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The interleukin-3 receptor alpha chain (IL-3R), more commonly referred to as CD123, is widely overexpressed in various

hematological malignancies, including acute myeloid leukemia (AML), B-cell acute lymphoblastic leukemia, hairy cell

leukemia, Hodgkin lymphoma and particularly, blastic plasmacytoid dendritic neoplasm (BPDCN). Importantly, CD123 is

expressed at both the level of leukemic stem cells (LSCs) and more differentiated leukemic blasts, which makes CD123

an attractive therapeutic target. Various agents have been developed as drugs able to target CD123 on malignant

leukemic cells and on the normal counterpart. Tagraxofusp (SL401, Stemline Therapeutics), a recombinant protein

composed of a truncated diphtheria toxin payload fused to IL-3, was approved for use in patients with BPDCN in

December of 2018 and showed some clinical activity in AML. Different monoclonal antibodies directed against CD123 are

under evaluation as antileukemic drugs, showing promising results either for the treatment of AML minimal residual

disease or of relapsing/refractory AML or BPDCN. 

Keywords: leukemia ; acute myeloid leukemia ; interleukin-3 ; interleukin-3 receptor ; leukemic stem cells ; therapy ;

biomarker

1. Introduction

1.1 Interleukin-3 and Interleukin-3 Receptor

Interleukin-3 (IL-3) is a member of the beta common (β ) cytokine family, which also includes granulocyte-macrophage

colony-stimulating factor (GM-CSF) and IL-5. This group of cytokines signals through the activation of heterodimeric cell

surface receptors, composed by a cytokine-specific α chain and the shared β  subunit . These cytokines signal through

the β  subunit: The activation of IL-3R is thought to involve the sequential assembly of a receptor complex, with an initial

step represented by the binding of IL-3 to IL-3Rα (also known as CD123), followed by a second step represented by the

recruitment of β  subunit and assembly of a receptorial complex, bringing JAK2 molecule together to trigger downstream

signaling .

The extracellular region of IL-3Rα comprises three fibronectin-like (FnIII) domains: Two domains bind IL-3, and a third

domain, N-terminal domain (NTD) is highly mobile in the presence of IL-3 and plays a key role in preventing spontaneous

receptor dimerization . Thus, the NTD domains exert a double role, protecting from inappropriate receptor signaling and

dynamically regulating IL-3R binding and function .

IL-3 is a cytokine with multiple biologic functions, mainly produced by activated T-lymphocytes, with an important

regulatory activity on the generation of hematopoietic and immune cells . IL-3 is the most pleiotropic cytokine of the β

receptor family, stimulating different myeloid cells. It is functionally different from GM-CSF, in that it also stimulates the

production and function of hematopoietic stem cells, mast cells and basophils . The β  cytokines play an important role

in emergency hematopoiesis and immunity after infection or injury , but their function is dispensable for hematopoiesis in

the steady state, as shown by gene knockout studies in mice .

The activity of IL-3 is not limited only to the hemopoietic system, but extends also to the endothelial lineage, as supported

by the observation that this cytokine is able to stimulate the proliferation of endothelial cells .

1.2. CD123 Is Overexpressed in Many Hematological Malignancies

Studies carried out in the last two decades have shown that IL-3Rα is overexpressed in many hematological

malignancies. Many studies have explored in detail the pattern of expression of CD123 in AMLs and in blastic

plasmacytoid dendritic cell neoplasm (BPDCN). Initial studies on AMLs have led to the observation that CD123 is

overexpressed on stem/progenitor leukemic cells CD34 /CD38 , while normal CD34 /CD38  normal stem cells apparently

do not express CD123 . A subsequent study based on the screening of CD123 expression in various hemopoietic

malignancies showed that this receptor chain is frequently expressed at high levels in AMLs and B-ALLs . Testa et al.
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explored a large set of AML patients and reported that 45% of these patients overexpress IL-3Rα . Importantly, these

authors showed that CD123 overexpression on leukemic blasts was associated with increased cycling activity, increased

cellularity at diagnosis, hypersensitivity to IL-3 stimulation (with increased Stat5 activation) and poor prognosis .

Wittwer et al. have confirmed that high CD123 levels enhance proliferation of leukemic blasts in response to IL-3 but

showed also that CD123 overexpression induces a downregulation of CXCR4 . CXCR4 is the receptor of stromal-

derived growth factor-1 (SDF-1) and plays an essential role in the regulation of HSC homing and migration. Thus, it was

hypothesized that the CD123 overexpression, through CXCR4 downregulation, may induce the egress of BM AML

leukemic stem cells (LSCs) into the circulation .

Arai and coworkers have explored CD123 expression on 48 de novo AMLs by immunohistochemistry and reported that

CD123 expression on AML blasts was associated with a failure to achieve a complete response to initial induction

chemotherapy and poor overall survival .

Recent studies have explored the expression and he prognostic impact of CD123 expression in pediatric AML,

representing about 20% of all pediatric acute leukemias. At the level of bulk leukemic cell population, CD123 was positive

in about 70% of samples, frequently co-associated with CD200 expression . CD123 expression was associated with

minimal residual disease; the co-expression of CD123 and CD200 had a negative impact on OS and CR rate . Lamble

et al. evaluated CD123 expression in 1400 pediatric AMLs and observed that high CD123 expression was strongly

associated with disease-relevant cytogenetic abnormalities and with molecular alterations (KMT2A rearrangements and

FLT3-ITD mutations) and with poor clinical outcomes compared to AML patients with lower CD123 expression . Veger

at al. have evaluated the prognostic impact of 34 /38 /123 LSCs frequency at diagnosis in older AML (aged 60 years or

older) [17]. In AML patients treated with intensive chemotherapy the median OS was 34.5 months in the group of patients

with <0.1% 34 /38 /123 cells compared to 14.6 months in patients with >0.1% 34 /38 /123 cells . However, the

percentage of 34 /38 /123 cells had no prognostic impact in patients treated with hypomethylating agents .

Other studies have attempted to define the immunophenotypic and molecular properties of AMLs overexpressing CD123.

Thus, Testa and coworkers provided evidence that AMLs overexpressing CD123 display some peculiar

immunophenotypic features (low CD34 expression and high CD11b and CD14 expression) and are frequently associated

with FLT3-ITD mutations . Interestingly, a subset of AMLs overexpressing FLT3, in the absence of mutations of this

receptor, overexpress also CD123 and may represent a peculiar AML subset, whose proliferation was driven by the

overexpressed CD123 and FLT3 .

