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Editorial
Patient-Derived Cancer Models
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For many decades, basic and preclinical cancer research has been based on the use of established,
commercially available cell lines, originally derived from patients’ samples but adapted to grow
indefinitely in artificial culture conditions, and on xenograft models developed by injection of these
cells in immunocompromised animals. These models have been extremely useful for shedding light
on cancer cell biology; however, in a number of cases, they have proved to be unsuitable for
biomarker discovery, drug screening, and therapeutic preclinical testing [1].

The effort to find preclinical models able to better predict the clinical outcome led to the
generation of patient-derived cancer models, obtained either by propagating fresh tumor tissues in
experimental animals, e.g., patient-derived xenograft models (PDXs); deriving 3D structures from
human cancer tissues, i.e., organoids; or maintaining tumor cells under in vitro 2D tissue culture
conditions for a short period.

PDXs have been successfully derived from a variety of solid or hematologic primary and
metastatic cancers [2,3] by applying different procedures. Cancer samples can be subcutaneously or
orthotopically xenografted to recapitulate microenvironmental interactions within patients. In
particular, acute leukemias and other bone-marrow-resident disorders readily undergo orthotopic
engraftment after tail-vein or intraosseous injection. PDXs well recapitulate the genetic,
transcriptional, and histological features of the original tumors [4]. The genetic stability of the PDX
model through successive mouse-to-mouse passages in vivo has been questioned [5], but more recent
works have shown their genomic fidelity with respect to the originating patient tumors [6]. Moreover,
they proved to have high predictive power in biomarker discovery and drug testing, for both
molecular compounds and chemotherapy [7-9]. Compared to genetically engineered mouse models
(GEMMs), which similarly proved to successfully predict clinical efficacy [10], PDX establishment is
simpler and faster. However, the main advantage of GEMMs is their proficient immune system. The
next-generation forms of PDXs are humanized models, in which selected immune components are
introduced in mice in an effort to generate a (partially) competent human immune system [11,12].

Concerning in vitro derivatives, several groups have elaborated specific protocols for cell
isolation and 3D or 2D cultures from various tumor types, and their genotype-driven responses have
been confirmed in vivo in matched PDXs [13,14]. For their simplicity and low cost, 2D models are
widely used for high-throughput screenings, even if they are usually limited by low proliferative
capacity in culture. Three-dimensional cultures better mimic the physical features and the
architecture of the original (solid) tumors, even if they lack the stroma component [15]. Novel
techniques, however, have been recently proposed in order to obtain cancer organoids containing
fibroblasts and immune cells [16,17].

All these patient-derived experimental models should be considered complementary and not
alternative, as every model system is imperfect and suitable in its own way.

This Special Issue aims at improving our understanding of the possibilities and limitations of
patient-derived cancer models by including works not only from investigators using these models
but also from those who are engaged in developing novel models, e.g., those for cancer immunology
studies.

Cancers 2020, 12, 3779; d0i:10.3390/cancers12123779 www.mdpi.com/journal/cancers



Cancers 2020, 12, 3779 2 0of 3

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest

References

1.

10.

11.

12.

13.

14.

Johnson, J.I; Decker, S.; Zaharevitz, D.; Rubinstein, L.V.; Venditti, ] M.; Schepartz, S.; Kalyandrug, S.;
Christian, M.; Arbuck, S.; Hollingshead, M.; Sausville, E.A. Relationships between drug activity in NCI
preclinical in vitro and in vivo models and early clinical trials. Br. J. Cancer 2001, 84, 1424-1431,
doi:10.1054/bjoc.2001.1796.

Byrne, A.T.; Alférez, D.G.; Amant, F.; Annibali, D.; Arribas, J.; Biankin, A.V.; Bruna, A.; Budinska, E.;
Caldas, C.; et al. Interrogating open issues in cancer precision medicine with patient-derived xenografts.
Nat. Rev. Cancer 2017, 17, 254-268, d0i:10.1038/nrc.2016.140.

Wang, K.; Sanchez-Martin, M.; Wang, X.; Knapp, K.M.; Koche, R.; Vu, L.; Nahas, M.K,; He, J.; Hadler, M.;
Stein, E.M,; et al. Patient-derived xenotransplants can recapitulate the genetic driver landscape of acute
leukemias. Leukemia 2017, 31, 151-158.

Hidalgo, M.; Amant, F.; Biankin, A.V.; Budinska, E.; Byrne, A.T.; Caldas, C.; Clarke, R.B.; de Jong, S.;
Jonkers, J.; Melandsmo, G.M.; et al. Patient-derived xenograft models: an emerging platform for
translational cancer research. Cancer Discov. 2014, 4, 998-1013, doi:10.1158/2159-8290.

Ben-David, U.; Ha, G,; Tseng, Y.Y.; Greenwald, N.F.; Oh, C; Shih, J.; McFarland, ].M.; Wong, B.; Boehm,
].S.; Beroukhim, R.; et al. Patient-derived xenografts undergo mouse-specific tumor evolution. Nat. Genet.
2017, 49, 1567-1575.

Woo, X.Y; Giordano, |.; Srivastava, A.; Zhao, Z.M.; Lloyd, M.W; de Bruijn, R.; Suh, Y.S,; Patidar, R.; Chen,
L.; Scherer, S.; Bailey, M.; et al. Conservation of Copy Number Profiles during Engraftment and Passaging
of Patient-Derived Cancer Xenografts. Available online:
https://www biorxiv.org/content/10.1101/861393v1 (accessed on 3 December 2020).

