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Introduction

Why do we need cancer model systems? What is a cancer model system?
Using cells to study cancer: cancer cell lines.

Human cell lines
Animal cell lines

Animal models
Rodent model systems

Chemically-induced cancers
Genetically engineered models
Xenograft models

Companion animals
Organoid models
Cancer Omics
Mathematical and Computer models

Why do we need cancer models? What is a cancer model system?
Cancer is a major health concern and a leading cause of death around the world. Fortunately, due to intensive research, long-
term survival has improved dramatically for most cancer types.1 2 Cancer research and treatment development depends heavily
on the use of laboratory systems designed to mimic at least some aspects of human cancer. These models can be used to
study how cancer develops, grows and spreads, examine the body's response to cancer and test drugs to predict how cancer
patients may react to them.3  Cancer is a very complex disease and it is difficult to develop model systems that can be trusted to
give accurate and reproducible results.4 It is also challenging to create models for specific tumor and cancer types. Different
cancer models have different costs, are more or less reproducible and vary in their ability to predict what is seen in humans
patients. Common cancer models (described below) include cell lines, animals, organoids, patient-derived xenografts (PDX) and
computer-based models.

Cell Lines
A cell line is a group of cells that are able to reproduce indefinitely – they are immortal. Normal human cells can reproduce only
about 50 times before stopping.5 Cell lines can (as far as we know) reproduce forever. There are two common types of human
cell lines: immortalized cell lines and cancer cell lines.6 Immortalized cell lines are created in a lab. They have genes altered to
allow them to reproduce indefinitely. Cancer cell lines, on the other hand, are cells taken from a tumor and grown in a laboratory.
Both of these cell lines allow researchers to study cancer biology and test cancer treatments.7 Cell lines can also be used to
identify the types and numbers of genetic changes found in a tumor.8 Much of our knowledge about cancer biology comes from
the study of cell lines created from tumor samples removed from patients or animals.9

Human Cell Lines

Human cell lines are a valuable cancer model because they are consistent, convenient, easy to use and publicly availability.10
 Human cell lines can be used to predict responses to anticancer drugs and help researchers understand drug mechanisms in
preclinical studies.11 Importantly, once cells are removed from the body, they are in a different environment and may act
differently. It is important to verify all results obtained with cell lines in other model systems before using any treatments in
patients. Recent research indicates that the growth of  cancer may be dependent on a small subset of cells called ‘cancer stem
cells’. Researchers believe that using patient-specific stem cells will improve the accuracy of cell lines in predicting treatment
responses.12 

Learn more about cancer stem cells.

Animal Cell Lines

Researchers also use animal cancer cell lines to better understand the difference between cancer cells and normal cells. Animal
cancer cells are developed from a range of animal species including mouse, rat, canine, and others .13 These models are an
important tool to help humans overcome cancer and other debilitating diseases. Like human cell lines, researchers can test the
effects of cancer drugs on the cells and use the results to improve drug development.14  

See some examples of animal cell lines used in cancer research.
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Animal Models
Cancer research is dependent on the use of animal models. The goal is to simulate disease within animals and transfer the
knowledge gained to human cancer. The two primary types of cancer animal models involve the use of rodents - primarily rats
and mice - and the use of domesticated companion animals (dogs/cats).

Rodent Models

Mouse models are the best-studied and commonly used animal model, but rats are also used. There are many advantages to
rodent models, including short generation times and easy manipulation of genes.15 16 17 Disadvantages include that the
findings using rodent models may not translate well to clinical trials in humans.18 19  One reason for this is that mice can
tolerate higher drug doses than humans can.20 21 The models do allow for the study of genes, proteins, and biological
pathways in living animals. The animals can be followed to study the course of the disease. There are three main types of
rodent models that researchers use: chemically induced models, genetically engineered models and xenograft models.

Chemically Induced Rodent Models

Chemically induced rodent models are developed by exposing mice and rats to carcinogens. Carcinogens are substances that
cause cancer. For example, many of the chemicals in cigarette smoke are classified as carcinogens and can cause lung cancer.
Chemically induced rodent models allow researchers to study the complex process of cancer development but can be time-
consuming.22 23  Some of the very insights into how cancer develops came from mice studied by Isaac Berenblum. Berenblum
was able to cause mice to develop skin cancer by placing chemicals on their skin.24 25 Because it is readily viewed by
researchers, skin cancer is a good model to learn how cancer begins.26

Genetically Engineered Rodent Models

Genetically engineered models (GEM) are created by injecting DNA into the zygotes (fertilized egg cells) of mice and rats.27 28
The introduced DNA often contains cancer-causing changes (mutations) in genes frequently found to cause cancer in patients.
The cancers that form as the animals age mimic those that arise in people with those same genetic mutations. One advantage
of genetically engineered rodent models is that the findings from testing anticancer therapies can often be translated and applied
in human cancers [9].29 30  Inserting genes into animals can lead to unexpected results that can make the results unreliable.31
32  GEM exist for many different kinds of cancer, including liver cancer33 , colorectal cancer34 , melanoma35 and glioma36 .

Rodent Xenograft Models

A xenograft is when cells of one kind of organism (i.e. human) are placed into a different organism (i.e. mouse). The term ‘xeno’
is derived from the Greek xénos meaning stranger or guest. Patient derived xenografts (PDX) are small tumor fragments
removed from patients and transplanted into mice or other animals.37  Xenografts evolved from animal models used to test drug
development in the 1950s.38 Although these models were the standard at the time, they often displayed traits different from the
original tumor. Modern PDX more accurately reflect the cellular and tissue structure of the patient tumors and can be used to
study responses to anti-cancer therapies [6] and can be used to develop personalized treatment plans.39

The transplanted cancer cells are often inserted under the skin of the animal, but they can also be placed into the organ where
the cancer formed in the patient (i.e. human lung cancer samples can be put into the lungs of an animal).40 The rodents used
have weakened immune systems, allowing the human cells to survive in their bodies.

Like all cancer models, there are drawbacks and limitations for PDX. PDX models take 4-8 months to develop, which is longer
than some patients can wait for treatment.41   Rat and mouse xenograft models can't fully represent cancer in humans due to
the weakened immune systems of the rodents.42 43  Also, the optimal implantation site varies with the type of tumor being
studied.44  PDX can also be very expensive.45

Companion Animals

Companion animals include dogs and cats. These models are not used nearly as much as those described above, but they are
still valuable to cancer research. Companion animal models often use dogs and cats with naturally occurring cancers. The
animals can be studied to test anticancer drugs that have shown promise in rodent models and to understand the biology of
human cancer.46 47 48 These models also have more clinical and biological similarities to humans than other animal models
and respond similarly to treatments and therapies.49 50 51 Additionally, the shorter lifespan and reproductive cycles of dogs and
cats provide an advantage because researchers can get results quickly.52

Organoid Cancer Models
Organs are highly organized structures that perform specific tasks. Examples include the stomach, lungs and heart. Organoids
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are tiny, three-dimensional structures grown from cells in a lab. The idea is to create a miniature version of the organ that can be
easily studied. Ideally, these tiny models have similar cellular arrangements and some functions of the organ they are created to
mimic. As an example - A colon organoid can't absorb nutrients and water like the real thing, but it can form tube-like structures
and produce many of the same products as a colon inside the body.