Rollins-Raval and coworkers have confirmed these findings and have reported CD123 overexpression (by

immunohistochemistry) in 83% of FLT3-ITD-mutated AMLs and in 62% of AML cases with mutated NPM1 . Brass and

coworkers have confirmed these findings through a detailed flow cytometric analysis of CD123 in a very large set of

AMLs, showing that CD123 was expressed in the large majority of AMLs, with low expression in erythroid and

megakaryocytic leukemia, higher CD123 expression in FLT3-ITD-mutated and NPM1-mutated AMLs . Recently,

Perriello et al. reported the analysis of CD123 in a large cohort of 151 NPM1-mutated AMLs and showed that CD123 is

highly expressed in NPM1-mutant leukemic cells and, particularly at the level of 34 /38  leukemic stem cells . CD123

expression was further enhanced by FLT3 mutations, frequently co-occurring with NPM1 mutations . Importantly, two

studies reported IL3Rα expression at the level of the CD34 CD38  cell fraction in FLT3-ITD-mutated AMLs . Angelini

et al. provided a detailed immunophenotypic characterization of these cells, displaying also CD25 and CD99 expression

.

Ehninger et al. have explored CD123 and CD33 expression in a cohort of 319 AML patients and showed that AMLs with

adverse cytogenetics express CD123 at levels comparable to those with favorable and intermediate subtypes . They

confirmed also the high expression of CD123 on FLT3-ITD and NPM1-mutated AMLs .

CD123 was shown to be overexpressed in a rare group of undifferentiated AMLs, resembling AMLs with minimal

differentiation .

Many studies have explored CD123 expression at the level of leukemic progenitor/stem cells, mainly contained in the

CD34 /CD38  cell fraction. Thus, Guzman and coworkers provided evidence that CD34 /CD38 /CD123  cells are able to

initiate a leukemic process when inoculated into immunodeficient mice . CD34 /CD38 /CD123  cells were clearly

detectable in about 75% of AML patients  and their number is predictive of the clinical outcome . More recent studies

have explored CD123 expression on the leukemic stem population in the context of the expression on these cells of other

membrane markers. Several membrane markers, including CD123, CD33, CLL1, TIM3, CD244, CD47, CD96, CD157 and

CD7 were ubiquitously expressed on AML bulk cells at diagnosis and relapse, irrespective of genetic features .

Haubner et al. have explored the expression of these membrane antigens on a large set of AMLs at diagnosis and at
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relapse. CD33, CD123, CLL1, TIM3, CD244 and TIM3 were ubiquitously expressed on AML bulk cells at diagnosis and

relapse, irrespective of genetic features . Importantly, for the clinical implications, CD33 and CD123 are homogenously

expressed at relapse; CD123 was more expressed than CD33 at the level of LSCs .

In another study, Yan and coworkers provided evidence that CD123, as well as CD47 expression on leukemic blasts is

related not only to stemness, but also to chemoresistance . The histone deacetylase inhibitor romidepsin reversed the

gene expression profile of CD123  chemoresistant leukemic cells and efficiently targeted chemoresistant leukemic blasts

in xenograft mouse models . In line with this observation, the presence of CD34 /CD38 /CD123  cells de novo AMLs

negatively impacts in disease free survival (DFS) and overall survival (OS) .

Recent studies support the evaluation of CD123 expression as a marker of minimal residual disease (MRD). MRD can be

defined as the persistence after therapy of a small burden of leukemic cells, not detectable by standard histopathological

criteria (bone marrow morphology); the presence of MRD after therapy is a negative prognostic marker of increased risk

of relapse and shorter survival in AML patients . Its detection is of fundamental importance to risk stratification and to

define additional treatments . MRD can be assessed through the detection of leukemia-specific molecular

abnormalities or though flow cytometry of bone marrow cells . Thus, quantification of NPM1-mutated transcripts after

therapy in patients with NPM1-positive AMLs provided a valuable tool to assess MRD and a powerful prognostic

information independent of other risk factors . MRD can be detected also by flow cytometric analysis of bone marrow

cells using a panel of antigens aberrantly expressed in AML blasts, including CD123 . The evaluation of both molecular

and immunophenotypic markers probably represents the best methodology to assess MRD and its evaluation is of

paramount importance in the choice of the treatment strategy for each AML patient .

These studies imply some considerations about the relationship between clonal evolution and CD123 expression in AMLs.

As above discussed, during therapy, the AML cell populations may evolve by either acquiring additional mutations

responsible for drug resistance or by losing mutations associated with sensitivity to the treatment (following a process of

linear evolution) or by outgrowth of a secondary clone (subclone) following eradication of the major clone at diagnosis

(following a process of branching evolution). Therefore, AML cell populations at relapse may have evolved from either

clonal or subclonal cell populations, present at diagnosis, with potential acquisition of additional mutations. Thus, either

through linear or branching evolution, leukemic cells undergo a process of adaptive clonal evolution to survive to new

environmental conditions. These processes of dynamic clonal evolution imply a consistent clonal heterogeneity of AMLs

and the extreme difficulty to eradicate the leukemic process through the targeting of a single genetic abnormality. At

variance with molecular markers involved in the dynamics of clonal evolution, CD123 is equally expressed in AML bulk

cells and leukemic stem cells at initial diagnosis and relapse and therefore its expression is not related to leukemic clonal

evolution . The independency of CD123 expression from AML clonal evolution strongly supports CD123 as a potential

therapeutic target of AMLs at various disease stages: Initial diagnosis, MRD and relapse.

Blastic plasmacytoid dendritic cell neoplasm (BPDCN) represents the malignancy with the most promising clinical

applications of CD123 targeted therapy. BPDCN is an extremely rare clonal hematological malignancy of plasmacytoid

dendritic cell precursors, usually affecting elderly males and presenting in the skin with frequent involvement of the bone

marrow, peripheral blood and lymph nodes . The epidemiology, pathology, molecular abnormalities and clinical

features of BPDCN were recently reviewed .

Two historical studies have considerably improved the understanding of the physiopathology of this rare neoplasia and

have provided the key data for the identification of CD123 as a potential therapeutic target. Thus, Lucio and coworkers

have for the first time shown a constant high CD123 expression and have proposed plasmacytoid dendritic cells as the

cells of origin of BPDCN . These findings were confirmed by Chaperot et al., showing immune function in leukemic cells

similar to plasmacytoid dendritic cells . These authors showed also that CD4 /CD56  cells express elevated levels of

the IL-3Rα chain: Following incubation with IL-3, the leukemic cells undergo a partial maturation and became a strong

inducer of naïve CD4  T cell proliferation .

The patients with BPDCN have a negative prognosis when treated with standard chemotherapy. The only treatment

inducing durable remissions is the high-dose chemotherapy, followed by allogeneic stem cell transplantation . In a large

series of 43 patients, the median overall survival was of 8–9 months following treatment with chemotherapy and about 23

months following chemotherapy and allogeneic stem cell transplantation .

