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Introduction

Background

Despite significant success in treating hematological malignancies, adoptive cell therapies have yielded
limited efficacy in solid tumors [1]. Macrophages are myeloid cells of the innate immune system and
are naturally recruited to solid tumors [2], where they have the potential to phagocytose tumor cells,
activate the tumor microenvironment (TME), and prime a broad anti-tumor adaptive immune response
via T cell recruitment and activation. We have previously developed chimeric antigen receptor
macrophages (CAR-M) targeting HER2 and showed efficacy in a variety of pre-clinical models [3], with a
Phase | clinical trial ongoing. Mesothelin is overexpressed in a variety of solid tumors, including
mesothelioma, lung, pancreatic, and ovarian cancers [4]. Here, we present preclinical data
summarizing the development of CT-1119, a mesothelin targeted CAR-M for solid tumors.

Methods

Using the chimeric adenoviral vector Ad5f35, we engineered primary human macrophages to express a
CAR comprising a human scFv targeted against human mesothelin. To assess the activity of CT-1119, in
vitro cell based assays and in vivo murine xenograft models were utilized. Donor-matched
untransduced (UTD) macrophages served as controls.

Results

Primary human CAR-M engineered with an Ad5f35 vector demonstrated high CAR expression, high
viability, upregulated M1 (anti-tumor) macrophage markers, and downregulated M2 (pro-tumor)
macrophage markers. CT-1119 demonstrated increased resistance to repolarization by M2 (pro-tumor)
polarizing cytokines as compared to donor matched UTD macrophages. CT-1119 specifically bound
mesothelin and binding was not impacted by mesothelin shedding. CT-1119 specifically phagocytosed
multiple mesothelin expressing tumor cell lines in a CAR-dependent and antigen-dependent manner.
CT-1119 demonstrated robust in vitro killing of the relevant tumor cell lines A549 and MES-OV
expressing mesothelin. CAR engagement also induced the release of pro-inflammatory cytokines such
as TNFa following stimulation with mesothelin in both cell-free and cell-based contexts in a dose-
dependent manner. In vivo, CT-1119 significantly reduced tumor burden in a murine xenograft model
of lung cancer. Similarly, human monocytes targeting mesothelin were successfully generated using the
same Ad5f35 vector and demonstrated specific activity against mesothelin positive tumor cells.
Conclusions

The presented results demonstrate that CT-1119, an autologous human anti-mesothelin CAR-M, can
cause phagocytosis, tumor cell killing, and pro-inflammatory cytokine release in response to
stimulation with mesothelin. These results show that CAR-M is a feasible approach for the treatment
of mesothelin expressing sold tumors via the potential for induction of a systemic anti-tumor response.

Manufacturing process and CAR characteristics
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Figure 1 — CT-1119 production and CAR design. A) Schematic highlighting the process for the manufacturing of CT-1119 for use in pre-
clinical studies. Monocytes isolated from donor leukopaks are differentiated into macrophages via culture with GM-CSF, cryopreserved,
thawed, and then transduced with adenovirus carrying a CAR transgene. CAR-M are ready for use two days post-transduction. B)
Diagram of the CAR molecule used in CT-1119. The scFv used is fully human and targets the retained portion of mesothelin. The CD3C
intracellular domain provides a potent pro-phagocytic and pro-cytokine release signal upon CAR engagement. C) Diagram of the
mesothelin pro-peptide, including the location of the scFv binding site on the cell anchored portion of the protein.

References

1. HouA, Chen L, ChenY, Navigating CAR-T cells through the solid-tumour microenvironment, Nat Rev Drug Discov. 2021; 20:531-550.

2. Biswas S, Allavena P, Mantovani A, Tumor associated macrophages: functional diversity, clinical significance, and open questions, Semin Immunopathol.
2013; 35:585-600.

3.  Klichinsky M, et al, Human chimeric antigen receptor macrophages for cancer immunotherapy, Nat Biotechnol. 2020: 1-7.

