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“Learn from Yesterday, 

Live for Today,

Hope for Tomorrow”
Albert Einstein

Imaging Prostate Cancer

From Helpful to Essential

2012

Since 2014  there is an alarming 3% 

annual increase in PCa incidence driven 

by the diagnosis of advanced disease

DWI –ADC



Steyn JH, Smith FW: NMR imaging of the prostate; Br J Urol 1982

Hricak H, Williams RD: Anatomy and pathology of the male pelvis by MRI; AJR 1983



Modality Assessment Before Its Time 

Technology, Standardization in Interpretation

NEJM 1990

Comparison of magnetic resonance imaging and ultrasonography 

in staging early prostate cancer. Results of a multi-institutional 

cooperative trial

“MRI identified only 60 percent of all malignant tumors 

measuring more than 5 mm on pathological analysis, and 

ultrasonography identified only 59 percent.”



Modality Assessment before its Time 

Technology and Knowledge in Interpretation

AJR 1992

• MR imaging in adenocarcinoma of the prostate: interobserver variation 

and efficacy for determining stage C disease.

“ The average accuracy among four radiologists in determining the 

presence of stage C adenocarcinoma of the prostate from MR images was 

only slightly above a chance guess at .55.”

Radiology 1994 

• Staging of prostate cancer: results of Radiology Diagnostic Oncology 

Group project comparison of three MR imaging techniques.

“Overall accuracy for conventional body-coil, fat-suppressed body-coil, and 

endorectal-coil MR was 61%, 64%, and 54%, respectively.”
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Hashim et al. Lancet 2017:389:815

Zhang L: A meta-analysis PI-RADS V2 with mp MR imaging for the detection of prostate cancer. Eur Radiol. 2017 & PROMISE (2015) 

Diagnostic Precision of Prostate MRI

https://mail.mskcc.org/owa/redir.aspx?C=5XraHKmXrgw9cYj-vopHAfIfYnxbrGgkb0-bMdMz46AWfU5pAQ7VCA..&URL=https://www.ncbi.nlm.nih.gov/pubmed/28656462


Modality Assessment Before Its Time 

Lessons Learned

• Technology Assessment before its time (technology needs 

to be robust and ready for wide dissemination)

• The evaluation team needs to be multidisciplinary (not only 

multi-institutional)

• The evaluating site personnel needs to be trained/certified; 

image interpretation needs to be standardized; participating 

radiologists need to be disease sub-specialized and be a 

part of MDT



PSMA PET Imaging – From synthesis to FDA approval

In 2012 Eder and the Heidelberg group 

synthesized a 68Ga-labeled PSMA PET 

compound, which was FDA-approved on 

December 1, 2020

In 2011 Pomper and the John Hopkins 

group synthesized a 18F-PSMA PET 

compound, which was FDA-approved on 

May 30, 2022
68Ga PSMA -11 PET 



177Lu -PSMA Radioligand Therapy

68Ga-PSMA-11 PET/CT

Before therapy

PSA = 755 ng/mL
Cycle 1 Cycle 2 Cycle 3

Cycle 4

PSA < 0.2 ng/mL

Heck et al. J Urol (2016) 

Figure 4, edited

71 years old

patient with 

metastatic 

castration-

resistant 

prostate cancer 

(mCRPC).

First introduced by the German Cancer University, Hospital Heidelberg in 2015



177Lu-PSMA-617 Radioligand Therapy: VISION Trial

Sartor et al: Lutetium-177-PSMA-617 for Metastatic Castration-Resistant Prostate Cancer; NEJM Sept 2021

• Phase III VISION trial: 831 patients

• FDA approval of 177Lu-PSMA-617 for 

advanced prostate cancer in 3/2022 (7 y. 

after the first report) 



177Lu-labelled PSMA Radioligand Therapy – Patient Selection

•20-30% of mCRPC patients with low PSMA expression or discordant PSMA/FDG avidity 

have a poor prognosis, short survival, and are ineligible for 177Lu-labelled PSMA RLT

Thang et al., Eur Urol Oncol 2019



Neuroendocrine Prostate Cancer 

(NEPC) is biologically lethal, 

heterogeneous, at present untreatable, 

and diagnosed only by Bx.

