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ADDRESSING LINGERING SAFETY ISSUES FOR
I-O PRODUCT CANDIDATES IN DEVELOPMENT

COMMENTARY

The rise of next-generation
T-cell engagers with better
safety and efficacy

Omid Vafa

The last decade has witnessed a gradual increase in the number of T-cell engagers (TCEs) en-
tering the clinic for various oncology indications. The culmination of learnings from intensive
research and development spanning the last thirty-five years in this space has yielded two
TCE approvals: 1) catamuxamab (anti-EPCAMxCD3, Fresenius Biotech, Germany), a mouse-
rat hybrid bispecific for malignant ascites that was approved by the EMA in 2009 and volun-
tarily withdrawn in 2017, and 2) blinatumomab (Micromet, Inc., Germany and Amgen, CA)
comprising a mouse anti-CD19xCD3 dual single-chain variable fragment (scFv) that is ad-
ministered intravenously (V) for acute lymphoblastic leukemia (ALL, FDA approval in 2014).
Blinatumomab remains the single approved and marketed TCE to date. Other first-genera-
tion TCEs have since suffered attrition in early development due to their toxicity or safety
profiles as well as manufacturing complications. This review highlights key impediments to
the clinical advance and the design limitations of first generation TCEs and discusses new
approaches to overcome these hurdles. By addressing these fundamental shortcomings,
next-generation TCEs have the potential to transform cancer treatment.

Immuno-Insights Insights 2020; 1(3), 169-176
DOI: 10.18609/i0i.2020.018

TCE BENEFIT-RISK PROFILES receptor (TCR) and peptide-major histo-

TCEs are bi- or multi-specific engineered — compatibility (pMHC) complex recogni-
antibodies that can circumvent the T-cell tion by bridging CD3 of the TCR with a

e
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tumor-associated antigen (TAA) . By
doing so, TCEs form an immunological syn-
apse between T-cells and cancer cells to elicit
tumor cytotoxicity through the secretion of
granzymes, perforins and pro-inflammatory
cytokines, including TNFa, IL-6, IL-2 and
IFNy

such TCEs in clinical development (Paulina

. There are currently more than 75

Szymanska, Beacon Target Therapies). Most
recently, TCEs in early development have
demonstrated clinical successes in hematolog-
ical malignancies by targeting common plas-
ma or B-cell antigens (e.g. CD19, BCMA,
and CD20). There is also a growing trend
towards targeting solid tumor antigens (e.g.
HER2, PSMA, and CEA) to further address
the 10x greater cancer patient population in
need [4]. Several TCEs have shown promising
overall response rates (ORRs) and complete
responses (CRs) in early clinical trials and
will soon enter Phase 2 and/or pivotal studies
(e.g. glofitamab, epocritamab, REGN1979,
REGN5458, CC-93269, JNJ-64007957,
plamotamab; www.clinicaltrials.gov).

Earlier this year, Kampershroer ez al.
(2020) shared a summary of the “Preclinical
safety and Translational Safety Assessment of
CD3-based Bispecifics”, a workshop that was
sponsored and organized by the Health and
Environmental Sciences Institute (HESI) Im-
muno-safety Technical Committee and the
US Food and Drug Administration (FDA)
Center for Drug Evaluation and Research
(CDER) [5]. The article highlighted that the
“key safety concerns with CD3 bispecifics are
excessive release of cytokines, which translate
to potentially life threatening cytokine release
syndrome (CRS), target organ toxicity due
to redirection of T-cells to normal tissues ex-
pressing the tumor-associated antigen (TAA)
(off tumor/on-target toxicity) and in some
. To address these safe-
ty concerns related to CRS for blinatcumom-

cases neurotoxicity”

ab, the only currently marketed CD3 bispe-
cific to date, it was noted that step-up dosing
(intra-patient dose escalation) and cortico-
steroid pre-treatment are standard protocol.
This approach has since been commonly used
for the numerous TCEs currently in clinical
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development. An important additional vari-
able when considering dose escalation regi-
mens is the level of tumor burden that can
contribute to the onset of CRS [6]. Dose-re-
duced re-administration of blinatcumomab
after a grade 4 CRS adverse event was shown
to be safe in a patient with relapsed acute
lymphoblast leukemia [7]. Along with corti-
costeroids, tociluzimab (anti-IL-6 receptor)
has also been used to manage grade 3 and 4
adverse events in the clinic [8]. While patient
monitoring and management have improved
for T-cell redirecting therapeutics, the safety
concerns persist, and reports of adverse events
from TCEs are well-documented in the pub-
lic sector and in recent press releases.

With respect to blinatumomab, neuro-
toxicity is also considered a dose-limiting
adverse event and can occur independently
of systemic CRS

Einsele (University of Wurzburg, Germany)

. As such, Dr Hermann

has purported that blinatumomab increases
T-cell adhesiveness to vascular endothelium,
thereby enhancing extravasation into the cen-
tral nervous system (CNS). This results in tar-
geting B-cells, causing localized cytokine re-
lease and subsequent migration of monocytes
into the CNS that increases local inflam-
. Thus, beyond

step-up dosing and dexamethasone use, Ein-

mation and neurotoxicity

sele has used a P-lectin antagonist, pentosan
polysulfate to reduce T-cell adhesion to the
endothelium and subsequent local cytokine
release in the CNS. Most recently, Parker ez
al. identified CD19 expression in brain mural
cells using single cell RNA sequencing data
and confirmed protein expression by perivas-
cular staining . Hence, on target activity
may also contribute to CAR T-cell and BiTE
neurotoxicity, though this has not been for-
mally demonstrated clinically. Together, the
Einsele and Parker ez al. data suggest that
both extravasation and on target toxicity on
mural cells may contribute to neurotoxicity
with anti-CD19 T-cell redirection . Cu-
riously, a number of anti-CD20 TCEs that
are currently in development and targeting
the same B-cell population have not report-
ed significant neurotoxicity in the clinic (e.g.




mosenutuzmab and glofitumab, Roche; ep-
ocritamab, Genmab; odronextamab, Regen-
eron; plamotamab, Xencor). Whether these
discrepancies in neurotoxicity are related to
the specific target (CD19 versus CD20) or
TCE format and whether subsequent in-
flammation in the CNS can be avoided
with next-generation TCEs targeting CD19
are currently unknown. Recent pre-clini-
cal studies of TNB-486 (Teneobio, CA), an
anti-CD19 TCE that targets a novel confor-
mational epitope on CD3 and possesses an
extended half-life, show that it exhibits tcumor
cytotoxicity with minimal cytokine release

. This feature of the TCE may increase
the benefit—risk ratio of targeting CD19 with
the advantage of an extended half-life. The
pending Phase 1 studies of TNB-486 in ALL
and DLBCL will reveal the physiological rel-
evance and potential increase in the therapeu-
tic index, given its preclinical cytokine release
profile. Moreover, epocritamab (anti-CD20x-
CD3, Genmab), a subcutaneously adminis-
tered bispecific DuoBody”®, has demonstrated
efficacy without severe neurotoxicity and is
now undergoing further assessment in a dose
expansion cohort (Genmab presentations
at ASCO, 2020 and EHA 2020). Subcuta-
neously administered TCEs have reduced
C, . and this may dampen cytokine release
(Genmab presentation at EHA, 2019; ).
Nevertheless, the general longer-term impact
of this delivery route on anti-drug antibody
responses (ADA), efficacy and toxicity remain
to be established.

The FDA’s recent retrospective study of
17 TCEs of different formats and related
IND:s involving Minimum Anticipated Bi-
ological Effect Level (MABEL) approaches
in determining starting dose selection for
First-in-Human (FIH) studies revealed that
animal models are not ideal in predicting
safe starting doses for FIH studies . In
general, non-human primates used for toxi-
cological assessment of TCEs with conserved
binding to TAA and CD3 better tolerate
toxicities than patients. CRS and inflamma-
tory responses were the most common ad-
verse events along with neuro-, hepato- and
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gastrointestinal-toxicity and decreased lym-
phocytes [13]. Consistent with prior observa-
tions, lymphopenia was attributed to either
direct depletion by the product or redistri-
bution of B- and T-cells through endothelial
attachment . Moreover, neither receptor
occupancy nor a non-severe toxic dose in an-
imals were deemed appropriate for dose se-
lection. Rather, a recommendation based on
30% or lower in vitro pharmacological activ-
ity (PA) was considered a better indicator of
safe starting dose for FIH

Beyond safety concerns associated with
drug potency, additional variables may limit
and negatively impact TCE eflicacy. Highly
potent TCEs may induce T-cell exhaustion
or anergy through overstimulation and pos-
sibly induce cell death. Moreover, in some
patients the native T-cell population maybe
insufficient or too low for significant effica-
cy. Hence, the biological design of the next
generation of TCEs should consider a num-
ber of structural and quality attributes to
elicit the desired patient biology that may not
be captured by the first generation of CD3
bispecific formats that were optimized for i
vitro potency and not for long-term efficacy.
Important to this end, it would be beneficial
to have continuous exposure and durable re-
sponse of an active but non-toxic dose where
T-cell exhaustion or anergy will not occur.
Chronic T-cell stimulation from greater TCE
exposure and target antigen engagement can
extend the effector phase of T-cell activation
and elicit T-cell exhaustion and the loss of
memory T-cells . Moreover, it was estab-
lished that PD-1 upregulation is one of the
mechanisms of resistance to blinatumomab,
and combination treatment with pembroli-
zumab enhanced T-cell function and induced
an anti-leukemic response [16]. Hence, many
are now considering combinations (e.g. with
checkpoint inhibitors) and multispecific plat-
forms that can engage T-cell co-stimulatory
molecules (e.g. CD28) to overcome such
T-cell exhaustion and maximize effector ac-
tivity. Nevertheless, these approaches would
need to be carefully balanced in consideration
of potential risks for adverse events, including
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CRS. TCE-induced CRS detected in the clin-
ic generally occurs after the initial dose, and
subsequent doses are less problematic. Thus,
it will be important to assess the upregula-
tion of T-cell exhaustion markers with greater
exposures that can reduce efficacy in subse-
quent dosing during continuous or periodic
IV infusions. Blinatumomab, in light of its
short half-life and toxicity profile, requires
both step dosing and continuous IV deliv-
ery by infusion pump at microgram quanti-
ties over 4-8 weeks (e.g. 9 mcg/day for the
first week, followed by 28 mcg/day for the
. Arguably, while bli-
natumomab’s short half-life poses a delivery

remaining 3 weeks)

inconvenience, it also enables controlled ad-
ministration to quickly stop infusion at signs
of toxicity (e.g. pro-inflammatory cytokine
increase associated with CRS or neurotoxic-
ity). Hence, the increase in half-life of any
TCE should be weighed against the potential
increases in toxicities or T-cell exhaustion and
anergy posed by improved pharmacokinetic
and pharmacodynamic (PK/PD) profiles.

