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Most contemporary T-cell therapies require ex vivo genetic editing, which is costly and time-consuming, and then the 

patient is transferred. To get around this, future research should concentrate on developing in vivo delivery strategies 

that use CRISPR components to specifically target certain T-cell populations. 
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Focus Area Main Limitation Impact  
Proposed Innovation / 

Validation Step 
Outcome References 

Tumor 

Microenvironment 

PDOs lack immune, 

vascular, and stromal 

elements 

Overestimates drug 

response 

PDOs lack stromal

immune interaction 

and natural 

perfusion. 

Ecological triangulation 

using co-cultures, organ-on-

chips, and PDXs 

Restores real tumor 

context 

(126 131) 

Immune Interactions 
No active T-cell or 

macrophage signaling 

Missed immune 

resistance patterns 

 

Add CAF/TAM/T-cell co-

cultures, cytokine mapping 

Better immune-response 

prediction 

Tumor Evolution 

Clonal drift and 

epigenetic decay with 

passages 

Model aging, false 

positives 

Repeated passages 

distort tumor 

identity and reduce 

reproducibility. 

Temporal robustness testing 

over therapy cycles 

Captures long-term 

adaptation 

AI Model Reliability 

Domain shift, 

overfitting, poor 

calibration 

Inflated accuracy 
tumor dynamics, 

limiting temporal 

accuracy. 

Pre-registered, blinded 

design; external validation 

sets 

True generalization, 

reduced bias 

Interpretability & 

Safety 

Black-box models, 

unseen off-target edits 

Erroneous targets or 

genotoxic risk 

Poor interpretability 

and safety checks 

hinder clinical 

translation. 

AI transparency metrics + 

CAST-seq & deep-seq 

auditing 

Reliable, safe translation 

Clinical Predictivity 
Disconnected from 

patient evolution 

Poor relapse 

forecasting 

Lack of long-term 

data limits resistance 

modeling. 

Digital-twin pilots 

integrating liquid biopsies 

Real-time alignment with 

patient data 
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