Sartore-Bianchi, A.; Trusolino, L.; Martino, C.; Bencardino, K.; Lonardi, S.; Bergamo, F.; Zagonel, V.; Leone,
F.; Depetris, I.; Martinelli, E.; et al. Dual-targeted therapy with trastuzumab and lapatinib in treatment-
refractory, KRAS codon 12/13 wild-type, HER2-positive metastatic colorectal cancer (HERACLES): a proof-
of-concept, multicentre, open-label, phase 2 trial. Lancet Oncol. 2016, 17, 738-746, doi:10.1016/51470-
2045(16)00150-9.

Hidalgo, M.; Bruckheimer, E.; Rajeshkumar, N.V.; Garrido-Laguna, I.; De Oliveira, E.; Rubio-Viqueira, B.;
Strawn, S.; Wick, M.J.; Martell, J.; Sidransky, D. A pilot clinical study of treatment guided by personalized
tumorgrafts in patients with advanced cancer. Mol. Cancer Ther. 2011, 10, 1311-1316, doi:10.1158/1535-7163.
Garrido-Laguna, I.; Uson, M.; Rajeshkumar, N.V.; Tan, A.C.; de Oliveira, E.; Karikari, C.; Villaroel, M.C.;
Salomon, A.; Taylor, G.; Sharma, R.; et al. Tumor engraftment in nude mice and enrichment in stroma-
related gene pathways predict poor survival and resistance to gemcitabine in patients with pancreatic
cancer. Clin. Cancer Res. 2011, 17, 5793-5800, doi:10.1158/1078-0432.CCR-11-0341.

Singh, M.; Lima, A.; Molina, R.; Hamilton, P.; Clermont, A.C.; Devasthali, V.; Thompson, ].D.; Cheng, ].H.;
Bou Reslan, H.; Ho, C.C.; et al. Assessing therapeutic responses in Kras mutant cancers using genetically
engineered mouse models. Nat. Biotechnol. 2010, 28, 585-593, doi:10.1038/nbt.1640.

Holzapfel, B.M.; Wagner, F.; Thibaudeau, L.; Levesque, J.P.; Hutmacher, D.W. Concise review: humanized
models of tumor immunology in the 21st century: convergence of cancer research and tissue engineering.
Stem Cells 2015, 33, 1696-1704, doi:10.1002/stem.1978.

Stripecke, R.; Miinz, C.; Schuringa, J.J.; Bissig, K.D.; Soper, B.;Meeham, T.; Yao, L.C.; Di Santo, J.P.; Brehm,
M.; Rodriguez, E.; Wege, A.K,; et al. Innovations, challenges, and minimal information for standardization
of humanized mice. EMBO Mol. Med. 2020, 12, 8662, d0i:10.15252/emmm.201708662.

Pauli, C.; Hopkins, B.D.; Prandi, D.; Shaw, R.; Fedrizzi, T.; Sboner, A.; Sailer, V.; Augello, M.; Puca, L.;
Rosati, R.; et al. Personalized in Vitro and In Vivo Cancer Models to Guide Precision Medicine. Cancer
Discov. 2017, 7, 462-477, d0i:10.1158/2159-8290.CD-16-1154

Lazzari, L.; Corti, G.; Picco, G.; Isella, C.; Montone, M.; Arcella, P.; Durinikova, E.; Zanella, E.R.; Novara,
L.; Barbosa, F.; et al. Patient-Derived Xenografts and Matched Cell Lines Identify Pharmacogenomic
Vulnerabilities in Colorectal Cancer. Clin. Cancer Res. 2019, 25, 6243-6259, d0i:10.1158/1078-0432.CCR-18-
3440.



Cancers 2020, 12, 3779 3 0of 3

15. Yan, H,; Siu, H.C.; Law, S.; Ho, S.L.; Yue, S.; Tsui, W.Y.; Chan, D.; Chan, A.S.; Ma, S.; Lam, K.O,; et al. A
Comprehensive Human Gastric Cancer Organoid Biobank Captures Tumor Subtype Heterogeneity and
Enables Therapeutic Screening. Cell Stem Cell 2018, 23, 882-897, d0i:10.1016/j.stem.2018.09.016.

16. Neal, ].T.; Li, X;; Zhu, J.; Giangarra, V.; Grzeskowiak, C.L.; Ju, J.; Liu, I.H.; Chiou, S.H.; Salahudeen, A.A.;
Smith, A.R.; et al. Organoid Modeling of the Tumor Immune Microenvironment. Cell 2018, 175, 1972-1988,
doi:10.1016/j.cell.2018.11.021.

17. Dijkstra, KK.; Cattaneo, C.M.; Weeber, F.; Chalabi, M.; van de Haar, J.; Fanchi, L.F.; Slagter, M.; van der
Velden, D.L.; Kaing, S.; Kelderman, S.; et al. Generation of Tumor-Reactive T Cells by Co-culture of
Peripheral Blood Lymphocytes and Tumor Organoids. Cell 2018, 174, 1586-1598,
doi:10.1016/j.cell.2018.07.009.

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

© 2020 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 (http://creativecommons.org/licenses/by/4.0/).




