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Abstract

The role of immunotherapy in oncohematology is well established. Monoclonal antibod-
ies have undergone substantial development in recent years, targeting a wide range of
molecules (including surface antigens, immune checkpoints, and cytokines) and have
demonstrated clinical utility across various hematologic malignancies, including leukemias,
lymphomas, and myelomas. The emergence of advanced therapy medicinal products
(ATMPs), particularly chimeric antigen receptor (CAR) T cells, has provided an addi-
tional and promising therapeutic option. This rapidly evolving field continues to expand
therapeutic possibilities. The objective of this literature review is to summarize novel
immunotherapeutic strategies in oncohematology, including monoclonal antibody- and
CAR T-cell-based approaches, and to review the key findings from recent clinical trials.

Keywords: immunotherapy; oncohematology; CAR T-cells; monoclonal antibodies

1. Introduction
Hematologic malignancies comprise a heterogeneous group of diseases, including

leukemias (acute lymphoblastic leukemia [ALL], chronic lymphocytic leukemia [CLL],
acute myeloid leukemia [AML], and chronic myeloid leukemia [CML]), lymphomas (in-
cluding Hodgkin lymphoma [HL], non-Hodgkin lymphomas [NHLs], follicular lymphoma
[FL], and diffuse large B-cell lymphoma [DLBCL]), and plasma cell neoplasms such as multi-
ple myeloma (MM). Despite major therapeutic advances, including intensive chemotherapy,
allogeneic hematopoietic stem cell transplantation (HSCT), and the development of targeted
therapies, these diseases continue to be associated with substantial morbidity and mortality.
Recent epidemiological data from the United States estimate that both the incidence and
mortality of hematologic malignancies remain high (Table 1), highlighting the persistent
need for innovative therapeutic strategies [1,2].

Preventing relapse or disease progression in hematologic malignancies remains a major
clinical challenge, and research in this field continues to be highly active. Hematologic
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malignancies have some unique characteristics as accessibility of malignant cells (circulating
or marrow-based) and well-characterized antigenic targets (e.g., CD19, CD20, BCMA) that
make these cancers well-suited as targets for immunotherapy [3]. Over the past two
decades, immunotherapy has undergone remarkable development in oncohematology,
with the emergence of numerous approaches including monospecific (mAbs), bispecific
(bsAbs), and trispecific (tsAbs) monoclonal antibodies; antibody–drug conjugates (ADCs);
adoptive cell therapies such as chimeric antigen receptor (CAR) T-cell therapy; immune
checkpoint inhibitors; and cancer vaccines [4].

Table 1. Estimated major hematologic malignancies’ new cases and deaths for 2026 [2].

Hematologic Malignancies
Leukemia Lymphoma Myeloma

ALL CLL AML CML HL NHL MM

New cases in 2026 6250 22,760 22,720 9650 8920 79,320 36,000
Deaths in 2026 1600 4350 11,500 1170 1100 19,970 10,850

These stat facts focus on population statistics that are based on the U.S. population. Estimates of new cases and
deaths for 2026 are projections made by the American Cancer Society (ACS), based on earlier reported data.

Among these strategies, mAbs and CAR T-cell therapies have profoundly transformed
the therapeutic landscape of several hematologic malignancies and continue to drive
innovation in the field. In this context, the aim of this review is to provide an overview of
mAb- and CAR T-cell-based therapies developed in recent years and to discuss their current
clinical applications as well as future perspectives in oncohematology. Approved agents
and those currently under development will be reviewed through an analysis of the major
published clinical trials, with clarification of their respective stages of development and
their integration into clinical practice. Ongoing clinical trials with robust methodologies—
including large patient populations and comparisons against the standard of care, will also
be discussed—even if their results are not yet available. Regarding CAR T-cell therapies,
the novelty of this review is to provide a comprehensive overview of clinical studies
investigating anti-AML CAR T therapies and identifying the most extensively studied
targets. All CAR-based approaches have been covered, including CAR-NK cells and
in vivo CAR therapies.

2. Monoclonal Antibodies
Monoclonal antibody therapy emerged as a major therapeutic strategy in oncohe-

matology during the 1990s, marked by the U.S. Food and Drug Administration (FDA)
approval of the first anti-CD20 mAb, rituximab, in 1997 [5]. Over the following decades,
both the number of therapeutic targets and the spectrum of clinical indications expanded
considerably, alongside major advances in antibody engineering, including the develop-
ment of humanized and fully human mAbs. Many of these agents have since received FDA
approval and are now integral components of first- and second-line treatment regimens
for a wide range of hematologic malignancies, including NHL, CLL, MM, and DLBCL
(Figure 1). The lack of commercialization of new monoclonal antibodies since 2020 can
be explained by the emergence and widespread adoption of bispecific antibodies and
antibody–drug conjugates (ADCs) [6].

Clinical trials in oncohematology continue to expand rapidly across multiple therapeu-
tic targets, reflecting the increasing complexity and diversification of immunotherapeutic
approaches. Accordingly, recent advances can be usefully discussed according to their
principal molecular targets and mechanisms of action.
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Figure 1. History of FDA-approved mAbs.

2.1. Anti-CD20 mAbs

Since its FDA approval in 1997 for relapsed or refractory (R/R) CD20-positive B-
cell low-grade or follicular NHL [5], rituximab has become a cornerstone of therapy for
several B-cell malignancies. It is currently used as first-line therapy in combination with
chemotherapy for NHL and as monotherapy in selected patients with relapsed disease. In
CLL, rituximab is routinely administered in combination with chemotherapy [7].

Rituximab is also increasingly used as a pretreatment prior to the administration of
bispecific antibodies (bsAbs), such as epcoritamab, to reduce the risk of cytokine release
syndrome (CRS) and improve treatment tolerability [8].

Numerous second-generation anti-CD20 mAbs, including veltuzumab (NCT00547066) [9],
ocrelizumab (NCT02723071), and ocaratuzumab (NCT00354926) [10], have been developed.
However, none progressed beyond phase I/II clinical trials in hematologic malignancies. Ubli-
tuximab advanced to phase III clinical study (NCT02612311), but its development in oncohe-
matology was ultimately discontinued because of the emergence of alternative therapeutic
strategies, particularly CAR T-cell therapies and bsAbs [11]. Of these agents, only two have
received FDA approval and remain in routine clinical use: ofatumumab, a fully human mAb;
and obinutuzumab, a humanized mAb [12,13]. Initially approved for refractory CLL, ofatu-
mumab subsequently received additional indications in 2014, including first-line treatment in
combination with chlorambucil and monotherapy for CLL refractory to both fludarabine and
alemtuzumab [14]. Compared with first-generation rituximab, obinutuzumab exhibits enhanced
antibody-dependent cellular cytotoxicity (ADCC), which contributes to its improved antitumor
activity [15]. The improvement in progression-free survival observed with obinutuzumab
compared with rituximab was first demonstrated in a large randomized phase III clinical trial
involving 781 previously untreated patients with chronic lymphocytic leukemia (CLL). Pa-
tients receiving obinutuzumab plus chlorambucil achieved significantly longer progression-free
survival than those treated with rituximab plus chlorambucil (p < 0.001), as well as higher
complete response rates (20.7% vs. 7.0%) [16]. Similar findings were reported in a large ran-
domized phase III trial that enrolled 1202 patients with follicular lymphoma. During the
induction phase, patients received either obinutuzumab plus chemotherapy or rituximab plus
chemotherapy, followed by maintenance therapy with the corresponding anti-CD20 antibody.
Patients treated with obinutuzumab-based chemotherapy achieved significantly higher 3-year
progression-free survival rates than those receiving rituximab-based chemotherapy (80.0% vs.
73.3%; p = 0.001) [17]. The safety profile of obinutuzumab was found to be comparable to that
of rituximab, including in real-world clinical practice settings [18].

More recently, CD20 × CD3 bsAbs have emerged as a novel therapeutic class and are
currently being evaluated against rituximab-based strategies in randomized clinical trials
(NCT04408638, NCT06337318, NCT04663347, NCT06097364) [19–22].

2.2. Anti-CD52 mAbs

Alemtuzumab is currently the only commercially available anti-CD52 mAb. Following
its FDA approval in 2001 for the treatment of patients with B-cell chronic lymphocytic
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leukemia (B-CLL) previously treated with alkylating agents and refractory to fludarabine
therapy [23], alemtuzumab subsequently received an expanded indication in 2007 as
monotherapy for B-CLL [24]. It has also received FDA Orphan Drug Designation for use
as a lymphodepleting agent prior to treatment with genetically modified allogeneic T-cell
product UCART22 [25].

Alemtuzumab also represents a promising therapeutic option for the management
of T-cell prolymphocytic leukemia, and a phase Ib clinical trial evaluating its combina-
tion with the JAK1 inhibitor itacitinib is currently ongoing (NCT03989466) [26]. Current
treatment guidelines recommend the use of alemtuzumab as a first-line therapy for T-cell
prolymphocytic leukemia (T-PLL) [27,28].

Nevertheless, the clinical use of alemtuzumab remains limited by its toxicity profile,
particularly the profound and prolonged lymphocyte depletion it induces, which increases the
risk of opportunistic infections and necessitates appropriate anti-infective prophylaxis [29].

2.3. Anti-CD38 mAbs

Daratumumab was the first anti-CD38 mAb to receive FDA approval, initially being
authorized in 2015 for the treatment of patients with MM who had received at least three
prior lines of therapy (Figure 1) [30].

More recently, several phase III studies have demonstrated the benefits of daratumumab-
containing quadruplet regimens as first-line therapy for newly diagnosed MM. The random-
ized phase III CEPHEUS trial (NCT03652064) demonstrated that the addition of daratumumab
to bortezomib, lenalidomide, and dexamethasone (D-VRd) significantly improved the minimal
residual disease (MRD) negativity rate compared with VRd alone (60.9% vs. 39.4%; p < 0.0001).
Complete response rates (CR; 81.2% vs. 61.6%; p < 0.0001) and sustained MRD negativity for
at least 12 months (48.7% vs. 26.3%; p < 0.0001) were also significantly increased [31].

Similarly, the randomized phase III CASSIOPEIA study (NCT02541383) showed that
the addition of daratumumab to bortezomib, thalidomide, and dexamethasone signifi-
cantly prolonged progression-free survival (PFS) in transplant-eligible patients with newly
diagnosed MM (median not reached vs. 45.8 months; p < 0.0001) [32].

The therapeutic potential of daratumumab is also being explored in high-risk smol-
dering MM. The phase III AQUILA trial (NCT03301220) demonstrated that subcutaneous
daratumumab prolonged PFS compared with active monitoring (63.1% vs. 40.8%) and was
associated with improved overall survival (OS; 93.0% vs. 86.9%) [33].

Beyond its use in conventional combination regimens, daratumumab is investigated
in combination with bsAbs. The phase III clinical trial NCT05083169 demonstrated that the
combination of teclistamab and daratumumab significantly improved the estimated 36-month
PFS compared with daratumumab alone (83.4% vs. 29.7%; p < 0.001). Complete response
rates (81.8% vs. 32.1%), overall response rates (ORR; 89.0% vs. 75.3%), and MRD negativity
rates (58.4% vs. 17.1%) were also significantly higher (p < 0.001) for all comparisons) [34].

The ongoing phase I TRIMM-2 study (NCT04108195) is evaluating the combination of
talquetamab and daratumumab in R/R MM. Preliminary results have been encouraging,
with ORR of 71.4% in the weekly (QW) cohort and 82.4% in the every-two-week (Q2W)
cohort, with a median PFS of 23.3 and 21.2 months, respectively [35].

In parallel, additional anti-CD38 mAbs have been developed. Isatuximab became
the second anti-CD38 mAb to receive FDA approval when it was authorized in 2020 in
combination with pomalidomide and dexamethasone for patients with MM who had
received at least two prior lines of therapy, including lenalidomide and a proteasome
inhibitor [36]. In 2024, its indication was expanded to include first-line treatment of adults
with newly diagnosed MM who are ineligible for autologous stem cell transplantation,
following the results of the phase III study NCT03319667 [37]. This trial demonstrated
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significantly higher estimated 60-month PFS (63.2% vs. 45.2%; p < 0.001) and complete
response rates (74.7% vs. 64.1%; p = 0.01) in the isatuximab-VRd group compared with the
VRd group [38].

2.4. GPRC5D mAbs

SAR446523 is an investigational anti-GPRC5D mAb currently being evaluated in a
phase I clinical trial (NCT06630806). Despite its early clinical development, it was granted
FDA Orphan Drug Designation in 2025 for R/R MM [39].

2.5. Anti-CS1

Elotuzumab is a humanized immunostimulatory mAb that received FDA approval in
2015 for use in combination with lenalidomide and dexamethasone (ERd) in patients with
MM who had received one to three prior lines of therapy. This approval was based on the
results of the phase III ELOQUENT-2 trial, which demonstrated a 30% reduction in the risk
of disease progression or death with ERd compared with lenalidomide and dexamethasone
alone (p = 0.0004) [40,41].

In contrast to CD38 mAbs, there has been no expansion of indications into the first-
line setting.

