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Prostate cancer CAR T trials in perspective

• First PSMA CART trial in CRPC (NCT01140373) used conditioning 
regimen cyclophosphamide one day prior to CART 1 x 107 up to 3 x 
107 CAR+ T cells/kg with with increased levels of IL-4, IL-8, IP-10, sIL-
2ra and IL-6 
(https://ascopubs.org/doi/abs/10.1200/jco.2013.31.15_suppl.tps3115)



Key differentiator: TGFβ (Transforming growth factor beta)
A Potent Immunosuppressor of T cells Expressed in Prostate Cancer Tumor Microenvironment

TGFβ

Natural T cell

TGFβRITGFβRI

TGFβRIITGFβRII

Active Smad

TGFβ Signaling

TGFβ receptor type I and II 
couple to complete signaling 
mechanism leading to T cell 
immunosuppression and anergy

Prostate Cancer
Tumor Cell

Courtesy of J. Fraietta



Key differentiator: TGFβ (Transforming growth factor beta)
A potent immunosuppressor of T cells expressed in prostate cancer tumor microenvironment

TGFβRITGFβRI

TGFβDNR-IITGFβDNR-II

TGFβ

CAR T cell TGFβ Signaling 
Blocked

PSMA

The lentiviral vector contains coding for
both a PSMA CAR-T and a TGFβ DNR-II

The TGFβ DNR-II has a truncated
component preventing coupling with TGF
β R-I and blocking signaling within the
CAR T cell

Prostate Cancer
Tumor Cell

Courtesy of J. Fraietta



Kloss, C…June, C.  Mol Ther.  26(7) 1855-1866.  2018.



Follow-up

Day 0 Days 1 3 7 10 14 21 Day 28 Month 2 Month 3 Month 6

Follow-up every 3 
months until 2 years; 
long term
follow up until 
15 years

Confirm mCRPC and tumor PSMA 
expression

CART cell infusion 

1-3 x 107/m2

CART cell infusion 

1-3 x 108/m2

CART cell infusion 

MTD +LD

Cy 300 mg/m2 + Flu 30 mg/m2 x 3 days

Cohort 1* Cohort 2 Cohort 3

CT c/a/p staging, 
bone scan research 
studies, PSA

CT c/a/p staging, 
bone scan research 
studies, PSA

CT c/a/p staging, 
bone scan research 
studies, PSA

Safety and 
research PSA

* Enrollment follows in succession from Cohort 1 to Cohort 3

Study screening, apheresis, T cell manufacture, disease staging

CART-PSMA-TGFβRDN Schema:
Lentivirally-transduced modified T cell expressing PSMA CAR and TGFβ dominant negative receptor transgene
scFv derived from the J591 antibody
3+3 dose escalation design

ClinicalTrials.gov Identifier: NCT03089203.  PI: N. Haas.  

Key eligibility
• Metastatic Castration Resistant Prostate Cancer (measurable or bony-only)
• ≥ 10% tumor cells expressing PSMA by IHC analysis on fresh tissue
• ECOG Performance Status 0-1
• Evidence of disease progression per PCWG2 criteria
• Prior therapy with at least one standard 17α lyase inhibitor 
or second-generation anti-androgen therapy for CRPC



• No evidence of CAR T cell activity in Cohort 1 
• No related Adverse Events
• Little cytokine activity (Figure Inset)

• Evidence of anti-tumor CAR T cell activity in Cohort 2
• Grade 3 CRS within hours of CAR T cell infusion
• Adverse events were reversible
• Robust cytokine activity in patients with Gr3 

CRS
• First indications of CRS in solid tumor patients
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Conclusions: 
• CART-PSMA-TGFβRDN cells are safe at 3x108/m2 CAR+ cells without conditioning 

chemotherapy.
• There is a dose dependent relationship with cytokine detection.

Summary of Initial Cohorts (without LD chemotherapy)



Correlation between CART-PSMA-TGFβRDN expansion and PSA reduction

Dose- and LD Chemo-Dependent CAR T Cell Expansion in Peripheral Blood
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Revised Study 
Schema

CART-PSMA-TGFβRDN:
Lentivirally-transduced modified T cell expressing PSMA CAR and 
TGFβ dominant negative receptor transgene
scFv derived from the J591 antibody
3+3 dose escalation design

ClinicalTrials.gov Identifier: NCT03089203.  PI: N. Haas.  



