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Abstract

In December 2022 the US Food and Drug Administration (FDA) removed the requirement that drugs in develop-
ment must undergo animal testing before clinical evaluation, a declaration that now demands the establishment

and verification of ex vivo preclinical models that closely represent tumor complexity and that can predict therapeutic
response. Fortunately, the emergence of patient-derived organoid (PDOs) culture has enabled the ex vivo mimicking
of the pathophysiology of human tumors with the reassembly of tissue-specific features. These features include his-
topathological variability, molecular expression profiles, genetic and cellular heterogeneity of parental tissue, and fur-
thermore growing evidence suggests the ability to predict patient therapeutic response. Concentrating on the highly
lethal and heterogeneous gastrointestinal (Gl) tumors, herein we present the state-of-the-art and the current method-
ology of PDOs. We highlight the potential additions, improvements and testing required to allow the ex vivo of study
the tumor microenvironment, as well as offering commentary on the predictive value of clinical response to treat-
ments such as chemotherapy and immunotherapy.
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Background

The US Food and Drug Administration (FDA) recently
declared that drugs under development may not neces-
sarily require animal testing before human clinical evalu-
ation and subsequent administrative approval [1, 2]. This
change, long expected by animal welfare groups, down
plays the importance of animal models after more than
80 years of use in drug safety regulation, and has brought
to light the need to establish in vitro and ex vivo models
to allow drug efficacy and safety testing. Gastrointesti-
nal (GI) tumors, which due to their primarily late stage
diagnosis deliver high lethality rates, are central to the
search for new therapeutic options. The principal types
of GI cancers include colorectal (CRC), gastric (GC),
hepatocellular carcinoma (HCC), esophagus (EAC), pan-
creas (PDAC) and gallbladder (GBC). According to GLO-
BOCAN 2020 global statistics, there are an estimated 5.1
million new GI cancer cases per year (26,7% of the global
incidence) and 3.6 million (36.4%) deaths [3]. Although
the incidence of some GI cancer has decreased in recent
decades, this group of malignancies continues to be
a major burden to public health [4]. In advanced stage,
combined surgery with the administration of chemother-
apy and/or radiotherapy still only offers an 5-year over-
all survival rate of less than 15%, principally due to the
high resistance and the tumor aggressiveness [5]. Encour-
agingly, biological therapies in the form of HER2 and
VEGER-2 inhibitory antibodies are now available to sub-
groups of GI malignancies. Furthermore, immune check-
point blockage has recently started to show improvement
in quality of life and overall survival, both in refractory
malignancies and first line treatment [5, 6]. However,
due to differential response brought about by the tumor
heterogeneity, new therapeutic strategies for GI cancers
patients are required and a new preclinical platform that
recapitulates and anticipates therapeutic response is
urgently needed.

For this purpose, patient-derived organoids (PDOs)
have emerged as robust preclinical models in precision
medicine and provide several advantages over pre-exist-
ing models. In their ability to recapitulate the molecu-
lar and cellular characteristic of the original tumor, the
PDOs have been used as a platform for both drug screen-
ing and predicting patient response to chemotherapy,
targeted therapy and immunotherapy. It would be desir-
able to create biobanks of cancer samples that give rise
to PDOs to allow the delivery of reproducible models
for drug screening in the delineation of novel therapeu-
tic strategies. Herein, we review the current models and
features of GI-Tract PDOs and highlight the potential of
this ex vivo platform in drug screening and clinical pre-
diction. Towards a future clinically viable alternative to
animal testing, we will outline the advances, challenges
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and requirements in incorporating the multifaceted
aspects of the tumor microenvironment (TME) in a GI
tract PDO model.

Preclinical models using in Gl tract cancer research
As in the majority of neoplasms, the variable sensitiv-
ity to anticancer treatments have been observed among
GI cancer patients, which reflects the high cellular and
molecular heterogeneity present in the tumor bulk
[7]. The majority of models used in preclinical cancer
research to date have shown low reproducibility when
implemented in clinical settings [8]. The failure of tradi-
tional study models to mimic native tumor biology is no
doubt multifactorial. Deficiencies may lie in the diversity
of signaling pathways altered in tumorigenesis, the failure
to fully recapitulate the TME, the presence of the deami-
nating function of the liver and the activation of the
inflammatory and immune systems [8, 9]. Thus, new plat-
forms that maintain pathological and altered driver path-
ways similar to the in vivo tumor are urgently required if
clinical response is to be predicted ex vivo.

Among the many different approaches to predict drug
sensibility in human cancers, the approaches of primary
cultured fresh surgical tissue, the use of immortalized
cancer cell lines grown on plastic (2D) and the xeno-
transplantation of tumors into immunodeficient mice
(PDXs) have been among the most widely used. Primary
culture of tumor cells or tissue is an in vivo or ex vivo
model capable of maintaining a relatively stable epithe-
lial phenotype [10]. Aziz and colleagues established a
method for in vitro primary cultures from fresh gastric
surgical tissues that was able to recapitulate the purity
of a mucin secreting gastric epithelial phenotype [10].
However, the main disadvantage of primary culture is
the short-term and low passage number in which tumor
heterogeneity is maintained and the inevitable establish-
ment of subclones. Moreover, the rapid overgrowth of
fibroblasts hinders the preservation of cancer cells and
thus alters the translational value of these models [10,
11]. Every model has its advantage and for immortal-
ized cancer cells lines grown in 2D in vitro there is the
option of long-term culture at a relatively low cost, easy
experimental manipulation and good reproducibly in
growth and response [12]. At low passage number gas-
trointestinal cancer cell lines have been able to retain
the genotype and phenotype of their originating tumor
sample which makes then useful for exploratory sci-
ence and initial high-throughput screening approaches,
however, as every cancer is unique, this model does not
offer individual patient treatment prediction [12]. The
long-term serial passaging of cell lines have been asso-
ciated which the loss of cancer-specific heterogene-
ity through the gradual epigenetic and genetic drift and
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the upregulation of genes that facilitate the survival and
multidrug resistance [13-16]. A further drawback of
in vitro 2D approaches comes changes in mechanobiol-
ogy brought about by attachment to a rigid dish (typically
plastic or glass) that discourages cell-to-cell interactions
and hinders the complex layering and structural forma-
tion that is present within the 3D organization of tissues
and tumors alike within the body. In contrast, PDXs gen-
erated by directly transplanting a fragment of patient tis-
sue into immunodeficient mice can recapitulate better
the histology and the inter- and intra-tumoral genetic
and functional heterogeneity of the in vivo gastrointesti-
nal TME [17]. Moreover, PDXs have emerged as a valu-
able preclinical tool for studying tumor progression and
metastasis and as models to predict response to oncology
treatments [18, 19]. This PDX model reflects the cellular
interaction between malignant cells and TME, recapitu-
lating histological, genetic and functional heterogeneity
of the in vivo gastrointestinal tumor. While representing
a faithful preclinical model to study metastasis-related
features [17, 19], the PDX can also suffer clonal selection
and diverge from the original tumor characteristics and
thus limit translational applications to only early-passage
numbers [20, 21]. The xenograft model of human cancer
cells requires the use of immunosuppressed mice. This
removes the essential involvement of the immune sys-
tem in tumor growth and drug response, and obviously
removes any possibility of immunotherapy screening. An
alternative is to use an orthotopic model (animal tumors
in the animal of origin); however, this does not aid in
defining a personalized therapy for a cancer patient. Fur-
thermore, the PDX model is labor and resource-intensive
due to the requirement of extensive mice colonies (which
in turn may present bioethical dilemmas). Furthermore,
the 4—8 months required to gain sufficient material, and
the non-existent possibility to implement high through-
put screening, may discourage the development of this
model as a clinical decision-making tool [22, 23], espe-
cially when the FDA is currently promoting the reduc-
tion in animal use [2]. However, the PDXs are feasible
and cost-effective models for final in vivo validation plat-
forms, providing valuable information about promissory
treatments.

