
Citation: Freitas de Morais, E.;

Siquara da Rocha, L.d.O.; de Souza

Santos, J.L.; Freitas, R.D.; Souza,

B.S.d.F.; Coletta, R.D.; Gurgel Rocha,

C.A. Use of Three-Dimensional Cell

Culture Models in Drug Assays for

Anti-Cancer Agents in Oral Cancer:

Protocol for a Scoping Review. J. Pers.

Med. 2023, 13, 1618. https://doi.org/

10.3390/jpm13111618

Academic Editors: Salvatore Crimi,

Peter Polverini and Angelo

Michele Inchingolo

Received: 13 July 2023

Revised: 13 September 2023

Accepted: 19 October 2023

Published: 17 November 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

Journal of

Personalized 

Medicine

Protocol

Use of Three-Dimensional Cell Culture Models in Drug Assays
for Anti-Cancer Agents in Oral Cancer: Protocol for a
Scoping Review
Everton Freitas de Morais 1 , Leonardo de Oliveira Siquara da Rocha 2,3 , John Lenon de Souza Santos 2,3,
Raíza Dias Freitas 4 , Bruno Solano de Freitas Souza 2,5, Ricardo D. Coletta 1,6

and Clarissa A. Gurgel Rocha 2,3,5,6,7,*

1 Department of Oral Diagnosis, School of Dentistry, University of Campinas (UNICAMP),
Piracicaba 13414-903, SP, Brazil; evertonf@unicamp.br (E.F.d.M.); coletta@unicamp.br (R.D.C.)

2 Gonçalo Moniz Institute, Oswaldo Cruz Foundation (IGM-FIOCRUZ/BA), Salvador 40296-710, BA, Brazil;
leonardo.oliveira@ufba.br (L.d.O.S.d.R.); john.santos@fiocruz.br (J.L.d.S.S.);
bruno.solano@fiocruz.br (B.S.d.F.S.)

3 Department of Pathology and Forensic Medicine, School of Medicine, Federal University of Bahia,
Salvador 40110-100, BA, Brazil

4 Department of Social and Pediatric Dentistry, School of Dentistry, Federal University of Bahia,
Salvador 40110-150, BA, Brazil; raiza.dias@ufba.br

5 D’Or Institute for Research and Education (IDOR), Salvador 41253-190, BA, Brazil
6 Graduate Program in Oral Biology, School of Dentistry, University of Campinas,

Piracicaba 13414-903, SP, Brazil
7 Department of Propaedeutics, School of Dentistry, Federal University of Bahia, Salvador 40110-150, BA, Brazil
* Correspondence: clarissa.gurgel@fiocruz.br or gurgel.clarissa@gmail.com; Tel.: +55-71-31762209 (ext. 2289)

Abstract: Advances in the development of pharmacological treatment in oral cancer require tumor
models capable of simulating the complex biology of the tumor microenvironment. The spread of
three-dimensional models has changed the scenery of in vitro cell culture techniques, contributing
to translational oncology. Still, the full extent of their application in preclinical drug trials is yet
to be understood. Therefore, the present scoping review protocol was established to screen the
literature on using three-dimensional cell culture models in drug-testing assays in the context of oral
cancer. This scoping review will be conducted based on the guidelines established by the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses Extension for Scoping Review guidelines
(PRISMA-ScR). We will search the PubMed/Medline, Web of Science, Scopus, and Embase databases,
as well as the gray literature, including peer-reviewed research articles involving 3D models applied
to drug-assessment assays in oral cancer published from 1 March 2013 until 1 March 2023. Data will
be charted, and findings will be described according to the predetermined questions of interest. We
will present these findings in a narrative manner.

Keywords: mouth neoplasms; cell culture techniques; three-dimensional; organoids; drug-screening
assays; antitumor; pharmacology

1. Introduction

A persistent challenge in oncology research is managing the complex biology behind
tumor behavior and progression. This is true for aggressive diseases such as oral cancer,
which remains among the most frequent and debilitating types of cancers worldwide [1,2].
Its most common subtype, oral squamous cell carcinoma (OSCC), usually requires extensive
surgical treatment, significantly impacting patient outcomes [3,4]. Despite existing treat-
ments, the average 5-year survival rate remains around 50%, especially among advanced
cases [5]. Developing therapies against oral cancer cases is challenged by the tumor’s
genetic heterogeneity, rapidly evolving phenotypes, and immune- and treatment-defense
strategies [6].
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The focus of preclinical research in oral cancer has shifted from studying only the
tumor cell to studying the tumor microenvironment (TME), whose heterogeneous cell
population and transformable extracellular matrix (ECM) define the way tumors behave
and respond to treatment [7]. The non-tumoral cells within the OSCC TME not only may
represent up to 90% of the tumor mass [8], but also hold an important place in shaping
tumor growth and dissemination [9]. Cancer-associated fibroblasts, the main stromal cell
type in OSCC, modulate the TME, influencing tumor progression from cell proliferation and
metastasis to drug resistance [10]. Aside from cellular populations, the extracellular matrix
can also modulate tumor behavior through characteristics such as tumor stiffness [10,11],
metabolism [10,12,13], and secretion of growth factors promoting tumor initiation and
invasion [14,15]. The mirroring of the dynamics and composition of the TME in preclinical
studies requires models that replicate cellular spatial assembly and behavior.

