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 Introduction

For decades, cancer researchers have attempted to grow samples of patient tumours 
as xenografts. Initially, there was limited success, and only a small number of 
patient-derived xenografts (PDXs) could be established, mostly from particularly 
aggressive tumours. Nevertheless, through a combination of serendipity and care-
ful trial and error, the methods for establishing successful PDXs have gradually 
improved. Most tumour types can now be grown as PDXs, and large consortia are 
developing extensive collections of PDXs [1–3]. Yet, there is still room for improve-
ment. Some tumour types still have low engraftment rates and are under-repre-
sented in PDX collections. The difficulty in establishing PDXs also means that 
they are beyond the resources of many laboratories, which may limit the use of 
PDXs in preclinical cancer research and narrow the spectrum of tumours repre-
sented by PDX models. Therefore, this chapter will focus on the methods for estab-
lishing PDXs of solid tumours. In particular, it will address four critical aspects of 
PDX protocols: collection of viable patient tissue, preparation of tissue for xeno-
grafting, choice of host mice and authentication of established grafts (Fig. 2.1). 
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Fig. 2.1 Overview of the main steps in establishing PDXs. Step 1: High-quality patient specimens 
are obtained from various stages of cancer progression, from benign tissue to metastases, using a 
variety of collection methods. Step 2: Patient specimens are carefully prepared for grafting as 
either whole pieces of tissue, tissue slices, digested cells or sorted cells, with or without the addi-
tion of Matrigel or stroma. Step 3: Specimens are engrafted into the chosen strain of immunocom-
promised mice at the subcutaneous, subrenal capsule or orthotopic site. Hormone implants are 
used for PDXs of hormone-dependent cancers. Step 4: PDXs are validated to confirm that they are 
not contaminated with lymphoma cells and match the original patient specimen
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Continued optimisation of each of these steps will maximise the likelihood of 
establishing successful xenografts from patient specimens.

 Primary Versus Serially Transplantable PDXs

Xenografts can be derived from various sources of cancer cells; however, this chap-
ter will specifically focus on patient-derived xenografts, sometimes also referred to 
as tumour grafts or patient-derived tumour xenografts. We define PDXs as those that 
are established from patient tissue but not from immortalised cell lines. We will also 
discuss xenografts from near-patient samples, such as organoids. PDXs can be fur-
ther divided into primary and serially transplantable models, which have different 
advantages and disadvantages.

Primary PDXs, also known as first-generation PDXs, are clinical specimens that 
are grown in host mice for only one generation [4–7]. Depending on the experiment, 
this generation can last a few months, which is sufficient time for preclinical testing 
of candidate therapeutics [4]. Primary PDXs have high take rates, because most tis-
sues grow in vivo for at least one generation, assuming that the samples are of high 
quality and the xenografting conditions are optimal [5]. Thus, primary PDXs pro-
vide an opportunity to maximise the utility of specimens that may not produce seri-
ally transplantable PDXs, which is particularly important for rare tumours [8]. 
Another advantage of primary PDXs is that they maintain the complex pathology of 
the original samples. Benign, premalignant and malignant cells can co-exist within 
a single graft, just as they do in patient tissue [7, 9, 10]. Other cell types that are 
retained include fibroblasts, smooth muscle and endothelial cells [7, 11]. These cell 
types are gradually overtaken by cancer cells and recruited mouse stroma after 
serial transplantation [12]. Therefore, there are several advantages to only growing 
patient tissues in host mice for one generation as primary PDXs.

The disadvantages of primary PDXs are offset by the benefits of serially trans-
plantable PDXs. Primary PDX experiments require ongoing access to fresh patient 
specimens, whereas serially transplantable PDXs are actively growing tumours that 
can be regrafted into new host mice for multiple generations [13]. Thus, they pro-
vide a continuing source of tissue for numerous experiments. Over several genera-
tions, cancer cells become the most prevalent cell type within serially transplantable 
PDXs, so their pathology becomes more similar to metastatic than localised 
tumours. Nevertheless, the grafts are populated by mouse stroma, so serially trans-
plantable PDXs are more complex models compared to in vitro monocultures of 
cancer cells. Furthermore, like in vitro cell cultures, serially transplantable PDXs 
can be cryopreserved and shared between laboratories [1, 12, 13]. Collectively, 
these features make serially transplantable PDXs valuable preclinical models to 
study tumour biology and test novel therapeutics.

