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ABSTRACT
CD19 immunotherapies based on T cells opened new avenues in the treatment of pediatric B-cell
precursor acute lymphoblastic leukemia (BCP-ALL). However, Fc engineered CD19 antibodies may also
bear great potential. In light of recent preclinical and clinical data, perspectives of such antibodies
designed for improved effectiveness in BCP-ALL are presented. KEYWORDS
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CD19 targeting with Fc engineered antibodies
optimized for effector cell recruitment

The CD19 antigen is among the front line target structures in
clinical trials for antibody-based therapy of B-lineage
lymphomas and leukemias due to its restricted expression.1

Breakthroughs were achieved by the bispecific T cell engager
(BiTE) antibody blinatumomab and chimeric antigen receptors
for genetic engineering of T cells (CAR T cells).2 Promising
results were also obtained with novel CD19 antibodies that were
optimized by Fc engineering to enhance their therapeutic efficacy
in recent years.3,4 These antibody modifications aimed to
improve the antibody’s affinity to activating Fcg receptors
(FcgR) on various effector cells and thereby boost its ability to
elicit effector cell-mediated killing of leukemia cells.5 Fc engi-
neered antibodies were obtained either by introducing distinct
amino acid substitutions within the FcgR binding site of the con-
stant heavy chain region (CH) 2 or by modifying the Fc-linked
N-glycan by reducing the content of core fucose.3,4,6 Thereby, fit-
for-purpose CD19 antibodies such as MOR208 (formerly
XmAb5574) carrying the amino acid exchanges S239D/I332E or
inebilizumab (MEDI-551) harboring an afucosylated Fc domain
were generated. Such antibodies have shown enhanced potency
in mediating antibody-dependent cell-mediated cytotoxicity
(ADCC) with NK cells and in inducing antibody-dependent
cellular phagocytosis (ADCP) of lymphoma and leukemia cells
by macrophages in vitro and in animal models.3,4,7 The corre-
sponding native CD19 IgG1 antibodies triggered these effector
functions inefficiently. Importantly, Fc engineered CD19 anti-
bodies have demonstrated efficacy and safety in patients with B
cell malignancies in early phase clinical trials and applications.8,9

Thus, Fc engineered CD19 antibodies with enhanced FcgR bind-
ing have a high potential to extend the current armamentarium
of CD19-directed therapies (Fig. 1A).

Potential of Fc engineered CD19 antibodies in pediatric
BCP-ALL

Although about 90% of children can be cured by chemotherapy
alone,10 Fc engineered CD19 antibodies may provide an addi-
tional tool with limited side effects for some patients.8,9 We have
recently evaluated the efficacy of Fc engineered CD19 antibodies
in xenograft models of pediatric BCP-ALL,11 the most common
malignancy in childhood. Novel treatment modalities are
needed in these patients as relapse occurs in»15% – 20%, mak-
ing ALL a leading cause of cancer-related deaths in children.
Importantly, certain pediatric patient subgroups such as BCP-
ALL involving mixed lineage leukemia (MLL) gene fusions in
infants have a particularly poor prognosis.12-14 Novel therapeu-
tic options are also required in the relapsed and refractory set-
ting and in situations in which treatment toxicity has to be
reduced, e. g. due to underlying comorbities. An important
approach for that purpose is the use of immunotherapies, and
therapy with Fc engineered CD19 antibodies may represent a
powerful option with few side effects.8,9,15,16

To experimentally address the efficacy and the feasibility of a
therapy with an Fc engineered CD19 antibody in pediatric BCP-
ALL, we generated antibody CD19-DE using MOR208
V-regions and an Fc domain, which was engineered by intro-
ducing the S239D/I332E modifications in the antibody’s CH2
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domain for improved FcgR binding.3,11 The antibody was tested
in patient-derived xenograft (PDX) models of pediatric MLL-
rearranged BCP-ALL patients in NSG mice. In an experimental
minimal residual disease (MRD) setting, in which very low num-
bers of ALL cells were transplanted, the antibody demonstrated
high efficacy and significantly prolonged the survival of treated
animals. A substantial number of PDX mice bearing leukemia
cells from different patients were even cured by the therapy, as
assessed by PCR-MRD negativity in the bone marrow upon ter-
mination of the experiment. Importantly, therapeutic efficacy
was lost upon depletion of macrophages in vivo, suggesting that
recruitment of macrophages was an important underlying
mechanism of action of CD19-DE. This was also confirmed in
in vitro ADPC experiments using patient BCP-ALL samples and
macrophages from healthy human donors.