Cell culture systems have significantly impacted the field of biology by reducing the
necessity for laboratory animal use while advancing research, pharmaceutical discoveries,
and the evolution of medicine [16]. Initially, cells were cultivated in a two-dimensional
(2D) format, adhering to polystyrene utensils or flat surfaces [17]. However, researchers
soon began culturing cells in three-dimensional (3D) environments with attachment pro-
teins within a synthesized ECM [18,19]. The traditional 2D in vitro cell culture system
involves cell growth as a monolayer on a flat surface [17], a practice that dates to the early
1900s. This method has been historically utilized in research, especially for co-culturing
cellular heterogeneity and evaluating the biological performance of bioactive molecules
in oncological research [17]. Nonetheless, this culture system has several limitations, as
it fails to accurately replicate functional conditions and the natural microenvironment,
including structure, physiology, biological signals of living tissues, as well as cell–cell
and cell–matrix interactions [18]. In this context, three-dimensional culture systems have
become popular due to their ability to mimic tissue-like structures more effectively than
two-dimensional cultures [16]. Several 3D methods have been developed and evaluated for
multiple purposes, such as disease modeling, drug testing, and identifying new therapeutic
targets [16,17].

Preclinical drug trials in cancer are reliant on models that allow for the pharmacological
testing of tumor cell lines, such as adherent cell culture models, which are still a common
resource for researchers worldwide for their technical simplicity, financial feasibility, and
reproducibility inside a laboratory [2]. Nevertheless, 2D cultures may not sufficiently mimic
the physiological conditions of cells, as they do not reflect the complex architecture and the
three-dimensional interactions that occur among cells in vivo. Differently from what can
be simulated in 2D laboratory models, pharmacological distribution and response inside a
tumor are influenced by the organization of TME cells and their interactions with the ECM.
Therefore, deceptive data from 2D cell culture models often lead to the irrelevant prediction
of drug efficacy and toxicity, failing drug validation and approval processes [16–18].

The application of 3D culture models in vitro to reconstitute essential aspects of
the TME, such as cell heterogeneity [19,20], nutrient distribution [21,22], and oxygen
gradients [23,24], is now widely discussed as a proper model for preliminary drug research
in oncology. New tools are being developed to enable the accurate modeling of tumor
responses to pharmacological testing [2,4] by incorporating non-cellular components, such
as ECM proteins, and developing heterotypic models containing stromal cells, such as
fibroblasts, endothelial cells, or even immune cells [6]. The abundance of distinct 3D culture
methods and protocols confuses the criteria for their application and eligibility, considering the
desired assays and objectives. Nonetheless, 3D models such as spheroid and organoid cultures
promise superior results over standard monolayer techniques and are positioned as a helpful
tool in pharmacological testing and molecular and cellular studies of cancer progression. Their
usage potentially increases the accuracy of drug selection and the advancement of clinical
trials, meaning a quicker development of personalized medicine [3].

This current study aims to evaluate how 3D in vitro methods have been employed in
drug-testing assays in oral cancer, highlighting how available 3D technologies translate
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the reality of oral cancer’s susceptibility to anticancer drugs. A scoping review will be
performed to map the current state of evidence and identify the lacunae in the literature
related to the role of 3D culture methods applied to oral cancer and preclinical trials of
anti-cancer drugs.

2. Materials and Methods
2.1. Research Questions

Considering this review’s aim, we intend to answer the following research questions:

1. What protocols and techniques are recommended for applying three-dimensional
culture methods in preclinical trials of anti-cancer drugs targeting oral cancer?

2. Which 3D culture models have been predominantly utilized in preclinical drug trials
for oral cancer treatment, and what are their primary applications?

3. What are the documented advantages and challenges of using 3D culture models in
preclinical drug trials for oral cancer as compared to traditional 2D models?

2.2. Study Design

This scoping review protocol was formulated based on the guidelines set by Arksey
and O’Malley [25] and aligns with the Joanna Briggs Institute’s recommendations for con-
structing scoping reviews [26]. We used the population–concept–context (PCC) mnemonic
to define the research question and shape the eligibility criteria and the literature search,
as shown in Table 1. The reporting of this scoping review was based on the title, intro-
duction, and methods section of the PRISMA Extension for Scoping Reviews (Table S2
Supplementary File) [27].

Table 1. The main population–concept–context mnemonic (PCC).

Population Concept Context

N/A Three-dimensional models used for drug screening Oral Cancer

2.3. Search Strategy

The search strategy for PubMed/Medline was formulated (Table 2) and then cus-
tomized to the databases Embase, Scopus, and Web of Science (Table S2 Supplementary
Materials). Additionally, we will explore the gray literature through Google Scholar. We
designed the search strategy by integrating Medical Subject Headings (MeSH) terms, their
entry terms, and other relevant keywords using the Boolean operators “AND”, “OR”,
and “NOT”. The search strategy was based on three concept clusters: (1) oral cancer,
(2) three-dimensional cell culture models, and (3) drug-screening assays.

