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The potential of CD123-targeted therapies in acute lymphoblastic
leukemia/lymphoma remains largely unexplored. We examined
CD123 expression levels in a large cohort of patients with acute

lymphoblastic leukemia/lymphoma and assessed the in vitro impact of
IMGN632, a conjugate of CD123-binding antibody with a novel DNA-
alkylating payload. CD123 expression on leukemic blasts was sur-
veyed using multicolor/multiparameter flow cytometry. The in vitro
effect of IMGN632 was evaluated on B acute lymphoblastic
leukemia/lymphoma cell lines and primary B acute lymphoblastic
leukemia/lymphoma blasts. The study cohort (n=213) included 183
patients with B acute lymphoblastic leukemia/lymphoma and 30 with
T acute lymphoblastic leukemia/lymphoma. CD123 expression was
more prevalent in B acute lymphoblastic leukemia/lymphoma than in
T acute lymphoblastic leukemia/lymphoma (164/183, 89.6% versus
13/30, 43.3%; P<0.0001), and within B acute lymphoblastic
leukemia/lymphoma CD123 expression was more prevalent in
Philadelphia chromosome-positive patients than in Philadelphia chro-
mosome-negative patients (96.6% versus 86.3%; P=0.033). In T acute
lymphoblastic leukemia/lymphoma, 12/13 (92.3%) patients with
CD123-positive blasts had either early T precursor (ETP) or early non-
ETP immunophenotype. IMGN632 was highly cytotoxic to B acute
lymphoblastic leukemia/lymphoma cell lines, with half maximal
inhibitory concentrations (IC50) between 0.6 and 20 pM. In five of eight
patients’ samples, low pico-molar concentrations of IMGN632 elimi-
nated more than 90% of the B acute lymphoblastic leukemia/lym-
phoma blast population, sparing normal lymphocytes. In conclusion,
CD123 expression is prevalent across acute lymphoblastic
leukemia/lymphoma subtypes, and the CD123-targeted antibody-drug
conjugate IMGN632 demonstrates promising selective activity in pre-
clinical models of B acute lymphoblastic leukemia/lymphoma.
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ABSTRACT

Introduction

Acute lymphoblastic leukemia (ALL) is an aggressive hematologic neoplasm
arising from immature lymphoid precursors.  In adults, 75% of ALL cases devel-
op from B-cell precursors (B-ALL) and the remainder from T-cell precursors (T-
ALL). B-ALL has been long known for its genetic heterogeneity and includes a
subset of cases that harbors the BCR-ABL1 fusion located on the derivative chro-
mosome 22 (Philadelphia chromosome) resulting from t(9;22)(q34.1;q11.2).
Philadelphia chromosome (Ph)-positive (Ph+) B-ALL patients and patients with



Ph-like molecular and cytogenetic signatures are current-
ly treated on frontline protocols with tyrosine kinase
inhibitors, which have dramatically improved the out-
come of this previously poor prognostic group.1-4

Outcomes of patients with T-ALL are generally inferior
to those of their B-ALL counterparts, particularly in
adults, and the molecular heterogeneity of T-ALL has
only recently been uncovered using high-throughput
molecular methods. Early T-cell precursor ALL (ETP-
ALL) is a subset of T-ALL that was identified recently
and found to include a sizeable proportion of patients
with poor outcomes.5,6 In contrast to children, only 30-
40% of adults with ALL achieve long-term remission,
and survival drops substantially in patients over 60 years
of age.7,8 Despite advances in frontline treatment of adult
ALL, the prognosis of patients who fail frontline and first
salvage therapy is extremely poor9,10 and justifies the
need to explore new therapeutic modalities.  