4. LvJ, Li P, Mesothelin as a biomarker for targeted therapy, Biomarker Res. 2019; 7: 1-18.

Graphics were created with Biorender.

CT-1119 is an M1-polarized anti-mesothelin CAR-M
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CT-1119 targeted phagocytosis, killing, & cytokine release
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Figure 3 — In vitro characterization of the functional activity of CT-1119. A) Comparison of the phagocytic ability of UTD-M and CT-1119
macrophages against two target cell lines: lung adenocarcinoma A549 and ovarian cystadenocarcinoma MES-OV. Cell lines do not
endogenously express significant levels of mesothelin and were engineered for over expression. CT-1119 shows a significant increase in
the level of phagocytosis (as measured by pHrodo fluorescence) compared to UTD only when mesothelin is present on the target cell.
Triplicate wells of two independent donors, two-tailed t test with multiple comparison correction via the Holm-Sidak method. B)
Comparison of cell line killing by CT-1119 macrophages from three independent donors through 72 hours of co-culture at an initial 1:1
E:T ratio with mesothelin-expressing target cells. The dotted line shows tumor only controls. C) Comparison of cytokine release following
stimulation of macrophages with the listed target cell in a 1:1 E:T ratio for 24 hours. Some bars may be too short to see on the plot.
Triplicate wells of two independent donors, two-tailed t test with multiple comparison correction via the Holm-Sidak method.

CT-1119 demonstrated durable anti-tumor activity in vitro
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Figure 4 — CT-1119 expressed CAR and was functional at an early and late timepoint. A) Percent of live macrophages expressing anti-
mesothelin CAR and CAR expression levels for two timepoints post-transduction (days 2 and 14). B) CAR-M show, via flow cytometry,
target specific phagocytosis for at least 14 days following transduction with virus. C) Secretion of TNFa following stimulation of
macrophages at a 1:1 E:T ratio for 24 hours. CT-1119 was able to produce pro-inflammatory cytokines like TNFa at significant levels for
up to two weeks following transduction. Longer term culture reduced the level of released cytokines, but CT-1119 was responsive to
antigen for at least four weeks (data not shown). All comparisons from triplicate wells of two independent donors, two-tailed t test
with multiple comparison correction via the Holm-Sidak method.

Mesothelin-targeting CAR-Monocytes can be produced in
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Figure 5 — Production of anti-mesothelin
CAR monocytes. In comparison to CAR-M,
manufacturing of CAR monocytes is a
single day process immediately following
isolation from the leukopak.
Differentiation of CAR monocytes in vitro
leads to CAR monocyte-derived CAR

macrophages (cmdCAR-M) following a
week of culture. CAR-M were
manufactured from donor-matched

monocytes following differentiation with
GM-CSF for five days. A) Flow cytometric
comparison of UTD monocytes, CAR
monocytes, UTD macrophages, CAR
macrophages, and cmdCAR-M from two
independent donors. Transduction with
CAR did not significantly impact viability of
the monocytes or the resulting
macrophages, while causing robust
expression of CAR. B) Expression of
macrophage phenotype markers.
Transduction with Ad5f35 containing CAR
did not impact the differentiation of
monocytes in macrophages. The resulting
CAR monocyte derived macrophages
displayed an Ma1-like phenotype, along
with upregulated antigen presentation
machinery. Triplicate wells of two
representative donors. C) Comparison of
the ability of monocytes and macrophages
to selectively killing antigen positive tumor
cells at a 2:1 E:T ratio over 72 hours from
two independent donors. CAR monocytes
were not effective against the tumor lines.
However, anti-meso cmdCAR-M was
similarly effective as CT-1119 in terms of
killing.
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CT-1119 reduced tumor burden in a lung cancer model
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Figure 6 — In vivo assessment of CT-1119 therapy activity in a metastatic lung cancer xenograft model. A) Schematic of the in vivo
experiment design. NSG mice were injected with A549 mesothelin/CBG expressing cells and the tumor allowed to establish. On days 7
and 14 post-tumor injection, donor matched UTD and CT-1119 macrophages were IV dosed and tumor growth monitored via IVIS. B)
Average luminesce for treatment groups as measured by IVIS. Two-way ANOVA with Tukey’s multiple comparisons showed significance
between UTD and CT-1119 groups. C) Individual tumor plots for treatment groups. D) IHC staining of human mesothelin in mouse lungs
from listed treatment groups showing tumor nodules. Scale bar 1 mm. E) Quantification of number of tumor nodules per cm?. Kruskal-
Wallis test with Dunn’s multiple comparisons showed significance between UTD and CT-1119 groups.
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Macrophages Engineered to Express Synthetic Cytokine Switch Receptors

