Journal of

Pharmacology & Clinical Research

ISSN: 2473-5574

Mini Review
Volume 3 Issue 4 — August 2017
DOI: 10.19080/JPCR.2017.03.555619

L
Juniper
J key to the ReLs'EI;IrS:iEeRri

] of Pharmacol & Clin Res

Copyright © All rights are reserved by Zhan Wang

Clinical Pharmacological Considerations on CAR-T %

Cell Therapy for Cancer

Zhan Wang*! and Quan Liu?

IMS, PhD, Independent Pharmacokinetic and Regulatory Consultant, GoldPkSim LLC, Irvine, CA, USA

2PhD, Senior Scientist, Stason Pharmaceuticals, Inc., Irvine, CA, USA

Submission: August 02, 2017; Published: August 10, 2017

*Corresponding author: Zhan Wang MS, PhD, Independent Pharmacokinetic and Regulatory Consultant, GoldPkSim LLC, Irvine, CA,

Email: GoldPkSim@gmail.com

Keywords: Clinical pharmacology; CAR; CAR-T; Cell therapy; Cancer; Pharmacokinetics, Pharmacodynamics

Abbreviations: ACT: Adoptive Cell Therapy; ADME/ADCE: Absorption, Distribution, Metabolism/Catabolism, and Excretion; AICD: Activation-
Induced Cell Death; ALL: Acute Lymphoblastic Leukemia; CAR: Chimeric Antigen Receptor; CD: Cluster of Differentiation; CLL: Chronic
Lymphocytic Leukemia; CRS: Cytokine Release Syndrome; FDA: Food and Drug Administration; IL: Interleukin; ITAM: Immunoreceptor Tyrosine-
based Activation Motifs; iNKT: invariant Natural Killer T; mAb: monoclonal Antibody; MHC: Major Histocompatibility Complex; NK: Natural
Killer; PD: Pharmacodynamics; PK: Pharmacokinetics; scFv: Single-chain variant Fragment; TCR: T Cell Receptor; T,: Central-Memory T; T,
Effector-Memory T; T, ,: Stem-Cell Memory T; TIL: Tumor-Infiltrating Lymphocytes

Introduction
Introduction of CAR-T Cell Therapy

During the past 70 years, cancer therapy has undergone
extensive growth from pharmacotherapy toward targeted
therapy, poised upon the considerations of efficacy and safety
of clinically applied drugs [1]. The strategy behind this growth
was to optimize the structures of the drugs, from synthesized
chemical entities to biologics, to enhance the specificity between
drugs and disease targets for better potency, and yet to minimize
adverse effects to healthy cells. From the 2000s, a better
understanding of cancer immunology and an advent of gene
transfer technologies provided a possibility to revolutionize the
strategy - to modify the therapy-receiver’s autologous T cells
to fight with his own cancer targets, called chimerical antigen
receptor (CAR) T cell therapy [2,3]. This adoptive cell therapy
(ACT) is to genetically engineer the collected patients’ T-cells to
express cell surface receptor(s) (or antibodies, e.g. anti-CD19)
specific to cancer targets and subsequently to administer those
modified CAR-T cells back into the same patient. Those CAR-T cell
react with the cancer targets and start the immune responses
that lead to the destruction of cancer cells.

CAR-T therapy recently achieved striking clinical efficacy

on B cell-derived hematological malignancies [4-6] and
subsequently opened a Pandora box for its multifactorial clinical
pharmacology. Clinical pharmacology, usually serves the key to
the success of clinical application of drugs by evaluating drugs
efficacy and safety. Different from small or large molecules,
whose clinical pharmacology can be acquainted through the
correlation of well-characterized pharmacokinetics (PK, or
ADME/ADCE) with clinical biomarkers or pharmacodynamics
(PD), CAR-T cell therapy, a treatment derived from autologous
T cells to the respective patients, encounters challenges to
generalize PK and PD knowledge. Yet through CAR-T cells and
their binding aspects linking to the efficacy of therapy and
safety/tolerability of patients, CAR-T clinical pharmacology
could be speculated. This mini-review aims to summarize the
general knowledge of CAR-T cell cancer therapy and evaluate the
clinical pharmacological considerations through associated PD

and PK, mainly based on CAR-T interaction with target.

