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3
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 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. 

Hepatocellular carcinoma (HCC) and pancreatic ductal adenocarcinoma (PDAC) are two of the 

most aggressive gastrointestinal cancers, with limited treatment options and poor prognosis in 

advanced stages. Both cancers resist conventional therapies, and current treatments, including 

immunotherapies, chemotherapies, and targeted therapies, often have unpredictable outcomes. 

Pear Bio’s 3D immune-microtumor platform models TiME of HCC and PDAC, enabling evaluation of 

drug combinations and treatment regimens. The platform  retains key  TiME  cell  subpopulations 

for efficacy testing.  First,  3D cell culture conditions were optimized (Figures 1, 2) alongside dosing

Figure 1. A) Schematic depicting Pear Bio ex vivo workflow for liver and pancreatic cancers. 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 color. Different 
drug combinations – immune checkpoint inhibitors (ICI), chemotherapies, receptor-tyrosine kinases (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.

regimens and mechanism of action evaluation for current treatment regimens and 

combinations for HCC and PDAC (Figures 2, 3). Lastly, time-lapse confocal microscopy 

captures immune-microtumor responses in 3D (Figure 4). Data is analyzed at bulk 

and single-cell levels using an automated pipeline, generating predictive models for 

patient-specific therapy responses.

4

5

6

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 quantify cell responses to ICI, chemotherapies and TKI treatments by assessing cell 

viability, death, migration, immune infiltration, 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 HCC and PDAC. 
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Figure 6. Pear Bio R&D, drug discovery and clinical trial timelines. 

The PEAR-PAL observational study (Prospective Evaluation of 

Artificial intelligence R&D tool for patient stratification in 

Pancreatic And Liver cancers) was set up to recruit adult patients 

with pancreatic and liver cancers. 48 unique patient samples 

were used for the development and optimization of this 

platform comprising viable cell extraction from liver and 

pancreatic tumor tissues (Figure 1A), the development of 3D 

hydrogel matrices for the co-culture of immune and tumor-

extracted cells (Figure 1B), the formation of 3D immune-

microtumors (Figure 1C-F) followed by the optimization of ex vivo 

doses and treatment regimes to use in the model (Figure 3-4).

Figure 2. 3D immune-microtumor setup and characterization for liver and 
pancreatic cancers. A) Cell viability and extracted cell numbers from liver (N=36) 
and pancreatic (N=12) cancer patient resections. B) Hydrogel formulation testing 
of liver (N=8) and pancreatic (N=3) cancer primary cells. Viability was measured 
via Live/Dead (ThermoFisher) kit on day 0 and day 5 and shown as percentage 
change in viability from Day 0 as analyzed from the whole hydrogel culture via 
Imaris, n=3. C) Representative micrographs of lead formulation for liver and 
pancreatic cancer. Calcein-AM 494, live cells; Ethidium homodimer-1, 528, dead 
cells, scale bar 500 µm applies to all. D) Micrograph of liver 3D immune-
microtumor. CellTracker Orange 541, all tumor-extracted cells; CellTrace Violet 
405, CD8+ PBMCs; CellTracker Deep Red 630, CD8- PBMCs; Sytox 488, NucView 
488, Annexin V 488, dead cells. E) Immune cell infiltration into microtumor dome, 
N=3, n=3. F) Micrographs of pancreatic cancer 3D immune-microtumor at day 3 
of culture untreated (left) and treated with 10 µg/mL pembrolizumab (right). 
CellTracker Orange 541, all tumor-extracted cells; CellTrace Violet 405, CD8+ 
PBMCs; CellTracker Deep Red 630, CD8- PBMCs; Sytox 488, NucView 488, Annexin 
V 488, dead cells.

CD8– PBMCs CD8+ T cells Tumor cells Dead cells

Detected spot

Figure 5. A) Representative confocal images of a 3D immune-microtumor, displaying automated single cell detection by computer vision pipeline.  B) Time-course analysis of normalized cell viability and 3D 

immune-microtumor volume as measured by computer vision pipeline after culture treatment with pembrolizumab (10 µg/mL) or positive control (staurosporine), UK-P00231, n=2. C) Changes in tumor cell, 

infiltrated CD8- PBMC and infiltrated CD8+ PBMC counts following culture treatment with pembrolizumab or positive control, n=2. D) Confocal micrographs of pancreatic cancer 3D immune-microtumor at day 0 

and day 3 of culture in negative and positive control conditions. CellTracker Orange 541, all tumor-extracted cells; CellTrace Violet 405, CD8+ PBMCs; CellTracker Deep Red 630, CD8- PBMCs; Sytox 488, NucView 

488, Annexin V 488, dead cells, z steps 10 µm, scale bar 1000 µm applies to all. E) Confocal cross section of pancreatic cancer 3D immune-microtumor at day 3 of culture in control and pembrolizumab-treated 

condition (10 µg/mL). Dotted lines represent the microtumor dome as defined by the tumor-containing hydrogel boundary and interface with the PBMC crust, scale bar 100 µm applies to all. F) 3D immune-

microtumor (UK-P000066) functional metrics (live cell count, cell culture width and mean migration distance) as quantified via computer vision after treatment with 25 µM Olaparib (orange); 1 µM Gemcitabine + 23 

nM Abraxane (green) or 3 µM Sorafenib (red) against control (blue), n=3.

PDAC therapy optimization

Figure 3. Liver cancer drug dosing optimisation in vitro and ex 
vivo for tyrosine kinase inhibitor monotherapies.A) Dose 
response curves for SNU-449, Hep3B and HepG2 from 2D and 3D 
assay at 120 hours, alongside in-cell western dose response for SNU-
449 for mechanism of action (MoA) validation. B) Quantification of 
metabolic activity via Cell-TitreGlo (CTG) N=7 primary samples.

Compounds dose selection and MoA validation for 

both liver (Figure 3) and pancreatic (Figure 4) 

cancer therapies was conducted first as dose 

responses in cell lines. Refined doses were used for 

3D cell line testing. Wherever combination 

regimens exists, synergy and antagonism was 

tested for further dose refinement. Lastly, selected 

in vitro doses were used for testing on patient 

samples in 3D microtumors ex vivo.

Figure 4. Pancreatic drug dosing optimisation in vitro and ex 
vivo for chemotherapies.A) Dose response curves for CFPAC-
1, PANC-1 and MiaPaCa-2 from 2D and 3D assay at 120 hours. B) 
Synergy values calculated from SynergyFinder for FOLFIRINOX 
and Gem/Nab-Paclitaxel combination. C) Quantification of 
metabolic activity by Real-TimeGlo N=5 primary samples. 
Pembrolizumab+ label = Pembrolizumab with 5-fluorouracil and 
irinotecan.
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