Organoids have several advantages over cell lines. Unlike cells growing on a dish, organoids are three dimensional. They are
often composed of several different kinds of cells, like a real organ. This helps preserve some of the traits of the original
tissue.53 54  Organoids are less expensive than some other models, easy to use, and can be developed within 4 weeks.55 56
 Like cells, cancer organoids can be frozen and stored in “biobanks” for later use. Through the use of gene-editing (changing
DNA to cause changes in physical traits), organoids from normal tissues can be changed into tumor-like organoids. Tumor
organoids allow researchers to study specific genetic changes that lead to cancer initiation and progression. A major advantage
of organoids over cell lines is that organoids contain different kinds of cells. They are more complex and more accurately
represent what happens in the body.

Organoid models exist for many different kinds of cancer, including lung cancer57 , pancreatic cancer58 , breast cancer59 and
colon cancer60 . Organoids can be used to study the formation of cancer (called carcinogenesis) - the process in which normal
cells are changed into cancer cells.61 By studying organoids created with mutated cells, researchers have identified specific
mutations that lead to tumor formation for several types of cancers. Organoids allow researchers to study the way cancer cells
interact with neighboring cells and how changes in the environment around them influences cancer cells.62 63 64  Even the way
cancer cells interact with the immune system can be studied with organoids.65  This is something that would be extremely
difficult in a two-dimensional system like a petri dish.

Learn more about carcinogenesis.

Metastasis is the spread of cancer cells from the original site to other areas of the body. Perhaps surprisingly, cancer organoids,
and the related 'spheroid' modles can be used to study metastasis. Even though the organoids outside a body, the movement of
cancer cells can be tracked and specific mutations that lead to metastasis can be identified.66 67  Spheroid models have been
used to identify 'leader' cells that appear to guide metastasis, and 'follower' cells that move in response to signals from
leaders.68

Learn more about metastasis.

Cancer 'Omics'
Cancer develops when at least one gene becomes broken (mutated) or lost. This change throws off the balance in the cell. Most
of the time there are several defects in cancer cells. To understand cancer and develop cancer drugs, most research focuses on
the critical genes in any particular cancer type. 

There is another approach that is actively being pursued. Instead of studying a single gene or biological pathway, it is now
possible to look at large numbers of biological molecules or pathways. The term 'omics' is used informally to describe research
areas that work to understand how living things work by looking at collections of biological molecules instead of individual
molecules. As an example, to understand differences between a normal liver cell and a cancerous liver cell, researchers can
now compare ALL of the proteins made in both kinds of cells to look for changes that may be important. Some proteins may be
lost in a cancer cell and others may be more common. By looking at many proteins at once the 'big picture' can become clearer.
This kind of work is only possible with computers and high-tech devices.

There are many different kinds of biological molecules that are now studied in this way. It is also possible to study small changes
that are made to biomolecules (things like the addition of a methyl group to DNA or a phosphate group to a protein). Some of the
'omics' being used to study cancer include:

1. Genomics - This is the study of changes in the genes of cancer cells. The changes can be very small - at the single
nucleotide level, or large - whole chromosomes being changed, altered or lost/gained. Genomics is used to study the basic
biology of cancer, but also to help develop drugs and to choose the best drugs for a given cancer patient.69 70 71

2. Transcriptomics - Transcription is the process by which the information in genes (DNA) is read and an RNA copy is
created. The RNA can then be used to make protein, or can have a function as an RNA. Cancer cells change the kinds
and amounts of RNA are made from DNA. Comparisons between normal cells and cancer cells from the same tissue can
give important information about how the behavior of cancer cells is changed. Advances in this area are rapid. It is now
possible to study the transcriptome from a single cell and determine which cells in a tissue sample contain RNAs of
interest.72 73  Transcriptomics is also being used to personalize cancer treatments.74

3. Proteomics - This is the study of large numbers of proteins.75 The proteins that are gained/lost/altered in cancer can be
studied in large numbers. The work can help us understand the development and progression of at least some kinds of
cancer.76 77 Proteomics is also being used to guide personalized cancer treatment decisions.78

4. Lipidomics - Lipids are important in cell structure and can also change the cell activity. By studying many of the lipids in a
cell/tissue at the same time, a bigger picture can be formed about the changes that are caused by (or may help cause)
cancer.79 80
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5. Interactomics - Perhaps  the most challenging of the omics, interactomes are an attempt to learn how the biomolecules in
cells/organisms work together to get things done. Interactomes are used to find out how changes in one or a few
biomolecules affect many other parts of the cell and organism.81 82 Because cancer cells often have many changes, the
interactomes can become VERY complex. Not surprisingly, this research relies heavily on computers and machine learning
to identify patterns and connections.

Mathematical and Computer-based Models
For many decades, scientists and researchers have used mathematics and physics to better understand biology. Cancer is
complex, and mathematical models are often created to identify connections between multiple parts of complex systems.83
 Different computer-based models are used to study the many aspects of cancer. For example, in the clinic, models analyzing
tumor growth are used to develop personalized cancer treatment plans. Oncologists play an important role in this research. They
provide the patient information and tissue samples used to make computer-based model accurate and effective.84 There are
currently two main types of computer-based models.