Table 2. Search strategy.

Database Strategy

PubMed/Medline

((“Mouth Neoplasms” [Mesh] OR “Mouth Neoplasms” OR “Mouth Neoplasm” OR “Neoplasm, Mouth” OR
“Neoplasms, Oral” OR “Neoplasm, Oral” OR “Oral Neoplasm” OR “Oral Neoplasms” OR “Cancer of Mouth” OR
“Mouth Cancers” OR “Oral Cancer” OR “Cancer, Oral” OR “Cancers, Oral” OR “Oral Cancers” OR “Cancer of the

Mouth” OR “Mouth Cancer” OR “Cancer, Mouth” OR “Cancers, Mouth” OR “Oral Tongue Squamous Cell
Carcinoma” OR “Oral Squamous Cell Carcinoma” OR “Oral Cavity Squamous Cell Carcinoma” OR “Oral

Squamous Cell Carcinomas” OR “Squamous Cell Carcinoma of the Mouth”) AND (“Cell Culture Techniques,
Three Dimensional” [Mesh] OR “Cell Culture Techniques, Three Dimensional” OR “3D Cell Culture” OR “3D Cell
Cultures” OR “Cell Culture, 3D” OR “Cell Cultures, 3D” OR “Cultures, 3D Cell” OR “3-Dimensional Cell Culture”
OR “3 Dimensional Cell Culture” OR “3-Dimensional Cell Cultures” OR “Three-Dimensional Cell Culture” OR

“Cell Culture, Three-Dimensional” OR “Cell Cultures, Three-Dimensional” OR “Three Dimensional Cell Culture”
OR “Three-Dimensional Cell Cultures” OR “3-D Cell Culture” OR “3 D Cell Culture” OR “3-D Cell Cultures” OR
“Cell Culture, 3-D” OR “Scaffold Cell Culture Techniques” OR “Scaffold Cell Culture” OR “Cell Culture, Scaffold”

OR “Cell Cultures, Scaffold” OR “Scaffold Cell Cultures” OR “Organoids” [Mesh] OR “Organoids” OR
“Organoid”)) AND (“Drug Screening Assays, Antitumor” [Mesh] OR “Drug Screening Assays, Antitumor” OR
“Antitumor Drug Screening Assays” OR “Cancer Drug Test” OR “Antitumor Drug Screen” OR “Anti-Cancer

Drug Screens” OR “Anti Cancer Drug Screens” OR “Anti-Cancer Drug Screen” OR “Screen, Anti-Cancer Drug”
OR “Anticancer Drug Sensitivity Tests” OR “Tumor-Specific Drug Screening Tests” OR “Tumor Specific Drug

Screening Tests” OR “Pharmacology” [Mesh] OR “Pharmacology” OR “Pharmacologies”)
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The methods of this study are summarized in Figure 1.
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Figure 1. Graphic representation of the methodological steps of this study.

Searches will be performed, and results will be exported in Comma-Separated Values
(CSV) format to Microsoft Excel (version 2302). Deduplication will be performed manually
by two independent reviewers, who will proceed with the application of the inclusion and
exclusion criteria.

2.4. Study Selection
2.4.1. Inclusion Criteria

Studies that have been published in the last ten years were initially included before
proceeding with exclusion criteria. All articles found were included regardless of language
or journal source.

2.4.2. Exclusion Criteria

Studies were excluded if they met any of the following criteria:

• Reviews of any sort, book chapters, author’s opinion/comments, editorials, meeting
abstracts, conference abstracts and study protocols, and articles without available
full text;

• Studies not regarding oral cancer;
• Studies that did not employ in vitro three-dimensional methods of any sort;
• Studies that did not perform preclinical drug trials or evaluations.

The screening of studies was conducted by two authors independently. Inter-rater
agreement was assessed through Cohen’s κ at the abstract review stage. Discrepancies
were resolved by discussion or a third reviewer if they remained. Reviewers screened the
search results initially based on the studies’ titles, proceeding to assess their abstracts and
full text when necessary.
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2.5. Data Extraction and Charting

Data extraction was performed by two reviewers according to predetermined ex-
traction items. Data from eligible studies was tabulated in a Microsoft Excel sheet under
headings compatible with the items defined in this protocol. After extraction, data was
discussed among the authors. Since no standard checklist exists for in vitro studies, we
created our items of assessment based on the most essential components of in vitro studies
and relevant information to the question of our study. The items were answered by yes or
no, followed by explanatory answers when necessary. No studies were excluded based on
the quality assessment.

The following items were assessed during data extraction:

1. What subtype or subtypes of oral cancer were evaluated (e.g., cell line, cell bank,
origin, topographical location on the mouth)?

