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ABSTRACT

Background Locally advanced/recurrent head and neck
squamous cell carcinoma (HNSCC) is associated with
significant morbidity and mortality. To target upregulated
ErbB dimer expression in this cancer, we developed an
autologous CD28-based chimeric antigen receptor T-cell
(CAR-T) approach named T4 immunotherapy. Patient-
derived T-cells are engineered by retroviral transduction to
coexpress a panErbB-specific CAR called T1E28C and an
IL-4-responsive chimeric cytokine receptor, 40,3, which
allows IL-4-mediated enrichment of transduced cells
during manufacture. These cells elicit preclinical antitumor
activity against HNSCC and other carcinomas. In this

trial, we used intratumoral delivery to mitigate significant
clinical risk of on-target off-tumor toxicity owing to low-
level ErbB expression in healthy tissues.

Methods We undertook a phase 1 dose-escalation

3+3 trial of intratumoral T4 immunotherapy in HNSCC
(NCT01818323). CAR T-cell batches were manufactured
from 40 to 130 mL of whole blood using a 2-week
semiclosed process. A single CAR T-cell treatment,
formulated as a fresh product in 1-4 mL of medium, was
injected into one or more target lesions. Dose of CAR T-
cells was escalated in 5 cohorts from 1x107—1x10° T4*
T-cells, administered without prior lymphodepletion.
Results Despite baseline lymphopenia in most

enrolled subjects, the target cell dose was successfully
manufactured in all cases, yielding up to 7.5 billion T-cells
(67.5+11.8% transduced), without any batch failures.
Treatment-related adverse events were all grade 2 or less,
with no dose-limiting toxicities (Common Terminology
Criteria for Adverse Events V.4.0). Frequent treatment-
related adverse events were tumor swelling, pain, pyrexias,
chills, and fatigue. There was no evidence of leakage

of T4* T-cells into the circulation following intratumoral
delivery, and injection of radiolabeled cells demonstrated

WHAT IS ALREADY KNOWN ON THIS TOPIC

= ErbB-targeted therapies such as cetuximab and
afatinib have antitumor activity in head and neck
squamous cell carcinoma (HNSCC).

WHAT THIS STUDY ADDS

= This study demonstrates the safety of intratumoral
administration of panErbB-targeted chimeric anti-
gen receptor T-cells (CAR T-cells) in patients with
locally advanced or recurrent HNSCC. Disease sta-
bilization was achieved in the majority of treated
patients, suggestive of an efficacy signal.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Following intratumoral delivery, lack of leakage
of potentially toxic CAR T-cells into the circulation
provides a rationale for further potentiation of this
approach, for example, through CAR T-cell armoring
strategies.

intratumoral persistence. Despite rapid progression at
trial entry, stabilization of disease (Response Evaluation
Criteria in Solid Tumors V.1.1) was observed in 9 of 15
subjects (60%) at 6 weeks post-CAR T-cell administration.
Subsequent treatment with pembrolizumab and T-VEC
oncolytic virus achieved a rapid complete clinical response
in one subject, which was durable for over 3 years.
Median overall survival was greater than for historical
controls. Disease stabilization was associated with the
administration of an immunophenotypically fitter, less
exhausted, T4 CAR T-cell product.

Conclusions These data demonstrate the safe
intratumoral administration of T4 immunotherapy in
advanced HNSCC.
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INTRODUCTION
Head and neck squamous cell carcinoma (HNSCC)
most commonly presents with locally advanced disease.!
Despite multimodality treatment, locoregional failure
is frequent and 5-year survival falls below 50% for those
who present with locally advanced tumors.' Once patients
become unsuitable for conventional treatment options,
prognosis is dismal with 100% mortality within 30 weeks.?
Immunotherapy using chimeric antigen receptor-
engineered T-cells (CAR-T) has achieved unprecedented
success against selected hematological cancers, most
notably B-cell malignancy.” However, solid tumors such
as HNSCC are much more resistant to this approach.*
Epidermal growth factor (EGF) receptor is expressed in
90% of tumors while other members of the ErbB family
are commonly also present.” To exploit this, we devel-
oped a CAR termed T1E28z in which the promiscuous
ErbB ligand, T1E,® (a chimera derived from transforming
growth factor o and EGF) is fused to a CD28 spacer,
transmembrane and endodomain followed by a CD3(
endodomain.” Conscious of the challenge to achieve effi-
cient retroviral transduction of T-cells from patients with
advanced cancer, we coexpressed T1E28z with the 40f
chimeric cytokine receptor. 40} allows interleukin (IL)-
4-driven selective expansion of transduced cells during
manufacture.” When T1E28z and 40 are coexpressed in
patient T-cells, the resultant drug product is referred to as
T4 immunotherapy. Preclinical evaluation demonstrated
that both T1E28z- and T4-engineered CAR-T proved effi-
cacious in models of several solid tumor types, including
HNSCC.” *"! Moreover, intratumoral CAR T-cell delivery
has proven to be safe in mouse models, owing to reten-
tion of CAR T-cells within the tumor.” '? Consequently, we
undertook a first in human clinical trial of T4 immuno-
therapy in patients with HNSCC, employing intratumoral
delivery to derisk this approach in man. This report
describes an interim analysis of the dose escalation phase
of the study.

METHODS

Study design

This is an open-label, investigator-initiated, single-center
(Guy’s and St Thomas’ NHS Foundation Trust, (GSTT))
non-randomized phase 1 study (EudraCT Number: 2012-
001654-25). A traditional 3+3 dose escalation design was
adopted without lymphodepleting chemotherapy. All 17
enrolled subjects provided written informed consent to
participate. Subjects were not screened for tumor ErbB
status prior to trial entry.

This report describes an interim analysis of the dose
escalation portion of the trial. Primary objectives were
to define dose-limiting toxicities (DLTs) of T4 immuno-
therapy in HNSCC and to determine a safe and feasible
recommended dose for phase-2 testing. Secondary
objectives were to investigate serum cytokine levels post
T4 immunotherapy; assess persistence of CAR T-cells
at the site of injection and efflux into the circulation;

to undertake a preliminary assessment of efficacy and
to determine effects on tumor ErbB (EGF receptor)
expression.