Act as Living Microenvironment Converters
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Chimeric antigen receptor macrophages (CAR-M) sensitize solid tumors to anti-PD1 immunotherapy
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Introduction

Adoptive cell therapies are effective in patients with hematologic malignancies but exert limited efficacy
against solid tumors due to the immunosuppressive tumor microenvironment (TME) and heterogenous
antigen expression.

We have previously developed a novel chimeric antigen receptor macrophage (CAR-M) cell therapy
platform with potent anti-tumor activity in pre-clinical models?.

A Phase 1 FIH study evaluating the safety and feasibility of CT-0508 (a first in class CAR-M comprised of
autologous human monocyte derived macrophages expressing an anti-HER2 CAR) is ongoing?.

To evaluate the effect of CAR-M in HER2+ immunocompetent solid tumor models alone and in
combination with programmed cell death 1 (PD-1) blockade, the objectives of this study were to:

1. Investigate the impact of CAR-M on endogenous anti-tumor immunity
2. Evaluate the impact of CAR-M on the TME

3. Assess CAR-M + PD-1 blockade in a PD1 monotherapy resistanttumor models

Methods

Primary murine bone marrow-derived macrophages were engineered to express an anti-HER2 CAR using
the chimeric adenoviral vector Ad5f35. To evaluate the safety and efficacy of CAR-M therapy,
immunocompetent mice were engrafted with HER2+ tumors and treated with syngeneic CAR-M
monotherapy or in combination with a PD1 blocking antibody. Analysis of the TME, TCR sequencing, and
organ histology were used to probe the mechanism of action, pharmacokinetics, and pharmacodynamics
of CAR-M therapy.

T cell priming

by CAR-M Perforin,
Granzyme B

cytokines ® ®

\ o o
; )
L] [ ] f)
e ] MHCVI-REEeEERTL TCR
.o
. coso/cose:EEazz:J: CD28
- . ’
, PD-L1 &P
. Naive or Activated
CAR-M o
memory T cell HEE2 " Tumor
T cell tumor ce cell lysis

CAR-mediated
phagocytosis CAR-M + anti-PD-1 Blockade

& antigen
presentation
HER2

secondary

tumor antigens Activated

HER2+ T cell

tumor cell

cell lysis

1. CAR-M mediated phagocytosis of target tumor cells leads to capture of secondary tumor antigens.
2. CAR-M process and present secondary tumor antigens to T cells.

3. PrimedT cells identify MHC peptide complexes on the surface of tumor cells.

4. CAR-M primedT cells lyse tumor cells and establishimmune memory.

5. Anti-PD-1 blockade enhances CAR-M primed T cells cytotoxic effect.

1. Klichinsky M, et al. Human chimeric antigen receptor macrophages for cancer immunotherapy. Nat Biotechnol. 2020;38(8):947-95

CAR-M controlled tumor growth, improved survival and
induced long-term protection against antigen-negative relapse
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(A) CT26-HER2+ tumors were implanted s.c. in immunocompetent BALB/c mice. After 15 days, mice were
treated with intratumoral (IT) injections of CAR-M, UTD-M or left untreated. CAR-M significantly reduced
tumor progression and (B) increased long term survival compared to control groups. (C) Mice achieving
complete responses (CR) post CAR-M therapy were re-challenged with HER2-negative CT26-Wt tumors to
model antigen negative relapse. (D) Naive mice succumbed to disease within 35 days, while 100% of the
mice from the CAR-M treatment group survived, indicating long-term tumor protection against antigen-
negativerelapse.

