Biomedicine & Pharmacotherapy 182 (2025) 117750

Contents lists available at ScienceDirect

Biomedicine & Pharmacotherapy

FI. SEVIER

biomsdiigie
journal homepage: www.elsevier.com/locate/biopha

Review

The use of patient-derived xenografts and patient-derived organoids in the
search for new therapeutic regimens for pancreatic carcinoma. A review

Emin Gayibov ®®, Tomas Sychra ™", Alzbéta Spalenkova ™, Pavel Soucek > "',
Martin Oliverius >% 2

2 3rd Faculty of Medicine, Charles University, Prague, Czech Republic

b Centre of Toxicology and Health Safety, National Institute of Public Health, Prague, Czech Republic

¢ Biomedical Center, Faculty of Medicine in Pilsen, Charles University, Pilsen, Czech Republic

4 Department of General Surgery, 3rd Faculty of Medicine, Charles University and University Hospital Kralovské Vinohrady, Prague, Czech Republic

ARTICLE INFO ABSTRACT

Keywords: Patient-derived organoids (PDOs) and xenografts (PDXs) are powerful tools for personalized medicine in
Pancreatic neoplasms pancreatic cancer (PC) research. This study explores the complementary strengths of PDOs and PDXs in terms of
Heterografts practicality, genetic fidelity, cost, and labor considerations. Among other models like 2D cell cultures, spheroids,
I(\)/Irog;nelglds cancer-on-chip systems, cell line-derived xenografts (CDX), and genetically engineered mouse models (GEMMs),
Animal PDOs and PDXs uniquely balance genetic fidelity and personalized medicine potential, offering distinct advan-
Chemotherapy tages over the simplicity of 2D cultures and the advanced, but often resource-intensive, GEMMs and cancer-on-
Adjuvant chip systems. PDOs excel in high-throughput drug screening due to their ease of use, lower cost, and shorter

experimental timelines. However, they lack a complete tumor microenvironment. Conversely, PDXs offer a more
complex microenvironment that closely reflects patient tumors, potentially leading to more clinically relevant
results. Despite limitations in size, number of specimens, and engraftment success, PDXs demonstrate significant
concordance with patient responses to treatment, highlighting their value in personalized medicine. Both models
exhibit significant genetic fidelity, making them suitable for drug sensitivity testing. The choice between PDOs
and PDXs depends on the research focus, resource availability, and desired level of microenvironment
complexity. PDOs are advantageous for high-throughput screening of a diverse array of potential therapeutic
agents due to their relative ease of culture and scalability. PDXs, on the other hand, offer a more physiologically
relevant model, allowing for a comprehensive evaluation of drug efficacy and mechanisms of action.

1. Methodology com) were used for appropriate citation and access to similar papers
regarding the use of PDX and PDO models in the treatment of PC. For

All the studies referred for this review have been searched via the this review, we specified the time range of referred studies as of the last

National Library of Medicine-National Institute of Health (NLM-NIH),
PubMed, with the keywords being patient-derived xenografts (PDXs)
and organoids (PDOs), pancreatic cancer (PC), PDX and PDO compari-
son in PC treatment. A visual tool Connected Papers (www.connectedp
apers.com) and reference manager software Mendeley (www.mendeley.

20 years, i.e., we disregarded the studies conducted before 2004. Our
inclusion criteria comprised searches, which enable comparing PDX and
PDO models in practical, genetic, cost-, and labor-related aspects with
statistically significant data. We narrowed the literature search to
include PDO and PDX models only for PC treatment, excluding the data
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derived organoid; PDX, patient-derived xenograft; TME, tumor microenvironment.
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for other cancer types. There was no specific PC histopathological sub-
type as an inclusion criterion. Conclusion was made according to the
comparison between these two models.

2. Background

Ranked as the sixth most common cause of cancer-related deaths,
pancreatic cancer (PC) was a cause of 467,005 deaths worldwide in
2022 [1]. The PC mortality rate is estimated to surpass that of colorectal,
prostate, and breast cancers by 2030 in the USA [2]. The current relative
survival rate of PC including all races and ethnicities is 13 % in the USA,
which places it the last in the list of cancers with lowest survival rates
[3]. Being about 85 % of all PC diagnoses, the most common histological
subtype of PC is pancreatic ductal adenocarcinoma (PDAC) [4]. The
cancer usually progresses with vague symptoms only and often ends up
with metastasis [5,6].

Drug combinations such as the commonly used FOLFIRINOX (5-
fluorouracil, irinotecan, oxaliplatin, and leucovorin), or gemcitabine
alone or together with capecitabine are administered to patients
suffering from the disease advancement, depending on their perfor-
mance status [7-11]. Despite recent advancements in PC treatment,
such as the 4.3-month increase in overall survival afforded by
FOLFIRINOX-based therapy, non-resectable PC remains a disease with a
dismal prognosis [10-14]. The efficacy of anticancer drugs is signifi-
cantly limited due to frequent multi-drug resistance [15,16]. There is
also an undeniable negative impact of conventional chemotherapy side
effects, such as hematological toxicity, diarrhea, and loss of appetite on
the life quality of patients [17]. There is no observed significant effect of
adjuvant radiotherapy on prolonging the overall survival of PC patients
[18,19].

Therefore, individualized treatment has been researched, including
targeted therapies and combinations best suited for the patient. For this
purpose, studies evaluating the utility of various models for the
personalization of treatment have been published [14,20-23]. Among
these, patient-derived xenografts (PDXs) and patient-derived organoids
(PDOs) have emerged as valuable tools due to their ability to closely
mimic the biological characteristics of patient tumors and their re-
sponses to therapy. These models allow researchers to test treatment
strategies in a preclinical setting, providing insights that can guide
clinical decisions. This review describes the full range of available
models used for testing personalized treatments, with a particular focus
on the advantages, drawbacks, and potential applications of PDXs and
PDOs in translational research regarding PC treatment.
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3. Alternative models for studying pancreatic cancer

Advancing our understanding of PC and developing effective treat-
ments necessitate the use of various experimental models. Among the
primary methods are 2D cell cultures, spheroids, cell-derived xenografts
(CDX), tumor-on-chip technology and genetically engineered mouse
models (GEMMs) (Fig. 1). Each of these models offers distinct advan-
tages and limitations, contributing uniquely to the study of PC. Under-
standing their strengths and weaknesses is crucial for choosing the
appropriate approach to study PC and for translating the results into
clinical applications. These models are described in the following
chapters and are summarized in Table 1.

3.1. 2D cell cultures

Many PC cell lines are already established and used because they are
relatively homogeneous, cost-effective, less subject to regulations, and
have easy manipulation and maintenance. While 2D cultures offer ad-
vantages like reproducibility and availability [14], they poorly mimic
clinical PC due to the loss of tumor heterogeneity, limited disease
complexity, and stromal or immune component absence [21,24,25].
Adaptation to plastic and genetic changes further reduce their resem-
blance to primary tissue. They poorly mimic clinical PC due to the loss of
tumor heterogeneity, limited disease complexity, and stromal or im-
mune component absence [21,24,25]. As a result, 2D culture models
often have low predictive value for clinical outcomes, which can lead to
the failure of promising therapies when tested in human trials. Despite
these limitations, 2D cell cultures remain an invaluable tool in cancer
research due to their accessibility, ease of use, and ability to provide
rapid preliminary data, making them a practical choice for initial
experimental screenings [26,27].