Subjects

Eligible subjects were >18 years of age with locally
advanced and/or recurrent HNSCC, with or without
metastatic disease (excluding brain metastases) for whom
no standard therapy remained or was suitable. Addi-
tional inclusion criteria included disease measurable by
response evaluation criteria in solid tumors (RECIST)
V.1.1"%; Eastern Cooperative Oncology Group (ECOG)
performance status of 0-2; normal cardiac function;
adequate bone marrow function (neutrophils >1.5x10°
/L, platelets >100x10° /L, hemoglobin >90 g/L); inter-
national normalized ratio <1.5; serum creatinine <1.5
upper limit of normal (ULN); bilirubin <1.25 times ULN
and alanine aminotransferase and aspartate aminotrans-
ferase <2.5 times ULN (<5 times ULN if liver metastases
present).

Exclusion criteria included the presence/imminent
occurrence of airway obstruction, unless tracheostomy
in place; the presence/imminent occurrence of tumor-
mediated infiltration of major blood vessels; infection with
HIV-1, HIV-2, human T-lymphotropic virus (HTLV)-1,
HTLV-2, hepatitis B, hepatitis C or syphilis; splenectomy;
clinically active autoimmune disease; concurrent antico-
agulation therapy or treatment in the week prior to T4
immunotherapy with: (1) systemic corticosteroids (>20
mg prednisolone/day); (2) any systemic immunomodu-
latory agent; (3) radiotherapy; (4) chemotherapy or (5)
any investigational medicinal product.

Manufacture and release of T4 immunotherapy

T4 immunotherapy was manufactured over 14 days
using whole blood (40-120 mL) as starting material.
Manufacture was undertaken at the GSTT GMP manu-
facturing facility as described,'* using immobilized CD3
and CD28 antibodies rather than paramagnetic beads to
elicit T-cell activation. In brief, gene transfer was achieved
using the SFG T4 retroviral vector, produced by EUFETS
(now BioNTech; Iadr-Oberstein, Germany) from a PG13
master cell bank.” Vector was harvested in serum-free
X-VIVO 10 medium (Lonza, Basel, Switzerland), with
batch titers from 2.65 to 2.9x10° viral particles/mL. A
vector multiplicity of infection of 4.2 was used to achieve
gene transfer into activated T-cells. Interleukin-4 was the
sole cytokine support provided after gene transfer.'* The
drug substance was subject to release testing as summa-
rized in online supplemental table S1."”” Drug product
was suspended in X-VIVO medium (Lonza, Basel Swit-
zerland) + 1X GlutaMAX (ThermoFisher Scientific,
Horsham, UK) + 10% human AB serum (BioIVT, West
Sussex, UK).

Protocol treatment
Lidocaine or bupivacaine local anesthesia was adminis-
tered as premedication to the overlying skin and target

2

Papa S, et al. J Immunother Cancer 2023;11:¢007162. doi:10.1136/jitc-2023-007162

1ybuAdos Aq
pajaalold ‘1da@ Adewieyd [endsoH aai4 [eAoy 18 €202 ‘vZ Aine uo /wod fwg-oul//:dny wolj papeojumod "€20Z aunr GT U0 Z9T/.00-£202-OU/9ETT 0T Se paysiignd 1siy :19oued Jaylounwiw| ¢


https://dx.doi.org/10.1136/jitc-2023-007162
http://jitc.bmj.com/

lesion (s). T4 immunotherapy was administered as a fresh
product without prior lymphodepleting chemotherapy,
meaning that vein to treatment time was 14 days. CAR
Tcell doses ranged from 1x10” to 1x10° in five dose
cohorts (online supplemental table S2).

Drug product was delivered in a bag containing a Luer
port. The bag was carefully mixed to resuspend aggre-
gates before the appropriate therapeutic volume (1-4
mL: online supplemental table S2) was drawn up into
a Luer syringe.14 Following attachment of a 21 gauge
needle, T4 immunotherapy was immediately delivered
by intratumoral (single or multisite) injection to one
or more predefined HNSCC tumor(s)."” In one case,
ultrasound guidance was used to facilitate accuracy of
injection.

Endpoints

The primary endpoint was occurrence of DLTs induced
by T4 immunotherapy within 6 weeks of treatment.
Secondary endpoints included serum cytokine levels,
presence of T4 cells in the circulation and tumor biop-
sies (where available post therapy), effect of T4 immuno-
therapy on reactivity to MAGE-A3 and MAGE-A4 tumor
antigens, objective tumor response and time to progres-
sion. Trafficking of T4 immunotherapy was assessed
in a single subject, using a radiotracer consisting of
['"'In] Indium passively labeled T4" T-cells (30x10° cells
containing 5MBq ['"'In] Indium). The radiotracer was
administered on the same day as the T4 drug product,
but as a separate procedure. A single photon emission CT
(SPECT) scan was performed approximately 1 hour after
radiotracer delivery while additional SPECT scans were
performed at 24 and 48 hours and were coregistered with
the initial CT scan.

Response criteria

Response was assessed using RECIST V.1.1." Up to five
accessible and measurable tumors were documented at
baseline prior to injection with T4 immunotherapy. Base-
line CT imaging was carried out a maximum of 4 weeks
prior to T4 immunotherapy injection and response was
evaluated by CT scanning 6 weeks after administration
of T4 immunotherapy. Confirmation of any partial or
complete response was required at least 4 weeks after
initial response imaging. Ongoing evaluation after
progression was by the referring clinician’s standard
practice.

Safety

Safety reporting was conducted using the National Cancer
Institute Common Terminology Criteria for Adverse
Events (NCI CTCAE V.4.03; https://evs.nci.nih.gov/
ftpl /CTCAE/CTCAE_4.03/CTCAE_4.03_2010-06-14_
QuickReference_8.5x11.pdf, accessed March 18, 2023).
Decision to dose escalate was made after review of the
preceding dose level safety outcomes by the combined
trial steering and data monitoring committee.