A third cancer model reported to have clinical utility
is the three-dimensional (3D) culture system of human
tumors, of which spheroids and patient-derived orga-
noids (PDOs) are the most reported to date. Although 3D
cultures are rapidly expanding to bridge the gap between
cell culture and animal models, the all-encompassing use
of the term “3D culture” often does not bring to the fore
the important differences in complexity and distinct bio-
logical purpose between the culture systems. Spheroids
are a simple clusters of enriched free-floating stem-like
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cancer cells, whose low complexity limits their use in mir-
roring tumor organization, even when grown in hydro-
gel homologous to the ECM [24]. The majority of the GI
cancer spheroids are derived from either 2D commer-
cial cell lines (cell line-derived organoids) or xenographs
[25-27]. However, there are reports in which CRC and
GC spheroids have been established from primary tissues
and these cultures frequently retain the tumor hetero-
geneity [25, 28]. These cultures, that can be maintained
for a short time in culture, only partially mirror tumor
organization and do not fully reflect patient-specific
organotypic clusters [24, 29, 30]. In contrast, PDOs are
3D tissue cultures of longer duration that resemble the
epithelial cell conglomerates derived from the prolifera-
tion and differentiation of adult cancer stem cells (CSC)
present in a specific organ [29]. To obtain 3D organiza-
tion, stem cells need to be stimulated and grown in the
presence of a critical component cocktail of R-Spondin-1
(Rspo-1) to facilitate intestinal epithelial growing from
Lgr5* crypt base columnar cells [31], epidermal growth
factor (EGF) to promote proliferation, and Noggin to act
as a bone morphogenic protein antagonist in a matrix
that mimics the basal lamina. The stem cells are embed-
ded within a natural extracellular matrix (ECM), typi-
cally Matrigel or similar commercial matrix, which acts
as a scaffold to promote the formation of cell-cell adhe-
sions and 3D expansion [32]. This organotypic system
can retain with high fidelity the in vivo tumor epithelium
and pathophysiological features such as disease heteroge-
neity, histological architecture, degree of tumor differen-
tiation, mutational landscape and molecular expression
profile [22, 33]. A disadvantage of organoids it is unique
epithelial nature, making it difficult to assess the effect
of treatment targeting in non-epithelial cells, such as
endothelial or immune cells [34]. Regardless of this draw-
back, the PDO 3D model overcomes the limitations of
the traditional cancer models as it can be established in
a relatively short time period, it is easy to manipulate and
it reproduces the complex spatial morphology facilitating
high-throughput screening [35]. The principal character-
istics of the most promising GI-tract preclinical models
are presented in Table 1. Overall, investigation to date
suggests that PDOs represent a suitable ex vivo model
with preclinical utility, which could enhance the transla-
tional application of a plethora of potential therapies and
offer correlation with clinical outcomes.

Patient-derived organoids mimic

the gastrointestinal primary cancers

GIs PDOs are characterized by retaining the in vivo
tumor architecture, the genotypic and phenotypic
characteristics and recapitulating the inter-tumor het-
erogeneity reported in gastrointestinal cancers [36].
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Stem cell culture conditions have been successfully
adapted to generate PDOs with an establishment effi-
ciency greater than 50% from a variety of normal and
tumor GI tissues (Table 2), including colorectal [22,
37-40], liver [41], pancreas [42-44], gastric [45-47],
rectal [48] and gallbladder/biliary tract origins [39, 49].
In general, the establishment of gastrointestinal orga-
noids can be obtained with 50-80% of efficiency from
fresh primary and metastatic cancer tissues patients.
Although the establishment success of PDOs depends
on factors such as sample size and percentage of the
tumor cells [50], the process requires only a short
time in culture (2—-4 weeks). Furthermore, the poten-
tial is present for multiple passages (at least up to 100)
that each maintain the genetic identity of the origi-
nating tumor. In a similar fashion to other preclinical
models, PDOs also offer the potential to perform the
plethora of tumor biology studies. A summary of GI-
PDOs applications that we will focus on in this review
is shown in Fig. 1. However, of particular interest to
the clinic, is the potential that the PDO model can be
a useful tool in predicting patient-specific sensitivity
to antineoplastic treatments in GI neoplasms [37, 48,
51-53], and accordingly biobanks of PDOs have been
established from different GI cancer tissue [37, 40, 54].
As will be discussed in greater detail in the following
sections, to address the limitation of an incomplete
TME, the co-culture of organoids with other non-
epithelial cells has been developed. For example, pan-
creatic patient derived organoids (PDAC-PDOs) have
been co-cultured with cancer-associated fibroblasts
(CAFs) to elucidate the role of fibroblasts on drug
sensitivity and resistance. Interestingly, co-cultured
PDAC-PDOs and CAFs displayed enhanced prolifera-
tion, increased drug resistance and a concordant epi-
thelial-mesenchymal transition (EMT)-related gene
expression pattern [55]. Similarly, the influence of
immune cells has been studied on the malignant prop-
erties of other GI PDOs such as colon cancer, gastric
cancer and cholangiocarcinoma [56-58]. Additionally,
the presence of cancer associated microorganisms on
epithelial tissue also has been examined in co-culture
[59].