CAR-M activated the TME and primed T cells
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CT-0508 remodeled the tumor immune landscape
(CT-0508 Phase 1 FIH Study)
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(A) RNAseq analysis performed on CT26-HER2 relapsed tumors reveled that the PD-1/PD-L1 pathway gene
signature is increased after CAR-M treatment in non-responders. (B) SCRNA seq analysis performed on fresh
tumor biopsy of participants from the CT-0508 Phase 1 FIH study in HER2 overexpressing tumors, showed
increased frequency of exhausted T cells in all three participants 4 weeks after CT-0508 infusion. (C)
Differential gene expression demonstrated increased expression of genes associated with T cells exhaustion.
(D) Flow cytometry analysis on CT-0508 pre-infusion showed high expression level of PD-L1 protein as well as
elevation of M1 markers. Taken together, preclinical and clinical results provide the rational for combining
CAR-M with PD-1 blockade to enhance potency of therapy.

CAR-M and anti-PD1 combination therapy improved tumor
control and survival in CT26-HER2 model
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To evaluate efficacy of CAR-M + anti-PD-1 combination therapy in anti-PD1-resistant tumor models, CT26-
HER2 colorectal tumors were implanted subcutaneously in the lower back of BALB/c mice. (A) Combination
of regional (IT) CAR-M and systemic (IP) anti-PD-1 lowered CT26-HER2 progression and (B) increased mice
survival compared to controls (cumulative data from 3 experiments). (C and D) Combination of systemic (V)
CAR-M + systemic (IP) anti-PD-1 reduced tumor progression and improved survival rate of CT26-HER2-
bearing mice compared to monotherapies.

CAR-M + anti-PD1 combination therapy modulated the TME
and TCR Repertoire
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(A) T cell receptor (TCR) sequencing analysis in mice receiving combination therapy suggests T cell recruitment,
diversity, and enhanced adaptive anti-tumor immunity. (B) Multiplexed IHC showed that the tumor/fibroblast
population decreased by half in the CAR-M and the combo groups, whereas immune cell densities more than
double in these same CAR-M and combo groups. T cells were significantly higher in both the CAR-M and CAR-M +
anti-PD-1 samples compared to control. Macrophages tended to be greatest in the CAR-M sample while helper T
cells, DC, neutrophilsand monocytes were greatest in the combo group.

Conclusions

* In vivo, CAR-M reduced tumor burden, prolonged overall survival in CT26-HER2+ tumor and
induced long-term anti-tumor immune response against antigen-negative relapses.

e CAR-M reprogrammed the TME and primed T cells against secondary antigens.

* In a Phase 1 FIH study, CT-0508 increased intratumoral infiltration of T cells which exhibited an
exhausted phenotype.

e CAR-M + anti-PD-1 combo improved tumor control, prolonged survival and synergistically
modulated the TME in HER2+ solid tumor models.
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A Phase 1, First in Human (FIH) Study of Autologous Macrophages Containing an Anti-HER2 Chimeric
Antigen Receptor (CAR) in Participants with HER2 Overexpressing Solid Tumors
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Introduction Manufacturing Process CT-0508 Clinical Trial Design (NCT04660929) Main Eligibility Criteria

CD14+ monocyte performed in an accredited laboratory. Other tumor types (non-breast, non-gastroesophageal) will be
tested according to the breast cancer ASCO/CAP guidelines
 Female or male, at least 18 years of age

 Recurrent or metastatic solid tumor for which there are no available curative treatment options, AND
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cells. CAR macrophages can reprogram the sTME and present neoantigens to T cells, leading to epitope - 2 l_l Lk N
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N=18 Recurrent/metastatic solid tumor participants w/ HER2 overexpression per ASCO/CAP guidelines, with
Monocyte-to-macrophage at least one measurable lesion per RECIST v1.1. ECOG 0-1. Small asymptomatic CNS metastasis permitted.

differentiation using
GM-CSF

spreading and anti-tumor immune memory.

