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Abstract 

Much of organoid research has changed the way developmental neuroscience works, providing unprecedented access to human 
neurodevelopment and function [1-8]. Figure 1 illustrates the timeline in which the Neural Stem Cells (NSC) were cultured [9]. 
Glioblastoma is a highly malignant brain tumour with significant intratumor heterogeneity, which could be ascribed to Glio-
blastoma Stem Cells (GSC) activity variations. Using a variety of experimental techniques including quantitatively evaluating 
lineage trace, clonal size, mutational marker evaluation, and single cell RNA sequencing showed a growing accretion in GBM 
and outlined the outcome of tumour cells is regulated by a neurogenesis developmental pathway [10-13]. 
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Introduction
Inhibiting the stem cell could also limit tumour recurrence in 
another brain tumour that originated in the cerebellum [14]. 
With the application of the above-mentioned studies, the Can-
cer Stem Cell (CSC) model displayed a structure for under-
standing tumour variation, predicting tumour progression, and 
potentially assisting in the development of new therapeutics. 
There exists a duality in GSC with it displaying tumor het-
erogeneity when replicating in culture or xenotransplantation, 
which makes it difficult to treat. While utilizing 2D monolayer 
cultures did not yield variation and 3D relative spatial orga-
nization displaying a lack of interaction with various the can-
cer extra cellular matrix and microenvironment. Furthermore, 
they may not accurately determine therapeutic effectiveness, 
as medications that first demonstrated promising results in 
cultured cell lines did not find their way into clinical trials. 
Hence more sophisticated model frameworks that can replicate 
complex cancer characteristics while enabling exhaustive ex-
amination are necessary. Particularly in light of the necessity to 
provide more precise forecasts for novel therapeutic benefits. 
Successful results in other cancer disciplines have incentivized 
several laboratories to generate organoid glioblastoma models 
consisting of 3D self-organizing structures, allowing particular 
cell-cell contacts leading to a generation of a specific micro-
environment [15-19]. Consequently, GBM organoids could 
tumor complexity and variation in their proliferative capacity 
and response to treatment. 

Discussion
Glioblastoma stem cells are derived from tumor tissues and 
cultivated long durations in culture [20-28]. EGF (Epidermal 
Growth Factor) and FGF2 (Fibroblast Growth Factor) main-
tain GSC development in vitro [29-31]. GSC is produced in Figure 1: Timeline of in vitro method to culture neural stem 

cells.
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2D or 3D cultures, regarded as a first “3D model” because the 
cells preserve polarisation and 3-dimensional spatial configu-
ration [32,33]. Neurospheres, on the other hand, have a ne-
crotic foundation and can grow to a peak value of roughly 300 
m before requiring breakage and replating to thrive [34-36]. 
Furthermore, cells in neurospheres lack their contact with ex-
tracellular matrix proteins, hence do not closely resemble GSC 
behavior in vivo. Jürgen Knoblich and Inder Verma geneti-
cally modified organoids to grow malignancies lately [37,38]. 
Bian et al. (2018) looked for changes leading to cancer and 
called them NeoCor (neoplastic cerebral organoids): the au-
thors used a transposase-based approach to overexpress rec-
ognised oncogenes and/or used CRIPSR Cas-9 to remove tu-
mour suppressor gene activities. Organoid cells targeted with 
nucleofection at an early stage of development, and the cells 
containing the genetic modifications were labelled with GFP, 
permitting cell proliferation and tumour development to be 
monitored precisely. MYC overexpression, as well as a few 
other genetic sequences induced proliferation. Transcriptome 
profiling revealed that tumors with MYC possess CNS-PNET-
like identity (CNS-PNET: Primitive Neuro-Ectodermal Tu-
mor), whereas different alternative tumors possess a GBM-like 
identity, implying that different anomalies can cause tumours 
that possess unique markers. Researchers have discovered that 
certain genetic alterations, such as HRasG12V activation and 
p53 disruption, can produce mesenchymal GBM in organoids. 
Although these studies suggest that some GBM subtyping can 
be cloned, it remains to be seen whether all GBM subtypes 
could be cloned with the technology and how much the GBM-
derived organoids reflect patient-derived GBM cells [9]. 
Because they more precisely mimic the complexity and het-
erogeneity of a natural tumour, 3D in vitro models are prom-