Cancer GI-PDOs have been proposed as potential
reliable preclinical platform that could fill the void
between cancer genetics and patient trials. In the fol-
lowing sections, we will highlight chronologically the
principal studies that support the translational use of
specific GI cancer PDOs. Table 2 summarizes the sam-
ple precedence and methods used for PDO establish-
ment from specific GI sources. Outcomes from these
platforms in the study of tumor biology, heterogeneity
and plasticity are also summarized.
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Colorectal cancer PDOs (CRC-PDOs)

The first report of human gastrointestinal PDO culture
was in colon cancer [60]. Building upon previous expe-
riences in murine small intestine [31], Sato and col-
leagues were able to establishment a robust protocol to
obtain the long-term culture of primary human epithe-
lial cells from small intestine, colon, adenocarcinomas
and Barret’s esophagus. To establish the PDOs, colon
cancer cells did not require the addition of multiple
growth factors, however, EGF, nicotinamide, an inhibitor
of sirtuin activity [61], an inhibitor of activin receptor-
like kinase (ALK), 4/5/7 (A83-01), and a p38 inhibitor
(SB202190) were added, which significantly improved
the efficiency and prolonged culture time. Subsequently,
Van de Wetering and colleagues [40] used culture media
lacking Wnt, and further supplemented the culture with
a selective ROCK inhibitor (Y27632) and prostaglandin
(promoters of intestinal repair). This preparation gener-
ated organoids from resected colorectal cancers with
close to a 90% success rate, recapitulating their respec-
tive molecular subtype. Furthermore, they were the
first research group to coin the term “living biobank”
to refer to an organoid biobank. Through whole-exome
sequencing (WES), these researchers demonstrated that
patient genomic alterations were maintained in vitro, and
exhibited driver mutations and the hypermutated and
non-hypermutated mutational profiles associated with
CRC. Furthermore, a 3D drug screening proof-of-con-
cept showed high-quality reproducibility between CRC
organoids (n=18) with their genomic features and drug
sensitivity, favoring the identification of useful genetic
markers to predict drug resistance in CRC patients (for
example KRAS and TP53 wild-type organoids were sen-
sitive to cetuximab and Nutlin-3a [40]. Using the same
Sato protocol, in 2015 Weeber and colleagues [22] were
able to establish CRC-PDOs from biopsies of colon can-
cer metastases with high preservation of somatic muta-
tions and DNA copy number profiles [22]. Using slightly
different protocols, four subsequent studies showed that
CRC-PDOs could be established with a success rate of 70
to 100% [37, 38, 52, 62]. The subsequently study by the
Sato group [62] successfully established organoids with
100% efficiency from varying and rare histological sub-
types, such as poorly differentiated adenocarcinoma and
neuroendocrine carcinomas. Moreover, they found that
niche factor independent growth was associated with
adenoma-carcinoma transition and accumulation of mul-
tiples mutations [62]. A recently reported biobank con-
taining 50 CRC organoids derived from primary tumors
and paired liver metastatic lesions (CRLM) confirmed
that: (i) organoids maintain the histopathological iden-
tity of the corresponding tumors of origin, (ii) recreate
the different consensus molecular subtypes (CMS) of
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Fig. 1 Gastrointestinal cancer PDOs and their main applications. PDOs have a wide range of applications in basic and traslational medicine. Herein,
we highlight the PDO platform as a tool for tumor biology and molecular characterization tumor microenvironment (TME) interaction, chemo
and inmunotherapy drug response prediction and biobanking. The figure as created with Biorender

CRC, being CMS2 and CMS4 the most represented and
(iii) show wide degrees of intra and intertumoral het-
erogeneity [37]. Interestingly, the authors also reported
that CRLM-PDOs could predict the chemotherapeutic
response to both FOLFOX and FOLFIRI regimens, cor-
relating the in vitro sensitivity to both antitumor regi-
mens with patient progression-free survival [37]. Finally,
a network-based machine-learning (ML) method [53]
examined pharmacogenomic data from a biobank of
CRC-PDOs [40] revealing that components of the “acti-
vation of BH3-only proteins” pathway were associated
with high chemosensitivity to 5-FU in CRC-PDOs. Sub-
sequently, this pathway was validated as predictive bio-
marker of therapeutic efficacy and overall survival in a
cohort of 114 CRC patients (data obtained from TCGA;
https://www.cancer.gov/tcga), with the patients sensi-
tive to 5-FU having a higher overall survival compared
to resistant patients. This study highlights the impor-
tance of generating large-scale biobank-derived data
from PDOs, and that when combined with ML meth-
odology, an improvement in the predictive ability of
drug-response for cancer patients can be achieved. Two

principal research groups have successfully established
rectal organoids from tissues obtained by biopsy forceps,
with an overall success rate of 77-85.7%. In 2019, Ganesh
and colleagues set out to derive PDOs from patients with
either primary, metastatic or recurrent disease from
resected or biopsied rectal cancers, while a year later, Yao
and colleagues focused on naive locally advanced rectal
cancers [63]. Both groups demonstrated that rectal PDOs
recapitulated the pathophysiology and genomic profiles
of corresponding primary tumors [48, 63]. Response
curves for the chemotherapies 5-FU, FOLFOX and iri-
notecan and radiotherapy curves supported the use of
PDOs to mirror clinical response.

Liver and pancreatic (PDAC) PDOs

The first efforts to establish liver PDOs were performed
by the Huch laboratory, who modified the protocol for
growing normal liver organoids to favor propagation of
primary liver cancers from the resection of three cancer
subtypes: hepatocellular carcinoma (HCC), cholangio-
carcinoma (CCA) and combinate phenotype HCC/CCA
[41]. In a subsequent study, the HCC and CCA-PDOs
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were established from needle biopsies with 33% (10/38)
success rate, and these could be maintained in culture
for up to 32 weeks [64]. In both studies the human HCC
PDOs were able to recapitulate the primary cancer,
showed tumorigenic and metastatic potential and facili-
tated the prediction of drug response [41]. Interestingly,
the drug screening testing in liver-PDOs was able to
identify the ERK inhibitor CH772984 as a potential ther-
apeutic agent and test sensitivity to sorafenib [41, 64].
The first developed methods to generate and propa-
gate human pancreatic cancer PDOs (PC-PDOs) was
reported by Boj and colleagues based on the optimiza-
tion of a previous approach using healthy adult murine
pancreas ductal cells [65]. Using slightly different pro-
tocols, eight subsequent studies showed that PDAC-
PDOs can be established with success rates of 42 to 90%
[42-44, 51, 54, 66—68]. In each study the PDOs were
able to recapitulate the histology and contain the genetic
alterations of the original tumor. Recently, a biobank of
PDAC-PDOs collected tumor tissue before and after
donor patients underwent neoadjuvant chemotherapy
(NAT) based in the cytotoxic agents Gemcitabine, Pacli-
taxel and FOLFIRINOX (FFX) [54]. The authors deter-
mined that PDAC-PDOs exhibit differential sensitivity
to each drug and PDOs derived from pre-NAT (100%)
and post-NAT (71%) were able to predict the clinically
observed response against oxaliplatin in patients treated
with FFX, which is consistent with previous reports in
pancreatic cancer [44]. Taken together, PC-PDOs were
able to reflect human pancreatic ductal cells, repre-
sented a transplantable model of human pancreatic can-
cer progression, and were employed for high-throughput
screening. Furthermore, these results support the poten-
tial use of PDOs as a preclinical tool to decide possible
PDAC therapeutic strategies as well as to study changes
in drug sensitivity during disease progression. However,
the main challenge using PDAC PDOs is try to replicate
the stromal components present in the TME (mainly
fibroblast and macrophages), which is fundamental to
achieve a representative model of the pathophysiology
that underlies this cancer type [69]. Several approaches
aimed at improving this interaction have been use of co-
culture, minitumors or the tumor on a chip-platforms.