2.6. Anti-CD19 mAbs

Tafasitamab remains the only anti-CD19 humanized mAb to receive FDA approval,
having been authorized in 2020 for the treatment of adults with R/R DLBCL [42]. Its
indication has subsequently been expanded to include adults with R/R FL [43]. In addition,
a phase III trial (NCT04824092) evaluating tafasitamab plus lenalidomide and R-CHOP
compared with R-CHOP alone in patients with newly diagnosed high–intermediate- or
high-risk DLBCL demonstrated improved PFS in the tafasitamab arm [44].

Inebilizumab (MEDI-551) is an anti-CD19 mAb engineered to enhance ADCC. How-
ever, its development in oncohematology was discontinued following phase I/II clinical
evaluation in R/R advanced B-cell malignancies (NCT00983619) and an early phase I study
in MM (NCT01861340) related to modest responses [45].

2.7. Anti-CD80 mAbs

To date, no anti-CD80 mAb has received FDA approval. Galiximab was evaluated
in a phase II clinical trial (NCT00516217) involving patients with R/R HL, which was
completed in 2015. It was also investigated in combination with rituximab in a phase II
study of patients with stage II, III, or IV NHL. The study reported encouraging efficacy,
with an ORR of 72.1% (95% confidence interval [CI], 59.2–82.9%), including a complete
or unconfirmed complete response (CR/CRu) rate of 47.6% and a partial response rate of
24.6%, with a median PFS of 2.9 years [46]. Despite the initiation of two phase III clinical
trials evaluating galiximab in combination with rituximab for follicular NHL (NCT00384150
and NCT00363636 completed in 2010), galiximab ultimately failed to achieve regulatory
approval and was not further developed.

2.8. Anti-CD30 mAbs

To date, no unconjugated anti-CD30 mAb has received FDA approval. MDX-060
is the only agent to have undergone phase I/II clinical evaluation in patients with R/R
CD30-positive lymphoma (NCT00059995 and NCT00284804). However, its activity as a
monotherapy proved insufficient for further clinical development, with objective clinical
responses observed in only six of the 72 treated patients [47].

Subsequent development efforts shifted toward the anti-CD30 ADC brentuximab
vedotin, which ultimately achieved regulatory approval.
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2.9. Anti-CD40 mAbs

To date, no anti-CD40 mAb has received FDA approval for use in oncohematology.
Dacetuzumab provided initial clinical proof of concept for CD40-targeted therapy; however,
its development was ultimately discontinued because of limited efficacy and dose-limiting
toxicities (hepatotoxicity, CRS, thrombocytopenia, general hyperimmune stimulation, and
tumor angiogenesis in response to endothelial cell activation) [48].

2.10. Anti-CD74 mAbs

The anti-CD74 mAb milatuzumab received FDA Orphan Drug Designation for the
treatment of MM in 2008 and was subsequently evaluated in a phase I/II clinical trial in-
volving frail patients with refractory CLL. However, its clinical development was ultimately
discontinued due to lack of efficacy (NCT01101594) [49,50].

2.11. Anti-CD33 mAbs

The only anti-CD33 mAb currently under clinical investigation in AML (NCT02575963)
and MM (NCT02998047) is lintuzumab radiolabeled with actinium-225. Results from a
phase I study evaluating [225Ac]Ac-lintuzumab combined with CLAG-M (cladribine +
cytarabine + G-CSF + mitoxantrone) salvage therapy in R/R AML showed a composite
complete remission (CRc) rate (CR/CRi) of 56.6% overall, with MRD negativity achieved
in 8 of 12 responders [51].

2.12. Anti-CD22 mAb

Only one anti-CD22 mAb (epratuzumab) has progressed to phase II clinical develop-
ment, intended for use in combination with rituximab (NCT00553501) [52]. However, it
showed limited clinical efficacy, and its development was subsequently discontinued [53].

2.13. Monoclonal Antibody Overview

The first anti-CD20 monoclonal antibody, rituximab, remains the standard of care for
many CD20-positive B-cell lymphomas, including diffuse large B-cell lymphoma (DLBCL)
and follicular lymphoma (FL) [54]. In contrast, its use in chronic lymphocytic leukemia
(CLL) has declined with the emergence of tyrosine kinase inhibitors [55]. Numerous other
anti-CD20 monoclonal antibodies have entered clinical development; however, obinu-
tuzumab is the only agent that has demonstrated significantly superior clinical activity
compared with rituximab [56].

Among the targets explored for the management of multiple myeloma (MM), CD38
has been the most successful, leading to the commercialization of daratumumab, the first
anti-CD38 monoclonal antibody. Daratumumab demonstrated a significant improvement
in complete response rates when combined with chemotherapy in MM. More recent studies
have reported comparable outcomes with chemotherapy-free approaches based on combi-
nations including bispecific antibodies such as teclistamab and talquetamab. Daratumumab
is now incorporated into international clinical practice guidelines for multiple myeloma,
including frontline treatment regimens. Isatuximab has also shown favorable clinical results
but is generally used after daratumumab in routine practice, with daratumumab remain-
ing the preferred anti-CD38 monoclonal antibody [57]. Monoclonal antibodies targeting
GPRC5D, CS1, CD74, and CD33 in MM have not demonstrated sufficiently convincing
efficacy in the clinical trials discussed above and are therefore not included in current
treatment recommendations.

Alemtuzumab, the only commercially available anti-CD52 monoclonal antibody, is
rarely used in current clinical practice and is mainly reserved for selected cases of T-cell
prolymphocytic leukemia (T-PLL) [28].
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Targets other than CD20 have also been explored in lymphoma, with therapeutic
strategies varying according to the lymphoma subtype.

In DLBCL, tafasitamab—an anti-CD19 monoclonal antibody—has been incorporated
into clinical practice guidelines as a preferred treatment option, in combination with
lenalidomide, for patients with relapsed or refractory DLBCL who are not eligible for
autologous stem cell transplantation [58]. Recent guidelines continue to support the use of
tafasitamab, particularly in the management of B-cell lymphomas [59]. Despite proof-of-
concept activity of the anti-CD40 monoclonal antibody dacetuzumab in DLBCL, its clinical
development was discontinued because of an unfavorable benefit–risk profile [48].

In non-Hodgkin lymphoma (NHL), galiximab—a monoclonal antibody targeting
CD80—initially appeared promising; however, its development was discontinued during
Phase III trials because of recruitment difficulties associated with evolving standards of
care [60]. Similarly, despite reaching Phase II clinical development, an anti-CD22 mono-
clonal antibody failed to demonstrate sufficient efficacy, leading to the discontinuation of
its development [53].

3. Bispecific Antibodies and Bispecific T-Cell Engagers
Bispecific T-cell engagers used in oncohematology are designed to redirect T lympho-

cytes toward tumor cells, primarily activating them via CD3 engagement. They typically
target CD3 on T cells and a tumor-associated antigen specific to the underlying hematologic
malignancy, such as B-cell maturation antigen (BCMA) in MM, CD19 in precursor B-cell
acute lymphoblastic leukemia (B-ALL), CD20 in lymphomas, or CD123 in AML. Over the
past decade, nine bsAbs have received FDA approval, mainly for the treatment of MM, FL,
and ALL (Figure 2).

Figure 2. History of FDA-approved bsAbs.

3.1. CD19 × CD3 bsAbs

Blinatumomab is a CD19 × CD3 bsAb that received FDA approval in 2014 for the
treatment of Philadelphia chromosome-negative R/R precursor B-ALL [61]. In 2024, the
FDA expanded its indication to include adult and pediatric patients aged one month and
older with CD19-positive, Philadelphia chromosome-negative precursor B-ALL during
the consolidation phase of multiphase chemotherapy [62]. This expanded indication was
based on the results of four phase III clinical trials including a large cohort of adult pa-
tients (Table 2). Overall survival was significantly improved when blinatumomab was
combined with consolidation chemotherapy compared with consolidation chemotherapy
alone (p = 0.002) in a large cohort of 488 adult patients with BCR::ABL1-negative BCP-ALL
who had MRD-negative remission after induction and intensification chemotherapy [63].
In pediatric patients aged 28 days to 18 years, blinatumomab demonstrated a significant
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improvement in PFS compared with chemotherapy administered during the third consoli-
dation cycle following induction and two cycles of consolidation chemotherapy in patients
with high-risk, first-relapse, Philadelphia chromosome-negative (Ph–) B-cell precursor
ALL [64]. Similarly, favorable results have been reported in patients presenting with bone
marrow and/or extramedullary relapse [65].

More recently, several studies have explored the combination of blinatumomab with
tyrosine kinase inhibitors (TKIs) as part of chemotherapy-free treatment strategies (Table 2).
The combination of dasatinib and blinatumomab as an induction/consolidation regimen
induced durable hematologic responses in adults with Philadelphia chromosome-positive
ALL (NCT02744768) [66]. Likewise, the ponatinib–blinatumomab combination demon-
strated favorable efficacy and safety, reducing the need for intensive chemotherapy and
HSCT during first remission in most patients (NCT03263572) [67]. These two-phase II clini-
cal trials were conducted without a comparator in a cohort of 63 and 60 patients. However,
the Blinatumomab + Ponatinib combination achieved superior outcomes compared with
conventional TKI-plus-chemotherapy regimens in a phase III clinical trial conducted in a
cohort of 158 patients (Table 2) [68].

Although most studies have focused on B-ALL, a phase I clinical trial (NCT02568553)
also evaluated the combination of blinatumomab and lenalidomide in R/R B-cell non-
Hodgkin lymphoma (B-NHL), with the aim of mitigating blinatumomab-induced T-cell
exhaustion (Table 2) [69].

AFM11, another CD19 × CD3 bsAb, also entered phase I clinical evaluation. How-
ever, neurotoxicity and limited efficacy observed in two phase I trials (NCT02106091 and
NCT02848911) ultimately halted its clinical development [70].

Table 2. Summary of recent clinical trial for CD19 × CD3 bsAbs in B-ALL and R/R B-NHL.

Agent Target Year (Estimated
Completion Date) Phase Cases OS Rate CR/CRi (%) Median Survival

(Months) Clinical Trial Ref.

B-ALL

Blinatumomab + chemotherapy
vs. chemotherapy CD19 × CD3 2027 III 488 85% vs. 68%

p = 0.002 NA NA NCT02003222 [63]

Blinatumomab vs. chemotherapy CD19 × CD3 2022 III 108 85.2% vs. 70.4% NA
22.4 months EFS:
69% vs. 43%
p < 0.001

NCT02393859 [64,71]

Blinatumomab + chemotherapy vs.
chemotherapy

CD19 × CD3 2026 III 255 97.1% vs. 84.8%
p = 0.020 (1) NA NA NCT02101853 [65]

CD19 × CD3 2027 III 1440

3-year disease-free
survival 96.0 vs.
87.9%
p < 0.001

NA NA NCT03914625 [72]

Blinatumomab + dasatinib CD19 × CD3
+ TKI 2021 II 63 80.7% 93.1% NA NCT02744768 [66]

Blinatumomab + Ponatinib CD19 × CD3
+ TKI 2027 II 60 3-year OS rate:

91% 83% NA NCT03263572 [67]

Blinatumomab + Ponatinib
vs. imatinib

CD19 × CD3
+ TKI 2027 III 158 NA 94.4% vs. 79.4%

p = 0.001

18 months EFS (2) :
89.9% vs. 76.8%
p = 0.011

NCT04722848 [68]

R/R B-NHL

Blinatumomab +
lenalidomide

CD19 × CD3
+
Chemotherapy

2025 I 35 NA 70% NA NCT02568553 [69]

(1) 4-year OS For bone marrow (BM) ± extramedullary (EM) relapses; (2) event-free survival (EFS).

3.2. CD20 × CD3 bsAbs
3.2.1. Mosunetuzumab

Mosunetuzumab became the first bsAb to receive FDA approval for the treatment of
FL in 2022 [73]. Long-term follow-up from the pivotal phase I/II study (NCT02500407)
confirmed the durability of its clinical activity, with sustained responses observed in
patients with R/R FL after at least two prior lines of therapy (Table 2) [74].

Subcutaneous administration demonstrated efficacy comparable to the intravenous for-
mulation while reducing both the incidence (29.8% vs. 44.4%) and severity (grade ≥ 2: 9.6%
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vs. 18.9%) of CRS, thereby improving treatment convenience and facilitating outpatient
management [75].

Beyond FL, mosunetuzumab has also demonstrated durable clinical activity in other
B-NHL, extending its potential therapeutic utility (Table 3) [76]. The main limitation of
these studies is that they were conducted without a comparator arm. Phase III clinical trials
with comparator arms are currently underway, including studies comparing rituximab vs.
mosunetuzumab (NCT06337318) and mosunetuzumab plus lenalidomide vs. rituximab plus
lenalidomide (NCT04712097); however, the results have not yet been published. In clinical
practice, it is recommended in combination with polatuzumab vedotin as a second-line
therapy option for patients with relapsed FL occurring more than 12 months after first-line
therapy who are not candidates for transplantation, according to NCCN guidelines [59].

