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Cancer Immunity Cycle

(Chen and Mellman, Immunity 2013)



Immunotherapy has transformed how 
we treat cancer patients 

Enhancing endogenous immunity

Blocking inhibitors

Stimulating effectors

Vaccines

Anti-PD-1

Redirecting immune effectors

Engineering cellular specificities

Colocalizing effectors to tumors

Anti-CD19 CART

Anti-CD19 x anti-CD3



SIPULEUCEL-T
First approved prostate cancer immunotherapy

Fong J Immunol 1997 
Kantoff NEJM 2010
Schellhammer Urology 2013

 Autologous cellular immunotherapy that works 
as a vaccine

 Targets prostatic acid phosphatase (PAP)

 Induces T and B cell responses that correlate 
with outcomes



SIPULEUCEL-T
First approved prostate cancer immunotherapy

Fong J Immunol 1997 
Kantoff NEJM 2010
Schellhammer Urology 2013

 Improved OS without PFS or PSA responses

 Longer OS in patients with lower baseline PSAs

Sipuleucel-T (median OS 25.8 mo)
Placebo (median OS 21.7 mo)
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Neoadjuvant sipuleucel-T induces intratumoral T cells 
in prostate tumors

Sipuleucel-T

Radical
Prostatectomy C

D
3+

Fong JNCI 2014; Hagihara Oncoimmunol 2018; Sheikh Can Res 2016

• Induction of Th1 immunity
• Induction of CTLA-4 and TIGIT 

(not PDL1, VISTA)

Immunohistochemistry Gene expression TCR sequencing



CHALLENGES IN PROSTATE CANCER
Another cancer vaccine

Gulley JCO 2019

 Negative phase III randomized  of Prostvac-VF



Balancing Immune Checkpoints

Antigen recognition via
T cell receptor

Antigen presenting cell T cell Clinical results

Huge Success

Toxic

Combination with anti-PD1

No toxicity, no activity

No toxicity, activity as an ADC

Halted in pre-clinical

No efficacy
Multiple neoantigen trials
Limited efficacy in LAG3+ tumors
No toxicity, no activity, ? Combo with anti-PD1
Toxicity, no activity

No toxicity, no activity

Toxicity, limited efficacy

No toxicity, no activity

                       
   

(Pardoll. Nat Rev Can 2012)



CTLA-4 blockade in mCRPC

(Kwon et al Lancet Oncology 2014)
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(Beer et al JCO 2016)
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(Fong et al, Can Res 2009; Kwek et al, Can Imm Res, 2015)

Phase 3 of ipilimumab



PD-1/PD-L1 blockade for mCRPC

11

(Sweeney et al. AACR 2020)

Lawrence Fong

(Antonarakis et al. JCO 2020)

HR 1.12 (95% CI: 0.91, 1.37)
P=0.28

Phase 3 of enzalutamide + atezolizumab



PD-1 + CTLA-4 blockade for mCRPC

12
Lawrence Fong

(Sharma et al. ASCO GU 2019)

Objective response (measurable disease only)a Cohort 1  (N = 32) Cohort 2  (N = 30)

Confirmed ORR, n (%)
95% CI

8 (25.0) 
11.5–43.4

3 (10.0) 
2.1–26.5

Best overall response, n (%)
Complete response
Partial response
Stable disease
Progressive disease
Unable to determine

2 (6.3)b

6 (18.8)c

13 (40.6)
9 (28.1)
2 (6.3)

2 (6.7)
1 (3.3)

11 (36.7)
13 (43.3)
3 (10.0)

Median time to response, months (Q1‒Q3) 1.9 (1.9–2.8) 2.1 (1.9–7.4)

PSA response (measurable/unmeasurable disease in patients with 
baseline and ≥1 post-baseline PSA result)

Cohort 1  (N = 34) Cohort 2  (N = 40)

Confirmed PSA response rate, n (%)d 

95% CI
6 (17.6) 
6.8–34.5

4 (10.0) 
2.8–23.7

Patients with PSA <0.2 ng/mL, n (%) 5 (14.7) 2 (5.0)