Gastric PDOs (GC-PDOs)

Six independent groups have reported the generation of
GC-PDOs [33, 47, 52, 70-72]. The overall success rate
has been between 50-75%, and as seen with other PDOs,
the GC-PDOs maintained histopathological, molecu-
lar subtype and pathway alterations in accordance with
their parental tissues. Phenotypic analysis of GC-PDOs
have shown that divergent genetic and epigenetic routes
gain Wnt and R-spondin niche independence and the
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mutational spectrum of different organoids matched
previously identified molecular GC sub-type [46, 70].
Furthermore, the mutational landscape offered targeted
therapy with trastuzumab for ERBB2 alteration and pal-
bociclib for CDKN2A loss [46]. Yan and colleagues in 46
molecularly characterized organoids [47] emulated the
pathophysiology of the four different molecular subtypes
of gastric cancer, including Epstein-Barr virus (EBV),
microsatellite Instability (MSI), intestinal/chromosome
instability (CIN) and diffuse/genomically stable (GS)
and measured drug response curves and revealed that
some chemoresistance GC-PDOs showed sensibility to
alternative clinically approved drugs [47]. PDOs have
also been established from signet ring positive gastric
cancer (SRCC) (n=4), and non-SRCC (n=38) subtypes,
with both tumor subtypes maintaining characteristics of
parental tissue, including GC-related markers (pan-CK,
CEA), histological architecture and frequently mutated
genes in GC (TP53, TTN, and CSMD1). Accordingly,
divergent and heterogeneous chemosensitivities were
observed between SRCC and non-SRCC organoid cul-
tures, with the SRCC-PDOs being more sensitive to
docetaxel than non-SRCC organoids. In 2022, Kumar
and colleagues performed a comparative cell-state analy-
sis between four pairs of GC-PDOs and their primary
tumors by single cell-seq data [73]. Interestingly, with the
exception of a depletion in lymphoid and plasma lineage,
the GC-PDOs were able to recapitulate the five major
cell types. Furthermore, both healthy tissue and tumor-
derived gastric PDOs showed expression of epithelial
cell-related genes involved in differentiation/dedifferen-
tiation associated with increased transcriptional plastic-
ity [73, 74].

Biliary tract cancer PDOs (BTC-PDOs) and Gallbladder
cancer PDOs (GBC-PDOs)

The first establishment of intrahepatic cholangiocar-
cinoma (IHCC) PDOs was reported by Broutier and
colleagues in 2017 [41]. Later, PDOs were successful
established from additional cases of IHCC and gallblad-
der cancer (GBC) with a success rate of 50% and 20%
respectively. In 2019, Yuan and colleagues reported the
establishment of five GBC PDOs with a success rate
of 12.2% (5/41) and reported their ability to maintain
stability in culture for more than 6 months. The BTC-
PDOs closely recapitulated the histopathological, genetic
alterations and gene expression features of the primary
tumors [39, 49]. Interestingly, GBC PDOs also main-
tained the intratumoral cellular heterogeneity of their
derived tissue at the single-cell level [49]. Using a FDA
drug screening approach, applying the dual PI3K/HDAC
inhibitor CUCDC-907 and two antifungal drugs, a signif-
icant reduction in growth was shown in various tumoral
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BTC-PDOs with minimal toxicity observed in organoids
derived from corresponding healthy tissue [39, 49]. The
low rate of success in BTC-PDOs may be due to either
a lack of long-term expansion or the presence of con-
taminating non-cancerous cells (removed during surgical
resection) that then expand and outcompete the cancer
cells [49]. Aspects that need to be addressed to increase
PDOs formation efficiency are the incorporation of good
quality samples (high tumoral cellularity) and the optimi-
zation of protocols.

Gastrointestinal patient-derived organoids as part
of a representative tumor microenvironment (TME)
to allow therapeutic prediction

Cancer biomedicine is focused not only in understand-
ing the biological differences that underlie each tumor
type, but also the differences between the individual
patient, even when grouped by their pathological behav-
ior. To this end, the analysis of the TME has been increas-
ingly put in perspective, with promising discoveries. The
implementation of PDO technology in cancer research
has been crucial to enhance the development of person-
alized or precision medicine, but given its exclusively epi-
thelial origin, it lacks other cell types that belong to the
TME, limiting its ability to faithfully simulate the struc-
tural and physiological components of the bulk tumor.
Thus, the establishment of cellular co-cultures of orga-
noids enriched with a specific cell (mainly pathogens,
stromal, inflammatory and immune cells), is a method
that offers a solution to obtain a model that more closely
resembles the complexity of the TME. This will also allow
an approximation as to the specific patient pathology
profile, which will aid understanding of the TME-tumor
cell interaction and the subsequent impact this has on
tumor progression. This objective is to bring the PDO
model closer to the goal of predicting patient treatment
response [16, 75].

