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Abstract 

On September 23–24 (2024) the 6th Workshop IRE on Translational Oncology, titled “Cancer Organoids as Reliable Dis‑
ease Models to Drive Clinical Development of Novel Therapies,” took place at the IRCCS Regina Elena Cancer Institute 
in Rome. This prominent international conference focused on tumor organoids, bringing together leading experts 
from around the world.

A central challenge in precision oncology is modeling the dynamic tumor ecosystem, which encompasses numer‑
ous elements that evolve spatially and temporally. Patient‑derived 3D culture models, including organoids, explants, 
and engineered or bioprinted systems, have recently emerged as sophisticated tools capable of capturing the com‑
plexity and diversity of cancer cells interacting within their microenvironments. These models address critical unmet 
needs in precision medicine, particularly in aiding clinical decision‑making. The rapid development of these human 
tissue avatars has enabled advanced modeling of cellular alterations in disease states and the screening of com‑
pounds to uncover novel therapeutic pathways.

Throughout the event, distinguished speakers shared their expertise and research findings, illustrating how orga‑
noids are transforming our understanding of treatment resistance, metastatic dynamics, and the interaction 
between tumors and the surrounding microenvironment.

This conference served as a pivotal opportunity to strengthen international collaborations and spark innovative trans‑
lational approaches. Its goal was to accelerate the shift from preclinical research to clinical application, paving the way 
for increasingly personalized and effective cancer therapies.
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Drug screening in tumor organoids
Giovanni Blandino (IRCCS, Regina Elena National Can-
cer Institute, Rome, IT)

In the field of oncologic clinical research, tumor orga-
noids have emerged as some of the most promising 
models [1]. Patient-derived endometrial cancer orga-
noids (EC_PDOs) are patient-specific, three-dimen-
sional (3D) cellular models that effectively capture 
tumor heterogeneity, as well as crucial cell-to-cell and 
cell-to-microenvironment interactions. Notably, EC_
PDO cultures also retain stromal cells—a vital compo-
nent of the tumor microenvironment that plays a key 
role in tumor progression, metastasis, recurrence, and 
response to chemotherapy [2].

By faithfully replicating the histological and molecular 
features of the corresponding tumor and preserving vari-
ous populations of tumor tissue, these models hold sig-
nificant promise. They enable in  vitro replication of the 
original tissue’s characteristics and provide a powerful 
platform for predicting pharmacological responses in a 
more translational, clinically relevant manner (Fig. 1).

3D‑Bioprinted cancer models for target discovery, 
drug development, and personalized therapy
Ronit Satchi-Fainaro (Tel Aviv University, IL). Many 
drugs show promising results in laboratory research, but 
eventually fail in clinical trials. We hypothesize that one 
main reason for this translational gap is that the cancer 
models used are inadequate. Most models lack the com-
plex tumor-stromal cell interactions with their micro-
environment which are required for tumor progression. 
Conventional 2D cultures, where cells grow on rigid plas-
tic plates mainly as mono-cultures of a single type of cells, 
are not able to recapitulate the complex settings of such 
interactions. Therefore, there is a need to develop a 3D 
model that better mimics the tumor microenvironment 
[3]. Hence, we developed a vascularized, hydrogel-based 
3D-bioprinted tumor model consisting of patient-derived 
tumor, microenvironmental, and immune cells [4]. Our 
3D-bioprinted models are based on a library of hydro-
gels that we developed as scaffolds for different tumor 

types, designed according to the mechanical properties 
of the tissue/organ of origin. The patient-derived mod-
els consist of cells from a biopsy, and include functional 
and perfusable vessels that allow serum and peripheral 
blood mononuclear cells (PBMC) to flow when con-
nected to a pump. Using this unique model platform, we 
identified P-selectin as a novel immune checkpoint in 
the brain regulating cancer-microglia-tumor-associated 
macrophages (TAMs) interactions [5]. Based on this 
finding, we have begun an investigator-initiated clinical 
trial, testing the efficacy of the anti-P-selectin antibody, 
Crizanlizumab, alone or in combination with anti-PD-1 
antibody, Nivolumab, for glioblastoma and melanoma 
brain metastasis patients (NCT05909618). Moreover, we 
are currently validating our 3D platform for its ability to 
mimic patient-specific tumors and their microenviron-
ment in order to predict patient response to different 
treatments (such as chemotherapy, immunotherapy, and 
targeted therapies). In addition, we exploit this platform 
to identify unique biomarkers, which can be used as 
targets for our Turn-ON chemiluminescent probes for 
image-guided surgery, early detection, and/or compan-
ion diagnostics [6]. Hence, we are currently conducting 
an 80-patient “basket” clinical trial testing different treat-
ments on patient samples to validate the ability of our 
model to predict patient outcomes covering 7 different 
cancer types. These unique 3D-bioprinted models have 
the potential to facilitate target discovery and drug devel-
opment, as well as to serve as a reliable system for preci-
sion medicine.