Statistical methods

All subjects who consented to treatment are described. All
subjects who received T4 immunotherapy completed the
minimum 28-day DLT analysis period and were included
in the safety analysis. Descriptive statistics are presented to
address the primary and secondary study aims. In explor-
atory comparative analyses, between-group comparisons
were conducted by unpaired t-test, and within-group
comparisons by paired t-test. Survival was analyzed using
the Kaplan-Meier method. All statistical analyses were
performed using GraphPad Prism V.9.5 (GraphPad soft-
ware, Boston, Massachusetts, USA).

Translational methods
Please see online supplemental methods section for addi-
tional translational methods.

Multiplex cytokine bead array

Serum levels of a custom panel of 29 cytokines were
measured before, and at 30 min and 1, 4, 24, 48-96 and
120-168 hours post T4 immunotherapy. Frozen sera were
thawed, vortexed, centrifuged at 1000xg for 10 min and
analyzed undiluted using a ProcartaPlex Immunoassay
Kit (ThermoFisher), according to manufacturer’s instruc-
tions. Data were analyzed using a Luminex xMAP Intel-
liflex (ThermoFisher).

Flow cytometric assays

All analyses were performed on a Fortessa flow cytometer
(BD Biosciences, Franklin Lakes, New Jersey, USA) using
FACSDIVA or FlowJo v10 software (both BD Biosciences).

Immunophenotyping of T4 immunotherapy product
Immunophenotyping was performed for information
only on nine batches of T4 immunotherapy. Compensa-
tion beads were prepared fresh for every run and used as
per manufacturer’s instructions, including fluorescence
minus one controls. All incubations were performed on
ice in the dark.

Drug substance (2 mL) was collected, centrifuged (200 g,
5 min) and resuspended at 10x10°/mL in PBS. For antibody
panel 1, 100 pL of cells (1x10°) were stained with 8 puL. bioti-
nylated ant-hEGF antibody (R&D systems, code BAF236,
Minneapolis, MN). Phosphate buffered saline (PBS; 2 mL)
was then added, and the cells were washed (200 g for 3
min). After discarding supernatant, cells were resuspended
in 100 pL. PBS and incubated with 1 pL Streptavidin-PE
(ThermokFisher, code S866) for 15 min. Wash was repeated
and cells were resuspended in 100 pL. PBS with 3 pL of each
antibody (all from BioLegend, San Diego, CA; antiCD3
APC-Cy7 (HIT3a), antiCD4 AF700 (RPA-T4), antiCD8 FITC
(SK1) antiCD62L PerCPCy5.5 (DREG-56), antiCCR7 BV605
(GOG3HY7), antiCD57 APC (QA17A04), antiCD28 BV421
(CD28.2), andiCD45RO PE-Cy7 (UCHLI)) before being
incubated for 25 min. Cells were washed and resuspended
in 300 pL PBS for analysis. For panel 2, cells were similarly
stained with anti-hEGF and Streptavidin-PE followed by 3
pL of each antibody (all from BioLegend; aniCD3 APC-Cy7
(HIT3a), andiCD4 AF700 (RPA-T4), antiCD16 FITC (3G8),
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antiCD25 PE (BC96), antiCD45RO PerCPCy5.5 (UCHLI),
antiCD45RA BV605 (HI100), antiPD-1 APC (EH12.2H7),
antiCD19 BV421 (HIB19), antiNKG2D PE-Cy7 (1D11)),
incubated for 25 min, washed and resuspended in 300 pL
PBS. For the unstained control, 50 pL of cells (5x10°) were
taken washed once in PBS as per the above conditions, before
being resuspended in 300 pL PBS for analysis.

Additional immunophenotyping was performed on a
subset of T4 batches where sufficient retention samples were
available. In these subjects, best RECIST response following
T4 immunotherapy was stable disease (n=8) or progressive
disease (n=3). Cryopreserved cells were thawed rapidly at
37°C, then washed with 1xPBS. Cells were surface stained
with the following antibodies in 1xPBS for 30 min at 4°C
(protected from light): CD4-APC-Cy7 (RPA-T4), CD8-Alexa
Fluor 700 (SK1), PD-1-PerCP-CY5.5 (EHI12.2H7), CD71-
Per-CP-Cy7 (CY1G4), CD39FITC (Al) (all BioLegend)
and CD98-PE-Vio770 (REA387) (Miltenyi Biotec). CAR
was stained with a biotinylated anti-hEGF antibody (R&D
systems, code BAF236) followed by streptavidin-BV510.
Cells were stained concurrently with 1 pL/mL Live/Dead
dye (ThermoFisher). Cells were washed with IxPBS, then
fixed with FOXP3 fix buffer (ThermoFisher) for 20 min at
room temperature (protected from light). Cells were stained
for intracellular markers using the following antibodies in
FOXP3 perm buffer: Glutl-APC (Abcam, Cambridge, UK),
PGClosrabbit (Novus Biologicals, Bio-Techne) followed
by APCrabbitIgG (BioLegend). Donor cells from a single
healthy donor were analyzed in each run as a control for
consistency.

CAR-T cell effector molecule production assay

Functional analysis was also performed on T4 retention
samples described in the previous paragraph. Thawed
CAR T-=ells were resuspended at 1 million/mL in RPMI
1640 medium (ThermoFisher) supplemented with 10 mM
glucose, 0.1 mM non-essential amino acids, 10 mM HEPES
buffer, 1 mM sodium-pyruvate and 10% fetal calf serum (FCS;
all Sigma-Aldrich). Brefeldin A (1 pg/mL; BioLegend) was
added to block export of effector proteins. Cells were either
rested or activated with plate bound CD3 (OKT3 1 pg/mL)
and CD28 (CD28.2, 0.5 pg/mL) antibodies (all BioLegend)
in a 96 well plate in an incubator overnight at 37°C, 5% CO,
After washing in 1xPBS, cells were surface stained as before
with: biotinylated anti-hEGF antibody (R&D systems, code
BAF236), Streptavidin-BV510, CD4APC-Cy7, CD8-Alexa
Fluor 700, and live/dead dye. After fixation with Cytofix
(BD Biosciences) for 20 min at 4°C, cells were stained with
Granzyme-B-AF488 (GRZB; Biolegend), tumor necrosis
factor (TNF)-0-APC and IFN-¢BV421 (all BD Biosciences) in
permeabilization buffer (1% FCS, 0.1% saponin in 1xPBS)

for 30 min.

