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ABSTRACT

Considerable advances have been made in treatment of acute lymphoblastic leukemia (ALL) with an overall survival rate of 85% in
children, and in great improvement in adults. Despite this improvement and the accessibility of hematopoietic stem cell transplanta-
tion, relapsed ALL remains a leading cause of childhood mortality emphasizing the need of new approaches on therapy. Leukemia
cells express numerous surface antigens amenable to target therapies, consist of CD20, CD22, and CD19. Monoclonal antibodies
which target these antigens have improved the outcomes in B-cell ALL. Rituximab is the best known monoclonal antibody which is
routinely used in combination with chemotherapy for treatment of adult B-cell ALL. Monoclonal antibodies including unconjugated and
conjugated antibodies to cytotoxic agents for treatment of B-cell ALL are now under investigation. In this article we update the results
and current status of investigational monoclonal antibody-based therapies in ALL.
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OZET

Monoklonal Antikor ve CAR-T-Cell Uygulamasina Odakh B-akut Lenfoblastik L6semi immiinoterapisi

Akut lenfoblastik I6semi (ALL) tedavisinde, genel sagkalim orani gocuklarda % 85 ve yetiskinlerde buyUk dizelme olmak Uzere dnemli
ilerlemeler kaydedilmistir. Bu gelismeye ve hematopoietik kdk hticre naklinin erigilebilirligine ragmen, nikseden ALL, ¢cocuklukta mor-
talitenin 6nde gelen bir nedenidir ve bu durum tedavide yeni yaklagimlarin gerekliligini vurgulamaktadir. Lésemi hicreleri hedef tera-
pilere uygun, CD20, CD22 ve CD19’dan olusan sayisiz yUzey antijeni eksprese eder. Bu antijenleri hedefleyen monoklonal antikorlar,
B-htcreli ALL sonuclarini iyilestirmistir. Rituximab, erigkin B hticreli ALL tedavisinde kemoterapi ile birlikte rutin olarak kullanilan en iyi
bilinen monoklonal antikordur. B hicreli ALL tedavisinde, sitotoksik ajanlara konjuge olmayan ve konjuge antikorlari iceren monoklonal
antikorlar gtinimuzde arastinimaktadir. Bu makalede, ALL'nin arastinimakta olan monoklonal antikor-tabanl tedavilerinin sonuglarini ve
mevcut durumu guncelliyoruz.

Anahtar Kelimeler: immiinoterapi, Lenfoblastik [¢semi, Monoklonal antikor
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1. INTRODUCTION

Acute lymphoblastic leukemia (ALL) is the most
common cancer in children, with top prevalence in
the ages of 2 and 5 years and the important cause
of mortality from hematological cancers in adults
with second peak after the age of 50 years.'”> This
cancer originates in a single B and T lymphocyte
progenitor then, as a result of proliferation and ac-
cumulation of leukemia cells normal hematopoie-
sis is suppressed in patients. Considerable advanc-
es have been made in treatment of ALL especially
in children, with an overall survival from 10% in
1960 to 85% in 2000° which is one of the most
success stories in the history of modern medicine.
About adults the outcome is being improved but
it remains poor compared to children with a long-
term survival of only 45%.' So the prognosis re-
mains poor for some patients with ALL and defi-
nitely, further approaches are needed in treatment.

Recently, significant improvement has been
achieved by targeted therapy, mainly treatment
with mAbs which are designed to bind to a specific
surface marker expressed on leukemic cells. Mon-
oclonal antibodies have various mechanisms of ac-
tion, including antibody-dependent cellular cyto-
toxicity, complement dependent cytotoxicity, and
induction of apoptosis. They include unconjugat-
ed form (e.g., rituximab), conjugated to cytotoxic
agents (e.g., inotuzumab), conjugated to toxins
such as Diptheria toxins (e.g., moxetumomab pasu-
dotox) (Figure 1) and the recently established class
of Bi-specific T-cell Engaging Monoclonal Anti-
body that occupy CD3 on the surface of cytotoxic
T-cells and readdress cytotoxic T lymphocytes to
lyse CD19+ target ALL cells (e.g., blinatumomab)
(Figure 2).*3 Variety of specific antigens such as
CD19, CD20, CD22, and CD52 studied to date
and the most experience is available for antiCD20
antibody rituximab which has been combined with
chemotherapy and has made promising results in
treatment of Burkitt ALL and CD20positivepre-B
ALL.*" In this article we review the results and
current status of investigational monoclonal anti-
body-based therapies in ALL.
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2. UNCONJUGATED MONOCLONAL ANTI-
BODIES

