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The first 

• Prostate cancer was the first solid
tumor where a cell-based
immunotherapy was able to
demonstrate an improvement in OS
in cancer patients opening a new
treatment paradigm [Sipuleucel-T;
✚ 4.1 months in OS]

Kantoff PW, Higano CS, Shore ND et al. . Sipuleucel-T immunotherapy

for castration-resistant prostate cancer. N Engl J Med. 2010 Jul 
29;363(5):411-22. 



The road to success was “apparently” paved

Different reasons make PC a suitable model for IT:

1.- PC presents a variety of tumor-associated antigens such as prostate-specific

antigen (PSA), prostatic acid phosphatase (PAP) and prostate-specific membrane antigen

(PSMA), all of which have been shown to produce a clinical response through immunogenicity

and also have been classified as self-antigens.

2.- PC has a relatively slow growth rate that may allow the immune system the

necessary time to produce a response and it seems to be more immunogenic than previously

thought.

3.-The prostate is a dispensable organ, so any autoimmunity generated would have

little consequences.



Korman AJ et al. Nature Reviews Drug Discovery volume 21, pages509–528 (2022)

https://www.nature.com/nrd


Complicated course 
and many 

uncompleted/failed 
expeditions

“Other than Sipuleucel-T, no other immunotherapeutic 
strategies have been registered for the treatment of 
advanced PCa, due to their limited response rates and 
modest clinical efficacy in unselected patients”  2021

Bansal, D.; Reimers, M.; Knoche, E.; Pachynski, R. Immunotherapy and Immunotherapy Combinations in Metastatic CastrationResistant Prostate
Cancer. Cancers 2021, 13, 334. 



Why the “IO expedition” has been such as challenge?
• PC is IMMUNOLOGICALLY ‘COLD’ and 

characterized by T-cell exclusion, low 
neoantigen load, and a relative highly 
immunosuppressive microenvironment

• The immune cells of the Prostate TME are 
frequently characterized by an anergic and 
immunosuppressive phenotype including T-regs, 
M2-TAMs and myeloid-derived suppressor cells 
(MDSCs) 

• mCRPC is enriched in MDSCs, and IL-23 
produced by MDSCs can feed  androgen 
receptor signaling

• PCa tumor cells frequently present PTEN  
alterations which interacts with the IFN-1 
pathway leading to its dysfunction and 
immunosuppression

De Bono, J.S.; Guo, C.; Gurel, B.; De Marzo, A.M.; Sfanos, K.S.; Mani, R.; Gil, J.; Drake, C.G.; Alimonti, A. Prostate carcinogenesis: Inflammatory storms. Nat. Cancer 2020, 20, 455–469. . Vitkin, N.; Nersesian, S.; Siemens, D.R.; Koti, M. The
Tumor Immune Contexture of Prostate Cancer. Front. Immunol. 2019, 10, 603. 

“There are not a lot of immune cells in the prostate when you

do biopsies, and most of those there are not activated,” J 

Gulley 2022



Why the “IO expedition” has been such as challenge?

• Also, the presence of SPOP missense mutations
[10–15% of PCa patients] that has been
associated with higher PD-L1 expression.-
More immunosuppressive microenvironment &
more likely responsive to anti-PD-L1
immunotherapy

• A subset of PCas (20–30%): dMMR, POLE and
CDK12 mutations have been variably associated
with higher TMB and neoantigen load, which
may increase the likelihood of antitumor
immunity

• dMMR mutational signatures were associated
with increased T-cell related transcripts, as well
as immune checkpoint-related transcripts,
including PD-L1 and PD-L2.

Chung, J.H.; Dewal, N.; Sokol, E.; Mathew, P.; Whitehead, R.; Millis, S.Z.; Frampton, G.M.; Bratslavsky, G.; Pal, S.K.; Lee, R.J.; et al. Prospective Comprehensive Genomic Profiling of Primary and Metastatic Prostate Tumors. JCO Precis. Oncol. 2019, 3, 1–23. 
De Bono, J.S.; Guo, C.; Gurel, B.; De Marzo, A.M.; Sfanos, K.S.; Mani, R.; Gil, J.; Drake, C.G.; Alimonti, A. Prostate carcinogenesis: Inflammatory storms. Nat. Cancer 2020, 20, 455–469; Rodrigues, D.N.; Rescigno, P.; Liu, D.; Yuan, W.; Carreira, S.; Lambros, 
M.B.; Seed, G.; Mateo, J.; Riisnaes, R.; Mullane, S.; et al. Immunogenomic analyses associate immunological alterations with mismatch repair defects in prostate cancer. J. Clin. Investig. 2018, 128, 4441–4453. [

“If you analysed the entire tumour, you would miss the signal from T 

cells because there are so few,”



ICI single agent: 
Success limited 
only to very few 

selected

One checkpoint inhibitor, called pembrolizumab, was approved by the FDA in 2017 for tumours with genetic 

faults that prevent DNA repair, but less than 5% of men with advanced prostate cancer have such tumours —

a considerably lower proportion than in some other cancers….[L Fong]2022 Nature Briefing



What else do we know?