3.2. Spheroid models

Spheroid cultures are another model for studying PC. They serve as
an intermediate model between 2D cultures and more advanced systems
like PDOs, due to their ability to better replicate the tumor microenvi-
ronment compared to traditional 2D cultures [28]. These spheroids can
be composed of multiple cell types, such as cancer cells, endothelial
cells, pancreatic stellate cells, and monocytes [29], allowing them to
more accurately mimic the heterocellular interactions found in PC.
Spheroids grow in 3D structures that mimic in vivo tumor conditions,
including cell interactions, hypoxia, and nutrient gradients, making
them valuable for drug resistance studies [28,30]. Spheroids are

Cancer-on-chip model

ezl
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Fig. 1. Models other than patient-derived organoids and xenografts for studying pancreatic cancer and its treatment. The complexity increases in accordance with

the gray dashed arrow.
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Table 1
The summary of the models other than patient-derived organoids and xenografts
for studying pancreatic cancer and its treatment.

Model Advantages Disadvantages Reference
2D cell culture  homogeneous lack of full complexity [14,21,
cost-effective and genetic fidelity 24-27]
less subject to loss of heterogeneity
regulations poor ability to reflect
easy management disease advancement
sufficient availability and tissue complexity
failure to retain the
characteristics of the
primary tumor
Spheroid 3D tumor-like lack of full complexity [28-36]
models environment with and genetic fidelity
various cell types lack of key elements,
drug efficacy and such as the blood
resistance studies vessels and immune
initial drug screening  cells
and mechanistic
studies
Cancer-on- integration of PDOs lack of full complexity [37-43]
chip models with stromal in terms of
components vascularization, tissues
enhanced accuracy of  stiffness and spatial cell
drug response studies  interactions
mimicking the potential negative effect
intricate cellular of fabrication materials
interactions and on drug response
desmoplastic stroma studies
Cell-derived easy management lack of full complexity [22,
xenograft short duration lack of significant 44-48]
predictable and correspondence to the
inexpensive primary tumor
initial drug screening  restricts the study of
interactions between
cancer cells and the
immune system
Genetically detection of genetic long duration needed to ~ [49-53]
engineered aberrations in PC generate a particular

mutant mouse
off-target pathologies in
other tissues

mouse models pathogenesis and its

response to treatment

particularly valuable for drug testing, as their 3D structure replicates in
vivo-like chemoresistance to agents such as gemcitabine. Their organi-
zation, with proliferative outer layers and hypoxic, necrotic cores, pro-
vides insights into drug penetration, efficacy, and resistance
mechanisms [31,32].

While spheroids combine different cell types to mimic the TME, they
lack the full complexity of living tumor interactions. Spheroids lack key
elements like the blood vessel network for nutrient delivery, waste
removal, and dynamic immune cell interactions critical for tumor pro-
gression and therapy response [33,34]. Although spheroids offer a more
physiologically relevant environment than 2D cultures, they still lack
the complexity and genetic fidelity of advanced models like PDOs.
Nonetheless, spheroids are valuable for bridging the gap between the
simpler in vitro models and more sophisticated in vivo or ex vivo ap-
proaches, offering a versatile platform for initial drug screening and
mechanistic studies in PC research [31,35,36].

3.3. Cancer-on-chip models

Cancer-on-chip models represent a cutting-edge approach to repli-
cating the complex tumor microenvironment of PC more accurately than
traditional in vitro methods. These microfluidic devices allow for the
integration of PDOs with stromal components, such as pancreatic stel-
late cells and immune cells, within a controlled, perfusable environ-
ment. This setup mimics the intricate cellular interactions and
desmoplastic stroma of PDAC, providing a more physiologically relevant
platform for drug testing [37-39].
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Despite these advantages, cancer-on-chip models are not without
limitations. While cancer-on-chip models do offer advanced features
compared to traditional 2D cultures, they don’t fully replicate the true
3D structure of a tumor. The chips typically allow for some degree of 3D
organization and cell layering, but they may not perfectly mimic the full
complexity and architecture of a tumor’s 3D environment, particularly
in terms of vascularization, tissue stiffness, and spatial cell interactions
[40,41]. Moreover, the current devices often rely on commercially
available cell lines for stromal components, which may not fully capture
the patient-specific variations found in clinical samples. Additionally,
the fabrication materials, such as polydimethylsiloxane, can absorb
hydrophobic drugs, potentially affecting the accuracy of drug response
studies [42,43].

3.4. Cell-derived xenografts

Frequently used methodology is the CDX - in vivo models in which
human cancer cell lines are implanted into immunodeficient mice to
study tumor growth and response to therapies. This approach is
straightforward to manage and allows for the testing of multiple anti-
cancer chemotherapeutics, within a short duration [22,44]. The use of
immunodeficient mice in CDX models, however, limits the ability to
study interactions between cancer cells and the immune system, making
them less suitable for evaluating immunotherapies [45,46]. Despite
these limitations, CDX models remain valuable in early-stage drug
development for screening basic efficacy and toxicity of anticancer
agents [26,47]. This method is also relatively predictable and cheaper
than PDO and PDX models [22], which are the major focus of this paper.
Unlike PDO and PDX models, which better mimic the tumor microen-
vironment and heterogeneity, CDX models lack the complexity needed
to fully represent the biological behavior of patient-derived tumors [44,
48]. This also reduces their clinical translatability. Despite their limi-
tations, CDX models are frequently used due to their cost-effectiveness
and relative simplicity, making them a practical and efficient starting
point for preclinical testing of new anticancer therapies.

3.5. Genetically engineered mouse models

GEMMs represent alternative methods to study various characteris-
tics of PC and its response to different therapeutics [49]. Unlike 2D and
CDX models, which are limited in their ability to capture genetic
complexity and tumor-stromal interactions, GEMMs provide a more
physiologically relevant in vivo system for studying the intricate genetic
and molecular pathways involved in PC. GEMMs express oncogenes or
dominant-negative tumor-suppressor genes in a non-physiological
manner due to enhancer elements and ectopic promoters [50]. They
can be utilized to understand how various genetic aberrations influence
the PC response to the corresponding treatment.

Despite its advantages, this model still has some drawbacks. The long
time needed to generate mutant mice carrying particular genetic alter-
ation is disadvantageous. Another issue regarding the use of GEMM is
whether the harbored tumor at the end of the treatment period has the
same biological features as the initial tumor at the beginning of the study
[49]. Studies involving GEMMs may also result in off-target pathologies
in other tissues because the harboring mutant genes may be expressed in
the whole pancreas thanks to pancreatic embryonic promoters such as
p48 and Pdx-1 [51-53]. Although these challenges exist, GEMMs remain
indispensable for advancing our understanding of PC genetics and for
the development of targeted therapies that can be tailored to specific
genetic profiles.

