cell lines and xenograft
STRO-001 CD74 SC347 (Maytasinoid) Non-Cl models; CTCL cell lines and [154,155]
xenograft models
STI-8811 BCMA Duostatin Cl MM cell lines and xenograft models [156]
huXBR1-402-G5-PNU ROR1 P.NU N NA RORT1+ leukemia xenograft models [88]
(anthracycline derivative)
o AML, ALL, CLL, MM cell lines

IMMU-140 HLA-DR SN38 (TOP1 inhibitor) NA HIL and DLBCL xenograft models [157]
CD123-CPI-ADC CD123 CPI NA AML xenograft models [158]

Although ADCs currently constitute an important component of targeted therapies,
the field is rapidly evolving, driven by an increasingly refined understanding of the mech-
anisms underlying cancer biology and ADC design and engineering. Modifications to
individual drug components allow for the development of compounds showing greater
specificity while minimizing unwanted toxicities, finally broadening the spectrum of pa-
tients that may benefit from these treatments.

Accordingly, we have discussed forthcoming therapeutic innovations that will in-
troduce into the clinics increasingly sophisticated ADCs, further expanding treatment
possibilities for patients whose management remains challenging, particularly in fragile
cohorts and in the context of frequent disease relapses that characterize the natural history
of hematological malignancies.
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Table 3. Overview of ADCs under clinical investigation (active, recruiting or completed) for hema-

tological malignancies in the last decade. AML: acute myeloid leukemia; cHL: classical Hodgkin

lymphoma; NHL: non-Hodgkin lymphoma; R/R: relapsed/refractory; DLBCL: diffuse large-B-cell

lymphoma; MCL: mantle cell lymphoma; MZL: marginal zone lymphoma; B-ALL: B-lineage acute

lymphoblastic leukemia; R/R MM: relapsed or refractory multiple myeloma; R/R BPDCN: Re-

lapsed /Refractory Blastic Plasmacytoid Dendritic Cell Neoplasm; CMML: chronic myelomonocytic

leukemia; RT: Richter transformation; FL: follicular lymphoma; CLL: chronic lymphocytic leukemia;
MDS: myelodysplastic syndrome; R-CHP: rituximab-CHP; R-CHOP: rituximab-CHOP; SOC: stan-
dard of care; Cl: cleavable; Non-Cl: non-cleavable. The indicated stage of clinical advancement is

based on information available on ClinicalTrials.gov updated in December 2025.

Compound Name

Target

Payload

Linker

Clinical Field

Clinical Phase

Trial ID

Status

References

ABBV-319

CD19

GRM
(glucocorticoid

receptor modulator)

Cl

R/RDLBCL, FL, CLL

NCT05512390

Recruiting

[159]

TRPH-222

CD22

Maytansine

Non-Cl

R/R B-cell malignancies
(DLBCL, FL, MCL, MZL)

NCT03682796

Completed

[160]

ADCT-602

CD22

SG3249 (PBD)

Cl

R/RB-ALL

1/11

NCT03698552

Recruiting

[161]

ADCT-301
(Camidanlumab tesirine)

CD25

SG3199 (PBD)

Cl

R/RNHL and cHL

NCT02432235

Completed

R/RcHL

1II

NCT04052997

Completed

[162-164]

F0002-ADC

CD30

DM1 (Maytasinoid)

Non-Cl

R/RCD30+
hematological
malignancies

NCT03894150
(China)

Completed

[165]

BL-M11D1

CD33

Ed-04
(TOP1 inhibitor)

Cl

R/R AML

NCT05924750

Recruiting

[99]

IMGN529
(Naratuximab
emtansine)
Debio 1562M

CD37

DMI1 (Maytasinoid)

Non-Cl

R/R B-cell malignancies
(DLBCL, FL, MCL, MZL)

NCT01534715

Completed

R/RDLBCL in
combination
with rituximab

1I

NCT02564744

Completed

[166-168]

IMGN632
(Pivekimab Sunirine)

CD123

sFGN849 (IGN)

Cl

Untreated or
R/RBPDCN

/1

NCT03386513

Active

AML monotherapy or in
combination with
venetoclax
and/or azacitidine

I/11

NCT04086264

Active

Newly diagnosed
adverse risk AML and
other high-grade
myeloid neoplasms in
combination
with FLAG-Ida

NCT06034470

Recruiting

[169,170]

AZD9829

CD123

AZ14170132
(TOP1 inhibitor)

NA

CD123+ hematological
malignancies

I/11

NCT06179511

Recruiting

[171]

5227928

CD74

564315
(MCL-1 inhibitor)

Cl

R/R AML, MDS/AML,
CMML monotherapy or
in combination
with venetoclax

NCT06563804

Recruiting

[172]

STRO-001

CD74

SC347
(Maytasinoid)

Non-Cl

Advanced B-cell
malignancies
(MM and NHL)

NCT03424603

Completed

[173,174]

VLS-101/MK-2140
(Zilovertamab vedotin)

ROR1

MMAE (Auristatin)

Cl

Pediatric R/R B-ALL,
DLBCL, BL

I/11

NCT06395103

Recruiting

Aggressive and indolent
B-cell malignancies
(MCL, RT, FL, CLL)

monotherapy and
in combination

I

NCT05458297

Recruiting

R/RDLBCL in
combination with SOC
(R-GemOx/BR)
versus SOC

/11

NCT05139017

Recruiting

Untreated DLBCL in
combination with
R-CHP versus R-CHOP

1T

NCT06717347

Recruiting

Untreated DLBCL in
combination with
R-CHP versus
Pola-R-CHP

II

NCT06890884

Recruiting

[32,175]
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Table 3. Cont.

Compound Name Target Payload Linker Clinical Field Clinical Phase Trial ID Status References
Lymphomas as
CS5001 ROR1 PBD dimer Cl single agent and 1 NCT05279300  Recruiting [176,177]
in combination
NCT05308225
DUO-52 (Us) i
STI-6129 CD38 (microtubule inhibitor) NA R/RMM /1 NCT05565807 Active [178]
(China)
TAK-573
(Modakafusp Alfi) CD38 IFN o2b NA R/RMM I NCT03215030  Completed [179-181]
FOR46 CD46 MMAEF (Auristatin) Non-Cl R/RMM I NCT03650491  Completed [182]
R/R MM monotherapy 1 NCT00346255  Completed
IMGN901 - -
(Lorvotuzumab CD56 DM (Maytasinoid) cl R/RMM in combination [183]

with lenalidomide I NCT00991562  Completed

mertansine)
and dexamethasone

HDP-101 BCMA o-amanitin cl R/RMM /1 NCT04879043  Recruiting [145]
R/R MM monotherapy /1 Eg%géggégg; Completed
BT062 (Indatuximab 1140 pM4 (Maytasinoid) a R/RMM in combination [184,185]
raontansine) with pomalidomide or /1 NCT01638936 ~ Completed

lenalidomide
and dexamethasone
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