
     http://pmjournal.ir  Reviwe Article   

Autumn 2022, Volume 7, Issue 27 (34-41)

DOI: 10.22034/pmj.2022.700904

Submitted: 2022-07-12 
Accepted: 2022-11-19

Abstract:

Keywords:
Personalized medicine
Organoid
Cancer
Patient-derived cancer 
pancreatobiliary cancer
©2022.Personalized Medicine Journal

 Copyright © The Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution License (http://
creativecommons.org /lic enses/by /4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the 
original work is properly  cited.

Opportunities and Challenges in Using Cancer Organoids 
Derived from Patients in Personalized Medicine

Shorouk Fathi Ahmed 1*

1Jarallh German specialized clinic laboratory, Kuwait, Kuwait

*Corresponding author: Shorouk Fathi Ahmed, Department of clinical pathology and Biochemistry 
from faculty of medicine Ain shams university, Cairo, Egypt. Email: dr_shoroukfathi@hotmail.com

 

INTRODUCTION
Human health is seriously threatened by cancer. 

The genetic makeup of many tumors has increasingly 
become known with the advancement of next-generation 
sequencing technologies. On the basis of the biological 
profile of malignancies, scientists throughout the 
world have been trying to develop molecular targeted 
treatments (1, 2). Nevertheless, only a few number of 
medications have received FDA approval following 
clinical studies (2). Treatment for cancer patients 
has changed over the past ten years, moving from 
treatment based on tumor type to treatment based on 
molecular features of a tumor or its microenvironment. 
This strategy, also known as precision medicine or 
individualized treatment, has improved the prognosis 
for many patients with advanced tumors and is being 
used in (neo-) adjuvant research (3).

Precision medicine has been driven by extensive 
tumor sequencing studies that resulted in the 
identification of various therapeutic targets. Although 
several breakthroughs based on DNA sequencing 
have been recorded, it is also evident that the majority 
of cancer patients still have an urgent demand for 
effective therapies (5). The emphasis on genetic 
abnormalities in a small number of coding areas has 
substantial drawbacks and fails to recognize or convey 
the disease’s complexity. DNA sequencing has so far 
provided information on the factors that cause cancer 
that are rather well kept throughout the course of the 
disease, but it does not include additional modulators 

such epigenetic modifications or the impact of non-
coding areas. These modulators are far more dynamic, 
and it is difficult to understand how they are relevant (6). 
Although cancer is a hereditary disorder, understanding 
the underlying malignant pathways at all cellular 
levels is important for developing effective therapies 
(6). It is obvious that there is a considerable need for a 
dynamic, adaptable model system that enables in-depth 
investigation of various aspects of tumor biology and 
accurately mimics the behavior of the primary tumor in 
patients. Ex vivo tumors that are alive and developed 
from individual patient have inspired a lot of interest 
in developing precision medicine. It is now feasible 
to grow tumors in three-dimensional (3D) structures 
on an individual basis according to the development 
of new technology. These so-called “organoids” are 
multicellular in vitro structures made from adult or 
embryonic stem cells that exhibit self-organization and 
self-renewal, as well as characteristics that match those 
of their origin tissue (7). In comparison to traditional 
2D cell lines or patient-derived xenografts (PDXs), 
patient-derived cancer organoids (PDCOs) may be 
more appropriate for cancer research. In this article, we 
discuss PDCOs’ present situation and potential for the 
future (8). We paid special attention to pancreatobiliary 
cancer organoids and their usage in personalized 
medicine. Our goal was to demonstrate their potential 
as a cancer model to better understand cancer biology 
and evaluate possible treatments in vitro, which would 
eventually lead to clinical applications and more 

A model system for precision medicine has been suggested using tumor organoids. 
Tumor organoids are unique for cancer research on a patient-by-patient basis because 
they are able to preserve properties of the original tumor. As a result, it is alluring 
to consider using tumor organoids to improve patient outcomes during clinical 
decision-making. Patient outcomes have a good correlation with tumor organoid 
responses to a variety of medicines in vitro. Before application in clinical cancer 
care can be considered, however, there are still significant obstacles to be overcome 
and large cohort prospective trials are desperately needed. Tumor organoids 
offer a lot of potential in preclinical research due to their unique traits and direct 
connection to patient data. Here, we have evaluated the most recent developments 
in the development and use of cancer organoids grown from patients for cancer 
biology research and customized treatment. We have concentrated on the potential 
of organoids as a platform for the discovery and creation of innovative targeted 
therapies for the most intractable malignancy, pancreatobiliary cancer.
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translational research.

Dimensional culture and organoid structure
An organoid is a 3D cell culture model that is similar 

to the source organs in the body. Additionally, an 
organoid is a population of cells that are specialized to 
an organ that are created from adult stem cells (AdSCs) 
or pluripotent stem cells (PSCs) (9). They can self-
form similarly to the body by cell sorting and spatially 
constrained lineage differentiation. Currently, research 
including drug testing, disease modeling, and tissue 
regeneration and repair frequently employ animals as 
models; however, these models do not fully represent 
the physiological properties of the human body (10). 
The novel in vitro model organoid fills the gap between 
human beings and animal models by painstakingly 
recreating the cellular make-up and activity of a 
typical organism to mimic the physiological makeup 
of human organs (11). Organoid building benefits 
from personalization, rapid modeling, high-throughput 
genetic or pharmacological screening, and the potential 
for genetic modifications. In the fields of basic biology 
research, drug testing, and molecular medicine, 
organoids have emerged as a contemporary research 
hotspot with significant theoretical implications and 
promising future development (12). However, there 
are some disadvantages to organoid fabrication, 
including the inability to accurately replicate the in 
vivo microenvironment, insufficient vascularization, 
the slightly different size of organoid self-organization 
from that of normal organs, the lack of precise spatial 
ordering, and the lack of a recognized co-culture 
system with other cell types. Some of these drawbacks 
have been addressed by recent bioprinting methods 
(12).