Other studies have shown the overexpression of CD123 in some lymphoid malignancies. The screening of B-cell

malignancies provided evidence that in patients with lymphoproliferative disorders of mature B-lymphocytes was positive

only in hairy cell leukemia . Subsequent studies have confirmed this initial observation, showing also the analysis of

[32]

[32]

[33]

+

[33] + − +

[34]

[35]

[35]

[35]

[36]

[37]

[38]

[32]

[39][40]

[39][40]

[41]

[42] + +

+ [42]

[43]

[44]

[18]



CD123 expression helps also to distinguish between hairy cell leukemia and hairy cell leukemia-variant . The

characteristic immunophenotype CD19 , CD20 , CD11c , CD25 , CD103  and CD123  is diagnostic for hairy cell

leukemia .

While virtually all lymphomas were negative for CD123 expression, neoplastic cells of Hodgkin lymphoma were frequently

CD123  .

Other studies have explored in detail CD123 expression in acute lymphoid leukemia (ALLs). Initial studies have shown

that B-ALL, but not T-ALL frequently overexpress CD123 . This finding was confirmed in subsequent studies,

showing also that CD123 overexpression in B-ALL associates with hyperdiploid genotype ; furthermore, CD123 is

clearly expressed at higher levels in B-ALL blasts than in normal B-lymphoid progenitors/precursors . More recently,

Angelova et al. have performed a large screening of CD123 expression on a large set of ALLs, showing that CD123

expression was more prevalent in Philadelphia chromosome-positive patients than in Philadelphia chromosome-negative

patients . Importantly, Liu et al. reported the existence of a negative correlation between CD123 expression on B-ALL

blasts and both disease-free and overall survival .

2. Therapeutic CD123 Targeting

2.1. SL-401 (Tagraxofusp)

Initial studies of CD123 targeting were based on the use of the natural ligand IL-3, fused with a cytotoxic drug. To this end,

a genetically engineered fusion toxin was generated, composed of the first 388 amino acid residues of diphtheria toxin

(DT) with a His-Met (H-M) linker, fused to human IL-3. This DT  exerted a marked cytotoxic effect on CD123  leukemic

blasts  and was tolerated in primates in vivo up to 100 μg/Kg . The level of cytotoxicity exerted by DT  on

leukemic blasts was directly related to the level of IL-3Rα/IL-3Rβ expressed on leukemic cells . Importantly, DT  was

found to be cytotoxic for cells with properties of leukemic stem cells . The fusion of DT to a variant of IL-3 displaying

increased binding affinity (IL-3[K116W]) resulted in the generation of a fusion protein DT IL-3[K116W] more active than

DT IL-3 in inducing the killing of leukemic blasts .

This fusion protein named SL-401 (tagraxofusp) was introduced in phase I/II clinical studies for the treatment of BPDCN,

AML and other hematological malignancies. Preclinical studies have strongly supported the clinical use of SL-401 in

BPDCN. BPDCN is an aggressive hematologic malignancy derived from the malignant transformation of plasmacytoid

dendritic cells. BPDCN represents a distinct disease entity in the group of AMLs and related precursor neoplasms. This

neoplasia is characterized by high ubiquitous expression of CD123 and represents an ideal candidate for therapeutic

targeting with SL-401. In this context, preclinical studies showed that SL-401 exerted a marked cytotoxic effect against

primary BPDCN blasts, that are more sensitive to this drug than AML or ALL primary blasts; SL-401 was more toxic

against BPCDN cells than other chemotherapeutic agents; treatment with SL-401 increased the survival of

immunodeficient mice inoculated with BPDCN cells .

The first clinical trial of SL-401 in BPDCN involved the treatment of 11 patients in the context of a phase I study . The

maximum tolerated dose was 12.5 μg/Kg/day; the drug administration was relatively well tolerated, and the reported

adverse events were grade 3/4; 78% of patients displayed an objective response, with 55% complete responses after the

first cycle of treatment . In 2017, the results of a phase II clinical study involving the treatment of 32 BPDCN patients

were presented, showing 84% of objective responses, with 59% of complete responses . A part of responding patients

was bridged to stem cell transplantation after a durable response from SL-401 treatment .

In December 2018, the. Food and Drug Administration (FDA) approved SL-401 for adult and pediatric BPDCN on the

basis of the results of a recently published open-label, multicohort phase III study in which 47 patients with untreated or

relapsed BPDCN received an intravenous infusion of 7 or 12 μg/Kg body on days 1 to 5 of each 21-day cycle. Of the 47

patients, 29 received 12 μg of tagraxofusp as the first-line treatment and 15 as the second- and third-line of treatment .

Among the 29 untreated patients, 72% achieved a complete response, 45% went on to undergo stem cell transplantation,

with a survival rate of 52% at 24 months; among the 15 previously treated patients, the response rate was 67% and the

median overall survival was 8.5 months . Capillary leak syndrome was observed in 19% of the patients and was

associated with two deaths . The results of this study provided the basis for a targeted therapy option for patients with

BPDCN.

SL-401 was also tested in few pediatric BPDCN patients, providing preliminary evidence of clinical activity . Case report

studies support the clinical efficacy of tagraxofusp in combination with azacytidine in BPDCN patients relapsed after

allogeneic stem cell transplantation .

[45][46][47]

+ + + + + +

[48]

+ [49]

[11][12]

[50]

[51][52]

[53]

[54]

388
+

[55] [56][57]
388

[58]
388

[59]

388

388
[60]

[61]

[52]

[62]

[63]

[63]

[64]

[64]

[64]

[65]

[66]



In addition to the above-mentioned studies, additional more recent observations support the rationale of using SL-401 as

an IL-3Rα targeting agent in AML patients. Thus, tagraxofusp induced potent cytotoxic activity against CD123-positive

AMLs and myelodysplastic syndrome blast cells; furthermore, it exerted also some cytotoxic activity against normal

hemopoietic progenitor cells . Thus, this drug was active against hemopoietic cells expressing high or low CD123

levels. Tagraxofusp seemed also able to overcome resistance mechanisms, as those related to the “protection” exerted by

stromal cells, reducing CD123 expression on leukemic blasts . Tagraxofusp administration improved the survival of

immunodeficient animals xenografted with primary AML cells . For these properties, tagraxofusp was considered as a

potential mean to create a bridge to stem cell transplantation .

Thus, as above discussed, AMLs represent another potential therapeutic target of SL-401. The results of a phase I clinical

trial performed on 45 AML patients, receiving one single infusion of SL-401, showed that the maximum tolerated dose was

12.5 μg/Kg/day, no toxicity grade IV/V adverse events were observed, grade II/III adverse events included fever,

hypoalbuminemia, transaminitis, hypotension and hypocalcemia, and few responding patients were observed (one

complete response and two partial responses) . Another approach for the therapeutic use of SL-401 in AML consists to

treat the minimal residual disease (MRD), usually treated with the traditional consolidation therapy. Thus, a phase I/II

clinical trial (NCT02270463) is ongoing in patients with AML who are at risk of relapse and are not candidates for

allogeneic stem cell transplantation . The preliminary results of this trial presented at the 2017 American. Society of

Hematology (ASH) Meeting support the safety of the treatment, but the results about the possible efficacy were not yet

available and will require additional time to be evaluated .

