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Introduction

Cancer immunotherapy utilizes the specificity, di-
versity, and memory of the human immune system
to recognize and remove malignant cells. There
are now many different types of immune therapies
available or under development including mono-
clonal antibodies, PD-1/PD-L1 inhibitors, chimeric
antigen T cells and TCRs, and bispecific antibodies.
Each of these therapies takes a different approach
towards redirecting the immune system to target
malignant cells or other disease processes.
Antibodies are one of the primary means of recog-
nizing and recruiting the immune system to attack
and remove foreign substances from the body. It
has been recognized for many years that if the two
antigen-binding domains on an antibody could be
altered to recognize separate antigens that that this
could be used for therapeutic benefit. While this
concept has been around for decades, it has taken
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time to develop, synthesize, and produce therapeu-
tic quantities of antibodies for clinical development
and use.

Prior to the development of bispecific antibodies,
monoclonal antibodies (mAb) were the first thera-
peutic antibodies developed with Rituxan approved
in 1997 for the treatment of non-Hodgkin’s lympho-
ma. Other monoclonal antibodies have since been
developed for both solid and hematologic malig-
nancies; however, they have had overall limited ac-
tivity in treating cancer. Antibody drug conjugates
(ADC) contain a monoclonal antibody connected by
a linker sequence to a chemotherapy molecule and
use agents that are too toxic to give systemically but
have potent activity when administered in a targeted
fashion. The first approved ADC was gemtuzum-
ab ozogamicin (GO). It is a humanized anti-CD33
mADb connected to a calicheamicin derivative and
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was granted accelerated approval for treatment of
AML, but the drug was withdrawn from the market
in 2010 after the Phase III trial SO106 showed in-
creased mortality and no improvement in response
rates or survival when added to standard induction
chemotherapy.® Recent studies have shown that cer-
tain subsets of patients may benefit from GO such as
those with favorable risk cytogenetics, and APL.®
Brentuximab vedotin is an anti-CD30/MMAE ADC
approved for refractory Hodgkin Lymphoma and
systemic anaplastic large cell lymphoma. Limita-
tions of antibody drug conjugates include require-
ments for internalization of the antibody and drug,
need for adequate expression of the target antigen,
and linker technology able to release the toxin in a
controlled fashion. Nevertheless, this is an exciting
new field, with many new drugs in development.®
Bispecific Antibodies are synthesized protein struc-
tures with two distinct antigen-binding sites that are
being developed for various clinical applications in-
cluding management of malignancy, inflammation,
and coagulation. In cancer immunotherapy, these
molecules are used to force an interaction between
cytotoxic immune cells and the desired tumor cell.
There are many different bispecific structures that
have been developed, and most of these are propri-
etary. They all share the common feature of combin-
ing two or more different antigen-binding domains
onto the same molecule.

There are two main categories of bispecific struc-
tures. The first group approximates a full IgG-like
antibody structure with an Fc region. Maintaining
the Fc region incorporates functions such as anti-
body-dependent cellular cytotoxicity and comple-
ment fixation, and these structures have extended
serum half-lives. Another type of compound con-
sists of much smaller structures that contains mini-
mized antigen binding domains in an antibody like
structure that eliminates the Fc-like portion. When
the Fc portion is not included, the structures have
much shorter half-lives and may have increased tox-
icity as a result of their small size.® Most bispecific
antibodies in development do not contain Fc regions
and are smaller structured compounds.

Bispecific antibodies are currently in development
for many different malignancies including hema-
tologic and solid tumors. The sections below will
discuss the recently approved BiTE, blinatumom-
ab, and also discuss a few bispecifics currently in
pre-clinical and clinical development for hemato-
logic conditions.
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BiTE Therapy and Blinatumomab

Bispecific T Cell Engaging Antibodies, or BiTE An-
tibodies, are a type of bispecific antibody composed
of a single polypeptide chain that contains only the
minimal variable binding regions for two different
antigens connected by non-immunogenic linker se-
quences to form a single-chain antibody (scFv).©
These molecules are approximately 55kDa and
much smaller than a typical antibody. BiTEs bind
with one domain to CD3 epsilon, which is a sub-
unit of the T cell receptor complex present on all
T cells, and to the cell surface of target cells with
the other binding domain.”” BiTEs bind to CD3
with low affinity and only trigger cytolytic T-cell
responses when simultaneously bound to their clin-
ical antigen, and are active in the pg/mL range.®
They recruit polyclonal T-cell responses for serial
rounds of target cell lysis while avoiding toxicity
from non-specific activation of T-cells®. By inter-
acting independently of MHC and antigen presenta-
tion, BiTEs bypass common tumor immune escape
mechanisms.?