The first type of computer model is designed to help researchers analyze large amounts of data. In fact, understanding of
cancer and other complex biological systems is frequently gained from information that has been collected in large electronic
databases.85   The information is often openly shared. For example, the Cancer Genome Atlas Program collected genetic
information on over 20,000 cancer samples from 33 different kinds of cancer.In order for scientists and researchers to share data
and computational models, a common software language has to be used so that both parties can communicate effectively.86
 Data analysis models are used in drug development, to study gene interactions, in image analysis, and more.87

The second computer-based model uses mathematical models to understand the physical nature of tumors.88  This model
analyzes factors like tumor size and growth to determine how they influence overall tumor behavior.89 These models help define
factors like the metastatic potential (chance the tumor will spread) of the cancer and other traits, They provide researchers with
guidance for treatments, and prevention.90

1Siegel, R., Miller, K., & Jemal, A. (2020). Cancer statistics, 2020. Ca: A Cancer Journal For Clinicians, 70(1), 7-30.
http://doi.org/10.3322/caac.21590 (Original work published December 2020) [PUBMED]
2Cancer Facts and Figures 2020. American Cancer Society. https://www.cancer.org/research/cancer-facts-statistics/all-
cancer-facts-figures.html Accessed 01-20-2022
3Breitenbach, M. (2018). Editorial: Cancer Models. Frontiers In Oncology, 8, 401. http://doi.org/10.3389/fonc.2018.00401
(Original work published December 2018) [PUBMED]
4Breitenbach, M. (2018). Editorial: Cancer Models. Frontiers In Oncology, 8, 401. http://doi.org/10.3389/fonc.2018.00401
(Original work published December 2018) [PUBMED]
5Shay, J., & Wright, W. (2000). Hayflick, his limit, and cellular ageing. Nature Reviews. Molecular Cell Biology, 1(1), 72-6.
http://doi.org/10.1038/35036093 (Original work published December 2000) [PUBMED]
6Niu, N., & Wang, L. (2015). In vitro human cell line models to predict clinical response to anticancer drugs.
Pharmacogenomics, 16(3), 273-85. http://doi.org/10.2217/pgs.14.170 (Original work published December 2015) [PUBMED]
7Niu, N., & Wang, L. (2015). In vitro human cell line models to predict clinical response to anticancer drugs.
Pharmacogenomics, 16(3), 273-85. http://doi.org/10.2217/pgs.14.170 (Original work published December 2015) [PUBMED]
8Boehm, J., & Hahn, W. (2004). Immortalized cells as experimental models to study cancer. Cytotechnology, 45(1-2), 47-
59. http://doi.org/10.1007/s10616-004-5125-1 (Original work published June 2004) [PUBMED]
9Boehm, J., & Hahn, W. (2004). Immortalized cells as experimental models to study cancer. Cytotechnology, 45(1-2), 47-
59. http://doi.org/10.1007/s10616-004-5125-1 (Original work published June 2004) [PUBMED]
10Niu, N., & Wang, L. (2015). In vitro human cell line models to predict clinical response to anticancer drugs.
Pharmacogenomics, 16(3), 273-85. http://doi.org/10.2217/pgs.14.170 (Original work published December 2015) [PUBMED]
11Niu, N., & Wang, L. (2015). In vitro human cell line models to predict clinical response to anticancer drugs.
Pharmacogenomics, 16(3), 273-85. http://doi.org/10.2217/pgs.14.170 (Original work published December 2015) [PUBMED]
12Niu, N., & Wang, L. (2015). In vitro human cell line models to predict clinical response to anticancer drugs.
Pharmacogenomics, 16(3), 273-85. http://doi.org/10.2217/pgs.14.170 (Original work published December 2015) [PUBMED]
13Mirabelli, P., Coppola, L., & Salvatore, M. (2019). Cancer Cell Lines Are Useful Model Systems for Medical Research.
Cancers, 11(8). http://doi.org/10.3390/cancers11081098 (Original work published August 2019) [PUBMED]
14Introduction to animal tissue culture. Saurabh Bhatia, Tanveer Naved and Satish Sardana Published March 2019 •
Copyright © IOP Publishing Ltd 2019IOP Science https://iopscience.iop.org/book/978-0-7503-1347-6/chapter/bk978-0-
7503-1347-6ch1#:~:text=Such%20types%20of%20cell%20lines,Adherent%20cells Accessed 01-20-2022
15Ruggeri, B., Camp, F., & Miknyoczki, S. (2014). Animal models of disease: pre-clinical animal models of cancer and their
applications and utility in drug discovery. Biochemical Pharmacology, 87(1), 150-61.
http://doi.org/10.1016/j.bcp.2013.06.020 (Original work published January 2014) [PUBMED]
16Cekanova, M., & Rathore, K. (2014). Animal models and therapeutic molecular targets of cancer: utility and limitations.
Drug Design, Development And Therapy, 8, 1911-21. http://doi.org/10.2147/DDDT.S49584 (Original work published
December 2014) [PUBMED]
17Cheon, D. -J., & Orsulic, S. (2011). Mouse models of cancer. Annual Review Of Pathology, 6, 95-119.
http://doi.org/10.1146/annurev.pathol.3.121806.154244 (Original work published December 2011) [PUBMED]

https://cancerquest.org/#footnote81_00yrw6t
https://cancerquest.org/#footnote82_nt5p94i
https://cancerquest.org/#footnote83_zkrg04i
https://cancerquest.org/#footnote84_0m42tal
https://cancerquest.org/#footnote85_nzjeibe
https://www.cancer.gov/about-nci/organization/ccg/research/structural-genomics/tcga
https://cancerquest.org/#footnote86_lja190b
https://cancerquest.org/#footnote87_3pc0ct9
https://cancerquest.org/#footnote88_kp2t2hn
https://cancerquest.org/#footnote89_1g5ha32
https://cancerquest.org/#footnote90_8f1lmyr
https://cancerquest.org/#footnoteref1_j79s5ml
https://www.ncbi.nlm.nih.gov/pubmed/31912902?dopt=Abstract
https://cancerquest.org/#footnoteref2_18folq7
https://www.cancer.org/research/cancer-facts-statistics/all-cancer-facts-figures.html target=
https://cancerquest.org/#footnoteref3_xj0y8sb
https://www.ncbi.nlm.nih.gov/pubmed/30338241?dopt=Abstract
https://cancerquest.org/#footnoteref4_acluce4
https://www.ncbi.nlm.nih.gov/pubmed/30338241?dopt=Abstract
https://cancerquest.org/#footnoteref5_o0zw1gl
https://www.ncbi.nlm.nih.gov/pubmed/11413492?dopt=Abstract
https://cancerquest.org/#footnoteref6_ak8ml2b
https://www.ncbi.nlm.nih.gov/pubmed/25712190?dopt=Abstract
https://cancerquest.org/#footnoteref7_k4arwr0
https://www.ncbi.nlm.nih.gov/pubmed/25712190?dopt=Abstract
https://cancerquest.org/#footnoteref8_b58lamt
https://www.ncbi.nlm.nih.gov/pubmed/19003243?dopt=Abstract
https://cancerquest.org/#footnoteref9_w8y9hnp
https://www.ncbi.nlm.nih.gov/pubmed/19003243?dopt=Abstract
https://cancerquest.org/#footnoteref10_s14cprb
https://www.ncbi.nlm.nih.gov/pubmed/25712190?dopt=Abstract
https://cancerquest.org/#footnoteref11_dy960hb
https://www.ncbi.nlm.nih.gov/pubmed/25712190?dopt=Abstract
https://cancerquest.org/#footnoteref12_qnja9ew
https://www.ncbi.nlm.nih.gov/pubmed/25712190?dopt=Abstract
https://cancerquest.org/#footnoteref13_13dme9p
https://www.ncbi.nlm.nih.gov/pubmed/31374935?dopt=Abstract
https://cancerquest.org/#footnoteref14_xps7aos
https://cancerquest.org/#footnoteref15_y3gd14y
https://www.ncbi.nlm.nih.gov/pubmed/23817077?dopt=Abstract
https://cancerquest.org/#footnoteref16_3xt6h6g
https://www.ncbi.nlm.nih.gov/pubmed/25342884?dopt=Abstract
https://cancerquest.org/#footnoteref17_4f6dhzi
https://www.ncbi.nlm.nih.gov/pubmed/20936938?dopt=Abstract