Table 3. Summary of recent clinical trial for CD20 × CD3 bsAbs Mosunetuzumab in R/R FL and
R/R B-NHL.

Agent Target Year (Estimated
Completion Date) Phase Indication Cases OS Rate CR/CRi (%) Median

Survival (Months) Clinical Trial Ref.

Mosunetuzumab CD20 × CD3 2025 I/II R/R FL 90 82.4% 60% 35.9 NCT02500407 [74]

Mosunetuzumab CD20 × CD3 2025 I/II R/R NHL 229 NA

65.7% for
indolent NHL
36.4% for
agressive NHL

DoR
23.2 months NCT02500407 [76]

3.2.2. Glofitamab

Glofitamab received FDA approval in 2023 for the treatment of R/R DLBCL. In
2025, its indication was expanded to include use in combination with gemcitabine and
oxaliplatin (GemOx) for selected patients with R/R DLBCL, following the results of the
STARGLO study (NCT04408638) including transplant-ineligible patients (aged ≥18 years)
with histologically confirmed R/R DLBCL after one or more previous therapies which
demonstrated significantly improved OS with glofitamab plus GemOx compared with
Rituximab plus GemOx (p = 0.011) (Table 4) [19].

Glofitamab is also being investigated in combination with ADCs for the treatment of
aggressive lymphomas. The combination of glofitamab and loncastuximab tesirine, a CD19-
directed ADC (NCT04970901), has shown encouraging preliminary activity in patients
with R/R aggressive B-NHL (aged ≥18 years) (Table 4) [77]. This study comprises multiple
treatment arms designed to assess loncastuximab in combination with various antibodies,
including polatuzumab vedotin, glofitamab, mosunetuzumab, and obinutuzumab. To date,
only preliminary results have been reported.

Similarly, the combination of glofitamab and polatuzumab vedotin (NCT04914741;
NCT03533283) in adult patients (Age ≥ 18 years) with high-risk (HR) LBCL in phase I/II
trials with no comparator arm demonstrated high response rates and durable remissions
while maintaining a manageable safety profile in heavily pretreated patients [78,79].

In addition, glofitamab is explored as a treatment option for R/R lymphomas from
1 month after CAR T-cell therapy in adult patients (aged ≥18 years). Preliminary results
in a phase II clinical trial without a comparator in a cohort of 46 patients suggest favor-
able OS outcomes together with an acceptable safety profile in this setting (NCT04703686)
(Table 4) [80]. In clinical practice, glofitamab is recommended for R/R DLBCL in combina-
tion with gemcitabine and oxaliplatin in patients with early progression of disease (POD)
who are unsuitable for CAR T therapy, or in those with late POD who are unsuitable for
platinum-based reinduction therapy and autologous stem cell transplantation (ASCT). Due
to the increased risk of adverse events and cytokine release syndrome (CRS), all patients
must receive premedication with obinutuzumab [81,82].
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Table 4. Summary of recent clinical trial for CD20 × CD3 bsAbs glofitamab in R/R DLBCL and LBCL.

Agent Target Year (Estimated
Completion Date) Phase Cases OS Rate CR/CRi (%) Median Survival

(Months) Clinical Trial Ref.

DLBCL

Glofitamab +
gemOx vs.
rituximab + gemOx

CD20 × CD3
+ Chemotherapy 2028 III 274

13.8 months
vs. 9.0 months
(p = 0.011)

NA NA NCT04408638 [19]

Glofitamab+ obinutuzumab CD20 × CD3 +
CD20 2029 I/II 155 NA 39% NA NCT03075696 [82]

Glofitamab +
Loncastuximab Tesirine CD20 × CD3 +

ADC CD19 2027 Ib 31 NA 64.5% NA NCT04970901 [77]

Glofitamab
After failing
CAR T-cell
Therapy

CD20 × CD3 2025 II 46 OS: 14.7 months NA NA NCT04703686 [80]

LBCL

Glofitamab +
R-CHOP
or Glofitamab +
polatuzumab
vedotin + RCHP

CD20 × CD3 +
CD20 mAbs
+ chemotherapy
or ADC CD79b
+ CD20 mAbs
+ chemotherapy

2025 I/II 80 86% vs. 92% 100% vs. 98% NA NCT04914741 [79]

Glofitamab +
polatuzumab
vedotin

CD20 × CD3 +
ADC CD79b 2026 I/II 129 OS: 33.8 months 59.7% NA NCT03533283 [78]

3.2.3. Epcoritamab

Epcoritamab was approved by the FDA in 2025, in combination with lenalidomide
and rituximab for R/R FL [83], following the results of the phase III EPCORE FL-1 study
(NCT05409066) conducted in adult patients with a comparator arm that demonstrated
a significantly higher complete response (CR) rate in the epcoritamab + lenalidomide +
rituximab arm compared with the control arm—rituximab plus lenalidomide (Table 5) [84].
In clinical practice, it is recommended for relapsed/refractory (R/R) DLBCL and follicular
lymphoma (FL) after ≥2 prior systemic therapy regimens [81].

Table 5. Summary of recent clinical trial for CD20/CD3 bsAbs epcoritamab in R/R FL.

Agent Target Year (Estimated
Completion Date) Phase Indication Cases OS Rate CR/CRi (%) Median Survival

(Months) Clinical Trial Ref.

Epcoritamab + lenalidomide
(lena) + rituximab (ritux) vs.

lena + ritux
CD20 × CD3 2029 III R/R FL 488 NA

ORR: 95% vs.
79%

p < 0.0001
NA NCT05409066 [84]

3.2.4. Odronextamab

Odronextamab received FDA approval in 2025 for the treatment of R/R FL after two
or more lines of systemic therapy. It has also been approved by the European Medicines
Agency (EMA) for the treatment of R/R FL and DLBCL [85]. Clinical activity has been
demonstrated both with odronextamab monotherapy (NCT03888105) and in combination
with CHOP chemotherapy [86]. In the latter setting, odronextamab plus CHOP was
superior to the standard R-CHOP regimen in patients with previously untreated DLBCL
(NCT06091865) (Table 6) [87].

Table 6. Summary of recent clinical trial for CD20/CD3 bsAbs Odronextamab in R/R FL and
R/R DLBCL.

Agent Target Year (Estimated
Completion Date) Phase Indication Cases OS Rate CR/CRi (%) Median Survival

(Months) Clinical Trial Ref.

Odronextamab CD20 × CD3 2028 II R/R FL 128 NA 73.4% 20.7 months NCT03888105 [86]

Odronextamab
+ CHOP vs.
Rituximab +
CHOP

CD20 × CD3 2029 III Untreated CD20+
DLBCL 22 NA 100% NA NCT06091865 [87]

Odronextamab CD20 × CD3 2025 I R/R DLBCL after
CAR T-cell therapy 60 NA 31.7% NA NCT02290951 [88]

As with other CD20 × CD3 bsAbs, odronextamab has also been investigated in
patients with R/R DLBCL who progressed after CAR T-cell therapy. A phase I study
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(NCT02290951) reported encouraging clinical activity together with an acceptable safety
profile (Table 6) [88]. A phase III randomized clinical trial is currently ongoing with
a comparator arm to evaluate the efficacy and safety of odronextamab plus lenalido-
mide compared with rituximab plus lenalidomide in patients with NHL (NCT06149286).
Odronextamab has received FDA and EMA regulatory approvals but has not yet been
incorporated into the B-Cell Lymphomas NCCN Clinical Practice Guidelines.

3.2.5. Plamotamab

The clinical development of plamotamab was initiated in a phase I clinical trial
(NCT02924402) evaluating subcutaneous administration in heavily pretreated patients
with R/R NHL who had previously received CAR T-cell therapy, as well as in a phase II
trial in combination with tafasitamab (NCT05328102). However, its development in onco-
hematology currently appears to have been discontinued due to a business decision [89,90].

3.3. BCMA × CD3
3.3.1. Teclistamab

Teclistamab received FDA approval in 2022 for the treatment of adults with R/R
MM who had received at least four prior lines of therapy [91]. Clinical development is
now focusing on earlier treatment settings. In March 2026, the FDA expanded its indica-
tion to include use in combination with subcutaneous daratumumab (daratumumab and
hyaluronidase-fihj) for adults with R/R MM who had received at least one prior line of
therapy, including a proteasome inhibitor and an immunomodulatory agent [92]. An appli-
cation has also been submitted to the EMA seeking approval of teclistamab monotherapy
for patients with R/R MM after at least one prior line of therapy [93]. In the phase III trial
NCT05083169, the combination of teclistamab and subcutaneous daratumumab signifi-
cantly improved PFS compared with standard daratumumab-based therapy in patients
with R/R MM (Table 7) [34].

Table 7. Summary of recent clinical trial for BCMA × CD3 bsAbs teclistamab in MM.

Agent Target Year (Estimated
Completion Date) Phase Indication Cases OS Rate CR/CRi (%) Median Survival

(Months) Clinical Trial Ref.

Teclistamab +
daratumumab
vs. daratumumab
+ dxm

BCMA × CD3 2028 III R/R MM 587 NA 81.8% vs.
32.1%

36-month PFS:
83.4% vs. 29.7%
p < 0.001

NCT05083169 [34]

Teclistamab
+ lenalidomide BCMA × CD3 2032 III Newly

Diagnosed MM 94 NA

Among MRD
+ pts at study entry
100% converted
to MRD -

NA NCT05243797 [94]

Teclistamab is also being evaluated in combination with lenalidomide, with prelimi-
nary results demonstrating deep and durable responses together with high rates of MRD
negativity (Table 7) [94]. It is listed as an emerging option in the MM NCCN 2025 Version 2
Guidelines, in addition to quadruplet therapies for the management of MM [95].

3.3.2. Linvoseltamab

Following the success of teclistamab, linvoseltamab received regulatory approval from
both the FDA and the EMA in 2025 as monotherapy for adults with R/R MM who had re-
ceived at least three prior lines of therapy. This approval was supported by the results of the
pivotal LINKER-MM1 study (NCT03761108) (Table 8) [96–98]. Ongoing phase III studies
are now investigating linvoseltamab, both in combination with elotuzumab (NCT05730036)
and in earlier lines of therapy (NCT07222761). Several phase III clinical trials with ac-
tive comparator arms are currently ongoing, including studies comparing linvoseltamab
with elotuzumab plus pomalidomide and dexamethasone (EPd) (NCT05730036) [99], or
daratumumab, lenalidomide, and dexamethasone plus linvoseltamab vs. daratumumab,
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lenalidomide, and dexamethasone (NCT06932562). However, the results have not yet been
published. Linvoseltamab is now being incorporated into clinical practice guidelines for
the treatment of relapsed/refractory multiple myeloma (R/R MM) in patients who have
received at least four prior lines of therapy [100].

Table 8. Summary of recent clinical trial for BCMA × CD3 bsAbs linvoseltamab in MM.

Agent Target Year (Estimated
Completion Date) Phase Indication Cases OS Rate CR/CRi (%) Median Survival (Months) Clinical Trial Ref.

Linvoseltamab BCMA × CD3 2033 I/II R/R MM 117 NA 52% Not reached after median
follow-up of 29.4 months NCT03761108 [98]

Linvoseltamab BCMA × CD3 2033 III R/R MM NA NA NA NA NCT05730036 [99]

3.3.3. Elranatamab

In 2023, elranatamab received regulatory approval from both the FDA and the EMA for
the treatment of adults with R/R MM who had received at least three prior lines of therapy,
based on the results of the phase II MagnetisMM-3 study (NCT04649359) (Table 9) [101–103].

Table 9. Summary of recent clinical trial for BCMA × CD3 bsAbs elranatamab in MM.

Agent Target Year (Estimated
Completion Date) Phase Indication Cases OS Rate CR/CRi (%) Median Survival (Months) Clinical Trial Ref.

Elranatamab BCMA × CD3 2026 II R/R MM 123 56.7% at
15 months 35% NA NCT04649359 [101]

An ongoing phase II trial is evaluating elranatamab earlier in the treatment course for
patients with R/R MM who have received one to three prior lines of therapy (NCT06711705).
Two phase III trials are further exploring elranatamab-based combinations: one with dara-
tumumab (NCT05020236; MagnetisMM-5) and another with daratumumab plus lenalido-
mide (NCT05623020; MagnetisMM-6). A phase III clinical trial with a comparator arm is
currently underway to confirm the results of the phase II single-arm study. The trial is
evaluating elranatamab monotherapy vs. elranatamab plus daratumumab (NCT05020236).
Elranatamab is now included in international clinical practice guidelines, together with
linvoseltamab and teclistamab, as a treatment option for patients with relapsed/refractory
multiple myeloma after four or more prior lines of therapy [100].

3.3.4. Alnuctamab

Alnuctamab demonstrated promising efficacy in a phase I clinical study (NCT03486067),
with an ORR of 58.9% among all R/R MM patients treated with subcutaneous alnuctamab,
and a MRD negativity rate of 49.5% [104]. A phase III clinical trial was initiated in May
2024 but subsequently withdrawn for change in Business objectives (NCT06232707) [105].

