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Precision medicine has the potential to revolutionize cancer treatment and drastically improve 

outcomes. While NGS has become the gold standard for personalized cancer therapy, its predictive 

power is limited to select cancers and drug modalities, and is yet to show promise as a standalone 

drug selection tool for improving patient outcomes. Pear Bio has developed an ex vivo immuno-

oncology (IO) model and multivariate analysis to predict clinical drug efficacy by combining patient 

tumor samples, functional assays, artificial intelligence and omics. This model recapitulates each 

patient’s unique tumor-immune microenvironment (TiME) and allows time-course bulk and single-

cell resolution analyses of functional metrics in 3D. Initial development was performed on biobank 

samples across 11 solid tumor types. 

Advanced renal cell carcinoma (RCC) presents a significant treatment challenge, as response rates 

to immunotherapies, receptor-tyrosine kinase inhibitors (TKIs) and combination therapies remain 

unpredictable. A functional precision medicine approach that models tumor-immune interactions 

can help tailor patient-specific therapy selection, reducing ineffective treatment cycles. Pear Bio’s 

3D immune-microtumor platform recreates the RCC TiME, retaining relevant cell subpopulations 

to evaluate combination  drug efficacy. Immunofluorescence (IF)   and RNAseq were used to 

deconvolute

Figure 1. A) Schematic depicting Pear Bio ex vivo workflow for kidney cancer. Isolated tumor cells from 
patient biopsies/resections are encapsulated into a hydrogel matrix and PBMCs are incorporated into the 
system to form 3D immune-microtumors, with each cell type stained a different colour. Different drug 
combinations – immune checkpoint inhibitors (ICI), TKIs – are added to the cultures, along with dyes to 
detect cell death, and daily imaging is performed. Following image acquisition, computer vision processing 
occurs to determine functional metrics e.g. immune cell infiltration and tumor cell death, to determine 
patient functional responses. B) Pear Bio’s patient cohort by cancer and subtype

A.

B.

cell subpopulations within the tumor pre- and post-encapsulation and cytokine 

production was assessed via Luminex assay following immunotherapy addition. 

Time-lapse confocal microscopy was used to capture spatio-temporal immune-

microtumor responses to immunotherapy in 3D over a 96-hour period. Data was 

quantified at both bulk and single-cell resolution using our automated computer-

vision pipeline  to create predictive models of patient response to treatment. 
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3D microtumors retain diverse 

TiME cell types including cancer 

cells (Figure 2A), tumor-resident 

immune cells (Fig. 2E), epithelial 

cells, endothelial cells and 

fibroblasts (Fig. 2B, D). Cell type 

diversity is retained throughout 

culture timeframe (day 4) in 

microtumors (Fig. 2C).

Figure 2. A) IF was performed to 
characterise subpopulations within the 3D 
microtumor. Representative IF images 
showing increasing tumor content. B) IF 
images demonstrating staining and 
occurrence of different cell populations 
within patient 3D microtumors. C) 
Percentage cell subpopulations were 
assessed by IF on Day 0 and Day 4 of the 
assay. D) Percentage cell types across RCC 
patient samples (N=20), as identified by IF 
in 3D cell cultures. E) RNAseq was 
performed on tumor-extracted cells prior 
to addition to the microtumor (pellet) and 
again, following assay completion (day=4 
gel), to deconvolute how immune subtypes 
are retained throughout assay duration. 
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Figure 3. Computer vision 
metrics of time-course 
confocal imaging of 3D 
immune-microtumors, 
following ICI + TKI 
addition. A) Representative 
confocal images of a 3D 
immune-microtumor, 
displaying automated 
single cell detection by 
computer vision pipeline.  
B) Tumor cell death over 
time was quantified via co-
localization of orange 
(tumor) and green (dead 
dye) signals (left). Tumor 
cell viability metrics (total 
live cells, dual stained 
count, cell viability; right). C) 
Infiltration of CD8+ (right) 
and CD8- (left) immune cells 
into the 3D hydrogel was 
quantified over the assay 
period. PBMCs were 
activated with anti-CD3 for 
16 hr prior to assay 
addition. D) CD8+ T cell 
migration speed within the 
microtumor (left). 
Assessment of spatial 
clustering of CD8+ T cells 
(right), with % of CD8+ cells 
detected in clusters and 
CD8+/CD8- dual stained 
clusters identified. E) Effect 
of anti-CD3 PBMC activation 
and combination treatment 
on 3D patient immune-
microtumors at population 
level. Top left – live cell 
count, top right – count of 
infiltrated CD8-, bottom – 
count of infiltrated CD8+ 
PBMCs.
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Figure 4. Luminex was performed to 
characterize differential cytokine 
release in the PBMC population 
activated with different stimuli, 
following treatment with ICI drugs. 
PBMCs were treated with activating 
antibody combinations for 16 hours 
following isolation. A) Assessment of 
granzyme B secretion and PBMC 
activation status. Each dot 
corresponds to a different donor. B) 
Assessment of interferon gamma and 
PBMC activation status. Each dot 
corresponds to a different donor. C) 
In-cell western reduction of 
phosphorylation in tumor-extracted 
cells of downstream proteins 
following treatment with TKIs.
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Our 3D immune-microtumor models allows time-course analysis of functional cell response metrics. The 

functional precision medicine assay can test treatment combinations across multiple modes of action and 

quantifies cell responses to ICI and TKI treatments by assessing cell viability, death, migration, immune 

infiltration and cytokine production, amongst others. Our platform provides an ex vivo system for 

understanding individual responses to FDA-approved, clinical, combinatorial treatment regimens, supporting 

personalized treatment strategies in RCC. Current clinical validation in the PEAR-TREE2 RCC study 

(NCT06264479) aims to further correlate ex vivo findings with in vivo patient outcomes, holding promise to 

guide optimized, personalized RCC treatment.
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Figure 6. Pear Bio R&D, drug discovery and clinical trial timelines. 
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