One of the main limitations of serially transplantable PDXs is that some tumour 
types are difficult to grow. Some cancers, such as melanoma, readily establish seri-
ally transplantable PDXs, while others, such as prostate and oestrogen receptor- 
positive breast cancer, have much lower rates of success [7, 14–16]. There are 
several interrelated explanations for why some tumours are easier to establish as 
serially transplantable PDXs than others. One factor is the origin and availability of 
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tumour tissue. The surgical procedures used to remove tumours can affect the qual-
ity and viability of samples as well as the time taken to transport them to the labora-
tory [8]. Moreover, different patterns of early diagnosis and clinical practice between 
tumour types mean that samples may be available from different stages of cancer 
progression. Another factor influencing PDX success rates is the ability of each 
tumour to adapt to growing in the mouse host. Some tumours may be more sensitive 
to xenografting conditions, including the methods used to prepare the grafts and the 
choice of mouse strain. Finally, the success rate of establishing PDXs might simply 
reflect the aggressiveness of the cancer type and the individual patient specimen 
[17–19]. This particular variable is beyond a researcher’s control; however, many 
other factors can be optimised to maximise the likelihood that tumours will produce 
serially transplantable PDXs. Therefore, the following sections will discuss sources 
of tumour tissue, preparation of grafts and choice of mouse strain, because the 
methods of establishing PDXs may underpin their eventual success.

 Methods for Generating Patient-Derived Xenografts

 Sources of Tissue for Patient-Derived Xenografts

Xenografting is a challenging technique from the very first step of the process—col-
lecting high-quality patient specimens. The sources of patient tissue determine the 
take rate of PDXs and the scientific questions they can be used to investigate. This 
section will address the benefits, limitations and applications of different sources of 
tissue spanning disease progression, from non-malignant samples to metastatic can-
cer specimens.

 Non-Malignant Tissue
Non-malignant tissues are often overlooked as samples for establishing PDXs. 
However, they can be used to optimise xenografting techniques, study angiogenesis 
and the interactions between epithelium and stroma, investigate the normal physi-
ological responses of tissues to treatment, compare the features of patient-matched 
benign and malignant tissue and identify cancer cells of origin [6, 10, 20–24]. Non- 
malignant tissue is often dissected from the same surgical specimen as the tumour 
by sampling regions that are distant from known tumour foci [10, 23, 25]. Other 
possible sources of non-malignant tissue include prophylactic surgeries, such as 
mastectomies and oophorectomies from women with pathogenic BRCA1 or BRCA2 
mutations, or procedures for benign conditions, such as transurethral resection of 
the prostate (TURP) for treating benign prostatic hyperplasia [8, 24, 26].

Depending on the experiment and tumour type, thorough histopathology may 
be required to confirm that these specimens are truly non-malignant. Furthermore, 
some cancers are thought to exert a field effect on surrounding tissue, so non- 
malignant samples may be best defined as “benign” or “morphologically normal”, 
rather than “normal” [27, 28]. Notwithstanding this limitation, non-malignant 
samples are still useful because they often have high take rates as primary PDXs 
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[10, 25]. Anecdotally, benign epithelial cells often persist in primary PDXs, even 
when cancer cells fail to grow. However, unlike tumours, non-malignant tissues do 
not produce serially transplantable PDXs. Collectively, this means that non-malig-
nant specimens are a convenient source of tissue for short-term PDX experiments 
as long as their histopathology is carefully reviewed.