To get a more comprehensive picture of the potency of the
antibody, CD19-DE was tested in a randomized pre-clinical
phase II-like xenograft trial using 13 BCP-ALL patient samples.
This experimental design better reflects the diversity and
heterogeneity of a patient population and raises the quality of
pre-clinical in vivo data.17 Indeed, the experiment revealed the
antibody`s efficacy over a broad panel of PDX from different
MLL-rearranged BCP-ALL patients, which may have important
implications for the applicability of our data to the clinical set-
ting.11 Antibody CD19-DE was also tested in a situation of
overt leukemia, in which engraftment of leukemia cells was
awaited before initiation of antibody therapy.11 To simulate a
clinical situation, the antibody was also combined with chemo-
therapy. Mimicking an ALL induction regimen consisting of
dexamethasone, vincristine and PEG-asparaginase, neither
CD19-DE nor chemotherapy alone were able to cure the mice
in this overt leukemia situation. However, the leukemia was
eradicated in 70% of the PDX mice when CD19-DE and
chemotherapy were combined. These data suggest that CD19-
DE required concomitant cytoreduction by chemotherapy to
achieve its full therapeutic efficacy.

Our experiments reveal the importance of efficient effector
cell activation by CD19 antibodies and provide profound in vivo
evidence for a broad activity of CD19-DE in MLL-rearranged
BCP-ALL.11 These findings may encourage testing of Fc engi-
neered CD19 antibodies in pediatric patients with MLL-rear-
rangement or other suitable situations. However, this study also
delineates limitations of Fc engineered antibody therapy in overt
leukemia. In this situation, a higher leukemic burden and
unfavorable effector-to-target cell ratios may preclude a cure
with the Fc engineered CD19 antibody alone.11 Therefore, Fc
engineered CD19 antibody therapy may be particularly effective
in situations of low leukemia burden, either in the MRD situa-
tion after intensive chemotherapy or upon recurrence of MRD
after hematopoietic stem cell transplantation. Furthermore, this
type of therapy may be particularly valuable in protocols
applying chemotherapy and immunotherapy sequentially.

The role of Fc engineered antibodies in the portfolio
of CD19 immunotherapies

Whereas Fc engineered CD19 antibodies such as CD19-DE,
MOR208 or inebilizumab recruit FcgR expressing effector
cells,3,4,11 CD19 directed immunotherapies currently rely on T

cell functions employing either bispecific antibody constructs
or applying CAR technologies (Fig. 1A, Fig. 1B).2 In addition,
CD19 antibody drug conjugates (ADC) are tested in clinical tri-
als.18-20 In our opinion, Fc engineered antibodies may offer
certain advantages over blinatumomab or CD19 CAR T cells
because Fc engineered antibodies are easy to apply and show
only limited toxicity.

The BiTE molecule blinatumomab consists of two single-
chain fragment variable (scFv) antibodies fused via a short pep-
tide linker (Fig. 1A).2 The first scFv is specific for CD19 while
the second one engages the CD3 trigger molecule on T cells.
Blinatumomab proved highly efficient in adult BCP-ALL and
B-cell lymphoma patients as well as in pediatric BCP-
ALL.2,21,22 It has been approved by the FDA for the treatment
of relapsed or refractory adult and pediatric ALL patients and
current trials are in planning employing blinatumomab in the
upfront non-relapsed setting in pediatric ALL also. Likewise,
impressive effects in both adults and children were achieved by
administration of genetically modified T cells which express a
CD19 specific CAR consisting typically of a CD19 scFv fused to
intracellular signal transduction domain of CD3z for activation
and at least one costimulatory domain, e.g. from CD28 or
4-1BB (CD137) (Fig. 1A).2,23-24 For generation of autologous