2.1. Rituximab

Rituximab is a chimeric monoclonal antibody, ap-
proved in 1997 by the FDA as the first anticancer
monoclonal antibody, that targets CD20.® CD20 is
a transmembrane phosphoprotein that is expressed
on the surface of normal B-cells during all stages
of differentiation®, as well as on 40% to 50% of
the precursor B-cell ALL and nearly on 80-100%
of the Mature B-ALL and Burkitt leukemia.'*"
In adult patients with ALL CD20 positivity was
associated with a higher rate of relapse (65% vs
42%), and lower 3-year overal survival (27% vs
40%). Thomas et al have shown that the addi-
tion of rituximab to hyper-CVAD [fractionated
cyclophosphamide, vincristine, doxorubicin, and
dexamethasone] chemotherapy has significantly
improved cure rate in Burkitt ALL.!?> Rituximab
targets CD20 and kills cells, by antibody-depend-
ent cellular and complement-mediated cytotoxicity
as well as by inducing apoptosis directly.’*'* The
addition of rituximab in Younger patients(age < 60
years) with CD20 positive ALL improved com-
plete remission (CR) duration (70% vs 38%).'> The
similar findings have been reported by GMALL
Group for treatment of ALL in Adults and the ad-
dition of rituximab was associated with improved
5-year survival.'® These studies recommend that the
administration of rituximab to chemotherapy has
improved outcome in CD20 positive pre-B ALL,
mainly among younger adults. Further studies are
recommended to address the role of prolonged
rituximab therapy (beyond initial eight doses) and
rituximab with reduced chemotherapy (to decrease
risk of infection) in older patients. The utility of
rituximab in most protocols have been limited to
patients with CD20 expression of 20% or higher
in the surface of leukemia cells, so among patients
with low expression of CD20 (lower than 20%) the
addition of rituximab needs to be more explored.

2.2. Ofatumumab

Ofatumumab is a second-generation humanized
anti-CD20 monoclonal antibody that binds an
epitope different than rituximab.'” Ofatumumab
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exhibits increased binding to cell membrane and
superior complement-dependent cytotoxicity than
rituximab. It binds nearer to the cell membrane
than rituximab that may be responsible for superior
complement-dependent cytotoxicity.'®!” In chronic
lymphocytic leukemia (CLL), ofatumumab has re-
vealed noteworthy activity in patients with fludara-
bine-refractory as well as rituximab refractory."”
The administration of ofatumumab to the hyper-
CVAD regimen in patients with pre-B CD20 posi-
tive ALL, was found to be very effective.?’

2.3. Obinutuzumab

Obinutuzumab (GA101) is a glyco-engineered
type II humanized monoclonal antibody against
CD20 which effectively induce direct cell death
compared to rituximab and Ofatumumab.?** In
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untreated CLL patients, combination of Obinutu-
zumab with chlorambucil prolonged survival com-
pared to chlorambucil alone.”® Gode et al in clinical
trial study of CLL patients have compared treat-
ment between Obinutuzumab plus chlorambucil
(GClb) with rituximab plus chlorambucil (RCIb)
and have shown that GCIb versus RCIb improved
the progression-free survival (PFS). However
more research on Obinutuzumab in CD20-positive
ALL patients is warranted.?*

