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T lymphocytes

Bispecific T-cell engagers (BiTEs) may break multiple barriers that currently limit the use ofimmunotherapy in glioblastoma
patients. We have recently described a novel BiTE specific for a mutated form of the epidermal growth factor receptor,
EGFRuvIII, that exerts potent antineoplastic effects against established invasive tumors of the brain.

Glioblastoma (GBM) is the most common
and most aggressive primary malignant
tumor of the brain. Despite advances in
surgical resection, radiation and chemo-
therapy, the prognosis of GBM patients
remains dismal, with an expected overall
survival at diagnosis of less than 15 mo.!
Although current therapies provide mod-
est benefits, they are frequently associ-
ated with incapacitating toxicity, owing to
their collateral effects on normal healthy
tissues. Thus, there is great need for the
development of safer, more effective treat-
ments for patients affected by GBM.
Immunotherapy has emerged as an
innovative approach that promises to
eliminate tumor cells with unparalleled
potency and precision. In particular,
T cells have been shown to mediate suc-
cessful antitumor immune responses.?
while

T cell-based approaches rely on the adop-

However, promising,  current
tive transfer of lymphocytes expanded ex
vivo, a process that is laborious, inconsis-
tent, and in some cases complicated by the
need for retroviral transduction.

In contrast, by using recombinant
technologies, it has become possible to
create highly specific antibody-based mol-
ecules that activate T cells against tumors,

without the complexities associated with
cell-based therapy. Through a divalent,
“bispecific” design, these constructs tether
T lymphocytes to tumor cells, resulting in
a highly localized and specific T-cell acti-
vation with concomitant tumor cell lysis. A
leading format of such molecules is known
as “bispecific T-cell engager” (BiTE).
Unlike other bispecific antibodies, BiTEs
are able to activate even formerly unre-
sponsive lymphocytes against tumor cells
without the need for additional immunos-
timulatory signals or conventional antigen
presentation via MHC molecules.?

In a recent manuscript published in
the Proceedings of the National Academy
of Sciences,* we have reported the devel-
opment of a novel BiTE called bscEG-
FRvIIIxCD3, which was designed to
specifically redirect T cells against tumors
expressing a well-characterized, mutated
form of the epidermal growth factor
receptor (EGFR), EGFRvIII. EGFRvIII
is frequently expressed on the surface of
GBM cells as well as by many other neo-
plasms, but not by normal healthy tissues.’
Because of its exclusive tumor-specific
expression pattern, EGFRVIII represents
an ideal target for immunotherapy. In
our hands, the EGFRvIII-targeting BiTE,
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bscEGFRVIIIxCD3, successfully acti-
vated human T cells against EGFRVIII-
expressing target cells, in the absence of
any additional immunostimulatory signal,
resulting in the secretion of T',1-associated
cytokines and tumor-cell lysis. This
EGFRvllI-targeting BiTE was similarly
effective in vivo. Thus, the intravenous
of bscEGFRvIIIxCD3

induced consistent antitumor responses in

administration

mice bearing established, late-stage intra-
cerebral gliomas, rapidly achieving com-
plete remission rates as high as 75% in the
absence of apparent toxicity.*

Given the exquisite tumor-specificity of
EGFRVIII, we believe that our EGFRvIII-
targeting BiTE represents a critical con-
ceptual advance in the safety profile of the
BiTE therapeutic platform. On the con-
trary, BiTEs that target antigens character-
ized by a promiscuous systemic expression
pattern have been shown to elicit unin-
tended The

most recent example of this problem was

autoimmune responses.®
recorded in clinical trials testing a BiTE
specific for the pan-B-cell marker CD19,
wherein patients affected by B-cell malig-
nancies experienced not only dramatic
disease regression but also an unwarranted
ablation of healthy circulating B cells.
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Figure 1. A bispecific T-cell engager targeting EGFRVIII triggers immune responses against brain
tumors. The systemic administration of an EGFRvIII bispecific T-cell engager (BiTE) results in its
successful localization to EGFRvIII-expressing brain tumors and in the activation of T cells to
sustain a potent antitumor immune response. The EGFRvllI-targeting BiTE may gain access to the
central nervous system (CNS) on the surface of activated T cells or may accumulate independent-
ly, owing to specific interactions with the cognate EGFRvIIl antigen on brain tumor cells.

Thus, perhaps the most obvious draw-
back of the BiTE technology unveiled to
date is represented by the activation of
immune responses against antigens that
are also expressed by non-malignant cells.
To the best of our knowledge, our work
focused is the first example of a BiTE that
targets a truly tumor-specific antigen like
EGFRvIII.

One unexpected finding of our pre-
clinical study was the ability of our
EGFRvllI-targeting BiTE administered
iv. to treat established invasive tumors
located beyond the blood-brain barrier
(BBB). In order for BiTEs to exert anti-
neoplastic affects against brain tumors,
both BiTEs and T cells need to efficiently

access areas that have long been considered
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etrate the central nervous system (CNS),
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Moreover, particles bound to the surface of
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to localize to neoplastic lesions.® However,
whether this mechanism contributes in
any way to the intracerebral accumula-
tion of macromolecules like BiTEs has not
been elucidated to date. Another leading
hypothesis is that in the complete absence
of cross-reactivity with systemic antigens,
highly specific antibodies targeting brain
tumors may penetrate the CNS and accu-
mulate over time at therapeutically relevant
amounts, simply owing to their relative
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affinity for different tissues.” Previous
research suggests that BiTEs may actually
promote the localization and retention of
effector T cells at intracerebral sites. This
concept is supported by clinical studies on
a CD19-targeting BiTE, reporting that the
peripheral activation of circulating effector
memory T cells is temporally associated
with unexplained, but transient, CNS side
effects in multiple patients.*!* Consistent
with this, we observed that the intravenous
administration of our EGFRvIII-targeting
BiTE promotes the diffuse infiltration of
peripheral lymphocytes within EGFRVIII-
expressing brain tumors. Further studies
are underway to investigate these mecha-
nisms, which have critical implications
in multiple fields of medical research for
which the physiology of the BBB and the
delivery of therapeutic agents into the
CNS are relevant.

In summary, the results of our preclini-
cal study demonstrate that the EGFRvIII-
targeting BiTEs may provide a safe, highly
effective therapueutic option for GBM
patients. Future studies will determine
whether these results can be recapitulated
in the clinical setting and whether BiTEs
favorably interact with other therapies that
are currently employed as a standard-of-
care for GBM patients.
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