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The term “tumoroid” means “tumor-like organoid”: tumoroids typically derive from primary tumors harvested from

oncological patients and they can mimic human tumor microenvironment (TME); nowadays, they are considered a

promising tool for cost-effective studies on novel anticancer drugs to be used in precision medicine in the field of

oncology.
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1. Introduction

Tumoroids are typically clustered in 3D structures, totally grown in vitro: these structures can organize themselves

into 3D organoids similar to the primary tissue where cells have been harvested . Tumoroids can mimic human

tumor microenvironment (TME); nowadays, they are considered a promising tool for cost-effective studies on novel

anticancer drugs to be used in precision medicine .

Over the years, several promising techniques have been used to fabricate 3D scaffolds for cell culture. A well-

known strategy was to put cells in “spinner flasks” under continuous stirring: this strategy has allowed the creation

of spherical clusters of cells, growing drop-by-drop; however, this technique required huge quantities of culture

medium and the availability of specific equipment.

Alternative techniques, called 3D micro-molds, were also investigated to overcome the high culture medium

consumption highlighted in the previous method: these techniques were able to produce clusters with different

shapes, not only spheroids .

2. Tumoroids in Cancer Research

A deep knowledge of the local microenvironment in cancer onset may lead to controlling the fate of cancer cells.

Breast cancer, for example, develops into a highly structured ECM, creating complex interactions among cells and

ECM through direct contact and signaling molecules . The breakdown of the ECM may create the proper

conditions to stimulate specific factors supporting the onset of cancer . To better investigate this aspect, tumoroids

have been created using breast cancer cells and ECM: these compounds were able to induce a massive
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differentiation and growth of stem cells obtained from other organs after their injection into the mammary glands of

mice . Tumoroids have been used to understand if the healthy mammary microenvironment was able to induce a

physiological behavior in breast cancer cells, and the response of cancer cells to new drugs .

In another study, tumoroids deriving from primary and metastatic colorectal adenocarcinoma were used to study

how K-RAS mutation (Kirsten rat sarcoma mutation) affects colorectal adenocarcinoma growth. The K-RAS protein

contributes to the transmission of growth signals in the nucleus of cells, leading to an increased cell growth . The

K-RAS pathway is amplified in colorectal cancer: in fact, abnormal K-RAS mutations can induce the

hyperproliferation of the epithelium, resulting in the development of infiltrating adenocarcinomas .

In vitro investigations into tumoroids have clearly demonstrated that cancer cells cultured on 3D scaffolds derived

from autologous ECM are fully able to reproduce the same microenvironment developed in vivo. Of course, the

availability of reliable and complex cancer models working in safe and controlled experimental conditions has

created the right conditions to test the effectiveness of novel chemotherapies, anticipating their side effects, and

the activation of harmful immune reactions . (Table 1)

Recently, the analysis of tumoroids from patients affected by colorectal cancer (CRC) showed a common molecular

pattern in all the samples investigated; moreover, the authors reported that tumoroids were also responding to

chemotherapy in the same way observed in the cancers treated in vivo. Small samples of human-derived

tumoroids have been injected into murine models: after a brief engraftment time, tumoroids developed invasive and

aggressive colorectal cancers, with metastases in the lungs and liver. These tumoroids engrafted on murine colon

mucosa were treated with novel drugs, showing therapeutic effects completely comparable with those reported on

humans  (Table 1).

Scientists have used tumoroids-based models to perform in-depth investigation into such pathways involving the

immune system cells in cancer progression: this strategy allowed assessment of the impact of different

chemotherapies on the immune reply, to calibrate the dose-effect percentage on aggressive cancers .

Tumoroids have also gained an important role in the study of brain tumors. An in vitro 3D study-model called

neoplastic brain organoid (NeoCOR) was performed on this topic: the invasiveness of tumor and the effects of

drugs were investigated on cells treated with CRISPR-Cas9 to carry specific mutations. The NeoCOR model

achieved the reproduction all the tumor environments related to brain cancers .