2.4. Epratuzumab

The high expression of cd22 on leukemic blasts
(more than 90% of patients with ALL) and rapidly
post internalization after antibody binding makes
it an attractive target for monoclonal antibodies.?
Epratuzumab is a humanized CD22 IgG1 mono-
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clonal antibody which binds to the CD22 with
following internalization of the receptor/antigen
complex.?®?” Favorable overall response rate of
43%, with single-agent epratuzumab therapy (360
mg/m*dose) in patients with recurrent follicular
lymphoma has increased the interest in this drug.?’
Raetz et al studied epratuzumab in pediatric re-
lapsed ALL.?® Therapy comprised of a single-agent
epratuzumab which was administered twice week-
ly for two weeks at a dose of 360 mg/m?, followed
by four weekly doses of epratuzumab in combina-
tion with standard four-drug re-induction therapy.
Most patients had stable disease with single-agent
epratuzumab, and one patient attained a partial re-
sponse. Shah et al have reported that CD22 is ex-
pressed in 90% of leukemia blast of patients with
relapsed and chemotherapy refractory B-precursor
(pre-B) ALL suggesting the CD22 marker as an
excellent potential therapeutic target in that pa-
tients.” Of note administration of epratuzumab and
its combination with other active agents require
further investigation.

2.5. Alemtuzumab

CD52 is a surface antigen expressed in 36% to
66% of leukemia blasts, including B- and T-ALL
and also acute myeloid leukemia but not on CD34
hematopoietic stem cells.”** Alemtuzumab is a
humanized monoclonal antibody targets CD52 and
have been first employed for ex vivo T-cell deple-
tion of allogeneic bone marrow grafts to prevent
GVHD cells.?' Clinical benefit and significant re-
sponses with acceptable toxicity occurred in treat-
ment of the high-risk relapsed B-cell CLL patients
with alemtuzumab resulted in its approval by the
FDA for treatment of refractory CLL.*>3 Initial
experiences using alemtuzumab proposed that
alemtuzumab had limited activity in relapsed or
refractory acute leukemia. Single-agent alemtu-
zumab was found to have poor results and no one
of 6 adult patients with acute leukemia treated with
alemtuzumab revealed any response.** Similar re-
sults was achieved in a children with relapsed ALL
treated with single agent alemtuzumab. Only one
of 13 registered patients in that study attained a
complete response with alemtuzumab and 4 had
stable disease.® Of note, alemtuzumab may have
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improved potency in patients that are resistant to
rituximab following the down-regulation of CD20
and up-regulation of CD52.3¢ Thus studies of
chemotherapy regimens combining alemtuzumab
with or without rituximab will elucidate the poten-
tial benefit and toxicity profiles of this chemo im-
munotherapy approach.

3. CONJUGATED MONOCLONAL ANTI-
BODIES

3.1. Inotuzumab Ozogamicin

Inotuzumab ozogamicin is a CD22 monoclonal
antibody linked to a derivative of calicheamicin.”’
Calicheamicin, a potent cytotoxic compound iso-
lated from the actinomycete Micromonospora
echinospora, induces double-strand DNA breaks
resulting in cell apoptosis.?*

CD22 is being expressed in 60-90% of B-lympho-
cyte malignancies but not on hematopoietic stem
cells which make it a perfect target for antibody
based therapy.***! In phase I study of Inotuzumab,
as a single agent, Advani et al showed encouraging
results with response rate of 39% in 79 patients
with relapsed/refractory CD22+ NHL.* A phase II
study of inotuzumab monotherapy were performed
by Kantarjian et al in treatment of patients with re-
lapsed/refractory B-cell ALL. Overall, forty-nine
patients were treated while CD22 expression was
observed in B-lymphoblasts of all patients (more
than 50%). Nine (18%) patients achieved com-
plete response and 19 (39%) achieved bone mar-
row complete response. The overall response rate
(ORR) was 57%, and the median survival was 5.1
months for all patients. The most common adverse
events were transient fever and hypotension which
usually occurred soon after the inotuzumab infu-
sion and also reversible liver function abnormali-
ties.** Additionally Inotuzumab was administrated
in combination with rituximab (R-INO) for treat-
ment of patients with relapsed/ refractory CD20
positive /CD22 positive follicular lymphoma or
DLBCL.* The R-INO was well tolerated and re-
sults demonstrated high response rates and long
PFS in Patients with relapsed follicular lymphoma
or DLBCL with R -INO treatment. Reversible
thrombocytopenia was the most frequent adverse
event.*
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Inotuzumab in combination with low-intensity
chemotherapy has also been tested in older pa-
tients with newly diagnosed B-ALL.A total of
twenty-six patients with a median age of 67 years
old (range 60-79) were treated with inotuzumab in
combination with chemotherapy. The results was
encouraging and ORR was 96%; twenty one pa-
tients achieved CR (79%) and 4 patients achieved
CRp (CR with incomplete platelet recovery,
17%). All patients achieving CR also had a nega-
tive MRD status. Most common grade 3-4 toxici-
ties included infections (85%), thrombocytopenia
(65%), hyperglycemia (44%), increased bilirubin
(22%), intracranial hemorrhage (15%) and elevat-
ed transaminases (11%). The 1-year progression-
free and overall survival rates were 86% and 81%,
respectively which was superior to the historical
HCVAD +/- rituximab in similar patients’ popu-
lation (1-year survival rates of 78% and 60%, re-
spectively).* More studies is ongoing to evaluate
the efficacy and influence of inotuzumab combined
with chemotherapy in patients with B-cell ALL in
earlier salvage therapy.