CD123, the interleukin-3 (IL-3) receptor α-chain, is the
primary low-affinity subunit of the IL-3 receptor and pro-
motes high-affinity binding to IL-3 when co-expressed
with the β-subunit. IL-3 is mainly produced by T-lympho-
cytes; it regulates the production of hematopoietic cells by
stimulating cell cycle progression, differentiation, and inhi-
bition of apoptosis. Early studies suggested that IL-3 plays
a critical role in leukemogenesis through enabling leukemic
cells to escape programmed cell death and grow
autonomously.11 CD123 was previously reported to be
expressed at a low level or to be absent on normal
hematopoietic stem cells, but it is expressed at various lev-
els in hematologic malignancies, including hairy cell
leukemia,12 acute myeloid leukemia,13 blastic plasmacytoid
dendritic cell neoplasm,14-16 and systemic mastocytosis.17

Differential overexpression of CD123 by neoplastic cells
and their normal precursors has positioned this cell surface
receptor as an attractive target of therapy. 

The potential of CD123-targeted therapies in ALL
remains largely unexplored. There are some data on
CD123 expression in B-ALL, but only limited data for T-
ALL.13,15,18 In this report, we present a comprehensive sin-
gle-institution survey of CD123 expression in adult ALL
and assess the correlation between CD123 expression
and clinicopathological factors and outcomes. We also
describe the in vitro impact of IMGN632, a conjugate of
CD123-targeting antibody with a novel DNA-alkylating
payload, in ALL cell lines and patients’ samples. 

Methods

Study group 
A total of 213 consecutive patients (183 with B-ALL, 30 with

T-ALL) were identified and included in the study group. B-ALL
patients were further subdivided into Ph+ (121/124 treatment-
naïve) and Ph-negative (Ph–) (51/59 treatment-naïve) subsets
based on cytogenetic, fluorescence in situ hybridization, and/or
molecular detection of t(9;22)(q34.1;q11.2)/BCR-ABL1. In the T-
ALL group, 19 patients were treatment-naïve and 11 presented
with relapsed/refractory disease after prior treatment. T-ALL
patients were subdivided into immunophenotypic subsets
based on the expression of CD1a and sCD3: the subsets were
early (CD1a−, sCD3−), thymic (CD1a+, sCD3−), or mature (CD1a−,
sCD3+) T-ALL. Patients with ETP-ALL were defined as
described previously.6 Additional details regarding the study
group are provided in the Online Supplement. This study was

approved by the Institutional Review Board of The University
of Texas MD Anderson Cancer Center (MDACC) and conduct-
ed in accordance with the Declaration of Helsinki.

Antibodies and reagents
For the flow cytometry analysis (details below), we used an

allophycocyanin-conjugated anti-CD123 (IL-3 receptor α chain)
antibody (clone 7G3; BD Pharmingen, BD Biosciences) accord-
ing to the manufacturer’s recommendation. The humanized
anti-CD123 antibody G4723A and a humanized non-targeting
control antibody of the same IgG1 isotype and identical Fc
sequences, were generated at ImmunoGen. IMGN632 and the
control DGN549 antibody drug conjugate were produced via
conjugation of DGN549 to the G4723A and the non-targeting
IgG1 antibodies, respectively, as described previously.19

Multicolor/multiparameter flow cytometry analysis 
The blast gate was defined on the basis of CD45dim expression

and side-scatter characteristics and quantified as a percentage of
total gated events. For analysis of CD123 expression, measure-
ments included mean fluorescence intensity (MFI) on leukemic
blasts (adjusted for background fluorescence using negative
internal controls) and relative mean fluorescence intensity (RFI)
ratio (leukemic blasts versus non-leukemic events). In patients’
samples, positive CD123 expression (CD123+) was defined as
expression in ≥20% of leukemic blasts using MFI by compari-
son to background fluorescence and fluorescence on non-
leukemic gated events, respectively. Additional details are pro-
vided in the Online Supplement.