Unlike blinatumomab, next-generation
TCEs possessing “silent” Fc (muted effector
function) or other half-life extending moi-
eties (e.g. anti-albumin or albumin fusion
constructs) will enable a more convenient
intermittent dosing schedule on a weekly or
biweekly basis [4]. Several strategies have been
developed to maximize therapeutic indices
while mitigating toxicity profiles of highly
potent TCEs, including:

Using an infusion pump to continuously
deliver TCEs in a tight range below dose
limiting toxicity;

Introducing metalloprotease cleavage
sites in pro-drug forms of TCEs that are
activated site-specifically at the tumor site;

Localized viral delivery of TCEs to tumors;

Subcutaneous delivery of TCEs to minimize
C,.. and enable gradual systemic exposure;

ma;

Step-up dosing regimens and vi) next-
generation TCEs that can decouple

DOI: 10.18609/i0i.2020.018

tumor cytotoxicity from cytokine release.
Additionally;

The measure of safety and efficacy through
relevant biomarkers that monitor T-cell
activation, proinflammatory cytokines, CRS
and tumor cell killing can inform better
dosing regimens and reduce the CRS
without compromising efficacy.

Predictive modeling that integrates such
measures has been applied to assess dosing
regimens in the clinic for mosunetuzumab
(anti-CD20xCD3, Roche) using mechanis-
tic quantitative systems pharmacology (QSP)
modeling . Such modeling, combined
with preclinical 77z vivo non-human primate
and human clinical studies have further
demonstrated that step fractionated dosing
regimens can mitigate the risk of high system-
ic cytokine (e.g. IL-6) peaks in non-Hodgkin’s
lymphoma (NHL) patients without compro-
. Cytokine
levels were shown to be highest after the first

mising anti-tumor efficacy

dose of mosunetuzumab when B-cells were
present in peripheral blood and lymphoid-tis-
sue compartments. For the subsequent dos-
es, IL-6 secretion from peripheral blood was
negligible after initial depletion of circulating
B-cells, and the bulk of the IL-6 was secret-
ed within tissues [18]. Undoubtedly, systems
modeling approaches will be extended to
other B-cell malignancies to identify better
protocols for improved therapeutic indices in
the future. Still, these approaches are of af-
terthoughts to address and optimize regimens
for already existing potent molecules. What
about designing the next generation of mole-
cules for better therapeutics windows?

The clinical safety and toxicity of TCEs are
also determined by their humanicity (relative
level of human peptide sequences) developa-
bility and manufacturability profiles. The first
two are the most critical, given thata) an ADA
response to non-human peptides can poten-
tially cross-link the TCE and b) physiologi-
cally unstable CD3 bispecifics can aggregate.
Both can negatively impact TCE pharmaco-
kinetics (PK) and potentially trigger CRS by
prematurely activating T-cells in the absence




of tumor target engagement. Such liabilities
could also significantly impact the distribu-
tion and exposure of the TCE in circulation,
restricting it to lymphatic tissues, increasing
the likelihood of immunogenicity or an ADA
response that may compromise safety and ef-
ficacy. Attention to these potential liabilities
will be most critical for the scientists and phy-
sicians who are focused on discovering and
developing novel bi- or multi-valent antibody
formats, including asymmetric, symmetric
and scFv- and variable heavy chain-based
or alternative scaffold fusion constructs (re-
viewed by ). The clinical successes or
failures of these various formats will inform
future structure and function-related design
considerations for optimal PK/PD, including
the appropriate TCE afhnities, valencies, epi-
topes on the TAA and CD3 as well as under-
standing optimal half-life.

NEXT-GENERATION TCES FOR
BETTER SAFETY & EFFICACY

Moving forward with next-generation TCEs,
a holistic approach to design and format war-
rants careful consideration. The complexity
and interdependency of the various binding
domains can impact the overall safety-efficacy
profile of the therapeutic. To this end, a num-
ber of newly engineered TCE formats com-
prise the next generation of CD3 bispecifics
that are entering the clinic. Some of these ef-
forts involve the fine-tuning of TAA binding
domains and CD3 afhinity and epitopes to
minimize CRS while retaining efficacy with
half-life, culminating in a better therapeutic
index. For example, companies like Macro-
genics and Xencor have sought to engineer
CD3 afhinity for reduced cytokine release

Others, like Teneobio, have identified novel
anti-CD3 binders to a novel conformational
CD3 epitope that capture a “sweet spot” of
activity, where TCEs can elicit tumor cytotox-

. These
approaches, and the biology enabling this

icity with minimal cytokine release

window of engagement within such a “sweet

spot” were reviewed recently [4]. There are
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ongoing efforts to
further elucidate the signal transduction path-
ways that differentiate these novel TCEs from
the previous generation of high-affinity potent
bispecifics engaging the epsilon chain of CD3.
Teneobio’s CD3-bispecific platform was
discovered and characterized in light of obser-
vations of dual threshold activation that trig-
gers cytotoxicity versus cytokine release. This
dual threshold was previously characterized
for TCR-pMHC interactions and immune
synapse formation . Of import, beyond
the characteristic decoupling of cytotoxicity
from cytokine release, Teneobio’s TCEs have
demonstrated an increased therapeutic index
in animal models, with reduced upregulation
of inhibitory checkpoints associated with
T-cell exhaustion (e.g. PD1 and CTLA-4) and
preferential activation of cytotoxic T-cells over
regulatory T-cells (Tregs) . The clinical
benefit-risk ratio of such novel TCEs will be
revealed in the near future, as many of these
assets are now in the clinic (e.g. TNB-383B,
anti-BCMAxCD3) or soon entering the clinic
(TNB-486, anti-CD19xCD3; TNB-585, an-
ti-PSMAXCD3, IND filings Q3/Q4 2020).
Other drug developers have engineered
proteolytic sites in CD3-bispecific pro-drugs
that are activated in the tumor microenvi-
ronment by local proteases . In doing so,
T-cell activation and tumor targeting is rela-
tively restricted in space and time, potentially
minimizing systemic exposure and cytokine
release for a better therapeutic index. These ap-
proaches are in preclinical stages and will soon
enter the clinic (Cytomx, Maverick, Harpoon,
Amunix). Still others have explored site specif-
ic tumor delivery of TCEs as payloads using
vaccinia, oncolytic adenovirus, and in oncolyt-
ic measles viruses . Efficacy with such
viral payloads was shown in both xenograft
and syngeneic models without toxicity [26]. In
the near future, the outcomes of these more
complex engineered formats and viral delivery
approaches will be determined by their clini-
cal validation for localized tumor persistence,
their immunogenicity and ease of manufac-
turing and their stability. Additional efforts to
target solid tumors involve format plays, where
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ADDRESSING LINGERING SAFETY ISSUES FOR
I-O PRODUCT CANDIDATES IN DEVELOPMENT

COMMENTARY/ OPINION

Model-based dose
escalation designs used in
early-phase 1 trials to assess
safety and tolerability of
immuno-oncology therapies

Céline Adessi & Francesca Michielin

The drug development process in oncology has significantly evolved in the last decade with
the clinical investigation and approval of immuno-oncology therapies, providing new treat-
ment modalities in various cancer types to patients. These efficient and promising treat-
ments have in parallel benefited from the new regulatory accelerated approval paths, giving
patients access to these cancer drugs in a relatively short period of time. While progress
is made to understand and manage the side effects of these therapies, the unique safety
profile and variable time to onset of the adverse effects lead to a re-think of how dose es-
calation designs could be adapted for these new molecular entities. Model-based designs
seem to be particularly suitable to include specific features that could help assess the safety
and tolerability of immuno-oncology agents. These models aim to provide a better estimate
of tolerable doses for long-term treatment with immuno-oncology therapy and some, such
as the mDA-CRM and the TITE-CRM, have the potential to even reduce the time taken by
the clinical investigation process.

Immuno-Oncology Insights 2020; 1(3), 181-190
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CHALLENGES OF THE

SAFETY ASSESSMENT OF
IMMUNO-ONCOLOGY THERAPIES
AT FIRST IN HUMAN STUDY

Safety profile of
immuno-oncology therapies

New cancer treatment modalities, grouped
under the term immuno-oncology (I-O)
therapies, have profoundly changed the drug
development process and landscape in can-
cer in the last decade. It required more than
one century to sufficiently understand and
master the underlying immune escape pro-
cess that tumor cells develop to proliferate
and disseminate. The new generation of I-O
therapies offer multiple options to reactivate
the immune response against the tumor and
overcome this escape, providing convincing
evidences of clinical benefit in various types
of cancer . Examples of those agents are
listed in

While these I-O therapies may target dif-
ferent immune-biological pathways, all aim
to activate and redirect the immune cells of
the patient surrounding the tumor to the can-
cer; ultimately killing cancer cells resulting in
a confirmed clinical benefit. Because those
agents such as CPIs and immunomodulato-
ry cytokines compromise the self-tolerance of
individuals, a broad spectrum of side effects
associated with the inflammatory response of
the treatment is observed, and these are less
predictable than those for cytotoxic agents.