4. Pancreatic cancer patient-derived organoids
By definition, PDOs are 3D cell culture models made from resection

and biopsies of human tumors [54]. Unlike 2D cultures, which are
limited in cell diversity, PDOs allow for the co-culture of various cell
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types, including stromal components, thereby offering a more accurate
representation of tumor biology, and serve as an intermediate step be-
tween 2D cultures and xenografts [55]. This approach also enhances the
understanding of intercellular interactions by co-culturing stromal
components [14]. The development of PDOs aims to bridge the gap
between the simplicity of 2D cell cultures and the physiological rele-
vance of PDX models by allowing primary tumor cells to grow in a 3D
environment without adhering to the dish bottom, thus better preser-
ving the tumor characteristics [56]. Due to the favor of keeping the
features of primary tumors, PDOs have been utilized as an alternative to
conventional cell lines in many different studies involving cancer ther-
apies [57]. Huch et al. developed a pioneer organoid made of continu-
ously proliferating normal adult murine ductal cells, which laid the
groundwork for further advancements in PDO technology [58]. Boj et al.
sharpened this approach as they further established both normal and
tumor-derived organoids of PDAC [59]. PDOs are already established for
various gastrointestinal cancers, including colorectal, hepatocellular, or
esophageal adenocarcinomas, and for surgically resected PC tissues,
with a success rate of 80 % [59].

An organoid can root from a relatively small original cancer spec-
imen of the patient, which must be noted as another advantage of
working with PDOs (Fig. 2). This original tumorous tissue can also be
taken from an already established PDX model to create a PDX-derived
organoid (PDXO) [60]. PC organoids were also successfully derived
from the paracentesis-taken ascites of patients diagnosed with PC and
were successfully maintained for at least five passages by Choi et al.,
with an establishment rate of 48.7 % [61]. Successful PC PDO estab-
lishment by using the endoscopic ultrasound (EUS) fine needle biopsy
sampling has also been reported, with 87 % success rate of PDO isola-
tion, and 66 % growth rate for at least five lines [62].

4.1. The genetics and the histology of pancreatic cancer patient-derived
organoids

Despite significant efforts to replicate the natural environment of
tumors as closely as possible, the establishment of tumor organoids
inevitably exposes tumor cells to changes in their microenvironment.
These changes necessitate adaptation, which can drive genetic selection
within the organoid model. Factors influencing this selection include the
composition of the culture medium, the extracellular matrix used for
scaffolding, oxygen levels, and interactions with tumor microenviron-
ment components, such as immune cells or stromal elements. Additional
factors, such as the mechanical properties of the matrix, nutrient
availability, or even the process of passaging and long-term culture, may
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also contribute to genetic drift or selective pressures. The mechanisms
underlying this genetic selection remain only partially understood,
posing a critical challenge to ensuring the fidelity of organoid models to
their original tumor tissues.

Considering genetic fidelity of PDOs, it was reported that 78 % of the
established PDOs were able to hold the genetic hallmarks of the original
pancreatic tumor tissue, according to the sequencing analyses for the
KRAS gene and whole exome by Tiriac et al. [63]. To test the genomic
stability and heterogeneity of the PC organoid lines, Usman et al. uti-
lized the single-cell whole-genome sequencing. Results showed clonal
populations with similar copy number profiles within the organoids. The
proportion of these clones was shifted as the culture extended, pointing
to the growth advantage of some clones. They also observed the
sub-clonal genomic heterogeneity within each clonal population, indi-
cating the genomic instability of the PC cells themselves [64].

Another study revealed a high degree of analogy in terms of genetics
between the existing PDXs biobank and later established corresponding
PDXOs. After analysis by the whole exome sequencing, 98.7 % median
mutational correlation was revealed, pointing to the high mutational
concordance of the PDX and PDXO pairs [65]. PC PDOs established from
malignant ascites by Choi et al. also significantly reflected the genetic
characteristics. Both the ascites and organoid samples revealed the
presence of KRAS G12V mutation [61]. The studies referred in this paper
regarding the genetic fidelity of the PC PDOs are summarized in Table 2.
Furthermore, PC PDOs have been shown to recapitulate the histological
features of the tissues from which they were derived. Boj et al., following
the implantation of organoid cultures orthotopically, revealed that the
implants were able to significantly harbor the histology of the original
tissues from which the PDOs were generated [66]. Other studies also
reported the significant recapitulation of the histological and genetic
properties of primary tumors arising in the pancreas [67-69].

In conclusion, PDOs demonstrate a high degree of genetic fidelity to
their original pancreatic tumor tissues, making them valuable models
for studying cancer genetics and therapeutic responses. Despite some
inherent genomic instability observed within the clonal populations, the
strong mutational concordance between PDOs and their corresponding
PDX models, as well as their ability to recapitulate histological features,
underscores their potential as reliable and representative models for
preclinical cancer research. Given their ability to closely mimic the
patient’s original tumor, PDOs hold great promise for advancing
personalized cancer therapies and improving clinical outcomes. To
investigate genetic changes in PDOs, further studies are needed to
monitor PDOs over time during long-term cultivation in culture medium
and extracellular matrix. For a more detailed examination, omic tools

Patient-derived
Organoid

PDX-derived Organoid

Fig. 2. Establishing pancreatic cancer patient-derived organoids and PDX-derived organoids.
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Table 2

The summary of the studies referred in this paper regarding the genetic fidelity

of the pancreatic cancer patient-derived organoids.

Study Type of Study Focus of Study Observation Reference
Choi organoid PDOs from the presence of [61]
et al library ascites or pleural ~ KRAS G12V
establishment fluid samples mutation in both
molecular the ascites and
profiling organoid samples
Tiriac molecular molecular and 78 % of the [63]
etal profiling and therapeutic established PDOs
drug profiling of PDOs  were able to hold
sensitivity for prediction of the genetic
testing clinical response fidelity according
and prospective to the whole
therapeutic exome and KRAS
selection sequencing
Usman molecular the genomic similar copy [64]
et al profiling stability and number profiles
heterogeneity of within the
the PC organoid organoids. Sub-
lines clonal genomic
heterogeneity
within each
clonal
population,
indicating the
genomic
instability of the
PC cells
themselves
XuX organoid degree of high mutational [65]
etal library analogy between concordance of
establishment the biobank of the PDX and
molecular PDXs and later PDXO pairs with
profiling established a 98.7 % median
PDXOs mutational
correlation

such as DNA and RNA sequencing, analysis of epigenetic profiles at both
bulk and single-cell levels, as well as spatial omics analysis of organoid
structures could be employed.

4.2. Pancreatic cancer patient-derived organoids for drug sensitivity
profiling

One of the significant applications of PDOs in PC research is their use
in dynamic chemotherapy sensitivity profiling, where they are utilized
to evaluate the responsiveness of individual tumors to various chemo-
therapeutic agents, potentially reducing the reliance on animal models
in drug screening. This approach allows for the personalized assessment
of how individual tumors respond to different chemotherapeutic agents,
potentially guiding the selection of the most effective treatment regi-
mens for specific patients. By replicating the tumor’s response in a
controlled environment, PDOs can provide valuable insights that tradi-
tional 2D cell cultures might not fully capture. The ability to predict
patient-specific responses to chemotherapy not only has the potential to
enhance treatment outcomes but also to minimize unnecessary side ef-
fects by avoiding less effective therapies. Furthermore, the use of PDOs
in drug-repurposing screens could significantly streamline the identifi-
cation of new therapeutic options, expanding the arsenal of treatments
available for PC.