Cytogenetics and molecular diagnostics
Conventional cytogenetics, fluorescence in situ hybridization,

polymerase chain reaction-based molecular diagnostics, and
next-generation sequencing-based mutation profiling were per-
formed on bone marrow aspirate specimens as described previ-
ously.20-22 

Cell lines 
B-ALL cell lines CRF-SB and JM-1 (from American Type

Culture Collection) and KOPN-8, SEM, 380, TOM-1, and SD-1
(from Deutsche Sammlung von Mikroorganismen und Zellkulturen)
were procured between 2000 and 2015; they were character-
ized by the respective vendors using DNA profiling.
Cytotoxicity was assessed using either a water-soluble tetra-
zolium salt 8 (WST-8)-based cell viability assay (Dojindo
Molecular Technologies) as described previously23 or the
alamarBlue Cell Viability Reagent (Invitrogen). Further details
are given in the Online Supplement.

In vitro evaluation of primary B-cell acute lymphoblas-
tic leukemia samples 

Bone marrow mononuclear cells from 11 newly diagnosed
and 10 relapsed/refractory B-ALL patients were obtained from
MDACC or ConversantBio. The number of CD123 antibody-
binding sites per cell (ABC) was quantified by the BD
QuantiBRITE™ Fluorescence Quantitation Kit (BD Biosciences)
using G4723A conjugated to R-phycoerythrin at a 1:1 ratio, as
already described.24 Cell proliferation for samples treated with
IMGN632 was assessed using the CellTiter-Glo® (Promega) or
Cell Trace™ Violet stain (Invitrogen) techniques. Additional
details are provided in the Online Supplement.

Statistical analysis
The statistical analysis methodology is described in the

Online Supplement.
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Table 1. Clinical and laboratory features of patients in the study group (n=213) categorized by CD123 expression status.
                                                               B-ALL, BCR-ABL1-positive (n=59)                B-ALL, BCR-ABL1-negative (n=124)                                   T-ALL (n=30)
                                                         CD123+          CD123–            P-value              CD123+              CD123–             P-value              CD123+              CD123–        P-value

Patients, n (%)                                          57 (96.6)            2 (3.4)                   NA                   107 (86.3)              17 (13.7)                   NA                    13 (43.3)               17 (56.7)             NA 
Age in years, median (range)          54.3 (16.2-80.2)51.2 (37.1-65.3)        0.802             38.1 (1.3-79.9)    56.0 (10.3-88.3)            0.229              28.1 (9.8-65.3)    30.9 (13.8-58.1)      1.000
Sex, n (%)                                                                                                                                                                                                                                                                                         

Male                                                          31 (96.9)            1 (3.1)                 0.710                  61 (57.0)               10 (58.8)                 0.553                   13 (100)               15 (88.2)           0.313
Female                                                      26 (96.3)            1 (3.7)                   NA                    46 (43.0)                7 (41.2)                    NA                        0 (0)                   2 (11.8)              NA

CNS involvement, n (%)                           7 (100)               0 (0)                   0.775                    9 (8.4)                   1 (5.9)                    0.589                  1/11 (9.1)               5 (29.4)            0.214
Allogeneic SCT, n                                                                                                                             15                            1                                                          6                             6                       
Peripheral blood parameters                                                                                                                                                                                                                                                       

White blood count (x109/L),            20 (0.7-381.6)    7 (1.8-12.2)             0.224             6.1 (0.2-612.3)      5.9 (1.0-33.2)              0.435              9.4 (1.0-137.3)    10.9 (1.8-309.2)      0.983
median (range)

Hemoglobin concentration             9.7 (7.1-15.8)  10.4 (8.2-12.6)           0.917              9.3 (4.2-13.8)       9.4 (6.3-13.2)              0.802              10.7 (7.0-14.9)     11.7 (6.9-16.0)       0.615
(g/dL), median (range)

Platelet count (x109/L), 
median (range)                                  44 (3-257)     190 (120-260)           0.040                 42 (4-334)           38 (13-210)               0.802                44 (13-326)           58 (6-332)          0.950

Bone marrow parameters                                                                                                                                                                                                                                                             
BM blast percentage,                          82 (15-98)        69 (66-72)              0.093                 84 (21-99)            90 (62-97)                0.025                 84 (24-96)             75 (4-94)           0.315

median (range)
CD123 MFI ratio,                            22.4 (1.7 – 203.2) 1.25 (1.0-1.5)                              16.9 (0.1-420)        1.1 (0.3-3.4)                                     6.3 (1.9-101)          1.0 (0-6.0)

median (range)                                           
Immunophenotypic groups*                                                                                                                                                                                                                                                        