Examples of immuno-oncology therapies

» Check point

inhibitor (CPI), e.g. anti-cytotoxic

T-lymphocyte-associated protein 4 (CTLA-4) and anti-
programmed cell death protein 1 (PD-1) and the ligand
(anti-PD-L1)

» Adoptive cell immunotherapy (e.g. CART-cell) and
immune effector cell (IEC) therapies

Immunomodulatory cytokine group, including IFN-a
and IL-2

Cancer vaccine including the Dentritic Cell vaccine
Sipuleucel-T
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These side effects, namely immune-mediated
or —related adverse events, can potentially af-
fect the entire body, all types of organs and
organ function via an inflammation manifes-
tation in the skin (e.g. rash, pruritus, vitili-
go), the gastro-intestinal tract (e.g. diarrhea,
colitis), the liver (e.g. hepatitis), the endo-
crine system (e.g. hypothyroidism, adrenal
insufficiency), the musculoskeletal system
(e.g. arthralgia myalgia), and less frequently,
observed in the kidney (e.g. nephritis), the
eyes (e.g. uveitis), the respiratory system (e.g.
pneumonitis), and the cardiovascular system
(e.g. pericarditis vasculitis). Additionally, pa-
tients may experience abnormalities of vital
signs (hypotension, bradycardia) and of he-
matological parameters (classically neutrope-
nia, anemia and lymphopenia)

With potent adoptive cell immunothera-
pies, such as IEC and CAR T-cell, patients
may also suffer from supra-physiologic re-
sponse causing activation or engagement of
endogenous or tissue-infused T cells. These
result in a wide spectrum of signs and symp-
toms, each of varying severity, which are
grouped under the term syndrome, e.g. cy-
tokine release syndrome (CRS). The main
clinical manifestations include at the onset
pyrexia, and vital signs abnormalities such
as hypotension and hypoxia, and may result
in severe/life-threatening organ dysfunctions

. As part of the risk mitigation approach
to overcome these toxicities and reduce their
severity, variations in the classical flat dosing
given at regular intervals of time, classically
every 3 weeks for biologicals, might need to
be explored. Possible strategies include in-
tra-patient dose increment study design, for
example: 1) the “step-up dosing” approach
where the dose is increased at regular interval
of time following the proposed schedule, or
2) “fractionated dosing” approach where the
targeted maximum dose is divided into frac-
tions given in a relatively short period of time
during the first cycle of treatment (e.g. cycle
1 day 1, day 8, day 15)

If, as frequently happens, treated patients
present their first severe (> grade 3) toxicity
at the very first administration, the time to




onset of toxicities of I-O therapies differs de-
pending on the type of agent, mode of ac-
tion, cancer type and tumor location, indi-
vidual heterogeneity, dose and schedule of the
therapy. In patients treated with nivolumab, a
CPI antibody that blocks PD-1, early mani-
festations commonly include gastro-intestinal
and skin toxicity, but vitiligo, for example,
typically does not appear until months after
the initiation of checkpoint blockade. Severe
(= grade 3) enterocolitis onset varies from
day 1 to >30 months after the initiation of
treatment. Late manifestations after the third
and fourth dose are generally autoimmune
manifestations such as hepatitis, pneumoni-
tis and endocrinopathies [9]. A representa-
tion of time-to-event toxicities profile of I-O,
grouped schematically into four categories, is
presented in Figure 1 [10].

The acute effects, which develop shortly af-
ter the initiation of administration, are tran-
sient and can reoccur at each administration.
These may include liver function test eleva-
tion (hepatic transaminases and eventually
bilirubin levels), hematologic toxicity (e.g.
thrombocytopenia, neutropenia, anemia),

COMMENTARY/ OPINION

vital signs abnormalities (e.g. pyrexia, tachy-
cardia, hypotension), and syndromes (e.g.
CRS). The syndromes secondary to IEC
therapies rarely present beyond 14 days after
initiation of therapy [11]. CRS is considered
an acute and early-onset phenomenon, even
if late-onset or less predictable syndromes
have also been reported with cellular thera-
pies (e.g. CART cell) [7]. These toxicities are
unlikely to evolve into severe organ failures
if their clinical management and intervention
are promptly implemented, and usually re-
solve prior to the next cycle of drug admin-
istration. CRS requires body fluid and vaso-
pressor treatment in particular [12]. Chronic
effects developed over time such as skin or
gastro-intestinal toxicities are persistent or
recurrent by a series of events, even without
any re-challenge with the drug (e.g. drug ad-
ministration delay). Cumulative effects such
as the endocrine toxicities may develop and
increase in incidence and severity over time
with repeated exposures to the drug (progres-
sive over time). A late-onset effect of thyroid
dysfunction may also be observed in subclini-
cal or asymptomatic physiological conditions

—» FIGURE 1

Schematic view of the longitudinal or time-to-event toxicities of I-O.

Drug treatment and administration per cycles

. 0 J

Cyclen Cycle n+1 Cycley End of treatment

Cycle 3

Category of drug-mediated toxicities

Cumulative
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over an extended timeframe, even after cessa-
tion of treatment.

While the traditional approach with cyto-
toxic agents (e.g. chemotherapy), is to reach a
maximum tolerated dose when the target-me-
diated biologic pathway is optimally altered,
toxicities with I-O agents have different fea-
tures and challenges requiring identification
of a tolerated dose able to provide an optimal
pharmacodynamic effect and acceptable ben-
efit-risk balance [13].

Acceleration of drug development
of immuno-oncology therapy

Accelerated regulatory approval paths provide
an opportunity for patients to gain quick ac-
cess to new treatment modalities [14]. The
classical and stricter delineation between
first-in-human ( FIH) p hase 1 s tudy, p hase
2 and the confirmatory phase 3 has evolved
into a more condensed format, where the ear-
ly-phase clinical studies become a platform for

the health authority approval pathway (Figure
2), particularly in the I-O therapeutic field.

Pembrolizumab, a CPI drug, was certainly
one of the first I-O therapies to benefit from
an unprecedented regulatory outcomes ap-
proval arising from a single entry into human
protocol with a unique design. The innova-
tive and groundbreaking study led in 5 years
to multiple regulatory achievements, includ-
ing orphan drug designation, breakthrough
therapy designations, accelerated approvals
for the treatment of melanoma and NSCLC,
and approval for a companion diagnostic for
PD-L1 tumor expression in NSCLC [15].

In this context, the FDA and EMA health
authorities published in 2017 and 2018, re-
spectively, two guidance documents. These
documents provide advice to sponsors regard-
ing the design and conduct of FIH clinical
trials, ultimately intended to efficiently expe-
dite the clinical development of cancer drugs,
whilst in parallel, ensuring more in-depth
analysis and information on efficacy and tol-
erability to assess benefit-risk [13,16].

—» FIGURE 2

Evolution of the drug development to fast to market strategy.

Classical approval path:

Preclinical/
Early
development

Target
discovery

Pre-clinical
package,
e.g.,CMC
and GLP-tox

Target validation,
drug candidate
optimization,
BM strategy

Safety/
tolerability
clinical PK/PD

Evolution and proposed approval path in cancer therapy:

Target
discovery

Pre-clinical activities

Safety, tolerability, PK/PD, dose finding

HA filing,
approval, launch

Confirmation
of efficacy,
effectiveness
and safety

Dose finding,
PoM/PoC,
validation

of BMs

Favorable
B/R
validation

Fast to market scenario:
Phase 1 study design becomes
more complex, integrating dose

finding, proof of concept originally
coming from delineated phase 2
and phase 3 studies

HA filing,
approval,
launch

and PoM/PoC, B/R assessment

CMC: chemistry, manufacturing and controls; GLP: good laboratory practices; Tox: toxicology studies; PK: pharmacokinetics; PD: pharmacodynamics,
BM: biomarker; PoM: proof of mechanism; PoC: proof of concept; B/R: benefit and risk ratio.
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Phase 1 trials now cover multiple aims such
as characterizing the safety profile, conducting
dose finding and exploring different schedules,
establishing proof of concept, and validating
the clinical benefit. FIH studies have therefore
also increased their complexity, combining
dose escalations with several dose extension
cohorts, some of which involve combinations
of the new molecular entity (NME) with es-
tablished products or even additional NME(s).

MODEL-BASED DOSE
ESCALATION DESIGNS FOR FIRST
IN HUMAN IMMUNO-ONCOLOGY
STUDIES

During the early phase of clinical development,
the safety and tolerability of the new drug is
the primary focus, with the aim to character-
ize as much as possible the safety profile of the
drug and eventually, to identify a maximum
tolerated dose. In recent years, model-based
dose escalation designs have established them-
selves as a valuable alternative to rule-based
designs. A retrospective analysis of more than
1,500 phase 1 oncology dose escalation studies
indeed shows that model-based designs have
become more popular in recent years, despite
their use being still rather limited compared to
rule-based designs [17].

Model-based versus rule-based
designs

In both types of design, the primary outcome
is usually binary, defined as the presence or
absence of a dose limiting toxicity (DLT) in

COMMENTARY/ OPINION

the first cycle(s) of treatment. However, while
with rule-based designs (e.g. the 3+3) there
is no prior assumption of the dose—toxicity
curve, and the patients are assigned to pre-de-
fined dose levels according to pre-specified
rules based on number of observed DLTs on
last cohort (Figure 3A), the model-based design
instead assumes a dose—toxicity relationship.
Data from similar compounds, therapeutic
target, and preclinical data package are used
to build a prior, which is then updated at each
clinical dose decision stage using all available
information from all treated patients (i.e. not
limited to information from the last cohort
only) [Figure 3B]. A further difference is that
rule-based designs require a fixed size of co-
hort in each case, whilst model-based designs
can deal with any cohort size.