Culture of organoids
Organoids are divided into two groups based on 

the features of their stem cells. Organoids made from 
pluripotent stem cells are the first, while organoids 
made from adult stem cells are the second. Both 
separate adult stem cells and organ-specific tissue 
pieces can be used to create organoids (13, 14). Cells 
may multiply in culture for a very long period while 
retaining their genetic stability and loyalty to their 
original tissue provided the right circumstances are 
met (15). The adult functioning tissues and somatic 
mutational processes in these cultures can be used as 
models for researching stem cell biology. Organoids 
are three-dimensional structures containing 
differentiated epithelial cells that have the capacity to 
self-organize and show important activities as mini 
organs when growth factors and suppressors are given 
to the media. With the identification of various niche 
factors that maintain specific microenvironments, 
it has become possible to culture organoids derived 
from various organs (7). Wnt, extracellular antagonist 
of BMP proteins (Noggin), inhibitor of TGF- type I 
receptor (A83-01), fibroblast growth factor, epidermal 
growth factor (EGF), epidermal growth factor (EGF), 
prostaglandin E2, nicotinamide, R-spondin, gastrin-I, 
and N-acetylcysteine amide are some of these niche 

factors. Organoids generated from a variety of organs, 
including the breast gland, bone, small intestine, 
stomach, colon, lung, liver, pancreas, prostate, 
fallopian tube, salivary gland, and tongue, have 
been described. Particularly, organoid technologies 
are adaptable (7). Theoretically, tiny tissue samples, 
which are normally taken by biopsy or from surgical 
specimens, can be used to start organoid cultures (7).

Cancer Organoid
Organoids offer enormous promise for use in 

many different contexts, including models for cancer 
progression, immunotherapy, and genetic illnesses. 
Among these, the available research suggests that 
organoids are preferable to 2D cell lines or PDXs 
as cancer models (16, 17). PDXs and cancer 2D 
cell lines, which are frequently employed as human 
cancer models, have major drawbacks despite having 
made substantial contributions to the field of cancer 
research. First, generating cell lines often has poor 
success rates, making the creation of cancer cell lines 
from primary tissue relatively ineffective (18). This 
is mostly because it can be difficult for cells to adapt 
to in vitro 2D growing circumstances. Additionally, 
because only a few clones are expected to persist and 
proliferate, the cultures occasionally fail to accurately 
recreate the genetic diversity of the original tumor. In 
order to examine the driver mutations necessary for 
tumor start and development, 2D cell lines may not 
be superior than organoids (19).

Fresh tissue from a patient is implanted into 
the subcutis or another orthotopic location in 
immunodeficient mice to produce PDXs. In contrast 
to 2D cultures, PDXs can accurately recreate the 
tumor microenvironment in a 3D structure, including 
the interaction of cancer cells with the stroma and 
the development of blood vessels [20]. However, 
PDX is a labor-intensive and expensive approach 
that has trouble engrafting and needs considerable 
resource inputs for its upkeep, making it unsuitable 
for high-throughput drug screening or genetic editing. 
Additionally, this method takes time and could need 
a tumor adaption particular to the host (the mouse) 
(20).

 A number of cancer organoid cultures originated 
from humans have been created recently, and 
some information exploiting the characteristics of 
organoids has been presented (21-23). Depending 
on the kind of tumor, PDCO cultures have varying 
degrees of success. Organoid lines for colon, 
breast, lung, and liver malignancies were reported 
to be established with 90%, >80%, 70%, and 100% 
success rates, respectively. However, several tumor 
types or early-stage cancers, such as biliary tumors, 
intraductal papillary mucinous neoplasms of the 
pancreas, and ovarian tumors, are still challenging 
to culture and have poor chances of success. As 
described in more depth in following parts, cancer 
organoids have developed into a tool for research 
that integrates genetic editing methods with drug 
susceptibility testing, immunotherapy, and tumor 
microenvironmental investigations (22, 24, 25).
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Tumor organoid implementation in clinical decision 
making
Recent successes and future difficulties

In contrast to static sequencing data, tumor organoids 
keep the characteristics of the original tumor and 
provide the opportunity to investigate specific tumors as 
dynamic systems. MThe necessity for such a dynamic 
system is highlighted by the persistently high failure 
rate of medications evaluated in clinical trials, with 
success rates for cancer therapies in phase I–III clinical 
trials being as low as 3.4% (26). Tumor organoids may 
facilitate the transition from the bench to the bedside 
by providing a more flexible and individualized 
perspective on cancer biology and therapy response. 
Many scientists across the world have employed 
tumor organoids to address their scientific issues and 
generated a lot of data since the creation of the first 
organoid cultures made from stem cells (27). Long-
term tumor organoid cultures may now be produced 
from a variety of human epithelial tissues, including 
the colon, liver, lung, pancreas, prostate, ovaries, 
bladder, breast, endometrial, esophagus, and others 
(27). In recent years, sizable live biobanks of tumor 
organoids have been developed, and this work has been 
widely described and debated by others. Along with 
such successes, further research on long-term organoid 
cultures indicates that organoids retain the phenotypic, 
genetic diversity, and mutational fingerprints of the 
original tumor sample. Furthermore, compared to 
other model systems, tumor organoids have better 
qualities. They fall between cell lines and patient-
derived xenograft (PDX) models due to their biology. 
Transforming human malignancies into cell lines is far 
more difficult than doing it with organoids (28, 29).