Figure 1. Design of CD19 antibody constructs and CD19 targeting strategies. (A)
CD19 antibody constructs include the clinically approved [CD19 £ CD3] bispecific
T cell engager (BiTE) molecule blinatumomab consisting of two single-chain
fragments variable (scFv) fused with a small linker peptide and chimeric antigen
receptors (CAR) for T cell engineering containing an extracellular CD19 scFv as well
as intracellular signaling domains from CD3z and co-stimulatory 4-1BB (TM, trans-
membrane domain). Fc engineered CD19 antibodies in advanced clinical trials
include MOR208, whose Fc domain was engineered by introducing amino acid
substitutions S239D/I332), and the nonfucosylated, glyco-engineered antibody ine-
bilizumab (MEDI-551). In addition, CD19 antibody drug conjugates (ADC), in which
CD19 antibodies are coupled to cytotoxic agents like monomethyl auristatin F
(MMAF) as in denintuzumab mafodotin, (SGN-D19A), are in different phases of
clinical development. (B) Blinatumomab redirects T cell cytotoxicity to CD19 by
engagement of CD3 on T cells. CAR T cells, which are generated by transduction
with CAR expression constructs, recognize CD19-positive leukemia cells via their
artificial antigen receptor. In contrast, Fc engineered CD19 antibodies (Ab) activate
effector cells including NK cells and macrophages by engagement of activating
Fcg receptors (FcgR) and trigger enhanced antibody-dependent cell-mediated
cytotoxicity (ADCC) or phagocytosis (ADCP). In ADCs, the antibody functions as a
vehicle to transport the cytotoxic drug to tumor cells. Upon binding, the ADC-anti-
gen complex is internalized and the cytotoxic moiety is released, thereby
triggering programmed cell death (PCD).
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CAR T cells, T cells are isolated, expanded ex vivo, and
transduced with the CD19 specific CAR construct using viral
transduction methods, and re-infused into the patient. Costi-
mulatory domains included in the CAR were shown to be nec-
essary to achieve CAR T cell expansion in the patient and for
long persistence, which provides ongoing control of the dis-
ease.2 Impressively, in a phase I study by Lee and colleagues in
children and younger adults with BCP-ALL CD19 CAR T cell
therapy achieved a complete response in 70% of patients.23 In
another pilot trial in relapsed/refractory childhood ALL, CR
was observed in 94% of the patients and the OS rate was 78%.25

Two CD19 CAR T cell therapies have recently been approved
by the FDA. Tisagenlecleucel (CTL019) for the treatment of
children and young adults with BCP-ALL that is refractory or
in second or later relapse and axicabtagene ciloleucel for the
treatment of adult patients with relapsed or refractory large B-
cell lymphoma after two or more lines of systemic therapy.24-27

It is important to note that also CD22 specific CAR T cells have
recently proven effective in BCP-ALL and may, in the future,
provide another valid treatment option for infants and
children.28

However, despite the remarkable success and response rates
even in patients with high leukemic burden, CAR T cell thera-
pies and, to a lesser extent, blinatumomab are associated with
toxicities of T-cell recruitment.2,21,24,27 These toxicities include
cytokine release syndrome (CRS), seizures and encephalopathy.
In addition, CD19 CAR T cell therapy may be associated with
long-term B cell aplasia.2,24 Blinatumomab has the disadvan-
tage that its molecule size is only 55 kDa, which results in unfa-
vorable pharmacokinetic properties with a fast clearance from
the blood and the body and an elimination half-life of approxi-
mately 2 hours.2,29 Thus, blinatumomab treatment requires
continuous infusion over several weeks in each cycle requiring
special equipment and training of patients and health profes-
sionals. Also, both blinatumomab and CAR T cell therapy are
enormously cost intensive. CAR T cells are logistically demand-
ing and can exclusively be applied in specialized centers. In
contrast, Fc engineered CD19 antibodies have long plasma
retention times and are easy to apply every two or three weeks
on an outpatient basis. Their use in humans is associated only
with mild adverse events, making this type of therapy particular
attractive for infants and children.8,9 Finally, production and
usage of Fc engineered antibodies are comparatively easy and
may also be suitable for a broad usage even in low and middle
income countries.

Future challenges in CD19 therapies in BCP-ALL

CD19 therapies are associated with antigen escape and out-
growth of CD19-negative leukemic sub-clones.23,25,30 CD19-neg-
ative relapses were observed both during blinatumomab and
CAR T cell treatment. In the majority of cases CD19 antigen
loss was attributed to a selection of leukemic cells expressing
either CD19 isoforms that lack the cognate epitope for the CD19
CAR construct or CD19 isoforms that were not shuttled to the
cell surface.31 More rarely, CD19-directed therapy may promote
the emergence of CD19-negative lineage switch variants by shift-
ing leukemic progenitor differentiation towards a myeloid
immunophenotype.32-34 This may be important to consider in

the treatment of MLL-rearranged BCP-ALL, which is derived
from very early progenitor cells that may show an enhanced pro-
pensity to lineage switch. Whether CD19-negative relapse will
occur during therapy with Fc engineered antibodies or ADCs
has not been studied yet. In our preclinical study, outgrowth of
CD19-negative subclones in PDX animals was not observed and
such a phenomenon was not reported in early clinical studies of
similar constructs in patients.9,11,15 CD22 specific immunothera-
pies (e.g. the ADC inotuzumab ozogamicin35 and CD22 CAR T
cells28) or antibodies against myeloid targets may represent valid
treatment options in that situation. A promising future concept
for the therapy with Fc engineered antibodies is the combination
of two antibodies of different specificities for simultaneous tar-
geting of two antigens, which should hamper tumor escape by
loss of one of the targets.