Cohort Dose (n=#) Toxicity

1 3x107/m2   (n=3) 1 Gr3 unrelated hip fracture
1 Gr4 hematuria

2 3x 108/m2 (n=3) 7 Gr3 events including 
encephalopathy, CRS, 
hypotension and AKI
1 Gr4 hypotension

3 3x108/m2 +LD (n=1) 1Gr5 with Gr4 hypotension, 
CRS, AKI with recovery and 
later sepsis

-3 3x107/m2+LD (n=6) 4 Gr3 including CRS, hypoxia 
and SIADH

Phase I CART-PSMA-TGFβRDN Toxicity



Preliminary Evidence for Dose-Dependent and 
LD-Chemo Dependent Anti-Tumor Response

32
81

6-0
8

32
81

6-0
4

32
81

6-0
5

32
81

6-0
7

32
81

6-1
8

32
81

6-0
6

32
81

6-1
4

32
81

6-1
6

32
81

6-1
7

32
81

6-0
2

32
81

6-1
1

32
81

6-1
2

32
81

6-0
9

-100

-50

0

50

PS
A 

 M
ax

im
um

 B
es

t R
es

po
ns

e
Ch

an
ge

 fr
om

 B
as

el
in

e



CART-PSMA-TGFbRDN Cell Engraftment (qPCR in peripheral blood)

CAR-T peak expansion increased with dose-escalation 
and incorporation of Cy / Flu LD chemotherapy
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Peak Fold-Change in Pro-Inflammatory Cytokine Production

• Higher grade CRS was associated with a greater magnitude of fold change in pro-
inflammatory analytes post-infusion. 

Courtesy J Barber-Rotenberg



Tumor Trafficking and Tumor Microenvironment

• Observed tumor tissue trafficking in 6 of 7 available metastatic biopsies (~10 days post-infusion)

• Protein-based DSP analyses of TME:  Increased expression of inhibitory molecules (IDO1, Tim-3, PD-L1, 
CTLA-4, VISTA) within T cell-rich regions

• Preliminary anti-tumor effector functions are accompanied by upregulation of multiple potential 
immunosuppressive resistance mechanisms within the TME

Courtesy J. Fraietta



Conclusions

• PSMA TGFβRDN CART (NCT03089203) is feasible and safe at current 
dosing
• Response is dose dependent and enhanced with lymphodepletion
• Serial dosing is likely to be safe and more effective
• Accrual to other solid tumor types planned using this CART
• Nanostring T cell sequencing, CTC, cytokine, and CART trafficking 

analysis are all ongoing.
• Phase I/II Multi-Center Industry Trial (NCT04227275) using serial 

dosing is ongoing 



CART-PSMA-TGFβRDN-02: A Phase 1 Open-Label Multi-Center Study of PSMA Targeted Genetically Modified 
Chimeric Antigen Receptor T-cells in Patients with Metastatic Castration Resistant Prostate Cancer 

Current Study Schema

Lymphodepleting Chemotherapy (D-6 to D-4)
- Cyclophosphamide 300 mg/m2 x3-days 
- Fludarabine  30 mg/m2 x3-days 

Courtesy of
Penn PI: V Narayan



Phase I Clinical Trial to Evaluate PSCA-BB𝜁 CAR T Cells in mCRPC

• PSCA+ metastatic castration resistant prostate cancer 
(Clinical PI: Tanya Dorff, MD, Research PI: Saul Priceman, PhD) – enrolling

! 4 

Toxicity and disease response evaluations will be evaluated as described above.  

Study Population: Patients eligible for the proposed study should have 1) pathologic diagnosis of prostate 
cancer, (2) metastatic castration resistant prostate cancer (mCRPC) (Note: castration will be defined by a 
testosterone <50 ng/dL achieved by orchiectomy or LHRH agonist/antagonist therapy), 3) disease progression 
on the last line of therapy based on: rising PSA with 2 consecutive values 7 days apart or measurable disease 
with an increase in 20% or more of longest diameters of measurable lesions or non-measurable disease with 1 
or more new lesions in soft tissue, or 2 or more new lesions in bone, and (4) prior abiraterone or enzalutamide, 
but not both. Patients may also have had 1) chemotherapy for castration-sensitive prostate cancer, but not for 
castration-resistant disease, 2) prior radiotherapy, provided it was rendered > 28 days prior to treatment, or 3) 
prior use of sipuleucel-T.  