RESULTS

Trial participants

Seventeen subjects consented to participate and were
enrolled in the T4 immunotherapy phase 1 clinical trial

between June 2015 and November 2018 (table 1). Fifteen
subjects were treated across five dose cohorts ranging
from 1x10” to 1x10” T4" autologous cells. Two subjects
did not receive T4 immunotherapy. One subject in cohort
2 died due to progressive HNSCC during the 14 day
manufacturing process and a second subject in cohort 4
failed screening due to tumor proximity to major vessels
(CONSORT diagram shown as figure 1). Ages of treated
subjects was 39-82 years and ECOG Performance Status
(ECOG-PS) ranged from 0 to 2. Subjects had received up
to 8 lines of prior treatment with surgery, radiotherapy,
and chemotherapy, in line with current clinical practice.

Manufacture of T4 immunotherapy

T4 immunotherapy was successfully manufactured from
whole blood (40-120 mL) in all cases, despite lympho-
penia in 12 of 15-treated subjects (online supplemental
table S4). There were no batch manufacturing fail-
ures. Robust expansion (figure 2A) and enrichment
(figure 2B) of transduced cells in response to the bespoke
4of-cytokine receptor+IL-4 culture system was consis-
tently observed,” irrespective of starting material blood
volume or lymphocyte count. Products were not formally
tested for potency using functional assays (eg, cytokine
release, cytotoxicity) prior to administration since cells
were formulated as a fresh product.

Phenotyping of the T4 immunotherapy product indi-
cated that CD4/CD8 T-cell ratio varied significantly
across batches (figure 2C). Transduction efficiency was
higher in the CD4" subset (figure 2D), with significantly
higher levels of expression of NKG2D and CD45RA in
the CD8" compartment (figure 2E). Individual batches
showed antigen experience as illustrated by almost
uniform CD45RO staining (figure 2F), with the CD4
CD45RO" cells being evenly split between central and
effector memory populations as assessed by CD62L
or CD28 expression (positive or negative respectively;
figure 2G). Analysis of the CD8 CD45RO" cells using the
same markers revealed a significantly higher population
of effector memory cells (figure 2G).

Systemic immune activation post-T4 immunotherapy injection
Within hours of CAR T-cell immunotherapy treatment,
elevated circulating cytokine levels were detected in two
of the fifteen subjects treated, both of whom were in the
highest (1x10° cells) dose cohort (figure 3). Evidence of
epitope spreading was interrogated utilizing MAGE-A3
and MAGE-A4 overlapping peptide stimulation of Periph-
eral Blood Mononuclear Cell (PBMC) pre-exposure
and postexposure to T4 immunotherapy. Analysis was
conducted for cohorts 3-5 (1x10°~1x10° T4" CAR T cells)
with no definitive dose-dependent correlation observed
(online supplemental figure 1A,B).

Biopsy analysis

Paired pretreatment and post-treatment tumor core biop-
sies were obtained from subjects 8, 9, 10 and 17. Tumor
was identified in only 2 of 4 post-treatment biopsies
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Table 1 Subject details

Age T4 dose
Cohort (decade) ECOG PS Gender (x10°cells) Primary site Prior treatment
1 6th 1 M 1 Nasal cavity Surgeryx3; radical RT; CTX—Cisplatin, 5-FU;
cetuximab
6th 1 F 1 Oral (tongue) Surgeryx1; Radical RT; CTX—cisplatin, 5-FU
6th 1 Oral (tongue) Surgeryx1; radical RT; CTX—cisplatin, 5-FU
2 6th 1 F 3 Oral (tongue) Surgeryx4; adjuvant RT, CTX—cisplatin,
carboplatin; palliative RT
6th 2 M Died Oral (tongue) Radical RT; CTX—cisplatin
during T4
manufacture
6th 1 M S Oral (tongue) Surgeryx1; palliative RT; CTXxcisplatin, 5FU,
cetuximab
8th 2 M 3 Oropharynx Radical RT
3 7th 1 M 10 Neck Surgeryx3; radical RT, CTXxcisplatin, 5FU,
cetuximab, docetaxel, Carboplatin
9th 0 M 10 Oral (buccal Surgeryx4; Radical RT
mucosa and
mandible)
7th 1 M 10 Oropharynx Surgeryx1; radical RT; CTXxcisplatin, 5FU
4 7th 0 F 30 Oral (mandibular Radical RT
alveolus)
4th N/A M Failed Oral (tongue) Surgeryx1; radical RT
screening
7th N/A M 30 Oral Surgeryx1; RTx1 (nature unknown); CTX
(oropharyngeal) coursesx1 (nature unknown)
9th 1 M 30 Oral (tongue) Surgeryx1; RTx1 (dose unknown)
5 4th 1 M 100 Nasopharynx Surgeryx1; RTx1; CTX coursesx1
6th 1 F 100 Oral (mandibular Surgeryx2; RTx2; CTX coursesx1
alveolus)
7th 1 M 100 Oropharynx RTx1; CTXx3; pembrolizumab

CTX, chemotherapy; ECOG PS, Eastern Cooperative Oncology Group Performance Status; F, female; FU, follow-up; FU, follow-up; M, male;

NA, not available; RT, radiotherapy.

(subjects 8 and 10, obtained on days 8 and 15 after CAR
T-cell treatment, respectively). In both cases, there was
no evidence of EGF receptor downregulation in the

)
Screened for Eligibility

(n=17,
\ ) Excluded
(did not meet eligibility criteria)

v
.
Entered into Study

(n=16) Withdrawn
;'—/ (death due to disease progression

(n=1)

¥ during manufacturing)
( ) (n=1)
Treated on Study
(n=16)

' ' ' ! !

T4 T4 T4 T4 T4
immunotherapy immunotherapy immunotherapy immunotherapy immunotherapy
1x107 in 1ml 3x107 in 1ml 1x108 in 2ml 3x10% in 3ml 1x10° in 1ml
(n=3) (n=3) (n=3) (n=3) (n=4)

Figure 1 CONSORT (Consolidated Satndards of Reporting
Trials) diagram.

post-treatment biopsy, nor were CAR T-cells identified
using RNAScope (data not shown). IL-4 was not analyzed
in tumor biopsies and was not used to select subjects for
recruitment to this study.