Gastrointestinal organoids co-cultures have shown util-
ity in deciphering the underlying mechanisms involved
in carcinogenesis promoted by oncogenic pathogens
such as cancer-associated bacterium [76]. For instance,
a widely studied pathology has been the chronic infec-
tion caused by Helicobacter pylori (H. pylori) that affects
around 50% of the world population, of which a subgroup
of patients can progress to gastric cancer [77]. After a
H. pylori infection, gastric organoids have shown both
increased proliferation and activation of stem cells asso-
ciated with oncogenic virulence factor CagA [78, 79].
Organoids infected with H. pylori demonstrated signs of
inflammatory response as seen by NF-kB pathway acti-
vation and overexpression of IL-8 [80], Furthermore, a
significant increase of PD-L1 expression was observed in
these organoids [56]. Similar to this inflammation-related
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cancer model, the genotoxic effect of Salmonella infec-
tion has been proposed as an “inflammatory stimulus”
that induces malignant transformation of the gallbladder
epithelium [81]. In genetically predisposed murine gall-
bladder organoids, Salmonella typhi (S. Typhi) infection
has been associated with TP53 mutations and c-MYC
amplifications [82]. Furthermore, in human gallbladder
organoids infected with S. Typhi, the activity of typhoid
toxin (CdtB subunit) brought about cell cycle arrest and
DNA damage, which was extended to non-infected cells
by a paracrine effect [83]. Further studies have used
intestinal organoids to elucidate the pathogenesis of gas-
trointestinal disorders caused by host—pathogen interac-
tion. For example, intestinal organoids have been used to
understand the pathogenic role of Clostridium difficile,
a commensal bacterium which has the ability to disrupt
epithelium barrier function [84]. Recently small intes-
tinal organoids co-cultures with Lactobacillus casei and
Bifidobacterium longum growing under anaerobic con-
dition have demonstrated a probiotic effect, together
with improving barrier formation and mucin regulation
[85]. In the clinical setting, co-culture models have also
promised prediction of therapeutic efficacy in patients
with gastrointestinal neoplasms such as locally advanced
rectal cancer [86] and CRC [87]. In these assays, interac-
tion of tumor organoids with immune cells, including T
lymphocytes, macrophages-associated cancer (MAF),
among others, were investigated. Nevertheless, one of
the main challenges now is to recreate the tumor-asso-
ciated stroma and introduce vasculature (blood vessels)
into this model. As technology advances, the aim will be
to maintain differentiated cancer cells, stem cells, patho-
gens and endothelial cells together and with interaction
on a 3D substrate matrix [88]. This strategy is novel and
obtaining a vascularized organoid greatly broadens the
perspectives and applications in drug delivery study.
Designing and implementing a standardized protocol for
obtaining organoid culture with each pathophysiologi-
cal component of the TME, will creating a more reliable
model to compete, and one day leave obsolete, the use of
animal models in drug safety and screening.

Gastrointestinal PDOs and fibroblast interaction

Cancer associated fibroblasts (CAFs) contribute to
carcinogenesis and tumor development through the
production and delivery of growth factors, cytokines,
pro-angiogenic factors and extracellular matrix (ECM);
all of which have been related with the hallmarks of can-
cer and therapy response [89-91]. Promising results are
starting to emerge using GI-PDOs in co-culture with
CAFs. The first report to demonstrate cooperative inter-
action between PDOs and CAFs was reported by Ohlund
and colleagues in 2017 [92]. The main focus of this
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report was the elucidation of the desmoplastic reaction
associated with stellate cell activation (the major source
of CAFs in pancreatic ductal adenocarcinoma) [92]. In
this study, using two different co-culture approaches,
the authors were able to identify two CAF subtypes pre-
sent from patient samples. Through the direct co-cul-
ture in Matrigel of PDAC-PDOs with pancreatic stellate
cells (PSCs), the authors recapitulated the desmoplastic
reaction in vitro, with PSCs converting from a resting
quiescent state to a stroma-producing CAF (called myofi-
broblast CAFs, myCAF), which was characterized by ele-
vated expression of a-SMA and high collagen I deposit
in the co-culture [92]. Utilizing conditioned media from
human PDAC-CAFs (CAFs growing on a transwell sys-
tem) with patient-matched tumor organoids seeded in
Matrigel, the authors tested the paracrine interaction and
described another distinct subpopulation of CAFs (called
inflammatory CAFs, iCAF), which were characterized by
lack of a-SMA, induction of secrete IL-6 and activation
of STAT3 in PDAC-PDOs [92]. Subsequently, utilizing
the same transwell co-culture system but now using con-
ditioned medium from PDAC-PDOs grown on the tran-
swell insert and CAF in the lower chamber, showed that
soluble factors produced from tumoral cells are capable
of inducing both previously reported myCAFs and iCAFs,
which were differentiated by the expression of classical
markers a-SMA and IL-6, respectively [93]. Through this
approach it was possible to elucidate the molecular com-
ponents (secreted by tumor cells) which were responsi-
ble for the generation of these two CAF subpopulations.
IL-1 signaling was the main pathway responsible for the
induction of the iCAFs, while TGF-p induced the myCAF
phenotype. Interestingly, the transplant of PDOs and
CAFs into mice model showed a differential spatial distri-
bution, with the myCAFs surrounding the tumoral cells
while iCAFs were located away from the tumor cells in
the dense stromal tissue. This suggested to the authors
that the spatial distribution of CAFs have an impact in
their functionality [93]. Taken together, these observa-
tions using PDAC-PDOs and CAFs co-culture highlight
the power of this platform as a tool to study the plasticity
of CAFs populations, understand their role in PDAC pro-
gression and may allow the analysis of new therapeutics
directed at each population.

Subsequently, a similar approach was used by Liu and
colleagues in 2021 [94] to research the role of CAFs in
liver PDOs. The contact with liver PDO and CAFs in
paracrine co-culture (through transwell culture system)
showed that CAFs promoted the organoid growth and
development. Interestingly, the direct liver cancer PDOs-
CAF co-culture increased PDOs size and ki-67 expres-
sion, and the up-regulation of stem cell markers CD133,
NANOG and TERT [94]. Transplantation of LC-PDOs
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with CAFs into immunodeficient mice observed more
efficient tumor growth in xenograph model as compared
to PDOs alone. Moreover, they showed that the pres-
ence of CAF or conditioned medium of CAFs conferred
liver cancer PDOs resistance to anticancer drugs such as
sorafenib, regorafenib and 5-FU [94].