Stephansky and coworkers have explored the possible mechanisms of resistance of leukemic cells to CD123 targeting by

SL-401 and observed that a mechanism not dependent upon CD123 expression was responsible for resistance. In fact,

these authors showed that resistant leukemic cells downregulated the expression of DPH1, the enzyme that converts

histidine 715 on eEF2 to diphthamide, the direct target of ADP ribosylation by diphtheria toxin . DPH1 expression

was decreased in leukemic cells of patients treated with SL-401 and resistant to this drug; furthermore, DHP1

downmodulation in leukemic cells decreased their sensitivity to SL-401. Interestingly, the DNA methyltransferase inhibitor

azacytidine reversed this effect and acted in cooperation with SL-401 to promote the death of AML blasts . These

observations have supported the development of a clinical trial (NCT 03113643) involving the administration of SL-401 in

association with azacytidine at standard dose to refractory/relapsed AML or high-risk myelodysplasia patients.

Few studies have supported the use of SL-401 in the therapy of multiple myeloma. These studies were based on the

strategy of targeting the bone marrow microenvironment that in multiple myeloma promotes disease development and

progression. Plasmacytoid dendritic cells (PDCs) are increased in bone marrow of multiple myeloma and highly express

IL-3R. Targeting of PDCs in bone marrow milieu with SL-401 decreases viability of PDCs, blocks PDC-induced multiple

myeloma growth and synergistically increases anti-tumor activity of bortezomib and pomalidomide . Furthermore, IL-3R

promotes the progression of osteolytic bone disease in multiple myeloma . Finally, and importantly, SL-401 decreases

the viability of cancer stem-like cells in multiple myeloma . These observations support the experimental use of SL-401

in the treatment of multiple myeloma. SL-401 is currently under evaluation in combination with pomalidomide and

dexamethasone in relapsed/refractory multiple myeloma patients . The first results of this ongoing clinical trial showed

that SL-401 is relatively well tolerated in this therapeutic setting and shows some signs of clinical activity [73]. Some

multiple myeloma patients develop a secondary, therapy-induced leukemia (tAML), years after they received a treatment

for their primary neoplasia. A recent study provided evidence hat years before the development of tAML, these patients

possess aberrant preleukemic stem cells highly expressing CD123: these cells harbor TP53 mutations and became the

dominant population at the time of leukemia presentation .

Other clinical studies are exploring the possible clinical activity of SL-401 in myeloproliferative disorders. A preclinical

study showed IL-3R expression in systemic mastocytosis, clonal eosinophilia and a minority population of myelofibrosis

. SL-401 is under evaluation in patients with advanced high-risk myeloproliferative disorders, including systemic

mastocytosis, myelofibrosis, primary eosinophilic disorders and chronic myelomonocytic leukemia (CMML) .

Preliminary results in this clinical study showed that SL-401 administration is relatively well-tolerated and induced the

secondary/adverse events observed in other clinical studies with this drug . On 2018, the results on 20 CMML patients

were presented, showing a marked decrease of splenomegaly. Bone marrow complete responses were observed in 30%

of patients . Some patients were bridged to stem cell transplantation .

Results from 23 patients with myelofibrosis were recently reported, showing that tagraxofusp treatment elicited a spleen

response in 56% of patients with a spleen size ≥5 cm at baseline; interestingly, 100% of patients with monocytosis

showed a spleen response . Furthermore, treatment with tagraxofusp was associated with an improved quality of life.
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Interestingly, a recent study reported the existence of clonal plasmacytoid CD123  dendritic cells in about 20% of CMML

patients . Exome sequencing studies showed that these cells have the typical Ras mutations observed in CMML . An

excess of plasmacytoid dendritic cells correlates with regulatory T cell accumulation and an increased risk of acute

leukemia transformation .

As above reported, the K116W variant DT -IL-3 molecule (DT -IL-3[K116W] or SL-501) displayed greater IL-3R

binding affinity and cytotoxic activity against AML blasts than SL-401 and possesses low activity against normal

hematopoietic progenitor/stem cells . A preclinical study showed that SL-401 deplete chronic myeloid leukemia

(CML) stem cells and may be used as a strategy to improve the effectiveness of current CML therapy, mainly targeting

tumor bulk using tyrosine kinase inhibitors .

The Stemline Therapeutics Inc. developed also SL-101, an anti-IL-3R antibody-conjugate in which the single-chain

fragment variable (scFv) regions of the antibody were genetically fused to a truncated Pseudomonas exotoxin containing

its translocation and ADP-ribosylation domains .

Han and coworkers have explored the anti-leukemic activity of this antibody-conjugate against AML blasts. In a

retrospective analysis of 86 newly diagnosed AML patients, these authors showed that a higher proportion of

CD34 CD38 CD123  leukemic stem cells at remission stages was associated with persistent MRD and predicted shorter

progression-free survival (PFS) in patients with poor-risk cytogenetics . SL-101 was shown to suppress the function of

leukemic progenitors, while sparing normal hemopoietic progenitor cells; in xenograft AML models the repopulating

capacity of LSCs pretreated with SL-101 in vitro was significantly inhibited .

2.2. CSL362 (Taclotuzumab)

The optimal properties of an IL-3R mAb would consist in inhibiting the binding of IL-3 and in activating innate immunity. An

antibody responding these two properties was the anti-CD123 mAb 7G3 capable of inhibiting IL-3-mediated proliferation

of leukemic cells  and of impairing leukemic stem cells in vivo . The 7G3 mAb was humanized and affinity-matured

and was engineered in its Fc-domain to improve its cytotoxicity against AML cells: the antibody thus modified was called

CSL362 and displayed the same capacity to neutralize IL-3, but displayed increased antibody-dependent cytotoxicity

against AML cells compared to 7G3 .

For its properties, the CSL 362 antibody entered a plan of clinical development. Pharmacodynamic studies provided

evidence that CSL 362 administration to immunodeficient mice xenografted with human AML cells significantly enhanced

the antileukemic effect induced by cytarabine/daunoribicin . The administration of CSL 362 induced a dose-dependent

decrease of peripheral basophils and plasmacellular dendritic cells, but no significant effects on hemopoietic

progenitor/stem cells were observed .