Blinatumomab is a BiTE construct that links CD3
with CD19 and was approved in December 2014 by
the US Food and Drug Administration for treatment
of Philadelphia chromosome negative relapsed or
refractory acute lymphoblastic lymphoma under an
accelerated process using data from a Phase II study.
In this multi-center study of 189 patients, 81 (43%)
achieved a complete remission (CR) or complete
remission with partial hematologic recovery (CRh).
64 patients in the study had had a previous alloge-
neic stem cell transplant, and 29 (45%) of these pri-
or transplant patients had a CR or CRh. 32 patients
with CR or CRh (40%) went on to allogeneic stem
cell transplant in the study. Median relapse free
survival for responders was 5.9 months and medi-
an overall survival was 6.1 months in this high risk
and heavily treated population.!” Neurotoxicity, oc-
curring in 58% of patients, and cytopenias were the
most common adverse events. Grade III cytokine
release syndrome occurred in only 3 patients, but
patients received pretreatment with dexamethasone.
A phase III confirmatory study in ALL is pending
completion. Blinatumomab has been evaluated in
Non-Hodgkin’s lymphoma, MRD-positive B pre-
cursor ALL, pediatric ALL, and a phase II study in
Diffuse Large B Cell Lymphoma is ongoing.(!>!3
While Blinatumomab shows promising response
rates and overall safety, administration is cumber-
some and requires close evaluation and follow-up.
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The drug has a short half-life of 2 hours and requires
24-hour continuous infusion for 4 weeks of a 6-week
cycle to provide therapeutic levels. Hospitalization
is recommended for the first nine days of cycle 1
and also the first 2 days of cycle 2 to monitor for
signs of cytokine release syndrome and other toxic-
ity.1¥ Home administration requires the patient to
wear a continuous infusion pump and for adequate
pharmacy and home health support to change drug
supplies and manage the infusion. This requires
specialized care as well as significant cost.

Neurotoxicity and Cytokine Release Syndrome
Significant toxicities associated with immunother-
apy include neurotoxicity and the cytokine release
syndrome (CRS). These have been well document-
ed with blinatumomab and will presumably occur
with other bispecific antibodies that recruit T cell
responses. The neurotoxicity observed with bli-
natumomab ranges from mild symptoms such as
tremor and dizziness to severe events with seizures
and encephalopathy.'> Neurotoxicity may be due
to the small size of the BiTEs and ability to cross
the blood-brain-barrier or to release of excess cy-
tokines."® Neurotoxicity resolves when the drug is
withheld. In clinical trials, some patients tolerated
lower doses of Blinatumomab when re-challenged
after developing neurotoxicity.'”

Cytokine Release syndrome (CRS) is an emerging
condition associated with cancer immunotherapy
that arises from extreme immune system activation
and elevated levels of cytokines. Cytokines asso-
ciated with CRS include elevated levels of IL-6,
IL-10, INF-y, and TNFa.!"® Presentations of CRS
include high fever, hypotension, and multi-organ
dysfunction including ARDs, cardiotoxicity, acute
kidney injury requiring hemodialysis, transaminitis,
DIC, and neurotoxicity. With Blinatumomab, CRS
has been associated with initial infusions and rapid
destruction of CD19 positive cells. Dexamethasone
premedication, drug dose escalations, and cytore-
duction with cyclophosphamide help to attenuate
the development and effects of CRS, but may also
counteract effects of therapy.!® Given the pattern of
cytokine elevation and clinical presentation, there
may be overlap with hemophagocytic lymphohis-
tiocytosis, and macrophage activation may play a
role in CRS.?% IL-6 is thought to be the key medi-
ating cytokine, but serum IL-6 levels are not predic-
tive of CRS. Diagnosis of CRS can be difficult to
distinguish from infection in neutropenic patients,
and treatment can also be complicated by tumor ly-
sis syndrome. Treatment of CRS is complicated be-
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cause reversal of cytokine release with immunosup-
pression such as steroids neutralizes the effects of
immunotherapy. Tocilizumab is a humanized IgG
anti IL-6R monoclonal antibody that was approved
for use in rheumatologic conditions that has been
effective at treating CRS, and may not attenuate the
effects of the immunotherapy. Tocilizumab does not
cross the blood brain barrier and is not as effective
for neurotoxicity. Steroids reverse the symptoms of
CRS, and do cross the blood brain barrier and may
be needed to treat neurotoxicity. )

CD3xCD33 BiTE for treatment of AML

AMG 330 is a CD3 xCD33 BiTE currently under
development for treatment of acute myeloid leu-
kemia. The antigen CD33 is found on 85-90% of
AML blasts and appears to be a suitable target for
AML directed immunotherapy.®? Pre-clinical stud-
ies suggest that AMG330 is active at low concen-
trations as well as low CD33 density on AML cells.
Activity is not affected by ABC transporter protein
expression, and treatment with AMG330 does not
lead to decreased expression of CD33 over time.
These results suggest that the bispecific approach
of AMG330 may avoid some of the obstacles en-
countered with lintuzumab, a CD33 monoclonal
antibody, and gemtuzumab ozogamicin, a CD33 an-
tibody-drug conjugate.®® A concern with anti-CD33
therapy is that normal stem cells and hematopoietic
progenitor cells express CD33 and may be affected
by therapy. Significant cytopenias will be an expect-
ed side effect.>* It is not clear that targeting CD33
will completely eliminate the source of AML clones,
but any advance in treatment would be progress for
a disease that has seen little change in management
in 40 years and still carries a dismal prognosis for
most adult patients. Clinical trials with AMG330
have not yet begun.