18Ruggeri, B., Camp, F., & Miknyoczki, S. (2014). Animal models of disease: pre-clinical animal models of cancer and their
applications and utility in drug discovery. Biochemical Pharmacology, 87(1), 150-61.
http://doi.org/10.1016/j.bcp.2013.06.020 (Original work published January 2014) [PUBMED]
19Cekanova, M., & Rathore, K. (2014). Animal models and therapeutic molecular targets of cancer: utility and limitations.
Drug Design, Development And Therapy, 8, 1911-21. http://doi.org/10.2147/DDDT.S49584 (Original work published
December 2014) [PUBMED]
20Ruggeri, B., Camp, F., & Miknyoczki, S. (2014). Animal models of disease: pre-clinical animal models of cancer and their
applications and utility in drug discovery. Biochemical Pharmacology, 87(1), 150-61.
http://doi.org/10.1016/j.bcp.2013.06.020 (Original work published January 2014) [PUBMED]
21Cekanova, M., & Rathore, K. (2014). Animal models and therapeutic molecular targets of cancer: utility and limitations.
Drug Design, Development And Therapy, 8, 1911-21. http://doi.org/10.2147/DDDT.S49584 (Original work published
December 2014) [PUBMED]
22Ruggeri, B., Camp, F., & Miknyoczki, S. (2014). Animal models of disease: pre-clinical animal models of cancer and their
applications and utility in drug discovery. Biochemical Pharmacology, 87(1), 150-61.
http://doi.org/10.1016/j.bcp.2013.06.020 (Original work published January 2014) [PUBMED]
23Cekanova, M., & Rathore, K. (2014). Animal models and therapeutic molecular targets of cancer: utility and limitations.
Drug Design, Development And Therapy, 8, 1911-21. http://doi.org/10.2147/DDDT.S49584 (Original work published
December 2014) [PUBMED]
24HARAN, N., & BERENBLUM, I. (1956). The induction of the initiating phase of skin carcinogenesis in the mouse by oral
administration of urethane (ethyl carbamate). British Journal Of Cancer, 10(1), 57-60. (Original work published March 1956)
[PUBMED]
25BERENBLUM, I., & HARAN-GHERA, N. (1957). A quantitative study of the systemic initiating action of urethane (ethyl
carbamate) in mouse skin carcinogenesis. British Journal Of Cancer, 11(1), 77-84. (Original work published March 1957)
[PUBMED]
26Armuth, V., & Berenblum, I. (1982). A possible in vivo skin model for tumour promoter assays. Cancer Letters, 15(3),
343-6. (Original work published December 1982) [PUBMED]
27Ruggeri, B., Camp, F., & Miknyoczki, S. (2014). Animal models of disease: pre-clinical animal models of cancer and their
applications and utility in drug discovery. Biochemical Pharmacology, 87(1), 150-61.
http://doi.org/10.1016/j.bcp.2013.06.020 (Original work published January 2014) [PUBMED]
28Cekanova, M., & Rathore, K. (2014). Animal models and therapeutic molecular targets of cancer: utility and limitations.
Drug Design, Development And Therapy, 8, 1911-21. http://doi.org/10.2147/DDDT.S49584 (Original work published
December 2014) [PUBMED]
29Ruggeri, B., Camp, F., & Miknyoczki, S. (2014). Animal models of disease: pre-clinical animal models of cancer and their
applications and utility in drug discovery. Biochemical Pharmacology, 87(1), 150-61.
http://doi.org/10.1016/j.bcp.2013.06.020 (Original work published January 2014) [PUBMED]
30Cekanova, M., & Rathore, K. (2014). Animal models and therapeutic molecular targets of cancer: utility and limitations.
Drug Design, Development And Therapy, 8, 1911-21. http://doi.org/10.2147/DDDT.S49584 (Original work published
December 2014) [PUBMED]
31Ruggeri, B., Camp, F., & Miknyoczki, S. (2014). Animal models of disease: pre-clinical animal models of cancer and their
applications and utility in drug discovery. Biochemical Pharmacology, 87(1), 150-61.
http://doi.org/10.1016/j.bcp.2013.06.020 (Original work published January 2014) [PUBMED]
32Cekanova, M., & Rathore, K. (2014). Animal models and therapeutic molecular targets of cancer: utility and limitations.
Drug Design, Development And Therapy, 8, 1911-21. http://doi.org/10.2147/DDDT.S49584 (Original work published
December 2014) [PUBMED]
33He, L., Tian, D. -A., Li, P. -Y., & He, X. -X. (2015). Mouse models of liver cancer: Progress and recommendations.
Oncotarget, 6(27), 23306-22. (Original work published September 2015) [PUBMED]
34DE-Souza, A., & Costa-Casagrande, T. (2018). ANIMAL MODELS FOR COLORECTAL CANCER. Arquivos Brasileiros
De Cirurgia Digestiva : Abcd = Brazilian Archives Of Digestive Surgery, 31(2), e1369. http://doi.org/10.1590/0102-
672020180001e1369 (Original work published December 2018) [PUBMED]
35Rebecca, V., Somasundaram, R., & Herlyn, M. (2020). Pre-clinical modeling of cutaneous melanoma. Nature
Communications, 11(1), 2858. http://doi.org/10.1038/s41467-020-15546-9 (Original work published December 2020)
[PUBMED]
36Hicks, W. (2021). Contemporary Mouse Models in Glioma Research. Cells, 10(3). http://doi.org/10.3390/cells10030712
(Original work published December 2021) [PUBMED]
37Yoshida, G. (2020). Applications of patient-derived tumor xenograft models and tumor organoids. Journal Of Hematology
& Oncology, 13(1), 4. http://doi.org/10.1186/s13045-019-0829-z (Original work published December 2020) [PUBMED]
38Yoshida, G. (2020). Applications of patient-derived tumor xenograft models and tumor organoids. Journal Of Hematology
& Oncology, 13(1), 4. http://doi.org/10.1186/s13045-019-0829-z (Original work published December 2020) [PUBMED]
39Bhimani, J., Ball, K., & Stebbing, J. (2020). Patient-derived xenograft models-the future of personalised cancer treatment.
British Journal Of Cancer, 122(5), 601-602. http://doi.org/10.1038/s41416-019-0678-0 (Original work published December
2020) [PUBMED]
40Ruggeri, B., Camp, F., & Miknyoczki, S. (2014). Animal models of disease: pre-clinical animal models of cancer and their
applications and utility in drug discovery. Biochemical Pharmacology, 87(1), 150-61.
http://doi.org/10.1016/j.bcp.2013.06.020 (Original work published January 2014) [PUBMED]