The creation of a cancer cell monoculture from 
patient tissue has a reported success rate of about 
26% for various cancer types. On the other hand, 

tumor organoids can be more easily established, less 
expensive to maintain, and do not require the use 
of experimental animals, in line with ethical goals 
regarding animal welfare (30). Tumor PDX models, 
however, continue to be the only system to capture 
individualized tumor growth in vivo, surrounded by 
and in crosstalk with the tumor microenvironment 
(TME) and parts of the immune system. All of the 
aforementioned benefits are crucial for clinical 
application and enable individualized tumor biology 
analysis by researchers (30).

The idea of taking a tumor specimen from a 
patient, producing and growing organoids, subjecting 
the patient-derived tumor organoids to a variety of 
medications, and then treating the patient with the 
best drug or combination of treatments appears to 
be within reach at this point. This would genuinely 
represent the best bench-to-bedside approach to 
cancer treatment (31). This strategy has been used by 
several organizations, including ours, and associations 
between organoid cultures before and after treatment 
and susceptibility to a certain medicine have been 
discovered. The hurdles that need to be overcome in 
order to properly harness the potential utility of tumor 
organoids for clinical decision making, however, have 
also been highlighted by humble experiences (32). 
The success rate of growing organoids varies between 
tumor types, allowing therapeutic translation to a 
minority of cancer patients even though it is higher 
than that of two-dimensional (2D) cultures. Resection 
vs biopsy, tumor cellularity, and the beginning material 
are all crucial elements in influencing the success of 
a culture, according to our experiences and those of 
others (33).

These variables differ significantly across different 
tumor types and are unquestionably a rate-limiting 
stage in the therapeutic use of organoids. Once a culture 
has been formed, the growth rate varies depending on 

Fig 1. Organoid culturing and thorough genotyping are both components of the genotype-oriented, personalized medicine paradigm that we 
promote. Exome sequencing and organoid culture were combined in our model, which made it possible to find genotype-oriented targets for 
personalized medicine and evaluate the effectiveness of potential targeted medications in organoids.
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the tumor type, the intra- and inter-patient samples, 
and the culture itself. Slow-growing samples might 
cause a delay in making prompt decisions (34). It 
is not yet known whether they accurately reflect the 
features of the original tumor or if they could provide 
unintended biases in in vitro drug testing that rely on 
cellular growth. Additionally, cultivating organoids 
is time-consuming, and the necessity for a particular 
culture medium with a variety of growth factors is 
pricey and requires careful consideration based on the 
experimental outcome (35). ALK inhibitor A83-01 
and p38 inhibitor SB202190 are two typical additives 
to organoid culture media that may interact with 
medications that target the same signaling pathway. 
Also a concern in prostate and non-small-cell lung 
cancer, contamination of normal epithelial cells can be 
damaging to the purity of organoid cultures. In addition 
to methodological difficulties, tumor organoids fail to 
include the TME, such as fibroblasts or immune cells, 
for instance (36). This has been somewhat addressed 
by the development of co-cultures, which are detailed 
below, but it still presents a challenge, particularly with 
regard to immunotherapy. It will be essential to find 
solutions to the existing issues if tumor organoids are 
to be used clinically.

View of pancreatobiliary cancer 
PBC (pancreatobiliary carcinoma) is an incurable 

condition with a dismal prognosis. The lowest 5-year 
survival rate of all solid malignancies is found in those 
with pancreatic cancer, which is only 8%. Biliary 
cancer has a 5-year survival rate of about 25%, which 
is much lower than that for other gastrointestinal 
malignancies. Over the past few decades, PBC 
incidence and death rates have risen around the globe. 
To extend survival, curative resection with a negative 
surgical margin is required. The best therapeutic option 
is still surgical resection, however this has a major 
impact on the course of the disease. However, many 
patients with PBC have unresectable tumors when they 
are diagnosed, and thus have few chemotherapeutic 
alternatives available to them. Therefore, the creation 
of potent therapeutic medicines is critical (36, 37, 
38). The emergence of next-generation sequencing 
technology has shed light on the genetic origins of 
PBC. Several molecularly targeted medications have 
been created recently, some of which have been 
administered to PBC patients. For instance, ivosidenib, 
an oral inhibitor of isocitrate dehydrogenase type 1, 
dramatically increased progression-free survival in 
patients with biliary cancer (IDH1) (39). Additionally, 
pre- and post-effectiveness chemotherapy’s for PBC 
has been evaluated. Adjuvant chemotherapy is now 
the new standard of care for pancreatic cancer patients 
who have had resection; however, neoadjuvant 
chemotherapy may also be a normal procedure. In the 
past, prolonged surgery was used to treat PBC; today, 
multimodal therapy is used instead (40).