3.2. SAR3419

CD19, a transmembrane glycoprotein, is expressed
by all types of B lymphocytes except mature
plasma cells and also by the majority of B-cell
precursor (BCP)-ALLs and B-cell non—Hodgkin
Ilymphomas representing an attractive target for
monoclonal antibody therapy.*7

SAR3419 is a humanized IgG1 CD19 monoclonal
antibody conjugated to the potent cytotoxic may-
tansinoid derivative drug DM4 48. Maytansine is a
potent antimitotic agent, which binds to tubulin and
inhibits tubulin polymerization and microtubule
assembly similar to Vinca alkaloids resulting in
cell cycle arrest in the G2/M phase but with higher
potency.*->* Because of high systemic toxicity de-
velopment of maytansinoids compounds as anti-
cancer therapies was halted. Interest in maytansine
as a therapeutic agent has recently been revived
Following targeted delivery of drugs (e.g., bind-
ing to an antibody). In Mouse xenografts models
of NHL, SAR3419 was more effective than CHOP
(cyclophosphamide-Adriamycin-vincristine-pred-
nisone) or rituximab at doses of 15 mg/kg or 30
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mg/kg with significant higher survival.®' In pre-
clinical models SAR3419 significantly delayed the
progression of four out of four CD19 positive B-
cell precursor ALL and three out of three 3 mixed
lineage leukemia xenografts and induced objec-
tive responses in all but one xenograft, but was
ineffective against T-lineage ALL xenografts.>> To
determine the maximum-tolerated dose (MTD) in
patients with relapsed/refractory B-cell lymphoma,
the phasel study of SAR3419 was conducted.* The
MTD was 160 mg/m?2 intravenously once every 21
days. Thirty-nine patients were treated, twenty-six
patients (74%) had reduction in their tumor size;
six of those patients achieved partial or complete
remissions. The dose-limiting toxicity was revers-
ible severe blurred vision associated with epithe-
lial corneal changes.” A Dose-Escalation study of
SAR3419 in Patients with relapsed/refractory B-
cell Non-Hodgkin lymphoma were also carried out
by Ribrag et al.** A total of 69 patients with R/R
B-cell NHL were treated with SAR3419. Forty-
four patients were exposed weekly to SAR3419
on seven dose levels ranging from 5 to 70 mg/m?>
Results showed that the dose of 55 mg/m? is asso-
ciated with efficacy when infused every week for
8 weeks, but also associated with late toxicities. To
test an “optimized” administration schedule, twen-
ty-five patients received the qw/q2w schedule at 55
mg/m?* (four weekly (qw) doses followed by four
biweekly (q2w) doses (qw/q2w)). The qw/q2w
schedule showed the same activity without late
toxicity 54. Recently phase 2 Study of SAR3419
as Monotherapy agent in patients with relapsed/
refractory ALL have been conducted in by Kantar-
jian et al. A total of 36 patients were treated includ-
ing 19 patients during dose escalation phase and
17 patients during dose expansion phase. Three
dose levels of SAR3419 were examined in escala-
tion phase comprising 55, 70, and 90 mg/m>. Be-
cause of peripheral motor neuropathy which was
observed at 90 mg/m? dose thus 70 mg/m? was
selected for the dose-expansion phase. Among 17
patients treated at the 70 mg/m?, 4 have responded
(objective response rate: 25.47%) and duration of
response (DOR) was 1.94 (range: 1-5.6) months
concluding a low clinical response rate in patients
with relapsed/refractory ALL 55.
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3.3. SGN-CD19A