In the literature, many different types of
model-based designs have been presented
[18,19], of which the most famous is the con-
tinuous reassessment method (CRM) and
its modifications, such as the escalation with
overdose control (EWOC). In the latter de-
sign, a target toxicity interval for the probabil-
ity of DLT is defined and via Bayesian statis-
tics, dose recommendations which maximize
the probability of being in the target toxicity
interval are made. This model incorporates
the clinical data from all enrolled and ongo-
ing patients to estimate more precisely the
dose—toxicity relationship. In other words,
all available information continuously feeds
an a priori model of dose response toxicity
[20]. As such, the model recommendation for
the next dose cohort could be higher, lower,
or the same as the one just tested. Notably,
in contrast to the classical 3+3 design, these
models provide the flexibility to propose a

—» BOX 2

Example of target toxicity range

» [0-10%] Under dosing
> [10-25%] Targeted toxicity
» [25-100%] Overdosing

Example of overdose probability curve

500 2000

100-
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B

Overdose probability [%]
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—» FIGURE 3

Dose escalation and dose levels examples, A) a rule-based (3+3) and B) model based design.

A: 3+3 design

1"

f bLTro
DLT yes

pie..

111

DL1

me

B: Model based design

SD

e

RD

The 3+3 design primary outcome is binary
based on absence or presence of DLT(s) and predifined dose increments

-1
DL3 o O O

L
11,

et

R0 N——

ne
1. -

The model based design requires the use of Bayesian statistical method
- Information feeds an “a priory” model of dose response toxicity:
- flexibility in the specification of a target toxicity probability
- allow doses to be increased or decreased to enable convergence to the target DLT rate.
- Integration of lower-grade toxicities, tolerability concept, late-onset toxicities and eventual efficacy end-point (benefit/risk)
- Can incorporate accelerated titration design (single patient cohort), intrapatient dose escalation

- Probability {over-toxicity} at next DL exceeded (e.g., >25%)

SD: starting dose; RD: recommended dose; DL: dose level; DLT: dose limiting toxicity or non-tolerable dose.
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reduced dose that has not been already tested,
and to re-escalate again to a higher dose at
next dose cohorts if the tolerability is further
confirmed in more treated patients [21,22]. In
addition, rules to avoid exposing patients to
undue harm are included to ensure patients’
safety. For instance, it is common to impose
maximum dose increments (as 3-fold) and in
the EWOC, doses which are considered too
toxic (usually with a probability of overtoxic-
ity >25%) cannot be tested. The initial model
recommendation is therefore further limited
by those rules and a final proposal is then
made (Box 2). Last but not least, stopping
rules deciding whether the dose escalation

DOI: 10.18609/i0i.2020.020

can be ended are also an integral part of the
design. For instance, this could occur if suf-
ficient information to characterize the MTD
was already achieved, the maximum feasible
dose was proven to be safe, or a maximum
sample size was reached.

As described above, model-based designs
have an adaptive component in the sense
that the choice of the dose to be tested in
the following cohort is not pre-determined,
but rather depends on all accumulated data.
As with other adaptive designs, there is an
increased flexibility compared to a fixed de-
sign but through pre-planning, the validity
and integrity of the trial is not undermined.




Adaptivity does not mean that all is allowed,
nor that it fits all purposes

MODEL-BASED DESIGNS IN
SUPPORT OF THE SAFETY
ASSESSMENT OF IMMUNO-
ONCOLOGY THERAPIES AT FIRST
IN HUMAN STUDY

Beyond the general characteristics of mod-
el-based designs, which make them appeal-
ing in the early stage of drug development
irrespective of the drug class, novel methods
that deal with e.g. late-onset toxicities, chron-
ic and cumulative toxicities, and occurrence
of syndromes might also be more adapted to
I-O drugs . The flexibility that charac-
terizes model-based designs could be used to
address the challenges associated with other
safety features of I-O agents, requiring adapt-
ed dosing approaches to overcome complex
toxicities such as syndromes (e.g. CRS).

Advantages of model-based designs are also
clear in the presence of an accelerated regula-
tory approval pathway, since the already-ac-
cumulated information can be leveraged to
speed up development even in early-phase,
e.g. the investigation of different schedules,
or the assessment of the toxicity for combina-
tion drugs

One possible strategy to deal with late-on-
set toxicities is to extend the DLT/safety ob-
servation periods beyond initial cycles, in
order to include cycle 1 acute toxicity as well
as prolonged and late toxicity, thus impacting
overall tolerability. However, this would pro-
long trial durations prohibitively with stan-
dard designs (both rule- and model-based)
since the entire observation of the full DLT
period is required before being able to take a
decision on the dose for the following cohort.
With this in mind, adaptations to the previ-
ously discussed CRM have been proposed, all
of which have in common the idea of addi-
tionally using information from partially ob-
served subjects throughout the trial, allowing
for some gain in enrollment timelines. Dif-
ferent variations of this type of model exist,

Immuno-Oncology Insights - ISSN 2634-5099

such as the mDA-CRM and the TITE-CRM

Another feature of immuno-oncology
drugs is the potential emergence of syndromes
such as CRS, which could compromise fur-
ther dosing of the patients particularly during
the first and high dose administration of IEC

. In this case, model-based designs can be
applied. For instance, one might decide to
maintain a fixed proportion between the first
and second dose and only have one statistical
model, which would then define increments
of both the first and second dose. In addition,
the model might also be adapted to be able
to guide not only the dose escalation in gen-
eral, but also the fraction between the differ-
ent doses. In this area, further methodologi-
cal development is required since to date, no
model-based methods specifically focused on
step-up dosing or dose fractionations have
been published. However, this situation is
likely to change in the near future.

Finally, the flexibility of model-based de-
signs offers the possibility to simultaneously
incorporate both toxicities and a measure of
potential efficacy to select the optimal biolog-
ical dose and optimum benefit-risk
However, application of those models in early
phase 1 studies is hampered by the lack of a
strong and confirmed dose-efficacy relation-
ship, which is hard to observe particularly in
the absence of a defined biomarker reflective
of clinical activity.

Advantages of model-based design
in an accelerated approval pathway

The general idea of a model-based design is
that dose-toxicity relationship is present and
accumulated data are used to better charac-
terize this curve. In cases where hypotheses
can be made to an analogous setting (e.g. ex-
ploring a different schedule, or a combination
therapy) the accumulated information can
still be informative.

For instance, contrary to what happens with
a 3+3, gathering information on the dose-tox-
icity relationship of a specific schedule can
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also help when a different schedule is subse-
quently explored. In this case, understanding
the PK profile of the drug is key: once there
is a clear idea of which PK parameter is the
main driver for toxicity, this information can
be used to adjust the prior for the new model.

Analogously, the data accumulated in the
monotherapy dose escalation could be used
to inform the combination dose escalation of
the NME with an established drug (e.g. che-
motherapy) which is usually given at a fixed
dose. The monotherapy information has to be
opportunely discounted and further hypothe-
ses on how the safety profile of the individual
drugs influence each other will contribute to
defining the prior for the combination dose
escalation.

CONCLUDING REMARKS

Immuno-oncology therapies present unique
toxicity profiles which are distinct from cy-
totoxic drugs. The safety profile assessment
of these immune-compromising agents re-
quires broadening of the dose-limiting toxic-
ities definitions combined with longer safety
observation periods. Adaptive designs using
Bayesian statistical models are new avenues
to assess the safety profile of I-O therapies as
early as the dose escalation FIH phase 1 stage
and allow for rapid integration of the concept

of tolerability.

The adaptive nature of model-based de-
signs presents clear advantages, and the im-
plementation of such studies involves the
collaboration of expert biostatisticians, cli-
nicians, and safety scientists to develop a ro-
bust, statistics-based model defined prior to
study commencement. The need for special-
ized expertise in setting the model up and the
computational complexities are often singled
out for criticism. However, to overcome these
complexities, model-assisted designs have
which
simplify the design set-up and dose decisions.

been described in the literature

Additionally, the computational complexi-
ties are more limited today than they were in
the past, due to the many tools available for
building a model-based design and the great-
er flexibility of model-based designs com-
pared to model-assisted designs. These factors
contribute to our opinion that model-based
designs are preferable.

Close and early interaction with regulato-
ry agencies provides crucial support to spon-
sors in order to guide and assess the feasibili-
ty of the proposed statistical models. During
the conduct of the study, frequent interim/
cohort analysis to adapt the target-toxicity
probability model implies an agile opera-
tional and clinical environment to ensure
the safety of patients and compliance with
the regulatory requirements (i.e. Good Clin-
ical Practice and Good Pharmacovigilance
Practices).
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Necessity for next-generation
quality assessment of CAR T cell
manufacturing and advanced
therapy guidance

Barbara Seliger, Kristin Reiche, Chiara Massa, Stephan Fricke,
Gerno Schmiedeknecht, Friedemann Horn, Conny Blumert,
Miriam Alb, Michael Hudecek & Ulrike Koehl

Despite encouraging clinical results in B-cell malignancies, redirected chimeric antigen re-
ceptor (CAR) T cells bear several medical and economic challenges. On the one hand, in-
creasing numbers of patients require reproducible and automatic manufacturing of high
quality, clinical-grade CAR T cells retaining the expression of the CAR gene and their cata-
lytic function as well as respective biomarkers to predict processing failure, which is lacking
so far. On the other hand, there is an increasing interest in advanced biomarkers for therapy
guidance and especially, for preclinical testing to assess side effects such as CRS and CRES.