https://cancerquest.org/#footnoteref18_q0urf1m
https://www.ncbi.nlm.nih.gov/pubmed/23817077?dopt=Abstract
https://cancerquest.org/#footnoteref19_ocirdpg
https://www.ncbi.nlm.nih.gov/pubmed/25342884?dopt=Abstract
https://cancerquest.org/#footnoteref20_9xitp5l
https://www.ncbi.nlm.nih.gov/pubmed/23817077?dopt=Abstract
https://cancerquest.org/#footnoteref21_7aumjc4
https://www.ncbi.nlm.nih.gov/pubmed/25342884?dopt=Abstract
https://cancerquest.org/#footnoteref22_oie9s0t
https://www.ncbi.nlm.nih.gov/pubmed/23817077?dopt=Abstract
https://cancerquest.org/#footnoteref23_tw7u3gn
https://www.ncbi.nlm.nih.gov/pubmed/25342884?dopt=Abstract
https://cancerquest.org/#footnoteref24_qun69bc
https://www.ncbi.nlm.nih.gov/pubmed/13342321?dopt=Abstract
https://cancerquest.org/#footnoteref25_ckti52l
https://www.ncbi.nlm.nih.gov/pubmed/13436700?dopt=Abstract
https://cancerquest.org/#footnoteref26_c8zfmu5
https://www.ncbi.nlm.nih.gov/pubmed/7116336?dopt=Abstract
https://cancerquest.org/#footnoteref27_nurazu7
https://www.ncbi.nlm.nih.gov/pubmed/23817077?dopt=Abstract
https://cancerquest.org/#footnoteref28_o86s6ri
https://www.ncbi.nlm.nih.gov/pubmed/25342884?dopt=Abstract
https://cancerquest.org/#footnoteref29_n9jstnr
https://www.ncbi.nlm.nih.gov/pubmed/23817077?dopt=Abstract
https://cancerquest.org/#footnoteref30_daf1g7d
https://www.ncbi.nlm.nih.gov/pubmed/25342884?dopt=Abstract
https://cancerquest.org/#footnoteref31_k2wbksi
https://www.ncbi.nlm.nih.gov/pubmed/23817077?dopt=Abstract
https://cancerquest.org/#footnoteref32_60e1q0h
https://www.ncbi.nlm.nih.gov/pubmed/25342884?dopt=Abstract
https://cancerquest.org/#footnoteref33_6kegr2g
https://www.ncbi.nlm.nih.gov/pubmed/26259234?dopt=Abstract
https://cancerquest.org/#footnoteref34_g60skwg
https://www.ncbi.nlm.nih.gov/pubmed/29972397?dopt=Abstract
https://cancerquest.org/#footnoteref35_qhzgoo5
https://www.ncbi.nlm.nih.gov/pubmed/32504051?dopt=Abstract
https://cancerquest.org/#footnoteref36_26mk52i
https://www.ncbi.nlm.nih.gov/pubmed/33806933?dopt=Abstract
https://cancerquest.org/#footnoteref37_gi80lq9
https://www.ncbi.nlm.nih.gov/pubmed/31910904?dopt=Abstract
https://cancerquest.org/#footnoteref38_o0zz7de
https://www.ncbi.nlm.nih.gov/pubmed/31910904?dopt=Abstract
https://cancerquest.org/#footnoteref39_pe0e0ik
https://www.ncbi.nlm.nih.gov/pubmed/31919403?dopt=Abstract
https://cancerquest.org/#footnoteref40_btkrsr0
https://www.ncbi.nlm.nih.gov/pubmed/23817077?dopt=Abstract