Considering that the CRC extracellular matrix is rich
in hyaluronan and collagen, in 2021 a new approach was
formulated using CRCPDOs encapsulated within a 3D
hyaluronan-gelatin hydrogel with subsequent co-culture
of patient-derived CAFs [95]. Using this approach, the
authors showed that in PDOs cultured in absence of
growth factors, the addition of the CAFs maintained the
proliferation of PDOs and restored the biological path-
ways absent in the PDO culture alone. These pathways
were identified as the ECM-receptor interaction, focal
adhesion, chemokine and PI3K-Akt signaling pathways,
which have been previously associated with cancer-CAF
crosstalk and are typically altered in tumor tissues [89].
This model also showed promise in evaluating antineo-
plastic drugs, offering yet again a tool for potentially
personalized medicine evaluation. Subsequently, Harry-
van and colleagues [96] established a novel human mul-
ticellular “mini-tumor” model containing PDAC-PDOs
and patient-derived CAFs that, in comparison with the
abovementioned colorectal model, recapitulated both
desmoplastic and differentiation of PDAC in the myCAF
subset. In this approach, the CAFs and PDOs where pre-
viously pre-incubated in ultra-low attachment plates to
achieve an interaction between both cell types before
the “mini-tumors” where seeded into Matrigel. Using
this novel model, the authors showed that PDOs-CAF
“mini-tumors” were able to secret collagen type I, gen-
erating an ECM surrounding de tumor cells and induce
Epithelial to Mesenchymal (EMT) programing, reflecting
how this interaction between the parenchyma tumoral
and its stroma impact tumor progression. Finally, the
authors reported that CAFs confer oxaliplatin resistance
to PDAC-PDOs, again suggesting these models as high
throughput screening platforms. In the Fig. 2, we sum-
marize the tested methods commonly used for PDO and
CAF co-cultures. However, the selection of the optimal
co-culture method will depend on the specific research
question that needs to be addressed. For example, if the
effect of the physical contact between PDOs and CAFs
is under question then necessary the direct interaction
between both cells is required, however, to evaluate the
effect of paracrine secreted signals a transwell co-culture
system is better suited. To explore both physical and
paracrine aspects, the use of “mini-tumors” represent a
better complexity option to study stroma-dense tumors
as pancreatic cancer [97]. This in vitro PDO-CAF direct
approach is shown to promote both the desmoplastic
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reaction and differentiation toward the myCAF (includ-
ing myCAF and iCAF), which can more faithfully simu-
late the pathological features of original tumor. Examples
of this may be the genetic and mesenchymal character-
istics, spatial organization of the TME, the level of sen-
sitivity to anticancer treatments and CAF heterogeneity.
Certainly, the physical and physiological integration
between stromal and tumor epithelial cells provided by
“mini-tumors” recreates more faithfully the heterogene-
ity of the primary tumor, highlighting its usefulness as
a preclinical model. The future challenge is to continue
improving these models to include additional stro-
mal cell types and extend this model to study GIs can-
cers not currently tested. The novel biological questions

that can be answered using these models maybe the
examination of the rigidity (stiffness) of the Matrigel
and how this impacts on the paracrine crosstalk [98].
This may also lead to the enhanced design of Matrigel
or ECM substitutes to obtain the optimal tumor ex vivo
microenvironment.

Gastrointestinal patient-derived organoids as a system

to immunotherapy prediction

The evaluation of interactions between organoids and
immune cells would make it possible to explore new can-
cer treatments, and this process may be as equally appli-
cable to immunotherapy. Since the initial approval of
immunotherapy for the treatment of melanoma, the use
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of different checkpoint inhibitors has revolutionized the
immunotherapy treatment in other solid tumors. Immu-
notherapy has now become a standard of care in many
cancer settings during the last decade with the introduc-
tion of specific antibodies blocking immune checkpoint
molecules, such as cytotoxic T-lymphocyte-associated
protein 4 (CTLA4) and programed death 1/programed
death-ligand 1 (PD-1/PD-L1) among other burgeon-
ing immune checkpoint pathway inhibitors arriving to
the clinic [99]. In gastrointestinal cancers, the FDA has
approved the immunotherapy drugs Pembrolizumab (a
PD-1 humanized IgG4 monoclonal antibody) as first-line
treatment in combination with trastuzumab and chemo-
therapy in patient with locally advanced unresectable or
HER?2 positive gastric cancer or gastroesophageal junc-
tion carcinoma [100] or for MSI-H or mismatch-repair-
deficient (AMMR) advanced unresectable or metastatic
colorectal cancer tumors [101]. Moreover, FDA approved
nivolumab (PD-1, monoclonal antibody) plus chemo-
therapy for advanced gastric, gastro-esophageal and
esophageal adenocarcinoma [102].

Given this context, different research groups have
worked on improving organoid complexity by adding
niche/immune cells, with the aim of predicting in vitro
the immunotherapy response in patients (Table 3). In
the Fig. 3, we summarize the tested methods commonly
used for PDO and immune co-culture. The first proof of
concept that tumor organoids can be used as ex vivo plat-
form to study T-cell interaction for individual patients
was reported by Dijkstra and colleagues in 2018 [103].
The co-culture model established by Dijkstra and col-
laborators [103] was derived from mismatch repair-
deficient colorectal cancer (AIMMR CRC) patients and
non-small-cell lung cancer patients. Both type of orga-
noids interacted with autologous peripheral blood mon-
onuclear cells (PBMC) isolated from the same patient.
This co-culture model demonstrated that 50% of patients
with dMMR CRC were MHC-class competent and able
to induce CD8T cell activation. In this study the tumor
recognition by CD8+T was evaluated after 2 weeks of
co-culture between organoids and T-cells by evaluat-
ing organoid-induced IFN-y secretion and upregulated
expression of CD107a, a marker of degranulation of
cytotoxic NK and CD8 T-cells. In addition, the authors
reported the induction of PD-L1 in IFN-y pre-stimulated
organoids as a control. Evaluating the effects of PD-L1
inhibitors in this setting also highlights the effort to fur-
ther evaluate the impact of immune checkpoint block-
age using this platform. In conclusion, the co-culture of
autologous tumor organoids with PBMC can be used as
a strategy to assess the tumor sensibility to T-cell-medi-
ated attack and thus predicted the patient response to
immunotherapy [103, 104]. However, there is a necessity
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to extend this evaluation to other poorly immunogenic
tumors. Furthermore, strategies are required to avoid or
revert MHC I loss, which is a mechanism the cancer cell
utilizes for immune escape.

The reconstitution of organoids with immune cells
as air-liquid interface patient derived organoids (ALI-
PDOs), also named “organoids 2.0, is a promising model
in biomedical research [105]. The organoid 2.0 strategy,
founded in the ALI-PDOS generated by Neal and col-
leagues [105], is a model based in patient-derived orga-
noids of tumor epithelia that retain native immune cells
and non-immune stromal cells, recapitulating the TME
diversity [16]. Briefly, the authors utilized WNT3A, EGF,
NOGGIN, and RSPO1 (WENR) supplemented medium
and mechanically processed tumor fragment growing
in air-liquid interface to establish PDOs from 100 indi-
vidual patients with different subtype and localization
of cancers, including 20 colorectal cancers, 11 pancreas,
20 kidney, 20 lung and 29 other tumor types. These
organoids could be maintained in long term culture and
were able to preserve the original immune cells such as
cytotoxic T cells, T helper cells, B cells, Natural Killer
(NK) cells and macrophages. Furthermore, the tumor-
infiltrating lymphocytes (TILs) were maintained func-
tionally active and kept the relative expression of PD-1
protein between fresh tumors and organoids. The stroma
of this PDOS contained myofibroblasts closely associated
with epithelium, decreasing immune cells and fibroblast
stromal cells over a period of 1-2 weeks month [105].
Moreover, to demonstrate TIL functionality, PDOs were
treated with Nivolumab and the response rates at 7 days
were sufficient to elicit tumor cytotoxicity. Interestingly,
these in vitro activities were concordant with the clinical
response in respective patients. However, the next chal-
lenge is to increase the clinical applicability of this model.
The culture model needs to improved, as currently the
immune cells present in ALI-PDOS are not supported
beyond 60 days and future prospective studies are
required to correlate PDOS and patient immunotherapy
response [105].