2. What were the cell culture conditions (culture medium, additives, atmosphere, tem-
perature)?

3. What was the three-dimensional model or models used (e.g., spheroids, organoids,
organ-on-a-chip) and their specifications (e.g., protocol steps, use of scaffolds, patient-
derived explants)?

4. What were the evaluated compounds and their relevant information (e.g., purchase,
concentration)? Were they antineoplastic agents?

5. What was the treatment protocol (e.g., application scheme, duration, association with
other treatments)?

6. What were the control group(s)/conditions?
7. What assays were performed to evaluate compound effects (e.g., cell death, cytotoxic-

ity, invasion, migration)? What were their results?
8. What statistical analysis was performed? How many samples (e.g., number of

spheroids or organoids) were used? How many assay repetitions were made?
9. What are the authors’ conclusions?
10. Overall, does the study mention all data accurately?

Quality of evidence was evaluated by the GRADE method [28] adapted for in vitro
studies [29]. Two independent reviewers categorized the included articles as “high”,
“moderate”, “low”, and “very low” quality. Discrepancies were discussed among the
authors to reach a final decision. Based on these evaluations, articles were classified
accordingly [30].

2.6. Analysis Plan
2.6.1. Data Analysis Approach

We applied qualitative analysis of the extracted data to understand how 3D culture
methods have been employed in preclinical trials of anti-neoplastic agents in oral cancer.

2.6.2. Data Summary

We intend to present our results in narrative form, including tables containing the
relevant extracted information. Findings will be described according to the review questions
objectively, and the results section may undergo further adjustments after the results are
reviewed. As a guideline, the PRISMA-ScR checklist was used in this review.

Any further changes to the study protocol were made as necessary and reported
accordingly.

3. Discussion

Oral cancer, the sixth leading cause of cancer-related deaths globally [2], is often asso-
ciated with early and extensive lymph node metastases, contributing to its classification
among malignancies with notably low survival rates. Despite advancements in diagnostic
and therapeutic strategies for oral cancer over recent decades, the five-year survival rate
remains below the desired levels [1]. Currently, early-stage non-metastatic oral cancer
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(stages I and II) can often be effectively treated with surgery alone. However, for advanced
oral cancer (stages III and IV), conventional surgical intervention and external radiotherapy
must be supplemented with supportive treatment involving a combination of chemother-
apeutic agents [1]. Novel drug establishment faces many challenges in current oncology
research. The cost of securing new medication has more than doubled in ten years [31],
and new compounds may take 10–15 years to become available to the public [30]. Aside
from being time-consuming and costly, drug development in oncology maintains a low
success rate, with under 5% of tested drugs reaching the pharmacy shelves and the average
patient [30,32,33]. One of the challenges behind this process is the difficulty in the transla-
tion of research from the laboratory to clinical practice. Traditional laboratory models, such
as 2D cell culture or xenograft animal models, do not adequately capture the dynamics of
the TME [17,34,35]. In the same way that characterizing the tumor microenvironment is a
significant step in identifying prognosis-related and targetable markers [9], reproducing
such characteristics in laboratory pharmacological research is crucial for therapy devel-
opment. Developing and disseminating three-dimensional models is an important step
in bridging this gap. Nevertheless, considering the diversity of methods, technologies,
and applications [36–38], an appraisal of the role of these models in preclinical drug trials
is needed.

To meet the increasing demand for a single technology that adequately caters to 3D
cell culture needs, various methods have been developed. The utilization of 3D culture
models allows for the examination of morphological and cellular arrangements influenced
by ECM interactions, crucially altered in oncogenic transformation. Consequently, these
3D in vitro tumor models play a vital role in studying cancer growth mechanisms and
metastasis [39]. Employing appropriate 3D culture approaches offers a more physiolog-
ically relevant method to analyze gene expression and cell phenotype outside of their
natural environment [38]. The engineering of 3D cultures is guided by distinct fundamental
principles: the cell nature (from its selection and isolation from the original tissue to consid-
erations regarding specific cell lines), artificial 3D microenvironment (which stimulates or
allows for ECM production), biomaterial-based scaffolding (which may be natural, syn-
thetic, or rigid), signaling molecules (proteins and growth factors), and bioreactors (for cell
culture) that sustain a biologically active cellular milieu [38,40,41]. Hence, these parameters
necessitate thorough evaluation before selecting the most pertinent technique and model.
Culture systems can be scaffold-based, relying on natural or artificial solid scaffolds, or
scaffold-free, such as spheroids (non-scaffold based) [38].