41Yoshida, G. (2020). Applications of patient-derived tumor xenograft models and tumor organoids. Journal Of Hematology
& Oncology, 13(1), 4. http://doi.org/10.1186/s13045-019-0829-z (Original work published December 2020) [PUBMED]
42Ruggeri, B., Camp, F., & Miknyoczki, S. (2014). Animal models of disease: pre-clinical animal models of cancer and their
applications and utility in drug discovery. Biochemical Pharmacology, 87(1), 150-61.
http://doi.org/10.1016/j.bcp.2013.06.020 (Original work published January 2014) [PUBMED]
43Cekanova, M., & Rathore, K. (2014). Animal models and therapeutic molecular targets of cancer: utility and limitations.
Drug Design, Development And Therapy, 8, 1911-21. http://doi.org/10.2147/DDDT.S49584 (Original work published
December 2014) [PUBMED]
44Yoshida, G. (2020). Applications of patient-derived tumor xenograft models and tumor organoids. Journal Of Hematology
& Oncology, 13(1), 4. http://doi.org/10.1186/s13045-019-0829-z (Original work published December 2020) [PUBMED]
45Liu, Z., Ahn, M., Kurokawa, T., Ly, A., Zhang, G., Wang, F., et al. (2020). A fast, simple, and cost-effective method of
expanding patient-derived xenograft mouse models of pancreatic ductal adenocarcinoma. Journal Of Translational
Medicine, 18(1), 255. http://doi.org/10.1186/s12967-020-02414-9 (Original work published December 2020) [PUBMED]
46Rowell, J., McCarthy, D., & Alvarez, C. (2011). Dog models of naturally occurring cancer. Trends In Molecular Medicine,
17(7), 380-8. http://doi.org/10.1016/j.molmed.2011.02.004 (Original work published July 2011) [PUBMED]
47Giuliano, A. (2021). Companion Animal Model in Translational Oncology; Feline Oral Squamous Cell Carcinoma and
Canine Oral Melanoma. Biology, 11(1). http://doi.org/10.3390/biology11010054 (Original work published December 2021)
[PUBMED]
48Hahn, K., Bravo, L., & Avenell, J. (1994). Feline breast carcinoma as a pathologic and therapeutic model for human
breast cancer. In Vivo (Athens, Greece), 8(5), 825-8. (Original work published December 1994) [PUBMED]
49Rowell, J., McCarthy, D., & Alvarez, C. (2011). Dog models of naturally occurring cancer. Trends In Molecular Medicine,
17(7), 380-8. http://doi.org/10.1016/j.molmed.2011.02.004 (Original work published July 2011) [PUBMED]
50Giuliano, A. (2021). Companion Animal Model in Translational Oncology; Feline Oral Squamous Cell Carcinoma and
Canine Oral Melanoma. Biology, 11(1). http://doi.org/10.3390/biology11010054 (Original work published December 2021)
[PUBMED]
51Hahn, K., Bravo, L., & Avenell, J. (1994). Feline breast carcinoma as a pathologic and therapeutic model for human
breast cancer. In Vivo (Athens, Greece), 8(5), 825-8. (Original work published December 1994) [PUBMED]
52Cekanova, M., & Rathore, K. (2014). Animal models and therapeutic molecular targets of cancer: utility and limitations.
Drug Design, Development And Therapy, 8, 1911-21. http://doi.org/10.2147/DDDT.S49584 (Original work published
December 2014) [PUBMED]
53Fan, H., Demirci, U., & Chen, P. (2019). Emerging organoid models: leaping forward in cancer research. Journal Of
Hematology & Oncology, 12(1), 142. http://doi.org/10.1186/s13045-019-0832-4 (Original work published December 2019)
[PUBMED]
54Xu, R., Zhou, X., Wang, S., & Trinkle, C. (2021). Tumor organoid models in precision medicine and investigating cancer-
stromal interactions. Pharmacology & Therapeutics, 218, 107668. http://doi.org/10.1016/j.pharmthera.2020.107668
(Original work published December 2021) [PUBMED]
55Fan, H., Demirci, U., & Chen, P. (2019). Emerging organoid models: leaping forward in cancer research. Journal Of
Hematology & Oncology, 12(1), 142. http://doi.org/10.1186/s13045-019-0832-4 (Original work published December 2019)
[PUBMED]
56Xu, R., Zhou, X., Wang, S., & Trinkle, C. (2021). Tumor organoid models in precision medicine and investigating cancer-
stromal interactions. Pharmacology & Therapeutics, 218, 107668. http://doi.org/10.1016/j.pharmthera.2020.107668
(Original work published December 2021) [PUBMED]
57Wang, J., Li, X., & Chen, H. (2020). Organoid models in lung regeneration and cancer. Cancer Letters, 475, 129-135.
http://doi.org/10.1016/j.canlet.2020.01.030 (Original work published December 2020) [PUBMED]
58Tiriac, H., Plenker, D., Baker, L., & Tuveson, D. (2019). Organoid models for translational pancreatic cancer research.
Current Opinion In Genetics & Development, 54, 7-11. http://doi.org/10.1016/j.gde.2019.02.003 (Original work published
December 2019) [PUBMED]
59Srivastava, V., Huycke, T., Phong, K., & Gartner, Z. (2020). Organoid models for mammary gland dynamics and breast
cancer. Current Opinion In Cell Biology, 66, 51-58. http://doi.org/10.1016/j.ceb.2020.05.003 (Original work published
December 2020) [PUBMED]
60Lannagan, T., Jackstadt, R., Leedham, S., & Sansom, O. (2021). Advances in colon cancer research: in vitro and animal
models. Current Opinion In Genetics & Development, 66, 50-56. http://doi.org/10.1016/j.gde.2020.12.003 (Original work
published December 2021) [PUBMED]
61Comparative Oncology, Chapter 2. Baba AI, Câtoi C. Bucharest (RO): The Publishing House of the Romanian
Academy; 2007. https://www.ncbi.nlm.nih.gov/books/NBK9552/ Accessed 1-24-2022
62Fan, H., Demirci, U., & Chen, P. (2019). Emerging organoid models: leaping forward in cancer research. Journal Of
Hematology & Oncology, 12(1), 142. http://doi.org/10.1186/s13045-019-0832-4 (Original work published December 2019)
[PUBMED]
63Xu, R., Zhou, X., Wang, S., & Trinkle, C. (2021). Tumor organoid models in precision medicine and investigating cancer-
stromal interactions. Pharmacology & Therapeutics, 218, 107668. http://doi.org/10.1016/j.pharmthera.2020.107668
(Original work published December 2021) [PUBMED]
64Xu, R., Zhou, X., Wang, S., & Trinkle, C. (2021). Tumor organoid models in precision medicine and investigating cancer-
stromal interactions. Pharmacology & Therapeutics, 218, 107668. http://doi.org/10.1016/j.pharmthera.2020.107668
(Original work published December 2021) [PUBMED]

https://cancerquest.org/#footnoteref41_m86jqeb
https://www.ncbi.nlm.nih.gov/pubmed/31910904?dopt=Abstract
https://cancerquest.org/#footnoteref42_hso7ajl
https://www.ncbi.nlm.nih.gov/pubmed/23817077?dopt=Abstract
https://cancerquest.org/#footnoteref43_joo2t3m
https://www.ncbi.nlm.nih.gov/pubmed/25342884?dopt=Abstract
https://cancerquest.org/#footnoteref44_nsutlwi
https://www.ncbi.nlm.nih.gov/pubmed/31910904?dopt=Abstract
https://cancerquest.org/#footnoteref45_218w7yk
https://www.ncbi.nlm.nih.gov/pubmed/32580742?dopt=Abstract
https://cancerquest.org/#footnoteref46_fckiz01
https://www.ncbi.nlm.nih.gov/pubmed/21439907?dopt=Abstract
https://cancerquest.org/#footnoteref47_ugqqgu3
https://www.ncbi.nlm.nih.gov/pubmed/35053051?dopt=Abstract
https://cancerquest.org/#footnoteref48_wwpygdq
https://www.ncbi.nlm.nih.gov/pubmed/7727731?dopt=Abstract
https://cancerquest.org/#footnoteref49_xhzsrcq
https://www.ncbi.nlm.nih.gov/pubmed/21439907?dopt=Abstract
https://cancerquest.org/#footnoteref50_r1bjnue
https://www.ncbi.nlm.nih.gov/pubmed/35053051?dopt=Abstract
https://cancerquest.org/#footnoteref51_i31jhuj
https://www.ncbi.nlm.nih.gov/pubmed/7727731?dopt=Abstract
https://cancerquest.org/#footnoteref52_nzjknhh
https://www.ncbi.nlm.nih.gov/pubmed/25342884?dopt=Abstract
https://cancerquest.org/#footnoteref53_5f58tu9
https://www.ncbi.nlm.nih.gov/pubmed/31884964?dopt=Abstract
https://cancerquest.org/#footnoteref54_kmqhk24
https://www.ncbi.nlm.nih.gov/pubmed/32853629?dopt=Abstract
https://cancerquest.org/#footnoteref55_zcxhzab
https://www.ncbi.nlm.nih.gov/pubmed/31884964?dopt=Abstract
https://cancerquest.org/#footnoteref56_9rl4dt4
https://www.ncbi.nlm.nih.gov/pubmed/32853629?dopt=Abstract
https://cancerquest.org/#footnoteref57_n88u504
https://www.ncbi.nlm.nih.gov/pubmed/32032677?dopt=Abstract
https://cancerquest.org/#footnoteref58_8sa662i
https://www.ncbi.nlm.nih.gov/pubmed/30844513?dopt=Abstract
https://cancerquest.org/#footnoteref59_doqsf0u
https://www.ncbi.nlm.nih.gov/pubmed/32535255?dopt=Abstract
https://cancerquest.org/#footnoteref60_47nza9c
https://www.ncbi.nlm.nih.gov/pubmed/33422950?dopt=Abstract
https://cancerquest.org/#footnoteref61_eoko9i2
https://www.ncbi.nlm.nih.gov/books/NBK9552/
https://cancerquest.org/#footnoteref62_aeis2kd
https://www.ncbi.nlm.nih.gov/pubmed/31884964?dopt=Abstract
https://cancerquest.org/#footnoteref63_pdzp4bm
https://www.ncbi.nlm.nih.gov/pubmed/32853629?dopt=Abstract
https://cancerquest.org/#footnoteref64_mbr3bnd
https://www.ncbi.nlm.nih.gov/pubmed/32853629?dopt=Abstract