Early T precursor                                        NA                     NA                      NA                         NA                          NA                        NA                     5 (38.5)                  1 (5.9)          0.001
Early                                                                NA                     NA                      NA                         NA                          NA                        NA                     7 (53.8)                 3 (17.6)                 
Thymic                                                            NA                     NA                      NA                         NA                          NA                        NA                        0 (0)                  12 (70.6)                
Mature                                                            NA                     NA                      NA                         NA                          NA                        NA                      1 (7.7)                   1 (5.9)                  

Cytogenetic groups, n (%)                                                                                                                                                                                                                                                            
Hypodiploid                                                   NA                     NA                      NA                 53/99 (53.5)          11/17 (64.7)               0.655                 6/11 (54.5)          14/16 (87.5)         0.033
Hyperdiploid                                                 NA                     NA                      NA                 12/99 (12.1)           2/17 (11.8)                                         1/11 (9.1)            2/16 (12.5)              

Flow cytometry                                                                                                                                                                                                                                                                                 
CD45 blast gate, % (range)             77.1 (7.2-96.1)73.5 (64.5-82.5)         0.933            74.6 (11.7-97.4)   84.0 (15.3-94.1)            0.307             86.3 (10.6-98.0)   80.7 (17.3-98.0)      0.660
CD123+ blasts, % (range)               91.5 (31.6-99.7)13.8 (10.7-16.9)        0.017            82.4 (20.6-99.9)     7.5 (0.8-19.5)           <0.0001          66.0 (22.7-93.5)     1.0 (0.3-19.7)    <0.0001
CD123 RFI, median                                     21.3                     1.3                     0.021                       16.9                         1.1                     <0.0001                      6.3                          1.0              <0.0001

Treatment/response groups                                                                                                                                                                                                                                                         
Hyper-CVAD, n                                               40                        1                         NA                          49                            8                           NA                           8                             8                     NA 
CR/CRp, n                                                       53                        2                         NA                          76                           13                          NA                           6                            10                   NA 
Positive MRD, n (%)                                   NA                     NA                      NA                 25/73 (34.2)           3/13 (23.1)                0.328                  5/6 (83.3)             4/9 (44.4)           0.168

Dead, n (%)                                               15 (26.3)             1 (50)                  0.472                  35 (32.7)                5 (29.4)                  0.513                    6 (46.2)                 7 (41.2)            0.538
Leukemia-free survival in months, 
median (range)                                        16 (0-54)          15 (7-22)               0.840                  11 (0-53)               20 (3-42)                 0.186                   6 (0-13)               10 (2-34)           0.135
Follow up duration in months, 
median (range)                                        29 (1-74)          22 (8-36)               0.675                  22 (1-99)               22 (1-54)                 0.876                  14 (1-50)              21 (1-44)           0.304

ALL: acute lymphoblastic leukemia/lymphoma; BM: bone marrow; CNS: central nervous system; MFI: mean fluorescence intensity; RFI: relative fluorescence intensity; Hyper-CVAD: hyperfraction-
ated cyclophosphamide, vincristine, doxorubicin and dexamethasone; CR/CRp: clinical remission/without platelet recovery; MRD: minimal residual disease (by flow standardized multiparameter
flow cytometry analysis). NA: not-applicable, SCT: stem cell transplantation; P-values refer to comparisons of CD123+ and CD123– patients within a given clinical subgroup. 

Results 

Patients’ characteristics
The study group included a total of 213 patients, 131

men and 82 women, with a median age of 40.5 years
(range, 1.3-88.3 years) at diagnosis; 25 (11.7%) patients
were under 18 years of age (22 with B-ALL and 3 with T-
ALL). For the purposes of this study, patients were divid-
ed into three clinically relevant groups: BCR-ABL1-posi-
tive (Ph+) B-ALL, BCR-ABL1-negative (Ph–) B-ALL, and T-
ALL. Most Ph+ patients (42/59; 71.2%) expressed the
e1a2 BCR-ABL1 fusion transcript, followed by the b2a2
and b3a2 types. Detailed comparisons of the clinical and
laboratory features of the CD123+ and CD123– patients
in the three groups are provided in Table 1. 