Advances of Patient‑Derived Organoids 
on Personalized Radiotherapy
Ingeborg Tinhofer-Keilholz (Charite University Hospital 
Berlin, Department of Radiooncology and Radiotherapy)

Utilising patient-derived organoids (PDOs) for radio-
sensitivity and drug screening offers significant poten-
tial in guiding treatment decisions [7]. This approach to 
functional precision oncology (Fig.  2) may be particu-
larly relevant in head and neck squamous cell carcinoma 
(HNSCC) – a disease characterised by the absence of 

Fig. 1 Endometrial Cancer Organoids Workflow
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druggable driver mutations [8], pronounced interpatient 
heterogeneity [9], and a lack of predictive biomarkers 
[10]. To advance our understanding of resistance mecha-
nisms in tumour stem cells, we have made substantial 
investments in developing advanced preclinical models 
derived from stem cells within bulk tumour tissue. These 
efforts have enabled us to establish one of the world’s 
largest collections of PDO models [11]. We demon-
strated that PDO generation and expansion can be scaled 
for medium-throughput ex vivo drug screening in most 
HNSCC patients, provided stringent measures are imple-
mented to ensure high sample quality and prompt tissue 
processing [11]. Furthermore, our findings indicate that 
PDO engraftment correlates with poor overall survival, 
underscoring the potential of these models to unravel 
resistance mechanisms and identify novel combination 
therapies for patients at high risk of treatment failure fol-
lowing standard treatment.

A 3D culture platform for high‑throughput drugs 
screening, multidimensional omics and imaging 
assays on patient‑derived organoids
Giovanni Tonon (IRCCS San Raffaele Scientific Institute, 
Milan, Italy)

Patient-derived organoids (PDOs) are becoming cen-
tral in the clinical practice, to preemptively identify the 

optimal treatment for each patient. However, the imple-
mentation of PDOs have been hampered by several bot-
tlenecks including sample requirements and assay time. 
We have implemented a microfluidic-based device that 
miniaturises and greatly simplifies PDO cultures in a 384-
plate format. Both retrospective and prospective clinical 
studies demonstrated its predictive value and its imple-
mentation in the clinical setting. Furthermor, our micro-
fluidic platform allows subcellular phenotypic screenings, 
target engagement for the assessment of the efficacy of 
targeted therapies, alongside the ability to comprehen-
sively define the genomic, epigenetic, transcriptomic, 
proteomic, lipidomic and metabolomic landscape of each 
PDO [12, 13] (Fig. 3).

Advancing tumoroid models through bioprinting 
and biomaterials design
Sarah C. Heilshorn (Stanford University, Stanford, USA)

The phenotypic behavior of cancer cells is a conse-
quence of both intrinsic factors, such as genetic muta-
tions, and extrinsic factors, such as interactions with the 
tumor microenvironment (TME). One key component 
of the TME for solid tumors is the extracellular matrix 
(ECM), which becomes increasingly fibrotic and stiff 
upon disease progression [14]. Although ECM stiffness 
is often correlated with adverse clinical outcomes, most 

Fig. 2 Functional Precision Radio‑oncology in HNSCC. The schematic illustrates the potential workflow of functional precision radio‑oncology. 
Tissue samples (tumour and adjacent normal tissue) are collected during diagnostic biopsy or curative‑intent surgery. Following the establishment 
and expansion of organoid cultures, screening is conducted for single and combination treatment regimens. Experimental treatment efficacy 
is assessed using read‑outs such as cell viability, clonogenic survival, and/or residual DNA double‑strand breaks. Drugs are ranked based on their 
efficacy scores in tumour and normal organoids. Top candidate therapies are subsequently reported to molecular tumour boards to inform 
treatment recommendations. Figure created with biorender.com 
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patient-derived cancer organoid cultures use commer-
cially available matrices that are mechanically weak and 
do not mimic the stiffness of the parent tumor [15]. To 
address this limitation, Heilshorn et al. designed an engi-
neered matrix composed of biopolymers upregulated in 
pancreatic ductal adenocarcinoma (PDAC) with stiffness 
spanning that of healthy and cancerous pancreatic tissue 
(Fig. 4) [16]. They discovered that PDAC organoids grown 
in stiffer matrices acquired chemoresistance to gemcit-
abine over time in vitro due to an upregulation of efflux 
transporters. Furthermore, they demonstrated that matrix 

mechanosignaling through CD44 cell-surface receptors 
was required for this effect, and that disruption of matrix 
mechanosignaling could resensitize PDAC organoids to 
chemotherapy. Together, these results demonstrate that 
designer matrices can be used to mimic aspects of the 
tumor TME for mechanistic studies of cancer.