PBCs have distinctive mutational profiles compared 
with other cancers. TP53, SMAD4, KRAS, CDKN2A, 
and other gene alterations are often seen in pancreatic 
tumors. In particular, KRAS mutations are present 

in over 90% of pancreatic ductal adenocarcinomas, 
demonstrating the critical role aberrations in the 
RAS signaling pathway play in the development of 
pancreatic cancer (41). Additionally, in pancreatic 
tumors, other pathways and processes other than RAS 
signaling, including CDK, TGF-, SHH, JNK, and 
integrin signaling, are complicatedly changed, with 
some of the modifications frequently overlapping (42).
Several different genes, including ARID1A, ELF3, 
ERBB2, IDH1, IDH2, KRAS, PIK3CA, and TP53, 
are mutated in biliary cancers. Biliary malignancies 
don’t frequently exhibit distinctive somatic mutations; 
as a result, each tumor has a unique mutation pattern. 
Cancers with somatic mutations frequently present a 
target for molecularly targeted treatment. However, the 
variety of somatic mutations present in each patient 
makes the development of individualized therapy 
approaches necessary (42).

Organoid-derived pancreatic cancer
Compared to other malignancies, patient-derived 

PBC organoids have received fewer reports. Despite 
recent reports of a procedure for cultivating PBC 
organoids, the success rate of these cultures is still 
lower than that of other malignancies. There might be 
a number of variables that make it difficult to culture 
PBC organoids. First, there is a significant quantity of 
stroma and just a small number of live tumor cells in 
PBC resected tissues. This was particularly evident 
in samples of pancreatic cancer collected following 
neoadjuvant treatment (43). Second, as discussed in 
the previous section, PBC has different mutational 
patterns in comparison to other malignancies. These 
unique mutational profiles in PBC indicate that 
specific culture conditions are necessary to produce 
organoids by modifying growth factors to meet the 
mutational profile (43). We discovered that the cancer 
organoids that were grown from surgical specimens’ 
tumor portions were mixed with normal epithelial 
organoids, and we demonstrated experimentally that it 
was required to remove the normal organoids in order 
to culture the cancer organoids. Organoids made from 
healthy epithelial cells had balloon-like structures 
and were devoid of primary tumor mutations, but 
organoids made from cancer cells had solid shapes and 
did, in fact, contain primary tumor mutations (44). A 
technique for the selective cultivation of pancreatic 
cancer organoids was described by Seino et al. by 
modifying the growth factors given to the culture 
media. Due of the high frequency of KRAS mutations 
in pancreatic ductal adenocarcinoma (PDAC), their 
technique calls for the organoids to first be put in an 
environment where EGF is deficient in order to enrich 
cancer organoids with an autonomously active EGFR-
RAS pathway. To select probable TP53 or SMAD4 
mutant organoids, respectively, organoids that are 
amenable to EGF removal are alternatively treated 
with Nutlin3 (an MDM2 inhibitor) or Noggin removal/
BMP4 (44).

As with biliary malignancies, our research and 
others’ findings show that the mutations are not 
only unique from other cancers but also vary across 
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different tumors. This means that depending on the 
tumor, different culture conditions should be used. 
The presence of heterogeneity in a tumor, such as 
intraductal papillary neoplasm of the bile duct, is 
important and frequently poses significant challenges 
to culture (43, 45).

Recent research on PBC organoids has two main 
goals. The first is the use of cancer organoids in the 
screening of medicines. The second is to study cancer 
biology, including how tumor cells and their surrounding 
environment interact. Using a panel of 76 distinct 
therapeutic agents, Driehuis et al. developed a platform 
with 27 patient-derived pancreatic cancer organoids 
for high-throughput drug screening (46). Through the 
use of organoids and PDXs in treatment investigations, 
Hu et al. discovered SIRT5 to be a significant tumor 
suppressor in PDAC (47). Cholangiocarcinoma (CCA) 
organoids were examined for their unique 5- ALA-
based photodynamic activity, and Fujiwara et al. 
proposed that this activity may be used as a diagnostic 
marker to distinguish CCA from non-tumor tissues 
(48). Research and therapy methods that target not 
just cancer cells but also the tumor microenvironment, 
such as fibroblasts or immune cells, may be necessary 
for PBC with an abundance of stroma. A co-culturing 
method for pancreatic organoids, fibroblasts, and T 
cells was developed by Tsai et al. They observed T 
cells invading the Matrigel, moving in the direction 
of the organoids, and spreading out at the boundary of 
Matrigel domes containing organoids (49). According 
to Koikawa et al., pancreatic stellate cells (PSCs) 
and organoids were co-cultured in direct contact and 
indirect contact systems. Their findings suggested that 
matrix metalloproteinase (MMP) 2, which binds to 
membrane type-1 MMP (MT1MMP) on PSCs, causes 
basement membrane breakdown and stromal invasion 
of organoids in direct contact with PSCs (50). Ohlund 
et al. were successful in co-culturing fibroblasts and 
pancreatic cancer organoids, and they were able to see 
how well they cooperated together in terms of growth 
morphology (51).

Personalized medicine
A treatment strategy based on a patient’s DNA 

profile, environmental factors, and lifestyle is known 
as personalized medicine. The genetic profile of the 
patient’s tumor should ideally serve as the basis for 
customized cancer treatment. Organoids created from 
surgically removed tumors of patients might potentially 
be highly helpful in developing tailored medication 
since they mimic the in vivo characteristics of the 
underlying tumor and enable in vitro biochemical 
testing. Personalized medicine systems that integrate 
thorough genotyping with organoid culture have, 
however, only been the subject of a few reports of 
effective implementation (52, 53).