65Yuki, K., Cheng, N., Nakano, M., & Kuo, C. (2020). Organoid Models of Tumor Immunology. Trends In Immunology,
41(8), 652-664. http://doi.org/10.1016/j.it.2020.06.010 (Original work published December 2020) [PUBMED]
66Fan, H., Demirci, U., & Chen, P. (2019). Emerging organoid models: leaping forward in cancer research. Journal Of
Hematology & Oncology, 12(1), 142. http://doi.org/10.1186/s13045-019-0832-4 (Original work published December 2019)
[PUBMED]
67Xu, R., Zhou, X., Wang, S., & Trinkle, C. (2021). Tumor organoid models in precision medicine and investigating cancer-
stromal interactions. Pharmacology & Therapeutics, 218, 107668. http://doi.org/10.1016/j.pharmthera.2020.107668
(Original work published December 2021) [PUBMED]
68Zoeller, E., Pedro, B., Konen, J., Dwivedi, B., Rupji, M., Sundararaman, N., et al. (2019). Genetic heterogeneity within
collective invasion packs drives leader and follower cell phenotypes. Journal Of Cell Science, 132(19).
http://doi.org/10.1242/jcs.231514 (Original work published December 2019) [PUBMED]
69Berger, M., & Mardis, E. (2018). The emerging clinical relevance of genomics in cancer medicine. Nature Reviews.
Clinical Oncology, 15(6), 353-365. http://doi.org/10.1038/s41571-018-0002-6 (Original work published December 2018)
[PUBMED]
70Nakagawa, H., & Fujita, M. (2018). Whole genome sequencing analysis for cancer genomics and precision medicine.
Cancer Science, 109(3), 513-522. http://doi.org/10.1111/cas.13505 (Original work published March 2018) [PUBMED]
71Haley, B., & Roudnicky, F. (2020). Functional Genomics for Cancer Drug Target Discovery. Cancer Cell, 38(1), 31-43.
http://doi.org/10.1016/j.ccell.2020.04.006 (Original work published December 2020) [PUBMED]
72Lei, Y., Tang, R., Xu, J., Wang, W., Zhang, B., Liu, J., et al. (2021). Applications of single-cell sequencing in cancer
research: progress and perspectives. Journal Of Hematology & Oncology, 14(1), 91. http://doi.org/10.1186/s13045-021-
01105-2 (Original work published December 2021) [PUBMED]
73Maniatis, S., Petrescu, J., & Phatnani, H. (2021). Spatially resolved transcriptomics and its applications in cancer.
Current Opinion In Genetics & Development, 66, 70-77. http://doi.org/10.1016/j.gde.2020.12.002 (Original work published
December 2021) [PUBMED]
74Supplitt, S., Karpinski, P., Sasiadek, M., & Laczmanska, I. (2021). Current Achievements and Applications of
Transcriptomics in Personalized Cancer Medicine. International Journal Of Molecular Sciences, 22(3).
http://doi.org/10.3390/ijms22031422 (Original work published January 2021) [PUBMED]
75Tan, H., Lee, Y., & Chung, M. (2012). Cancer proteomics. Mass Spectrometry Reviews, 31(5), 583-605.
http://doi.org/10.1002/mas.20356 (Original work published December 2012) [PUBMED]
76Martínez-Rodríguez, F., Limones-González, J., Mendoza-Almanza, B., Esparza-Ibarra, E., Gallegos-Flores, P., Ayala-
Luján, J., et al. (2021). Understanding Cervical Cancer through Proteomics. Cells, 10(8).
http://doi.org/10.3390/cells10081854 (Original work published December 2021) [PUBMED]
77Cheung, C., & Juan, H. -F. (2017). Quantitative proteomics in lung cancer. Journal Of Biomedical Science, 24(1), 37.
http://doi.org/10.1186/s12929-017-0343-y (Original work published June 2017) [PUBMED]
78Doll, S., Gnad, F., & Mann, M. (2019). The Case for Proteomics and Phospho-Proteomics in Personalized Cancer
Medicine. Proteomics. Clinical Applications, 13(2), e1800113. http://doi.org/10.1002/prca.201800113 (Original work
published December 2019) [PUBMED]
79Butler, L., Perone, Y., Dehairs, J., Lupien, L., de Laat, V., Talebi, A., et al. (2020). Lipids and cancer: Emerging roles in
pathogenesis, diagnosis and therapeutic intervention. Advanced Drug Delivery Reviews, 159, 245-293.
http://doi.org/10.1016/j.addr.2020.07.013 (Original work published December 2020) [PUBMED]
80Perrotti, F., Rosa, C., Cicalini, I., Sacchetta, P., Del Boccio, P., Genovesi, D., & Pieragostino, D. (2016). Advances in
Lipidomics for Cancer Biomarkers Discovery. International Journal Of Molecular Sciences, 17(12). (Original work published
November 2016) [PUBMED]
81Tabar, M., Francis, H., Yeo, D., Bailey, C., & Rasko, J. (2022). Mapping oncogenic protein interactions for precision
medicine. International Journal Of Cancer. http://doi.org/10.1002/ijc.33954 (Original work published February 2022)
[PUBMED]
82Mason, D., Munger, K., & Tran, N. (2021). The dynamic interactome of microRNAs and the human papillomavirus in
head and neck cancers. Current Opinion In Virology, 51, 87-95. http://doi.org/10.1016/j.coviro.2021.09.013 (Original work
published December 2021) [PUBMED]
83Lefor, A. (2011). Computational oncology. Japanese Journal Of Clinical Oncology, 41(8), 937-47.
http://doi.org/10.1093/jjco/hyr082 (Original work published August 2011) [PUBMED]
84Lefor, A. (2011). Computational oncology. Japanese Journal Of Clinical Oncology, 41(8), 937-47.
http://doi.org/10.1093/jjco/hyr082 (Original work published August 2011) [PUBMED]
85Wong, Y., Lam, K., Ho, K., Yu, C., Cho, W., Tsang, H., et al. (2019). The applications of big data in molecular
diagnostics. Expert Review Of Molecular Diagnostics, 19(10), 905-917. http://doi.org/10.1080/14737159.2019.1657834
(Original work published December 2019) [PUBMED]
86Lefor, A. (2011). Computational oncology. Japanese Journal Of Clinical Oncology, 41(8), 937-47.
http://doi.org/10.1093/jjco/hyr082 (Original work published August 2011) [PUBMED]
87Lefor, A. (2011). Computational oncology. Japanese Journal Of Clinical Oncology, 41(8), 937-47.
http://doi.org/10.1093/jjco/hyr082 (Original work published August 2011) [PUBMED]
88Lefor, A. (2011). Computational oncology. Japanese Journal Of Clinical Oncology, 41(8), 937-47.
http://doi.org/10.1093/jjco/hyr082 (Original work published August 2011) [PUBMED]
89Lefor, A. (2011). Computational oncology. Japanese Journal Of Clinical Oncology, 41(8), 937-47.
http://doi.org/10.1093/jjco/hyr082 (Original work published August 2011) [PUBMED]