Accelerating Precision Medicine for Cancer Patients 
through Personalized Functional Profiling
Yong-Jun Kwon (Luxembourg Institute of Health, 
Luxembourg)

Fig. 3 Workflow from high‑throughput screenings in a microfluidic PDO platfoform towards single cell multi‑omic analyses

Fig. 4 Left panel: Schematic of patient‑derived pancreatic ductal adenocarcinoma (PDAC) organoid grown within an engineered matrix (termed 
a HELP hydrogel). Changing the number of chemical crosslinks between the biopolymers within the HELP hydrogel creates matrices with low, 
medium, and high stiffness. Right panel: PDAC organoids proliferated and grew similarly well within a commercially available Cultrex matrix 
or the engineered HELP hydrogels of Low, Medium, and High stiffness. Organoids grown in stiffer matrices (HELP High) became less sensitive 
to the chemotherapy gemcitabine, as shown by less immunostaining for the apoptosis marker cleaved caspase 3. Reprinted with permission (The 
figure is a modified version of a Fig. 1 in reference 16)
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A core principle of precision oncology is that genomic 
and molecular profiling of tumors enables the identifica-
tion of the most effective therapies tailored to each patient 
[17, 18]. However, despite significant advancements in 
genomic technologies, predicting therapeutic success using 
computational approaches alone remains a challenge. To 
address this challenge, an integrated strategy that combines 
genomic analysis with direct drug response assessments 
using patient-derived cells (PDCs) offers a promising solu-
tion [19, 20]. This method allows for the evaluation of drug 
efficacy directly in vitro, providing treatment recommenda-
tions that better capture the intricate interactions between 
the tumor and therapeutic agents. Such a combined 
approach has the potential to refine treatment options by 
providing a more tailored strategy that takes into account 
the unique characteristics of each patient’s tumor. The Lux-
embourg Institute of Health (LIH) has already explored 
this approach, known as Personalized Functional Profiling 
(PFP), through pilot clinical studies involving patients with 
metastatic colorectal cancer (mCRC) and recurrent glio-
blastomas (rGBM). These pilot studies focused on assessing 
the feasibility of PFP technology, demonstrating that it is 
possible to use this technology for personalized drug testing 
and treatment recommendations. Building on these posi-
tive outcomes, the current study aims to transition from 
feasibility testing to clinical validation, seeking to establish 
the broader effectiveness of PFP technology (Fig. 5).

Preclinical models for rare tumors to advance 
precision oncology
Ana Pestana (Charité – Universitätsmedizin Berlin, 
Germany). Although rare by themselves, rare tumors 
(RT) constitute a significant public health problem and 
represent over 22% of all newly diagnosed cancers in 
Europe [21]. Due to the low incidence of the individual 

tumor types, clinical trials for specific molecular sub-
types are difficult to perform, and there is a significant 
lack of preclinical models available to study novel treat-
ment approaches, including precision oncology strate-
gies and immunotherapy. Yet, experiences based on 
precision oncology programs show presence of targ-
etable alterations in a relevant subset of patients, which 
needs preclinical evaluation for subsequent clinical 
development. Patient-derived organoids (PDO) are a 
powerful tool to mimic the tumor cells’ heterogeneity 
[22] while lacking the tumor microenvironment inter-
actions [23], making them inadequate for preclinical 
evaluation of immunotherapy. Therefore, we dedicated 
our research/efforts to generate more advanced models 
modifying the classical PDO (cPDO) protocol to main-
tain the immune cell population in culture (mPDO). 
Eighteen RT samples (salivary gland cancer, medullary 
renal carcinoma, ameloblastoma, urachal carcinoma) 
were processed applying the mPDO protocol with 3/18 
showing no growth, while we managed to yield 9/18 
PDOs including native tumor infiltrating immune cells 
with a short life span (Fig.  6A) and 6/18 PDOs that 
were quickly overgrown by the native tumor infiltrat-
ing immune cells (Cs) (Fig. 6B). To understand the phe-
nomenon of TIICs overgrowth in a few selected cases 
comprising benign and malignant tumors, the parental 
tissue was analyzed for tumor cell content using mark-
ers for fibroblasts (vimentin), epithelial (cytokeratin) 
and immune cells (CD45). Interestingly, TIICs over-
growth was independent of the proportion of immune 
cells in the native tissue, and was more frequently 
observed in tumors with low vimentin positive cells 
and high cytokeratin positive cells (Fig. 6C). To further 
gain insights into the biology of this population, cPDOs 
from the medullary renal carcinoma were generated 