3.3.5. Etentamig

Etentamig (ABBV-383) has been evaluated in a phase I study involving patients with
R/R MM (NCT03933735) (Table 10). Initial results demonstrated encouraging clinical
activity, warranting further investigation [106]. Clinical development remains ongoing,
with several phase I/II studies (NCT05259839; NCT06223516; NCT05650632; NCT06892522)
and a phase III trial (NCT06158841) currently evaluating ABBV-383 monotherapy compared
with standard-of-care treatment in patients with R/R MM.

Table 10. Summary of recent clinical trial for BCMA × CD3 bsAbs etentamig in MM.

Agent Target Year (Estimated
Completion Date) Phase Indication Cases OS Rate CR/CRi (%) Median Survival (Months) Clinical Trial Ref.

ABBV-383
(etentamig) BCMA × CD3 2026 I/II R/R MM 124 ORR: 68%

at doses ≥40 mg NA NA NCT03933735 [106]
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3.4. CD38/CD3

No CD38 × CD3 bsAb has currently been approved by the FDA. Their potential has
been demonstrated in preclinical studies [107]; however, only one compound, ISB-1342,
entered phase I clinical development in previously treated MM patients (NCT0330911) [108].
No further clinical progress has been reported since 2023.

3.5. GPRC5D × CD3

Talquetamab was approved by both the FDA and the EMA in 2023 for the treatment
of adults with R/R MM who had received at least four prior lines of therapy, based on the
results of the phase II MonumenTAL-1 study (NCT04634552) [109,110]. A phase I/II study
evaluated the combination of talquetamab and teclistamab (NCT04586426). Although
preliminary efficacy was observed, the regimen was associated with a high incidence of
grade 3 or 4 adverse events, which occurred in 96% of treated patients [111]. The phase
II TRIMM-2 study (NCT04108195) is also investigating talquetamab in combination with
daratumumab for the treatment of R/R MM (Table 11) [35]. The results of ongoing phase
III randomized clinical trials with active comparator arms are awaited to confirm these
findings (NCT06208150, NCT05461209). It appears in the latest ASCO 2026 guidelines as a
salvage treatment option for patients with MM at the fourth or later relapse [100].

Table 11. Summary of recent clinical trial for GPRC5D × CD3 bsAbs talquetamab in MM.

Agent Target Year (Estimated
Completion Date) Phase Indication Cases OS Rate CR/CRi (%) Median Survival

(Months) Clinical Trial Ref.

Talquetamab GPRC5D × CD3 2029 II R/R MM 375 ORR: 74% NA NA NCT04634552 [110]

Talquetamab
+
daratumumab

GPRC5D × CD3 +
CD38 mAbs 2027 I R/R MM 65

ORR:
82.4%
(Q2W cohort)

NA NA NCT04108195 [35]

Talquetamab
+ teclistamab

GPRC5D × CD3
+ BCMA × CD3 2026 I/II R/R MM 94 ORR: 78% NA NA NCT04586426 [111]

3.6. FcRH5 × CD3

Cevostamab demonstrated encouraging clinical activity in a phase I study involving
patients with heavily pretreated R/R MM (Table 12). The safety profile was considered man-
ageable, with immune effector cell-associated neurotoxicity syndrome (ICANS), infections,
and CRS occurring in 13.2%, 53.9%, and 74.3% of patients, respectively (NCT03275103) [112].
These encouraging early-phase results have supported the continued clinical develop-
ment of cevostamab. A phase III trial (CEVOLUTION; NCT07555938) is currently eval-
uating cevostamab in combination with pomalidomide and dexamethasone compared
with standard-of-care treatment in patients with previously treated MM. Furthermore,
cevostamab has been recognized as a promising therapeutic agent in MM, as highlighted at
the 2024 ASH Annual Meeting [113].

Table 12. Summary of recent clinical trial for FcRH5 × CD3 bsAbs Cevostamab in MM.

Agent Target Year (Estimated
Completion Date) Phase Indication Cases OS Rate CR/CRi (%) Median Survival (Months) Clinical Trial Ref.

Cevostamab FcRH5 × CD3 2027 I/II R/R MM 21 ORR: 10% NA NA NCT05535244 [114]

Cevostamab FcRH5 × CD3 2026 I R/R MM 167 ORR: 43.1%
13.2% (CR), 12.6%
(VGPR) (1) , and
17.4% (PR)

NA NCT03275103 [112]

(1) very good partial response (VGPR).

3.7. CD123 × CD3

Flotetuzumab entered phase I/II clinical development as salvage immunotherapy
for refractory AML, including patients with primary induction failure or early relapse
(<6 months) (NCT02152956) (Table 13). Early results suggested clinical activity with a
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manageable safety profile, with the most frequent adverse events being grade 1–2 CRS [115].
A phase I study is currently ongoing in pediatric patients with R/R AML (NCT04158739).

Table 13. Summary of recent clinical trial for CD123 × CD3 bsAbs in AML.

Agent Target Year (Estimated
Completion Date) Phase Indication Cases OS Rate CR/CRi (%) Median Survival (Months) Clinical Trial Ref.

Flotetuzumab CD123 × CD3 2022 I/II AML 88 ORR: 30% CR: 26.7% Median OS: 10.2 months NCT02152956 [115]

Vibecotamab CD123 × CD3 2021 1 AML 120 ORR: 9% NA NA NCT02730312 [116]

Vibecotamab (XmAb14045) was assessed in a phase I study in patients with R/R
AML (Table 13) [116]. A phase II trial is currently ongoing in patients with MRD-positive
AML and myelodysplastic syndromes (MDSs) following hypomethylating agent failure;
however, results have not yet been published (NCT05285813).

JNJ-63709178 was evaluated in a phase I study in patients with R/R AML (NCT02715011).
However, its clinical development was discontinued due to limited efficacy and tolerability
concerns [117].

3.8. Other bsAb Targets for AML

One CD33 × CD3 (vixtimotamab) and one CLEC12A × CD3 (MCLA-117) bispecific
antibody entered phase I clinical development (NCT03144245 and NCT05817058, respec-
tively); however, no additional studies are currently ongoing. A BCMA × CD16A-targeting
compound (AFM28) demonstrated preclinical efficacy; however, its development was
discontinued during phase I clinical evaluation (NCT05817058) [118].

3.9. Overview of bsAbs

Blinatumomab is the only bispecific CD19 × CD3 monoclonal antibody that has
demonstrated a significant improvement in OS and MS in R/R ALL. The positive results of
the Phase III study evaluating the combination of blinatumomab and ponatinib support
a chemotherapy-free targeted immunotherapeutic strategy for adults with Philadelphia
chromosome-positive (Ph+) ALL [68]. It is incorporated into current treatment guidelines
for B-cell acute lymphoblastic leukemia (B-ALL) [119,120].

In the management of MM, four bispecific antibodies are currently included in clinical
practice guidelines for the treatment of R/R MM after at least four prior lines of therapy.
Three target BCMA × CD3 (teclistamab, linvoseltamab, and elranatamab), while one targets
GPRC5D × CD3 (talquetamab). Among these agents, only teclistamab has been evaluated
in a randomized phase III clinical trial with an active comparator arm (teclistamab plus
daratumumab vs. daratumumab plus dexamethasone). Published results demonstrated a
significant improvement in PFS. The other BCMA × CD3 bispecific antibodies, including
alnuctamab and etentamig, are still undergoing clinical evaluation and are not currently
included in MM treatment guidelines.

Although the results of the phase III trial evaluating cevostamab vs. standard-of-
care treatment have not yet been published, cevostamab represents the first promising
FcRH5 × CD3 bispecific antibody in the treatment of multiple myeloma.

In lymphoma, the bispecific antibodies that have been successfully developed all
target CD20 × CD3. Mosunetuzumab and epcoritamab have received regulatory approval
and are included in clinical practice guidelines for the management of FL. However, to
date, only epcoritamab has demonstrated a statistically significant improvement in ORR in
a phase III trial with a comparator arm (epcoritamab plus lenalidomide and rituximab vs.
lenalidomide and rituximab).

In DLBCL, two CD20 × CD3 bispecific antibodies have been developed: glofitamab and
odronextamab. However, only glofitamab has demonstrated an improvement in PFS in a
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comparative clinical trial when combined with gemcitabine, compared with rituximab plus
gemcitabine. Following regulatory approval in 2023, glofitamab has been incorporated into
current treatment guidelines for R/R DLBCL in combination with gemcitabine and oxaliplatin.
Odronextamab is a more recent agent, has not yet demonstrated significant efficacy vs. a
comparator arm, and is therefore not currently included in clinical practice guidelines.

In AML, only two CD123 × CD3-targeting bispecific antibodies, flotetuzumab and
vibecotamab, have shown potential clinical interest. However, their ORRs remain modest
(approximately 30% and 9%, respectively). Clinical development is still at an early stage
(Phase I/II), and neither agent has yet been evaluated against a standard-of-care regimen
or within a randomized controlled trial with a comparator arm.

4. Trispecific Antibodies
The development of mAbs has evolved to include trispecific antibodies (TsAbs), which

are designed to simultaneously target an activating receptor on immune effector cells (CD3
for T-cell recruitment or CD16a on natural killer [NK] cells), a tumor-associated antigen
(e.g., CD38 in MM), and a third target. This third component may consist either of an
additional tumor-associated antigen—to increase tumor specificity and improve clinical
efficacy—or of a costimulatory receptor expressed on immune cells, such as CD28, to
further enhance effector functions [121].

4.1. TsAb

SAR442257 (SAR257) is a TsAb targeting CD38, a validated target in MM and NHL;
together with CD3, a component of the T-cell receptor complex; and CD28, a T-cell costimu-
latory receptor. It was evaluated in a phase I study involving patients with R/R MM and
NHL (NCT04401020) (Table 14) [122]. Treatment-emergent adverse events occurred in 68%
of patients, including grade ≥ 3 events in 21.3%. Therefore, the study was discontinued
during dose escalation because of an unfavorable benefit–risk profile [122].

Table 14. Summary of recent clinical trial for tsAbs in MM and NHL.

Agent Target Year (Estimated
Completion Date) Phase Indication Cases OS Rate (%) CR/CRi (%) Median Survival (Months) Clinical Trial Ref.

SAR442257 CD38, CD3
and CD28 2026 I R/R MM

R/R NHL 47 NA ORR (MM): 5%
ORR (NHL): 14.3% NA NCT04401020 [104]

Ramantamig
JNJ-79635322

BCMA,
GPRC5D,
and CD3

2028 I R/R MM NA NA NA NA NCT05652335
NCT06768489 [123]

IBI3003
BCMA,
GPRC5D,
and CD3

2027 I/II R/R MM 39 NA
ORR: 83.3%
(median follow-up
of 3.25 months)

NA NCT06083207 [124]

Ramantamig (JNJ-79635322) is a TsAb targeting BCMA and GPRC5D, two validated
targets in MM, together with CD3. Preclinical studies demonstrated potent T-cell-mediated
cytotoxicity against MM cells expressing BCMA, GPRC5D, or both—findings that were
subsequently confirmed in vivo using xenograft models [123]. Two phase I clinical trials
are currently ongoing (NCT05652335 and NCT06768489) (Table 14).

IBI3003—another TsAb targeting BCMA, GPRC5D, and CD3—is currently being eval-
uated in a phase I study in patients with R/R MM. Preliminary results suggest encouraging
clinical activity together with a manageable safety profile, with adverse events occurring in
48.7% of patients, including grade ≥ 3 events in 28.2% (Table 14) [124].

JNJ-80948543 is a TsAb targeting CD79b and CD20—two antigens expressed on lym-
phoma cells—together with CD3. Preclinical studies demonstrated potent T-cell-mediated
cytotoxicity against CD79b+ and/or CD20+ cells, findings that were subsequently con-
firmed in xenograft models [125]. Two phase I clinical trials are currently ongoing in
patients with NHL (NCT05424822, NCT06139406).
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4.2. Trispecific Killer Engager (TriKE)

Additional trispecific NK-cell engagers have been developed to harness the cyto-
toxic activity of NK cells through CD16-mediated activation [121]. Proof of concept was
established with the first-generation TriKE 161533 (GTB-3550), which simultaneously tar-
gets CD16, an activating receptor expressed on mature NK cells; interleukin-15 (IL-15) to
enhance NK-cell proliferation and function; and CD33, a validated target in AML. Pre-
clinical studies demonstrated greater NK-cell expansion and enhanced antitumor activity
compared with the first-generation bispecific NK-cell engager 1633BiKE (CD16 × CD33).
GTB-3550 subsequently entered phase I clinical development for the treatment of R/R AML
and high-risk MDS (NCT03214666) (Table 15) [126].

GTB-3650 is a second-generation TriKE that also targets CD16, CD33, and IL-15 and
was engineered to improve the pharmacokinetic profile and antitumor efficacy of GTB-3550.
Preliminary results from an ongoing phase I study (NCT06594445) showed that two of the
first four enrolled patients with AML achieved stable disease, with no treatment-emergent
adverse events or dose-limiting toxicities reported [127].

Table 15. Summary of recent clinical trial for TriKE in AML and MDS.

Agent Target Year (Estimated
Completion Date) Phase Indication Cases OS Rate (%) CR/CRi (%) Median Survival (Months) Clinical Trial Ref.