Objectives: The primary objectives are 1) to evaluate the safety and tolerability of PSCA(ΔCH2)BBζ-CAR T 
cells in patients with mCRPC, and 2) identify the recommended Phase II dose (RP2D). The secondary 
objectives are 1) to assess clinical response based on Prostate Cancer Working Group 3 (PCWG3) criteria and 
2) to assess whether PSCA-CAR T cells expand and persist. Correlative objectives include 1) enumeration and 
phenotypic characterization of circulating tumor cells (CTC) pre- and post-therapy and 2) characterization of 
humoral and cell-mediated immunity to PSCA and other known prostate cancer antigens.  

Endpoints: The primary endpoints are DLTs and all other toxicities post CAR T cells. The secondary endpoints 
include: 1) response based on Prostate Cancer Working Group 3 (PCWG3) criteria and 2) persistence of T 
cells to 28 days post infusion (defined as CAR T cells >0.1% of total CD3 cells by flow-cytometry; AUC of log10 
copies/µg of genomic DNA). The correlative endpoints are 1) assessment of circulating tumor cell (CTC) 
conversion (from ≥5 CTCs/7.5 mL to <5 CTCs/7.5 mL, or vice versa) and 2) detection of AR-V7 splice variants.   

Toxicity: will be assessed using the National Cancer Institute’s Common Terminology Criteria for Adverse 
Events (CTCAE v5). A DLT is defined as: 1) any Grade 3 or higher toxicity occurring within 28 days of T cell 
infusion with an attribution of definitely or probably related to T cell infusion, excepting expected adverse 
events of specified grade and duration, including cytokine release syndrome (CRS); and 2) any Grade 3 or 
greater autoimmune toxicity occurring within 28 days of T cell infusion. A toxicity of any grade that is normally 
expected with advanced prostate cancer or related prior therapy and/or treatment will not be considered a DLT 
with respect to protocol continuation, or dose escalation/de-escalation of T cell dose. 

Study Design: This is a Phase I dose escalation trial of adoptive T cell 
therapy. This trial seeks to determine an RP2D to test in future phase II 
trials. RP2D will be based on maximum tolerated dose (MTD), 
participant data on disease response, late toxicities and 2nd infusions. 
The toxicity equivalence range (TEQR) design of Blanchard and 
Longmate22 will be used to evaluate select doses of PSCA(ΔCH2)BBζ-CAR T cells and determine the MTD. 
The dose schedule is shown in Table 1. The starting dose will be dose 0. The TEQR design22 can be viewed 
as a minimal elaboration of the 3+3 design to include an explicit toxicity target range, and permit intuitive 
specification of a too-toxic level for closing a dose level. In this implementation of the TEQR design, we define 
the target equivalence range of DLT as 0.20-0.35. Toxicity levels of 0.51 or higher will be considered too toxic 

Table 1. CAR+ Cell Dose Schedule  

Dose -1 Starting  
Dose 0 Dose 1 Dose 2 

25M 50M 200M 800M 

Figure 3: T cell product manufacturing and patient treatment plan. BX = biopsy, PB = peripheral blood for correlative assays, 
CT =!computed tomography scan, PET = positron emission tomography, LTFU = long-term follow-up.  *Cyclophosphamide 
lymphodepleting regimen, 1 or 2 days at the discretion of PI, based on disease burden and co-morbidities. **T cell infusion may be 
given within a window of 3-10 days after last dose of lymphodepleting regimen 

CT CT

Dose -1
Starting             
Dose 0a Dose 0b Dose 1 Dose 2

50M 100M 100M +precond. 300M +precond. 600M + precond.

Table 1. CAR+ Cell Dose Schedule

Cy* = 
cytoreductive
chemotherapy
Bx = biopsy
CT = imaging
PB = 
peripheral 
blood