In the 3D cell culture environment, a significant increase in the resistance of neoplastic
cells to treatment with chemotherapy drugs is noted. Heightened resistance to cytotoxic
drugs within 3D culture models can be attributed to various factors. These encompass
an elevated expression of cancer stem cell-associated proteins [40–43], the upregulation
of numerous drug resistance genes and microRNAs [42], overexpression of multi-drug
resistance proteins in cultured cells, hindered drug penetration in multicellular 3D models,
and remodeling of the ECM [42,43]. Moreover, the exposure of cells in a 3D culture to
varying levels of essential compounds in a gradient may elucidate the divergent responses
observed across different models [43]. The interactions of cells among themselves and
with the ECM also significantly influence the cellular response to drugs. Additionally,
the structural composition and density of 3D spheroids, which is developed distinctly
among different cancer cell lines, can impact their response to drugs. Cells forming dense
spheroids exhibit heightened resistance to paclitaxel and doxorubicin compared to cells
in 2D culture. Conversely, cells forming loose 3D spheroids demonstrate a drug response
comparable to 2D-cultured cells [31,35]. Matrix stiffness is another critical factor affecting
drug resistance in 3D culture models and plays a substantial role in determining cellular
responses to anti-cancer agents. A study by Ki et al. demonstrated that the immobilization
of an EGFR inhibitor (NYQQNC) on PANC-1 cells led to reduced cell viability in stiff
hydrogels but not in hydrogels with low stiffness [44].



J. Pers. Med. 2023, 13, 1618 7 of 10

Oral cancer is distinguished by a heightened presence of immune cells infiltrating
the tumor, defining it as a highly immunogenic tumor [45]. Within the intricate tumor
microenvironment, which encompasses the ECM, diverse stromal cells and immune cells
coordinate a dynamic interplay with the tumor cells. Notable interacting cell types include
tumor-associated macrophages (TAMs), regulatory T cells (Tregs), cancer-associated fibrob-
lasts (CAFs), and endothelial cells [46]. Moreover, the innate immune system is present in
the TME as macrophages, dendritic cells (DCs), neutrophils, myeloid-derived suppressor
cells (MDSCs), natural killer cells (NKs), and innate lymphoid cells. The adaptive immune
response is represented by T cells and B cells [47]. The communication and interplay
among these cells, as well as with the ECM and tumor cells, play a pivotal role in propelling
tumor progression [46,47] and must be considered when developing a three-dimensional
culture model.

Diverse 3D monoculture and double/triple co-culture systems exhibit distinct re-
sponses of cancer cells to anti-cancer drugs based on the composition of the ECM, cellular
interactions, and soluble factors secreted by the cells [40]. In a separate study, Huh-7 cells
cultured in a 2D model demonstrated greater sensitivity to sorafenib compared to those
in a 3D monoculture. Additionally, cells in the 3D culture exhibited higher sensitivity to
sorafenib than Huh-7 cells co-cultured with hepatic stellate cells [47]. The tumor microen-
vironment further influences drug response in triple culture scenarios. Non-small cell
lung cancer (NSCLC) cells (NCI-H157) displayed increased resistance to paclitaxel when
co-cultured with CAFs and monocytes compared to monocultured cells [48]. However,
interaction with neighboring cells in the tumor microenvironment does not consistently en-
hance drug resistance. The response of NCI-H157 to cisplatin remained unchanged in both
monoculture and triple culture conditions with CAFs and monocytes [49]. Consequently,
understanding the drug responses of patient-derived cells cultured in multicellular tumor
models can provide insights into in vivo drug responses, making such models pivotal in
the realm of precision medicine.

Tumor organoids possess the potential to serve as an in vitro representation of a
patient’s tumor, replicating its molecular and phenotypic diversity. This characteristic
makes tumor organoids valuable for predicting how individual patients might respond
to specific treatments in the realm of personalized medicine. Pasch et al. [49] successfully
developed tumor organoids from diverse cancer types (including breast, colorectal, lung,
neuroendocrine, ovarian, pancreatic, and prostate cancers). They utilized various biopsy
sample types (such as core needle biopsies, paracentesis, or surgical samples) and consid-
ered different clinical settings (whether the patient had undergone chemotherapy and/or
radiotherapy). Their results further supported the potential of tumor organoids in assessing
treatment responses in patients [16,17]. Despite the promise of 3D models in the realm of
research, their utilization comes with its own set of challenges. Firstly, the selection of a
specific 3D culture method depends on the scientific inquiry at hand, with each method
being tailored to address different research objectives [50,51]. However, several methodolo-
gies overlook the intricate interplay of the microenvironment in terms of its physical and
chemical properties, especially concerning drug resistance. Additionally, employing static
models, with or without scaffolds, might prove insufficient for studying dynamic processes
such as metastasis, where fluid movements play a crucial role. Employing more intricate
3D models such as organoids or utilizing 3D bioprinting techniques could significantly
enhance disease simulation and facilitate the development of personalized medicine pro-
grams. However, integrating complex 3D models into high-throughput screening processes
may not be straightforward [50]. Furthermore, the heightened structural complexity of
3D cultures could pose challenges during analysis. One way to address this complexity
is by integrating in silico models during analysis. The selection of the most appropri-
ate 3D model hinges on the analytical processes that will be applied, and most existing
analysis methods, which were initially designed for conventional 2D cell cultures, often
struggle to adapt to 3D cultures and necessitate extensive validation steps [51]. Notably,
3D models encompass a more developed ECM, which can act as a barrier or a trap for
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chemicals and compounds. Unfortunately, this characteristic can be associated with issues
related to diffusion during lysis or metabolic assays [50,51]. Nevertheless, these challenges
should be faced during the development of novel models, which creates an opportunity
for enhancement of the available technology in cell culture. Just as 2D culture methods
prompted the development of analytical techniques, the increased use of 3D models will
drive the innovation of new analytical approaches. The potential of 3D cultures lies in
bridging the gap between in vitro and in vivo models. By augmenting the complexity of
3D models, while maintaining reliability and feasibility, in vitro researchers can come closer
to the observations seen in vivo. Moreover, by incorporating computer modeling, it may
be feasible to integrate 3D models into a more systemic environment.