Fig. 5 The Personalized Functional Profiling (PFP) technology. Surgical patient biopsies are dissociated and culturing tumor spheroid. Dissociated cells 
are printed onto a 3D‑pillar support system using robot technology and grown as tumor spheroids. These tumor spheroids have the same genomic 
composition as the tumor of origin. Tumor spheroids are then challenged by a large panel of drugs (including FDA approved drugs). Growth (size 
of spheroids) is measured by an automated confocal microscope. To foster a comparative analysis of drug responses, we will employ an analysis 
of drug sensitivity, including the half‑maximal inhibitory concentration  (IC50) and the area under curve (AUC) of the dose–response curve (DRC). 
Drugs that show efficacy can potentially be reported to patients
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and co-cultured with either autologous peripher blood 
mononuclear cells (PBMCs) or TIICs (Fig.  6D). Co-
cultivation with PBMCs revealed a positive impact on 
PDO growth, while TIICs did not. When compared 
with autologous PBMCs, TIICs showed an increase in 
CD68, CD56 and CD8 positive cells. Current experi-
ments aim to understand the mechanisms of TIICs 
activation, the characteristics causative for this expan-
sion, as well as the possible role of TIICs as tool to pre-
dict immunotherapy response or as a therapy itself.

Bladder‑derived tumor organoid platform to test 
cancer precision medicine
Carlotta Frascolla (IRCCS, Regina Elena National Cancer 
Institute, Rome, IT)

High recurrence rate and variable treatment 
responses characterized bladder cancer (BLC) as 
one of the most common cancers globally. Despite 
advances in understanding its molecular mechanisms, 
developing effective therapies remains an un-met need 

for BLC patients. Standard treatments, as transure-
thral resection (TURBT), radical cystectomy (RC) and 
chemotherapy, often lead to unpredictable outcomes, 
even among patients with similar clinical profiles [24, 
25]. This variability highlights the need to account 
for tumor complexity in personalizing therapies to 
improve survival. For addressing this issue, pre-clini-
cal models able to accurately recapitulate inter- and 
intra-patients’ differences are crucial. We reported 
that bladder cancer patient-derived organoids (PDOs) 
provide a valuable tool for studying bladder cancer 
heterogeneity, offering promising preclinical models 
to explore drug responses and potentially improve per-
sonalized therapies (Fig. 7) [26, 27].

Genetically engineered liver organoids 
as pre‑clinical models in intrahepatic 
cholangiocarcinoma
Luca Pompili (IRCCS, Regina Elena National Cancer 
Institute, Rome, IT).

Fig. 6 TIICs expansion and characterization. A Images representative of one Urachal carcinoma sample mPDO in brightfield and multiplex 
immunofluorescence (3D passage 1); depicted are cytokeration‑7 (red), αSMA (green) and CD45 (magenta). B Images representative of one renal 
medullary carcinoma sample TIICs in brightfield and multiplex immunofluorescence (passage 1 and 3, respectively); depicted are cytokeration‑7 
(red), αSMA (green) CD45 (magenta). C Graphical representation of the proportion of cells positive for CD45, Vimentin and Cytokeratin 
within the parental tumor sample processed analysed via multiplex immunofluorescence. Coral colouring marks the tumours showing TIICs 
expansion. D Co‑culture conditions tested for the medullary renal carcinoma cPDO with autologous PBMCs and TIICs with graphical representation 
of the organoid growth
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Intrahepatic cholangiocarcinoma (iCCA) is a rare and 
hard to treat tumor with a grim prognosis. A subgroup 
of iCCA patients (about 15%) is characterized by FGFR2 
fusion proteins (FFPs) expression [28] that usually co-
occurs with inactivation of tumor suppressor genes such 

as TP53. Constitutive signaling triggered by FFPs drives 
and maintains tumorigenic transformation, thereby gen-
erating oncogene addiction vulnerable to FGFR-specific 
tyrosine kinase inhibitors (F-TKIs). Since the infrequence 
of iCCA, there is a paucity of genetically defined cellular 