 Localised Tumour Tissue
Localised tumours are a common source of tissue for PDXs, because surgery with 
curative intent is standard practice for treating many cancers. These specimens can 
provide large amounts of tumour tissue from each patient, and it is sometimes pos-
sible to obtain locally advanced cancer from surrounding lymph nodes. Regions of 
tumour tissue can be dissected from surgical specimens with a scalpel or biopsy 
needle, ideally avoiding benign or necrotic tissue [5, 29]. Whichever method is 
used, it is essential that the overall architecture of the specimen is preserved for 
routine pathology reporting of surgical margins, tumour differentiation and histol-
ogy [5]. PDXs can also be established from primary tumours after patients have 
received neoadjuvant treatments [30, 31]. In cases where surgery is not performed, 
tissue can be obtained from biopsies, including fine needle aspirates [10, 13, 32, 
33]. Thus, for many cancers localised tumours are a widely available source of tis-
sue for xenografting.

PDXs of primary tumour have many applications. Large biobanks of PDXs have 
been established from primary tumours of numerous cancers [1–3, 34]. Genomic 
analyses of these large cohorts have shown that they approximate the inter-patient 
diversity of tumours in the clinic [1, 2]. Thus, they provide comprehensive preclini-
cal platforms for drug screening. Serially transplantable PDXs of primary cancers 
are also useful for studying tumour biology. For example, some laboratories have 
grown PDXs under selective pressure to create models of therapy resistance [13], 
while others have established PDXs from matched localised and metastatic tumours 
from the same patient [1, 32]. Therefore, even though PDXs of primary tumours 
usually do not represent lethal disease, they are invaluable models for cancer 
research.

 Metastatic Tumour Tissue
PDXs of metastatic tumours provide models of the most aggressive stages of cancer 
progression, including therapy resistance [14, 35]. This makes PDXs of metastatic 
tumours ideal for studying mechanisms of drug resistance and for testing the effi-
cacy of novel therapeutics. For many cancers, however, there is limited access to 
metastatic tumours compared to localised disease. Patients with some cancers rarely 
undergo surgical resection of metastases and are instead treated with radiotherapy 
or systemic therapies like chemotherapy. Nevertheless, once the logistical and ethi-
cal challenges are overcome, it is still possible to obtain metastatic samples from 
patients during treatment or after death.

PDXs can be established from numerous sources of metastatic tumour cells from 
patients who are still undergoing treatment. For example, several laboratories have 
generated PDXs from surgically resected liver metastases of colon cancer [34, 36–38]. 
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Surgery is less commonly performed on metastases of many other cancers; however, 
other types of samples are sometimes available. This includes malignant ascites or 
pleural effusions, from which cancer cells can be isolated and injected or grafted into 
mice [17, 39–42]. Metastatic tissue can also be obtained from palliative surgeries, 
which are sometimes used to alleviate pain or repair fractures due to bone or spinal 
metastases [43–45]. Biopsies are another common source of metastatic tumour tissue 
[46, 47]. They are usually performed during the course of patient treatment but are 
sometimes undertaken specifically to obtain tissue for research or clinical trials, which 
carries a small risk of complications to the patient [48–50]. This means that it is some-
times possible to plan the timing of biopsies and even use them to obtain serial samples 
from patients [49]. However, the limitations of biopsies include the small amounts of 
tissue they provide and the inability to sample some metastatic sites. Nevertheless, 
along with surgical resections, ascites and pleural effusions, biopsies are an essential 
source of metastatic tumour cells for establishing PDXs.

Certain limitations of collecting samples from living patients are overcome with 
rapid autopsy programmes. Rapid autopsy, also known as warm or immediate 
autopsy, involves the collection of tumour tissue within a few hours of a patient’s 
death [51]. The speed of this process is important for maintaining high-quality, via-
ble tumour tissue before autolysis occurs. This creates logistic challenges, so rapid 
autopsy programmes typically involve team members from clinical care, palliative 
care, funeral services, forensic medicine, tissue banking and cancer research [14, 
52]. Most rapid autopsy protocols use imaging and clinical notes to identify the 
locations of metastases. These sites are then reviewed macroscopically during dis-
section to avoid any necrotic tissue [14, 52]. Despite concerns about the viability of 
rapid autopsy samples, serially transplantable PDXs have been established from 
melanoma, rhabdomyosarcoma and breast, pancreatic, prostate and ovarian cancers 
[14, 35, 51–53]. The reported success rate for generating PDXs varies between 
tumour types, from 5% for prostate cancer to 100% for melanoma [14, 52].