Ideally, the tumor’s genetic profile should serve as 
the basis for personalized cancer treatment. Finding 
genotype-oriented targets and choosing candidate-
targeted treatments for cancers would be reasonable 
and effective (54). As an alternative, multidrug 
screening on cell lines originating from tumors may be 

useful to verify this impact. However, the generation 
of 2D cancer cell lines from primary tumor materials 
is relatively ineffective, and cancer cell lines do not 
always phenotypically mimic real malignancies (54). 
The organoid, often known as “a miniature of organ,” 
inherits the gene alterations and characteristics of the 
parent tumor. Previous publications claim that even 
after prolonged cultivation of organoids, there is 
minimal genetic alteration. As a result, it is anticipated 
that organoids created and cultivated from recent tumor 
samples would be helpful in developing individualized 
treatment. Translational research on cancer should 
benefit greatly from using PDCOs as models (54).

The PDCO has been claimed to have some significant 
applications as a model for personalized medicine, 
which is predicted to benefit patients. The first is 
multidrug screening, like high-throughput screening. 
Organoids are ideal for multi-drug screening because, 
with the proper adjustments to the culture conditions, 
numerous clones may be produced quickly (46, 55, 56). 
High-throughput screening is acceptable for quickly 
identifying certain successful medications or finding 
novel compounds. Saito et al. performed a multi-
drug screening of 339 therapeutically available drugs 
on biliary tract cancer organoids and experimentally 
showed that 22 substances, including antifungal 
agents, HMG-CoA reductase inhibitors, and dopamine 
D2 receptor agonists, inhibited organoid development 
(54). So, the benefit of multi-drug screening, such as 
high-throughput screening, is the discovery of novel 
medications and unexpected outcomes. In order to 
create an organoid from peritoneal diffused colorectal 
cancer, Narasimhan et al. conducted multi-drug 
screens. After conventional surgery and five cycles 
of chemoradiotherapy, they were able to discover a 
novel agent from the findings of drug screening that 
was clinically successful in patients with progressing 
illness (57). Four patients’ main pancreatic cancer 
tumors and the organoids that were created from them 
were studied by Driehuis et al. for correlations in 
gemcitabine sensitivity. In all four cases, the sensitivity 
to gemcitabine was essentially same between original 
tumors and organoids, indicating that organoids can 
be used as a personalized medication in vitro testing 
paradigm (46).

Additionally, using organoids for the verification 
of genome-driven targeted treatments is particularly 
helpful for choosing individualized therapy for 
specific patients (46, 58, 59). According to certain 
biological pathways, Broutier et al. confirmed genomic 
alterations in original tumors and patient-derived 
cancer organoids. These pathways were the focus of 
the selection of potential targeted medications, and the 
effectiveness of those medications was examined in 
organoids (60).

 Organoids have also been used in certain trials 
on immunotherapy. Nael et al. created a coherent 
group of endogenous syngeneic tumor-infiltrating 
lymphocytes (TILs) and primary tumor epithelial cells 
in co-culture. Immune checkpoint inhibition using 
anti-PD-1 and/or anti-PD-L1 increasing and activating 
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tumor antigen-specific TILs and inducing tumor 
cytotoxicity was successfully reproduced in human 
and mouse organoids (61). In order to investigate the 
cytotoxicity of lymphocytes made with a chimeric 
antigen receptor (CAR) in patient-derived colon 
organoids, Schnalzger et al. created a platform. They 
showed effective targeting in a variety of organoids 
utilizing CAR-engineered NK-92 cells that were 
targeted toward a common epithelial antigen, and 
CAR-NK-92 cells that were directed toward organoids 
expressing EGFRvIII were used to study tumor 
antigen-specific cytotoxicity. Finally, they presented 
a sensitive in vitro platform for a tailored assessment 
of CAR effectiveness and tumor specificity (62). 
Organoids have also been used in various customized 
medical models, albeit the number of reports is still 
fairly modest. Forsythe et al. tested the most effective 
treatment temperature and medication concentration 
for hyperthermic intraperitoneal chemotherapy in 23 
instances using organoids obtained from appendiceal 
cancer or colorectal cancer (HIPEC). They came to the 
conclusion that the best perfusion protocol differed by 
patient and that organoid technology may provide a 
platform for customizing HIPEC settings to the level 
of each individual patient (63).

For the practical use of customized therapy with 
patient-derived cancer organoids, there are various 
obstacles to be addressed. First, it is essential to reduce 
the length of culture period and raise the success rate of 
organoids. Depending on the tumor, organoids grow at 
varying speeds and have varying degrees of success in 
culture (64). The second point is creativity in cultivating 
from the tiny sample of the following: If it is possible 
to grow cancer organoids from needle biopsy or liquid 
cytology samples, they can be used to test medications 
for neoadjuvant chemotherapy or even for resectable 
tumors that are not amenable to surgery. There have 
been a few reports on this strategy thus far, but they are 
relatively sparse (65). The third point deals with the 
impact of tumor heterogeneity, which is unavoidably a 
component of the tumor but does not entirely capture its 
characteristics. Even from a single-cell clone, a tumor 
is often a mass of heterogenic clones; the organoids 
must have only received some of the tumor’s traits. 
Fourth, the candidate-targeted therapy approach using 
genomic profiling may not produce any therapeutic 
drugs that are clinically available (66). However, high-
throughput multi-drug screening with non-anticancer 
agents may reveal unexpected drugs that are effective 
for some cancer cells with the above-mentioned distinct 
phenotypes, which could result in the discovery of new 
antitumor drugs. Moreover, investigations on radiation 
treatment using patient-derived organoids may offer 
substitutes, even if the number of patients is currently 
small.