Pharmacodynamic  Considerations upon the
Interaction between CAR-T Cells and Cancer Targets

To know about PD of CAR-T cell therapy, the structure of
CAR-T cell and its interaction with cancer targets needs to be
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understood first. Through ex vivo manipulation of patient T cells,
CAR-T cells express monomeric receptors usually fused with a
spacer element (e.g. the scFv of an anti-cancer mAb that binds
to the target), a transmembrane domain, and an intracellular
part containing immunoreceptor tyrosine-based activation
motifs (ITAMs) [7]. CAR-T cell therapy exploits the normal T cell
functions, which enables recognizing and eliminating infected
and malignant cells, yet with anticipated higher specificity.
Unlike normal T cell receptor (TCR) undergoing major
histocompatibility complex (MHC) dependent binding, which
causes the initial phosphorylation of the CD3 zeta-chain within
T-cell, CAR-T cells may interact with target epitopes by first
recruiting Src kinase to inspire homo-multimerization or inter-
chain phosphorylation of surface chimeric molecules to bind
to targets, while concomitantly interacting with endogenous
TCR complex with non-covalent ionic bonding [8]. A possible
self-protective propensity of CARs - premature exhaustion to
tonic signaling and impact efficacy - in the antigen-absence
environment during ex vivo culture may be noticed [9].

To obtain a specific and sustained interaction between
CAR-T cells and cancer targets for anti-cancer effects, despite the
natural antigen-expression levels of targets, CAR-T cells’ overall
affinity to the targets and the accessibility to epitopes are the
two factors to be evaluated. Efforts to modify those factors were
embraced, for example, by increasing the spacer flexibility to
reach poorly accessible epitopes. Specific designs on spacers
can also be used to stimulate activation-induced cell death
(AICD) in xenograft mouse models [10]. Enhanced efficacy and
minimized toxicity could therefore be achieved by optimizing
the combination of those factors for each patient [11]. Besides
T lymphocytes that most CAR development focuses on, other
effectors, such as natural killer (NK) cells, invariant NKT (iNKT)
cells, different subtype of T cells, were undergone investigation
to become promising cell types for CAR redirection [12].
Therefore, within PD domain, tuning of CAR affinity to improve
potency and mitigate potential toxicity toward the normal cells,
enhancing spacer element engagement to increase epitope
accessibility, and even identifying novel effectors cell types may
be considered.

Clinical Pharmacokinetic Considerations of CAR-T
Cells

The conventional ADME criteria are likely not applicable
here for CAR-T cells. Yet clinical pharmacokinetic considerations
of CAR-T cells can be also evaluated based on the interaction
between CAR-T and cancer targets. The interactions described
previously focused on the situations when CAR-T cells have
already migrated to the cancer target microenvironment or
adhere to the endothelial surface of the cancer cells [13]. CAR-T
cells’ ability to migrate into the cancer environment is also a
key factor relevant to efficacy. Enhancement of the specificity to
bind to the target is likely a key relevant to migration. Further
biodistribution of administered CAR-T cells relies on a process

of chemokine-driven extravasation into antigen-rich tissues
(e.g. solid tumor), so called infiltration [11]. During infiltration,
the important process associated with efficacy, CAR-T cells may
encounter T-cell defense associated with degraded heparanase
[14] and aforementioned immunogenicity due to the transient
up-regulation of exhaustion markers, leading to poor infiltration.
A resolving method was to genetically complementing CAR-T
cells with heparanase. Better penetration into solid tumor mass
was then observed.