SGN-CD19A is a novel antibody-drug conjugate
composed of a humanized anti-CD19 conjugated to
the microtubule-disrupting agent monomethyl au-
ristatin F (MMAF). Upon binding to CD19, SGN-
CD19A internalizes and releases cys-mcMMAF,
which binds to tubulin and induces G2/M arrest
and apoptosis in the targeted cells’® Two first-in-
human, phase 1, dose-escalation studies has been
initiated to investigate the safety, tolerability, phar-
macokinetics (PK), and antitumor activity of SGN
CDI19A. One trial in adult and pediatric patients
with relapsed or refractory B-cell acute lympho-
blastic leukemia (B-ALL), Burkitt lymphoma
or leukemia, or B-cell lymphoblastic lymphoma
(B-LBL) in which the modified continual reas-
sessment method (CRM) is being used for dose
allocation and maximum tolerated dos.’® Thirteen
patients (11 adults, 2 pediatric) with relapsed or re-
fractory B-cell ALL (n=9) and highly aggressive
Ilymphoma (3 B-LBL, 1 Burkitt lymphoma) have
been treated in this ongoing study. SGN-CD19A is
administered IV on days 1 and 8 of every 21-day
cycles at up to 7 cohort-specific doses ranges 0.3-
2.3 mg/kg. No MTDs have been reported so far
in both populations. Antitumor activity has been
observed and one of the eight evaluable patients
with ALL achieved complete remission (1 adult at
1.3 mg/kg). Adverse events were nausea (64%), fe-
ver (55%), chills (36%), and headache (27%).The
study now is ongoing.’’ A second trial is evaluating
the safety and tolerability of SGN-CD19A every 3
weeks in adult patients with relapsed or refractory
B-lineage non-Hodgkin lymphoma (B-NHL).*® A
phase 2 clinical trial is evaluating 19A in combina-
tion with chemotherapy for relapsed diffuse large
B-cell lymphoma (DLBCL). A phase 2 trial in
frontline DLBCL is planned for 2016.%

3.4. Blinatumomab (CD3+CD19+ Bi-specific T-
cell Engaging Monoclonal Antibody)

Blinatumomab is the first member of the novel
class of bispecific single-chain antibodies that
engages surface CD3 on cytotoxic T cells and re-
directs them to lyse CD19 expressing B lympho-
blasts. So, it contains 2 antigen-binding sites, one
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specific to T cells and the other one to the CD19
positive leukemia cells, on binding to CD19, the
cytotoxic T cells become activated and induce per-
forin-mediated death on the target cells Figure 2.
Blinatumomab was first explored in patients with
relapsed B-cell NHL. The clinical activity and
safety of blinatumomab were examined in 38 pa-
tients, who received blinatumomab at doses from
0.0005-0.06 mg/m?d. Dose-response relationship
was observed and patients, who received blinatu-
momab at doses of 0.015 mg/m*day and higher
achieved partial and complete tumor regressions.
All seven patients received blinatumomab at a dose
level of 0.06 milligrams showed tumor regression
and clearance of tumor cells from bone marrow and
liver.®! MRD positivity in adult ALL is an adverse
prognostic factor and is associated with a high risk
of relapse. The first pilot trial was conducted in
twenty-one adult patients with persistent MRD.%
62 Patients received blinatumomab at a dose of 15
pg/m? by continuous infusion over 24-hours daily
for four-week. Sixteen of 21 patients became MRD
negative, including 12 patients who had been mo-
lecularly refractory to prior chemotherapy. Overall
Probability of relapse-free survival was 78% at a
median follow-up of 15 month and in patients who
did not undergo allogeneic stem-cell transplanta-
tion was 60%. The most frequent grade 3 and 4
adverse event was lymphopenia, which was com-
pletely reversible like most other adverse events.®
The Final findings of this patient population has
been published recently. With a median follow-up
of 33 months, the hematologic relapse-free surviv-
al for the entire 20 patients was 61%, and it was
65% for 9 patients who underwent allogeneic he-
matopoietic stem cell transplantation after blinatu-
momab treatment. Based on results blinatumomab
can induce long-lasting complete remission in
B-cell ALL patients with persistent or recurrent
MRD and may lead in approval of blinatumomab
for MRD-positive B-cell AL treatment.®* Addition-
ally blinatumomab was also evaluated in 3 chil-
dren with relapsed ALL post allogeneic stem cell
transplant. All children achieved complete remis-
sion after blinatumomab with tolerable toxicity.®
Blinatumomab was also investigated in adults with
relapsed/ refractory pre-B ALL patients. Interim
analysis reported CRs in 12 of 18 treated patients,
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Figure 2. Diagram of the Blinatumomab. The Blinatumomab antibody binds to CD3 on cytotoxic T cells and to CD19 positive leuke-
mia cells. On binding to CD19, cytotoxic perforins and granzymes are released and kill the tumor cell