Clinical outcomes

No clinical responses by RECIST V.1.1 at day 43 were
observed. Stable disease (SD) as best response was
observed in 9/15 subjects (figure 4A) while progressive
disease (PD) was observed in remaining subjects, giving
a disease control rate of 60% at day 43. Median overall
survival was 285 days (IQR 149-379 days), assessed with
a data cut-off of December 9, 2022 (figure 4B). This
compares favorably with historical expectations for refrac-
tory/untreatable HNSCC.? There was no association
between dose cohort and overall survival (figure 4C).
One patient treated in cohort 3 achieved stable disease
following T4 immunotherapy. He next received combina-
tion pembrolizumab and T-VEC treatment in a separate
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clinical trial and achieved a complete response, durable
for over 3 years.

Spikes in neutrophil count and neutrophil/lympho-
cyte ratio (NLR; online supplemental figures 2A,B) were
observed in the days immediately post T4 immunotherapy
in the two highest dose cohorts. No such trend was seen
with lymphocyte counts, which were low at baseline for
the majority (online supplemental figure 2C) o Spikes in
C reactive protein and ferritin were also seen in a subset
of subjects (online supplemental figure 2D,E), suggestive
of an early systemic cytokine-driven response.

Characterization of T-cell phenotype in stable versus
progressive disease populations

In a subset of 11 subjects (3 PD and 8 SD; figure 5A) from
whom sufficient CAR T-cells from the infusion product

were retained, further immunophenotypic analysis was
undertaken (gating strategy shown in online supple-
mental figure 3). The CD4/CD8 T-cell ratio in the T4
CAR-expressing population (eg, CD3" CAR") tended
to be higher in the SD population (figure 5B). A more
exhausted phenotype was observed at baseline in the
three subjects with PD versus the eight who achieved SD
(figure 5C). This was indicated by a trend toward higher
CD39 expression by CD4" CAR T=cells from the PD group,
together with significantly elevated TIM-3 levels in both
CD4" and CD8" CAR T-cells.

Next, markers of metabolite transportation and mito-
chondrial biogenesis in T4" CAR T-cell products was
examined. Significantly reduced GLUTI expression
was seen in the CD4" CAR T cells of the PD population,
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Figure 5 Immunophenotypic analysis of T4 CAR T-cell batches in patients with stable (SD) or progressive disease

(PD). (A) Outcomes of 11 patients whose pre-infusion CAR-T phenotype was assessed in surplus retention samples.

(B) Cryopreserved PBMCs from the infusion product were analyzed by flow cytometry, with gating on live CD4* and CD8*
CAR-T cells. Ratio of CD4 to CD8 CAR-T cells in PD and SD patients is shown. (C) Frequency of PD17, TIM-3" and CD39"
CD4* and CD8" CAR-T cells. (D) Frequency of GLUT-1", CD71*, peroxisome proliferator-activated receptor-y coactivator
(PGC1A)" and CD98* CD4* and CD8* CAR-T cells. (E) Representative flow cytometry gating of TIM-3*, CD39* and GLUT-1"
CD4" CAR-T cells in SD and PD subjects with gating on healthy donor T-cells as a control. CAR-T effector molecule production
was assessed by incubating cells overnight in the presence of brefeldin-A+plate-bound aCD3/0.CD28 activation before staining
for intracellular proteins. (F) Mean proportion of CD4" and CD8* CAR-T cells in SD and PD subjects that are single, double, or
triple positive for Granzyme B (GRZB), IFN-y and TNF-o; each pie chart totals 100%. (G) Total frequency of GRZB*, IFN-y* and
TNF-of CD4* and CD8" CAR-T cells. (H) Representative flow cytometry gating of GRZB™, IFN-y" and TNF-o." CD8* CAR-T cells
in an SD and PD subject with gating on healthy donor T cells as a control. Statistics: SD and PD groups were compared by
unpaired t-test. CAR T-cell, chimeric antigen receptor; PBMCs, peripheral blood mononuclear cells.
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Table 2 Treatment-related adverse events (n=80)*

Toxicity Grade 1, n (%) Grade 2, n (%) All, n (%)
Cardiovascular
Tachycardia 1(1.3 0 (0) 1(1.3
Orthopnoea 1(1.3 0 (0) 1(1.3
Dermatologic
Rash 1(1.3) 0(0) 1(1.3)
Pruritus 1(1.3) 0(0) 1(71.
Erythema 3(3.8) 0 (0) 3(3.8
Gastrointestinal
Nausea 1(1.3) 0(0) 1(1.3)
Constipation 1(1.3) 0(0) 1(1.3)
Diarrhea 1(1.3) 0(0) 1(1.3)
Dysphagia 5 (6.3) 2 (2.5) 7 (8.8)
General
Fever/fever 7 (8.8) 0(0) 7 (8.8)
Swelling of injected tumor 10 (12.5) 4 (8) 14 (7.5)
Pain 9 (11.3) 8 (10) 17 (21.3)
Chills 2 (2.5) 1(1.3) 3(3.8)
Fatigue 6 (7.5) 5 (6.3) 11 (13.8)
Thick secretions 1(1.3) 0(0) 1(1.3)
Hyponatraemia 1(1.3) 0 (0) 1(1.3)
Nasal discharge 1(1.3) 0 (0) 1(1.3)
Night sweats 1(1.3) 0 (0) 1(1.3)
Raised CRP 1(1.3) 0 (0) 1(1.3)
Prolonged admission 2 (2.5) 0(0) 2(2.5)
Hematologic
Anemia 1(1.3) 1(1.3) 2 (2.5)
Infection
Tumor 0(0) (1.3) (1.3)
Bronchial 0(0) 2 (2.5) 2 (2.5)
Neurologic
Headache 1(1.3) 0 (0) 1(1.3)
Ptosis 1(1.3) 0 (0) 1(1.3
Tinnitus 1(1.3) 0(0) 1013

*No events above grade 2. Percentage shown is that of the 80 treatment-related adverse events.