In addition to wide biodistribution, the long term in vivo
exposure of CAR-T is a critical and superior propensity compared
to pharmacotherapy or even targeted therapy, as low frequent
(at least once every month) clinical dosing regimens can be
planned and with enhanced anti-cancer effect. To elongate
CAR-T
approach was investigated. It was revealed that anti-CD19 CAR-T
cells incorporating 4-1BB endodomains, compared to CD28
endodomains, had extended the in vivo (mouse model) exposure
of CAR-T cells for months [15]. However, like anti-drug antibody
to biologics, the anti-transgene immunogenicity rising from the
immune-rejection of the host to the different species that CAR-T
cells are derived from can shorten the exposure to less than one
week. Therefore, pre-treatment of immunosuppression leading
to lymphodepletion of the resident T cells provided a strategy to
sensitize the host to CAR-T cells and subsequently achieve long-
term in vivo exposure. Nowadays, the 2™ or 3™ generation of

in vivo exposure, the costimulatory endodomains

CAR-T cells by incorporating 1 or 2 costimulatory endodomains,
respectively, to down-grade immunogenicity and optimize in
vivo exposure may also be considered [16].

The in vivo exposure of CAR-T cells is also determined by
their memory-differentiation phenotype state after modification
before administered into patients. Four states were differentiated
in sequence from naive T cells, throughout T, and T, finally to
T, Interestingly, the in vivo exposure inversely correlates with
the T cell memory-differentiation phenotype, such as T cells in
the T, state displayed longer in vivo exposure than in the T
state, likely due to inability of T, to produce IL-2, a cytokine
for homeostasis [16]. Thus, maintaining CAR-T cells at a pre-
terminally differentiated state could also improve their in vivo
exposure.

Toxicity of CAR-T Cell Therapy

During the clinical development, usually before proof-
of-concept of targeted efficacy, safety/tolerability on healthy
subjects or patients is the first thing to be considered. After
CAR-T cell therapy, the commonly reported toxicities in CAR-T cell
therapy are the cytokine release syndrome (CRS) and normally in
concomitance with neurotoxicity [11,16]. The former arises from
the intensive release of cytokines, such as TNF-alpha, IL-6 and
IFN-gamma, with clinical signs of fever, hypotension, tachycardia
and respiratory distress. Those intense inflammations occurred
soon after the therapy and reached toward a peak within
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days. The latter usually occurs accompanying with CRS, with
signs of confusion, seizures, aphasia, hallucinations, delirium.
Fortunately, those neurological manifestations appear to be
transient and reversible without long-term deficits yet with
unknown mechanisms. Compared to those unfatal toxicities,
persistent B-cell aplasia was more profound and increased the
risk of infection which may lead to hypogammaglobulinemia,
while the other one time on-target off-tumor toxicity caused
fatal incidence [17]. Currently, there is no clinical or regulatory
standard to guide the toxicity management, while prophylaxis,
medicine and supportive care were used in the practice.

Future Prospects

CAR-T cell therapy becomes an emerging area to treat
cancers, in particular for hematological malignancies. With the
rising of pharmaceutical startups focusing on CAR-T cell therapy,
such as Kite Pharma and Juno Therapeutics, Inc., and efforts
from the existing big pharma as well as the need to maturate
the criteria to guide clinical development by regulatory
agencies, the next decade will be a critical period to expand
the science in this field. Surprisingly, the sprout of this (as part
of ACT) therapy took place in 1980s [18]; its evolution in the
past 30 years from pioneering using lymphokine-activated
killer cells, through different immune effectors, such as tumor-
infiltrating lymphocytes (TIL) [19], to TCR and CAR, paved the
recent impressive successes in refractory B-ALL and promising
responses in B-cell NHL and CLL [4]. Although the clinical
application and practice of CAR-T cell therapy remains in fancy,
the recent FDA advisory committee’s recommendation for
approval of the 1% CAR-T cell therapy, Novartis’ tisagenlecleucel
for pediatric or young adult B-cell ALL, demonstrated a large foot
step on the road toward defeating cancer as well as promoting
personalized/precision medicine. Future availability of advanced
technologies and revelation of the unknown areas of human
and cancer immunology will continue to improve the safety
and efficacy in CAR-T cell therapy, for example, by producing
new generation CAR-T cells (e.g. bi-specifics) [20]. Regarding
spreading the success to non-hematological (not B-lineage
restricted) malignancies, challenges such as identifying good
targets to maintain the specificity and enhance infiltration, are
expected to be concurred.
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