CT-0508 is comprised of autologous monocyte-derived pro-inflammatory macrophages expressing an anti-

HER2 CAR. Pre-clinical studies showed that CT-0508 induced targeted cancer cell phagocytosis ,Whl,le | AP Crvopreservation — _ Groub 2 (N=9 EGEIP elenl i e EpeiEsTs; after failure of, or ineligibility to receive the approved HER2 targeted agents, when available.
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and imprc?ved overall suryival as compared to untreated. or. f:ontrol L.mtr.ansduced macrophage (UTD) S CAR macrophage macrophage CT-0508 Sub Study: CT-0508 and Pembrolizumab Combination Primary Objectives . No concurrent infections or use of chronic steroids
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g T * TME Remodeling syndrome, hypersensitivity reactions, cardiovascular toxicity, ICANS and others. Cytokine release
I I overexpressing SKOV3 cancer g N g BIOPSY INFUSION BIOPSY BIORSY AR O : . . ) o
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Pre-clinical Development of a CAR Monocyte Platform for Cancer Immunotherapy
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Introduction CAR Monocytes differentiated into M1 CAR Macrophages in vitro and in vivo CAR Monocytes suppressed tumor growth in vivo
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A Phase 1, First-in-Human (FIH) Clinical Trial of the Anti-HER2 CAR Macrophage CT-0508
in Participants with HER2 Overexpressing Solid Tumors.
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Sonawane®, Daniel Cushing®, Debora Barton®, Michael Klichinsky®, Thomas Condamine®, Ramona F. Swaby®, Yara Abdou®

1. University of Pennsylvania Abramson Cancer Center, 2. City of Hope Cancer Center, 3. The University of Texas M.D. Anderson Cancer Center, 4. Sarah Cancer Research Institute, 5. University of North Carolina Lineberger Comprehensive Cancer Center, 5. Carisma Therapeutics.

Introduction CT-0508 Manufacturing Process Overview CT-0508 Led to Transient Elevations of Pro-Inflammatory Cytokines CT-0508 Induced Increased T Cell Clonality and Led to the
Accumulation of Newly Emergent T Cell Clones in the TME

* In pre-clinical studies, CAR macrophages (CAR-M) phagocytose tumor cells, activate the tumor micro- W i ~IFNg . . IL6
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1 2 3 0 6 (66.7) Median Number of Prior Anti-HER2 Therapies, n = ® 5 @ & 3 = 8 * ) F 8 g g g E
TRAFFICKING & PHAGOCYTOSIS IMMUNE ACTIVATION ANTIGEN PRESENTATION 1 3(33.3) (range) 2(0,9) ° ° ° ° 38z =2 9 ) ) & &
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OS and PFS Overa" Response Transcriptomic analysis of biopsies collected pre and post treatment (Screening, Day 8 and week 4 post-infusion, n=6) & y
Mechanism of Action demonstrated increase in M1 polarization (using a published M1 gene signature?), increase in antigen presentation
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Characterization of CT-0508, an Anti-HER2 Chimeric Antigen Receptor Macrophage (CAR-M),

Manufactured from Patients Enrolled in the Phase 1, First in Human, Clinical Trial of CT-0508

Michael Balll, Madison Kremp?!, Rehman Qureshi!, Poonam Sonawane?, Maggie Schmierer?, Josh VanDuzer?, Michael Lynch', Adam Pfendt!, Ken Locke?!, Ramona Swaby?, Daniel Cushing?!, Michael Klichinsky!, Thomas Condamine*
1Carisma Therapeutics, Philadelphia, PA, USA