CRP, C reactive protein.

suggestive of a reduced ability to uptake glucose for glycol-
ysis (figure 5D). Differences in GLUT1 expression were
not observed in the CD8" CAR T-cells, while expression
of CD71 (transferrin receptor) and CD98 (neutral amino
acid transporter) were also similar in CAR T-cells from
PD and SD groups. Peroxisome proliferator-activated
receptor-y coactivator (PGC)-la promotes mitochondrial
biogenesis and a trend toward increased expression of
this factor was noted in CD4" and CD8" CAR T-cells from
SD subjects (figure 5D). Representative dot plots of CD4"
CAR T-cells from a healthy control, a subject with SD and

a subject with PD are shown for TIM-3, CD39 and GLUT1
(figure 5E).

Effector capacity of T4" CAR Twcells was evaluated
through analysis of GRZB, IFN-y and TNF-o. levels at rest
and after overnight anti-CD3/CD28 stimulation. In SD
subjects, we observed a trend toward an increase in CD8"
CAR T-cells that were double positive for these effector
markers following overnight stimulation (figure 5F). In
keeping with this, SD subjects also demonstrated a trend
toward greater IFN-y and TNF-o production by both CAR
T-cell subsets after activation (figure 5G). Representative

10
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Day 1 Day 2 Day 3

Figure 6 SPECT-CT imaging of ['"'In] radiolabeled T4

CAR T-cells. A radiotracer was prepared in which 30x10°
autologous T4* CAR cells were labeled with 5MBq ['''In]
indium. The tracer was injected into a target lesion in the right
buccal mucosa in a single subject (CAR-HNC-016). SPECT
scans were performed at the indicated intervals and were
coregistered with a CT scan (shown below) performed on day
1. CAR T-cells, chimeric antigen receptor T-cells; SPECT-CT,
single photon emission-CT.

plots for CD8" CAR T-cells that contain GRZB alone or
co-produce IFN-y and TNF-o. are shown for a healthy
donor, an SD and a PD subject (figure 5H).

While sample size is small, these data collectively suggest
that more favorable clinical outcome is associated with a
less exhausted and more functional CAR T-cell product.

Safety of T4 immunotherapy

Overall, T4 Immunotherapy administered at doses
ranging from 1x10” to 1x10° T4" CAR T cells was safe
and well tolerated. No DLTs or treatment-related adverse
events (AEs) above grade 2 were observed (table 2). Most
frequent treatmentrelated AEs included pain, swelling,
fatigue and dysphagia. Two treatment-related serious AEs
(SAEs) were reported in subjects treated at the highest
(1x10° T4") dose level. Both consisted of a prolongation
in protocol-mandated admission duration (24 hours)
due to grade 1 fever. These were precautionary in both
cases, in light of the possibility of evolving cytokine
release syndrome (which did not ensue in either case).
Three further SAEs unrelated to T4 immunotherapy
were reported; namely oral pain, tumor hemorrhage
and raised liver function tests (secondary to concomitant
medication). All AEs and reactions are summarized in
online supplemental table S5.

Given the potential for on-target off-tumor activation
of T4 through its engagement with ErbB family members
in normal tissues, examination of leakage of T4" cells
into the circulation was undertaken. No signal above

background was detected using quantitative PCR analysis
of PBMCs from any patient at any time (data not shown).
Moreover, using a bespoke flow cytometry assay conducted
with fresh whole blood (online supplemental figure 4),
no convincing peripheral leakage of CAR T-cells into the
circulation was seen.

Intratumoral injection of an [”'In] Indium passively
labeled T4" CAR-T radiotracer was undertaken on the
same day as T4 immunotherapy administration in a single
subject (CAR-HNC-016). The subject’s tumor was locally
progressive in the right buccal mucosa. SPECT imaging
was performed after approximately 1 hour and on days
2 and 3 postinjection. A CT scan was performed on day
1 and was coregistered with all three SPECT images.
Imaging demonstrated focal retention of signal in the
right buccal mucosa over 48 hours (figure 6). Whole
body imaging showed no signal in other organs other
than stomach (attributed to swallowed tracer, which had
leaked from the site of injection).

DISCUSSION

This first in human dose escalation study was undertaken
to investigate the safety and tolerability of a panErbB-
targeted CAR T-cell product, T4 immunotherapy, in
subjects with relapsed refractory HNSCC. We believe that
this is the first published clinical trial of CAR T-cell immu-
notherapy for this indication. Despite previous issues with
on-target off-tumor toxicity when ErbB family members
have been targeted using CAR T-cell immunotherapy,'’
safety of the intratumoral approach described here has
been robustly demonstrated at doses of up to 1x10°
T4" cells. The patient population was representative of
relapsed refractory HNSCC with subjects over 80 years of
age and with ECOG-PS up to two treated on study. The
rapidly progressive nature of terminal stage HNSCC was
exemplified by one disease-related death which occurred
during the 2-week T4 manufacturing process.

No objective responses at 43 days were observed; 60%
of subjects obtained disease control, with 9/15 having
a best response of stable disease. There was no clear
evidence of a dose-response effect, although target lesion
size varied considerably, complicating the assessment of
this relationship. Two patients had viable tumor in biop-
sies collected at days 8 and 15 post T4 immunotherapy.
However, neither biopsy contained detectable CAR T-cells.
This may reflect heterogeneity of CAR T-cell penetration
into the tumors, sampling error or lack of persistence at
these later time points. The rise in the NLR seen in the
higher dose cohorts may reflect localized inflammation
in the TME. It is possible that higher dose, and associated
enhanced inflammatory responses, are detrimental to T4
immunotherapy efficacy. Further understanding of this
as a potential mechanism of resistance could influence
design of next generation edits to arm the CAR T-cells to
better withstand the TME. However, the overall survival
outcomes of the whole cohort were favorable when
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compared with historical controls, suggestive of an effi-
cacy signal in this study.