• Testosterone can limit the body’s response to immunotherapy —
and therefore that therapy to reduce a person’s testosterone 
levels might boost cancer-fighting T cells

• “we demonstrate that androgen receptor (AR) blockade 
sensitizes tumour-bearing hosts to effective checkpoint blockade 
by directly enhancing CD8 T cell function. Inhibition of AR activity 
in CD8 T cells prevented T cell exhaustion and improved 
responsiveness to PD-1 targeted therapy via increased IFNγ 
expression. ”

Guan, X., Polesso, F., Wang, C. et al. Androgen receptor activity in T cells limits checkpoint blockade

efficacy. Nature 606, 791–796 (2022).



Powles, T., Yuen, K.C., Gillessen, S. et al. Atezolizumab with enzalutamide versus enzalutamide alone in metastatic castration-resistant prostate cancer: a randomized phase 3 trial. Nat Med 28, 144–153 (2022).

A negative study formally but with a few important
messages for future development 

The first study to investigate an immunotherapy
combination with atezolizumab plus enzalutamide vs.
enzalutamide alone in 759 mCRPC patients who
progressed on abiraterone and were ineligible for or
refused a taxane regimen

ICI + NHA



1.Pasotuxizumab = AMG 212 = BAY 2010112 (Amgen) ; 2.- Acapatamab = AMG 160: half-life extended 

(Amgen)

3. HPN424 (Trispecific, Harpoon); 4.-MJNJ-081 (Janssen); 5.- REGN5678 (Regeneron); 

NCT04633252

PRO-MERIT trial, NCT04382898

Is the future around Vaccines/BITES?



Combos of vaccines + something

• Clinical trial of an mRNA vaccine for prostate cancer, in which some participants will receive 

both the vaccine and a checkpoint inhibitor [cemiplimab]

• Other trials have combined Prostvac with ipilimumab. 

• “The use of Prostvac alongside a checkpoint inhibitor  has generated already results from a 

small cohort, as yet unpublished, show ing a notable response in some people: two have seen 

their PSA levels drop by more than 90%, and one shows no evidence of disease more than five 

years on”  Gulley 20222



Triplet immune modulation

• QUEST-1 Study :Preliminary efficacy of BN-brachyury (BNVax ) a therapeutic poxviral

vaccine targeting brachyury, a transcription factor involved in invasion and metastasis.) +

bintrafusp alfa (BA) a bifunctional fusion protein: anti-PD-L1 monoclonal antibody fused

to the TGF-β-RII receptor extracellular domain (a TGF-β trap) + N-803 [an IL-15

superagonist complex.]

ESMO 2020https://doi.org/10.1016/j.annonc.2020.08.875

https://doi.org/10.1016/j.annonc.2020.08.875
https://doi.org/10.1016/j.annonc.2020.08.875


CAR-T
• CAR-T therapy — involving

extracting T cells from a patient,

engineering them to target specific

cancer cells and returning them to

the individual — has electrified the

oncology field because of its

success against blood cancers.

• Despite underwhelming results

against solid tumours, CAR-T cells

are now being deployed in early

clinical trials against prostate
cancer.



CAR-Tox?
• Naomi Haas and colleagues reported treating 13

people with CAR-T cells engineered to target prostate-

specific membrane antigen (PSMA)

• PSMA is rarely found in most tissues, but is present on

the outside of around 80% of prostate cancers and

becomes more prevalent as the disease progresses.

• Three people in the trial showed a reduction in PSA

levels of more than 30%, but five experienced cytokine

release syndrome, and one of them died.

• A similar trial, run by the Philadelphia-based company

Tmunity Therapeutics, was stopped after two people

died from neurotoxic side effects.



BiTE

• Another treatment strategy that is intriguing the field is the use of bi-specific T-cell 
engagers (BiTE) — monoclonal antibodies with two hooks. 