Nelson et al. Cancer Cell 2017

Understanding Biology of Metastatic Prostate Cancer
Identifying Unmet Clinical Needs

Unmet clinical need – In vivo diagnostics of NEPC

Courtesy Jason Lewis MSKCC



Zr-89 SC16 PET/CT - 5 days post tracer 

injection; tracer-avid metastases in the liver and 

spine in a 70 y. Stage IV SCLC 

89Zr-SC16 PET tracer for in vivo detecting and quantifying tumor 

DLL3 expression 

Clinical Trial: DLL3 expression in SCLC using Zr-89 SC16 PET/CT imaging   

19-292 Dunphy, PI, Rudin c0-PI, Pillarsetty co-PICourtesy: Jason Lewis MSKCC

Delta-like ligand 3 (DLL3) is 

overexpressed in NEPC

DLL3 is also overexpressed in 

small-cell lung cancer (SCLC) 

and large-cell neuroendocrine 

carcinoma (LCN)

Puca et al. Sci. Transl. Med. 2019



63-year-old male with biopsy-proven 

metastatic high-grade adeno CA and 

NEPC liver metastasis

64-year-old male with prostate adenoCA and 

biopsy-proven small cell NEPC metastasis 

Delta-like ligand 3–targeted radioimmunotherapy for neuroendocrine 

prostate cancer; Lewis JS, PNAS 2022 



Multicolor/ Multitracer PET

Pratt E ... Ponomarev V, Grimm J* & Herraiz JL* (2023) Nature Biomedical Engineering 2023

89Zr-Oxine-labeled 

PSMA-targeting CAR-T cells



“Learn from Yesterday, 

Live for Today,

Hope for Tomorrow”

Albert Einstein

Prostate Cancer Imaging & Treatment

Strategies to enable novel diagnostic and therapeutic 

techniques to flourish
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Prostate Cancer Imaging & Therapy 
Lessons Learned & Looking Forward

• Understanding of the Biology of the disease

• New Imaging technology requires the well design of the 

prospective study with standardized imaging protocols and 

defined interpretation guidelines and training of the readers

• Credentialing of the chemist

• Standardize reporting

1. Preclinical studies and rigorous regulatory assessment

2. Multi-institutional Global, Multidisciplinary trial

3. Standardization of interpretation

4. Biomarkers and Patient selection (biomarkers)

5. Always looking forward to unmet or emerging clinical needs



Prostate Cancer Imaging & Therapy 
Lessons Learned & Looking Forward

• Understanding of the Biology of the disease

• Looking forward to unmet or emerging clinical needs

1. Preclinical studies and rigorous regulatory assessment

2. Multi-institutional Global, Multidisciplinary trial

3. Standardization of interpretation

4. Biomarkers and Patient selection (biomarkers)

Looking forward to unmet or emerging clinical needs



“Culture eats strategy for breakfast.” 

Peter Drucker 

Integrated Diagnostics – Data Governance

Academic Medicine:

Culture of collaboration, trust, and sharing?

Data Sharing Requires Guardrails and Incentives!



Puca et al. Sci. Transl. Med. 2019

PCa (Adeno Ca): Detectable by AR tracers

CRPC = Castration-resistant PCa

NEPC: Not detectable by AR tracers

DLL3 expression is observed following androgen 

deprivation therapy in patients with NEPC



Steyn JH, Smith FW: NMR imaging of the prostate; Br J Urol. 1982

Hricak H, Williams RD,: Anatomy and pathology of the male pelvis by MRI; AJR 1983

1982 - July 2023, there are >14,000 Publications on MR of the 

Prostate 



Integrated Diagnostics – Multifaceted Opportunities

• Clinical: “AI-facilitated Tumor Boards” - Multidisciplinary & 

Interdisciplinary workflow organized along disease-specific pathways 

e.g., MSKCC pilot projects – (Solid tumors: Brain, Neuroendocrine, 

& Ovary. Liquid tumors: Lymphoma)