who achieved MRD negativity.* A phase II trial
was also performed to determine clinical activity
of blinatumomab in patient with relapsed or refrac-
tory BCP-ALL. Overall 36 patients with relapsed
or refractory BCP-ALL were treated with blinatu-
momab in cycles of 4-week continuous infusion
followed by a 2-week treatment-free interval in a
single-arm study. Median age of patients was 32
years (range, 18 to 77 years). Twenty-five patients
(69%) achieved a CR or CRh, with 88% of the
responders achieving an MRD response. The es-
timated median overall survival was 9.8 months,
and median Relapse-free survival was 7.6 months.
Among the 36 patients treated, the most common
AEs, regardless of grade, were pyrexia (81%), fa-
tigue (50%), headache (47%), tremor (36%), and
leukopenia (19%). Cytokine release syndrome
(CRS) was reported as a clinically important ad-
verse event.® The toxicity and efficacy of blina-
tumomab was also evaluated in a large confirma-
tory phase 2 study in 189 patients with relapsed/
refractory disease. Blinatumomab was given by
continuous IV infusion (4 weeks on/2 weeks off)
for up to 5 cycles. Based on primary analysis 43%
of patients achieved CR/CRh; 80% of responses
occurred within cycle 1 and the overall survival
were 6 months, respectively. Regardless of causal-
ity, the most common adverse events were pyrexia
(59%), headache (35%) and febrile neutropenia

UHOD ~Number: 4 Volume: 26 Year: 2016

(29%). The data support the antileukemia activity
of single-agent blinatumomab in patient with r/r
ALL.® Blinatumomab is currently being evaluated
in a phase 3 trial in patients with ALL in first or
second relapse and in a phase 2 study in patients
with relapsed Philadelphia-positive ALL.

4. MODERN IMMUNOTHERAPY OF B-
CELL MALIGNANCIES INCLUDING ALL
WITH CD19-DIRECTED CAR T-CELL

Chimeric Antigen Receptor T Cell therapy (CAR)
is a new strategy for the treatment of relapsed /re-
fractory ALL, which is associated with poor out-
come in adults and children. CARs are synthetic,
engineered receptors that combine the antigen
property of antibodies with the lytic ability and
self-renewal of T cells.”® CAR-T cells can rec-
ognize and kill cancer cells independently of the
major histocompatibility complex (MHC). They
are composed of ectodomain, a single-chain vari-
able fragment (scFv) derived from monoclonal
antibody®, transmembrane domain, and an endo-
domain. CAR specificity is determined by scFv,
from the variable portions of both heavy and light
chains of a monoclonal antibody, which is linked
via a flexible spacer (the hinge region) to the trans-
membrane domain. The transmembrane domain is
located between the hinge and the endodomains
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Figure 3. The structure of chimeric antigen receptor. Usually, these receptors comprise a recognition sequence [typically, single-
chain variable fragment derived from an antibody (scFv)], a transmembrane domain and an intracellular signaling domain including
CDSC in first generation and other costimulatory domains such as CD28 and tumor necrosis factor receptors such as OX-401 in