• One hook grabs T cells by a surface receptor called CD3, while the other takes hold of a 
protein on the outside of tumour cells, bringing the two cells together. “

• One BiTE currently under investigation is acapatamab (AMG 160).This brings hooked T cells 
over to tumours by binding to PSMA. 

• The downside, he adds, is that again there was a significant incidence of cytokine
release syndrome





Why IO is not successful in PC?

• Wrong patient selection?
• Biomarker

• MSI-H 
• CDK12

• Clinical context

• Bad strategies : 
• Wrong drug
• Wrong efficacy parameters

• Bad partners?

• Lack of profound knowledge
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Conclusions

• Despite a promising strategy as per today very few patients obtain
benefit from IO based therapies

• It is not a myth but is not a reality in daily practice for most of our
advanced prostate cancer patients





ICIs + TKIs: Efficacy vs Toxicity
• COSMIC-021 is an ongoing, multicentre, open-label, phase 1b study

with a dose-escalation stage followed by tumour-specific expansion
stages.

• Expansion cohort 6 in metastatic castration-resistant prostate cancer

• Patients received oral cabozantinib 40 mg per day and intravenous
atezolizumab 1200 mg once every 3 weeks.

• 132 pats. Objective response rate was 23% (95% CI 17–32; 31 of 132
patients), with three (2%) confirmed complete responses and 28 (21%)
confirmed partial responses.

• 72 (55%) of 132 patients had grade 3–4 treatment-related adverse
events, with the most common being pulmonary embolism (11 [8%]
patients), diarrhoea (nine [7%]), fatigue (nine [7%]), and hypertension
(nine [7%]).



How did we try 
to approach 
the Summit?

ICI

BITEs

CAR T cells

Vaccines combos

ICI+combos



CPI: The way to go?

Chung, J.H.; Dewal, N.; Sokol, E.; Mathew, P.; Whitehead, R.; Millis, S.Z.; Frampton, G.M.; Bratslavsky, G.; Pal, S.K.; Lee, R.J.; et al. Prospective Comprehensive Genomic Profiling of Primary and Metastatic Prostate Tumors. JCO Precis. Oncol. 2019, 3, 1–23. 
De Bono, J.S.; Guo, C.; Gurel, B.; De Marzo, A.M.; Sfanos, K.S.; Mani, R.; Gil, J.; Drake, C.G.; Alimonti, A. Prostate carcinogenesis: Inflammatory storms. Nat. Cancer 2020, 20, 455–469; Rodrigues, D.N.; Rescigno, P.; Liu, D.; Yuan, W.; Carreira, S.; Lambros, 
M.B.; Seed, G.; Mateo, J.; Riisnaes, R.; Mullane, S.; et al. Immunogenomic analyses associate immunological alterations with mismatch repair defects in prostate cancer. J. Clin. Investig. 2018, 128, 4441–4453. [



Hansen, A.R.; Massard, C.; Ott, P.A.; Haas, N.B.; Lopez, J.S.; Ejadi, S.; Wallmark, J.M.; Keam, B.; Delord, J.-P.; Aggarwal, R.; et al. Pembrolizumab for advanced prostate adenocarcinoma: Findings of the KEYNOTE-028 study. Ann. Oncol. 2018, 29, 1807–1813.

Pembrolizumab resulted in durable objective response in a subset of
patients with heavily pretreated, advanced PD-L1–positive* prostate
cancer, and its side effect profile was favorable.

*: PD-L1 ≥ 1% using combined score with Dako assay test

1ST SIGNAL



Single agent 
ICI: Further 

steps

Fizazi, K.; Drake, C.G.; Beer, T.M.; Kwon, E.D.; Scher, H.I.; Gerritsen, W.R.; Bossi, A.; Eertwegh, A.J.V.D.; Krainer, M.; Houede, N.; et al. Final Analysis of the Ipilimumab Versus Placebo Following Radiotherapy Phase III Trial in Postdocetaxel Metastatic Castration-resistant Prostate
Cancer Identifies an Excess of Long-term Survivors. Eur. Urol. 2020, 78, 822–830 (1. Beer TM, Kwon ED, Drake CG, Fizazi K, Logothetis C, Gravis G, Ganju V, Polikoff J, Saad F, Humanski P, Piulats JM, Gonzalez Mella P, Ng SS, Jaeger D, Parnis FX, Franke FA, Puente J, Carvajal R, 
Sengeløv L, McHenry MB, Varma A, van den Eertwegh AJ, Gerritsen W. Randomized, Double-Blind, Phase III Trial of Ipilimumab Versus Placebo in Asymptomatic or Minimally Symptomatic Patients With Metastatic Chemotherapy-Naive Castration-Resistant Prostate Cancer. J Clin 
Oncol. 2017 Jan;35(1):40-47; (2)  Antonarakis ES, Piulats JM, Gross-Goupil M, Goh J, Ojamaa K, Hoimes CJ, Vaishampayan U, Berger R, Sezer A, Alanko T, de Wit R, Li C, Omlin A, Procopio G, Fukasawa S, Tabata KI, Park SH, Feyerabend S, Drake CG, 