The study done by Demyan et al. provided promising evidence
supporting the use of PDOs for dynamic chemotherapy sensitivity
profiling of PC. They successfully demonstrated the correlation between
pathological responses to neoadjuvantly used chemotherapeutics in
patients, notably oxaliplatin, and the response of corresponding PDOs to
those drugs [54]. Profiling the response of PDOs to other anticancer
drugs, including gemcitabine, paclitaxel, and 5-fluorouracil has also
been reported [61,70,71]. These data show that the drug responses
tested in these organoids correlate well with the patient’s clinical
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responses [61], in vivo [70] and in vitro [71] responses of the tumor. It
was also concluded that the PDO models analyzed by next-generation
sequencing in combination with pharmacotyping may predict re-
sponses in PC patients and provide a solid reason for prioritizing ther-
apeutic regimens [63].

PDOs are also suitable for an automated drug-repurposing screen.
Hirt et al. were able to conduct this type of screening with 1172 FDA-
approved compounds after creating a biobank of 31 genetically
distinct lines of PDAC PDOs. Their study identified 26 compounds that
effectively kill PDAC PDOs, of which 19 were among already approved
drugs for other malignancies. The phenotypes of the utilized PDOs were
also retained over multiple passages and after repetitive engraftment
into mice subcutaneously [70].

Another study reported no significant change in the response to
various different chemotherapeutics, including gemcitabine, paclitaxel,
5-fluorouracil, and oxaliplatin after conversion of the 3D PDAC PDOs
into 2D cultures. Cell viability assays were utilized to investigate the
sensitivity towards the mentioned drugs. As a result, the difference be-
tween the chemosensitivity of 2D and 3D PDAC cultures was not sig-
nificant, except for the irinotecan active metabolite SN-38 (p = 0.027)
[71]. Organoids derived from the paracentesis-taken ascitic fluid of PC
patients by Choi et al., drug tested for sensitivity assays for 5-fluoro-
uracil, oxaliplatin, irinotecan, gemcitabine, nab-paclitaxel, and erloti-
nib, recapitulated the clinical responses of real patients from whom the
samples were taken [61]. Other studies also point to the promising
benefits of PC PDO models for chemotherapy screening [67,69,72-75].
In one of these studies, Le Compte et al. utilized a panel of eight
patient-derived PDAC PDOs to investigate individual tumor responses to
standard-of-care chemotherapy. By employing artificial
intelligence-driven, live-cell imaging analysis, they were able to identify
patient-specific sensitivities to gemcitabine-paclitaxel and FOLFIRINOX.
Notably, their single-organoid analysis revealed intra-tumor heteroge-
neity, detecting both drug-resistant and invasive organoid clones within
individual patients [75]. This finding suggests that personalized treat-
ment strategies based on organoid profiling could potentially improve
clinical outcomes for PDAC patients. The studies referred in this paper
regarding the usage of the PC PDOs for drug response profiling are
summarized in Table 3.

In summary, these studies collectively highlight the potential of
PDOs to personalize treatment regimens in PC and expand the repertoire
of available therapies through drug repurposing and sensitivity
screening. Their ability to closely mimic patient tumors makes them
invaluable for optimizing individual treatments, offering a promising
approach to improving clinical outcomes and advancing cancer
research.

4.3. Patient-derived organoids on chip model

Moreover, PDOs can be utilized to create organoid-on-chip models,
bridging the gap between traditional organoid cultures and advanced
microfluidic systems for studying the tumor microenvironment. In a
recent study, a tumor-chip device incorporating PDOs with stromal cells
successfully replicated the PC TME, demonstrating that targeting the
stroma within this model significantly enhanced the efficacy of
chemotherapy agents [37]. Unlike monocultures, where
stroma-depleting agents showed no effect on cancer cell viability, the
tumor-chip model revealed that disrupting the stroma led to a marked
increase in chemotherapy-induced cancer cell death. This suggests that
cancer-on-chip models can be crucial for evaluating the impact of
microenvironment-modulating therapies, potentially bridging the gap
between preclinical studies and clinical applications.

Recent advancements also demonstrate that combining cancer-on-
chip technology with PDOs can better replicate the tumor microenvi-
ronment’s fibro-inflammatory responses and high molecular heteroge-
neity, which are typical in PC [39]. This integration allows for the
development of personalized treatment strategies, as the microfluidic
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Table 3
The summary of the studies referred in this paper regarding the usage of the pancreatic cancer patient-derived organoids for drug response profiling.
Study Type of Study Focus of Study Observation Reference
Demyan chemotherapy the possibility of utilizing PDOs for dynamic chemotherapy correlation between pathological responses to [54]
et al. sensitivity profiling sensitivity profiling neoadjuvantly used chemotherapeutics in patients
and the corresponding PDOs
Choi et al. organoid library establishment of PDOs using ascitic or pleural fluid samples organoids recapitulated the clinical responses of the [61]
establishment original patients in drug sensitivity assays for various
chemotherapy chemotherapeutics
sensitivity profiling
Hirt et al. chemotherapy automated drug-repurposing screen via the PDOs 26 compounds that effectively kill PDAC PDOs were [70]
sensitivity profiling identified
Gassl et al. chemotherapy differences in response to various chemotherapeutics between the no significant difference between the [71]
sensitivity profiling PDAC PDOs and corresponding 2D cultures chemosensitivity of 2D or 3D PDAC cultures, except
for SN—38
Armstrong chemotherapy PDO based high-throughput drug screening assay to assess reproducible drug response curves [73]
etal sensitivity profiling treatment response to a variety of conventional and investigational  distinct transcriptome signatures associated with
molecular profiling treatments for PDAC response to the conventional chemotherapeutics
Le Compte chemotherapy leveraging fully characterized PDAC organoid panel (N = 8) and patient-specific sensitivities to the standard of care [75]
etal sensitivity profiling artificial intelligence-driven, live-cell organoid image analysis with  therapies, gemcitabine-paclitaxel and FOLFIRINOX
retrospective clinical patient response single-organoid analysis was able to detect resistant
as well as invasive PDAC organoid clones
Hogenson chemotherapy testing the influence of culture media on the phenotype of the culture media significantly influence response of [85]
et al. sensitivity profiling corresponding PDOs PDOs to chemotherapeutics

environment on a chip can more accurately reflect the complex cellular
interactions and individualized drug responses in PC tumors. The ability
to combine stromal components with PDOs in a perfusable environment
not only mimics the desmoplastic stroma but also enhances the drug
testing accuracy, potentially leading to more effective therapies.