Fig. 7 Bladder Cancer PDOs Workflow

Fig. 8 Schematic representation of FGFR2 fusion‑positive intrahepatic cholangiocarcinoma (iCCA) (A) and generation of iCCA models based 
on murine liver organoids genetically modified to express FGFR2 fusion proteins (B)
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and animal models suited to pre-clinical research on 
oncogene-directed therapies. Thus, to overcome this 
hurdle, we generated a mouse iCCA model based on 
ectopic expression of human FFPs in Tp53-null mouse 
liver organoids (C57Bl/6 background), which undergo 
oncogenic transformation upon intrahepatic transplan-
tation in NOD-SCID immunodeficient mice [29]. These 
models recapitulate the histological, immunopheno-
typic and transcriptomic features typical of the human 
disease. Moreover, the respective tumor-derived orga-
noids are sensitive to F-TKIs either in  vitro or in  vivo, 
thus conforming to the oncogene addiction paradigm. In 
aggregate, these results support our murine iCCA tumor 
organoids as models exploitable for further pre-clinical 
studies aimed to optimize the therapeutic strategies for 
FFPs-positive iCCA patients (Fig. 8).

Developing 3D‑printed Osteosarcoma models 
to comprehensively characterize molecular traits 
and evaluate the efficacy of novel therapeutic 
strategies
Aurora Puce (IRCCS, Regina Elena National Cancer 
Institute, Rome, IT).

Osteosarcoma (OS) is the most common malignant 
bone tumor, with a worlwide incidence of 1–3 cases per 
million people annually [30]. Currenly treatment relies 
only on antiblastic drugs. The lack of targeted therapies 
is partly due also to the absence of standardized three-
dimensional (3D) models which accurately replicate OS 
pathogenesis and allow to perform reliable in vitro stud-
ies. The tumor niche of OS in  vivo is characterized by 
vasculature, stromal cells, and a 3D hypoxic mass with 
invasive margins [31]. In this study, we employed a 3D 

Fig. 9 A Diagram of 3D extrusion based bioprinter working process: biomaterial, populations of interest and biomolecules are inserted 
into the instrument and extruded together in a software‑aided shape. B Immunohistochemistry analysis conducted on 3D OS bioprinted 
models showing the positivity for Vimentin (magnification 100X). C 3D OS models were bioprinted starting from Sa‑Os cell line alone (on the left) 
or in combination with fibroblasts (on the right). The models were cultured in a 6‑well chamber slide and stained with the live‑dead assay kit 
(Merck). The rows show live cell OS models stained with (a, e, i) Calcein‑AM, (b, f, j) propidium iodide, (c,g,k) Hoechst 33,342 and (d,h,l) merged image
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extrusion-based bioprinter to realise osteosarcoma mod-
els, using alginate as the bioink and three commercial 
OS cell lines (MG-63, Sa-OS, 143-B), either alone or in 
combination with fibroblasts. The models demonstrated 
full survival for up to six weeks, as confirmed by viabil-
ity assay. Furthermore, immunohistochemistry analysis 
revealed that these OS models displayed a high degree of 
morphological similarity to patient tumors (Fig. 9).

Cancer spheroids as reliable models for drug 
screening: functional characterization of a new 
class of G‑quadruplex ligands
Sara Iachettini (IRCCS, Regina Elena National Cancer 
Institute, Rome, IT).

Drug development is a lengthy and complex process 
with a very low rate of success [32]. Notably, a key strat-
egy to improve the entire process is represented by the 
implementation of the steps of biological validation. In 
this view, the development of 3D systems is assuming a 
particular relevance (Fig. 10, upper panel).

Here, we took advantages of spheroids, a typical 
advanced 3D in vitro model, for the screening of a library 
of potential anticancer molecules belonging to the fam-
ily G-quadruplex (G4) ligands [33]. The comparison 
between the results obtained from canonical 2D cell 
lines and 3D models demonstrated that the use of sphe-
roids, representing a model very close to tumor biology, 
increases the stringency of drug selection. Indeed, while 
we were able to identify three equally effective G4-ligands 
with cell cultures experiments, the results from 3D mod-
els analyses demonstrated that only one of these mol-
ecules was the most effective compound (Fig. 10, bottom 
panel). Moreover, as for patient tumor specimens, by 
processing the spheroids for immunohistochemical anal-
yses (IHC), we were able to gain deeper insights in the 
molecular mechanisms underlying the tumor response to 
the new drug, directly in the context of tumor architec-
tural complexity.