The results from this scoping review will map the current utilization of these ap-
proaches in drug assessment in oral cancer. We aim to contribute to a better understanding
of the suitability of three-dimensional models in preclinical drug trials and their potential
to improve treatment development in oncology.
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from [27]. Table S2: Extended search strategy including customized queries inserted to the databases
Embase, Scopus, and Web of Science.

Author Contributions: Conceptualization—R.D.C. and C.A.G.R.; methodology—E.F.d.M., L.d.O.S.d.R.,
J.L.d.S.S., R.D.F., B.S.d.F.S., R.D.C. and C.A.G.R.; validation—E.F.d.M., L.d.O.S.d.R., J.L.d.S.S. and
R.D.F.; formal analysis—E.F.d.M., L.d.O.S.d.R., J.L.d.S.S., R.D.F., B.S.d.F.S., R.D.C. and C.A.G.R.;
investigation—E.F.d.M., L.d.O.S.d.R., J.L.d.S.S. and R.D.F.; resources—B.S.d.F.S., R.D.C. and C.A.G.R.;
data curation—E.F.d.M., L.d.O.S.d.R., J.L.d.S.S. and R.D.F.; writing (original draft preparation)—E.F.d.M.,
L.d.O.S.d.R. and J.L.d.S.S.; writing (reviewing and editing)—E.F.d.M., L.d.O.S.d.R., J.L.d.S.S., R.D.F.,
B.S.d.F.S., R.D.C. and C.A.G.R., visualization—E.F.d.M., L.d.O.S.d.R., J.L.d.S.S., R.D.F., B.S.d.F.S.,
R.D.C. and C.A.G.R.; supervision—B.S.d.F.S., R.D.C. and C.A.G.R.; project administration—R.D.C.
and C.A.G.R.; funding acquisition, R.D.C. and C.A.G.R. All authors have read and agreed to the
published version of the manuscript.

Funding: This research was funded by the Brazilian Government’s Ministry of Health PRONON
initiative (NUP: 25000.192875/2019-78), Brazilian research financial institution, the National Council
for Scientific and Technological Development (CNPq) (308276/2019-1), Fundação de Amparo à
Pesquisa do Estado de São Paulo-FAPESP (2022/00994-5). E.F.d.M. is a research fellow supported by
Fundação de Amparo à Pesquisa do Estado de São Paulo-FAPESP (2022/00994-5).

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or
in the decision to publish the results.

References
1. El-Naggar, A.K. WHO Classification of Head and Neck Tumours; World Health Organization: Geneva, Switzerland, 2017.
2. Sung, H.; Ferlay, J.; Siegel, R.L.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global Cancer Statistics 2020: GLOBOCAN

Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J. Clin. 2021, 71, 209–249. [CrossRef]
[PubMed]

3. Gondivkar, S.M.; Gadbail, A.R.; Sarode, S.C.; Hedaoo, A.; Dasgupta, S.; Sharma, B.; Sharma, A.; Gondivkar, R.S.; Yuwanati, M.;
Patil, S.; et al. Oral and general health-related quality of life in oral squamous cell carcinoma patients-comparative analysis of
different treatment regims. J. Oral Biol. Craniofac. Res. 2021, 11, 125–131. [CrossRef] [PubMed]

4. Bavle, R.M.; Venugopal, R.; Konda, P.; Muniswamappa, S.; Makarla, S. Molecular Classification of Oral Squamous Cell Carcinoma.
J. Clin. Diagn. Res. 2016, 10, ZE18. [CrossRef] [PubMed]

https://www.mdpi.com/article/10.3390/jpm13111618/s1
https://www.mdpi.com/article/10.3390/jpm13111618/s1
https://doi.org/10.3322/caac.21660
https://www.ncbi.nlm.nih.gov/pubmed/33538338
https://doi.org/10.1016/j.jobcr.2021.01.004
https://www.ncbi.nlm.nih.gov/pubmed/33532199
https://doi.org/10.7860/JCDR/2016/19967.8565
https://www.ncbi.nlm.nih.gov/pubmed/27790599


J. Pers. Med. 2023, 13, 1618 9 of 10

5. Jehn, P.; Dittmann, J.; Zimmerer, R.; Stier, R.; Jehn, M.; Gellrich, N.C.; Tavassol, F.; Spalthoff, S. Survival Rates According to
Tumour Location in Patients with Surgically Treated Oral and Oropharyngeal Squamous Cell Carcinoma. Anticancer Res. 2019, 39,
2527–2533. [CrossRef]