4.4. Current limitations of pancreatic cancer patient-derived organoids

It is worth noting that there are still some important disadvantages
brought by working with PDOs. This model still comprises an artificial
environment for co-cultured cells, and it is still not completely under-
stood how the genetic selection works for growth advantage of tumor
cell clones [76]. Further exploration of genetic selection processes
within PDOs, perhaps through techniques like single-cell sequencing
and CRISPR-Cas9 is crucial to fully understand tumor evolution and
improve the predictive value of these models. Single-cell sequencing
technique allows researchers to analyze the genetic heterogeneity of
individual cells within a PDO, providing insights into the clonal evolu-
tion of the tumor [77]. Using CRISPR-Cas9 can identify genes that are
essential for organoid growth and drug resistance, and can provide
mechanistic insights into the genetic basis of organoid behavior [78].

Many studies involving PDOs do not dive into the complexity of the
tumor microenvironmental components. The usual lack of vascular and
immune components and failure to accurately resemble the TME seen in
the original PC specimen must be considered as drawbacks of working
with PDOs [38,60,79]. This limitation may affect the accuracy of PDOs
in predicting treatment responses in vivo, where these interactions play a
critical role in tumor behavior and response to therapy. For example, a
significant change in the proliferation (p <0.05) and
chemotherapy-induced cell death (p < 0.05) was observed upon
co-culturing PDAC PDOs with cancer-associated fibroblasts, pointing to
the fact the PDOs alone might disregard the effect of stromal compo-
nents on the chemosensitivity [80]. One approach to address the limi-
tations of PDOs in accurately representing the TME is by incorporating
cancer-associated fibroblasts (CAFs) and other stromal cells [81,82].
These cells can recreate complex TME interactions, influencing tumor
growth and drug resistance. As demonstrated by Go et al., co-culturing
PDOs with CAFs at various densities resulted in a more physiologically
relevant model [81]. Organoids, which typically grow individually in
monoculture, formed tight, organ-like spheroids when co-cultured with
CAFs, mimicking the in vivo tumor microenvironment. Other potential
solutions include co-culturing with immune cells, such as T cells or
macrophages, to simulate immune responses and understand tumor

immune evasion strategies [83]. Additionally, mimicking the hypoxic
and nutrient-limited conditions found in solid tumors can drive tumor
adaptation and drug resistance mechanisms [84].

Additionally, preparing and maintaining organoids is not straight-
forward. The culture medium for PDOs must contain numerous growth
factors and components such as Wnt, R-spondin, Noggin, and epidermal
growth factor, which are essential for supporting the growth and dif-
ferentiation of organoids [56]. These components are quite expensive
and can significantly increase the cost of organoid culture management.
Furthermore, the variability in the medium composition between
different research groups can lead to inconsistencies in experimental
outcomes. In fact, Hogenson et al. demonstrated a significant difference
in response to chemotherapeutics, including 5-FU, gemcitabine, SN-38,
docetaxel, and oxaliplatin by utilizing serum free PaTOM versus WNT
culture media within same PC PDOs [85]. This highlights the challenge
of standardizing culture conditions across laboratories. The develop-
ment of these culture conditions requires considerable resource and
expertise, making organoid culturing a complicated process harboring
obstacles for widespread adoption in the settings of research and clinical
settings. Optimizing culture medium conditions for PDOs involves a
multi-faceted approach. Important considerations include selecting an
appropriate base medium like ADMEF12 with B27 and N2 supplements,
optimizing growth factor and Matrigel concentrations, maintaining low
oxygen and high CO2 levels, and regularly exchanging the medium [86,
87]. Regular monitoring of organoid growth and morphology is also
crucial, along with adjusting culture conditions as needed.

5. Pancreatic cancer patient-derived xenografts

PDX models have emerged as a critical tool in cancer research, of-
fering a more accurate and faithful representation of human tumor
biology compared to traditional in vitro models or simpler xenograft
systems. When compared to CDXs, the PDX model surpasses it in some
aspects. It is consistent with the heterogeneous niche of cells, which
correlates with the real situation of the tumor microenvironment, and it
is one-step closer to making individualized therapy possible [22]. PDX
models also maintain more accurately metabolic characteristics of pri-
mary tumors compared to CDXs as demonstrated by a particular study
involving multiple metabolic pathways [88]. By maintaining the orig-
inal architecture, cellular diversity, and genetic heterogeneity of patient
tumors, PDX models provide researchers with a valuable platform for
studying drug responses, tumor progression, and resistance mecha-
nisms. Their ability to closely mimic the tumor microenvironment
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makes them particularly useful for the development of personalized
therapies and for exploring potential treatments for rare and
difficult-to-study cancer subtypes. Furthermore, PDX models play a vital
role in bridging the gap between preclinical research and clinical ap-
plications, allowing for more precise testing and validation of thera-
peutic strategies before they reach patients.

The usefulness of PDX models is well explained by Garcia et al.,
demonstrating that these models can be utilized for developing bio-
markers, testing novel drugs, and comparing directly between patients
and PDX models once in clinical trials [14]. It is anticipated that PDX
models will be crucial in the search for therapies of uncommon cancer
subtypes, which is another advantage. Using patient samples from rare
cancers to create PDX models makes it possible to gather the samples
required for further drug testing [23].

Given the critical role of the host environment in the success of PDX
models, the choice of mice strain is crucial, particularly when consid-
ering the necessity for an immunodeficient host to prevent rejection of
the human tumor tissue. Mice lacking an intact immune system are
essential in the studies involving PDXs. Non-obese diabetic/severe
combined immunodeficiency (NOD/SCID) mice are generally utilized
for the PDX generation. NOD/SCID mice are created through a process of
genetic engineering. The specific method involves transferring the SCID
mutation, which causes severe combined immunodeficiency, from the C.
B-17 strain onto the NOD background. This results in mice with defects
in both innate and adaptive immunity, making them highly susceptible
to engraftment with human cells and tissues [89]. NOD/SCID mice
possess additional defects in their immunity, such as the absence of
circulating complement components and low functionality of natural
killer cells [89]. NOD/SCID mice come with several drawbacks,
including a high incidence of thymoma with a relatively short lifespan
[23]. Nude mouse (NU/NU) model is another alternative still widely
utilized due to its relatively low cost, and lack of fur enabling easier
observation of heterotopically implanted tumor growth [22]. This
model arises from a mutation in the Foxnl gene, implementing itself in
the immune system as the absence of a functional thymus, and thereby, a
low number of T cells [46]. Other commonly used mice models for
creating PDXs include NOD-SCID/IL2A-receptor null (NSG) with a
complete deficiency of IL-2 receptor subunit gamma (IL2Ry), BALB/-
cRag2 null/ IL2A-receptor null (BRG), and Rag-2 null/Jak3 null (BRJ)
mice. The latter two show lower macrophage-mediated phagocytosis of
human cells [90-92]. The absence of a functional immune system in
these conventional PDX models brings a limit to study interactions be-
tween the PC and immune system. The recent development of human-
ized mouse models can be a solution. Generation of this model involves
the engraftment of immunocompromised mice with human immune
cells [93,94]. Immunocompromised mice engrafted with human im-
mune cells are used to analyze immune system interactions, which are
absent in traditional PDX models.