CONCLUSIONS
We examined the technical advancement of cancer 

organoids and their present uses in cancer research 
and personalized treatment. In the study of cancer 
biology and translational medicine, PDCOs offer a 
lot of potential. It works well for evaluating potential 

targeted medications found through multi-omics 
analysis. Organoid-based research is now used in 
radiation treatment and immunotherapy as well as 
targeted medication screening. Furthermore, systems 
have been established that allow for the in vitro study 
of the tumor microenvironment employing cancer 
organoids in combination with immune cells and 
stromal cells, such as lymphocytes and fibroblasts, 
respectively. There are still certain hurdles to clear 
for therapeutic applications, such as speeding up, 
stabilizing, and simplifying methods for cultivating 
and studying cancer cells. Organoids are expected to 
grow in versatility in a variety of malignancies and 
provide a greater contribution to the study of cancer.

Conflicts of Interest: No conflicts of interest are 
disclosed by the authors.

Funding: This work has not received any grant from 
the private or public sector.

REFERENCES 
1.Dowden, Helen, and Jamie Munro. “Trends in clinical 

success rates and therapeutic focus.”  Nat. Rev. Drug 
Discov 18.7 (2019): 495-6.

2.Hwang, Thomas J., et al. “Failure of investigational drugs 
in late-stage clinical development and publication of trial 
results.”  JAMA internal medicine  176.12 (2016): 1826-
1833.

3.Lee, Hye Won, et al. “Single-cell RNA sequencing 
reveals the tumor microenvironment and facilitates 
strategic choices to circumvent treatment failure in 
a chemorefractory bladder cancer patient.”  Genome 
medicine 12.1 (2020): 1-21.

4.Veninga, Vivien, and Emile E. Voest. “Tumor organoids: 
opportunities and challenges to guide precision 
medicine.” Cancer Cell 39.9 (2021): 1190-1201.

5.Cobain, Erin F., et al. “Assessment of clinical benefit 
of integrative genomic profiling in advanced solid 
tumors.” JAMA oncology 7.4 (2021): 525-533.

6.Li, Hongyi, et al. “Applications of genome editing 
technology in the targeted therapy of human diseases: 
mechanisms, advances and prospects.” Signal transduction 
and targeted therapy 5.1 (2020): 1-23.

7.Shiihara, Masahiro, and Toru Furukawa. “Application 
of Patient-Derived Cancer Organoids to Personalized 
Medicine.” Journal of Personalized Medicine 12.5 (2022): 
789.

8.Ben-David, Uri, et al. “Genetic and transcriptional evolution 
alters cancer cell line drug response.”  Nature  560.7718 
(2018): 325-330.

9.Ren, Ya, et al. “Developments and opportunities for 
3D bioprinted organoids.”  International Journal of 
Bioprinting 7.3 (2021).

10.Huch, Meritxell, and Bon-Kyoung Koo. “Modeling 
mouse and human development using organoid 
cultures.” Development 142.18 (2015): 3113-3125.

11.Schutgens, Frans, and Hans Clevers. “Human 
organoids: tools for understanding biology and treating 
diseases.” Annual Review of Pathology: Mechanisms of 
Disease 15 (2020): 211-234.

12.Wang, Qinying, et al. “Applications of human organoids in 
the personalized treatment for digestive diseases.” Signal 
Transduction and Targeted Therapy 7.1 (2022): 1-30.

Neal, James T., et al. “Organoid modeling of the tumor immune microenvironment.” Cell 175.7 (2018): 1972-1988
Schnalzger, Theresa E., et al. “3D model for CAR‐mediated cytotoxicity using patient‐derived colorectal cancer organoids.” The EMBO journal 38.12 (2019): e100928.
Forsythe, Steven D., et al. “Organoid Platform in Preclinical Investigation of Personalized Immunotherapy Efficacy in Appendiceal Cancer: Feasibility StudyImmunotherapy Efficacy in Appendiceal Cancer Organoids.” Clinical Cancer Research 27.18 (2021): 5141-5150.

Votanopoulos, Konstantinos I., et al. “Appendiceal cancer patient-specific tumor organoid model for predicting chemotherapy efficacy prior to initiation of treatment: a feasibility study.” Annals of surgical oncology 26.1 (2019): 139-147.

Nuciforo, Sandro, et al. “Organoid models of human liver cancers derived from tumor needle biopsies.” Cell reports 24.5 (2018): 1363-1376.

Pasch, Cheri A., et al. “Patient-derived cancer organoid cultures to predict sensitivity to chemotherapy and radiation.” Clinical Cancer Research 25.17 (2019): 5376-5387.



 
Shorouk Fathi Ahmed Pers M J

40

13.Assawachananont, Juthaporn, et al. “Transplantation of 
embryonic and induced pluripotent stem cell-derived 3D 
retinal sheets into retinal degenerative mice.”  Stem cell 
reports 2.5 (2014): 662-674.

14.McCracken, Kyle W., et al. “Modelling human 
development and disease in pluripotent stem-cell-derived 
gastric organoids.” Nature 516.7531 (2014): 400-404.

15.Spence, Jason R., et al. “Directed differentiation of 
human pluripotent stem cells into intestinal tissue in 
vitro.” Nature 470.7332 (2011): 105-109.