CD123 expression by multicolor/multiparameter flow
cytometry in patients’ samples

The median number of blasts detected by
multicolor/multiparameter flow cytometry across the
entire study group was 76.5% (range, 7.2-98.0%) and did
not differ between the three groups (P=0.872). When the
entire group was considered, the median percentage of
CD45dim blasts expressing CD123 was 64.7% (range, 0.3-
99.9%), and the median RFI was 11.0 (range, 0.0-420.5).
CD123 positivity (>20% blasts) was seen in 177 (83%) of
all ALL patients.  CD123+ blasts were positive for CD34 in
58/59 (98.3%) Ph+ B-ALL, in 95/124 (76.6%) Ph– B-ALL and
in 13/30 (43.3%) T-ALL patients. We identified a strong cor-
relation between CD123 and CD34 expression on leukemic
blasts across the entire study group (r=0.483; P<0.0001). 

Targeted CD123 therapy in ALL
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The frequency of CD123 expression was higher in B-
ALL than in T-ALL (164/183, 89.6% versus 13/30, 43.3%;
P<0.0001), and within B-ALL the frequency of CD123
expression was higher in Ph+ versus Ph– B-ALL patients
(96.6% versus 86.3%; P=0.033). (Figure 1A) The intensity
of CD123 expression across groups of patients showed
similar patterns. Namely, the median CD123 RFI was
higher in B-ALL compared to T-ALL (14.45 versus 2.35;
P<0.001), and within B-ALL it tended to be higher in Ph+

compared with Ph– patients, although the difference did
not attain statistical significance (20.85 versus 11.8;
P=0.08) (Figure 1B). We analyzed our findings using var-
ious CD123 MFI-based cutoffs of 20%, 30% 50%, as
well as RFI ≥10. All conclusions remained valid at cutoff
levels of 20% and 30% as well as RFI ≥10 but not at the
50% cutoff level (data not shown). 

In the T-ALL group (40% thymic; 33% early non-ETP;
20% ETP; 7% mature), the median CD123+ blast propor-
tion was 17.95% (range, 0.5-93%) with a median RFI of
2.35 (range, 0-101). We identified a correlation (P=0.001)
between T-ALL immunophenotypic subgroups and
CD123 expression status; namely, 12/13 (92.3%) patients
with CD123+ T-ALL had either ETP or early non-ETP
immunophenotype. 

Correlation between CD123 expression and clinical
parameters

CD123 expression status did not correlate with mini-
mal residual disease status at the end of induction. The
median follow-up duration for the entire group was 23
months (range, 1-79 months) and was comparable for
patients with CD123+ and CD123– ALL. There was no
difference in Performance Status between CD123+ and
CD123– ALL patients in any of the clinical subgroups
(data not shown). At last follow up, 69 (32.4%) patients
were dead. There was no difference in overall survival
between patients with CD123+ and CD123– ALL within
any of the subgroups. However, for T-ALL patients, the
relapse-free survival rate was more favorable in those
with CD123– disease compared with those with CD123+

disease (P=0.03) (Online Supplementary Figure S1). Similar
results were obtained when patients under 18 years of

age were excluded. Notably, the impact of CD123
expression on relapse-free survival correlated with the
intensity of CD123 expression in adult T-ALL using RFI
≥10 vs. <10 as a cutoff (P=0.015) (Online Supplementary
Figure S2). For patients with B-ALL, CD123 expression
showed no correlation with relapse-free survival (Online
Supplementary Figure S3).