Following intratumoral delivery of up to 1 billion CAR
T-cells, leakage into the circulation was not detected.
Moreover, a radiotracer prepared from the CAR T-cells
remained at the site of injection for 48 hours. This is
very likely to account for the lack of significant toxicity
of intratumoral T4 immunotherapy. This also provides a
strong rationale for further potentiation of this approach,
for example, with cytokine armoring strategies18 since it
is unlikely that such cells would gain access to the circula-
tion in significant numbers. Lack of leakage of cells from
the site of tumor injection into the general circulation,
while favorable for off-tumor toxicity de-risking, may not
be beneficial for clearance of metastatic or inaccessible
disease.

Manufacture using a bespoke semiclosed fresh product
platform was successful for all subjects from whole blood
as starting material.'* Vein to treatment time was only 14
days owing to the delivery of a fresh product in which final
sterility testing data was only available post-treatment.
The CAR T-cell drug product demonstrated considerable
donor to donor variability in immunophenotype, which is
a recognized limitation of autologous CAR T-cell immu-
notherapy.'” * We noted a tendency toward the genera-
tion of a CD4" T=cell rich product from patients enrolled
in this trial. The relative contribution of the manufac-
turing process and recruited patient population to this
observation is uncertain. While the relative importance
of each T-cell subset remains under debate, a number of
studies have demonstrated the important role of CD4"
CAR T-cells in the control of both solid tumors and CD19-
expressing malignancy.21 * The analysis of phenotype
and relationship with outcome was limited by numbers
but is hypothesis generating that improved outcome may
be linked to the administration of products with greater
functionality and lower exhaustion marker expression.

Collectively these data demonstrate that T4 immuno-
therapy is safe as a single agent intratumoral therapy
for HNSCC. Alone, it is insufficient to induce sustained
tumor responses. This safety signal delivers a rationale for
the addition of lymphodepleting chemotherapy prior to
administration of T4 immunotherapy as the next step in
derisking this approach. If the safety signal is maintained
with systemic lymphodepletion, then further next gener-
ation edits to enhance T4 immunotherapy efficacy could
be deployed. This next phase of the T4 immunotherapy
trial has received regulatory approval and is currently
ongoing.
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Supplemental Methods

Flow cytometric monitoring of circulating T4* CAR T-cells

EDTA anticoagulated blood (50uL) was added to a FACS tube to which 4L biotinylated
anti-hEGF antibody (R&D systems, code BAF236) was added/ mixed for 15 minutes. Next,
1uL of Streptavidin-PE (ThermoFisher, code S866) was added/ mixed for 15 minutes. Then,
450uL of red blood cell lysis buffer (Biolegend 420301) was added, mixed and incubated for
15 minutes. Pre-mixed Countbright absolute counting beads (50uL; C36950, Invitrogen,
Waltham, MA) were then added. Comparison was made to a positive control (T4" T-cells)

and a negative control in which primary antibody had been omitted.

MAGE-A3/A4 Interferon-y ELISPOT Assay

Analysis was performed using a human interferon (IFN)-y T-cell Elispot assay (U-CyTech,
Utrecht, The Netherlands). Thawed peripheral blood mononuclear cells (PBMC) were
resuspended in RPMI (ThermoFisher Scientific)+10% AB serum (Sigma-Aldrich, Gillingham,
UK). Triplicates of 1x10° PBMC per well were co-cultured with peptide pools of MAGE-A3/A4

(Miltenyi Biotec, Bergisch Gladbach, Germany) at 2ug, 1ug and 0.5ug of each peptide/mL.
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As positive controls, 1 or 5uL CEF (cytomegalovirus, Epstein Barr virus, influenza) viral
peptide pool (Mabtech, Stockholm, Sweden) and 1 or 0.1pL of Infanrix -IPV+ Hib
(GlaxoSmithKline UK Ltd, Brentford, UK) were used. Cultures (including unstimulated
controls) were incubated overnight at 37°C. Cells were harvested, washed in RPMI +10%
AB serum and transferred to an ELISPOT plate coated with the capture antibody. The plate
was incubated at 37°C for 20-22 hours and cells were removed by washing as per
manufacturer’s instructions. Areas of cytokine capture were detected by addition of the
biotinylated detection antibody. After washing, ¢-labeled anti-biotin antibody (GABA) was
added to each well and incubated for 1 hour at 37°C. Next, freshly prepared Activator /Il
solution was added to each well and incubated at room temperature in the dark. Spot
development was monitored every 5 minutes and the reaction was stopped once clear spots
were visible by rinsing the wells with demineralized water. The plate was air dried at room
temperature and spots counted using an immunospot analyzer (Bioreader®/EazyReader,
Miami, FL). Mean values in test wells were compared with values in unstimulated control

wells to calculate a stimulation index.

Quantitative polymerase chain reaction (PCR) analysis of circulating T4* T-cells

Peripheral blood samples were collected in EDTA tubes and genomic (g)DNA was extracted
using the QlAamp DNA Mini Kit (Qiagen, Venlo, The Netherlands), according to
manufacturer’s instructions. A standard curve for transcript copy number was established by
the amplification of linearized SFG T4, serially diluted from 107 to 10% copies of plasmid. The
number of transgene copies per ug gDNA was determined using an Applied Biosystems
7500 Fast real-time PCR instrument (ThermoFisher) using labeled probes and primers, as

described."

Papa S, et al. J Immunother Cancer 2023; 11:e007162. doi: 10.1136/jitc-2023-007162



BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) J Immunother Cancer

Analysis of core tumor biopsies

Core tumor biopsies were obtained from 4 patients prior to and after CAR T-cell
administration. Specimens were fixed in 10% (v/v) buffered formal saline and embedded in
paraffin wax. Following review of the diagnostic hematoxylin and eosin section by a
specialist head and neck pathologist for tissue adequacy, 4uM paraffin sections were
routinely prepared. EGF receptor extracellular domain (Clone 3C6, Catalog No. 790-2988,
Roche Tissue Diagnostics, Oro Valley AZ) and EGF receptor intracellular domain (Clone
5B7, 790-4347, Roche Tissue Diagnostics) immunohistochemical staining was undertaken
using prediluted proprietary kit (Ventana Medical Systems, Roche Tissue Diagnostics) on a
Ventana Benchmark Autostainer (Ventana Medical Systems, Roche Tissue Diagnostics)
according to manufacturer’s instructions. EGF receptor expression was quantified using the
H-score method.? CAR T-cell presence was analyzed using mRNA in situ hybridization
according to manufacturer instructions using a 2.5HD Assay-Brown (ACD, Bio-Techne,
Abingdon, UK) and custom-designed probe against the SFG retroviral vector (Supplemental
table 3). Positive and negative control probes used were Homo Sapiens Ubiquitin C and
dapB (dihydrodipicolinate reductase gene of Bacillus subtilis; both ACD, Bio-Techne),
respectively. Target retrieval time was optimized to 12 minutes and protease digestion to 30
minutes. Sections were counterstained with Hematoxylin QS (H-3404-100, Vector
Laboratories, Newark, CA) and slides were mounted in VectaMount Permanent Mounting

Medium (H-5000-60, Vector Laboratories).