There are benefits and limitations to rapid autopsy programmes and the samples 
they provide. One of the benefits of rapid autopsy is that it enables extensive sam-
pling of multiple metastatic sites, including those that cannot be accessed before 
death [14]. This is particularly useful for studying intra-patient tumour heterogene-
ity [54–56]. Furthermore, compared to biopsies, rapid autopsies can provide greater 
amounts of tissue from more sites and without patient discomfort or the risk of 
complications. Yet, rapid autopsies are not routine. This makes them a low- 
throughput source of metastatic tissue for xenografting, especially compared to 
biopsies. Therefore, rapid autopsy programmes are often used for detailed studies of 
carefully selected patient cohorts, where samples are gradually accumulated over 
time. Overall, this means that rapid autopsies and other sources of metastatic tissue 
are complementary methods of collecting patient samples for xenografting.

 Circulating Tumour Cells
Circulating tumour cells (CTCs) are an emerging source of cancer cells for PDXs. 
Successful PDXs have been established from breast, prostate and small-cell lung 
cancer CTCs directly implanted into immunocompromised host mice [57–59]. 
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PDXs have also been generated from CTCs that were cultured as organoids before 
engraftment (see Section “Sorted or Cultured Cancer Cells”) [60–62]. CTCs have 
yielded tumours when directly injected into subcutaneous and bone sites, which is 
often cited as evidence that CTCs contain a subpopulation of metastasis-initiating 
cells [57, 58, 63]. Not surprisingly, samples with greater numbers of CTCs have 
higher take rates when xenografted [57, 58]. This could be due to the increased 
likelihood that some of the CTCs within a sample will be tumourigenic, as well as 
the association between high CTC counts and aggressive tumours. Since the process 
of collecting CTCs from blood or “liquid biopsies” is non-invasive, it might be pos-
sible to obtain serial samples to establish PDXs from different stages of disease 
progression, such as before and after therapeutic resistance. Therefore, CTCs are 
likely to become increasingly popular samples for establishing PDXs.

 Sorted or Cultured Cancer Cells
PDXs are usually established from samples of intact or digested patient tissue; how-
ever, they can also be grown from tumour cells that are preselected using sorting or 
primary culture. Cell sorting is used to enrich defined populations of cancer cells 
based on their expression of cell surface antigens or phenotype. Common tech-
niques include flow cytometry, magnetic bead separation and differential attach-
ment to coated plates. Xenografts of sorted cells have primarily been used to study 
cancer-repopulating cells [37, 64, 65]. The frequency of cancer-repopulating cells 
can be calculated by decreasing numbers of sorted cells to establish a tumour [66]. 
The other common method of preselecting cancer cells, primary cell culture, is also 
based on the premise that only a subpopulation of cancer cells may have the poten-
tial to form tumours. In this way, in vitro cell culture can be used to select patient 
specimens that are more likely to establish successful PDXs. These primary cultures 
are increasingly being established as organoids rather than adherent or suspension 
cultures [60–62, 67]. This method is particularly useful for samples with low take 
rates, because it is easier to monitor their growth in vitro and then subsequently graft 
the cells into host mice. This also provides matched in vitro and in vivo models to 
study tumour biology and drug responses in various contexts. An unresolved ques-
tion is whether there are differences in PDXs established from pieces of tissue com-
pared to cultured cells, other than the obvious lack of human stroma in early 
generations. Nevertheless, preselecting cancer cells through sorting or primary cul-
ture provides researchers with a way to control the success rate of PDXs.