A preclinical study in CML showed that CSL 362 was able to markedly reduce the engraftment of CML cells, due to the

killing of CD123  LSCs . In mice treated with CSL 362 antibody-dependent cell-mediated cytotoxicity (ADCC)-facilitated

lysis was mediated mainly by few CML autologous natural killer (NK) cells . Additional preclinical studies definitely

showed that CSL 362 in vitro induces ADCC-dependent lysis of AML blasts, as well as of LSC-enriched

CD34 /CD38 /CD123  cells and in vivo reduces leukemic cell growth in AML xenografts in immunodeficient mice . The

study of the three-dimensional structure of CD123 allowed us to define the molecular mechanism through which CSL-362

inhibits IL-3R. CSL362 binds to the N-terminal domain (NTD) of IL-3Rα: This domain allows the optimal IL-3 binding to its

receptor and is present in two distinct conformations, open and closed . CSL362 can utilize functionally distinct binding

sites on IL-3R and can inhibit IL-3 signaling without inhibiting IL-3 binding .

Lee et al. explored in more detail the effect of CSL362 on AML cells in suitable preclinical models and provided clear

evidence that CSL362 prolonged the survival of immunodeficient mice xenografted with AML cells only when administered

together with chemotherapy (cytarabine/daunorubicin), but not when administered alone .

CSL362 was tested in a phase I clinical study (NCT01632852) in a group of 40 refractory/relapsing AML patients, showing

a clinical response in only two patients, suggesting that the use of this drug alone is not sufficient for the treatment of

refractory AML . A second phase I study (NCT01272145) was carried out in a group of AML patients who have

achieved a first or a second remission, but who are not candidate for stem cell transplantation and have a high risk of

disease relapse : 11 of these patients displayed MRD at baseline and four of these 11 patients converted to negativity

after treatment with CSL362; at week 24 after treatment, these four patients remained in complete remission, while the

remaining seven patients relapsed before week 24 . The maintenance of an MRD  condition may suggest eradication

of the leukemic disease . In more recent clinical trials, the CSL362 antibody was renamed talacotuzumab. Platzbecher

et al. recently reported the results of a clinical study based on talacotuzumab administration to elderly, high-risk AML or
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MDS patients who have failed treatment with hypomethylating agents . 24 AML patients, with a median age of 77 years

were explored for response to talacotuzumab and five of these patients displayed a hematological improvement,

corresponding to a partial response . These observations suggest a limited benefit of this drug in this patient setting, a

phenomenon related also to the compromised immune profile present in these patients (reduced mature NK cells,

increased expression of inhibitory NK-cell receptors) .

A clinical study is evaluating the efficacy and safety of decitabine plus talacotuzumab versus decitabine alone in AML

patients ineligible for intensive chemotherapy.

A factor limiting the efficacy of CSL362 in vivo is the limited number of NK lymphocytes present in some cancer patients.

To bypass this limitation, Ernst and coworkers have explored the effectiveness of combining CSL362 with human

allogeneic NK cells to kill Hodgkin lymphoma cells showing that this combination was highly effective in killing CD123

lymphoma cells and that CSL362 facilitated NK cell antibody-dependent cell-mediated cytotoxicity (ADCC) of Hodgkin

lymphoma targets in ARF6/PLD-1 .

2.3. IMGN632: A CD123-Targeting Antibody Drug-Conjugate

Recently, the development of a CD123-targeting antibody-drug conjugate (ADC) was reported, which is composed by a

humanized anti-CD123 antibody G4723A linked to a DNA mono-alkylating payload of the indolinobenzodiazepine

pseudodimer (IGN) class of cytotoxic compounds (called IMGN632) . The activity of IMGN632 was compared to that of

X-ADC, the ADC involving the G4723A antibody linked to a DNA crosslinking IGN payload . Both IMG632 and X-ADC

exerted both in vitro and in vivo a potent antileukemic effect, but IMGN632 was >40 fold less cytotoxic to the normal

myeloid progenitors than X-ADC . Importantly, IMGN632 exerted anti-leukemic effects at doses well below those

causing cytotoxic effects to myeloid progenitors . Finally, IMGN632 exerted a potent anti-leukemic effect in various AML

xenograft models [98]. These observations strongly support the clinical development of IMGN632 .

Another recent preclinical study provided evidence that IMGN632 was active in promoting the killing of B-ALL blasts .

Thus, Angelova and coworkers provided evidence that CD123 expression was more prevalent in B-ALL than in T-ALL;

furthermore, within B-ALLs, CD123 expression was more pronounced in Philadelphia chromosome-positive patients .

IMGN362 resulted to be highly cytotoxic to B-ALL, with a half-maximal inhibitory concentration corresponding to the range

0.6–20 pM . These observations support a possible clinical use of IMGN632 for B-ALL targeting.

In line with this study, it was recently reported that IMGN632 exerted in vivo a pronounced efficacy against patient-derived

xenografts (PDXs) derived from a wide range of ALL subtypes, expressing various levels of CD123 .

A recent preclinical study explored the targeting of CD123 in BPDCN using IMGN632, showing significant anti-leukemic

effects, even at a dose of IMGN362 10-fold lower than the anticipated therapeutically active dose . Another recent

preclinical study showed a synergism between poly (ADP-ribose) polymerase (PARP) inhibition (using olaparib or other

PARP inhibitors under development) to enhance the therapeutic efficacy of IMGN362 across different primarily

refractory/relapsed AML samples . IMGN362 is currently in phase I evaluation for relapsed/refractory CD123-positive

hematological malignancies (NCT 03386513). Recently, the initial safety and antileukemia activity findings from the dose-

escalation stage of this trial were reported, based on the analysis of 12 patients (five with relapsed/refractory disease and

six at first relapse; seven patients had adverse cytogenetics and 50% had secondary AML) . The administration of the

drug was tolerated, and no major adverse events were observed . Of the treated patients 33% achieved a complete

response and these data support the continuation of this study and further clinical exploration of IMGN362 .

Interestingly, a recent study explored a possible anti-leukemic synergism of IMGN362 with the BCL-2 inhibitor venetoclax

showing that the combination of the two drugs increases the killing of primary AML blasts; in vitro studies on various AML

cell lines indicate additive/synergistic effects of the two drugs and in vivo the combination of the two drugs clearly prolongs

survival and increases anti-leukemic activity in various AML PDX models . These observations strongly support the

clinical exploration of the combination of these two drugs in a clinical trial in AML patients. In another + recent study the

same authors showed that the combination of IMGN632 with Azacytidine and with the Bcl2 inhibitor Venetoclax resulted in

synergistic induction of cell death of AML cell lines and induced improved survival in various AML patient-derived

xenograft models in comparison with Azacytidine plus Venetoclax or of IMGN632 alone . These observations support

clinical trials assessing the combination of IMGN632 with Azacytidine and Venetoclax, the standard of care for older AML

patients .
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2.4. Bispecific CD123 Monoclonal Antibodies

Kuo and coworkers have reported the development of a bifunctional fusion anti-CD123 and anti-CD3 (CD123 × CD3

bispecific scFv) . The fusion antibody exhibited several interesting properties, compared to the monospecific anti-

CD123 antibody: (i) An increase of target cell-binding affinity; (ii) increased in vivo stability, as evidenced by enhanced

serum half-life; (iii) induction of T-cell-mediated target cell killing . Subsequently, Hussuini et al. developed a bispecific

antibody, composed by the V  of one antibody in tandem with the V  of the other antibody, with specificity of interaction

with the N-extracellular domain of CD123 and the extracellular domain of CD3 in the human T cell receptor complex .