Researchers have successfully generated “mini-tumoroids” (up to 0.5 mm), to study liver cancers. Thus far, 29 new

drugs were tested on liver-cancer mini-tumoroids: a new drug was found to inhibit the activation of the ERK protein,

gaining interest for future liver cancer therapies . Following this in vitro study, mini-tumoroids were injected into

mice livers, then treated with the newly discovered drug: the in vivo results showed a significant reduction in tumor

growth in those mice treated with the new drug, thus confirming the reliability of the in vitro preliminary tests

achieved with tumoroids . (Table 1) This reliability has been further confirmed in other studies, such as a clinical
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trial conducted on oncological patients treated with radiation therapy and with chemotherapy for colorectal cancer:

here tumoroids were able to reproduce in vitro the same biological effects reported on cells/tissues of patients .

Tumoroids have been strategic to disclosing the interactions among cancer cells, autologous mesenchymal stem

cells (MSCs,) and local ECM . Nevertheless, a recent study on pancreatic cancer, has also investigated induced

pluripotent stem cells (iPSCs): briefly, the combination of stem cells and iPSCs was able to perfectly reproduce

functional pancreatic cells within their stroma, and these cells were used to study their interactions with cancer

cells .

Stem cells isolated from cancer tissues can themselves differentiate into tumor-like tissues; however, the behavior

of such cells seems to be influenced by the local environment. In a study conducted in 2018, researchers

investigated the behavior of stem cells from cancer tissues grown in two different experimental conditions: on

standard tissue culture plates (TCPs) and NanoCulture Plates (NCPs); stem cells grown on NCPs created

tumoroids with tighter intercellular adhesions, and they also showed morphologies and superficial markers exactly

reproducing the characteristics of primary tumors. On the contrary, stem cells grown on TCPs expressed genes

associated with cell differentiation. The authors also found that stem cells grown on NCPs were able to release

exosomes containing epithelial cell adhesion molecules (EpCAM) and heat shock protein 90 (HSP90) that have

been closely related to an increased growth of cancers .

Table 1. Tumoroids: in vitro and in vivo studies.
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Study model Type of cancer
Therapeutic

approach
Main Results References

Engelbreth-Holm-

Swarm mouse

sarcoma cells

Breast cancer Chemotherapy

Tumoroids had similar

morphology and gene

expression of patients

with breast cancer

Lee et al.

(2007)

 

Cells of colorectal

adenocarcinoma

Metastatic colorectal

adenocarcinoma
Chemotherapy

KRAS protein

increases cell growth

and mitotic activity.

Mousavi et al.

(2019)

Human tumoroids

were injected into the

murine mucosa

Rectal cancer Chemotherapy The grafted tumoroids

showed equal

sensitivity to therapies

Ganesh et al.

(2019)
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administered in

patients

Cells of colorectal

carcinoma
Colorectal carcinoma Chemotherapy

3D-tumoroids

represent a valid in

vitro approach to

validate new drug

therapies

Finnberg et al.

(2017)

3D model called

neoplastic brain

organoid

 

Brain tumors Chemotherapy

NeoCOR showed

better results as a 3D

model for clinical

studies on brain

tumors

Shane t al.

(2018)

 

Cancer cells in

different 3D tumoroids

Human Primary Liver

Cancer
Chemotherapy

SCH772984 inhibited

the activation of the

ERK protein and

demonstrated to play

a crucial role in the

tumorigenesis

Broutier et al.

(2017)

Cultured tumoroids in

mice

 

Human Primary Liver

Cancer
Chemotherapy

SCH772984 reduced

tumor growth in mice

treated with this drug

Broutier et al.

(2017)

 

Cultured tumoroids

 

Colorectal and liver

cancer
Chemotherapy

Organoids maintain

the biological

characteristics of their

original tumor

Jansen et al.

(2019)

ADSCs in tumoroid

environment

Different cancers Chemotherapy The ADSCs maintain

their genetic stability

and retain all the

Huch et al.

(2015)
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physiological

characteristics of their

original tissue.

Tumoroids with ESCs

and iPSCs in mice

models

Pancreatic Tumor Chemotherapy

ESC and iPSC

tumoroids generated

functional pancreatic

cells

Hohwieler et

al. (2019)

Different cell lines in

different tumoroids

 

 

Different cancers Chemotherapy

3D tumoroids were

able to release tumor-

related exosomes

Takanori

Eguchi et al.