In the context of PDX, the choice between heterotopic and orthotopic
xenograft models is crucial, as each offers distinct advantages depending
on the research goals. Orthotopic xenografts involve placing the tumor
cells or tissue into the corresponding anatomical site in the mouse, such
as implanting PC cells into the pancreas. Qiu W. et al. explain the pro-
cedure of orthotopic implantation of human PC tumors to immunode-
ficient mouse models. The orthotopically created PDXs share a similar
tumor microenvironment with the original tumor hence they are
thought to more closely mimic the natural tumorigenesis in the original
PC than subcutaneous models [95]. They also induce muscle wasting
resembling cancer cachexia syndrome and seem to be reliable for
metastasis studies [96,97]. However, the work with orthotopically PDXs
is more challenging as it requires better imaging and technique when
compared to heterotopic transplantation [95]. It was also reported that
the biomarker expression was significantly different in orthotopic PDX
models of the PDAC samples compared to subcutaneously established
ones, in terms of significant decrease in PEAK1 and increase in MST1R
biomarkers [98].
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A more frequently used method is the subcutaneous heterotopic
transplantation of a human PC tumor to create a PDX model (Fig. 3).
Heterotopic xenografts involve implanting human tumor cells or tissue
into a different site in the mouse than the original tumor location,
typically under the skin. This method is simpler and allows for easy
monitoring and measurement of tumor growth, making it useful for
initial drug screening and basic tumor biology studies. Sychra et. al. [22]
were able to successfully engraft the tumor fragment subcutaneously
within an average time interval of 54 minutes in the beginning, which
later became 36 minutes with a success rate of 96 % in NOD/SCID
strains and 85 % in NU/NU strains [22]. Liu et al. reported fewer mice
using method of expanding PDX tissue of PDAC in mice through the
incomplete resection of PDX tumors. After subcutaneously implanting in
three male SCID mice, it took 57 days to expand the first passage, then
34 days to expand the second, and 42 days to expand the third passage of
subcutaneously engrafted PDX tissue [99].

The success of PDX models is largely dependent on various factors,
including the size of the tumor sample and the conditions under which
the implantation is performed. An important factor for successful
engraftment is the minimum tumor sample size, as the study shows that
the size above 3.5 cm was statistically significant for the successful
establishment of PDXs (p = 0.001) [100]. Successful tumor engraftment
has also been significantly correlated with the prediction of recurrence
and survival. It has been found that the engraftment rate of PC tumors
was profoundly associated with both overall and recurrence-free sur-
vival, with p < 0.001 for both [101]. Pham et al. reported the significant
correlation between the engraftment at the subcutaneous site with
poorer patient overall survival in PDAC PDX models (p = 0.0095) [102].
Another factor determining the successful implantation is the preven-
tion of lymphoproliferation, which is a common reason for the failure of
engraftment. This can be achieved by single intraperitoneal injection of
rituximab before the tumor implantation [101,103]. Table 4 summa-
rizes the comparison regarding the success rates of PDXs across different
mice strains in different studies.

PDX models are invaluable tools in cancer research, offering a highly
accurate representation of human tumor biology and personalized
therapy potential, though their success depends on various factors such
as tumor sample size, implantation timing, choice of mouse strain, and
the ability to replicate the tumor microenvironment. Their genetic fi-
delity, use in drug testing, and potential limitations will be discussed in
the following chapters.

5.1. The genetic fidelity and the histology of pancreatic cancer patient-
derived xenografts

Just as with PDO models, we must also question the genetic fidelity,
histology, the ability to accurately capture the biological characteristics
of the original tumors, and the suitability of PDX models for drug testing.
PDX models are considered valuable tools in cancer research, but it is
crucial to understand how well they preserve the properties of the
original tumors and what limitations they may have. The study done by
Xu W et al. reported a comparison of various aspects in successive
generations of PDX models in NOD/SCID mice. It showed that all three
PDX generations depicted similar histopathology to the primary PDAC
tissue after staining with Hematoxylin & Eosin. They also concluded that
PDX models preserve the morphology, structural aspects, and the degree
of differentiation of the native PDAC samples [20]. Interestingly, the
stromal proportion in PDAC PDXs was comparable with the proportion
of stroma in the original patient tumors in another study [107].

Mattie et al. questioned the genetic stability of PDXs by doing copy
number and mutation analysis. Copy number variation profiles of early
and late xenograft passages were similar, with recurrent losses and gains
on the similar specific chromosomal regions. Gene expression patterns of
genes known to be frequently mutated in PC, including KRAS, CTNNB1,
TP53, and SMAD4 were also highly stable for each individual model
between early and late passage xenografts. The authors concluded that
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Fig. 3. Establishing a heterotopic patient-derived xenograft model for pancreatic carcinoma. F (0, 1, 2) — successive generations.

Table 4
Comparison regarding the success rates of PDXs across different mouse strains in different studies.
Histopathological subtype Method of implantation Mice strain Generation Engraftment rate (%) Reference
Ductal adenocarcinoma Orthotopic NOD/SCID gamma N/A 97.3 [104]
NOD/SCID 57.1
RAG-1 deficient 0
Multiple subtypes Heterotopic subcutaneous NOD/SCID N/A 95.83 [22]
NU/NU 85.45
Ductal adenocarcinoma NOD/SCID F1 38.46 [20]
F2 77.78
F3 71.43
Multiple subtypes Heterotopic subcutaneous NU/NU F1to F3 93 [105]
Ductal adenocarcinoma Orthotopic N/A 55 [106]
Heterotopic subcutaneous 69.9
Heterotopic intraperitoneal 57.6

after extensive passaging, even though some difference exists between
the original tumor specimens and respective xenografts, there is evi-
dence for molecular profiles to remain stable [108]. Study done by Pham
et al. also questioned the genetic fidelity of PDX models. They demon-
strated the maintenance of gene expression profiles, copy number var-
iants, and somatic mutations after serial passaging in the subsets of
PDAC PDX models. The cohort had a median of 63 somatic mutations in
PDXs compared to 49 mutations detected in the corresponding patient
cohort. The median ratio of somatic mutations detected in the patient
cohort that were found in their corresponding PDXs was 76 % [102].
The studies referred in this paper regarding the genetic fidelity of the PC
PDXs are summarized in Table 5.

5.2. Pancreatic cancer patient-derived xenografts for drug sensitivity
profiling

Given that one of the primary potential applications of PDX models
in PC research is in drug sensitivity testing, it is essential to assess how
effectively these models can replicate therapeutic responses observed in
clinical settings. The study done by Rubio-Viqueira et al. tested the
susceptibility of successive generations of PDXs to numerous anticancer
agents, such as erlotinib, temsirolimus, and CI-1040. As the suscepti-
bility of PDXs to the respective drugs did not change significantly, they
concluded that the PDXs may serve as an in vivo platform to integrate the
drug screening for PC [105]. Multiple drug profiling studies involving
PC PDXs revealed a similar percentage of response to gemcitabine,
which was between 40 % and 47 % [107,109,110]. The result of the
study with sirolimus by utilizing the PC PDX model was significantly
similar to the Phase II clinical trial of the same drug with response rates
24 % and 26 %, respectively [111].