Our results defined 3D models as an essential tool 
that, linking the canonical 2D cell systems to preclinical 

Fig. 10 Upper panel. Schematic representation of drug development process. Bottom panels. Left panel: 2D cell viability assays performed 
after 48 h of treatment with the indicated compounds, at the final concentrations of 0.1, 0.5 and 1 μM. The results are expressed as the percentage 
of cell viability over the untreated cells. The histogram represents the mean values ± S.D. of three independent experiments. Right panel: Time 
course analysis of 3D tumor spheroids growth. Two days after the plating, the spheres were treated with the indicated compound at the final 
concentrations of 1 and 2 μM and monitored by Incucyte® S3 Live‑Cell Analysis System (Essen BioScience, Ann Arbor, MI), 4X magnification. The 
results are expressed as the percentage of the spheroids area upon treatment relative to their own area before the compound administration. The 
graphs represent the mean values ± S.E.M. of at least 4 spheres. For each graph: *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001
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animal models, would optimize the drug development 
process, limiting the number of candidate molecules for 
preclinical validation.

hMENA‑mediated autophagy in the dialogue 
among CAFs and cancer cells in NSCLC: 
organotypic tissue slices as a preclinical tool
Annalisa Tocci (IRCCS, Regina Elena National Cancer 
Institute, Rome, IT).

The actin cytoskeleton regulatory protein hMENA 
and its tissue specific splicing-derived isoforms, differ-
ently affect non-small-cell lung cancer (NSCLC) prog-
nosis and immunotherapy resistance [34–36]. hMENA 
and its isoform hMENAΔv6 are expressed in both mes-
enchymal tumor cells and CAFs [37]. Recently, a novel 
role for hMENA in autophagosome formation and 
trafficking within tumor cells has been identified [38]. 
Macroautophagy/autophagy, an evolutionarily conserved 
self-degradative and recycling process is essential for 
maintaining cellular function and homeostasis [39] also 
plays a role in unconventional protein secretion [40]. 
We investigated the role of hMENA isoforms in the com-
munication between CAFs and cancer cells mediated by 
secretory autophagy. Using CAFs isolated from NSCLC 
tissues, we found that hMENA/hMENAΔv6 depletion 
impairs autophagy-mediated unconventional protein secre-
tion. Conditioned medium from hMENA/hMENAΔv6 
expressing CAFs affects NSCLC cell proliferation and 
glycolytic metabolism in an autophagy-dependent man-
ner. We employed organotypic tissue slices, as preclinical 
model, to assess changes in cell viability after treatment 
with autophagy inhibitors (Fig.  11). In TCGA lung can-
cer patients a “secretory-autophagy gene signature” 
was enriched in hMENAΔv6high patients. Our signature 
was also able to stratify responder and non-responder 
NSCLC patients treated with immune checkpoint inhibi-
tors. These findings suggest a novel role for hMENA/

hMENAΔv6 in autophagy-driven communication between 
CAFs and cancer cells, highlighting potential avenues 
for combinatorial therapies to broaden immunotherapy 
response.

Identifying drug sensitivity of multifocal primary 
prostate cancer
Sofia Karkampouna – Marianna Kruithof-de Julio 
(University of Bern, Bern, CH)

The intra-patient heterogeneity observed in multi-
focal primary prostate cancer (PCa) has limited the 
effectiveness of existing treatment options (REF). 
Patient-derived organoids (PDOs) have emerged as a 
pivotal model for functional testing due to their capa-
bility to retain the histopathological and molecular 
characteristics of parental tissues, allowing timely 
acquisition of drug response outcomes. In our study, 
by employing twin biopsies from multiple lesions with 
matched PDO models in  vitro, we investigated the 
molecular heterogeneity of PCa, and how it is linked 
to in  vitro PDO pharmacological heterogeneity. Our 
functional testing approach leverages PDOs, as short-
term primary cultures of self-assembling tumoroids in 
non-adherent and non extracellular matrix-containing 
conditions, of high tumor content and enrichment in 
luminal tumor cells [41]. PDOs screened with stand-
ard-of-care treatment and FDA-approved compounds 
for other malignancies, indicated receptor tyrosine 
kinase inhibitors are suitable for repurposing for PCa 
and therefore as possible alternatives to androgen dep-
rivation therapy. By integrating gene expression data 
from parental tissue with drug response results from 
PDOs, we have established a transcriptomics-based 
drug prediction model using machine learning to iden-
tify responders and non-responders.

Fig. 11 Organotypic tissue slices as preclinical model to test autophagy drugs. Illustration of the experimental workflow used in the study. 
Immunohistochemistry of activated Caspase 3 was used as a marker of apoptotic cell death. Figure created with biorender.com 
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Enhanced PARP inhibitor efficacy in 3D high‑grade 
serous ovarian cancer models
Piera Tocci (IRCCS, Regina Elena National Cancer 
Institute, Rome, IT).