6. Zandberg, D.P.; Tallon, L.J.; Nagaraj, S.; Sadzewicz, L.K.; Zhang, Y.; Strome, M.B.; Zhao, X.E.; Vavikolanu, K.; Zhang, X.;
Papadimitriou, J.C.; et al. Intratumor genetic heterogeneity in squamous cell carcinoma of the oral cavity. Head Neck 2019, 41,
2514–2524. [CrossRef]

7. Hunter, K.D.; Lambert, D.W.; Coletta, R.D. Editorial: The Translational and Therapeutic Potential of the Tumor Microenvironment
in Oral Cancer. Front. Oral Health 2021, 2, 66. [CrossRef]

8. Weinberg, R.A. The Biology of Cancer; W.W. Norton & Company: New York, NY, USA, 2013. [CrossRef]
9. Elmusrati, A.; Wang, J.; Wang, C.Y. Tumor microenvironment and immune evasion in head and neck squamous cell carcinoma.

Int. J. Oral Sci. 2021, 13, 24. [CrossRef]
10. Peltanova, B.; Raudenska, M.; Masarik, M. Effect of tumor microenvironment on pathogenesis of the head and neck squamous

cell carcinoma: A systematic review. Mol. Cancer 2019, 18, 63. [CrossRef]
11. Matte, B.F.; Kumar, A.; Placone, J.K.; Zanella, V.G.; Martins, M.D.; Engler, A.J.; Lamers, M.L. Matrix stiffness mechanically

conditions EMT and migratory behavior of oral squamous cell carcinoma. J. Cell Sci. 2019, 132, 224360. [CrossRef]
12. Henke, E.; Nandigama, R.; Ergün, S. Extracellular Matrix in the Tumor Microenvironment and Its Impact on Cancer Therapy.

Front. Mol. Biosci. 2020, 6, 470149. [CrossRef]
13. Kumar, D.; New, J.; Vishwakarma, V.; Joshi, R.; Enders, J.; Lin, F.; Dasari, S.; Gutierrez, W.R.; Leef, G.; Ponnurangam, S.; et al.

Cancer-associated fibroblasts drive glycolysis in a targetable signaling loop implicated in head and neck squamous cell carcinoma
progression. Cancer Res. 2018, 78, 3769. [CrossRef] [PubMed]

14. Kumar, K.V.; Hema, K.N. Extracellular matrix in invasion and metastasis of oral squamous cell carcinoma. J. Oral Maxillofac.
Pathol. 2019, 23, 10. [CrossRef] [PubMed]

15. Popova, N.V.; Jücker, M. The Functional Role of Extracellular Matrix Proteins in Cancer. Cancers 2022, 14, 238. [CrossRef]
16. Chaicharoenaudomrung, N.; Kunhorm, P.; Noisa, P. Three-dimensional cell culture systems as an in vitro platform for cancer and

stem cell modeling. World J. Stem Cells 2019, 11, 1065–1083. [CrossRef] [PubMed]
17. Jensen, C.; Teng, Y. Is It Time to Start Transitioning From 2D to 3D Cell Culture? Front. Mol. Biosci. 2020, 7, 33. [CrossRef]

[PubMed]
18. Law, A.M.K.; Rodriguez de la Fuente, L.; Grundy, T.J.; Fang, G.; Valdes-Mora, F.; Gallego-Ortega, D. Advancements in 3D Cell

Culture Systems for Personalizing Anti-Cancer Therapies. Front. Oncol. 2021, 11, 782766. [CrossRef]
19. Anderson, N.M.; Simon, M.C. The tumor microenvironment. Curr. Biol. 2020, 30, R921–R925. [CrossRef]
20. Baghban, R.; Roshangar, L.; Jahanban-Esfahlan, R.; Seidi, K.; Ebrahimi-Kalan, A.; Jaymand, M.; Kolahian, S.; Javaheri, T.; Zare, P.

Tumor microenvironment complexity and therapeutic implications at a glance. Cell Commun. Signal. 2020, 18, 59. [CrossRef]
21. Reinfeld, B.I.; Madden, M.Z.; Wolf, M.M.; Chytil, A.; Bader, J.E.; Patterson, A.R.; Sugiura, A.; Cohen, A.S.; Ali, A.; Do, B.T.; et al.

Cell Programmed Nutrient Partitioning in the Tumor Microenvironment. Nature 2021, 593, 282. [CrossRef]
22. Vaziri-Gohar, A.; Cassel, J.; Mohammed, F.S.; Zarei, M.; Hue, J.J.; Hajihassani, O.; Graor, H.J.; Srikanth, Y.V.; Karim, S.A.; Abbas,

A.; et al. Limited nutrient availability in the tumor microenvironment renders pancreatic tumors sensitive to allosteric IDH1
inhibitors. Nat. Cancer 2022, 3, 852–865. [CrossRef]

23. Emami Nejad, A.; Najafgholian, S.; Rostami, A.; Sistani, A.; Shojaeifar, S.; Esparvarinha, M.; Nedaeinia, R.; Haghjooy Javanmard,
S.; Taherian, M.; Ahmadlou, M.; et al. The role of hypoxia in the tumor microenvironment and development of cancer stem cell:
A novel approach to developing treatment. Cancer Cell Int. 2021, 21, 62. [CrossRef] [PubMed]

24. Li, Y.; Zhao, L.; Li, X.F. Hypoxia and the Tumor Microenvironment. Technol. Cancer Res. Treat. 2021, 20, 1–9. [CrossRef] [PubMed]
25. Arksey, H.; O’Malley, L. Scoping studies: Towards a methodological framework. Int. J. Soc. Res. Methodol. 2005, 8, 19–32.