We performed multivariate analysis using Cox regres-
sion modeling (Wald backward stepwise method) to
evaluate the impact of CD123 expression status on
relapse-free survival alongside other prognostic variables
that included: minimal residual disease status at com-
plete remission, central nervous system involvement,
and age (patients <18 years excluded). Analyses were
conducted in each of the clinical subgroups separately. In
the Ph+ B-ALL group only minimal residual disease status
at complete remission was independently associated
with relapse-free survival (P=0.019), and in the Ph– B-ALL
group only central nervous system involvement was
independently associated with relapse-free survival
(P=0.005). In the T-ALL group, none of the variables was
associated with leukemia-free survival. 

In vitro anti-leukemia activity of IMGN632 in acute
lymphoblastic leukemia

IMGN632 is a conjugate of the CD123-binding antibody
G4723A with a novel DNA-alkylating IGN payload,
DGN549. The numbers of binding sites for the antibody
component of IMGN632 were quantified on leukemic
blasts and on lymphocytes from 21 patients with newly
diagnosed or relapsed/refractory B-ALL (Online
Supplementary Figure S4). As described above, the blast pop-
ulation was identified based on the
CD45dim/SSClow/med/CD19+/CD34+ profile, while the lym-
phocyte population was identified based on
CD45bright/SSClow characteristics. Of the 21 samples ana-
lyzed, 20 expressed the CD123 antigen, with a median
number of ABC of 1,085 on leukemic blasts and 57 on lym-
phocytes. There was no appreciable difference in the num-
ber of ABC between blasts from newly diagnosed and
relapsed/ refractory patients. 

The cytotoxicity of IMGN632 was assessed in a panel of
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Figure 1. Expression of CD123 on leukemic blasts in B and T acute lymphoblastic leukemia/lymphoma by multiparameter flow cytometry immunophenotyping.
(A) Percentage of leukemic blasts with CD123 expression based on mean fluorescence intensity relative to background in each of the groups of patients. CD123
expression was significantly different between B-acute lymphoblastic leukemia/lymphoma (ALL) and T-ALL (P<0.0001; Mann-Whitney U test). In addition, CD123
expression was significantly different between Philadelphia chromosome (Ph)-positive and Ph-negative patients (P=0.033; Mann-Whitney U test). (Lines: median,
25th-75th percentiles). (B) Relative fluorescence intensity (RFI) on leukemic blasts compared to non-leukemic gated events (lines: mean ± standard deviation). Ph:
Philadelphia chromosome and/or BCR/ABL1 fusion status. 

A B



B-ALL cell lines that expressed CD123 at levels similar to
those of blasts from B-ALL patients (ABC values: 457-
3,741) and encompassed genetic variants associated with a
poor prognosis (Table 2). IMGN632 was highly cytotoxic
to B-ALL cell lines with half maximal inhibitory concentra-
tions (IC50) between 0.6 and 20 pM. The conjugate cytotox-
icity was CD123-specific, as dosing with a non-targeting
conjugate (Ab-DGN549) prepared with a similar linker and
payload reduced the potency more than 1000-fold. 

IMGN632 potency was evaluated in primary samples
from eight patients with B-ALL. The blast cells in each of
the untreated samples proliferated in culture, as manifested
by a dramatic decrease in the cell trace violet fluorescent
signal, while only a small shift in fluorescence (likely due
to nonspecific dissociation of the dye) was observed in the
lymphocyte population, suggesting lack of proliferation
(Figure 2A). IMGN632 eliminated more than 90% of the B-
ALL blast population in five of eight samples, including
those from newly diagnosed as well as relapsed/refractory
patients, at low pico-molar concentrations (Figures 2B,C).
Normal lymphocytes were not affected by IMGN632 at
100-fold higher concentrations.  

Discussion

In this study, we demonstrate pervasive CD123
expression in a large cohort of ALL patients. In B-ALL,
previously reported to be often CD123+,13,15,18 our findings
demonstrate that CD123 expression translates into sus-
ceptibility to targeting CD123 via the antibody-drug con-
jugate IMGN632 in vitro and ex vivo. Coupled with previ-
ously published data on the differential overexpression
of CD123 on the surface of acute myeloid leukemia
blasts, but not on normal hematopoietic stem cells,25

these findings provide a plausible basis for the explo-
ration of anti-CD123 therapy in B-ALL patients in whom
frontline treatment fails. Furthermore, in T-ALL our find-
ings suggest that CD123 expression might be associated
with an early precursor immunophenotype, including
ETP-ALL. Since the latter is a high-risk subset, targeting
CD123 in these patients might be of potential benefit if
the association is confirmed in a larger group of ETP-ALL
patients. 

