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Cellular immunotherapy in mCRPC: past

Sipuleucel-T: approved 2010

OS advantage1 without rPFS delay 

or objective responses

Mechanistic support: product 

parameters2, CD8 lytic T cell 

phenotype induction3

OS benefit supported in crossover 

analyses4 and PROCEED registry, 

esp AfrAm5

1. Kantoff PW et al NEJM 2010; 63:411

2. Sheikh N et al Cancer Immunol Immunother 2013; 62:137

3. Antonarakis E et al. Clin Cancer Res 2018

4. George DJ et al Cancer Immunol Res 2015; 3:1063

5. Sartor O et al PCAN 2020; 23:517

McKay et al, GU ASCO 2020; abstr 42 



Future directions: SipT + Radium223

Marshall CH et al. GU 

ASCO abstr 2020



Vaccine approaches

Examples:  ProstVAC, GVAX

Advantages:

- Easy administration

- Specific (less toxic)

Disadvantages

- Single antigen (ProstVAC)

- ? Overcome immune suppression

Future: 

- McNeel (U Wisconsin) AR target w/ GM-CSF

- Oncoimmune (PSA/IL2/GM-CSF)

Above: outcomes of phase 3 trials with GVAX

Below: outcome of phase 3 trial of ProstVAC



Immune checkpoint inhibitor therapy in 

mCRPC: Pembrolizumab (KEYNOTE-199)

Top right: objective response

Bottom right: PSA changes

DeBono JS. ASCO 2018; oral 

present



Immune checkpoint inhibitors in 

mCRPC: selcted by MSI

MSI is present in 

3% of prostate 

cancers

Response to 

pembrolizumab 

about 50% (PSA, 

RECIST)

Abida W et al, JAMA Oncol 2019; 5:471-8 



Combinations: checkpoint + checkpoint 

(Ipi + Nivo)

<1/3 received all 4 

induction doses

Chemo naïve: 25% objective 

response with 2 (6%) CR

– PSA response 17.6%

Chemo pre-treated: 10% objective 

response, 2 (6.7%) CR

– PSA response 10%

HRD+ had greater 

response
Sharma P et al, Cancer Cell 2020; 38:489-99



Cabozantinib + Atezolizumab

Agarwal N et al. GU ASCO 2020 abstr 139



T cell strategies: BiTE and CarT

BiTE (A. & B.)

- AMG 160 (PSMA), 

- AMG509 (STEAP1)

CarT (C. & D.)

- PSCA (City of Hope)

- PSMA (UPenn, Poseida)

- KLK2-targeted CarT (Janssen)

Dorff TB et al. Clin Cancer Res 2021; in press    



PSCA as a target

• Identified by Dr. Reiter in Dr. Witte’s lab

• Membrane expression

• Expressed in 80% of prostate primaries 
and 90% of metastatic deposits

• Downregulated by AR suppression, but 
overexpressed in castration resistant 
prostate cancer

• Additional cancers: Pancreatic, bladder

Gu  Z et al. Oncogene 2000; 19:1288-96
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PSCA-CAR T Cells Home to PSCA+ Bone 
Metastatic Disease in NSG Mice

T cells (ffluc+)

PC-3 (wt) PC-3-PSCA

Priceman, et al. OncoImmunology. 
2017; doi.org/10/1080/2162402X.2017.1380764



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 2
nd

 infusions. 

The toxicity equivalence range (TEQR) design of Blanchard and 
Longmate

22
 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
PB = peripheral blood

Or archival MRI target 
bone MRI target bone



Toxicities with CAR T for 
prostate cancer

• Cytokine Release Syndrome in 
about 1/3
• Variable onset but typically day 3
• Have needed tocilizumab

• Cytopenias, infection (from 
lymphodepletion)

• On target, off tumor
• PSCA: cystitis
• PSMA: TBD

• Macrophage activation

• Responses are being achieved!



CAR T vs BiTE

• Cost/scalability

• CAR NK or other allo
methods may improve 
(CRISPR)

• BiTE still pricey, 
depending on 
hospitalization 
requirements and 
supportive medications

• Durability of remissions

• CarT is a very flexible 
platform

Strohl et al. Antibodies 2019; 
doi: 10.3390/antib8030041

Generations of CarT Cells



BiTE antibody 
therapy

• Only approved BiTE is blinatumomab for ALL. 

• AMG160 is half-life extended dual-targeted antibody to PSMA and CD3
• Dosed every 2 weeks

• AMG509 is 3-headed (2 for target antigen) 



Efficacy Results 
AMG160
dose escalation

Tran, Horvath, Dorff et al. 

ESMO 2020



Cytokine Release Syndrome 
and other AEs with AMG160

• CRS most severe in cycle 1
• 60% had grade 2 CRS at worst

• 25.6% had grade 3 CRS

• Mitigation strategies have helped reduce rate 
of grade 3 CRS

• 9.3% of patients experiences reversible atrial 
fibrillation in setting of CRS/tachycardia

• Dry mouth is on-target PSMA side effect

Tran, Horvath, Dorff et al. 

ESMO 2020



STEAP-1 as a target (AMG509)

DSTP3086S: ADCC with 
MMAE payload

• 18% with PSA 50 when 
dose was >2 mg/kg IV q3 
weeks2

• 6% RECIST PR,  59% CTC 
conversion 

• DLTs: grade 3 transaminitis, 
grade 3 hyperglycemia, 
grade 4 hypophosphatemia

1. Kelly WK et al. GU ASCO 2021. TPS abstr 183

2. Danila DC et al. JCO 2019; 36:3518-27



Conclusions: immunotherapy for advanced prostate cancer

Sipuleucel-T
- Still an option. OS benefit when used early

Immune Checkpoint inhibitors
- Selected patients only (ex: TMB, MSI) 

- Will likely require combination (ex: cabozantinib)

BiTE: AMG160 (& AMG509)
- Clearly effective

- CRS is very common, limits dosing

- Anti-drug antibodies may limit efficacy

CarT: PSCA, PSMA, klk2
- Promising early results with objective responses

- CRS very manageable (even MAS can be…)

- On target, off tumor toxicity

- Combination studies. Active 
Surveillance

- Radiopharmaceutical partners

- Additional targets, additional 
modifications to reduce toxicity

- Optimize dosing strategy, possible 
combinations, “off the shelf”, dual 
targets