[CrossRef]
26. Aromataris, E.; Munn, Z. JBI Manual for Evidence Synthesis; JBI: North Adelaide, Australia, 2020. [CrossRef]
27. Tricco, A.C.; Lillie, E.; Zarin, W.; O’Brien, K.K.; Colquhoun, H.; Levac, D.; Moher, D.; Peters, M.D.; Horsley, T.; Weeks, L.; et al.

PRISMA Extension for Scoping Reviews (PRISMAScR): Checklist and Explanation. Ann Intern Med. 2018, 169, 467–473. [CrossRef]
28. Pavan, L.M.C.; Rêgo, D.F.; Elias, S.T.; De Luca Canto, G.; Guerra, E.N.S. In vitro Anti-Tumor Effects of Statins on Head and Neck

Squamous Cell Carcinoma: A Systematic Review. PLoS ONE 2015, 10, e0130476. [CrossRef]
29. Xiao, Z.; Li, C.W.; Shan, J.; Luo, L.; Feng, L.; Lu, J.; Li, S.F.; Long, D.; Li, Y.P. Interventions to improve chronic cyclosporine A

nephrotoxicity through inhibiting renal cell apoptosis: A systematic review. Chin. Med. J. 2013, 126, 3767–3774. [CrossRef]
30. Xue, H.; Li, J.; Xie, H.; Wang, Y. Review of Drug Repositioning Approaches and Resources. Int. J. Biol. Sci. 2018, 14, 1232–1244.

[CrossRef]
31. Wouters, O.J.; McKee, M.; Luyten, J. Estimated Research and Development Investment Needed to Bring a New Medicine to

Market, 2009–2018. JAMA 2020, 323, 844–853. [CrossRef]
32. Yeu, Y.; Yoon, Y.; Park, S. Protein localization vector propagation: A method for improving the accuracy of drug repositioning.

Mol. Biosyst. 2015, 11, 2096–2102. [CrossRef]
33. Cavalcante, B.R.R.; Freitas, R.D.; de Oliveira Siquara da Rocha, L.; Rocha, G.V.; de Carvalho Pachêco, T.C.; Pereira Ramos, P.I.;

Gurgel Rocha, C.A. In silico approaches for drug repurposing in oncology: Protocol for a scoping review of existing evidence.
PLoS ONE 2022, 17, e0271002. [CrossRef]

https://doi.org/10.21873/anticanres.13374
https://doi.org/10.1002/hed.25719
https://doi.org/10.3389/froh.2021.763731
https://doi.org/10.1201/9780429258794
https://doi.org/10.1038/s41368-021-00131-7
https://doi.org/10.1186/s12943-019-0983-5
https://doi.org/10.1242/jcs.224360
https://doi.org/10.3389/fmolb.2019.00160
https://doi.org/10.1158/0008-5472.CAN-17-1076
https://www.ncbi.nlm.nih.gov/pubmed/29769197
https://doi.org/10.4103/jomfp.JOMFP_97_19
https://www.ncbi.nlm.nih.gov/pubmed/31110410
https://doi.org/10.3390/cancers14010238
https://doi.org/10.4252/wjsc.v11.i12.1065
https://www.ncbi.nlm.nih.gov/pubmed/31875869
https://doi.org/10.3389/fmolb.2020.00033
https://www.ncbi.nlm.nih.gov/pubmed/32211418
https://doi.org/10.3389/fonc.2021.782766
https://doi.org/10.1016/j.cub.2020.06.081
https://doi.org/10.1186/s12964-020-0530-4
https://doi.org/10.1038/s41586-021-03442-1
https://doi.org/10.1038/s43018-022-00393-y
https://doi.org/10.1186/s12935-020-01719-5
https://www.ncbi.nlm.nih.gov/pubmed/33472628
https://doi.org/10.1177/15330338211036304
https://www.ncbi.nlm.nih.gov/pubmed/34350796
https://doi.org/10.1080/1364557032000119616
https://doi.org/10.46658/JBIMES-20-01
https://doi.org/10.7326/M18-0850
https://doi.org/10.1371/journal.pone.0130476
https://doi.org/10.3760/CMA.J.ISSN.0366-6999.20122929
https://doi.org/10.7150/ijbs.24612
https://doi.org/10.1001/jama.2020.1166
https://doi.org/10.1039/C5MB00306G
https://doi.org/10.1371/journal.pone.0271002


J. Pers. Med. 2023, 13, 1618 10 of 10
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