In 2022, studies showed the feasibility of developing
co-culture organoids from cholangiocarcinoma (CCA)
with allogenic PBMCs [57]. This “proof-of-concept”
generates a model to evaluate the response of organoid-
immune cell co-culture with the perspective of pre-
dicting the response to immunotherapy. The authors
described the optimal conditions to generate the co-
cultures which include the use of Matrigel or similar
matrix, for example, Base Matrix Extracellular (BME)
at concentration of 10% to maintain organoid 3D mor-
phology and allow PBMC interaction with the tumor
cells [57]. A noteworthy aspect of the investigation car-
ried out by Dijkstra and his group is the use of allogenic
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Fig. 3 The main models to mantain the interaction between gastrointestinal cancers PDOs and immune cells. A Model based in the use
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(autologous) with the aim to generate tumor-responsive as a cancer treatment. C Co-culture interaction based on PDOs and PBMC derived

from healthy controls (allogenic) with the aim to generate cytotoxicity activity against to the tumor cells from CD8 T-cells. The figure was created

with Biorender

conditions in the co-culture. The model used PBMCs
from healthy donors with MHC mismatch, which cir-
cumvented the necessity to use specific (autologous)
patient blood in maintaining the capacity of immune
cells to attack the tumor cells [57]. This proof of con-
cept is a first step for the future use of a clinically rel-
evant co-culture model in precision medicine.

The maintenance of interaction of PDOs with other
cells of the TME is relevant to understand the behavior
of tumor cells, the progression of cancer and the under-
standing of the mechanisms for drug resistance and/
or evasion of immune response. Despite varying stud-
ies showing the potential and feasibility of organoid
and immune cell co-culture, further studies and large
patient number validations are required to arrive at a
clinically relevant tool in personalized medicine.

PDOs as a tool to predict the therapeutic response
in Gls patients

In the previous sections we discussed the use of incorpo-
rating aspects of the TME in PDO models for prediction
of immunotherapy response, however the use of chem-
otherapy is still a mainstay of GI tract cancer treatment
and the response to this treatment has been the subject
of examination in the PDO system. Despite over 40% of
patients responding to the standard first line regimens,
currently there are no good biomarkers or tests guiding
the efficacy of chemotherapy [47]. Despite considerable
efforts to maximize drug efficiency and minimize the side
effects of chemotherapy, the ability to anticipate patient
response and tumor regression is still elusive, leading to
a dangerous loss in time which allows cancer progression
and an unnecessary loss of quality of life for the patient.
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The quantity of publications referring to response predic-
tion in in GI-PDOs have greatly increased in the last five
years. In nine original manuscripts reviewed, the authors
correlated drug response with certain parameters of clin-
ical response to treatment in GI-PDOs [37, 38, 44, 47, 51,
52,63, 68, 72].

In a study by Tiriac and colleagues, chemotherapy
addition delivered heterogeneous responses in PDAC-
PDOs, although in specific cases they did parallel patient
outcomes. The authors concluded that with PDOs, a
combination of molecular and therapeutic profiling may
predict patient response and help in the selection of anti-
neoplastic treatments [44]. Recently Seppala and col-
leagues isolated PDAC-PDOs prior to pharmacotyping
and treatment with FOLFIRINOX (FFX) and similarly
showed preliminary evidence for prediction of thera-
peutic response in a subset of the patients. In this study,
PDO pharmacotypes suggested sensitivity to FFX and
accordingly favorable RECIST conclusions were observed
together with reductions in the tumor marker CA-19-9
[68]. The Harnessing Organoids for Personalized Therapy
(HOPE trial) was a pilot prospectively trail that tested
the feasibility of generating PDOs from PDAC and cor-
relating chemotherapy combinations by drug response
curves to clinical response by RECIST. Drug testing
was performed on 12 organoids, with eight organoids
sequenced and nine sent for RNA-Seq analysis. Dose—
response curves and area under curve (AUC) for multiple
drug combinations ranged from 0.25 (highly sensitive) to
1.0 (resistant), however the authors concluded that their
findings showed promise of utilizing PDOs to increase
drug response rates and minimize toxicity by ruling out
ineffective treatments [51]. In other studies using gastric
cancer PDOs, which incorporated a small sample size,
one case was present where the PDO was highly respon-
sive to drug treatment, and similarly the patient’s tumor
exhibited a near complete response using the same chem-
otherapy combination therapy [72]. Another study in
GC-PDOs extended this latter observation to three addi-
tional patients [47]. Furthermore, a recent study using
liver metastasis from primary colorectal cancer (CRLM)
demonstrated that CRLM-PDOs (n=13) showed pre-
dictive power in the response to FOLFOX or FOLFIRI,
correlating the response by RECIST and the progression-
free survival of the donating patients [37].

At the moment there are three highly relevant stud-
ies that have presented GI-PDOs as predictors of anti-
neoplastic drug and radiotherapy response [38, 48, 52].
Vlachogiannis and colleagues established PDOs from
sequential biopsies of liver metastasis from gastroe-
sophageal cancer patients and examined their clinical
predictive value in 21 comparisons between PDOs and
clinical response. Interestingly, the authors reported that
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when compared with the clinical response in patients,
the ex vivo cell viability response to chemotherapy and
targeted therapy had 100% sensibility, 93% specificity,
88% positive predictive value and 100% negative predic-
tive value [52], which adds encouragement to the PDOs
platform as a decision-making tool. Furthermore, the
authors compared response to the chemotherapy pacli-
taxel in sequential PDOs established prior to and after
treatment in a patient diagnosed as initially paclitaxel-
sensitive. In accordance with the clinical findings, PDOs
derived from the responsive metastasis showed better
sensitivity to paclitaxel compared with PDOs derived at
progression from the same patient. Finally, the authors
showed the potential to established in orthotopic human
tumor xenograph models by implantation luciferase-
expressing (Luc+) PDOs in the mouse liver (PDO-xen-
ograph) followed by drug addition and evaluation. In
this model, the effect of the regorafenib, a small mol-
ecule multikinase inhibitor against various pro-angio-
genic and anti-proliferative targets [106], was tested for
response from a patient with primary resistance and
from a patient who achieved a durable response. In line
with the clinical response, the PDOs xenographs from
the regorafenib-sensitive patient displayed significant
reduction in microvasculature presence in comparison
with a non-significant change in the regorafenib-resistant
patients. According with metastatic CRC-PDOs, Ooft
and colleagues developed a method of testing treatment
regimens in PDOs derived from metastatic liver lesions
[38]. In this “TUMOROIDS” multicenter clinical study
(NL49002.031.14) the authors tested in 10 patients and
their respective CRC-PDOs the response to irinotecan
monotherapy. The observed PDO drug response corre-
lated with clinical outcome in 80% of patients by predic-
tive performance using leave-one-out cross-validation
(LOOCYV). This correlation was specific to irinotecan-
based monotherapy as, when the same methods were
performed using combinate therapy of 5-FU plus oxalipl-
atin, the PDOs failed to predict treatment outcomes [38].
Complementing these findings, two different laboratories
using rectal cancer PDOs presented preliminary studies
which suggested prediction of response to chemoradia-
tion [48, 63]. In this latter study, Ganesh and colleagues
established organoids from a diverse patients set of rec-
tal cancers (primary, metastatic and recurrent disease)
and 21 different RC-PDOs were separately treated with
5-FU and FOLFOX. The data showed that RC-PDOs dis-
played heterogeneous outcomes in their response to clin-
ical 5-FU and FOLFOX doses and in seven patients the
in vitro response to combined 5-FU and FOLFOX treat-
ment correlated with progression-free survival [63].