second and third generation

and usually derived from CD3-C, CD4, CDS, or
CD28 molecules. The endodomain (intracellular
signaling domain) in First-generation CARs de-
rived from CD3-C. Second-generation CARs com-
prise a single costimulatory domain derived from
CD28 or 4-1BB; and also third-generation CARs
comprise two costimulatory domains, a combina-
tion of CD28 ,CD27, 4-1BB, OX40 or ICOS to
induce persistence and long-lasting activation of
T cells Figure 3.%87! To Manufacture CAR T-cell
; allogeneic T cells are collected from a patient
and genetically modified to express a chimeric an-
tigen receptor that will bind to a surface antigen
expressed on tumor cells of patient’s, following
in vitro expansion and propagation, CAR T cells
reinfused to the patient . An antigen is expressed
on tumor cells, but not on normal cells would be
tumor specific and an ideal antigen targeted by
CAR-modified T cells. CD19 with nearly univer-
sal expression in the majority of B-cell precursor
(BCP)-ALLSs and B-cell non—Hodgkin lymphomas
is an attractive target for CAR-modified T-cell
therapy as well as monoclonal antibodies (dis-
cussed earlier).*#’7> Thus CD19-targeted CAR T
cells are currently being tested in the clinic with
very impressive outcomes.
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4.1. CD19-targeted CAR T cells in clinical trials

CD19-targeted CAR T-cell therapies are the most
advanced T-cell therapies which are currently be-
ing tested for treatment of B-cell cancers. The
clinical evaluation of CAR therapies in ALL have
revealed robust activity and remarkable clinical re-
sponses.®737 In the MSKCC ALL cohort, Davila
et al reported 88% complete response rate in 16
patients with relapsed B-cell ALL. The median age
of patients was 50 years and the persistence of 19-
28z CAR T cells was 1 to 3 month.”? A phase 1
dose-escalation trial was also performed by Lee et
al to determine clinical activity, maximum toler-
ated dose, and response rate of CD19-CAR T cells
in patients with relapsed or refractory acute lymph-
oblastic leukemia or non-Hodgkin lymphoma.
Overall 21 patients were enrolled and infused with
CD19-CAR T cells. The maximum tolerated dose
was 1x10°CD19-CAR T cells per kg. All toxicities
were reversible, and the complete response rate
was 70% for 20 patients with B-ALL. With a me-
dian follow-up of 10 months, overall survival was
51.6%.” In Children’s Hospital of Philadelphia
(CHOP) and University of Pennsylvania (Penn)
phase 1 trials, Mude et al reported 90% complete
response rate in 30 pediatric and adult patients with
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relapsed/refractory ALL.” All the patients had the
cytokine-release syndrome which was effectively
treated with the anti-interleukin-6 receptor anti-
body tocilizumab.

5. CONCLUSIONS

Developments of therapeutics with monoclonal an-
tibodies in ALL are extremely encouraging. Ritux-
imab has been shown to increase survival of ALL
patients in combination with chemotherapy. Ino-
tuzumab and blinatumomab have revealed signifi-
cant activity even in patients with refractory ALL
.The role of monoclonal antibodies and other novel
targeted approaches such as engineered T-cell
therapies in ALL should be more evaluated. Future
studies are needed to evaluate monoclonal antibod-
ies either alone or in combination with other mono-
clonal antibodies in frontline and salvage therapy
for pediatric and adult B-cell ALL. It is hoped that
administration of efficient monoclonal antibodies
into frontline ALL therapy improve the cure rate
and decrease the need for prolonged and intensive
chemotherapy schedules. Although CD19- target-
ed CAR T-cell therapies have been shown marked
activity with high response rates in relapsed B-cell
ALL, to expand the potential uses of this therapy
in future yet new strategies should be evolved to
improve the efficacy and toxicity management.
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