The incubation of this CD3xCD123 dual-affinity re-targeting (DART) with AML leukemic blasts induced both activation of T

lymphocytes and killing of leukemic blasts . The infusion of the bispecific antibody into immunodeficient mice

xenografted with AML blasts resulted in total clearance of peripheral blood leukemic cells and subtotal elimination of

leukemic cells in bone marrow .

In 2015, the MacroGenics (Rockville, MD, USA) reported the development of MGD006, a novel 589 kDa CD3 × CD123

DART protein produced in Chinese hamster ovary cells . The CD3 × CD123 DART molecule was composed of

humanized mouse anti-human CD3 and anti-human CD123 Fv sequences . MGD006 exhibited a potent anti-leukemic

activity both in vitro and in vivo and was well tolerated in monkeys in continuous infusion . Al-Hussaini and coworkers

reported an extensive characterization of this DART antibody, showing that: (i) CD3 × CD123 induces effector-target cell

interaction and promotes T cell activation and proliferation; (ii) CD3 × CD123 induces antigen-specific cytotoxicity against

CD123-expressing cell targets and, particularly, AML blasts, by donor T lymphocytes; (iii) CD3 × CD123 DART induces

killing of AML blasts also in the presence of stroma; (iv) in vitro studies showed a minimal effect of CD3 × CD123 DART

on CD34  progenitors and a reduction of CD14 /CD123  monocytes and (v) CD3 × CD123 exerts a robust anti-leukemic

activity in vivo . These observations strongly supported the evaluation of this CD3 × CD123 DART in phase I clinical

trials in refractory/relapsing AML patients.

MDG-006, with the commercial name of flotatuzumab is being evaluated in phase I/II clinical studies. A phase I study

showed that the recommended phase II dose was 500 ng/kg/day. Thirty AML patients are mostly with primary refractory

disease and with high-risk disease . Infusion-related cytokine syndrome occurred in 13% of patients and was

managed with standard supportive care . Anti-leukemic activity was detected in 67% of evaluable patients with 19% of

complete responses ; importantly, the complete response rate was 31% among patients with refractory AML, but only

0% among those with relapsed AML . On the basis of these preliminary observations, enrollment to this study was

expanded to better define the anti-leukemic activity of flotetuzumab in refractory AML patients and to try to define

biomarkers to predict and identify patients more likely to respond to this drug.

Since a previous study suggested that AML patients with an immune-enriched tumor microenvironment, as supported by

the detection of an increased expression of genes associated with CD8 lymphocytes, B cells and Th1 cells, CXCL9 and

CXCL10, are less likely to respond to anthracycline-based cytotoxic chemotherapy and have a shorter relapse-free

survival , it was hypothesized that the presence of an immune-enriched gene signature in the bone marrow of AML

patients more likely to respond to flotetuzumab-based immunotherapy .

The study of patients treated with flotetuzumab allowed to identify the frequency of CD4  cells at baseline as a potential

biomarker for identifying patients with a higher risk of developing more severe cytokine release syndrome . Early use

of tociluzumab (anti-IL-6 mAb) blunted the severity of cytokine release syndrome and did not affect the response to

treatment .

Given the short circulating half-life, flotetuzumab needs to be administered as a continuous infusion, thus determining

prolonged exposure times, with limited Cmax changes. The use of more stable, long-acting Fc-bearing, CD3-interacting

antibodies would abrogate the need for continuous supply but would expose to the risk of cytokine release syndrome due

to the high Cmax levels required to maintain appropriate concentrations over several days . Thus, the development of

CD3-engaging DART molecules with reduced affinity for CD3 that maintained maximal target cell killing and T cell

proliferation, allowed the production of CD3 × CD123 and CD3 × CD19 DART molecules, acting at higher concentrations

than wild-type counterpart, but with reduced cytokine releasing capacity .

Recent studies have explores the mechanisms of response of AML to Flotezumab and have reported the results of phase

I/II clinical studies in refractory/relapsing patients. In an initial study, Vadakekolathu et al. showed that in AML patients,

differences in outcomes have been associated with immune transcriptomic profiles of the tumor microenvironment (TME);

according to this profile, AMLs can be subdivided into an immune-infiltrated and immune-depleted subgroup . The

immune-infiltrated subgroup displayed enrichment in IFN-g-related RNA profiles and showed resistance to chemotherapy

but increased probability of response to immunotherapy . In a subsequent study, Vadakekolathu and coworkers

[105]

[105]

H L

[106]

[106]

[106]

[107]

[107]

[107]

+ + +

[108]

[109]

[109]

[109]

[109]

[110]

[111]

+

[112]

[112]

[113]

[113]

[114]

[114]



showed that immune landscape was highest in TP53-mutant AMLs, an AML subgroup characterized by high resistance to

standard induction chemotherapy . Interestingly in a group of 15 refractory/relapsing AMLs with TP53 alterations, 7/15

patients achieved a complete response to treatment with Flotezumab, associated with a median overall survival of 10.3

months (range from 3.3 to 21.3 months) . These observations strongly support additional studies of Flotezumab

immunotherapy in patients with AMLs with TP53 alterations . A recent study by Uy and coworkers reported he results

of a phase I/II clinica study evaluating the safety profile and the clinical efficacy of Flotezumab as salvage immunotherapy

in 88 AML patients with refractory/relapsing disease . The most significant clinical benefit was observe d in patients

showing an immune-infiltrated TME, with 26.7% of complete responses, an with a median OS of 10.2 months in patients

achieving a complete response . 10-gene signature predicted complete response to Flotezumab treatment in AML

patients .

Recently, Ravandi and coworkers reported the development of a bispecific monoclonal antibody, XmAb14045 targeting

both CD123 and CD3 and stimulating targeted T cell-mediated killing of CD123-expressing cells; this antibody is a full-

length immunoglobulin molecule requiring intermittent infusions . Using this molecule, a phase I clinical study was

performed and the results on the first 64 treated patients (63 with refractory/relapsed AML and 1 with ALL) were recently

reported . Of treated patients 77% experienced a cytokine release syndrome and 11% of grade ≥3. In part A of the

study, single agent anti-leukemic activity was evidenced with three complete responses in 23% of treated patients; two

responders were bridged to stem cell transplantation and the third remained in remission at week 14+ after initiating

therapy .

