Fulfilling the Promise of Cell Therapies: Preclinical to
Clinical Transition
Meghan M. Flaherty, PhD, DADB
June 12, 2019
NEDMDG Summer Symposium

Introduction
•

Cellular therapies are designed to improve immune systems ability to fight
cancer: adoptive cell transfers (ACT): TILS, TCRs and CARs
– δdT cell, NKT cell, NK cell, myeloid cells
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Adoptive cell transfers
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Rohaan, Virchows Archiv, 2019

Clinical Development of CAR-T
Two marketed CAR-T products: CD19 target
CARs

•

– Patients up to 25 years of age with B-cell
precursor acute lymphoblastic leukemia (ALL)
that is refractory or in a secondary or later
relapse
– Adult patients with relapsed or refractory
large B-cell lymphoma after two or more
lines of systemic therapy including diffuse
large B-cell lymphoma (DLBCL) not
otherwise specified, high grade B-cell
lymphoma and DLBCL arising from follicular
lymphoma.

Rapidly changing scientific, clinical,
regulatory environment

•
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Regulatory guidance for ATMPs (Advanced Therapy Medicinal Products)
• Apply scientific principles of pharmacology and toxicology
• Traditional preclinical testing approaches may not be
appropriate
• OCTGT and EMA recommends early and ongoing
communication during product development
• Determination of cell therapy fate post-administration
•Contributes to characterization of product activity and safety
profile
•Survival/Engraftment
•Distribution
•Differentiation and Integration
•Potential for Tumorigenicity
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Beyond CD19..

Hartmann J, EMBO Mol Med. 2017
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“Pharmacokinetics” and “Pharmacodynamics” of CARTs
•

CARTs are capable of proliferation after infusion –
and the proliferation profile often corresponds
with clinical response
– LMW and Biologics decay following administration
– CT products may expand or proliferate following
administration
– Most CAR-T therapies have peak expansion within 2
weeks and decline over months, with detectable levels
of CAR-T cells present years following administration

•

Cellular kinetics: describe amount of cells infused
– Evaluate the effect of extrinsic/intrinsic factors (age,
race, weight) on the expansion of the modified T cells
– Co-administration of IO agents on cellular expansion
can also be monitored
– Exposure-response and dose-response analyses for
AE’s and efficacy parameters are derived for CK
assessments
– Impact of immunogenicity on CAR-T
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https://acir.org/weekly-digests/2017/october/whats-happening-under-thehood-the-cellular-kinetics-of-a-car-t-cell-therapy

Bioanalytical considerations
Most methods are typically developed and
validated as fit-for-purpose to measure safety
and PD markers

•

Methods for bioanalysis

•

– Molecular assays (PCR, qPRC and sequencing)
– Cellular assays (flow cytometry)
– Imaging
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Adusumilli et al, Sci Trans Med, 2014

•
•

•
•

Method development is generally done with healthy
donor samples
Sample stability – freezing of whole blood, bone
marrow, CSF samples for cellular flow analysis is
generally not possible
Limited reagent availability requires significant
resources and time to develop
Regulatory guidance on bioanalytical method
validation may not readily transfer to CT products (i.e.
flow cytometry validation of accuracy and specificity)

CTL019 Cellular Kinetics

Mueller K, et al Blood 2017

• 2 method evaluation
of CK show
persistence of CTL019
for up to 2 years
• Strong correlation
between 2 methods
• CTL019 expansion
correlated with
response
• Ped B-ALL patients
with higher tumor
burden had increased
levels of CRS
• CTL019 levels in CSF
did not correlate with
Gr 3-4 neuro AE
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Toxicities of CAR-T products
•

Potential for on-target, off tumor CART targeting
– MART-1 and gp100 produce severe skin rash, uveitis, and ototoxicity due to the
expression of antigen

•
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Cytokine release – varied presentation on an individual and indication basis

Hey et al. Blood 2017

Transformative medicine… but only for a while
•
•
•

CD19- and CD22-directed CARs induce
high response rates but many of the
patients will relapse
Extrinsic properties: Antigen escape
Intrinsic properties of T cells correlate
strongly with response:

– Genes associated with memory T cells
– Greater ex vivo proliferation potential
– Upon stimulation, robust increase in
transcription of genes associated with
activation
– In contrast, increase in genes associated
with effector function, glucose uptake
and exhaustion correlated poorly with
response
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Brown and MacKall, Nature, 2019