ising for studying GBM biology and predicting treatment re-
sponse. In fact, the majority of the models presented depict 
selected vulnerabilities to pharmaceuticals or radiation, which 
mimic tumour sensitivity in vivo [37,39,40]. Furthermore, the 
creation of a live GBM biobank has been facilitated by newer 
generation of 3D GBM organoids using a new and quicker 
methodology (one to two weeks). Some models discussed in 
this study [37,38,40-42] allow non/GBM brain cells to be com-
bined together. This is particularly valuable for Investigating 
the interaction between tumor infiltration into normal tissue 
and tumor brain cells. It is possible to study the exact role of 
genes involved in cell-cell interaction, adhesion, guidance, and 
migration. This may lead to the discovery of new therapeutic 
targets which inhibit tumor infiltration.  These 3D GBM or-
ganoid models advance the study of cancer stem cell variation 
by providing cancer cells with an environment in which they 
can maintain the coexistence of different stem and progenitor 
cells [43]. They will also allow researchers to investigate the 
developmental hierarchy of CSCs in malignancies, as well as 
the impact of other cell types or the microenvironment on CSC 
fate decisions. Cells such as microglia or other immune cells, 
can be incorporated into organoids [44-47]. The key problem 
is to replicate an environment with the vasculature and other 
cell types that can display inflammatory and immune described 
similarly to those seen in a healthy brain (48-50). The pres-
ence of multiple cell types and greater diversity is probably 
the greatest strength and weakness. Because while they reflect 
the complexity of the primary tumor, they are also the source 
of the variations in a 3D environment [51-55]. Thus, depend-
ing on whether they want to undertake bulk analysis on a ho-
mogeneous cell population, investigators may have to select 
amongst growing cells in traditional 2D monolayer or spheri-
cal cultures or 3D organoids.

Figure 2: Organoid models and their findings.
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Figure 3:  Pediatric Organoid models and their findings.

Figure 4: Matrix supported models and their findings.
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Figure 5:  Brain Organoid models and their findings.

Figure 6:  Co-culture models and their findings.
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Some model kinds are as follows: Glioma Spheroid (GS) is a 
kind of glioma (with serum) cancer stem cell growth is not es-
pecially encouraged in a dense conglomeration of cells grown 
in serum. Glioma tumouroid tumour organoids were created by 
culturing primary tumour material in suspension in the absence 
of serum under specific media conditions, with CSCS specifi-
cally promoting cellular heterogeneity and maintaining cellular 
heterogeneity. Brain Organoid (BO) is a model organ derived 
from stem cells grown in particular medium and under speci-
fied growth circumstances to encourage tissue lineage develop-
ment. It has some of the functions and physical characteristics 
of a natural organ. GS/BO and GT/BO are two different types 
of GS/BO. Single cells, spheroid, and tumoroids supported in 
liquid solution. Matrix-supported Single cells, spheroid, or or-
ganoid encased in a three-dimensional matrix. Below is a table 
describing models and their corresponding findings [56].

Bioprinting is a type of matrix-supported cell culture in which 
cell-loaded bioink is applied to a print bed with a custom-made 
3D printer. The two most common processes are extrusion 
(filament) and inkjet (droplet). Inkjet printing is a non-contact 
method that uses heat or electricity to eject bioink droplets 
from nozzles and can also be performed using a dedicated of-
fice printer. The extrusion pressure is either pneumatic or a pis-
ton that applies pressure to the bioink reservoir and pushes it 
into the nozzle. You can then use the CAD file to modify the 
nozzles to create a precisely controlled bio-ink pattern. Indi-
vidual cells can be manipulated and placed individually using 
a laser-based printing technique known as laser-based direct 
writing. Bioinks are hydrogels with living single cells or cell 
aggregates (spheroids) or cancerous tumors. Using 3D printing 
for layered gel structures gives you unparalleled control over 
the distribution patterns of different cell / gel structures. The 
first bioprinted cell / hydrogel structure was made with HeLa 
cells and gelatin / alginate / fibrin bioink. Below is a table that 
describes the bioprinted culture and its corresponding results 
[56].