In a recent and highly promising study, Yao and col-
leagues, further reported 80 PDOs isolated from locally
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advanced rectal cancer treatment naive patients enrolled
in a phase III clinical trial that were subsequently treated
with neoadjuvant chemoradiation (irradiation, 5-FU or
CPT-11/irinotecan) [48]. The RC-PDOs were evaluated
for individual treatments and when sensitivity was pre-
sent in treated PDOs there was also clinical response in
68 of 80 patients (85%). The authors reported that these
finding represented 84.43% correlation, 78.01% sensitiv-
ity, and 91.97% specificity [48].

In summary, the large-scale drug sensitivity screen-
ing in GI-PDOs can be performed within a window of
2-8 weeks [38, 44, 48, 52], whence this platform has the
potential be used to guide or/and accelerate new clinical
trials, and to suggest treatment recommendations within
a clinically meaningful time frame. The contradictory
and often lack of correlation between PDO response and
clinical outcome may be the result of a number of vari-
ables. Firstly, the PDO reflects only a sub-section of the
intratumoral heterogeneity that existed at the initiation
of therapy [44]. Secondly, these models are limited by the
absence of a complete microenvironment (eg. the patient
immune system, microbiome and fibroblast components)
and finally, the lack in vitro models of a liver does not
allow for the variable of drug metabolism and thus the
resulting changes in the concentration and time of expo-
sure of circulating therapies that occur in the patient.

Conclusions and future directions

PDOs hold the promise to be a significant player in the
advancement of tumor biology. Suited to drug develop-
ment, PDOs can be developed from healthy and dis-
eased tissues to test for efficacy and toxicity, and most
importantly, they have been shown to remain stable
when expanded ex vivo. The FDA decision to modify the
requirement that drugs in development must undergo
animal testing before being administered to humans and
receive approval, has opened the door to invest in the
PDO culture [1, 2]. Potentially anticipating this decision,
pharmaceutical companies decided in 2020 to phase out
animal testing and, although they have not set a dead-
line for completion, all new drugs to be developed must
feature alternatives to animal testing [107]. Currently,
while there are several thousand patent applications that
include the construction or use of organoids (Patent Pub-
lic Database, www.ppubs.uspto.gov), there 107 clinical
trials on the NIH clinical trials website (www.clinicaltr
ials.gov) using patient-derived organoids in evaluating
therapy response. Only seven of these trials are currently
closed, while the majority are in the stage of recruiting
or registered to start recruiting. These clinical trials are
almost exclusively in North America, Western/North-
ern Europe and China, and cover the majority of cancer
types. This amount of clinical trials highlights the interest

Page 23 of 27

and the faith that the scientific community is placing in
the use of organoids as a decision-making tool, and thus
we await the results with high patient number and sta-
tistical power to enlighten us on the future path of this
technology.

As an emerging research model, PDOs have achieved
progress as a potentially predictive tool, due to their
ability to recapitulate the phenotype and genetics of the
organs of origin. To meet the criteria of offering "personal-
ized” or “precision” therapy to patients these models need
to be improved to incorporate the multifaceted aspects
of the TME. Major questions remain unanswered and
need further research. For example, how universal is the
observation that primary cultures of PDO-forming cancer
cells can be frozen and returned to culture with the for-
mation of reproducible 3D structures and drug response?
As reviewed herein, the current advances are heading
in the correct direction and already offer the potential
for PDOs complete with stromal, vasculature, microbi-
ome and immune cell components. Also, these advances
are improving the gap between 3D culture models and
native ECM cues in tumor tissue, which is a crucial issue,
considering that ECM is the major non-cellular stromal
component in the TME and has a significant impact on
cellular behavior. Ultimately the goal is to recreate the
entire TME ex vivo to reduce animal use and lower drug
screening costs. Most importantly is the still anecdo-
tal potential that PDOs can offer clinical prediction to
therapy choice. Already preliminary evidence is suggest-
ing that once PDOs are established, the high-throughput
drug screening in combination with DNA sequencing
and/or other molecular or proteomic analysis techniques
may help tailor cancer treatment to offer enhanced effi-
cacy with lower side-effects and improved quality of life.
To confirm any potential benefit in using PDOs for clini-
cal prediction it is necessary to increase the PDOs sam-
ple size. While certain results to date may be promising,
the conclusions drawn from low numbers of patients may
be misleading. The scientific world experienced similar
claims in the 1990s when MTS, MTT and ATP assays
suggested that patient response to chemotherapy could
be predicted from primary tumor cultured cells on plas-
tic (culture-coated) plates, however these observations
never withstood (in truth, never experienced) large scale
preclinical trials. PDOs as a future clinical tool may not
necessarily be restricted merely to drug administration
and cancer cell viability; the field needs to be open to the
incorporation of drug testing together with mutational
signatures and markers of variability in components of the
TME (eg. microbiome/immune cell presence) in poten-
tially forming an algorithm to predict patient response to
treatment ex vivo. Only time, and a lot of future testing,
will reveal if the holy grail of tissue culture can be achieved
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and an ex vivo or in vivo model can give a reliably accu-
rate prediction of patient drug response.
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FOLFOX  5-FU, leucovorin, oxaliplatin

FOLFIRI Folinic acid, fluorouracil and irinotecan
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PD-L Programed death-ligand 1

MSI-H Microsatellite instability-high

dMMR Mismatch-repair-deficient dMMR
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