Supplemental Figures
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Supplemental Figure S1 MAGE-A3 and MAGE-A4 ELISPOT analysis. PBMC from the
indicated subjects were isolated prior to and 29 days after T4 immunotherapy. Samples
were stimulated with (A) MAGE-A3 and (B) MAGE-A4 peptide pools, making comparison
with unstimulated control wells. Interferon-y spots were enumerated and data expressed as
a stimulation index with respect to unstimulated control wells.
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Supplemental Figure S2 Serial leukocyte counts, C-reactive protein, and ferritin post CAR
T-cell immmunotherapy. Neutrophil count (A), neutrophil to lymphocyte ratio (NLR; B),
lymphocyte count (C), C-reactive protein (CRP; D) and ferritin (E) were measured in
peripheral blood at the indicated timepoints following administration of T4 immunotherapy.
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Supplemental Figure S3
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Gating strategy used to prepare Figure 4. A healthy control and

representative clinical grade batch (CAR-HNC16) are shown.
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Supplemental Figure S4 Serial monitoring of circulating T4 cells by flow cytometry. Data
from individual patients is shown. Absolute values were determined in whole blood using
counting beads. Data are compared to values obtained when primary antibody was omitted
(accounting for some negative values).
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Supplemental Tables

Supplemental Table S1. Release testing of T4 immunotherapy.

Test Test Method Test Limits

Label Correct identity of personal identifiers
Identity % T4* cells — stained with appropriate

Minimum 10% T4* transduced cells

antiserum
Cell number Flow cytometry using a Trucount tube Minimum 1 x 107 cells. No maximum limit.
Viability Flow cytometry (DAPI staining) Minimum 70% viable cells within the lymphocyte gate
Sterility BacT/ALERT & direct inoculation* No growth
Mycoplasma Culture Nucleic acid amplification technique* Mycoplasma negative

Cell count on day 15 divided by cell At least doubling in cell number achieved in response
Transgene function

count on day 3* to culture in IL-4
Labeling efficiency** Radiolabel incorporation Minimum 30%

* Results of final sterility testing was not available at the time of product administration. All interim BacT/ALERT
cultures and mycoplasma PCR tests had to be negative to permit product release.
** pertains to preparation of T4 radiotracer from an aliquot of the drug substance, which was undertaken in a single

case.

Supplemental Table S2. Dose and volume of T4 immunotherapy per cohort.

Cohort Target cell dose  Acceptable dose range Volume for injection (mL)
of T4* cells
-1* 3x 108 3 x 108 cells 1+0.2
1 1x107 3 x 108 - 107 cells 1+0.2
2 3x 107 1.1 — 3 x107 cells 1+0.2
3 1x108 3.1-10 x10" cells 2+04
4 3x108 1.1 -3 x108cells 3+0.6
5 1x10%* 3.1-10 x10%cells 4+0.8

* -1 cohort if dose de-escalation in cohort 1 had been required

** Cell number was capped at 1 x 10° total cells

Supplemental Table S3. RNAScope probe for the SFG retroviral vector.

GATTAGTCCAATTTGTTAAAGACAGGATATCAGTGGTCCAGGCTCTAGTTTTGACTCAACAATATCACCAGCTGAAGCCT
ATAGAGTACGAGCCATAGATAAAATAAAAGATTTTATTTAGTCTCCAGAAAAAGGGGGGAATGAAAGACCCCACCTGTAG
GTTTGGCAAGCTAGCTTAAGTAACGCCATTTTGCAAGGCATGGAAAAATACATAACTGAGAATAGAGAAGTTCAGATCAA
GGTCAGGAACAGATGGAACAGCTGAATATGGGCCAAACAGGATATCTGTGGTAAGCAGTTCCTGCCCCGGCTCAGGGCCA
AGAACAGATGGAACAGCTGAATATGGGCCAAACAGGATATCTGTGGTAAGCAGTTCCTGCCCCGGCTCAGGGCCAAGAAC
AGATGGTCCCCAGATGCGGTCCAGCCCTCAGCAGTTTCTAGAGAACCATCAGATGTTTCCAGGGTGCCCCAAGGACCTGA
AATGACCCTGTGCCTTATTTGAACTAACCAATCAGTTCGCTTCTCGCTTCTGTTCGCGCGCTTCTGCTCCCCGAGCTCAA
TAAAA
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Supplemental Table S4. Circulating lymphocyte count prior to blood harvest.

Cohort Lymphocyte count T4 cell dose
(x10%/L)* (x 108 cells)
1 0.9 10
1.0 10
1.3 10
2 0.5 30
0.7 30
0.6 30
0.8 30
3 1.0 100
0.6 100
0.4 100
4 0.8 300
N/A 300
1.4 300
1.2 300
5 0.7 1000
0.8 1000
0.9 1000

* Normal range 1.2 — 3.5 x 10%L

Supplemental Table S5. Summary of adverse events and reactions

Number of Number of patients
events
Serious adverse events (SAE) 5 5
Of which:
Suspected Unexpected Serious 0 0
Adverse Reactions (SUSAR)
Other Serious Adverse Reactions 2 2
(SAR)
Adverse events (not serious) (AE)
149 15
CTCAE grade:
1 112 14
2 38 12
3 3 2
4 1 1
5 0 0
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