Bispecific anti-CD19, anti-CD20 CAR in RR NHL
Phase 1 Study Design:
CAR-T infusion split (30/70%) over 2 days
Dose level 0 = 2.5e5 cells/kg
Dose level 1 = 7.5e5 cells/kg
Dose level 2 = 2.5e6 cells/kg
Dose level 3 = 5e6 cells/kg (exploratory
cohort)

Lymphodepletion regimen

Fludarabine 30 mg/m2 x 3d
Cyclophosphamide 500 mg/m2 x 1d

Safety data

Efficacy data (Day 28)

Grade 1 Neurotox 12%
Grade 2 Neurotox 6%
Grade 3 Neurotox 12%
Median: Day 9 (0-13 days)

Durability of response still
unknown

Grade 1 CRS: 14%
Grade 2 CRS 24%
Median CRS: Day 7 (0-13 days)

Schneider, et al J ImmoTher Cancer, 2017
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Dose level 0 = 1CR, 1PR, 1PD
Dose level 1 = 1CR, 1PR, 1PD
Dose level 2 = 9CR, 1PR, 1PD
(91%RR)

Dose selection: ‘What is the optimal dose’
•

Limited preclinical data to inform dose selection in the clinic
• Benchmarking against other CART products is challenging due to: different CAR formats
(i.e. costimulation pathways), co-receptor involvement, affinity to the receptor, tumor
target

•

Key differences exist between solid and hematological tumors which will
impact the cellular expansion and maintenance
• Increase in immunosuppressive tumor microenvironment
• Traffic and accumulation in the tumor site is hindered by poor vascularization and ECM
limited cell migration and expansion
• Upregulation of exhaustion markers

•
•
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‘Intrinsic markers’ are highly variable and have a large impact on response
Variability on the manufacturing and dosing paradigm (i.e. cells/body vs
cells/kg)

Claudin18.2- Gastric cancer
•

•
•
•

Specificity of target: CLDN18.2 is a stomach
specific isoform of claudin-18 that has been
targeted by mAbs with no obvious toxicity in
normal tissues other than the stomach
High, unmet medical need: Gastric cancer
has a 5-yr survival of 5-20%
In vitro cell lysis and cytokine production
(TNF-a, IL2 and IFNg) (data not shown)
In vivo antitumor activity demonstrates
activity in PDX xenograph models

Jiang H, et al J Natl Cancer Inst, 2019
13

Clinical data for CLDN18.2 CAR-T cell
•
•

Peak time (Tmax) ranging from 3 to 14 days
(median 10 days)
Maximal survival time (Tlast) was 57 days,
46 days, 41 days respectively after the first,
second and third cycle when combined with
a precondition of chemotherapy

Conclusions: Non-hematological toxicities
were limited to low grade CRS and GI toxicities

Zhan X, ASCO Presentation 2019

No treatment released SAEs, no DLTs and no
deaths occurred on study
Per RECIST criteria: 8 out of 12 patients had
tumor regressions with 4 objective responses
observed (1 CR, 3PR)
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Advances in CARs to support solid tumor therapies
•

Cytokine secreting CAR-T cells: IL12/IL15, IL7/CCL19, IL-18, CD40L, 4-1BBL
– Enhance proliferation and survival of T cells
– Enhanced recruitment of T and DCs to the tumor tissues

Heckler and Dougan, Gastroenterology, 2018
Kueberuwa, Mol Ther Onc, 2018
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What can preclinical data inform for CAR-T?
•

Information that be translated between the preclinical and clinical space
•
•
•
•
•
•
•
•

•

What does preclinical data not inform:
•
•
•
•
•
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Target validation - Claudin18.2 example
CAR-T format – CD19/CD20 bispecific CAR
Impact of certain secreting proteins (i.e. cytokines, PD-1L, TGFb) on the tumor microenvironment
Benefits for local regional delivery
Impact of irradiation on the CAR-T invasion and persistence
Intrinsic parameters from the patients samples that may drive efficacy (this is a growing area of interest)
PD markers of interest in the clinical study
On-target safety (for some targets)

Dose selection
Need for precondition regiments
CRS potential
Immunogenicity risk
Long term cellular kinetics
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