Cell & Gene Therapy Insights 2020; 1(3), 163-168
DOI: 10.18609/i0i.2020.019

NEED FORAUTOMATED CART Despite the clinical efficacy and their approval

CELL MANUFACTURING by the FDA and EMA, these patient-specific
The adoptive transfer of CAR T cells and the  therapies must be improved regarding their
successful remissions in B cell leukemia and  robustness, reproducibility, and cost. Thus,
lymphoma is attracting growing interest for ~ with further applications and increasing num-
the treatment of various malignant diseases.  bers of patients, the reproducible manufacture
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of high-quality clinical-grade CAR T cells in a
shortened time of production is becoming an
even greater challenge . Continuous im-
provement has been described on the evolu-
tion of CAR design regarding increased safety,
better efficacy, prolonged persistence, and ef-
fective trafficking to the cancer side .In
addition, new processing techniques, quality
control mechanisms and logistic developments
are required to meet both medical needs and
regulatory restrictions. Still, manufacturing of
autologous cells for personalized medicine is
time consuming and expensive. Preliminary
results with automated manufacturing gives
rise to improvement in both centralized and
decentralized manufacturing units [6]. How-
ever, a modular, open, and transferable system
with Al-mediated robotics and digital control
as well as the respective automated documen-
tation of all in process parameters is still miss-
ing. Thus, a new concept, which addresses a
100-fold increase in number of patients if tu-
mors can successfully be targeted is urgently

needed

ADVANCED CELL QUALITY
ASSESSMENT TO PREDICT
MANUFACTURING FAILURE

Currently, there are no harmonized rules for
patient selection regarding the leukapheresis
starting material and most importantly, surro-
gate markers are completely missing to predict
production failure and functional activities of
engineered T cells. In several cases, failure in
manufacturing occurs because the patients
are heavily pre-treated, which leads to lim-
ited bone marrow function, less functional,
more exhausted T cells, and finally, a median
production failure rate of approximately 7%
(with a range between 1% and 17%, respec-
tively) . So far, it is known that steroids,
the duration of pre-treatment with immune
checkpoint inhibitors, ibrutinib, and immune
suppressive therapies impair the quality of the
leukapheresis products. This can influence the
fitness of the cells substantially with a change
in the senescence during the manufacturing

DOI: 10.18609/i0i.2020.019

process [10]. In addition, Marco Ruella report-
ed on a single observation that the relapse of
the disease belongs to a contaminating trans-
duced leukemic clone with a final cis/trans
formation during the manufacturing process
. In summary, there is an urgent need for
advanced strategies to improve prediction of
manufacturing failure as well as to enhance
the assessment of the product after manufac-
turing and prior to infusion. Continuous cost
reduction of genome- and transcriptome-wide
methods and their unbiased assessment of cel-
lular states facilitate identification of precise
biomarkers for cell quality assessment pre- and
post-CAR T cell manufacturing
Next-generation sequencing (NGS) allows
comprehensive characterization of genomic
and transcriptomic footprints of cells, thus re-
vealing genetic mutations or changes in path-
way activities of genetically engineered T cells.
Initial studies used single-cell RNA sequenc-
ing to correlate single-cell transcriptomes of
CAR T cell infusion products regarding efh-
. With further studies
to come, including longitudinal assessment of

cacy and safety

transcriptional variation, effects of T cell clon-
al diversity prior to manufacturing, or effects
of the manufacturing process itself on e.g. T
cell exhaustion, CAR gene transduction efhi-
cacy and cellular fitness of CAR T cells will
be much better understood. The application
of advanced methods (single-cell, where need-
ed) such as NGS or Nanostring analysis will
therefore be critical for the identification of
novel biomarkers. These biomarkers will in
turn improve pre-manufacturing cell quality
assessment and thus, prediction of manufac-
turing failure based on investigation of the
starting material, as well as improved assess-

ment of the cell quality of the product itself.

NEED FOR ADVANCED
BIOMARKER IDENTIFICATION
FOR IMPROVED THERAPY
GUIDANCE

Despite promising results of CAR T cell ther-
apy, patients often relapse. This is mediated




COMMENTARY/OPINION

—» FIGURE 1

critical issues of CAR T cell manufacturing processes that require assessment by advanced biomarkers.

Omic-wide strategies for advanced assessment of cells

Advanced biomarkers

Prediction Early Guided therapy
manufacturing fail prediction

of adverse events

Manual & Process Patient Therapy
partly line characterization monitoring
automated automation

PREDICTION MANUFACTURING FAILURE

Feasibility issues

= Cell quality assessment to
Post-infusion predict manufacturing
monitoring issues suitability

» Biological activity of
CART cells

= Off-target cytotoxicity

= |mmune status

= Adverse events (e.g. CRS)

QC issues during manufacturing

= T-cell exhaustion
= CAR gene transduction efficiency
= Cryopreservation issues

(A) Schematic overview of utilizing omic-wide strategies, such as NGS, to identify novel biomarkers, which are decisive for
improvements in predicting manufacturing failure, adverse events, and therapy response of CAR T cells. (B) Representation of
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by the loss of the target structure due to selec-
tive pressure or insufficient CAR T cell per-
sistence iz vivo and has recently been shown
to occur in an immune privileged organ,
which might represent an early sign of relapse

. The lack of robust biomarkers predicting
toxicity and/or efficacy are currently limiting
the management of CAR T cells. Factors in-
fluencing the efficacy of CAR T cell therapy
are highly variable and depend on the indi-
vidual patients’ and disease characteristics,
and on the manufacturing of CAR T cell cul-
tures . Therefore, the identification
of novel biomarkers predicting efficacy and
toxicity, as well as early detection of relapse,
are of high importance and should be imple-
mented into the clinical routine in order to
optimize CAR T cell products and the clini-
cal benefit of this therapy. One should divide
biomarkers into those predicting efficacy and
those predicting toxicity, such as CRS and
CRES. These are mediated by inflammatory
responses and inflammation-associated tissue
damages. Next to inflammatory factors, im-
mune cells and tumor cells play vital roles in
both processes.

STRATEGIES FOR ADVANCED
BIOMARKER IDENTIFICATION &
IMPROVED THERAPY GUIDANCE

Harmonization regarding the management of
adults and children undergoing CAR T cell
therapy has begun, and best practice recom-
mendations are published from the European
Society for Blood and Marrow Transplanta-
tion (EBMT) in cooperation with the Joint
Accreditation Committee of International So-
ciety of Cell and Gene Therapy (ISCT) and
the American Society for Transplantation and
Cellular Therapy . In contrast, less is
established for guidance of CAR T cell ther-
apy based on regular immune monitoring of
patients by in depth flow cytometric charac-
terization and advanced biomarker screening
in longitudinal studies . Again, ge-
nome- and transcriptome-wide strategies but
also functional studies are key methods to

DOI: 10.18609/i0i.2020.019

reveal novel biomarkers to assess the individual
. These include T cell re-
ceptor (TCR) gene sequencing and transcrip-

therapy response

tome-wide NGS (single-cell, where needed)
to analyze the CAR T cell and immune status
in circulating cells (liquid biopsies) and in the
case of addressing solid tumors, the tumor mi-
croenvironment. Next to NGS technologies,
biomarker identification could be achieved by
analysis of growth factors, cytokines, and/or
chemokines in the supernatant of CAR T cells
pre- and post-stimulation, and at various time
points using multiplex ELISA.

In addition, CRS and CRES are key medi-
ators of toxicities related to CAR T cell thera-
py- CRS results from the activation of myeloid
cells by highly activated T cells and is of high
interest for improved research activities. Al-
though antibodies to the interleukin (IL)-6 re-
ceptor (e.g. tocilizumab) can ameliorate CRS,
it is so far not possible to prevent CRS. In ad-
dition, factors associated with tissue damage
have to be taken into account for monitoring.
This gives rise to investigation and develop-
ment of new biomarkers for early detection of
CRS in patients’ peripheral blood, as well as
new models for screening mode of action (e.g.
organ-on-a-chip models).

The majority of currently known bio-
markers used to predict severe CRS were not
detected by unbiased studies, but rather by
assessing a preselected list of marker candi-
dates . However, utilizing unbiased
approaches (e.g. NGS) for future biomarker
discovery has the potential to reveal still un-
known immunological characteristics leading
to severe CRS and thus, to development of
more precise biomarkers [13]. Currently, the
EU project imSAVAR (immune safety ava-
tar: non-clinical mimicking of the immune
system effects of immunomodulatory thera-
pies) is aiming to create a platform of novel
tools, models and resources for early preclin-
ical prediction of possible adverse events of
immunomodulatory therapies. In the future,
this platform should guide early preclinical
safety assessment of novel immunothera-
peutics, thereby reducing the cost of their
development.
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Early use of tocilizumab and
lead-in dose to mitigate
flotetuzumab associated
infusion-related reaction/cytokine
release reaction in patients with
relapsed or refractory acute
myeloid leukemia

Kenneth Jacobs, Ouiam Bakkacha, Priyanka Patel &
Jan Davidson-Moncada

Flotetuzumab, an investigational CD123 x CD3 DART protein, is designed to target acute my-
eloid leukemia (AML) cells by co-engagement of a CD123 and CD3 expressing T cells as effec-
tor cells. The dose-dependent T-cell activation and concomitant cytokine release, including
interleukin 6 (IL-6), is associated with antileukemic activity and cytokine release syndrome
(CRS), significant treatment-related toxicity. CRS manifests as chills/rigors, fever, dyspnea,
hypotension, hypoxia, and tachycardia. During the clinical development of flotetuzumab, no-
table strategies adopted to mitigate the incidence and severity of CRS events include early
use of tocilizumab (8 mg/kg V), IL-6 receptor antagonist, and “priming” with MS LID dosing
regimen, resulting in decreased incidence and severity of IRR/CRS events leading to greater
tolerability of the target dose of 500 ng/kg/day with fewer dose interruptions or discontinu-
ation of flotetuzumab infusion.