(2018)

Oral Mucosal

Organoids

Oral squamous cell

carcinoma
Chemotherapy

Oral cancers

tumoroids are a smart

platform for

personalized therapy

Driehuis et al.

(2019)

Cell Carcinoma

Organoids

Head and Neck

Squamous Cell

Carcinoma

Chemotherapy

Tumoroids can

reproduce both

genetic and molecular

characteristics of the

primary tumors

Hill et al.

(2019)

31 lines of tumoroids

derived from

squamous cell

carcinoma of the head

and neck (HNSCC)

Squamous cell

carcinoma of the

head and neck

(HNSCC)

Chemotherapy

Tumoroids improve

studies on

personalized

approaches to

HNSCC

Driehuis et al.

(2019)

Organoids from

healthy tissue and

tumor tissue

Squamous cell

carcinoma of the

Photodynamic

therapy

Photodynamic therapy

can influence

epidermal growth

Driehuis et al.

(2019)
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3. Features of 3D Tumoroids

The organoid is an in vitro 3D cell cluster deriving from stem cells or progenitor organs that behave similarly to the

counterpart in vivo both in morphology and in functionality . The main feature of 3D tumoroids is the ability to

self-organize and segregate cells to form structures with histogenic properties similar to those in vivo, which is

called self-organization .

The cultivation of tumoroids in clinical research allows the possibility of cultivating several different cell types

belonging to the same organ together. The possibility of directly cultivating different cells allows the researcher to

investigate the characteristics of an in vivo system, thus referring to all the cells that compose it and being able to

analyze their interactions accordingly .

Physiologically the neoplastic cells within a tissue are organized in a complex three-dimensional network, stabilized

by nutrient gradients and signal transduction mechanisms determined by cell–cell and cell–extracellular matrix–cell

contact. The models generated thanks to the three-dimensional culture systems can satisfy the aforementioned

requirements and can therefore be used as preclinical tumor models . Multicellular spheroids can contain an

extensive extracellular matrix that determines a network of connections not only cell–cell but also cell–matrix

responsible for the penetration and action of drugs. The particular in vitro interaction of the 3D model also affects

the distribution and function of biological effectors, such as hormones and growth factors, which regulate the

mechanisms of growth, differentiation, and cellular death. These models more accurately reflect the characteristics

in vivo not only at a biochemical and mechanical level, but also at the level of gene and protein expression .

head and neck

(HNSCC)

factor (EGFR) and

tumor growth

Organoids from tumor

tissue

Esophageal

carcinoma,

Squamous cell

carcinoma of the

head and neck

(HNSCC)

Chemotherapy

Tumoroids were used

to test drugs against

the onset of HNSCC

by suppression of IL-6

Karakasheva

et al. (2018)

Metastatic cells of

metastatic colorectal

and gastro-

esophageal carcinoma

Colorectal and

gastro-esophageal

carcinoma

Chemotherapy

3D tumoroids were

used to test sensitivity

and specificity to

different drugs

Vlachogiannis

et al. (2018)
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Three-dimensional systems engineered through nanoimprinted scaffolds, according to Yukie Yoshii et al., in a work

published in early 2011, have better reproduced the native tumor microenvironment favoring growth, migration, and

intercellular adhesion. The formation of the spheroids starting from the sowing of the MSCs on the scaffolds has

also preserved and optimized cell proliferation and viability. The same authors of the experimental study also

concluded by stressing how these models are useful for delineating the biological mechanisms that regulate the

pathological anomalies observed in cancer. Nanoimprinted scaffolds are used as 3D culture models to facilitate

spontaneous tumor cell migration and well-regulated spheroid formation . Furthermore, these 3D tumoroids are

characterized by the absence of innervation and vascularization, their three-sheet structure allows for long cellular

maintenance, high genetic stability, and possible cryopreservation .

The latest studies on tumoroids confirm their use in research on the toxicity of nanomaterials. Through the use of

3D structures, the researchers would seem to have designed the nanoparticles for the specific targeting of tumors

avoiding systemic toxicity, the degradation of the NPs within the body, and the accumulation in the internal organs

without affecting the biological processes. In particular, ex vivo organoid models can be used in the early stages of

the development of nanopharmaceuticals .
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