16.Chen, Kevin G., et al. “Pharmacological analysis of 
CFTR variants of cystic fibrosis using stem cell-derived 
organoids.”  Drug discovery today  24.11 (2019): 2126-
2138.

17.Nozaki, Kengo, et al. “Co-culture with intestinal 
epithelial organoids allows efficient expansion and 
motility analysis of intraepithelial lymphocytes.” Journal 
of gastroenterology 51.3 (2016): 206-213.‏

18.Ben-David, Uri, et al. “Genetic and transcriptional evolution 
alters cancer cell line drug response.”  Nature  560.7718 
(2018): 325-330.

19.Ghajari, Ghazal, Arefe Heydari, and Masoud Ghorbani. 
“Mesenchymal stem cell-based therapy and female 
infertility: limitations and advances.”  Current Stem Cell 
Research & Therapy (2022).

20.Ben-David, Uri, et al. “Patient-derived xenografts undergo 
mouse-specific tumor evolution.”  Nature genetics  49.11 
(2017): 1567-1575.

21.Broutier, Laura, et al. “Human primary liver cancer–
derived organoid cultures for disease modeling and drug 
screening.” Nature medicine 23.12 (2017): 1424-1435.

22.Boj, Sylvia F., et al. “Organoid models of human and 
mouse ductal pancreatic cancer.”  Cell  160.1-2 (2015): 
324-338.

23.Broutier, Laura, et al. “Culture and establishment of 
self-renewing human and mouse adult liver and pancreas 
3D organoids and their genetic manipulation.”  Nature 
protocols 11.9 (2016): 1724-1743.

24.Van de Wetering, Marc, et al. “Prospective derivation 
of a living organoid biobank of colorectal cancer 
patients.” Cell 161.4 (2015): 933-945.

25.Kim, Minsuh, et al. “Patient-derived lung cancer organoids 
as in vitro cancer models for therapeutic screening.” Nature 
communications 10.1 (2019): 1-15.

26.Wong, Chi Heem, Kien Wei Siah, and Andrew W. Lo. 
“Estimation of clinical trial success rates and related 
parameters.” Biostatistics 20.2 (2019): 273-286.

27.Veninga, Vivien, and Emile E. Voest. “Tumor organoids: 
opportunities and challenges to guide precision 
medicine.” Cancer Cell 39.9 (2021): 1190-1201.

28.Kretzschmar, Kai. “Cancer research using organoid 
technology.” Journal of Molecular Medicine 99.4 (2021): 
501-515.

29.Drost, Jarno, and Hans Clevers. “Organoids in cancer 
research.” Nature Reviews Cancer 18.7 (2018): 407-418.

30.Kodack, David P., et al. “Primary patient-derived cancer 
cells and their potential for personalized cancer patient 
care.” Cell reports 21.11 (2017): 3298-3309.

31.de Witte, Chris Jenske, et al. “Patient-derived ovarian 
cancer organoids mimic clinical response and exhibit 
heterogeneous inter-and intrapatient drug responses.” Cell 
reports 31.11 (2020): 107762.

32.Ooft, S. N., et al. “Prospective experimental treatment 
of colorectal cancer patients based on organoid drug 
responses.” ESMO open 6.3 (2021): 100103.

33.Huang, Ling, et al. “Ductal pancreatic cancer modeling 
and drug screening using human pluripotent stem cell–and 
patient-derived tumor organoids.” Nature medicine 21.11 
(2015): 1364-1371.

34.Karthaus, Wouter R., et al. “Identification of multipotent 
luminal progenitor cells in human prostate organoid 
cultures.” Cell 159.1 (2014): 163-175.

35.Dijkstra, Krijn K., et al. “Patient-derived organoid 
models of human neuroendocrine carcinoma.” Frontiers in 
endocrinology 12 (2021): 627819.

36.Patel, Tushar. “Worldwide trends in mortality from biliary 
tract malignancies.” BMC cancer 2.1 (2002): 1-5.‏

37.Khan, Shahid A., et al. “Changing international trends 
in mortality rates for liver, biliary and pancreatic 
tumours.” Journal of hepatology 37.6 (2002): 806-813.

38.Carriaga, Marisa T., and Donald Earl Henson. 
“Liver, gallbladder, extrahepatic bile ducts, and 
pancreas.” Cancer 75.S1 (1995): 171-190.

39.Abou-Alfa, Ghassan K., et al. “Ivosidenib in IDH1-
mutant, chemotherapy-refractory cholangiocarcinoma 
(ClarIDHy): a multicentre, randomised, double-
blind, placebo-controlled, phase 3 study.”  The Lancet 
Oncology 21.6 (2020): 796-807.‏

40.Unno, Michiaki, Tatsuo Hata, and Fuyuhiko Motoi. “Long-
term outcome following neoadjuvant therapy for resectable 
and borderline resectable pancreatic cancer compared to 
upfront surgery: a meta-analysis of comparative studies 
by intention-to-treat analysis.” Surgery today 49.4 (2019): 
295-299.

41.Biankin, Andrew V., et al. “Pancreatic cancer 
genomes reveal aberrations in axon guidance pathway 
genes.” Nature 491.7424 (2012): 399-405.

42.Dalton, W. Brian.  DNA damage during mitotic arrest: 
A novel, p53-regulated source of structural chromosome 
instability in human cells. Diss. Emory University, 2008.

43.Shiihara, Masahiro, et al. “Development of a system 
combining comprehensive genotyping and organoid 
cultures for identifying and testing genotype-
oriented personalised medicine for pancreatobiliary 
cancers.”  European Journal of Cancer  148 (2021): 239-
250.