Other studies have also demonstrated the potential clinical utility of
PDX models in PC treatment research. Hidalgo et al. [112] successfully
transplanted tumor tissue from 14 patients with refractory advanced PC
into immunodeficient mice. These PDX models exhibited significant

sensitivity to multiple chemotherapeutic agents, including irinotecan,
bevacizumab, cetuximab, and irinotecan, highlighting the potential for
personalized therapy. Similarly, Villarroel et al. [113] utilized PDX
models to assess the efficacy of mitomycin C treatment, observing sig-
nificant and long-lasting tumor response. However, a more nuanced
picture emerged from a study by Witkiewicz et al. [114]. Despite testing
over 500 single and combination drug regimens, they found that no
single treatment was universally effective for the majority of PDAC PDX
models. Moreover, each case exhibited unique sensitivity profiles that
could not be predicted solely based on genetic analysis. This suggests
that while PDX models offer valuable insights into tumor biology and
drug response, relying solely on genetic analysis may not be sufficient to
accurately predict therapeutic efficacy in all cases.

Another question is whether there is a difference in the therapeutic
response of PDX models when implanted either orthotopically or het-
erotopically. When the response to the combination of 5-FU and oxali-
platin was compared between orthotopic and subcutaneous models of
engraftment, a stronger response was revealed in the subcutaneous
PDXs. Gemcitabine and nab-paclitaxel, however, showed a similar trend
in both routes of implantation. The conclusion was that the trans-
plantation route very likely affected the response of the PDX tumors to
the treatment, but the resulting responses still demonstrated a similar
trend between the two routes of implantation [107]. It has also been
concluded that orthotopically established PDXs yields a more reliable
model of tumor development as the implant is placed in the organ
environment similar to that from which the original tumor sample was
taken [115]. The studies referred in this paper regarding the usage of the
PC PDXs for drug response profiling are summarized in Table 6. In
conclusion, PDX models hold significant potential as a platform for drug
response profiling in PC, with promising applications in predicting
therapeutic outcomes and optimizing treatment strategies, especially
when considering the influence of implantation methods.
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Table 5

The summary of the studies referred in this paper regarding the genetic fidelity

and the histology of the pancreatic cancer patient-derived xenografts.

Study Type of Study  Focus of Study Observation Reference
Xuw animal models, comparison of all three PDX [20]
et al xenografts the differences generations
among the depicted a
generations of similar
PDXs histopathology
to the primary
PDAC tissue
PDX models
preserve the
morphology,
structural
aspects, and
degree of
differentiation
of the PDAC
samples
Hoover molecular an improved significant [98]
etal profiling methodology for difference in the
extracting high- biomarker
quality RNA from expression in
formalin-fixed, orthotopic PDX
paraffin- models of the
embedded cancer = PDAC samples
samples compared to the
subcutaneously
established ones
Pham molecular the genetic maintenance of [102]
etal profiling fidelity of PDXs gene expression
profiles, copy
number
variants, and
somatic
mutations after
serial passaging
in the subsets of
PDAC PDX
models
Behrens molecular establishing stromal [107]
etal. profiling pancreatic proportion in
chemotherapy carcinoma PDX PDAC PDX
sensitivity models tumors was
profiling molecular comparable
characterization with the
and the proportion of
identification of stroma of the
responsiveness original tumors
toward
therapeutics
Mattie molecular molecular molecular [108]
et al profiling characterization profiles remain
of PDXs stable after
extensive
passaging, with
subtle difference
between the
original tumor
specimens and
respective PDXs
Ben- molecular monitoring the possible genetic [119]
David profiling dynamics of copy  differences
etal number occur once the
alterations in tumor is

1110 PDX
samples across
24 cancer types

engrafted and
passaged across
PDX generations

5.3. Current limitations of pancreatic cancer patient-derived xenografts

While PDX models are valuable tools in cancer research, offering a
closer replication of human tumor biology, it is essential to recognize the
limitations and challenges which can impact their effectiveness and
application in both research and clinical settings. The significant time

Biomedicine & Pharmacotherapy 182 (2025) 117750

required to create this model, both orthotopically or heterotopically,
however, may constitute a problem for patients suffering from advanced
stages of PC. It clearly exceeds the period of time that would be useful for
determining the best therapeutic modality [23]. Furthermore, a low
success rate on one side and high cost on the other also limit the usage of
PDX models in clinical trials [19]. Another drawback is seen when
studying the process of metastasis and dissemination in immunocom-
promised mice models because the adaptive immune system has a
crucial role in the selection of metastatic clones [116]. To overcome the
limitations of traditional PDX models in studying tumor-immune in-
teractions and metastasis, researchers have explored alternative ap-
proaches. Humanized mouse models, which incorporate human immune
cells into immunodeficient mice, offer a more physiologically relevant
environment for studying tumor-immune interactions [117]. However,
the complexity and cost associated with generating and maintaining
these models can be significant. Syngeneic tumor models, in which
tumor cells from one mouse strain are implanted into another geneti-
cally identical mouse, on the other hand, provide a fully immunocom-
petent setting to study tumor-immune interactions [118]. While these
approaches offer valuable insights, they still may not fully capture the
complexity of human tumor biology.

Specimens to be implanted are also limited in number and size, and
the engraftment success rate is under doubt, ranging between 20 % and
96 % across various laboratories [14,22,101,108]. Moreover, the po-
tential for genetic drift over time raises concerns about the long-term
reliability of PDX models for studying tumor biology and drug re-
sponses. Even though multiple studies conclude the relative genomic
stability that the PDXs maintain, there is counter evidence of a signifi-
cant change in copy number alterations in PDX models when compared
with the corresponding primary tumors, pointing to possible genetic
differences occurring once the tumor is engrafted and passaged.
Ben-David et al. analyzed copy number alterations (CNAs) in 1110 PDX
samples across 24 cancer types. They observed the particular CNAs ac-
quired during PDX passaging differed from those acquired during tumor
evolution in patients. Furthermore, several CNAs recurrently observed
in primary tumors gradually disappeared in PDXs [119]. These findings
highlight the importance of considering potential genetic differences
between PDX models and primary tumors when interpreting preclinical
data. Another factor to note is the 92 % genetic homology between mice
and humans, still giving a considerable space for significant differences
regarding ligands and receptors of both species as the ones with exactly
the same function can differ in terms of their structures [120].

A unique problem with genomic characterization of PDX models is
the presence of contaminating murine DNA, originating from stromal
cells residing in the tumor itself, along with trace amounts of other
murine tissues such as skin, hair, etc. that may be taken along with the
tumor material during excision. Contamination with murine DNA
further complicates the analysis, potentially leading to inaccurate re-
sults. This problem can be addressed by using a combination of cellular
purification techniques and bioinformatics procedures [121]. Poirier
et al. reported a thorough review of such purification methods [122].
Additionally, the absence of a functional immune system in these models
limits their ability to study immune responses and the role of the im-
mune system in cancer progression and treatment [45,46,90-92].
Lymphoproliferation and challenging techniques of orthotopic creation
of PDXs are other concerns explained previously. PDXs may require
further modification of implantation techniques and immunodeficient
mice to increase the success rate. With regard to the implantation
techniques, the success of PDX models can be improved by optimizing
several factors, including the choice of implantation site [106], the
careful selection of tissue fragment size [100], and the use of Matrigel, a
basement membrane extract that provides a supportive extracellular
matrix for tumor growth and enhances engraftment rates [102]. The
specific genetic characteristics of the tumor can significantly influence
the choice of mouse strain. Studies have demonstrated that the genomic
stability and evolution of PDX models can vary depending on the tumor
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Table 6
The summary of the studies referred in this paper regarding the usage of the pancreatic cancer patient-derived xenografts for drug response profiling.