Median time to confirmed PSA response, months (Q1‒Q3) 1.4 (0.8–1.4) 1.2 (0.8–1.4)
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TMB low 22
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No. at risk

TMB high 7.4 (6.5–NE)

TMB low 2.4 (1.8–3.9)

Median rPFS, 
months (95% CI)

Pre-Chemotherapy Post-Chemotherapy

40-50% Grade 3-4 AEs



IMMUNOSUPPRESSIVE TUMOR 
MICROENVIRONMENT IN PROSTATE CANCER

Stultz and Fong. Prostate 
Can Prostatic Dis 
 2021 





Targeting myeloid cells with 
cabozantinib + atezolizumab in mCRPC

RECIST 1.1 PSA

(Agarwal N et al, ASCO 2020)



Targeting the adenosine axis for cancer 
immunotherapy

(Fong et al. Can Discov 2019)

     M2 polarization
 ↑ Adenosine 

Signature

 ↑ PD-1 expression

 ↓ IL-2 & IFNg production

 ↓ Proliferation

Ciforadenant

Prostatic acid phosphatase

Tumor response in refractory kidney cancer to A2ARi



Clinical activity of 
ciforadenant + atezolizumab

Treatment Start (May-2017)

Last dose (Oct-17)

Before (5.7cm)

After (1.71cm)

Visit

PS
A



Ciforadenant and Atezo in mCRPC

Patient Characteristics:
• Median age 68
• Visceral metastases 46%
• Hormone refractory 96%
• Chemo failures 16%



VACCINE COMBINATIONS 

 Listeria vaccine (LADD) + CPI

 KEYNOTE-046: ADXS-PSA +/- pembrolizumab

 Part B: 72% SD, 38% PSA responses, 27% 
PSA30

Stein ASCO 2018 
Stein GU ASCO 2020



VACCINE COMBINATIONS 

 Neoantigen vaccines + CPI

 mHSPC after tumor burden reduction 
with docetaxel + ADT

 NCT03532217



RADIOIMMUNOTHERAPY

 Sipuleucel-T +/- radium-223 (NCT02463799): 
Improved PSA50 responses (33% vs 0%), 

PFS/OS
Decreased peripheral immune responses

 Radium-223 + atezolizumab (NCT02814669)

 Ongoing: Radium-223 + avelumab + peposertib (M3814)  
 (NCT04071236)

Marshall ASCO 2020
Morris ASCO 2020 



Immunotherapy has transformed how 
we treat cancer patients 

Enhancing endogenous immunity

Blocking inhibitors

Stimulating effectors

Vaccines

Anti-PD-1

Redirecting immune effectors

Engineering cellular specificities

Colocalizing effectors to tumors

Anti-CD19 CART

Anti-CD19 x anti-CD3



T CELL BASED

 T cell bi-specifics 
AMG-160: 34.3% PSA50
AMG-509: anti-STEAP

 CAR T-PSMA-
TGFβRDN (NCT04227275)

 Will the lack of existing T cells or 
impedance of trafficking limit efficacy? 

 Will toxicity be limiting? 

Tran ESMO 2020
Kloss Mol Ther 2018











Narayan et al. PCF 2020



Narayan et al. PCF 2020



Conclusions

• Prostate cancer can respond to immunotherapy
• Immune checkpoint inhibition leads to low rates of 
response.

• Phase 3 trials have not show benefit in unselected patients.
• Responses can be very durable.

• Multiple immune resistance mechanisms are operative 
in prostate cancer.



Future directions

• Treatment combinations will be needed to address multiple 
resistance mechanisms. 

• Empiric -> rationale combinations must be developed through 
studying our patients.

• Patient selection
• Tumor intrinsic (MSIhi, CDK12-loss)
• Immune attributes of our patients

• Redirecting T cells (BITE, CART) are showing early signs of 
clinical activity
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