Immuno-Oncology Insights 2020; 1(3), 177-180
DOI: 10.18609/i0i.2020.016
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» FIGURE 1 Several strategies have been implemented
Lead-in-dose (LID) and use of tocilizumab decrease during the clinical development of flotetu-
cytokine release syndrome (CRS) incidence, severity and zumab to mitigate the incidence and severity

duration and lead to increase in total dose intensity. . .
Y of CRS events. These include pre-medication

Cycle 1 (continuous intravenous infusion) with dexamethasone, “priming” with multi-
step lead-in dose (MS LID) during Cycle 1

Week 1, early use of tocilizumab (Actemra®),

500 ng/kg/day

Lead-in dose 7 14 o1 an IL-6 receptor antagonist approved for the
management of CAR T-induced severe or

life-threatening CRS, and specific guidance

A) Summary of dose and dosing schedule for flotetuzumab: multi- on dose interruption and discontinuation as
step lead-in-dose (MS-LID) of 30, 60, 100, 200, 300, 400, 500 ng/
kg/day for 24 hours each for days 1 through 7 given via continuous
intravenous (CIV) infusion, followed by 500 ng/kg/day CIV from days Flotetuzumab was administered in mul-

8 to 28 during Cycle 1. tiple small step-up doses (MS LID) for the
first seven dosing days. MS LID comprised of
step-up dosing every 24 hours (30, 60, 100,
200, 300, 400, 500 ng/kg/day; Figure 1). Flo-
tetuzumab, when administered following MS

part of the supportive care regimen.

Flotetuzumab (MGDO006), an investigational
CD123 x CD3 DART" molecule, is currently
under development in a Phase 1/2 clinical tri-
alin p fitients Wit}‘l relapsed or refractory e 11D, successfully decreased incidence and se-
myeloid leukemia. The flotetuzumab-redi-
rected T-cell killing of AML blasts is associat-

ed with dose-dependent activation of T cells

verity of CRS, leading to greater tolerability
of the target dose of 500 ng/kg/day, compared

. ) ) to one-step or two-step LID (Figure 2). Early
and concomitant cytokine release, resulting

in CRS. The clinical manifestations of CRS
include chills/rigors, fever, dyspnea, hypoten-

use of tocilizumab effectively modified I1L6
activity (Figure 2A) and had a significant im-

) ) ' ; pact in reducing CRS duration by 33% with
sion, hypoxia, and tachycardia, which may be
) j - ) an average of 1.2 (range 1-3) versus 1.8 days
associated with T-cell activation and high cy- .
] ) S ) (range 1-5; Figure 3).
tokine levels, including interleukin 6 (IL-6). .
o ) ) As a result of these strategies, in the

In the flotetuzumab clinical trial, cytokine re- ) oy
dose-expansion cohort (n = 50), the majori-

lease, a surrogate of T-cell activation, has been .
’ 5 ’ ty of CRS events have been mild to moder-

associated with the antileukemic activity [1]. . . .
ate in severity and overall of short duration.

Only a single episode of Grade 3 IRR/CRS
has been observed in each of 4 (8%) patients

Hence, blunting rather than eliminating CRS
has been aggressively pursued.

—» FIGURE 2

Lead-in-dose mitigates CRS and consequently leads to improvement in dose intensity.

257 Cycle1 @ 500 nglkgiday Dose Intensity = 60.4% (N=30) cle 1 @ 500ngikg/day Dose Intensity = 80.8% (N=30)
s =+ 1S LD (15) < so0q TTE » i <smq T8 ’
w = () B [
2.0 ==~ 2-Step LID (n=30
@ P LID(=50) 3 400 3 200
— = Mutti Step-LID (n=30) = J
§ sl SN R £
= £ 3004 £ 300
Y f§ {1 7 3
- 1.0 E 200+ £ 200
E 3 =
1] 3 3
v 051 'E 1004 B 100+ — Pianned Dose
& -] — Dose Delivered (£95% C1) 2 — Dose Delivered (£95% C1)
[S] o ™
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Panel A represent CRS grade (mean + SEM) during each week of cycle 1. Panels B and C show dose intensity (%, mean + 95% confidence interval
[CI]) calculated as the amount of drug received during the time on study (actual drug delivered) relative to the intended dose during weeks 2-4
following respective LID during week 1-2-step (left) multi-step (right) LID.
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—» FIGURE 3

Tocilizumab effect on duration of IRR/CRS, irrespective of grade.
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SEM: Standard error of the mean.
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Only patients for whom the drug was not modified as a method of controlling IRR/CRS are included. Mean duration of CRS
without tocilizumab 1.8 days (n = 42) and with tocilizumab 1.2 days (n = 13); P = 0.0202, Student t test.

treated at the RP2D, and no Grade 4/5
CRS per Lee criteria have been reported.
Furthermore, due to these strategies, less
aggressive treatment for the management of
CRS has been required, i.e., with low ICU
admissions and use of vasopressor or oxygen
support. Notably, tolerability for the target
dose of 500 ng/kg/day was increased, requir-
ing fewer dose reductions and interruptions
(Figure 2B & C), as noted by improvement in

dose intensity. Additionally, the incidence of
IRR/CRS decreased in Cycle 1 Week 2 and
beyond.

Lastly, potential determinants of CRS, in-
cluding immune cells [(T-cell subsets (CD4",
CD8"), monocytes] with tumor burden,
percent CD123* AML blasts, and CD123
expression, were investigated. The aim is
to select patients for more aggressive CRS
prophylactic treatment. CRS severity was
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CRS severity in days 1-15 showed a relationship with the baseline frequency of circulating CD4* cells (median
13.3% in GO vs. 23% in G22; p= < 0.0001), while CD8* cell frequency did not associate with CRS.
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associated with the baseline frequency of cir-
culating CD4* cells. Other potential deter-
minants of CRS, including CD8" cell, tumor
burden, etc. did not correlate with CRS se-
verity

In summary, CRS was mitigated with early
use of tocilizumab (8 mg/kg IV) and “prim-
ing” with MS LID dosing regimen, resulting

in decreased incidence and severity of IRR/
CRS events leading to greater tolerability of
the target dose of 500 ng/kg/day with few-
er dose interruptions or discontinuation of
flotetuzumab infusion. While determining
patients at high-risk for CRS has been pre-
liminarily associated with circulating CD4
T-cells, more work need to be carried out.

REFERENCES

1.

180

Genentech, Inc., Actemra (tocili- AFFILIATIONS

Uy G, Aldoss I, Foster MC ez al. Flo- 3.

tetuzumab as Salvage Immunotherapy zumab) [package insert]. U.S. Food

Kenneth Jacobs

for Refractory Acute Myeloid Leukemia. MacroGenics, Inc.

Blood 2020; 12—-14.

and Drug Administration: www.
accessdata.fda.gov/drugsatfda_docs/

label/2020/1252765129,12547250421bl.  Ouiam Bakkacha

Jacobs K, Viero C, Godwin ] et a/. Man- pdf MacroGenics, Inc.

agement of Cytokine Release Syndrome

in AML Patients Treated with Flotetu- 4.
zumab, a CD123 x CD3 Bispecific Dart’
Molecule for T-Cell Redirected Therapy.

Blood 2018; 132 (Supplement 1): 2738.

Priyanka Patel
MacroGenics, Inc.

Lee DW, Gardner R, Porter DL et al.
Current concepts in the diagnosis and
Jan Davidson-Moncada
MacroGenics, Inc.

management of cytokine release syn-
drome. Blood 2014; 124(2): 188-95.

AUTHORSHIP & CONFLICT OF INTEREST

Contributions: All named authors take responsibility for the integrity of the work as a whole, and have given their approval for this
version to be published.

Acknowledgements: None.
Disclosure and potential conflicts of interest: The authors are employees of MacroGenics.

Funding declaration: The authors received no financial support for the research, authorship and/or publication of this article.

ARTICLE & COPYRIGHT INFORMATION

Copyright: Published by Inmuno-Oncology Insights under Creative Commons License Deed CC BY NC ND 4.0 which allows anyone to
copy, distribute, and transmit the article provided it is properly attributed in the manner specified below. No commercial use without
permission.

Attribution: Copyright © 2020 Jacobs K, Bakkacha O, Patel P & Davidson-Moncada J. Published by Immuno-Oncology Insights under
Creative Commons License Deed CC BY NC ND 4.0.

Article source: Invited.

Revised manuscript received: Oct 12 2020; Publication date: Dec 9 2020.

DOI: 10.18609/i0i.2020.016



IMMUNO-ONCOLOGY [NSIGHTS

ADDRESSING LINGERING SAFETY ISSUES FOR
I-O PRODUCT CANDIDATES IN DEVELOPMENT

INTERVIEW

Future pathways towards
improving clinical safety and
efficacy of immunotherapy
agents in melanoma

PROFESSOR PAOLO A ASCIERTO obtained his

medical degree from the University of Naples, Italy, the insti-
tution where he subsequently earned his Board Certification
in Oncology. He went on to serve consecutive positions at
the National Tumour Institute “Fondazione G. Pascale”, in
Naples, as a postdoctoral fellow and then as Vice Director of
the Department of Clinical Immunology. Professor Ascierto
is currently Director of the Department of Melanoma, Cancer
Immunotherapy and Innovative therapy at that same institu-
tion. He is an active Scientific Reviewer for several internation-
al journals, including, NEJM, JCO, Lancet Oncology, and Clinical
Cancer Research, as well as being the Associate Editor for
Onco-Immunology of Annals of Oncology, Chief Section Editor
for Combination Strategies section of Journal of Translational Medicine, Associate Editor of
Journal of ImmunoTherapy of Cancer, and member of the Editorial Board fro ESMO Open.
As a result of Professor Ascierto’s experience and expertise, he has been a valued invited
speaker at more than 400 national and international meetings. Furthermore, he is an active
member of the Italian Society of Medical Oncology (AIOM), American Society of Clinical
Oncology (ASCO), European Society for Medical Oncology (ESMO), European Organization
for Research and Treatment of Cancer (EORTC) and Society of Immuno Therapy of Cancer
(SITC). Professor Ascierto has presided as Principal Investigator on over 120 clinical trials
and he is author of more than 470 publications in peer-reviewed journals. Such journals
include: The New England Journal of Medicine, The Lancet, Lancet Oncology, Journal of
Clinical Oncology, Nature Medicine, JAMA Oncology, and Clinical Cancer Research, among
others. Primarily, his major research interests are the genetics and proteomics of melanoma,
the assessment of molecular markers for tumour progression in melanoma, management
of targeted therapies for melanoma, vaccination treatments and immunotherapy of solid
tumors, biochemical and immunological monitoring, and combination approaches for the
cancer treatment.

e

BIOINSIGHTS www.insights.bio 1 5 7

§>

AV



IMMUNO-ONCOLOGY INSIGHTS

Immuno-Oncology Insights 2020; 1(3), 157-162
DOI: 10.18609/i0i.2020.017

Q What are you working on right now?