In the high-grade serous ovarian cancer (HG-SOC) 
ecosystem, high heterogeneous cancer cells, non-cancer 
cells and extracellular matrix (ECM) interact and evolve 
in complex and dynamic ways. Development of drugs 
such as poly ADP-ribose polymerase (PARP) inhibitors 
(PARPi) and targeted therapies are ineffective due to the 
onset of resistance. Among the molecular cues affecting 
PARPi response in HG-SOC there are those instigated 
by the endothelin-1 (ET-1) receptors (ET-1R) and inter-
cepted by YAP [42]. However, how the mechanical forces 
contribute to PARPi failure is still unappreciated. In this 
framework, we leveraged HG-SOC patient-derived sphe-
roids, able to resemble the HG-SOC features, including 
the 3D architecture and the mechanical pattern [43], 
proving that the ET-1/ET-1R system integrated the 
ECM-generated forces turning-on the YAP/TEAD tran-
scriptional repertoire, strengthening HG-SOC invasive-
ness and impairing PARPi response. In HG-SOC PDX 
ET-1R blockade, potentiating PARPi success, halted the 
HG-SOC metastatic burden. Our study provides a 3D 
preclinical setting to explore and refine new HG-SOC 
treatment avenues (Fig. 12).

Integrating spatial transcriptomics 
and organotypic tissue slices to unveil the Tumor 
Immune Microenvironment in Non‑Small Cell Lung 
Cancer
Nicla Porciello (IRCCS, Regina Elena National Cancer 
Institute, Rome, IT).

The characterization and localization of the compo-
nents of the Tumor Immune MicroEnvironment (TIME) 
are critical for determining clinical outcome in can-
cer patients. Tertiary Lymphoid Structures, organized 
immune hubs fostering T and B cell interactions to gener-
ate immune memory and high-affinity effector responses, 
have emerged as predictive biomarkers of response to 
Immune Checkpoint Blockade (ICB) [44]. Our labora-
tory identified a signature, comprising the actin regu-
latory protein hMENA, fibronectin, and lymphotoxin 
β receptor, as unexplored biomarker of TLS-enriched 
TIME, with prognostic and predictive value for ICB 
responsiveness in Non-Small Cell Lung Cancer (NSCLC) 
[34]. Here, by leveraging spatial transcriptomics on pre 
ICB-treated NSCLC tissues, integrated with single-cell 
atlases of T and B cells, we profiled the TLS transcrip-
tome and highlighted increased TLS maturation score in 
Good versus poor ICB responder NSCLC patients, with 
increased abundance of activated-, mature-, switched-
memory- and germinal center- B cells (Fig.  13A). To 
overcome the unavailability of post treatment-tumor 

Fig. 12 Graphic model depicting how in 3D high‑grade serous ovarian cancer (HG‑SOC) patient‑derived spheroid models the ET‑1/ET‑1R/YAP 
circuit, intersecting mechanical forces generated by a stiff extracellular matrix (ECM), potentiates the HG‑SOC invasive behaviour and sustains 
PARP inhibitors (PARPi) tolerance. Figure created with biorender.com. Abbreviations: EC_PDO: Patient‑derived endometrial cancer organoids, 3D: 
Three‑dimensional. PBMC: Peripheral blood mononuclear cells. TAMs: Tumor‑associated macrophages. PDOs: Patient‑derived organoids. HNSCC: 
Head and neck squamous cell carcinoma. ECM: Extracellular matrix
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tissues, we standardized organotypic tissue slices, from 
resected NSCLC specimens (Fig. 13B), preclinical models 
preserving both cellular and acellular TIME components 
in their original configuration [45]. We envisage that this 
integrated approach may pave the way for enhancing 
our understanding of immune evasion mechanisms and 
expanding the efficacy of ICB therapies.

An organotypic 3D model to study the human liver 
fibrosis induction
Klizia Maccaroni (IRCCS, Regina Elena National Cancer 
Institute, Rome, IT).

Liver fibrosis is the first step toward cirrhosis and a 
risk factor for hepatocellular carcinoma. It is caused by 
hepatic stellate cell differentiation into myofibroblasts 
and deposition of extracellular matrix. To identify mark-
ers for novel therapeutic strategies for fibrosis preven-
tion and treatment, we established an organotypic model 
from healthy human livers based on previous protocols 
[46]. The increase of fibrotic markers after TGF-β treat-
ment [47] suggests that our ex  vivo model is suitable for 
studying human liver fibrosis. In addition, we generated 
a mouse organotypic model from murine hepatic tissue 

to study anti-fibrotic compounds. Liver slices from mice 
treated with a choline-deficient diet (CDAA) to induce 
non-alcoholic steatohepatitis were treated with GFT505 
and BT173 [48]. Both drugs showed positive effects in 
downregulating the pro-fibrotic markers, confirming 
that the  mouse organotypic CDAA model can be used 
for pharmacological screening of potential anti-fibrotic 
compounds (Fig. 14).