GTB-3550 CD16, IL-15, CD33 2021 I/II AML, MDS 11 OS: 45.4% NA NA NCT03214666 [128]

5. Antibody-Drug Conjugates
ADCs are composed of three parts: an mAb directed against a tumor-associated antigen,

a cytotoxic payload, and a linker connecting the two. This design allows selective delivery of
highly potent cytotoxic agents to malignant cells while limiting systemic toxicity. Three major
classes of antibody conjugates have been developed, depending on the nature of the payload:
cytotoxic drugs, radionuclides, or toxins [129]. The development of ADCs in oncohematology
has expanded considerably over the past two decades and has profoundly transformed the
therapeutic landscape of hematologic malignancies (Figure 3). The following section reviews
currently approved ADCs as well as emerging therapeutic strategies.

Figure 3. History of FDA-approved ADCs.

5.1. Anti-CD33 ADCs

Gemtuzumab ozogamicin (GO) is an ADC composed of the anti-CD33 mAb gemtuzumab
linked to the cytotoxic agent N-acetyl-γ-calicheamicin. It was initially approved by the FDA
in 2000 for the treatment of patients aged 60 years or older with CD33-positive AML in first
relapse who were not considered candidates for intensive chemotherapy [130]. However,
this approval was voluntarily withdrawn in 2010 following the results of the SWOG S0106
study (NCT00085709), which showed no significant clinical benefit from the addition of GO to
standard induction therapy with daunorubicin and cytarabine. Complete remission rates were
similar between treatment groups (69% vs. 70%; p = 0.559), whereas grade 4 nonhematologic
adverse events occurred more frequently in the GO arm (21% vs. 12%) (Table 16) [131]. Never-
theless, GO was reapproved by the FDA in 2017 using a fractionated dosing schedule for the
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treatment of R/R CD33-positive AML in patients aged 2 years and older, following the results
of the ALFA-0701 study (NCT00927498), which demonstrated a favorable benefit–risk profile
when GO was combined with daunorubicin and cytarabine [130,132]. In June 2020, the FDA
further expanded the indication to include newly diagnosed CD33-positive AML in pediatric
patients aged 1 month and older, based on the results of study NCT01407757 [133,134]. GO
has since become an important therapeutic option in the management of AML, particularly
for selected high-risk patient populations [133,135].

Table 16. Summary of recent clinical trial for Gemtuzumab ozogamicin (GO) in AML.

Agent Target Year (Estimated
Completion Date) Phase Indication Cases OS Rate (%) CR/CRi (%) Median Survival

(Months) Clinical Trial Ref.

Gemtuzumab
Ozogamicin (GO)
+ cytarabine
+ daunorubicin
vs. daunorubicin
+ cytarabine

CD33
+
chemotherapy

2013 III
2 years of age
and older de
novo AML

271
OS 27.5 months
vs. 21.8 months
(p = 0.16)

CR
70.4%
vs. 69.9%

NA NCT00927498 [130]

GO + anthracycline
and cytarabine -based
chemotherapy vs.
conventional
chemotherapy

CD33 +
chemotherapy 2016 III

pediatric
patients with
KMT2A-r
(AML)

1022
OS
63% vs. 53%,
p = 0.054

NA
EFS: 48% with GO
vs. 29% without,
p = 0.003

NCT01407757 [133]

IMGN779 is an ADC composed of an anti-CD33 mAb conjugated to the DNA-
alkylating payload DGN462. Preclinical studies using multiple AML xenograft models
demonstrated significant tumor regression and prolonged survival, supporting its sub-
sequent evaluation in a phase I clinical trial involving adults with R/R CD33-positive
AML (NCT02674763) [136]. According to the NCCN Guidelines, gemtuzumab ozogam-
icin (GO) may be incorporated into conventional induction chemotherapy regimens in
several treatment settings, including intensive remission induction therapy for patients
with favorable-risk cytogenetics and certain patients with intermediate- or poor-risk acute
myeloid leukemia (AML) [137].

5.2. Anti-CD20 ADCs

Ibritumomab tiuxetan is a radioimmunoconjugate composed of ibritumomab, an anti-
CD20 mAb, linked to the chelator tiuxetan, which requires extemporaneous radiolabeling
with yttrium-90 [138]. It was approved by the FDA in 2002 for the treatment of NHL
and subsequently by the EMA in 2004. However, its use has become limited because of
the logistical constraints associated with radiolabeling and the emergence of alternative
therapeutic options for NHL. It was ultimately withdrawn from the European market in
2024 and is no longer part of current clinical practice [139,140].

5.3. Anti-CD30 ADCs

Brentuximab vedotin is an ADC composed of brentuximab, an anti-CD30 mAb, con-
jugated to the microtubule-disrupting agent monomethyl auristatin (MMA) E. Since its
initial FDA approval in 2011 for the treatment of relapsed classical HL [141], its indica-
tions have expanded considerably. In 2015, it was approved as consolidation therapy
following autologous HSCT for patients with HL at high risk of relapse or progression,
based on the results of the AETHERA study which demonstrated a significant improve-
ment in 5-year progression-free survival compared with placebo ([HR], 0.521; 95% CI,
0.379–0.717) (NCT01100502) [142,143]. In 2018, approval was extended to first-line treat-
ment of anaplastic large-cell lymphoma and other CD30-positive peripheral T-cell lym-
phomas in combination with chemotherapy based on the study NCT01777152, which
demonstrated a significant improvement in 5-year progression-free survival compared
with placebo (HR = 0.68; 95% CI, 0.53 to 0.86) [144–146]. More recently, in 2025, the FDA
further expanded its indication to include combination therapy with lenalidomide and
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rituximab for adults with R/R DLBCL who had received at least two prior lines of systemic
therapy and were not eligible for autologous HSCT or CAR T-cell therapy based on the
study NCT04404283, which demonstrated a significant improvement of median OS, ORR
and Median PFS vs. placebo arm (Table 17) [147,148]. Brentuximab vedotin was also
approved in 2022 in combination with chemotherapy as first-line treatment for pediatric
patients aged 2 years or older with high-risk HL based on the study NCT02166463, which
demonstrated a significant improvement of 3-year EFS vs. standard of care [149,150].

Several clinical trials are currently investigating brentuximab vedotin in combination
with chemotherapy or immune checkpoint inhibitors such as nivolumab, reflecting the con-
tinuing expansion of its therapeutic applications (NCT01716806 [151], NCT03907488 [152],
NCT03113500 [153]). Current guidelines include brentuximab vedotin plus AVD (BV + AVD)
for patients with stage I–II Hodgkin lymphoma without risk factors, as well as a therapeutic
option for patients with stage I–II unfavorable disease and stage III–IV disease [154].

Table 17. Summary of recent clinical trial for Brentuximab vedotin in HL, CD30-positive Mature
T-cell Lymphomas and DLBCL.

Agent Target Year (Estimated
Completion Date) Phase Indication Cases OS Rate (%) CR/CRi (%) Median Survival

(Months) Clinical Trial Ref.

HL

Brentuximab
vedotin vs.
placebo plus
best
supportive
care alone

CD30 2020 III

R/R
HL
consolidation
after auto-HSCT

329 NA NA

The 5-year
PFS rate:
59% vs. 41%
HR = 0.521; 95% CI,
0.379–0.717

NCT01100502 [143]

Brentuximab
vedotin (BV) +
AVD vs. ABVD (1)

CD30 +
chemotherapy 2026 III Stage III

or IV HL 1334

6-year OS
93.9% and
89.4%
HR = 0.68;
95% CI, 0.53
to 0.86

NA NA NCT01712490 [146]

BV + doxorubicin
+ vincristine
+ etoposide +
cyclophosphamide +
prednisone vs.
standard-care

CD30 +
chemotherapy 2026 III Pediatric HR

HL 587 NA NA

3-year
EFS: 92.1%
vs. 82.5%
p < 0.001

NCT02166463 [150]

CD30-positive peripheral T-cell lymphomas

Brentuximab
vedotin +
CHP vs. CHOP

CD30 +
chemotherapy 2020 III

untreated
CD30-positive
peripheral T-cell
lymphomas

601 NA NA

Median
PFS:
48.2
months
vs.
20.8 months
(p = 0.0110)

NCT01777152 [155]

DLBCL

Brentuximab
vedotin +
lenalidomide
(len) +
rituximab (R) vs.
placebo + len + R

CD30 +
CD20 +
chemotherapy

2026 III R/R DLBCL in
association 230

median OS
was 13.8
months vs.
8.5 (p = 0.009)

ORR 64%
vs. 42%
(p < 0.001)
CR 40%
vs. 19%

Median
PFS:
4.2 months
vs. 2.6
(p < 0.001)

NCT04404283 [148]

(1) AVD = doxorubicin, vinblastine and dacarbazine; ABVD = doxorubicin, bleomycin, vinblastine and dacar-
bazine.

5.4. Anti-CD22 ADCs

Inotuzumab ozogamicin is an ADC composed of the anti-CD22 mAb inotuzumab
linked to the cytotoxic agent calicheamicin. It was approved by the FDA in 2017 and by the
EMA as a monotherapy for the treatment of adults with R/R CD22-positive B-cell precursor
ALL [156]. In the phase III INO-VATE ALL trial (NCT01564784), inotuzumab ozogamicin
demonstrated superior efficacy compared with standard of care in the overall study popu-
lation and across prespecified subgroups, including high-risk disease (p = 0.0076) [157]. It
was subsequently approved for pediatric patients with ALL (NCT02981628) [158]. Ongoing
and recent clinical studies have evaluated its use in the first-line setting, either as monother-
apy (NCT03460522), in combination with low-intensity chemotherapy (NCT03249870),
or in combination with blinatumomab (NCT03739814) (Table 18) [159,160]. Inotuzumab
ozogamicin is included in current treatment guidelines for frail older adults with acute lym-
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phoblastic leukemia (ALL) who have multiple comorbidities and for whom conventional
chemotherapy is not considered suitable because of its associated toxicity [161].

Moxetumomab pasudotox is an antibody–toxin fusion protein composed of the anti-
CD22 mAb moxetumomab fused to a 38 kDa fragment of Pseudomonas aeruginosa exotoxin
A. It was approved in 2018 (Lumoxiti®) for the treatment of R/R hairy cell leukemia after at
least two prior lines of therapy [162]. However, its marketing authorization was withdrawn
in Europe in 2021, followed by global discontinuation of commercialization in 2023 for
commercial reasons [163,164].

Table 18. Summary of recent clinical trial for Inotuzumab in ALL.

Agent Target Year (Estimated
Completion Date) Phase Indication Cases OS Rate (%) CR/CRi (%) Median Survival (Months) Clinical Trial Ref.

Inotuzumab
ozogamicin vs.
standard-of-care
chemotherapy

CD22

2017 III R/R ALL 326 NA 85.7% vs. 0%;
p = 0.0076 NA NCT01564784 [157]

Inotuzumab
ozogamicin 2026 II R/R ALL 48 NA 58.3% NA NCT02981628 [165]

Inotuzumab
ozogamicin 2025 II ALL 43

One-year OS
91%
Three-year OS
73%

100% NA NCT03460522 [159]

Inotuzumab
ozogamicin 2024 II ALL 131 One-year OS

73.2% NA NA NCT03249870 [166]

Inotuzumab
ozogamicin induction
then blinatumomab
consolidation

2027 II ALL 33 NA 97% NA NCT03739814 [167]

5.5. Anti-CD79 ADCs

Polatuzumab vedotin is an ADC targeting CD79b. It consists of the anti-CD79b mAb
polatuzumab covalently linked to the antimitotic agent MMA E via a protease-cleavable linker.
It was approved by the FDA in 2019, in combination with bendamustine and rituximab, for
the treatment of adults with R/R DLBCL after at least two prior therapies [168]. In 2023, it
was approved in the first-line setting for adult patients with previously untreated DLBCL, in
combination with rituximab, cyclophosphamide, doxorubicin, and prednisone [169].

The phase III POLARIX trial (NCT03274492) demonstrated the benefit of adding
polatuzumab to rituximab-based chemotherapy in the first-line treatment of DLBCL, show-
ing improved 5-year PFS with significant results vs. Rituximab + CHOP chemotherapy
(Table 19) [170]. Its combination with bsAbs such as mosunetuzumab has also shown
promising outcomes in R/R DLBCL compared with the standard rituximab-based R-
GemOx regimen, with a significant improvement in ORR and PFS—supporting the devel-
opment of chemotherapy-sparing treatment strategies [171]. Polatuzumab is incorporated
into the NCCN guidelines for the management of DLBCL as a second-line therapy (relapsed
disease <12 months or primary refractory disease) [59].