PA: I am working on two different areas: translational research in the field of
immunotherapy and melanoma, and clinical research.

In translational research, my main area of interest is mechanisms of resistance and predictive
biomarkers for immunotherapies. I am also collaborating with companies on gene profiling,
identifying other possible biomarkers in the field of immunotherapy, and working on some
aspects of the microbiome.

On the clinical research side, I am working on clinical trials with different sequences of appli-
cation of targeted therapies and immunotherapies in the melanoma field. This means looking at
different sequences for administering the targeted therapy versus the immunotherapy, to try to
verify if the order in which the therapies are given can result in a clinical benefit. We should be able
to disclose the randomized phase II date from that study (SECOMBIT NCT02631447) shortly.

I am also focused on neoadjuvant trials, not only in melanoma but also in cutaneous squa-
mous cell carcinoma (CSCC). We hope to begin clinical trials soon with targeted therapy and
also the triple combination of vemurafenib, cobimetinib, and atezolizumab in the neoadjuvant
setting, in order to see whether these treatment approaches will result in improvements in

pathological complete response and long-term benefit.

Can you provide us with something of a ‘gap analysis’ of the safety
of immuno-oncology therapeutics in the melanoma space, as you
see it today?

PA: The safety profile is something that comes from the clinical trial, of course, but
currently, | think we need more data from real-world experiments to properly define
it. Any gap that exists between the desired and the actual safety profile will only become clear

following more real-world experience and re-

al-world analysis (although there are some tox-

-

“...the first question should
be, do we always need to in the adjuvant setting, In metastaic cancer, we
combine? ... we can often have patients who if they are not treated, will
reach the same long-term
benefit with single treatments. ) edsuccesfully solely through surgery. We must

N\

7\ cities we can see at the clinical trial stage, so
that is data we need to study more).

This is something that we particularly need

likely die. However, in the adjuvant setting,

) we have patients who could possibly be treat-
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understand the risks and the safety aspects as /7

far as possible to inform our discussion of op- “...those melanoma pah ents

tions with those patients - for example, a young with a full-risk factor are
likely to be the ones who

person might be given adjuvant therapy and

experience a permanent side effect. And while

we do see fewer side effects with immunothera- ga | N | ncrease d b en eﬁt frO m a

J

pies versus targeted therapies in terms of overall combination )
numbers, there are still permanent side effects. N
I believe that an international society or V

oncotherapy group should try to collect as
much data as possible from real-world experience to give us a better view of the true safety

profile of these therapies.

What are the key areas of focus in melanoma currently in terms
of understanding mechanisms of adverse reactions to cancer
immunotherapy and how to deal with them?

PA: There are some genetic evaluations underway that may prove to be import-
ant for discovering which patients might be predisposed to adverse reactions.
However, more research should be considered in this field — we don’t need to know the
mechanism of resistance only, we also need to know the mechanism of a side effect in order to
try to prevent it, or treat it better. I personally believe that the key to some side effects lies in

our genes, and of course, in the microbiota (thinking about GI toxicity — colitis, for instance).

As you've mentioned, understanding the optimal timing and
sequence of administration for combinations involving one or more
I-O therapeutic remains a challenge for the field - can you frame
for us the current thinking in the melanoma area in this regard,
relating to both safety and efficacy?

PA: Thisis a crucial question. We have some interesting data coming through now, with
the triple combination of BRAE MEK, and anti-PD-1, for instance. However, for me, the first
question should be, do we always need to combine? In general, we can often reach the same
long-term benefit with single treatments. I think the difference comes in subgroups of patients.

For example, the aforementioned triple combination, or other more aggressive combina-
tions - ipilimumab/nivolumab, for instance - may be of benefit to full-risk patients who have
brain metastasis, elevated LDH, and high tumor burden. And this is the approach we are
taking in practice, considering that all other patients may be able to achieve the same benefit
with a monotherapy. However, it does really depend on the individual patient’s characteristics.

It is also important to consider that there are some melanomas different from cutaneous

melanoma - uveal melanoma, for instance. Uveal melanoma patients don’t tend to respond as
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well to immunotherapy as cutaneous melanoma patients. While in general, I would prefer a
monotherapy option if it looks likely the same clinical benefit can be achieved, there has been
recent data to suggest that the combination of ipilimumab and nivolumab may result in a
higher response rate and greater benefit for uveal melanoma patients.

Again, though, the key for me is that those melanoma patients with a full-risk factor are

likely to be the ones who gain increased benefit from a combination.

Where in particular in your field have you seen recent advances in
defining the mechanism of action of |-O therapeutics, and equally,
where are the key remaining gaps in our knowledge?

PA: At the moment, we know that for at least 50% of metastatic melanoma pa-
tients, we can get long-term benefit - we can say that we can cure them. But for the
others, there is still a lot of work to do.

Building on my earlier comments regarding the adjuvant setting, we see that if we treat
patients with adjuvant therapy, at least 30% will see cancer recurrence in the first year, and
an additional 20% will see recurrence later on. For those patients who fail treatment with an-
ti-PD-1 during the first year, these are probably cancers refractory to immunotherapy. This is a
different scenario to secondary resistance, which may possibly be addressed with the addition
of another compound: refractory patients and patients that relapse after seeing an initial benefit
present us with two different questions.

For the refractory cases, we need to know if this is due to an immune desert in the tumor
microenvironment, or if there are other conditions — it is a question of identifying other mark-
ers for the generation of an immunosuppressive microenvironment. For instance, is expression
of LAG-3 a potential biomarker?

In my view, we should focus more on the tumor microenvironment, and the most important
approach is to try to make cold tumors hot - to make the tumor microenvironment responsive
to immunotherapy.

There are some interesting combinations seeking to achieve this. For example, the addition
of relatlimab (anti-LAG-3) to PD-1 can increase the efficacy of single agent. But this alone is
insufficient, because if you look at data of patients who fail anti-PD-1 and are then treated with
combination therapy, the response levels are not very high. For this reason, we need more and

different combinations.

What emerging therapeutic approaches/modalities from across
the broad cancer immunotherapy field particularly excite you in
terms of their potential to improve clinical outcomes for melanoma
patients?

PA: Currently, it is difficult to beat anti-PD-1 monotherapies in melanoma - with
them, we can achieve long-term benefits in 40-45% of patients. For example, looking
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“...we should focus more on the tumor
microenvironment, and the most
important approach is to try to make cold tumors
hot - to make the tumor microenvironment
responsive to immunotherapy. There are
some interesting combinations seeking to

L achieve this. )

at pembrolizumab plus epacadostat (IDO inhibitor), this combination did not show an in-

crease in benefits; the benefit is similar to monotherapy.

Having said that, we need to do more investigation of combinations. What is interesting
from my point of view is the relationship with the expression of LAG-3 in the tumor microen-
vironment. This may be significant because I believe that in the future, with different combi-
nations, we can better personalize our immunotherapy approach. And by better utilization of
biomarkers, we can select the right combination for the right patient.

For instance, in the field of melanoma today, PD-L1 expression is not very significant - we
don’t use it in the clinic. But in the future, it may be that with anti-PD-L1 expression we can
use a combination if we also see an increase in expression of LAG-3 or TIM-3. We could use an
anti-PD-1 with anti-LAG-3 in the event that we have an increase in LAG-3 expression. Or we
could use a combination of anti-PD-1 with pegylated IL2, which is another interesting recent
study that has shown some promising phase I and II data.

Other interesting combinations include the combination of anti-PD-1 with toll-like re-
ceptor agonists. We have a current phase III trial with tilsotolimod in patients who failed
anti-PD-1 in combination with ipilimumab, and we will have this data very soon. That is an
interesting approach - as we saw from data reported last year at SITC, a toll-like receptor 9
agonist (CMP-001) in combination with pembrolizumab gave 70% of patients a major patho-
logical response.

HDAC inhibitors, even in combination with anti-PD-1, is a further promising approach. We
don’t have a phase 3 trial underway in that area yet, but we have some data that looks promising
from a study of entinostat in combination with pembrolizumab in patients who failed anti-PD-1.

Drug combinations that can target the adenosine pathway may have utility, although that
will perhaps be more in the fields of lung, breast, or kidney cancer than melanoma.

I would also like to see an anti-TIGIT studied in melanoma, because we have already seen
very encouraging data in lung cancer. The preclinical data suggests that a TIGIT/PD-1 combi-

nation in melanoma could potentially be effective.

Lastly, what are your chief priorities for your work over the short-,
mid- and long-term future?
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In the mid-term, I hope to have identify
some interesting combinations from current phase I/II trials that we can explore further in

phase III.
And in the long-term it is about finding the right sequence and using that knowledge to

increase the benefit to patients of drugs that are currently available.
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ADDRESSING LINGERING SAFETY ISSUES FOR I-O
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INTERVIEW

T cell immunotherapy:
addressing toxicity issues in a
rapidly commercializing field

JOHN ROSSI joined Kite in 2015 after 13 years at Amgen. He
is currently a Senior Director in the Department of Translational
Medicine at Kite and leads pharmacology activities related to
the clinical development of Kite's cell therapy pipeline. At Kite,
he has built an effective translational team to support the clinical
development of axicabtagene ciloleucel (Yescarta) and KTE-X19
(Tecartus). His team has contributed directly to the regulatory
approval of these products through pharmacokinetic and phar-
macodynamic evaluation. Among many achievements at Kite, he
has represented the organization through external scientific pre-
sentations and collaborative manuscripts with leading academic
researchers such as Steven Rosenberg and James Kochenderfer
at the NCI. Accomplishments include the discovery of metrics to
characterize CAR T based on functionality, novel biomarker knowledge of how CARs work in the
clinic, mechanistic information on toxicities and insights into the biology of the TME, including
immune checkpoints, and the role of IL-15 in the context of CAR T-cell function.