Wu H, Qiu P, Kim J, Poehlein C, de Bono JS. Pembrolizumab for Treatment-Refractory Metastatic Castration-Resistant Prostate Cancer: Multicohort, Open-Label Phase II KEYNOTE-199 Study. J Clin Oncol. 2020 Feb 10;38(5):395-405.. (3) Petrylak DP, 

Loriot Y, Shaffer DR, Braiteh F, Powderly J, Harshman LC, Conkling P, Delord JP, Gordon M, Kim JW, Sarkar I, Yuen K, Kadel EE 3rd, Mariathasan S, O'Hear C, Narayanan S, Fassò M, Carroll S, Powles T. Safety and Clinical Activity of Atezolizumab in 
Patients with Metastatic Castration-Resistant Prostate Cancer: A Phase I Study. Clin Cancer Res. 2021 Jun 15;27(12):3360-3369

• The use of single agent ICI is 
not supported for unselected 

patients base on the data  
generated so far  although some 

signals can be extracted from 
these attempts

Late signal?



ICI + ICI

• TOXIC COMBOS AND MODERATE ACTIVITY

• SELECTION MIGHT HELP FOR MMRD + PATIENTS

• IT DOES NOT SEEM THE WAY TO FOLLOW 



Parp inhibition + ICIs

• Parp inhibition could activate the 
immune response

• PARPIs stimulate DNA damage and 
that would theoretically increase 
antigenicity of the tumour cell and 
increase immune response

• Nevertheless, the results with 
combos of PARPIs and ICIs have not 
shown remarkable benefit in 
unselected populations



Nivolumab plus rucaparib is active in patients with HRD-positive

postchemotherapy or chemotherapy-naïve mCRPC, particularly those 

harboring BRCA1/2 mutations





BITEs, Vaccines

1.Pasotuxizumab = AMG 212 = BAY 2010112 (Amgen) ; 2.- Acapatamab = AMG 160: half-life extended 

(Amgen)

3. HPN424 (Trispecific, Harpoon); 4.-MJNJ-081 (Janssen); 5.- REGN5678 (Regeneron); 

NCT04633252

PRO-MERIT trial, NCT04382898



• In the decade since sipuleucel-T’s arrival, there have been
numerous trials of immunotherapies for prostate cancer, most of
which have been disappointing

• Researchers are not ready to give up yet. They are gaining a 
better understanding of why this cancer has proved so difficult
to crack, and a number of approaches to harnessing the
immune system in prostate cancer are showing promise in trials
— including new vaccines and therapies based on engineering
cells to destroy cancerous tissue



Summary

Prostate cancer exhibits many immunosuppressive characteristics associated with TME, low TMB, 

low expression of PD-L1 and sparse T-cell infiltration

immunotherapy remains to be a promising treatment at least in a subset of prostate cancer patients.



Many ongoing 
studies

The principal primary endpoints regard response outcomes
(i.e., ORR, PSA decline) and safety profile.



Combos in unselected
patients

IMMUNOTHERAPY ONGOING 
STUDIES IN mCRPC

Patients selected
by genomic
aberration

CDK12 mutated
MMRD

TMB
BRCA

PERSEUS INSPIRE IMPACT

PEMBROLIZUMAB- IPI-NIVO

Rad2-NIVO
CHECK 

MATE-7DX
KEYNOTE-

921

+NIVOLUMAB                  +PEMBROLIZUMAB

Single Agent  in selected
populations

ATEZO+ CABOZANTINIB
TKI + NIVO 

CONTACT-
02

TKI+NIVO



Combos in development

• Most studies are investigating the use of ICI as monotherapy in the subgroup of mCRPC patients
harboring different types of gene mutations, which have been suggested to be associated with a
better response to immunotherapy. :

• Pembrolizumab is being tested after one prior line of treatment in mCRPC patients with CDK12 biallelic
inactivation (NCT04104893) or with high mutation load and/or DNA repair deficiency (PERSEUS 1,
NCT03506997).