Study Type of Study Focus of Study Observation Reference
Behrens et al. molecular profiling establishing pancreatic carcinoma PDX models implantation method very likely affected the response of the PDX  [107]
chemotherapy molecular characterization and the identification of ~ tumor to the treatment, but the resulting responses still

sensitivity profiling responsiveness toward therapeutics demonstrated a similar tendency
Rubio- molecular profiling testing PDXs for major drug development—oriented the susceptibility of successive generations of PDXs to erlotinib, [105]
Viqueira et al. chemotherapy applications in in vivo model temsirolimus, and CI-1040 did not change significantly
sensitivity testing
Hou et al. chemotherapy natural selection of tumor cell subclones and gemcitabine sensitivity gene panel was established which can be [109]
sensitivity profiling remodeling of tumor microenvironment cells by further utilized to predict the gemcitabine sensitivity and patient
molecular profiling gemcitabine prognosis
Garrido- chemotherapy determining the efficacy of inhibiting the 24 % drug response rate of PDXs to sirolimus compared to 26 %in  [111]
Laguna et al. sensitivity profiling mammalian target of rapamycin in PC PDX models phase II clinical trials of sirolimus
Hidalgo et al. chemotherapy the use of the PDX as an investigational platform for ~ PDXs established from 14 PC patients were treated with 63 drugs  [112]
sensitivity profiling therapeutic decision making and to guide PC in 232 treatment regimens. A significant sensitivity to irinotecan,
treatment bevacizumab, and cetuximab was identified for 12 patients in their
corresponding PDX models
Villarroel chemotherapy the use of the PDX as an investigational platform to ~ mitomycin C treatment in a PDX generated from the patient’s [113]
et al. sensitivity profiling determine the efficacy of tumor response to tumor, resulted in long-lasting (36 + months) tumor response.
mitomycin C treatment Inactivation of the PALB2 gene is a possible new target for
personalizing cancer treatment
Witkiewicz molecular profiling Testing the effectiveness and selectivity of the out of more than 500 single and combination drug regimens [114]
etal chemotherapy identified treatment responses by using PDX models tested, no single treatment was effective for the majority of PDAC

sensitivity profiling

tumors, and each case had unique sensitivity profiles that could
not be predicted using genetic analyses

type and its specific genetic alterations. For instance, a study by
Ben-David et al. revealed that certain genetic alterations present in
primary tumors may not be maintained in PDX models, highlighting the
importance of considering the tumor’s genetic landscape when selecting
a suitable mouse strain [119].

In conclusion, while PDX models generally preserve the histological
and genetic fidelity of the original tumors, making them valuable for
cancer research, challenges such as genetic drift and murine DNA
contamination must be addressed to fully realize their potential in
preclinical studies.

Understanding the limitations of PDX models is crucial for accurately
interpreting research findings and for optimizing their use in preclinical
studies. While PDX models offer a valuable platform for replicating
human tumor biology, researchers must be mindful of the challenges,
such as time constraints, genetic stability, immune system limitations,
and potential contamination, to ensure the validity and applicability of
their results.

6. Conclusion

PDXs and PDOs have been utilized in various studies on individual-
ized treatment and tested for chemosensitivity to anticancer drugs. Both
models comprise relative advantages and disadvantages when being
compared in genetic, practical, cost- and labor-related aspects, which
should be considered according to the research intent, clinical utility,
availability of funds, and time.

PDOs still comprise an artificial environment for co-cultured cells,
and it is incompletely understood how the genetic selection for growth
functions there. Lack of vasculature and immune components and fail-
ure to completely substitute the tumor microenvironment seen in the
original PC specimen are also concerns of working with PDOs. On the
other hand, PDXs bring limitations such as the number and size of
specimens used, and the success rate of engraftment. The high cost and
the technical expertise required to create and maintain PDX models
further restrict their widespread use, especially in resource-limited set-
tings. Their application to the study of PC metastasis and the role of
immunomodulation is also limited, as in the case of PDOs. The com-
parison between the PDOs and PDXs in terms of multiple factors is
summarized in Table 7.

PDO seems more convenient considering the lower effort and funds
spent and shorter experiment duration. This is a reasonable approach
given the time-demanding nature of the drug profiling. It can also be
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Table 7
The summary of the comparison between patient-derived organoids and xeno-
grafts in pancreatic cancer treatment.

Model Patient-derived Patient-derived
organoids xenografts

Cost relatively low high

Genetic fidelity yes yes

Utility in chemotherapy yes yes

testing

Elapsed time until short long

establishment

Tumor microenvironment
Success Rate

do not fully substitute
relatively high

murine origin
relatively low and
inconsistent
demanding

Sustainability relatively easy

used as an alternative to PDXs in molecular profiling studies which
already cost a lot. On the other hand, working with PDX seems to yield
more clinically relevant results by being present as a stable disease that
is transferable through generations. The significant heterogeneity of the
primary tumor and the high concordance with patient response to
treatment could compensate for the time-consuming and costly nature of
PDXs. Both models have been shown to maintain genetic fidelity by
multiple studies using molecular profiling, and both appear to provide
applicable results in chemotherapy sensitivity profiling studies. Inter-
changeability between the two models is also suggested, as the high
degree of similarities between PDXOs and parental PDXs in genomics,
histopathology and pharmacology was confirmed [65]. The choice be-
tween PDOs and PDXs depends on the research focus, resource avail-
ability, and desired level of microenvironment complexity. PDOs are
advantageous for high-throughput screening of a diverse array of po-
tential therapeutic agents due to their relative ease of culture and scal-
ability. Numerous studies support the future utility of PDOs in guiding
treatment in prospective interventional trials for PC, as the drug sensi-
tivity testing on PDOs has been shown to correlate with clinical re-
sponses to treatment in individual patients [54,61,123]. PDXs, on the
other hand, offer a more physiologically relevant model, allowing for a
comprehensive evaluation of drug efficacy and mechanisms of action.
Indeed, numerous studies have demonstrated a strong correlation be-
tween drug sensitivity profiles observed in PDX models and the clinical
responses of PC patients to corresponding therapies, highlighting the
significant future potential of PDX models to accurately predict
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therapeutic efficacy [111-113].

In the future, PDOs could be further improved by optimizing culture
conditions and trying to better recapitulate the tumor microenviron-
ment in patients. PDXs, on the other hand, may require further modi-
fication of implantation techniques and immunodeficient mice to
increase the success rate, as well as the enrichment of their libraries to
achieve further advances in precision cancer medicine. As both models
continue to evolve, it is likely that PDOs and PDXs will become even
more targeted and personalized, and they will play a crucial role in
future clinical trials and personalized medicine.
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