• Research: endless opportunities for new discoveries through 

annotated & curated large database

• Education

• Patient access: to data and shared decision making

• Health Equity: Enabling personalized precision cancer care globally

Towards Precision Oncology

Reducing Medical Errors & Improving Outcomes



Predictors of response to 177Lu-

PSMA-617

In 2012 an expert consensus group of the 
European Society of Urogenital Radiology 

(ESUR) introduced the version 1 (v1) of the 
Prostate Imaging Reporting and Data System 

(PI-RADS)



Standardization in Reporting & User-friendly Dashboard

ESUR: PI-RADS (v. 1) version - December 2011

ACR, ESUR, & AdMeTech Found. PI-RADS (v. 2) - March 2019



18F-FDHT PET/CT

Baseline

18F-FDHT PET/CT

4 wks after Enzalutamide

Targeted Imaging / Targeted Therapy

*Scher et al; Lancet: 2010

** Sawyers et al: Nature 

Reviews Cancer: 2015           

18F-FDHT PET/CT -

Imaging as a Predictive

Biomarker in the 

Clinical phase I/II trial 

for Androgen Receptor 

(Enzalutamide) 

Therapy in Metastatic 

PCa*

The majority of 

patients had 

recurrence within 12 

months**

Drug Development for the 21st Century
Targeted Molecular Imaging as a Predictive Biomarker in Clinical Trials
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Steyn JH, Smith FW: NMR imaging of the prostate; Br J Urol 1982

Hricak H, Williams RD: Anatomy and pathology of the male pelvis by MRI; AJR 1983

1982 - July 2023, there are >14,000 Publications on MR of the 

Prostate 



PSMA-directed Alpha Therapy – induces complete 

remissions after Lu-177 failures

Kratochwil C, et al. J Nucl Med. 2016;57(12):1941–1944.



Neuroendocrine Prostate Cancer (NEPC) is biologically lethal, 

diverse, heterogeneous, and at present untreatable. 

Regardless of total tumor burden, overall survival is <1 year!

Nelson et al. Cancer Cell 2017

Evolving Biology of Metastatic Prostate Cancer
Identifying Unmet Clinical Needs



70 y. Stage IV SCLC 

Zr-89 SC16 PET/CT - 5 days post tracer injection

DLL3 tracer-avid metastases in the liver and spine

Increased expression of delta-like 3 

(DLL3) is present in neuroendocrine 

tumors, including small-cell lung 

cancer (SCLC), high-grade 

pulmonary neuroendocrine tumors, 

and large-cell neuroendocrine 

carcinoma (LCNEC)

89Zr-SC16 PET tracer for detecting and quantifying in vivo tumor 

DLL3 expression 

DLL3 expression in SCLC – Zr-89 SC16 PET/CT imaging 

19-292 Dunphy, PI, Rudin c0-PI, Pillarsetty co-PI
Courtesy Jason Lewis MSKCC
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Predictors of Response to 177Lu-PSMA-617 RLT

• Response rate 50-60%

• Need for biomarkers to predict response

• Radiation dose - dosimetry

• Tumor sensitivity to radiation

• Level of PSMA expression

Courtesy Doris Leithner NYU



PSMA – PET- Prostate Cancer Molecular Imaging 
Standardized Evaluation 

Seifert et al.: Prostate Cancer Molecular Imaging Standardized Evaluation 

Framework Including Response Evaluation for Clinical Trials (PROMISE V2); 

European Urology May 2023

PROMISE criteria for 

whole-body molecular 

imaging TNM staging 

(miTNM staging) for 

PCa disease extent on 

PSMA-PET



Neuroendocrine Prostate Cancer 

(NEPC) is biologically lethal, 

heterogeneous, at present untreatable, 

and diagnosed only by Bx.

Regardless of total tumor burden, 

overall survival is <1 year!

Nelson et al. Cancer Cell 2017

Understanding Biology of Metastatic Prostate Cancer
Identifying Unmet Clinical Needs

Unmet  clinical need – In vivo diagnosis of NEPC

Courtesy Jason Lewis MSKCC
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