Previously, the CD123-targeting conjugate IMGN632
was reported to have high potency in pre-clinical models
of acute myeloid leukemia.24 In this study we demon-
strated the efficacy of IMGN632 in pre-clinical B-ALL
models, suggesting that IMGN632 is a promising anti-

leukemia agent in CD123-expressing ALL. In addition to
its promising anti-leukemia activity, CD123 offers an
alternative to CD19-targeting therapeutic approaches to
circumvent CD19 antigen-loss relapses and/or elimina-
tion of CD19– stem cells.26

B-ALL is a heterogeneous disease that includes nine
genetic subgroups recognized in the World Health
Organization classification.27 Data on correlations
between CD123 expression and B-ALL subgroups are
limited. Djokic et al. showed that B-ALL cases with a
hyperdiploid karyotype have significantly higher rates of
CD123 expression compared to other subgroups such as
BCR/ABL1, MLL, ETV6/RUNX1 and diploid karyotype.18

However, their study included mostly pediatric patients,
and the BCR/ABL1 subgroup formed a small proportion
of their cohort (2/81 pediatric patients; 3/13 adult
patients). In this study, we identified a significant corre-
lation between CD123 expression and the presence of
the BCR/ABL1 fusion, with a higher percentage of
CD123+ events and a higher intensity in comparison to
the Ph– B-ALL and T-ALL groups. The association
between the BCR/ABL1 fusion and CD123 has also been
identified in chronic myeloid leukemia, in which target-
ed CD123 inhibition appears to deplete chronic myeloid
leukemia progenitor and stem cells.28,29 The findings in
this study suggest a close correlation between BCR/ABL1
and CD123, this time in the context of B-ALL. Whether
the correlation between Ph– B-ALL and CD123 is related
to an underlying Ph-like biology remains to be deter-
mined and is being pursued in an ongoing separate study. 

There are limited and somewhat controversial data on
CD123 expression in T-ALL. Several prior studies have
suggested that CD123 is not or only scarcely expressed
in T-ALL, although most of these studies had relatively
small sample sizes.13,15,18 Two other studies reported
expression of CD123 by T-ALL blasts.30,31 In a study by
Lhermitte et al. CD123 expression was detected in 16%
of T-ALL; notably, CD123 positivity was reported to be
less frequent in children than in adults (9% versus 23%).31

Another study of a large cohort of T-ALL patients by Du
et al. found a slightly higher frequency of CD123 expres-
sion and noted an age-dependent difference, further sug-
gesting a lower frequency of CD123 expression in pedi-
atric patients (27% versus 42%).30 A crucial difference
precluding direct comparison of the results of those stud-
ies with the current study is lack of data on CD123 inten-
sity (RFI) in the earlier studies. 

ETP-ALL comprises a unique subset of T-ALL previ-
ously belonging to the subset of early T-ALL. ETP ALL

Targeted CD123 therapy in ALL
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Table 2. In vitro cytotoxicity of IMGN632 in B-acute lymphoblastic leukemia/lymphoma cell lines.
Cell line                            Genetic variant                                                                                             IMGN632                               Ab-DGN549
                                                                                                                                                               (IC50 pM)                                 (IC50 pM)