Driehuis et al. created an organoid biobank (N = 31) from head 
nd neck squamous cell carcinoma (HNSCC). Patient Derived 
Organoids (PDO) mimic the parental HNSCC and creates tu-
mors when transplanted into immunocompromised mice. Vari-
ous reactions were noticed by drugs used in a clinical setting. 
These drugs included cisplatin, carboplatin, cetuximab, and 
in vitro radiation therapy. In addition, drug screening demon-
strates reactivity to pharmaceuticals not routinely used in clin-
ics for patients with HNSCC. The results could individualize 
HNSCC treatment and expand the HNSCC drug portfolio. In 
another study, the authors reported that HNSCC-derived PDO 
are able to be utilized to study reactions to photodynamic 
therapy, while simultaneously testing it on corresponding nor-
mal tissue-derived organoids to ensure the safety of treatment 
[57,58]. 
On drug sensitivity and resistance testing, Clear Cell Ovarian 
Cancer (CCC1) organoids were resistant to paclitaxel, cispla-
tin and carboplatin in comparisoon to alternative organelles. 
This is due to the fact that clear cell ovarian cancer is resistant 
to platinum-based chemotherapy (response rate: 11.1% clear 
cell, 72.5% serous). CCC1 has a mutation in the SWItch/Su-
crose NonFermentable (SWI/SNF)-associated gene; PBRM1 
(p.P1460L) and ARID1A (p. P1995Lfs * 22, p. Q1098Rfs * 
16) implying that blocking the immune checkpoint could be 
an approach. High grade serous cancer cells (HGSC) called 
HGSC1 and HGSC3 patients have CNV-like HRD, whereas 
HGSC2 are restricted with CNV. HGSC1 and HGSC3 ex-
hibited sensitivity to paclitaxel treatment; However, HGSC2 
was resistant. HGSC1 contains the variant BRCA1, hence it 
is sensitive to PARP inhibitors, olaparib and cisplatin relative 
to other organelles. Both HSGC1 and HGSC2 are from FIGO 
stage IIIC tumors. The duration at which there was no disease 
after platinum treatment was lengthier in HGSC1 compared to 
HGSC2 [59].  Kopper et al. stated in vitro drug susceptibility 
was reproduced in vivo by xenotransplantation of ovarian can-
cer organoids [60]. 

Figure 7:  Bio-printed models and their findings.
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Figure 8:  Illustration of bioprinting technology and the two types of gels that are used.

Figure 9:  Vasculature models and their findings.

Because drug responses are varied and better correlated with 
genomic changes in 3D culture than in 2D culture. Organoids 
are a suitable culture format for drug susceptibility analysis 
in translational studies [61].  Disadvantages of the organoid 
model include the absence of cancer stroma such as fibroblasts, 
blood vessels, and immune cells. However, recently there have 
been reports of gas-liquid interface methods that maintain the 
microenvironment of the tumor immune system [62].

Esophageal adenocarcinoma organoids have been treated with 
standard chemotherapy (5FU, epirubicin, and cisplatin). All 
patients except one had a meager reaction to chemotherapy, 
and the organoids of the patients who displayed a response 
were not obtainable for testing [63]. A common response in 
the organoid and tumor reactions of four patients to chemo-
therapeutic agents (cisplatin, paclitaxel, 5FU, epirubicin, and 
irinotecan) was noted in another report [64]. In a report, gas-
tric cancer organoids obtained from patients prior to treatment 
were sensitive to standard chemotherapy (5fluorouracil (5FU), 
cisplatin, oxaliplatin, and irinotecan), despite the contribu-
tion of radiation therapy. It reproduced the patient's complete 
pathological response after chemotherapy, though the clinical 
response due to the radiotherapy had not been thoroughly ex-

amined [65]. An additional study found inconsistent outcomes 
with a combination of 5FU, oxaliplatin, and epirubicin with 
seven gastric cancer patients mentioned in this report, only two 
patients were found to correlate with drug reactions (5FU, ox-
aliplatin and epirubicin combination). A clinical response that 
corresponded with an organoid response was only recorded in 
one patient [66]. 
Gastric cancer organoids derived from ascites displayed a var-
ied respond to chemotherapeutic agents (oxaliplatin, 5FU, cis-
platin, docetaxel, Irinotecan, epirubicin, and paclitaxel) among 
patients, which also had synonymous heterogenous responses 
with peritoneal metastasis [67].
Colorectal cancer organoids were utilized in cases who would 
take advantage of the cross-sensitivity to olaparib and oxali-
platin. This induces PARP-dependent DNA damage repair. 
In two patients who reacted to oxaliplatin, the organoids re-
sponded well to olaparib and oxaliplatin. In a different case 
who responded, the organoid was resistant to therapeutics. The 
organoids in this patient reacted particularly strongly to pani-
tumumab. Panitumumab was utilized in treatment and may be 
a major contributor to the clinical response, elucidating incon-
sistencies among organoids and reaction [68].
Organoids representing metastatic GI cancers had sensitive re-
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actions with cetuximab (anti-EGFR monoclonal antibody), but 
possessed resistance in patients with EGFR amplification and 
KRAS wild-type [69].