Recently, the development of a dual-targeting triplebody 33-16-123 (SPM-2) agent, with binding sites for target antigens

CD33 and CD123, and for CD16 to engage NK as cytolytic effectors was reported . Primary blasts of most AMLs carry

at least one of these antigens; blasts from 29 AML patients were lysed at nanomolar concentrations of SPM-2, the optimal

lytic effect being observed for leukemic cells with a combined density of CD33 and CD123 above 10,000 molecules/cell

. Cell populations phenotypically enriched in leukemic stem cells (CD34 CD38 ) carry increased CD33 and CD123

expression and were lysed even at low SPM-2 concentrations .

2.5. Chimeric Antigen Receptor (CAR) T Cell Therapy Targeting CD123

Recent studies of anti-tumor adoptive cellular therapies have explored the potential therapeutic impact of genetically

engineered cells. In this context, two types of genetically engineered T cells have been developed: (a) T cell receptor-

engineered T lymphocytes that recognize a specific antigen in the context of human leukocyte antigen (HLA) receptors

(HLA restricted) and (b) chimeric antigen receptor (CAR) transduced T cells that recognize membrane antigens in an HLA-

independent and antibody-specific manner. CAR T cells display a combination of various important biologic properties

related to the presence of an antibody in terms of the specificity and affinity in the recognition of a target antigen and of T

lymphocytes endowed with a long-term biologic function and with a consistent capacity of in vivo circulation [119,120].

CARs are artificial receptors composed of three domains: (i) An extracellular antigen-binding specific domain derived from

an antibody’s single chain variable fragment; (ii) a hinge and transmembrane fragment and (iii) an intracellular T-cell

signaling domain . Furthermore, CAR T cells can be distinguished into first-, second- and third-generation CAR T

cells according to the presence of co-stimulatory signals near to the zeta-signal-transducing subunit of the TCR/CD3

receptor complex, and consisting in one or two additional co-stimulatory molecules, such as CD28, CD27, DAP-12 and

CD137 . These changes contribute to modify the proliferation, survival in vivo and activation of CAR T cells 

.

The approval of the anti-CD19 CAR T cell product tisagenlecleucel by FDA and European Medicinal Agency (EMA) for the

treatment of relapsed pediatric B-ALL represents the start of a new era in acute leukemia therapy. This decision was

based on the data of a phase II trial reporting the results on 75 B-ALL patients treated with tisagenlecleucel, with complete

remissions in 81% of patients at three months, and event-free survival rates of 73% and 50% at 6 and 12 months,

respectively . Unfortunately, the results obtained in B-ALL have not yet been translated at the level of AML, where the

progress was hampered by the difficulty to find a suitable targetable membrane antigen . Recent preclinical and

clinical studies are exploring the possible role of CD123 as a target of specifically engineered CAR T cells.

In 2013, Tettamanti and coworkers have transduced cytokine-induced killer (CIK) cells with a retroviral vector (a first

generation CD123 CAR) encoding an anti-CD123 CAR; transduced CIK cells were able to kill AML cell lines and primary

AML leukemic blasts, including leukemic progenitor/stem cell populations . The same group reported in 2014 a third

generation CD123 CAR containing CD248 and OX490 as co-stimulatory molecules: CIK cells transduced with this vector

exhibited potent anti-leukemic activity and had only a limited inhibitory effect on normal bone marrow progenitor/stem cells

in xenograft models .
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Mardiros and coworkers reported the development of CARs containing a CD123 specific scFv in combination with a CD28

co-stimulatory domain: T lymphocytes obtained from AML patients were modified to express CD123 CARs and acquired

the capacity to lyse autologous AML blasts in vivo in a xenogeneic model of AML . These CD123 CARs did not kill

normal hemopoietic progenitors.

Gill and coworkers using a second generation CD123 CAR, containing 4-1BB co-stimulatory domain, showed efficient

elimination of leukemic cells in a xenograft model of AML . However, these authors reported a marked inhibition of

normal hematopoiesis in a model of hematopoietic reconstitution in immunodeficient mice using human fetal liver cells as

a source of hematopoietic stem/progenitor cells . The results of this study at variance with those observed in other

studies with CD123 CARs using human adult bone marrow as a source of HSCs/HPCs is probably related to the higher

expression of CD123 on fetal liver compared to bone marrow progenitors .

Potent CD19-directed CAR T cells immunotherapies have been used for the treatment of patients with relapsed/refractory

B-ALL. However, CD-19-negative relapses are a major problem of this treatment, occurring in 30–40% of treated patients

. In an attempt to bypass this problem, Ruella and coworkers explored in preclinical models the possible strategy

based on CD123 targeting . Thus, these authors have shown that CD123 is highly expressed on leukemia-initiating

cells and in primary CD19-negative patient leukemic blasts at diagnosis and at relapse after CAR T 19 administration .

Importantly, using an antigen-loss CD19-negative relapse xenograft model, it was provided evidence that CAR T 123, but

not CAR T 19, recognized leukemic blasts, eradicated CD19-negative leukemia and prolonged survival of leukemic

animals . Furthermore, the combined use of CAR T 19 and CAR T 123 prevented antigen-loss relapses in xenograft

models . These observations support a strategy based on targeting CD19 and CD123 on leukemic blasts as a tool for

both the treatment and the prevention of antigen-loss relapses after CD19-directed CAR T19 therapies.

Given the consistent hematological toxicities observed in a preclinical model of human leukemia treated with CAR T 123,

three different strategies for T cell termination have been explored: (i) Short-persisting messenger RNA-modified CD123-

redirected CAR T cells (RIVA-CAR T 123); (ii) lentivirally transduced CD123-redirected CAR T cells (CAR T 123),

subsequently depleted with the anti-CD52 monoclonal antibody Alenutuzumab and (iii) CAR T 123 co-expressing surface

CD20 protein (CAR T 123-CD20), subsequently depleted with the anti-CD20 monoclonal antibody Rituximab .

Importantly, all these T-cell termination strategies maximized the therapeutic efficacy and overcome the potential toxicities

for the normal hemopoietic system of AML CAR T 123 immunotherapy .

It is important to note that the potential toxicities of CAR T 123 immunotherapy are related to the recognition of low

CD123-positive healthy tissues.

Another strategy to minimize the potential toxicity of CAR T 123 consisted in evaluating the effect of context-dependent

variables capable of modulating CAR T cell functional profiles, such as CAR expression, CAR binding affinity and target

antigen density . Computational biology structural analysis allowed us to identify mutations in the anti-CD123 CAR

antigen binding domain that can alter CAR binding affinity and CAR expression, without altering the general properties of

these engineered T cells . This strategy allowed the production of CD123 T cells with a good safety profile in terms of

reduced capacity to affect normal tissues with low CD123 expression .

