
A novel tumor genomic classification system accurately stratifies patients with metastatic 
prostate cancer into distinct prognostic groups 

 
Martin W. Schoen1,2, Jiannong Li3,4, Heena Desai5,6; Ryan Hausler5,6, Candace L. Haroldsen7,8, Timothy R 
Rebbeck9,10,11, Brent S. Rose12,13, Michael J. Kelley14,15, Robert Bruce Montgomery16,17,18, Nicholas G. 
Nichols19,20,21, Matthew B Rettig20,21,22, Kosj Yamoah3,4,Kara N. Maxwell5,6,23,*, and Isla P. 

Garraway20,21,24,*,† 
*These authors contributed equally to this work  
†To whom correspondence should be addressed: Isla P. Garraway, MD, PHD, David Geffen School of 

Medicine at UCLA, 10833 Le Conte Avenue, PO Box 951738 CHS, Los Angeles, CA 90095 
(igarraway@mednet.ucla.edu) 
 

1. Saint Louis University School of Medicine, St. Louis MO  

2. VA St Louis Healthcare System, St. Louis MO  

3. Department of Biostatistics and Bioinformatics, H. Lee Moffitt Cancer Center, Tampa, Florida 4. James 

A. Haley Veterans’ Hospital, Tampa FL  

5. Medical Oncology Service, Corporal Michael Crescenz VA Medical Center, Philadelphia, Pennsylvania  

6. Division of Hematology-Oncology, Department of Medicine, Perelman School of Medicine, University of 

Pennsylvania, Philadelphia 7. University of Utah, Salt Lake City, UT  

8. Veterans Affairs Salt Lake City Healthcare System, Salt Lake City, UT  

9. Harvard T. H. Chan School of Public Health, Department of Epidemiology, Boston, MA  

10. Dana-Farber Cancer Institute, Division of Medical Oncology, Boston, MA  

11. Veterans Affairs Boston Healthcare System, Boston, MA  

12. Veterans Affairs San Diego Healthcare System, San Diego, CA 13. University of California, San Diego, 

Department of Radiation Oncology, San Diego, CA  

14. National Oncology Program, Department of Veteran Affairs, Washington  

15. Durham VA Medical Center, Durham, NC  

16. Fred Hutchison Cancer Institute, Seattle, WA  

17. Department of Hematology/Oncology, University of Washington, Seattle, WA  

18. Puget Sound VA Healthcare System, Seattle, WA  

19. David Geffen School of Medicine at the University of California Los Angeles, Department of Radiation 

Oncology, Los Angeles, CA  

20. UCLA Jonsson Comprehensive Cancer Center, Los Angeles, CA  

21. Veterans Affairs Greater Los Angeles Healthcare System, Los Angeles, CA  

22. David Geffen School of Medicine at the University of California Los Angeles, Department of 
Hematology and Oncology, Los Angeles, CA 23. Department of Genetics, Perelman School of Medicine, 

Philadelphia, PA  

24. David Geffen School of Medicine at the University of California Los Angeles, Department of Urology  
 

mailto:igarraway@mednet.ucla.edu


Abstract  
Background: Tumor genomic assessment has revolutionized cancer care as identification of specific 

gene alterations inform prognosis and predict benefit from precision oncology therapies. To date, 
prognostic assessment of metastatic prostate cancer does not account for single or combinations of 
genomic alterations frequently identified through comprehensive genetic profiling (CGP). 
Methods: A retrospective cross-sectional study of U.S. Veterans treated for metastatic prostate cancer 

(All subjects had CGP through the National Precision Oncology Program and were followed until death or 
censoring at the end of data collection. Cox proportional hazard models were used to identify genomic 
alterations that were associated with survival while accounting for age, comorbidities, and baseline 

prostate-specific antigen. The alterations were categorized into favorable, intermediate, or adverse risk 
classification groups and risk of mortality was analyzed in a multivariable Cox model. Performance was 
determined in the testing set, other cancer states and a non-VA dataset (MSK IMPACT). 
Main Outcomes and Measures Overall survival (OS) from the time of first metastasis.  

Results: From a cohort of 7,201 veterans with metastatic prostate cancer, 2484 veterans with de novo 
metastatic hormone sensitive prostate cancer (dmHSPC) and tissue CGP was divided into training 
(n=1738) and testing (n=746) subsets accounting for age at dmHSPC diagnosis, prostate-specific antigen 

(PSA) value, and Charlson comorbidity index (CCI). Sixteen genes altered at ≥2% frequency and 
associated with overall survival were selected by multivariable analysis (TP53, PTEN, RB1, BRCA2, FGFR1, 
FGFR3-4, FGFR19, CDK12, RAD21, MYC, CCND1, LYN, AR, PRKCI, SPOP). The genomic classification was 
evaluated in multivariable model, where intermediate and adverse classification was associated with 

increased mortality (aHR 1.75, 95% CI 1.46-2.08; aHR 2.71, 95% CI 2.15-3.42, respectively) compared 
to favorable classification in dmHSPC. In the test set, areas under the curve (AUCs) of 0.77, 0.72, and 
0.71 at 12, 24 and 36 months, respectively, were determined. Similar performance was found in 
sensitivity analyses that accounted for tumor volume at diagnosis or testing obtained within 12 months of 

diagnosis. The genomic classification also showed similar performance when derived from liquid biopsy 
results and/or across metachronous HSPC and castration-resistant prostate cancer (CRPC) clinical states. 
Genomic classification was validated in an independent, non-VA dataset (n=990), where intermediate 

(aHR 2.09, 95% CI 1.11-3.94) and adverse (aHR 4.38, 95% CI 2.14-8.97) classifications were associated 
with increased mortality with AUCs of 0.75, 0.71 and 0.71 at 12, 24 and 36 months, respectively. 
Conclusions and Relevance Tumor genomic classification is prognostic for OS in patients with 
metastatic prostate cancer. The genomic classification produced consistent, robust results in multiple 

validation datasets across varying clinical metastatic states, CGP analytes and methods, as well as in 
datasets derived from non-VA patients. This prognostication approach has the potential to guide decision-
making related to therapeutic intensity and duration. 
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