CD3xCD123 DART for treatment of AML

Dual-affinity re-targeting (DART) bispecifics are
another form of bispecific therapy. DARTSs consist
of two protein chains with the VH of the first vari-
able region linked to the VL of the second variable
region, and the VH of the second variable region
linked to the VL of the first variable region. Covalent
disulfide linkages stabilize the two protein chains.>
MGDO006 is a bispecific CD3xCD123 DART that
re-directs T lymphocytes to CD123. CD123 is the
interleukin 3 receptor alpha chain and is overex-
pressed in AML and other hematologic malignan-
cies including hairy cell leukemia and some B cell
malignancies.?® CD123 is not expressed on normal
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hematopoietic stem cells and MGDO006 will hope-
fully target primarily malignant cells.*” Preclinical
data for MGDO006 has been promising.®® MGD006
is currently in phase I trials for relapsed/refractory
AML (NCT02152956).

CD16AxCD30 and CD19xCD3 TandAb

AFM13 is a bispecific, tetravalent chimeric anti-
body construct (TandAb) that contains a binding site
for the isoform CDI16A, which recruits NK Cells,
and for CD30 on Hodgkin Lymphoma cells. The
TandAb antibody is formed from a single polypep-
tide that contains 2 binding domains for each an-
tigen that homodimerizes and is held together by
non-covalent interactions between the immunoglob-
ulin heavy and light variable chains. Phase I study
results published in June 2015 reported that in 28
heavily pretreated patients with relapsed/refracto-
ry Hodgkin’s lymphoma that 3 of 26 patients had a
partial remission and 13 patients had stable disease
with overall disease control rate of 61.5%. These re-
sults are promising and AFM13 is currently in phase
II studies.®” AFM11 is a CD19xCD3 TandAb cur-
rently in Phase 1 trials for patients with relapsed/
refractory CD19 positive malignancies.”

Anti-Factor IXa/X Forced Association

for treatment of Hemophilia

In a departure from the use of bispecific constructs
to re-direct cytolytic components of immune sys-
tem to destroy target cells, ACE910 is a human-
ized IgG bispecific antibody that binds to Factor
IXa and Factor X to mimic the function of Factor
VIII in the coagulation cascade and is under devel-
opment for treatment of hemophilia A.®” ACE910
has been evaluated in primates and has been shown
to have hemostatic activity and to prevent sponta-
neous bleeding. ACE910 does not generate Factor
VIII inhibitors, functions in the presence of inhibi-
tors, and has a half-life of 3-weeks.®? Current treat-
ment for hemophilia A involves frequent injections
of recombinant Factor VIII, which has a short half
life, and the development of Factor VIII inhibitors is
a common complication. A treatment that provides
hemostatic control with fewer injections and with-
out the risk of inhibitor development would be an
important advance for the treatment of Hemophilia
A. ACE910 is currently in phasel/2 studies.

Limitations

While many of these drugs show clinical promise
they do have limitations. The bispecifics that lack
an Fc like portion have very short serum half-lives
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and require continuous infusion and CRS type syn-
drome and neurotoxicity will likely complicate most
immune directed therapies. While the early data for
blinatumomab was very promising with high re-
sponse rates, in the Phase II study, response rates
were lower and rather short lived. It is likely that
other drugs with high response rates in phase /11
trials may have lower response rates when taken to
larger trials. With disease relapsing after treatment
with targeted immunotherapyj, it is likely that the im-
munotherapies are not targeting the malignant cells
of origin, and it does not appear that these drugs
are yet able replace the role of allogeneic stem cell
transplant.

In addition to bispecific therapies, chimeric antigen
T cells and T cell receptors are also under devel-
opment. Bispecific antibodies have the benefit of a
short and defined half-life, and appear to have less
toxicity than CAR-T cells. CAR-T cells have the po-
tential to induce longer lasting responses, but carry
a risk of severe cytokine release syndrome and au-
toimmune toxicity. Unlike with bispecifics, CAR-T
cell infusions cannot merely be turned off. TCRs are
another interesting class of therapies that have less
off target immune effects, but rely on MHC presen-
tation. It is unclear what role each will play in ther-
apy, but given the complexity of hematologic ma-
lignancies and patient diversity, there will likely be
applications for each of these different approaches.
With immunotherapy, there are now drugs in devel-
opment that hold the hope of potentially transform-
ing the treatment landscape for hematologic malig-
nancies. Bispecific antibodies as a treatment class
are still in the early stages of development but have
shown that they can have strong clinical responses
with acceptable toxicity profiles and many varied
applications. With time and improved technology,
some of the limitations such as shortened half-life,
administration, and toxicity will improve. It will be
interesting to follow the development of this new
class of therapeutics.
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