Recently, a new CAR T cell platform was developed using the expression of the toll receptor-like adaptor molecule,

MYD88, and the tumor-necrosis factor family member CD40, tethered to the CAR molecule through a 2A linker system,

providing a constitutive signal that drives CAR T proliferative, survival and anti-tumor signals to CD19  and CD123

hematological cancers . However, the robust anti-tumor activity displayed by these CAR T cells was associated with

induction of cachexia in animal models that requires specific strategies to reduce cytokine toxicity, such as administration

of anti-TNFα antibody or selection of low cytokine producing T lymphocytes .

Other preclinical studies were based on the development of CAR T targeting both CD123 and CD33: The rationale of a

CAR T expressing both anti-CD123 and anti-CD33 units consists in providing an optimal mechanism to target both bulk

disease and leukemic stem cells . The experimental studies carried out using CD123b-CD33bc CAR T cells exhibited

a pronounced anti-leukemia activity, eliminating both the bulk and the leukemic stem cell population in primary AML

samples . Given the high potency of this double CAR T cell population, a safety-switch to protect against the potency

of CAR T was developed .

Other studies reported the optimization of the procedures for the production of CAR T 123 involving human NK cells as a

cellular target for anti-tumor therapy .
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At this moment, CAR T 123-based immunotherapy is being investigated in 11 clinical trials for AML. In 2015, Luio et al.

reported a case report of a single relapsing AML patient treated with CAR T 123 cells, transduced using a fourth

generation, apoptosis-inducible lentiviral CAR targeting CD123 . The patient achieved a partial response and

experienced an acute cytokine release syndrome, controlled by a single dose of Tolicizumab .

At the moment, the most consistent clinical experience was performed with the CAR T 123 reported by Mardiros et al. in

2013 , developed as a clinical drug by the Mustang Bio Inc. and called MB-102. MB-102 is under evaluation in a

phase I clinical trial in AML and BPDCN. Preliminary results on this ongoing clinical trial were presented at the 2017 ASH

Meeting and at the American Association Carncer Research (AACR) Special Conference on Tumor Immunology and

Immunotherapy (November 2018) . To date, 18 patients have been enrolled and nine of them (seven with AML and

two with BPDCN) have been treated. AML patients were heavily pretreated and all received allo-HSCT: Two patients were

treated at 50 × 10  dose of CAR T cells and one of them showed a response and received a second CAR123 T cell

infusion and presented a decrease of leukemic blasts from 77% to about 1%; five patients received a higher dose level

(200 × 10 ) and two of them achieved a complete response and the remaining three had a stable disease . The

two BPDCN patients were treated at a dose of 100 × 10  CAR123 T cells and one of them achieved a complete response.

Importantly, in all patients the treatment was well tolerated, and patients showed only reversible and manageable

toxicities, no patient displayed grade 3 or above cytokine release syndrome; finally, no treatment-related cytopenias were

observed up to 12 weeks after the end of the treatment . In 2018, the Food and Drug Administration has granted

Orphan and Drug Designation to MB-102 for the treatment of BPDCN.

A trial on CAR T 123 was performed at the University of Pennsylvania using infusions of “bio-degradable” CAR T 123 cells

(NCT2623852): These CAR T 123 cells were manufactured by electroporation of mRNA encoding the CAR and thus, at

variance with CAR T cells transduced with lentivirus, have a limited capacity of expansion in vivo .

Thus, no significant anti-leukemic activity was observed in a clinical trial based on the use of these CAR T 123 cells;

however, these cells were transiently detected in vivo and did not induce the release of cytokines . This favorable

safety profile supported the development of a phase-I trial of lentivirally-transduced second-generation CAR T 123

(CD123 CAR-41BB-CD3ζ); the treatment includes also a possible subsequent rescue allogeneic hematopoietic stem cell

transplantation possibly related to induction of aplasia related to CD123 expression on hematopoietic stem/progenitor

cells, with a conditioning regimen for the allogeneic HSCT involving the T-cell depleting agent Alemtuzumab to purge the

CAR T 123 population in vivo.

The results of the various ongoing phase I clinical trials involving different CAR T 123 cell preparations will be essential to

assess the real impact of this new CD123 targeting immunotherapy in the treatment of refractory/relapsing AML patients.

The combination of allogeneic HSCT with CAR T cell therapy could represent the optimal strategy in the future for the

treatment of relapsing/refractory AML patients.

Recent preclinical studies reported various strategies to improve the efficacy and to reduce the toxicity of CAR T cells. Mu

and coworkers, to improve the efficacy and persistence in vivo of CAR T cells developed IL-15 expressing CAR123 T cells

. The results of these studies showed that CAR123 T cells expressing IL-15 resulted in an enhancement of effector

anti-AML effect in vitro and in vivo .

A second study addressed the problem of controlling CAR123 T cell activity redirecting these cells using a switch-

controllable universal CAR T platform (UniCAR) based on two main components: (a) A non-reactive, inducible second-

generation CAR with CD28/CD3ζ stimulation for inert manipulation of T cells (UniCAR T) and (b) soluble targeting

modules TM allowing UniCAR T reactivity in an antigen-specific manner . A UniCAR T 123 displayed an efficient

cytotoxic activity against patient-derived CD123  leukemic cells . Importantly, activation, cytolytic activity and

cytokine release were strictly switch-controlled; furthermore, in contrast to conventional CAR T 123, UNICAR T 123 cells

discriminate between CD123  malignant leukemic cells and CD123  healthy tissues . Recently, the preliminary

results on 3 AML patients with refractory/relapsed AMLs with >20% of CD123  leukemic blasts were reported: all these

three patients have reported a clinical response, with one partial remission and two complete remissions with incomplete

hematologic recovery; in one of these patients leukemic disease was under control 100 days after uniCART infusion .

3. Summary

The interleukin-3 receptor alpha chain (IL-3R), more commonly referred to as CD123, is widely overexpressed in various

hematological malignancies, including acute myeloid leukemia (AML), B-cell acute lymphoblastic leukemia, hairy cell

leukemia, Hodgkin lymphoma and particularly, blastic plasmacytoid dendritic neoplasm (BPDCN). Importantly, CD123 is

expressed at both the level of leukemic stem cells (LSCs) and more differentiated leukemic blasts, which makes CD123
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an attractive therapeutic target. Various agents have been developed as drugs able to target CD123 on malignant

leukemic cells and on the normal counterpart. Tagraxofusp (SL401, Stemline Therapeutics), a recombinant protein

composed of a truncated diphtheria toxin payload fused to IL-3, was approved for use in patients with BPDCN in

December of 2018 and showed some clinical activity in AML. Different monoclonal antibodies directed against CD123 are

under evaluation as antileukemic drugs, showing promising results either for the treatment of AML minimal residual

disease or of relapsing/refractory AML or BPDCN. 
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