Naked antibodies as single agents are often not efficient in
situations other than MRD, which was also observed in our
own PDX study with CD19-DE in the overt leukemia setting.11

On the basis of our findings we propose to enhance the efficacy
of such antibodies by stimulating effector cells, in particular
macrophages (Fig. 2). These cells played a crucial role our ani-
mal study. Of note, increasing evidence suggests that next to
natural killer cells, macrophages and other myeloid effector
cells play an important role in mediating the cytotoxic effects
of antibody therapy.36 Macrophages are almost universally
present, and although promotion of cancer growth cannot be
completely neglected, they were also shown to exert vigorous
anti-tumor responses upon antibody treatment. CD19-DE and
the antibodies MOR208 and inebilizumab efficiently triggered
ADCP of BCP-ALL cells by human macrophages in vitro.3,4,11

It could recently be shown that rational combinations of

Figure 2. Enhancing effector cell-mediated antibody functions. Potential strategies
to further improve antibody-dependent cell-mediated phagocytosis (ADCP) by Fc
engineered CD19 antibodies include combination of the antibody with chemother-
apy regimen that modulate the tumor microenvironment in the bone marrow (e.
g. by induced secretion of cytokines such as TNFa). Also, ADCP may be promoted
by blocking interactions between the inhibitory SIRPa receptor on macrophages
and the ‘don’t eat me’ signal CD47 on ALL blasts. Another strategy may be to co-
stimulate NK cells by combining CD19 antibodies with immune modulatory anti-
bodies targeting for example the co-stimulatory CD137 receptor, which alter the
NK cell activation status and boost antibody-dependent cell-mediated cytotoxicity
(ADCC) in combination with a tumor targeting antibody. Moreover, CD19 antibod-
ies may be combined with immunomodulatory cytokines (e. g. GM-CSF, IFN-g) or
drugs (e. g. lenalidomide) for sustained activation of lymphocytes or myeloid effec-
tor cells.
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antibodies with chemotherapeutic regimens may remodel the
tumor microenvironment to overcome resistance of leukemia
cells to macrophage-mediated killing in the bone marrow.37

Whether such effects also contributed to the observed benefits
achieved by combination of the antibody with vincristine,
PEG-asparaginase and dexamethasone should be a matter of
future studies.

In addition, the phagocytic uptake of ALL cells by macro-
phages may be enhanced by blocking interactions between the
inhibitory receptor signal-regulatory-protein (SIRP) a on mye-
loid effector cells and the ‘don’t eat me’ signal CD47 on target
cells.38 This may be achieved by monoclonal CD47 antibodies
or blocking peptides. Another strategy may be to co-stimulate
myeloid effector cells and NK cells, which are absent in our
NSG PDX model, but are expected to contribute to antibody-
mediated effects in patients. Combining CD19 antibodies with
agonistic CD137 antibodies, which were shown to alter the NK
cell activation status leading to enhanced ADCC39 may be war-
ranted. Moreover, Fc engineered antibodies may be combined
with immunomodulatory cytokines (e. g. GM-CSF, IFN-g) or
drugs (e. g. lenalidomide) to promote activation of lymphocytes
and/or myeloid effector cells (Fig. 2).40

Conclusions

CD19 directed immunotherapies using blinatumomab or CAR
T cells have been approved as valid options in the treatment of
relapse or refractory childhood BCP-ALL. Fc engineered CD19
antibodies may further expand the therapeutic options. Fc engi-
neered CD19 antibodies are able to kill leukemia cells by engag-
ing different effector cell populations, leading to induction of
cytotoxicity and phagocytosis. Such constructs have a long
blood retention time compared to blinatumomab and could be
applied more conveniently. Despite improved FcgR affinity,
this type of antibodies show only few side effects when applied
in patients,9,15 and, importantly, side effects of T-cell activation
such as CRS and encephalopathy may be avoided. Despite such
expected advantages compared to blinatumomab or CAR T
cells, it remains to be determined whether Fc engineered anti-
bodies will be equally efficient in the clinic. It will be particu-
larly important to determine whether long-lasting tumor
control can be achieved and which are the best combination
strategies with other therapies.
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