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Background: The development of bispecific T-cell engagers (BiTES) targeting tumour antigens and 
CD3 has increased interest in T-cell infiltration in metastatic castration-resistant prostate cancer 
(mCRPC). To facilitate this, the immune landscape of mCRPC needs to be better understood. This 
study characterises CD3+ T-cell distribution in mCRPC using advanced spatial imaging and molecular 
profiling techniques, exploring clinical implications and utility. 
 
Methods: We analysed 847 prostate cancer biopsies, including matched hormone-sensitive prostate 
cancer (HSPC) and mCRPC samples, using CD3 immunohistochemistry (IHC) and deep learning-based 
image analysis. Spatial distribution of CD3+ cells was examined using custom algorithms that 
quantified cell density across the tumour-stroma interface. A subset of samples underwent hyperplex 
immunofluorescence (IF) to further characterise the immune cell composition. Genomic profiling, 
including targeted DNA sequencing and RNA sequencing, was performed on selected samples. 
Survival analysis was conducted using Cox proportional hazards models, adjusting for established 
prognostic factors in mCRPC. 
 
Results: We observed a significant decrease in CD3+ T-cell density from HSPC to mCRPC (median 
260 vs 90.5 cells/mm², p<0.001). However, a subset of mCRPC samples showed high CD3+ 
infiltration. Spatial analysis revealed multiple distinct patterns of CD3+ cell distribution across the 
tumour-stroma interface (Figure 1). These patterns were independently associated with overall 
survival in multivariate analysis. High intratumour and stromal CD3+ density (spatial group 6) 
associated with better prognosis; low CD3+ cell density associated with worse prognosis (HR 1.63, 
95% CI: 1.17-2.28, p=0.00428). Interestingly, high stromal but low intratumour CD3+ density 
(spatial group 5) also associated with poor outcomes (HR 1.42, 95% CI: 0.91-2.21, p=0.12672; 
Figure 2). Genomic analysis revealed an association between PTEN loss and reduced CD3+ 
infiltration. mCRPC with high intratumour CD3+ cells in RNAseq analyses had upregulated 
inflammation-related gene sets, T cell, B cell and Senescence-Associated Secretory Phenotype (SASP) 
associated genes in mCRPC. Hyperplex IF analysis confirmed these findings and provided further 
insights into the immune cell composition of these tumours (Figure 3). 
 
Conclusions: mCRPC can be subclassified by distinct spatial distribution patterns of CD3+ cells around 
the tumour-stromal interface that correlate with survival independently of established prognostic 
factors. These findings may have significant implications for immunotherapy strategies, including CD3 
targeting BiTES.  
 
Funding Acknowledgements: We acknowledge research funding for this work from Prostate Cancer 
UK, the Movember Foundation through the London Movember Centre of Excellence (CEO13_2-002), 
the John Black Charitable Foundation and Prostate Cancer Foundation (18CHAL06), Cancer Research 
UK (Centre Programme grant), Experimental Cancer Medicine Centre grant funding from Cancer 
Research UK and the Department of Health, and Biomedical Research Centre funding to the Royal 
Marsden. Professor Johann de Bono is a National Institute for Health Research (NIHR) Senior 
Investigator. 
 
Conflicts of Interest Disclosure Statement: The authors declare no conflicts of interest. 
 
 



 
Figure 1: CD3 IHC spatial distribution heatmap 
 

 
Figure 2: Multivariate Cox analysis 
 
 



 

 
Figure 3: Hyperplex IF-based spatial analyses 