Rectal cancer organoids underwent treatment with standard 
chemotherapeutics (5FU alone or FOLFOX (5FU, leucovortin 
and oxaliplatin) or radiation therapy (one dose, 08 Gy). An as-
sociation of 5FU or FOLFOX (r = 0.86) was detected in rela-
tion to Progression-Free Survival (PFS) in seven patients. In 
the case of radiation therapy, the organoids that were resistant 
to radiation therapy originated from already irradiated tumors 
or tumors without or negligible responses. Radiosensitive or-
ganoids originated in cases which had a reduced tumor size 
by a minimum of 50% or those who displayed complete clini-
cal remission after radiation therapy. In addition, organoids (N 
= 80) that underwent neoadjuvant chemoradiotherapy such as 
5FU and irinotecan indicated predictions of remission to treat-
ment with chemotherapeutics (sensitivity 78.01%, specificity 
91.97%) [70,71]. 
Everolimus was identified as a therapeutic candidate for pa-
tients which had GBM organoids obtained from them and elic-
ited an incomplete reaction [72]. Cancer organoids in GBM 
patients had also been tested for susceptibility to standard che-
motherapy temozolomide and agents directing towards mTOR, 
PI3K, or DNA damage responses. Varied reactions to mono-
therapy and the combination of temozolomide with targeted 
drugs has been detected between organoids in diverse cases 
[73]. 
A CNS carcinoma, chordoma organoid possessed PD1-posi-
tive CD8 T cells and was utilized to establish a connection with 
a nivolumab reaction (PDL1 blockade). Patients with PDL1-
positive and PDL1-negative tumors had dose dependent reac-
tions. This is consistent with observations that under expressed 
PDL1 may possess a response to PDL1 inhibition. It can be 
inferred that response to the therapy of cancer organoids may 
be foreseeable irrespective of PDL1 standing, but an associa-
tion with distinct patient responses was not established. 24 pa-
tients with primary chordoma cases at the G. Pascal and G. 
Pini Foundations. Two monoclonal antibodies were utilized to 
stain surgical samples against PDL1, E1L3N, and 288 (Cell 
Marque) with the BenchMark XT kit and an automated immu-
nostainer Ventana Medical Systems, as directed by the manu-
facturer. PDL1-positive cancer cells and lymphocytes were 
determined as the percentage of positive cells in all sections 
according to FDA guidelines. The median age in the study 
was sixty-five years with a range of fifty-five to seventy-nine. 
The average period for a follow up was usually six months or 
higher. Twelve patients had passed away and the survival pe-
riod was at a median of fifty months. Immunotherapy aiming 
automatic cell death 1 receptor (PD1) and its ligand 1 (PDL1) 
produced remarkable outcomes in progressive cancers show-
ing increased expression of PDL1,1,2.  Displaying exemplary 
therapeutic effect but a lack of patients for trials do not assist 
in concretely proving therapeutic uses. This is especially sig-
nificant for chordomas, rare malignancies that are located pri-
marily on the spinal axis, have an elevated recurrence rate (43-
85%). They are less prone to distant metastases. chondroma is 
a candidate for immunotherapy because it expresses more PD1 
/ PDL1 than healthy bone tissue though it is resistant to chemo 
and radiotherapy. Clinical trials investigated the efficacy of 
PDL1 targeted therapy with nivolumab only or with ipilimum-
ab. Studies on the combination of nivolumab and stereotactic 
radiosurgery have also been conducted. From a clinical point 

of view, the selection of cancers / patients who are sensitive 
to anti-PDL1 blocking therapy based on PDL1 expression in 
tumor cells and lymphocytes that infiltrate tumors would be 
extremely useful. The antibodies reacting to PDL1 was evalu-
ated the expression of all surgical specimens of tumor cells 
and tumor-infiltrating lymphocytes distinctly, comparing the 
results with clinical limits. As the potential benefits of organ-
oids for cancer cell culture are increasingly recognized, organ-
oids from patients are also produced, quantifying diameter, cell 
death and PDL1 presence to determine the dose-dependent ef-
fect of nivolumab. This helped establish a treatment response 
and method [74]. 