CCRF-SB                                 EBNA-positive                                                                                                                           20                                                  20,000
JM1                                                                                                                                                                                              10                                                  20,000
KOPN-8                                   t(11;19)(q23;p13)/KMT2A-MLLT1                                                                                          6                                                   13,000
SEM                                         t(4;11)/KMT2A-AFF1                                                                                                                  3                                                   20,000
380                                           t(8;14)/MYC-IGH and t(14;18)/IGH-BCL2 EBNA-negative                                                2                                                    7,000
TOM-1                                     t(9;22)(q34.1;q11.2)/BCR-ABL1 fusion gene (e1-a2)                                                        2                                                   20,000
SD-1                                         t(9;22)(q34.1;q11.2)/BCR-ABL1 fusion gene (e1-a2)                                                      0.6                                                   3,000

IC50:  half maximal inhibitory concentration; pM: pico-males.



has been reported in 10-13% of childhood T-ALL and in
5-17% of adults.5,6 Jain et al. reported significantly poorer
outcomes in patients with ETP-ALL, with lower com-
plete remission and 5-year overall survival rates, com-
pared with other T-ALL patients.6 In the present study,
patients with ETP-ALL represented 20% of the T-ALL
cohort. We postulate that this high rate of ETP-ALL is
likely due, in part, to higher detection rates and to a
referral bias to our institution in view of the higher
relapse rates of patients with this subtype. Only limited
data, using different stratification approaches, are avail-
able from other studies on the correlation between
CD123 expression and immunophenotype in T-ALL.
Lhermitte et al. stratified patients with T-ALL on the
basis of a cytoplasmic T-cell receptor β-negative pheno-
type and patterns of TRD, TRG and TRB configurations,31

as opposed to commonly used multicolor/multiparame-

ter flow cytometry immunophenotyping criteria accord-
ing to the World Health Organization classification.
These authors found that CD123 expression was more
common in “immature” T-ALL, being detectable in 68%
of adults and 36% of children; in contrast, they identified
CD123 expression in 5% of “non-immature” T-ALL
cases. Du et al. classified T-ALL patients into “early T-
precursor” (CD7+), “T-precursor” (CD2+ and/or CD5+

and/or CD8+), and “mature” (CD3+),30 according to the
European Group for the Immunological Characterization
of Leukemias (EGIL) criteria. In their study, 83% of cases
with an “early T-precursor” immunophenotype were
positive for CD123. In keeping with those previous
observations, our ETP-ALL group – as well as early-non-
ETP – showed the highest frequency of CD123 expres-
sion compared with the thymic and mature immunophe-
notypes. 
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Figure 2. In vitro potency of IMGN632 on leukemic blasts cells and lymphocytes from patients with B-acute lymphoblastic leukemia/lymphoma. (A) The leukemic
blast population, but not lymphocyte population, proliferates in culture. (B) IMGN632 is cytotoxic to leukemic blasts from five of eight patients with B-acute lym-
phoblastic leukemia/lymphoma (B-ALL), while sparing lymphocytes. (C) IMGN632 eliminates blasts, but not lymphocytes in a specimen (sample H) from a patient
with relapsed-refractory B-ALL.  
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Although a higher number of CD123+ leukemic stem
cells was shown to have a negative impact on leukemia-
free and overall survival in patients with acute myeloid
leukemia,25,32 information on the prognostic impact of
CD123 expression in ALL has been limited and unclear. In
a large study of pediatric ALL, high-level CD123 expres-
sion was most common in patients with a hyperdiploid
karyotype, a favorable prognostic marker.18 We did not
identify such a correlation in this study group of mostly
adult patients. In T-ALL patients, CD123 expression was
not found to be prognostic of outcome after first induction
treatment.30 In our study group, we did not identify a cor-

relation between CD123 prevalence and leukemia-free sur-
vival or overall survival in B-ALL, but we did observe a sig-
nificant correlation between the intensity of CD123
expression and leukemia-free survival. We acknowledge
that this finding in a limited group of patients warrants fur-
ther validation in a larger cohort. 

In conclusion, data from this study show that CD123
is widely expressed in B-ALL and to a lesser degree in T-
ALL, and they confirm its potential utility as a therapeu-
tic target. IMGN632, an antibody-drug conjugate which
targets CD123, has promising preclinical activity against
B-ALL.

Targeted CD123 therapy in ALL

haematologica | 2019; 104(4) 755
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