Immuno-Oncology Insights 2020; 1(3), 191-196
DOI: 10.18609/i0i.2020.021

Q What are you working on right now?

JR: | am a Senior Director and lead the Clinical Pharmacology group at Kite,
A Gilead Company. The Clinical Pharmacology Group resides within the Department of
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Translational Medicine and supports both development and discovery research. Of note are
major contributions that have lead to the approval of T cell therapy products now, Yescarta®
and Tecartus™.

We cover everything in terms of cell therapy development at Kite, from supporting preclin-
ical work, through investigational new drug application (IND), to first-in-human (FIH), all
the way to registration. This support involves performing all of the pharmacokinetic and phar-
macodynamic assessments across our studies. We deep dive into product features that relate to
clinical outcome. Additionally, we are now starting to look at starting manufacturing material
for CAR T cell therapy, assessing what the influence of the fitness and function of those T cells
is coming in, and how that relates to the product coming out. We also support immunogenic-
ity and other safety measurements.

By and large, you can think of us a pharmacology group that also supports the development

of novel biomarkers, in parallel with some of the core data deliverables for registration studies.

How would you define the current state of play in terms of our
ability to understand and anticipate toxicities relating to T cell
immunotherapy? Firstly, in hematologic malignancies: what have
been the key recent advances/improvements there?

Secondary to that are cytopenias that are related
to the therapy, the disease, or a combination thereof.

Over the last 5 years, from the Kite perspective, we have become much more adept at rec-
ognizing and managing CRS and neurologic toxicity. When we started the pivotal ZUMA-1
study in diffuse large B-cell lymphoma, there was a concern that giving corticosteroids would
oblate the function of CAR T cells, and that while you might be able to dampen toxicity, those
patients would have no hope of seeing a disease response.

To a certain extent, the use of anti-IL-6 agents was viewed in a similar light. What we
learned over the course of the study was that by giving appropriately timed doses of either
tocilizumab for CRS, or corticosteroids for neurologic toxicity — or sometimes a combination
of both — we can more effectively manage toxicities. With this approach we could keep people
hopefully out of the ICU entirely — or at least see ICU time decreased — and the number of
fatalities minimized from those toxic events. A lot of this knowledge was obtained through
physician learning on the management of toxicities.

We have also learned through biomarkers: a lot of the key cytokines, CAR T cell pheno-
types, and other features of the patient that factor into toxicities. We are using this information
to develop predictive algorithms that are going to enable us to identify high-, medium-, and
low-risk patients, and that will hopefully influence how they are managed.

In parallel, through a lot of the translational work that has been done both at Kite and

throughout the field, we now understand certain immunological pathways that we can dampen
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“Through clinical identification of problems, and
through translational science, we are starting to
come together to see improvement in toxicity
management with the current generation of cell
therapies. At the other end of the spectrum, we
can begin to think about using these learnings to
design the next generation of cell therapies. These
L are going to be much safer..” )

N

or interdict. This will lead to approaches with more targeted interventions, too, which we be-

lieve could manage toxicity effectively whilst maintaining robust anti-tumor response.

Through clinical identification of problems, and through translational science, we are start-
ing to come together to see improvement in toxicity management with the current generation
of cell therapies. At the other end of the spectrum, we can begin to think about using these
learnings to design the next generation of cell therapies. These are going to be much safer than
what we currently have, and hopefully will have equal, if not better, efficacy and durability of
response.

Our ultimate goal is to put 100% of patients into remission long-term, and although we are

not there yet, we are learning and working daily towards that.

It is still relatively early days in term of T cell immunotherapy’s
migration into the solid tumor area. How do you view the current
status of our understanding of toxicities there?

J R: Forsolid tumor indications, you face several challenges. Target is one — chimeric
antigen receptors require proteins expressed on the surface of non-essential cells. For example,
if CD19 was expressed on the heart, we wouldn’t have CD19 CAR'T cells! Targets that are re-
stricted to tumor cells represent a huge challenge for chimeric antigen receptors in their current
configuration.

The features of the tumor microenvironment pose another hurdle; overcoming an immuno-
logically hostile environment is a challenge both in the field of checkpoint inhibitors and for
engineered cell therapies.

I think improved engineering of future cell therapy products will come into play here.
Adopting approaches where two tumor antigens must be present to activate the CAR — Log-
ic-gated CARs, or SynNotch, for example — is one strategy. On the other end, you have the en-
gineered T-cell receptors that recognize private epitopes from the tumor cell, or shared epitopes

that are presented in an HLA-dependent fashion, which you can target with T-cell receptor
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environment is a challenge

domains, and I think the jury is still out on

potency. We have seen a lot of promise, but

bOth n the ﬁeld Of CheCpriﬂt we need to overcome these barriers to start
inhibitors and for e ngl neered to see cell therapy gain a larger footprint and

-

change how patients with solid tumor malig-

. )
cell thera ples. / nancies and epithelial cancers are managed. 1

Q

194

‘\] believe we will get there, but there is a lot of

work to do, both clinically and scientifically.

Tell us about the challenges presented by the rise of allogeneic
T cell immunotherapy and how you are seeking to address these
Issues.

JR: First and foremost, at Kite we recognize the potential of allogeneic healthy
donor CAR T cell products that can be used as a therapeutic, as well as long-term
stem cell-based approaches to manufacture very uniform allogeneic T cell products.
The hope is that having a product that is safe and highly eflicacious will broaden patient access
to cell therapy products, bring down the costs, and alleviate some of the supply chain and lo-
gistical challenges that one faces with autologous T-cell products. You have to make a new drug
every time for thousands of patients, and obviously things can go wrong — not necessarily with
the process, but with the health of the patient’s T-cells, for example.

That is the promise, but I think the challenge is in getting there. We have a lot of great gene
editing tools at our disposal now. Of course, CRISPR-Cas9 technology is at the forefront of gene
editing, along with zinc finger nucleases and some other approaches. However, there is still a lot
of work to do in engineering efficacious T-cells using those approaches, and finding ways to engi-
neer healthy donor T-cells in such a way that you avoid host rejection. Graft-versus-host disease
is always a concern but has been minimized through the use of targeted knock-in to the Treg loci.

There is a lot of work to do in getting good engraftment because of host rejection features.
We believe that there are multiple potential mechanisms for graft rejection: it could be natural
killer cell-, T cell-, or major histocompatibility complex (MHC) class II-mediated, or there
could be complement antibody-based rejection. We have to look at all of these as Kite moves
into the clinic.

These are major near-term challenges to advancing allogeneic approaches to the point where

autologous cell therapy currently resides, in terms of what we see clinically for patients.

What are the major concerns around T cell immunotherapy in the
combination setting currently, particularly regarding safety aspects
- and again, what approaches is the field taking to alleviate them?
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J R: Most of the combinations we have seen to date have been fairly well tol-
erated. Kite ran the ZUMA-6 study, which was our CD19 CAR, axi-cel (Yescarta®), with
atezolizumab, which is an anti-PD-L1 from Genentech. The toxicity profile of the CAR alone
versus the combination was not much different. But then again, we didn’t see much difference
in efficacy, either. It is hard to move the needle when your overall response rate is pushing 90%,
but we were hoping to see an increase in our complete response (CR) rate and durability of
response. CR rate and durability of response were equivocal.

There are similar studies with checkpoint inhibitors — for example, pembrolizumab and
nivolumab — that have shown some promise of eflicacy without a lot of toxicity. However, they
don’t seem to be dramatically improving the situation.

We need to think about other potential combination therapies, whether they are potentially
offer a safety or an efficacy benefit. Kite has two additional combination studies: the ZUMA-19
protocol is looking at GM-CSF access blockade for toxicity management, and ZUMA-11 is a
combination study with Pfizer’s utomilumab looking at 4-1BB agonism with the hope that we
can increase efficacy. As these targeted intervention trials read out, we will see if we are moving
the needle.

We initially hypothesized that the toxicity could potentially be exacerbated by combinations
and in general, that hasn’t been the case. It seems that most of the dominant toxicities are still
CAR-related, without much exacerbation. More work needs to be done, but there are multiple
opportunities to test different combinations with currently approved products, in order to try

to achieve improvements in toxicity/efficacy profiles.

What are your plans and goals for the foreseeable future?

JR: Our major goals are to execute on our pivotal studies to either drive label
expansion for indications, or to move into earlier lines of treatment - plus of course,
continued optimization of our currently approved products for safety and efficacy.
For example, ZUMA-7 is a pivotal randomized Phase 3 study in second line diffuse large B-cell

lymphoma. We anticipate this will read out

very soon, and we hope to file if the results are [\

positive in order to bring this therapy to more /

patients at an earlier line.

~

In terms of indications we are striving to- “- .We are hOpl ng ]CO ra DDFOV8|

wards, we are hoping for approval in indolent in indolent non-H Odgk| Nn's
lymphoma with Yescarta®. We

non-Hodgkin’s lymphoma with Yescarta®. We
filed on our ZUMA-5 study recently, which

had fantastic results presented at the ASCO. filed on our ZUMA-5 StUdy
We will be following up at ASH with the pri- recenﬂy which had fantastic

mary analysis results in December.
Our ZUMA-3 study in adult acute lym-
)
phoblastic leukemia (ALL) is reading out and k AS CO

results presented at the
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with Tecartus™, we hope to be the first company to have a label for this indication — the only
approved product is currently indicated for pediatric ALL.

One additional point of focus for us will be to continue providing translational data that
allows us to look at running outpatient studies. This will allow us to test our hypotheses around
patient prediction and selection of outpatient versus inpatient. Treating patients in the outpa-
tient setting would ultimately be easier on both the patients and the hospitals, and would also

decrease financial burden.
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