5.6. Anti-CD19 ADCs

Loncastuximab tesirine is an ADC targeting CD19, consisting of the anti-CD19 mAb
loncastuximab covalently linked to a pyrrolobenzodiazepine DNA-alkylating payload via a
cleavable linker. It was approved by the FDA in 2021 for the treatment of R/R DLBCL [172],
following the results of the phase II LOTIS-2 study (NCT03589469) (Table 20) [173]. Updated
analyses of the LOTIS-2 study single arm in R/R DLBCL have confirmed durable efficacy
and survival benefit, with an ORR of 48.3% and a median OS of 9.5 months. Among
patients achieving a CR, median OS and PFS were not reached [174]. It is currently
being investigated in additional indications, including R/R NHL (NCT02669017), FL
(NCT04998669), and ALL (NCT02669264) [175].
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Table 19. Summary of recent clinical trial for Polatuzumab in LBCL and DLBCL.

Agent Target Year (Estimated
Completion Date) Phase Indication Cases OS Rate (%) CR/CRi (%) Median Survival

(Months) Clinical Trial Ref.

Polatuzumab
vedotin +
mosunetuzumab vs.
R-GemOx (1)

CD79b + bsAbs
CD20/CD3 2027 III R/R LBCL 208 NA

ORR 70%
vs. 40%
p < 0.0001

Median
PFS:
11.5 months
vs. 3.8
(p < 0.0001)

NCT05171647 [171]

Polatuzumab
vedotin +
Rituximab +
CHP (2)

chemotherapy
vs. Rituximab
+ CHOP (3)

chemotherapy

CD79b 2026 III DLBCL 879

significant
5-year PFS benefit over
R-CHOP (64.9% vs.
59.1% HR = 0.77 [95%
CI, 0.62 to 0.97]

NA NA NCT03274492 [170]

(1) R-GemOx = rituximab, gemcitabine, and oxaliplatin; (2) CHP = cyclophosphamide, doxorubicin, and prednisone;
(3) CHOP = cyclophosphamide, doxorubicin, vincristine, and prednisone.

Table 20. Summary of recent clinical trial for Loncastuximab in FL and DLBCL.

Agent Target Year (Estimated
Completion Date) Phase Indication Cases OS Rate (%) CR/CRi (%) Median Survival

(Months) Clinical Trial Ref.

Loncastuximab tesirine +
Rituximab CD19 + mAbs CD20 2030 II R/R FL 39 NA 67% NA NCT04998669 [176]

Loncastuximab tesirine CD19 2022 II R/R DLBCL 184 NA ORR 48.3%
(CR + PR) NA NCT03589469 [173]

A potential synergistic effect has been observed when loncastuximab tesirine is com-
bined with rituximab in patients with R/R FL (study NCT04998669), with an acceptable
safety profile, including 10% serious treatment-emergent adverse events [176]. To date, no
clinical trial with a comparator arm has demonstrated the superiority of loncastuximab
tesirine as a monotherapy in relapsed or refractory DLBCL. Nevertheless, it remains in-
cluded in the NCCN Guidelines in combination with rituximab for the treatment of R/R
FL and for DBLCL after ≥2 lines of systemic therapy [59,177].

5.7. Anti-BCMA ADCs

Belantamab mafodotin is an ADC composed of the anti-BCMA mAb belantamab
linked to the microtubule inhibitor MMA F. Data from the phase II DREAMM-2 study
supported its initial FDA approval in 2020 for R/R MM (Table 21) [178,179]. However, the
lack of a statistically significant PFS benefit compared with pomalidomide plus dexametha-
sone in the phase III DREAMM-3 study led to the withdrawal of its authorization in the
United States in 2022 [180,181]. The phase III DREAMM-8 study (NCT04484623) subse-
quently demonstrated a significantly improved 12-month PFS with belantamab mafodotin,
pomalidomide, and dexamethasone (BPd) compared with pomalidomide, bortezomib, and
dexamethasone (PVd) in lenalidomide-exposed patients with R/R MM after at least one
prior line of therapy. Belantamab mafodotin was later approved in China in 2026 [182,183].

Table 21. Summary of recent clinical trial for Belantamab in R/R MM.

Agent Target Year (Estimated
Completion Date) Phase Indication Cases OS Rate (%) CR/CRi (%) Median Survival (Months) Clinical Trial Ref.

Belantamab mafodotin BCMA 2024 II R/R MM 293 NA
ORR
65% across
all cohort

NA NCT03525678 [178]

Belantamab mafodotin
vs. pomalidomide +
dxm

BCMA 2027 III R/R MM 325 NA NA Median PFS: 11.2 months
vs. 7.0; p = 0.56 NCT04162210 [181]

Belantamab mafodotin
+ pomalidomide
+ dexamethasone
vs. Pvd

BCMA 2029 III R/R MM 302 NA 40% (BPd)
vs. 16% (PVd)

12-month estimated PFS: 71%
(BPd) vs. 51% (PVd)
p < 0.001)

NCT04484623 [183]

HDP-101 (pamlectabart tismanitin) is an ADC targeting BCMA and conjugated to
the α-amanitin toxin, which inhibits RNA polymerase II. It is currently under clinical
development for R/R MM. Preclinical studies demonstrated superior antitumor activity
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compared with belantamab mafodotin in vitro and in a del(17p) xenograft model [184].
These findings supported its progression into clinical development, with two ongoing
studies: a phase I trial (NCT07529782) and a phase I/II trial (NCT04879043) [185,186].
Based on preclinical evidence and early clinical development data, the FDA granted Fast
Track designation in 2025 for the treatment of R/R MM [187].

5.8. Anti-CD138 ADCs

Indatuximab ravtansine is an ADC composed of the anti-CD138 mAb indatuximab
linked to a tubulin-binding maytansinoid payload. It has demonstrated synergistic activity
in combination with lenalidomide in preclinical MM models and in a phase I/II clinical
trial without a comparator or standard-of-care group (Table 22) [188–190]. However, its
clinical development has not advanced significantly since completion of the phase I/II
study in 2018.

Table 22. Summary of recent clinical trial for Indatuximab in R/R MM.

Agent Target Year (Estimated
Completion Date) Phase Indication Cases OS Rate (%) CR/CRi (%) Median Survival (Months) Clinical Trial Ref.

Indatuximab ravtansine +
lenalidomide or
Indatuximab ravtansine +
pomalidomide

CD138 2018 I/II R/R MM 64 NA ORR 71·7%
and 70.6% NA NCT01638936 [188]

5.9. Anti-CD25 ADCs

Camidanlumab tesirine is an ADC associating the anti-CD25 mAb camidanlumab
with the DNA-alkylating payload tesirine via a cleavable linker. Its clinical development
is most advanced in HL, although it has not yet received FDA approval. Early results
from a phase I study (NCT02432235) demonstrated a manageable safety profile, with
the maximum tolerated dose not being reached (Table 23) [191]. A subsequent phase
II study (NCT04052997) in patients with R/R HL after brentuximab vedotin showed
encouraging CRR, although treatment discontinuation due to adverse events occurred in
28.2% of patients, mainly due to skin toxicities and immune-mediated neurologic events
(Table 23) [192]. Overall, camidanlumab tesirine has shown promising activity in R/R HL,
particularly after prior brentuximab vedotin exposure; however, its clinical development
has been limited by toxicity concerns.

5.10. Anti-CD123-ADCs

Pivekimab sunirine (IMGN632) is an ADC composed of an mAb targeting CD123
linked to a novel indolinobenzodiazepine payload. It has been investigated in blastic
plasmacytoid dendritic cell neoplasm (BPDCN), where early clinical results from study
NCT03386513 demonstrated high complete response rates and encouraging survival out-
comes in patients with de novo disease (Table 24) [193,194]. Although not yet approved
by regulatory authorities, pivekimab sunirine is currently under investigation in AML. A
phase I study exploring its use in combination with fludarabine, cytarabin and idarubicin
has helped define dosing strategies for further clinical development (NCT06034470). A
phase I study is also ongoing in pediatric patients with R/R AML. A Phase II/III trial
comparing pivekimab plus venetoclast plus azacytidine to the standard of care is currently
underway to confirm its clinical efficacy (NCT07581002).
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Table 23. Summary of recent clinical trial for Camidanlumab in R/R HL, NHL and MM.

Agent Target Year (Estimated
Completion Date) Phase Indication Cases OS Rate (%) CR/CRi (%) Median Survival (Months) Clinical Trial Ref.

Camidanlumab tesirine CD25 2023 II R/R HL 117 median
OS not reached ORR 70.1% Median PFS: 9.13 months NCT04052997 [192]

Camidanlumab tesirine CD25 2019 I R/R HL
and NHL 133 NA ORR 71% NA NCT02432235 [194]

Table 24. Summary of recent clinical trial for Pivekimab in AML and BPDCN.

Agent Target Year (Estimated
Completion Date) Phase Indication Cases OS Rate (%) CR/CRi (%) Median Survival

(Months) Clinical Trial Ref.

Pivekimab
sunirine (IMGN632) CD123 2026 I/II

R/R AML 91 NA ORR 21% NA NCT03386513 [195]

R/R BPDCN 84 OS 16.6 months CCR 75% NA NCT03386513 [194]

5.11. ADCs Targeting FMS-like Tyrosine Kinase 3

ASP1235 is an ADC combining a human mAb targeting FLT3 and a proprietary
microtubule-disrupting agent (AGD-0182) via an oxime linker. It was evaluated as a
monotherapy in patients with R/R AML in a phase I dose-escalation and expansion study
(NCT02864290). However, its clinical development was discontinued during early clinical
testing. Grade ≥ 3 adverse events occurred in 93% of patients, while efficacy data were
considered insufficient to draw definitive conclusions (Table 25) [196].

Table 25. Summary of recent clinical trial for ASP1235 in AML.

Agent Target Year (Estimated
Completion Date) Phase Indication Cases OS Rate (%) CR/CRi (%) Median Survival (Months) Clinical Trial Ref.

ASP1235 FLT3R 2020 I R/R AML 43 NA CR: 6/45 NA NCT02864290 [196]

5.12. ADC Overview

In AML management, the CD33-targeting ADC gemtuzumab ozogamicin has become
a major therapeutic option. Although its initial use was limited by toxicity and the lack of
superiority over standard of care in the first phase III clinical trial [130], the development of a
new fractionated dosing regimen and the significant improvement in event-free survival (EFS)
demonstrated in a second phase III study compared with standard chemotherapy enabled
its broader adoption, including in newly diagnosed patients and in pediatric settings [133].
Another CD123-targeting ADC, pivekimab sunirine, achieved an ORR of 21% in a phase I/II
study involving a limited cohort of 91 patients [195], supporting its continued development
in a phase II/III trial vs. the standard-of-care combination of venetoclax and azacitidine to
determine the optimal dose and assess clinical superiority (NCT06034470).

In ALL, only anti-CD22 ADCs have been developed, and the only one currently used
in clinical practice is inotuzumab ozogamicin, which demonstrated significantly superior
efficacy compared with standard of care in a phase III clinical trial involving a large cohort
of 326 patients [157].

In MM, no ADC has obtained regulatory approval, with the exception of the BCMA-
targeting pamlectabart tismanitin, which has held Fast Track Designation status since 2025.

In NHL, no ADC is currently marketed, as ibritumomab tiuxetan was withdrawn from
the European market in 2024. In contrast, in HL, the CD30-targeting ADC brentuximab
vedotin has been widely incorporated into clinical practice, including in pediatric patients,
since its approval in 2011. This adoption has been supported by numerous clinical trials,
including a phase III study vs. standard of care that demonstrated a significant PFS benefit
in a large cohort of 260 patients [155]. In DLBCL, two ADCs have been approved by
regulatory authorities: the CD19-targeting loncastuximab tesirine and the CD79-targeting
polatuzumab vedotin. Of the two, only polatuzumab has demonstrated a significant
improvement in ORR and MS when combined with mosunetuzumab vs. R-GemOx [171];
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however, both ADCs are included in NCCN guidelines for the management of DLBCL as
second-line therapy.

Despite their clear clinical benefit, the use of monoclonal antibodies remains limited
by treatment-related adverse effects, including cytokine release syndrome (CRS), immune
effector cell-associated neurotoxicity syndrome (ICANS), on-target off-tumor toxicity, and
resistance mechanisms such as antigen escape (antigen loss and epitope masking), thereby
driving the development of innovative immunotherapies [197].

6. Adoptive Cell Therapy: CAR T Cells
6.1. Definition

CAR T-cell therapy has revolutionized the management of hematological malignancies,
particularly lymphomas and leukemias, following the development of anti-CD19 CAR
T cells and their clinical implementation in the early 2010s. The principle of CAR T-cell
therapy is to engineer T cells with a synthetic receptor that combines the antigen specificity
of an antibody-derived binding domain with intracellular T-cell receptor signaling domains,
thereby enabling antigen-specific cytotoxic activity [198].

Despite clinical success of CAR T-cell therapy, several challenges have emerged. Bio-
logical limitations include antigen escape, on-target/off-tumor toxicity, intrinsic CAR T-cell
dysfunction, and an immunosuppressive tumor microenvironment. Manufacturing-related
challenges include high cost, limited accessibility, production delays, and variability in
patient-specific products. To address these limitations, next-generation, allogeneic and
in vivo CAR T-cell approaches have been developed [1,199]. Next-generation CAR con-
structs incorporate additional signaling domains, including CD3-ζ for T-cell activation
and costimulatory domains such as CD28 or 4-1BB, and may include additional modules
designed to enhance proliferation, persistence, and cytokine signaling. Allogeneic CAR T
cells are designed to provide standardized “off-the-shelf” products with improved avail-
ability and reduced manufacturing time compared with autologous approaches. However,
they introduce additional risks, including immune rejection and graft-versus-host (GVH)
disease. CAR T-cell research remains a rapidly evolving field aimed at improving efficacy,
safety, manufacturing processes, and expanding clinical indications.