44.Seino, Takashi, et al. “Human pancreatic tumor organoids 
reveal loss of stem cell niche factor dependence during 
disease progression.” Cell stem cell 22.3 (2018): 454-467.

45.Jusakul, Apinya, et al. “Whole-Genome and Epigenomic 
Landscapes of Etiologically Distinct Subtypes of 
CholangiocarcinomaIntegrative Genomic and Epigenomic 
Analysis of Cholangiocarcinoma.” Cancer discovery 7.10 
(2017): 1116-1135.

46.Driehuis, Else, et al. “Pancreatic cancer organoids 
recapitulate disease and allow personalized drug 
screening.”  Proceedings of the National Academy of 
Sciences 116.52 (2019): 26580-26590.

47.Hu, Tuo, et al. “Metabolic rewiring by loss of 
Sirt5 promotes Kras-induced pancreatic cancer 
progression.” Gastroenterology 161.5 (2021): 1584-1600.

48.Fujiwara, Hiroaki, et al. “5-Aminolevulinic acid-
mediated photodynamic activity in patient-derived 
cholangiocarcinoma organoids.”  Surgical Oncology  35 



 
Shorouk Fathi Ahmed Pers M J

41

(2020): 484-490.
49.Tsai, Susan, et al. “Development of primary human 

pancreatic cancer organoids, matched stromal and immune 
cells and 3D tumor microenvironment models.”  BMC 
cancer 18.1 (2018): 1-13.

50.Koikawa, Kazuhiro, et al. “Targeting Pin1 renders 
pancreatic cancer eradicable by synergizing with 
immunochemotherapy.” Cell 184.18 (2021): 4753-4771.

51.Öhlund, Daniel, et al. «Distinct populations of 
inflammatory fibroblasts and myofibroblasts in pancreatic 
cancer.» Journal of Experimental Medicine 214.3 (2017): 
579-596.

52.Grandori, Carla, and Christopher J. Kemp. “Personalized 
cancer models for target discovery and precision 
medicine.” Trends in cancer 4.9 (2018): 634-642.

53.Nussinov, Ruth, et al. “Precision medicine and driver 
mutations: computational methods, functional assays 
and conformational principles for interpreting cancer 
drivers.”  PLoS computational biology  15.3 (2019): 
e1006658.

54.Saito, Yoshimasa, et al. “Establishment of patient-
derived organoids and drug screening for biliary tract 
carcinoma.” Cell reports 27.4 (2019): 1265-1276.

55.Pauli, Chantal, et al. “Personalized In Vitro and In Vivo 
Cancer Models to Guide Precision MedicinePersonalized 
Cancer Models to Guide Precision Medicine.”  Cancer 
discovery 7.5 (2017): 462-477.

56.Larsen, Brian M., et al. “A pan-cancer organoid platform 
for precision medicine.” Cell reports 36.4 (2021): 109429.

57.Narasimhan, Vignesh, et al. “Medium-throughput 
Drug Screening of Patient-derived Organoids from 
Colorectal Peritoneal Metastases to Direct Personalized 
TherapyFunctional Precision Medicine for Advanced 
Colorectal Cancer.”  Clinical Cancer Research  26.14 
(2020): 3662-3670.

58.Gilles, Maud-Emmanuelle, et al. “Personalized RNA 
medicine for pancreatic cancer.”  Clinical Cancer 
Research 24.7 (2018): 1734-1747.

59.Tung, Kuei-Ling, et al. “Integrated chromatin and 
transcriptomic profiling of patient-derived colon cancer 
organoids identifies personalized drug targets to overcome 
oxaliplatin resistance.” Genes & diseases 8.2 (2021): 203-
214.

60.Broutier, Laura, et al. “Human primary liver cancer–
derived organoid cultures for disease modeling and drug 
screening.” Nature medicine 23.12 (2017): 1424-1435.

61.Neal, James T., et al. “Organoid modeling of the tumor 
immune microenvironment.”  Cell  175.7 (2018): 1972-
1988.

62.Schnalzger, Theresa E., et al. “3D model for CAR‐
mediated cytotoxicity using patient‐derived colorectal 
cancer organoids.”  The EMBO journal  38.12 (2019): 
e100928.

63.Forsythe, Steven D., et al. “Organoid Platform in Preclinical 
Investigation of Personalized Immunotherapy Efficacy in 
Appendiceal Cancer: Feasibility StudyImmunotherapy 
Efficacy in Appendiceal Cancer Organoids.”  Clinical 
Cancer Research 27.18 (2021): 5141-5150.

64.Votanopoulos, Konstantinos I., et al. “Appendiceal cancer 
patient-specific tumor organoid model for predicting 
chemotherapy efficacy prior to initiation of treatment: 
a feasibility study.”  Annals of surgical oncology  26.1 

(2019): 139-147.
65.Nuciforo, Sandro, et al. “Organoid models of human 

liver cancers derived from tumor needle biopsies.”  Cell 
reports 24.5 (2018): 1363-1376.

66.Pasch, Cheri A., et al. “Patient-derived cancer organoid 
cultures to predict sensitivity to chemotherapy and 
radiation.” Clinical Cancer Research 25.17 (2019): 5376-
5387.


	Opportunities and Challenges in Using Cancer Organoids Derived from Patients in Personalized Medicin
	Abstract
	Introduction 
	Conclusions
	References