https://cancerquest.org/#footnoteref65_ajrimcc
https://www.ncbi.nlm.nih.gov/pubmed/32654925?dopt=Abstract
https://cancerquest.org/#footnoteref66_hbuoy3s
https://www.ncbi.nlm.nih.gov/pubmed/31884964?dopt=Abstract
https://cancerquest.org/#footnoteref67_cy5glon
https://www.ncbi.nlm.nih.gov/pubmed/32853629?dopt=Abstract
https://cancerquest.org/#footnoteref68_8oqgcfs
https://www.ncbi.nlm.nih.gov/pubmed/31515279?dopt=Abstract
https://cancerquest.org/#footnoteref69_7xqtwtf
https://www.ncbi.nlm.nih.gov/pubmed/29599476?dopt=Abstract
https://cancerquest.org/#footnoteref70_ro3rhwg
https://www.ncbi.nlm.nih.gov/pubmed/29345757?dopt=Abstract
https://cancerquest.org/#footnoteref71_x5j7x57
https://www.ncbi.nlm.nih.gov/pubmed/32442401?dopt=Abstract
https://cancerquest.org/#footnoteref72_3ytaxa8
https://www.ncbi.nlm.nih.gov/pubmed/34108022?dopt=Abstract
https://cancerquest.org/#footnoteref73_artrtw1
https://www.ncbi.nlm.nih.gov/pubmed/33434721?dopt=Abstract
https://cancerquest.org/#footnoteref74_p95jaag
https://www.ncbi.nlm.nih.gov/pubmed/33572595?dopt=Abstract
https://cancerquest.org/#footnoteref75_eh4j502
https://www.ncbi.nlm.nih.gov/pubmed/22422534?dopt=Abstract
https://cancerquest.org/#footnoteref76_06tm5xr
https://www.ncbi.nlm.nih.gov/pubmed/34440623?dopt=Abstract
https://cancerquest.org/#footnoteref77_8ji6ahy
https://www.ncbi.nlm.nih.gov/pubmed/28615068?dopt=Abstract
https://cancerquest.org/#footnoteref78_2waj5h4
https://www.ncbi.nlm.nih.gov/pubmed/30790462?dopt=Abstract
https://cancerquest.org/#footnoteref79_8xh8khk
https://www.ncbi.nlm.nih.gov/pubmed/32711004?dopt=Abstract
https://cancerquest.org/#footnoteref80_818zega
https://www.ncbi.nlm.nih.gov/pubmed/27916803?dopt=Abstract
https://cancerquest.org/#footnoteref81_00yrw6t
https://www.ncbi.nlm.nih.gov/pubmed/35113472?dopt=Abstract
https://cancerquest.org/#footnoteref82_nt5p94i
https://www.ncbi.nlm.nih.gov/pubmed/34627109?dopt=Abstract
https://cancerquest.org/#footnoteref83_zkrg04i
https://www.ncbi.nlm.nih.gov/pubmed/21743066?dopt=Abstract
https://cancerquest.org/#footnoteref84_0m42tal
https://www.ncbi.nlm.nih.gov/pubmed/21743066?dopt=Abstract
https://cancerquest.org/#footnoteref85_nzjeibe
https://www.ncbi.nlm.nih.gov/pubmed/31422710?dopt=Abstract
https://cancerquest.org/#footnoteref86_lja190b
https://www.ncbi.nlm.nih.gov/pubmed/21743066?dopt=Abstract
https://cancerquest.org/#footnoteref87_3pc0ct9
https://www.ncbi.nlm.nih.gov/pubmed/21743066?dopt=Abstract
https://cancerquest.org/#footnoteref88_kp2t2hn
https://www.ncbi.nlm.nih.gov/pubmed/21743066?dopt=Abstract
https://cancerquest.org/#footnoteref89_1g5ha32
https://www.ncbi.nlm.nih.gov/pubmed/21743066?dopt=Abstract


90Anderson, A., & Quaranta, V. (2008). Integrative mathematical oncology. Nature Reviews. Cancer, 8(3), 227-34.
http://doi.org/10.1038/nrc2329 (Original work published December 2008) [PUBMED]

https://cancerquest.org/#footnoteref90_8f1lmyr
https://www.ncbi.nlm.nih.gov/pubmed/18273038?dopt=Abstract

	How Is Cancer Studied?
	Why do we need cancer models? What is a cancer model system?
	Cell Lines
	Human Cell Lines
	Animal Cell Lines

	Animal Models
	Rodent Models
	Chemically Induced Rodent Models
	Genetically Engineered Rodent Models
	Rodent Xenograft Models
	Companion Animals

	Organoid Cancer Models
	Cancer 'Omics'
	Mathematical and Computer-based Models