6.2. Approved CAR T Cells for Hematologic Malignancies

As of 2026, seven CAR T-cell therapies have been approved by the FDA and EMA,
two target BCMA and are indicated for R/R MM, and five target CD19 and are indicated
for R/R B-cell ALL or lymphomas (Table 26) [200,201].

Currently approved CAR T-cell therapies are primarily indicated for patients with R/R
disease after failure of prior treatment lines. For example, the ELIANA trial demonstrated
the remarkable efficacy of tisagenlecleucel, with an overall remission rate of 82% and a
12-month relapse-free survival rate of 59% in pediatric and young adult patients with
R/R B-ALL [202]. Earlier use of CAR T-cell therapy is now being explored. The ongoing
phase II CASSIOPEIA study is evaluating the efficacy and safety of tisagenlecleucel as a
first-line treatment in high-risk pediatric and young adult patients with B-ALL who remain
MRD-positive at the end of consolidation therapy. The trial is currently recruiting and
plans to enroll 122 participants [203].

The major limitations of anti-CD19 CAR T-cell therapy continue to be relapse and
treatment-related toxicity. Current research focuses on optimizing manufacturing processes,
including CD34 selection to generate purer CAR T-cell products and reduce toxicity, as well
as developing metabolically optimized CAR T cells with a Th1/Th17 hybrid phenotype
that combines enhanced effector function with improved persistence, thereby increasing
antitumor activity [204].
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Table 26. Current status of available and approved CAR T-cell therapies.

Generic Name Brand Name Target Indication FDA First Approval Year

Tisagenlecleucel Kymriah CD19
B-ALL (pediatric/young adult)
DLBCL
FL

2017

Axicabtagene ciloleucel Yescarta CD19 DLBCL
FL 2017

Idecabtagene vicleucel Abecma BCMA MM 2021

Lisocabtagene maraleucel Breyanzi CD19

FL
DLBCL
Mantle cell lymphoma
CLL

2021

Bexucabtagene autoleucel Tecartus CD19 B-cell ALL (adult)
Mantle cell lymphoma 2021

Ciltacabtagene autoleucel Carvykti BCMA MM 2022

Obecabtagene autoleucel Aucatzyl CD19 B-ALL (adult) 2024

6.3. Development of CAR T-Cell Therapies in AML

To date, no CAR T-cell therapy has been approved by the FDA for the treatment
of AML [205]. The development of CAR T cells for AML is particularly challenging
because of the difficulty in identifying AML-specific target antigens; the aggressive nature
of the disease; the detrimental effects of prior therapies on T-cell fitness; manufacturing
constraints; and the highly immunosuppressive AML microenvironment, which limits
CAR T-cell expansion and persistence [206,207].

The ideal CAR T-cell target is a surface antigen that is highly expressed on malignant
cells while being absent from normal tissues, thereby minimizing on-target toxicity.

A phase II study evaluating CD19-directed CAR T cells in AML is currently
ongoing [208]. Preliminary results showed complete remission in 10 treated patients, with
60% achieving MRD-negative complete remission. Median OS and leukemia-free survival
were 11.6 and 3.8 months, respectively, with an acceptable safety profile (grade 1–2 CRS:
8/10 patients; grade 3 CRS: 1/10 patients) [208].

However, the principal antigens currently under investigation in AML are CD33,
the interleukin-3 receptor α-chain (CD123) [209], and C-type lectin-like molecule-1
(CLL-1) [210]. However, both CD33 and CD123 are also expressed on normal hematopoi-
etic cells, creating a risk of myelotoxicity, although extensive clinical experience with
CD33-targeting ADCs such as gemtuzumab ozogamicin suggests that acceptable safety
can be achieved through appropriate dose optimization [207,211]. Table 26 summarizes
the main published clinical studies targeting these antigens. Among them, CLL-1 appears
particularly attractive because it is expressed in 32.4% to 99.8% of newly diagnosed AML
cases while being largely absent from normal hematopoietic tissues and other healthy
organs [212]. Preliminary clinical data evaluating anti-CLL-1 CAR T cells are encouraging,
especially considering that most enrolled patients had received multiple prior lines of
therapy (Table 27).

PD-1 signaling is also recognized as an important mechanism limiting CAR T-cell
efficacy by suppressing T-cell activation and proliferation. Accordingly, combining CAR
T-cell therapy with PD-1 blockade has demonstrated enhanced antileukemic activity (in-
cluding in patients with previous anti-CD38 CAR T-cell therapy) and reduced toxicity
in preclinical models, findings that are beginning to be confirmed in early-phase clinical
studies (Table 28) [212].
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Table 27. Summary of the clinical trial results of CD123, CLL-1, and CD33 CAR therapy.

Agent Target Estimated
Completion Date Phase Indication Enrollment

Results: Survival Rate (%); Complete
Remission (CR/CRi) (%); Median PFS;
OS (Month); ORR; MRD; CR;
Event/Free Survival (EFS); Partial
Remission (PR); Morphologic
Leukemic-Free State (MLFS)

Side Effects Clinical Trial
Identifier (Reference)

CD123 CAR T

CD123 CAR T CD123 2026-08-06 1 R/R AML
(cohort 1) 6 CR: 50% (3/6)

CRS * (4 grade 1;
1 grade 2)
Adenoviral
pneumonia: 1
Rash: 1

NCT02159495 [209]

CD123 CAR T CD123 2016-11-18 Early 1 R/R AML 5 Disease progression before d28 CRS: 50% grade 3;
8% grade 4 NCT02623582 [213]

CD123 CAR T CD123 2026-08-06 1 R/R AML 7 MLFS d28 (1/7)
CR (2/7)

No grade 3 or
above CRS NCT02159495 [214]

CD123 CAR T CD123 2033-12-03 1 R/R AML 12

CR at d28: 2/12
MRD-/CR+ with incomplete count
recovery (CRi): 1/12
Stable or progressive disease: 3/12
MRD-: 3/12

Death related to
CAR T toxicity
(grade 5 CRS) (2/12)
CRS (10/12)

NCT03766126 [215]

CD123 CAR T CD123 2030-07-29 1 R/R AML 6 anti-AML activity as evidenced by
responses (2/6)

High-grade
fevers within 3 h
of infusion (100%)
CRS grade 2 (2/6)
CRS grade 4/5 (3/6)

NCT04318678 [216]

CD123 CAR T CD123 2025-04-11 1 R/R AML 12

CRi (2/12)
MRD positive CR converted to level of
negativity (1/12)
PR (4/12)

CRS grade 1/2 (100%) NCT04230265 [217]

CD123 CAR T CD123 2025-12 1 R/R AML 16
MLFS (1/16)
SD (2/16)
MRD-negative CR (1/16)

CRS (15/16): grade
3 (1/16) grade 4 (2/16)
ICANS grade 3 (1/16)

NCT03190278 [218]

CLL-1 CAR T

CLL-1
CAR T CLL-1 Registration

date: 2020-12-17 1 R/R AML 38

ORR: 73.7% (28/38)
MRD-CR: 42.1%
PFS: 9 months (95%CI 3.03–14.47)
OS: 12.2 months (95%CI 3.0–24.9)

CRS (17 grades 3/4)
ICANS ** (1 grade 4) ChiCTR2000041054 [219]

CLL-1 CAR T
low dose

CLL-1 2024-05-18 1 R/R AML

3 OS: 2.6 months (1.1 to 7.5)
EFS: 26 days (15 to 28)

Febrile
neutropenia (3/3)
Sepsis (3/3)

NCT04789408 [220]CLL-1 CAR T
higher dose 3 OS: 4.7 months (2.9 to 12.3)

EFS: 23 days (9 to 42)
Cardiac disorders (3/3)
Respiratory failure (1/3)

CLL-1 CAR T
highest dose 6 OS: 2.6 months (0.9 to 6.3)

EFS: 21.5 days (14 to 48)
CRS grade 3/4 or ICANS
grade 4: 20%

CLL-1
CAR T CLL-1 R/R AML

in children 7

CR: 5/7
1-Year survival: 57.1%
6/7 patients died from relapse or
progression disease after 23 months
post-CAR T-cell infusion

CRS grade 1/2 (7/7)
ICANS (1 patient)
Impairment of
liver function (3/7)
WBC count
decrease grade 3/4 (7/7)
Anemia grade 3/4 (5/7)
Thrombocytopenia grade
3/4 (6/7)

ChiCTR1900027684 [221]

CLL-1
CAR T CLL-1 2020-12-31 1/2 R/R AML

in children 4
MRD- and CR (3/4)
3/4 patients died after 24 months
post-CAR-T infusion

CRS (3 grade 1/2)
ICANS (1 grade 1/2)
Neutropenia grade
4 (3/4)
Anemia grade 3 (4/4)

NCT03222674 [222]

CD33 CAR-T

CD33
CAR T CD33 2019-10-10 1 R/R AML 3 Death from

disease progression (3/3)
CRS grade 2/3 (2/10)
ICANS grade 2 (1/10) NCT03126864 [223]

CD33
CAR T
bone marrow blasts
≥ 5% Arm A or
<5% Arm B

CD33 2025-05-28 1/2 R/R AML 15

ORR: 20%
CR (2/15) with incomplete
count recovery
in Arm A and 1 patient achieved
MRD clearance in Arm B

CRS < grade 3 (93.3%)
ICANS grade 3 (1/15)
GVH *** grade 3 (1/15)

NCT05984199 [224]

* Cytokine release syndrome (CRS); ** Immune effector cell-associated neurotoxicity syndrome (ICANS); *** GVH:
graft-versus-host disease.

Table 28. Summary of the clinical trial results of CLL-1 PD-1 KD CAR therapy.

Agent Target Estimated Completion Date Phase Indication Enrollment

Results: Survival Rate (%); Complete
Remission (CR/CRi) (%); Median PFS; OS
(Month); ORR; MRD; CR; Event/Free
Survival (EFS); Partial Remission (PR);
Morphologic Leukemic-Free State (MLFS)

Side Effects Clinical Trial
Identifier (Reference)

PD-1 KD
CLL-1 CAR T CLL-1 2024-12-31 1/2 R/R AML 2 MRD-: 8 months (1 patient); 28 d

(1 patient)
CRS (1 patient grade 1;
1 patient grade 2) NCT04884984 [212]

Finally, dual-targeting CAR T-strategies are being developed to reduce the risk of
relapse associated with antigen escape. One clinical trial evaluated a CD33/CLL-1 dual-
targeting CAR T construct for this purpose (NCT03795779) (Table 29) [225,226].
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Table 29. Summary of the clinical trial results of CD33/CLL1 CAR therapy.

Agent Target Estimated Completion Date Phase Indication Enrollment

Results: Survival Rate (%); Complete
Remission (CR/CRi) (%); Median PFS; OS
(Month); ORR; MRD; CR; Event/Free
Survival (EFS); Partial Remission (PR);
Morphologic Leukemic-Free State (MLFS)

Side Effects Clinical Trial
Identifier (Reference)

CD33/
CLL1 CAR T

CD33/
CLL1 2022-09-30 Early phase I R/R AML 9 MRD—(7/9)

CRS * (3 grade 1;
3 grade 2; 2 grade 3)
CRES ** (1 grade 2;
2 grade 3; 1 grade 4)

NCT03795779 [227]

* Cytokine release syndrome (CRS); ** CAR T-cell-related encephalopathy (CRES).

We expanded our review to include CAR T-cell strategies targeting additional antigens
under investigation for the treatment of AML, including CD7, CD38, CD117 (c-KIT), FLT3,
and NKG2D [205,228]. Ongoing clinical trials without published results were identified
through a search of the ClinicalTrials.gov database (accessed 9 January 2026) using combi-
nations of the keywords “CAR-T”, “AML”, and each respective target (NKG2D, CD38, CD7,
CD117, and FLT3). The complete list of identified studies is provided in Supplementary
Data, which summarizes the CAR T-cell targets currently under investigation for R/R AML.
Figure 4 illustrates the relative distribution of these targets among ongoing clinical studies.
CD123 remains the most extensively investigated target in AML [229], followed by CD33,
CLL-1, CD7, CD38, FLT3, NKG2D, and CD117 [230].

Figure 4. Targets for CAR T cells with potent anti-AML activity.

CD7 is expressed on approximately 30% of myeloblasts in patients with AML. In a
phase I clinical trial, 10 patients with AML received CD7-directed CAR T cells, of whom
seven achieved complete remission with an acceptable safety profile; CRS was predomi-
nantly moderate in severity (80% of patients) [231].

CD38 is expressed on the majority of AML cells; however, its expression on immature
hematopoietic cells, activated T cells, B cells, dendritic cells, and natural killer cells raises
concerns regarding hematopoietic toxicity [232]. A case report involving two patients
treated with CD38-directed CAR T cells described complete remission in both patients,
with only grade 2 CRS being observed [233].