Several strains of organoid Retinoblastoma have been pro-
duced and underwent standard chemotherapy (melphalan, 
topotecan, and methotrexate) and display similar responses to 
tumor cells in cases with progressive disease. Though no direct 
correlation to patient reaction was ever established. Lasting or 
recurring retinoblastoma (RB) is related with vitreous and/or in 
subretinal mets in progressive RB and is a primary reason for 
treatment failure. This requires the improvement of new thera-
peutics and, therefore a cutting-edge RB model for testing ther-
apies. The authors created a three-dimensional self-assembling 
organoid model derived from chemo sensitive tumors. They 
established and equated the response of organoids to drugs and 
associated the organoid model with advanced RB in terms of 
drug susceptibility. Organoids show histological characteristics 
suggestive of retinal tumors and seeds, and have been found to 
retain changes in DNA copy count and gene and protein mani-
festation from the parent tissue. Cone signaling circuits (M / 
L + cells) and glial tumor microenvironments (GFAP + cells) 
were predominantly existing in organoids. Topotecan isolated 
or a combination of topotecan and melphalan successfully tar-
geted the organoid cancer cones (RXRγ + Ki67 +) and blocked 
the invasion of mitosis after 24 hours of therapeutic exposure. 
In comparison, MTX was slightly effective in treating cancer 
cells. The reaction of organoids was constant with that of can-
cer cells in progressive disease. Organoids from patients lead 
to the production of models for use in exploring new therapies 
for use in retinoblastoma. 

Drugs clinically used for intravitreal chemotherapy (melpha-
lan, topotecan, and methotrexate) were treated to determine if 
the advanced RB drug response was reproduced in organoid 
cultures (RB688). In addition, comparisons have been made 
between combination drugs (melphalan and topotecan) and in-
dividual drug regimens, making systematic implementation in 
the clinic an issue. The drug concentration used in this study 
was comparable to the levels in the vitreous cavity. Since tu-
mor organoids have a cell structure similar to that of tumor 
tissue. It has been shown that the accessibility and uptake of 
the active ingredient occurs in the deepest regions of the tu-
mor organoid core. This is due to the increase. ΓH2AX lesion, 
which is a DNA damage reaction marker [75].

Copper’s influence on brain development and function is docu-
mented. Unfortunately, minute information is available on how 
Copper works mechanically in certain central nervous system 
processes. Cultures are available to make brain organoids also 
known as cerebral globules that contain cell types that mimic 
multiple areas of the brain. As far as it is known, the neuro-
biology of Cu-based disorders in brain-derived organoids has 
not yet been investigated. Brain organoids were tested for Cu 
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content using X-ray fluorescence microscopy technology. This 
showed low copper in the areas scrutinized [76]. 

When we are enhancing cancer treatment for an individual 
patient, it is crucial to advance the effect of the cancer treat-
ment on the tumor tissue and to personalize it. The current 
main problems with current chemotherapeutic agents are the 
harmful side effects leading to the restricting their use over 
time and finding the right dose. In order to defeat the inad-
equate rate of new therapies that progress through the stages 
of the clinical trials, improved processes for establishing se-
rious side effects in the preclinical stage are desirable. The 
use of non-transformed organoids obtained from tumor tissue 
enables the ability to test the specificity of therapeutic agents 
[77,78]. Moreover, organoids originating from tissues primar-
ily disturbed by side effects, used to proactively identify and 
explore potential problems. The central nervous system organ-
oids are utilized to evaluate neurotoxicity. In this regard, Liu et 
al. evaluated the toxic effects of vincristine on brain organoids. 
Dose-dependent toxicity to both neurons and astrocytes was 
revealed. In addition, Schielke et al. depicted the benefits of 
utilizing brain organoids to improve radiation therapy for CNS 
tumors [79,80,81,82].

Conclusion 
There is a greater need to explore and study ideas the use of 
organoids, this will lead to a greater increase in life span and 
5-year survival rates. Classic cancer cell lines and animal can-
cer models are physiologically and clinically more established 
than patient-derived tumor organoids. Furthermore, as com-
pared to traditional cancer cell lines and PDX models, patient-
derived tumor organoids are more capable of capturing and 
retaining the molecular, cellular, genetic, and histological char-
acteristics of the tumor of origin while also preserving patient-
specific tumor heterogeneity. Despite the obstacles ahead, hu-
man organoids offer a lot of potential in cancer treatment. With 
the rapid advancement of other technologies, we believe that 
synergistic applications using organoids can help bridge the 
gap between ex vivo and in vivo organoids, paving the door for 
new cancer therapies. With the proper use of these extraordi-
nary 3D cultures, a thorough development of high-throughput 
drug screening for improved prediction may be possible.
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