• Combination therapy with nivolumab + ipilimumab is currently being investigated in patients with
• An “immunogenic” phenotype (dMMR and/or a high TMB of >7 mutations per Mb BRCA2 inactivation or BRCAness signature;

tandem duplication signature and/or CDK12 biallelic inactivation) (INSPIRE, NCT04717154)

• With CDK12 mutation (IMPACT, NCT0357619).



• Some clinical trials are investigating the combination of ICI with
standard treatment for mCRPC patients not selected for genomic
signatures or mutations, including the combination of nivolumab
with radium-223 in the Rad2Nivo trial (NCT04109729) and with
docetaxel in the phase III Checkmate 7DX trial (NCT04100018).



Somebody believe so…
• Atezolizumab

• Atezo + RAD-223

• Atezo + Enzalutamide

• Atezo + Sipuleucel-T

Source: Clinical Trials.Gov January 2017

Pembrolizumab
• Pembro after [docetaxel; Enzalutamide]
• Pembro + [Olaparib; Enzalutamide]
• Pembro + pTVG-HP Plasmid DNA Vaccine
• Pembro + RT

Nivolumab
• Nivo in mCRPC with DNA repair defects
• Nivo in mCRPC with AVR-7
• Nivo + Prostvac
• Nivo + Ipililumab

Durvalumab
• Durva + Tremelimumab
• Durva in mCRPC with DNA repair defects
• Durva + Olaparib
• Durva + Vaccines



Kaplan-Meier plots of rPFS and OS in all treated patients and based on HRD status for cohort A1 

(A, B) and cohort A2 (C, D). 

Karim Fizazi et al. J Immunother Cancer 2022;10:e004761

© Author(s) (or their employer(s)) 2022. Re-use permitted under CC BY-NC. No commercial re-

use. See rights and permissions. Published by BMJ.





How did we try 
to approach 
the Summit?

Single agent ICI

Parp Inh + ICI





Parp inhibition + ICIs

• Parp inhibition could activate the 
immune response through STING

• PARPIs stimulate DNA damage and 
that would theoretically increase 
antigenicity of the tumour cell and 
increase immune response

• Nevertheless, the results with 
combos of PARPIs and ICIs have not 
had the expected results [patient 
selection?]



ICIs + TKIs: The way to go

Meaningfull ORR

Toxicity also an 



The logic for the future: Combinations

• Prostate cancer has the potential to be immunogenic 
but generates an immunosuppressive TME capable of 
resisting CPI therapies through 

• Recruitment of inhibitory immune cell populations

• Production of pro-tumorigenic cytokines

• Direct inhibition of the immune system by tumor 
cells. 

• Prostate cancer will require a combination of 
approaches to improve the rates of clinical responses. 

• The results of currently ongoing phase II and III clinical 
trials will provide insights into the advantages and 
disadvantages to different strategies, as well as the 
mechanisms of therapeutic resistance that have yet to 
be overcome

• (NCT03753243, NCT03810105, NCT03879122, 
NCT03016312, NCT03338790).

•



Ongoing studies



Fizazi, K.; Drake, C.G.; Beer, T.M.; Kwon, E.D.; Scher, H.I.; Gerritsen, W.R.; Bossi, A.; Eertwegh, A.J.V.D.; Krainer, M.; Houede, N.; et al. Final Analysis of the Ipilimumab Versus Placebo Following Radiotherapy Phase III Trial in Postdocetaxel Metastatic
Castration-resistant Prostate Cancer Identifies an Excess of Long-term Survivors. Eur. Urol. 2020, 78, 822–830. 



• However, advancements in our understanding of the molecular 
pathophysiology of cancer immune response and PCa might lead to a 
shift in the paradigm of immunotherapy for the treatment of PCa.



Immune checkpoint 
inhibitors and mCRPC

• The use of single agent ICI is not supported for 
unselected patients base on the data  generated 
so far

• Some selected populations (i.e. MSI high) 
could potentially benefit from these therapies

• Combinations might refine the activity of 
these compounds in PC



Clinical trials on 
ICIs in locally 
advanced or 
metastatic 
HSPC patients.

Ross, A.E.; Hurley, P.J.; Tran, P.T.; Rowe, S.P.; Benzon, B.; Neal, T.O.; Chapman, C.; Harb, R.; Milman, Y.; Trock, B.J.; et al. A pilot trial of pembrolizumab plus prostatic cryotherapy for men with newly diagnosed oligometastatic hormone-sensitive prostate cancer.   Prostate Cancer Prostatic
Dis. 2020, 23, 184–193. [



The road to success was “apparently” paved



• Check-point inhibitors