Introduction Methods overview Patient CT-0508 secreted pro-inflammatory cytokines in CAR engagement further activates the pro-inflammatory
* Macrophages are actively recruited and abundantly present in the solid tumor microenvironment ) ) ) : : response to HERZ antlgen StlmUIatlon transcrlptlonal prOflle Of CT'0508
, , , _ Monocytes, | CT-0508 Target-cell Co-culture and Antigen Stimulation | * CITE-Seq of patient-derived
(STME). Tumor associated macrophages are predominantly immunosuppressive and support tumor : CT-0508 and associated
. ) . : . i 4 $ = i B R PR Lo e S oL o« = ] ) i . c2c3cacl Pathway
growth (M2), while a subset of proinflammatory macrophages enhance anti-tumorimmunity (M1). ‘ox - @ - Drecursor monocytes. $El52487 .88, 220888283 Select Cytokine Concentrations M1 Signature = Sk Cytoine Receptor Interaction
. p linical dies h h h hi : : h CAR-M) infil = & L EES55555553553335332=22268L2=228Q88 3 TNFa IL-6 IL-18 IL-18 1 Gpcr Ligand Binding
re-clinical studies have shown that chimeric antigen receptor macrophages (CAR-M) infiltrate tumors, \ / \ Kiling o ocytosis e CT-0508 co-culture with N R o e . Peptide Ligand Binding Receptors
phagocytose tumor cells, activate the sTME, recruit T cells, and present tumor antigens to T cells " I 2 oo N Class A 1 Rhodopsin Like Receptors
) ) ) ] ] . Unstim MSLN HER2 d rget cells. 60007 6000 600 |_| Interleukin 10 Signaling
leading to epitope spreading and robust anti-tumor immunity.12 . _ = | e, £ . / 2 1500- 05 G Alpha I Signalling Events
- = \F ¥ >, ‘o . & Bulk Cytokine _ Spectral Flow e HER2 sti mUIatlon Of CT-0508. g 0% % 247 210004 Chemokine Receptors Bind Chemokines
e (CT-0508 is a cell product comprised of autologous monocyte-derived proinflammatory macrophages CITE-Seq CT-0508 | 2\ 523 %) 395y Analysis  Cytometry CITES £ anti 0 20001 20001 200- .'7/" 500- é ’CV:"’ “k:’*egepfo; 5’92"”’;9 Pathway
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* Here we show that functional CT-0508 was successfully manufactured with an M1 phenotype and that | -3 2500007 yxxx 150000+ 200 100000- .%. 38 Cytokine Signaling In Immune System
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CAR-antigen interaction amplified the activation of CT-0508 CAR-M. These data confirm that M1 CT-0508 was SUCCESSfU"V prOdUCEd for Grou p'l Patients " oo y - r 1501 r 0 8N g ety e o
polarized, polyfunctional autologous CAR-M can be successfully manufactured from heavily pre- = N £ Sa00 £V &y o Complement And Coagulaton Coscades
50000 = 40000+ — T J > i Pathway
treated patients with advanced cancer. Patient. HRe s &> o 888S o 50000- 50 . 2 Unstim MSLN HER2 I e = Mapk Signaling Pathway
o o o i : nstim Raf Independent Mapk1 3 Activation
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Cells: Autol derived h Patient derived CT-0508 was successfully manufactured with high viability (left-panel), purity (middle- Irrelevant pro e|n. control (plate-boun ) O_F without protein (Unstim) ecr§ ed tactors were a unique transcriptional profile of HER2 antigen-stimulated CT-0508, potentiating an M1 phenotype and
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Phenotype: M1-polarized CT-0508 efficientlv killed HER2* s in vi ingle cell transcriptomic analysis demonstrates ) )
ﬂ - efricientlykille tumor cells in vitro > o o h decrease in M2 phenotypic markers
Target: HER?2 differentiation of CT-0508 to M1 macrophages
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