Unraveling the complexity of metastatic 
breast cancer: insights from organoid cultures 
and multi‑omics profiling
Daniela Rutigliano (IRCCS, Regina Elena National Can-
cer Institute, Rome, IT).

Breast cancer (BC) exhibits considerable heterogeneity, 
especially in advanced or metastatic cases (mBC), which 
complicates treatment options [49, 50]. Organoid cultures 
effectively model this complexity and aid the evaluation 
of mBC therapies [51, 52]. RNA sequencing (RNAseq) 
and whole-exome sequencing (WES) of BC metastases 
revealed unique gene signatures in BC metastases.

To study the heterogeneity of BC in vitro we generated 
organoids from both primary and metastatic BC tissues, 

Fig. 13 A Workflow of the integrated approach employed to identify determinants of ICB response. Archival tumor tissues, collected at the time 
of surgery, of a cohort of naïve of treatment NSCLC patients who recurred and were treated with ICB in accordance with guidelines were scored 
as poor (PR) and good (GR) ICB responders. Spatial transcriptomic by 10XVisium highlighted distinct composition and functionality of TLS of PR 
versus GR. B Standardization of organotypic tissue slices (TS) obtained from resected naïve of treatment NSCLC patients. TS were sliced, cultured, 
treated with ICB ex-vivo and then subjected to histological analysis. Figure created with biorender.com 
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confirming that these models accurately replicate the 
phenotypic and molecular characteristics of the original 
tumors. Additionally, to mimic the metastatic environment 
in  vitro, we used organoid-on-chip technology to co-cul-
ture BC organoids with primary cells derived from the host 
tissue. This study sheds light on potential therapeutic strat-
egies for metastatic BC, emphasizing the importance of 
tissue-specific approaches in treatment planning (Fig. 15).

Xiling Shen (Duke University, Durham, USA)
In an era increasingly defined by next-generation 

sequencing (NGS) and the burgeoning field of precision 
medicine, the question arose, "Will organoids emerge as 
the quintessential technology for functional profiling and 
precision medicine?" This paradigm shift underscores 
a crucial lesson for the advancement of tissue model 
technologies. Despite the technical prowess of many 

Fig. 14 Specimens from healthy human livers or diet‑treated mice are collected and cut to obtain 250 µm thick slices (Liver Slice Cultures, LSCs) 
before culturing them. TGF‑β is added to human LSCs while pharmacological compounds are added to mouse LSCs. Slices are collected at different 
time points and the expression of pro‑fibrotic markers analyzed

Fig. 15 Breast Cancer Metastases Workflow
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advanced tissue models, their application has remained 
niche due to inherent complexities. For a technology to 
transcend these limitations and achieve platform status, 
it must embody scalability. To elucidate the pathway to 
innovation in our field, we draw inspiration from the 
transformative principles observed in next-generation 
sequencing (NGS). The evolution of NGS embodies the 
power of miniaturization, where each sequencing reac-
tion is scaled down to enable simultaneous capture of 
millions of reactions by high-speed imaging technol-
ogy. This revolution has led to significant gains in speed, 
throughput, and accuracy, while simultaneously reduc-
ing costs through the "power of numbers" approach.

The cornerstone of the presented platform comprises 
of micro-organoids (MOs) via emulsion microfluidics 
[1, 53, 54] (Fig. 16). Data were further presented to dem-
onstrate their key differentiators compared to existing 
technologies, including: (1) Rapid Analysis from Mini-
mal Tissue Samples: The technology facilitates a swift 
turnaround for drug assays, delivering reliable results 
in under two weeks from tissue samples as small as 
those obtained from an 18-gauge biopsy; (2) Enhanced 
Throughput and Cost Efficiency: The technology sup-
ports high-throughput screening, leveraging standard 
liquid handling and imaging equipment to optimize 
both throughput and cost-effectiveness; (3) Preserva-
tion of Tissue Microenvironment: the technology is adept 
at maintaining the native tissue microenvironment 
(TME), preserving crucial components such as stromal 
and immune cells across diverse tissue types, thereby 
enhancing the biological relevance of the assays.

Building on these strengths, case studies were pre-
sented showcasing how MO has been driving innovation 
in therapeutic development through ’patient MO avatar 
trials,’ accelerating the clinical development of immu-
notherapy drugs via ’smart clinical trials,’ and advanc-
ing functional precision medicine to optimize treatment 
decisions for patients.
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