FLT3-directed UniCAR T-cell therapy has demonstrated encouraging antileukemic
activity in both in vitro and in vivo models, although confirmation from ongoing clinical
trials is still awaited [234].

The natural killer group 2D receptor (NKG2D) is an activating receptor that stimulates
antitumor immunity through recognition of NKG2D ligands expressed on AML cells [235].
Targeting the NKG2D/NKG2D-L axis therefore represents an attractive therapeutic strategy.
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A phase I clinical trial evaluated an autologous CAR T-cell product based on NKG2D, which
recognizes eight ligands overexpressed across several hematologic malignancies, including
myeloid leukemias, MDS, and MM, while showing minimal expression on normal tissues.
Preliminary results, with a median follow-up of 118 days, showed an objective response
rate of 25% in patients with R/R AML or MDS, together with an acceptable safety profile
(grade 3–4 treatment-related adverse events: 44%; grade 3–4 CRS: 31%, including one
dose-limiting toxicity) [236].

Additional targets are also being explored for the development of novel CAR T-cell
therapies for AML, including CD84, CD96, and Siglec-15. Preclinical studies of CD84-
directed CAR T cells have demonstrated potent cytotoxic activity against AML cells while
largely sparing HSPCs [237,238]. A phase I/II clinical trial evaluating CD84-directed CAR
T-cell therapy in patients with R/R AML and T-cell ALL is currently ongoing [239].

CD96 is expressed on leukemic stem cells and blasts in approximately 48.3% of AML
cases but is largely absent from normal HSPCs. In preclinical AML models, CD96-directed
CAR T cells prolonged survival and effectively eliminated leukemic cells. Furthermore,
combining CD96 CAR T cells with a CD33-targeted chimeric costimulatory receptor im-
proved antitumor activity in CD96-low AML models, suggesting that this strategy may
offer effective disease control while preserving normal hematopoiesis [240].

Siglec-15, a sialic acid-binding immunoglobulin-like lectin, is highly expressed on
primary AML blasts and AML cell lines while showing minimal expression on HSPCs.
Preclinical studies have demonstrated that anti-Siglec-15 CAR T cells effectively eliminate
leukemic cells while preserving normal hematopoiesis [241].

Additionally, CAR T cells targeting IL-1RAP on the surface of leukemic stem cells
have been developed for AML, and their pre-clinical production processes have been
validated [242]. This has laid a solid foundation for their entry into phase I clinical trials,
holding promise to bring new therapeutic hope to AML patients [243].

Finally, CAR natural killer (CAR NK) cells represent an attractive alternative to CAR
T cells because of their potentially lower toxicity and improved selectivity. Their clinical
application, however, remains limited by insufficient in vivo expansion and long-term
persistence [244,245]. Early results from a phase I clinical trial evaluating CD33-directed
CAR NK cells have shown encouraging efficacy and tolerability, although longer follow-up
is required to confirm these findings (Table 30) [246].

Table 30. Summary of the clinical trial results of anti-CD33 CAR NK.

Agent Target Estimated Completion Date Phase Indication Enrollment

Results: Survival Rate (%); Complete
Remission (CR/CRi) (%); Median PFS; OS
(Month); ORR; MRD; CR; Event/Free
Survival (EFS); Partial Remission (PR);
Morphologic leukemic-Free State (MLFS)

Side Effects Clinical Trial
Identifier (Reference)

Anti-CD33 CAR NK CD33 2023-12-01 1 R/R AML 10 MRD-negative complete remission at
d28: 6/10 CRS grade 2 (1/10) NCT05008575 [246]

Conventional CAR T cells rely on autologous cells manufactured ex vivo, which
entails complex logistics, lengthy production times and high costs. Progress in in vivo gene
delivery, highlighted by COVID-19 mRNA–LNP vaccines, has accelerated the exploration
of in vivo CAR T-cell approaches [247]. In vivo CAR T-cell approaches are based on the
direct delivery of vectors encoding chimeric antigen receptors into patients, enabling T-cell
reprogramming in situ. Two major systems are used: viral vectors (e.g., AAV and lentivirus),
and lipid nanoparticles (LNPs). A recent preclinical study in AML has demonstrated that
in vivo CAR T-cell generation lipid nanoparticle-based mRNA delivery can induce transient
CAR expression, leading to effective antileukemic activity. In situ engineering of CD8+ T
cells (CD8 nanobody-targeted lipid nanoparticles encapsulating CD13 nanoCAR circRNAs)
generated cytotoxic CAR T cells targeting AML [248]. To date, in vivo approaches are
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currently being evaluated in early-phase trials in B-cell malignancies and multiple myeloma,
and are expected to expand to AML.

7. Conclusions and Perspectives
This review highlights the remarkable evolution of immunotherapy in oncohematol-

ogy over the past three decades. Since the introduction of the first therapeutic mAbs—
exemplified by rituximab, the first anti-CD20 antibody approved for the treatment of
NHL—immunotherapeutic strategies have progressively transformed the management of
hematologic malignancies. More recently, the focus of therapeutic innovation has shifted
from conventional mAbs toward more sophisticated platforms, including bsAbs, ADCs,
and adoptive cell therapies—particularly CAR T-cell therapies. Immunotherapy has helped
reduce the risk of relapse, improve overall survival in some patients, and provide an alter-
native to intensive chemotherapy. The combination of immunotherapy and chemotherapy
is now included in treatment guidelines for many hematologic malignancies to improve
patient outcomes, including, for example, non-Hodgkin lymphoma (CHOP + rituximab),
multiple myeloma (D-VRd + daratumumab), and acute myeloid leukemia (daunorubicin
+ cytarabine + gemtuzumab ozogamicin). According to the latest epidemiological data
from the American Cancer Society, AML, NHL, and MM are expected to remain among the
deadliest hematologic malignancies in 2026 [249]. In AML, approximately half of patients
either fail induction therapy or experience relapse within six months [115], highlighting
the urgent need for novel therapeutic approaches.

AML remains one of the hematologic malignancies for which immunotherapeutic
development is least advanced. Current strategies include CD123/CD3 bsAbs such as
flotetuzumab and vibecotamab, TsAbs targeting CD16/CD33/IL-15, and novel CD123-
directed agents such as pivekimab [195]. In the field of adoptive cell therapies, no CAR T-
cell therapy has yet received FDA approval for AML, although numerous clinical studies are
investigating CAR T cells targeting CD123, CLL-1, and CD33. Nevertheless, most available
evidence derives from early-phase clinical trials involving limited patient populations;
additional studies are needed to establish their long-term efficacy and safety.

By contrast, immunotherapy has become an integral component of NHL management.
Rituximab remains a cornerstone of first-line treatment in combination with chemotherapy,
while newer generations of bsAbs, including blinatumomab and mosunetuzumab, are
expanding the therapeutic arsenal. CAR T-cell therapies have also emerged as an estab-
lished treatment option for several R/R B-cell lymphomas, illustrating the major progress
achieved in this field.

MM has experienced the greatest diversification of immunotherapeutic strategies,
with the approval of numerous mAbs, bsAbs, ADCs, and CAR T-cell therapies. BCMA
has become the principal therapeutic target, although additional targets such as GPRC5D
and FcRH5 are rapidly emerging. In particular, the FcRH5-directed bsAb cevostamab has
demonstrated encouraging clinical activity and was highlighted as a promising therapeutic
candidate during the 2024 ASH Annual Meeting [113].

Beyond currently approved therapies, several innovative approaches are under active
investigation. Simultaneous multiple interaction T-cell engagers (SMITEs), which combine
two complementary bsAbs, aim to enhance T-cell activation and overcome inhibitory
mechanisms such as PD-L1-mediated immune suppression [250].

Similarly, NK-cell-based strategies, including TriKEs and CAR-engineered NK cells,
seek to combine potent antitumor activity with improved safety profiles [128,245]. Al-
though early clinical results are encouraging, limited in vivo persistence and insufficient
cellular expansion remain important challenges for these emerging approaches.
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Overall, the rapid diversification of immunotherapeutic modalities is reshaping the
treatment landscape of hematologic malignancies. However, recent studies have shown
that older individuals respond less effectively to immunotherapies because of age-related
physiological alterations, including cellular senescence, chronic inflammation, and im-
munosenescence [251]. Immunosenescence particularly affects the qualitative functions of
T lymphocytes, leading to reduced T-cell receptor diversity, impaired proliferative capacity,
decreased cytotoxic activity, and altered antigen presentation—all within an unfavorable
pro-inflammatory environment [252]. The CRR observed in younger patients with B-cell
acute B-ALL (approximately 90%) is higher than that reported in older patients with multi-
ple myeloma (33–73%). Senescence is one of the factors that may contribute to the reduced
efficacy of CAR T-cell therapies in elderly patients [253]. As hematological malignancies pre-
dominantly affect older adults, the development of immunotherapeutic strategies targeting
senescence has emerged as a major challenge. In this context, immune checkpoint inhibitors
targeting Programmed Death-1 (PD-1) and Cytotoxic T-Lymphocyte-Associated Protein
4 (CTLA-4) appear to exert beneficial effects by restoring antitumor immunity and are
currently being investigated for their potential to enhance immune responses in aging pop-
ulations [254]. This rationale underlies the combination of immune checkpoint inhibitors
with other immunotherapies, as illustrated by anti-CLL-1 CAR T-cell approaches in acute
myeloid leukemia (AML), as well as their combination with antibody–drug conjugates
(ADCs) such as brentuximab vedotin [255].

Overall, the rapid diversification of immunotherapeutic modalities is reshaping the
treatment landscape of hematologic malignancies. Future research will likely focus on
optimizing combination strategies, identifying novel targets, improving manufacturing
processes, and extending these therapies to earlier lines of treatment, with the ultimate goal
of achieving more durable responses while minimizing toxicity.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/cells15161439/s1, Table S1: Table summarizes the targets investi-
gated in research on CAR-T cell targeting AML.
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ADC Antibody-drug conjugate
ADCC Antibody-dependent cellular cytotoxicity
ALL Acute lymphoblastic leukemia
AML Acute myeloid leukemia
ASCT Autologous Stem Cell Transplant
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B-ALL B-cell acute lymphoblastic leukemia
B-CLL B-cell chronic lymphocytic leukemia
BCMA B-cell maturation antigen
B-NHL B-cell non-Hodgkin lymphoma
BPDCN Blastic plasmacytoid dendritic cell neoplasm
bsAb Bispecific antibody
CAR Chimeric antigen receptor
CAR NK Chimeric antigen receptor natural killer
CHP Cyclophosphamide, doxorubicin, prednisone
CHOP cyclophosphamide, doxorubicin, vincristine, and prednisone
CLL Chronic lymphocytic leukemia
CLL-1 C-type lectin-like molecule-1
CML Chronic myeloid leukemia
CRc Composite complete remission
CRS Cytokine release syndrome
DoR Duration of response
DXM Dexamethasone
DLBCL Diffuse large B-cell lymphoma
EFS Event-free survival
EMA European Medicines Agency
FDA U.S. Food and drug administration
FL Follicular lymphoma
GO Gemtuzumab ozogamicin
GVH Graft-versus-host
HL Hodgkin lymphoma
HSCT Hematopoietic stem cell transplantation
ICANS Immune effector cell-associated neurotoxicity syndrome
mAbs Monoclonal antibody
MDS Myelodysplastic syndrome
MM Multiple myeloma
MMA Monomethyl auristatin
MRD Minimal residual disease
MS Median survival
NHLs Non-Hodgkin lymphomas
NK Natural killer
NKG2D Natural killer group 2D receptor
ORR Overall response rate
OS Overall survival
PFS Progression-free survival
POD Progression of disease
Pvd Pomalidomide, bortezomib and dexamethasone
R-GemOx Rituximab, gemcitabine, and oxaliplatin
R/R Relapsed or refractory
SMITE Simultaneous multiple interaction T-cell engager
TKI Tyrosine kinase inhibitor
TriKE Trispecific killer engager
TsAb Trispecific antibody
VGPR Very good partial response

References
1. Tang, L.; Huang, Z.; Mei, H.; Hu, Y. Immunotherapy in Hematologic Malignancies: Achievements, Challenges and Future

Prospects. Signal Transduct. Target. Ther. 2023, 8, 306. [CrossRef] [PubMed]
2. SEER Cancer Stat Facts. Available online: https://seer.cancer.gov/statfacts/index.html (accessed on 16 July 2026).

https://doi.org/10.3390/cells15161439

https://doi.org/10.1038/s41392-023-01521-5
https://www.ncbi.nlm.nih.gov/pubmed/37591844
https://seer.cancer.gov/statfacts/index.html
https://doi.org/10.3390/cells15161439


Cells 2026, 15, 1439 31 of 43

3. Bachireddy, P.; Burkhardt, U.E.; Rajasagi, M.; Wu, C.J. Hematologic Malignancies: At the Forefront of Immunotherapeutic
Innovation. Nat. Rev. Cancer 2015, 15, 201–215. [CrossRef] [PubMed]
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