 Preparation of Fresh Tissue for Xenografting

After obtaining high-quality patient specimens, the next important step in estab-
lishing successful PDXs is to carefully prepare the tissues for xenografting. The 
standard procedure for many tumours is to either graft whole pieces of tissue or 
enzymatically digested tissue as quickly as possible into the host mouse [68]. 
However, additional processing steps may improve the take rate of tissues that are 
difficult to grow as PDXs. One approach is to use a tissue slicer to cut thin and 
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precise samples, typically about 300 μm thick [69, 70]. Once grafted, these thin 
slices may be more highly oxygenated than larger pieces of tissue, potentially 
increasing their survival during the time it takes them to become vascularised. 
Slicing is also useful for specimens with a heterogeneous composition of cancer 
and benign regions, because it is possible to compare paired slices and assess the 
tumour content in fixed slices [69].

Other methods of preparing tissue aim to enrich the graft microenvironment. For 
example, grafts are often embedded in Matrigel, which provides growth factors and 
extracellular matrix to encourage the growth of the patient tissue and host vascula-
ture [17, 23, 71]. Matrigel is also useful for binding together dispersed cells or 
fragile pieces of tissues. The development of biomimetic scaffolds by tissue engi-
neers may provide alternatives to Matrigel where the composition and stiffness of 
the matrix is customised to match the patient tissue [72]. Another way of providing 
a supportive microenvironment is to add stroma to grafts; however, the source of 
stroma is critical. The take rate of primary prostate PDXs is increased when they are 
recombined with mesenchyme from embryonic or neonatal mice [5, 7, 9, 73]. 
Similarly, the growth and vascularisation of primary breast cancer PDXs is improved 
by co-implanting mesenchymal stromal cells [17]. In contrast, immortalised human 
fibroblasts from normal breast tissue had no effect on the take rate of primary breast 
cancer PDXs and actually decreased their serial transplantability [42]. These studies 
emphasise that the graft microenvironment, and the method of preparing tissue in 
general, can be critical in establishing PDXs.

 Influence of the Mouse Host on Patient-Derived Xenografts

Some of the most dramatic improvements in PDX protocols have been due to 
changes in the mouse host. This section will discuss the importance of systemic 
features of host mice, in particular their immunocompetence and circulating steroid 
levels, as well as the local features of the graft site.

 Systemic Features of the Mouse Host: Strains and Steroids
It is essential to use immunocompromised host mice to avoid rejection of PDXs. 
Early methods of supressing the host immune system included X-ray irradiation and 
thymectomy [74, 75]. The subsequent discovery of athymic nude mice (nu/nu), 
which lack functional T cells, foreshadowed the use of increasingly immunocom-
promised mouse strains for xenografting [76]. Many laboratories then shifted to 
using severe combined immune-deficient (SCID) mice, which are deficient in both 
T and B cells [77]. Non-obese diabetic SCID (NOD-SCID) mice then became more 
popular for xenografting, because they avoid the leaky phenotype of SCID mice and 
also have impaired natural killer (NK) cell function [78, 79]. To further abrogate the 
host immune response in these strains, some laboratories pretreated mice with eto-
poside, an immunosuppressant, a few days prior to grafting [39, 80]. It was subse-
quently shown, however, that etoposide decreased the take rate and growth of breast 
cancer PDXs in thoracic fat pads [39].
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Most recently, NOD-SCID interleukin-2 receptor gamma chain null (NSG) mice 
have become a common strain used for xenografting. NSG mice are highly immu-
nocompromised because they lack functional T, B and NK cells [81, 82]. It is often 
assumed that using highly immunocompromised host mice can improve the take 
rate of PDXs; however, it seems to depend on the patient specimens. Small numbers 
of melanoma cells have dramatically higher take rates in NSG versus NOD-SCID 
mice, whereas there is no difference in the engraftment rate of breast cancer tissue 
in SCID versus NSG mice or prostate cancer tissue in nude versus NOD-SCID mice 
[11, 42, 65]. Nevertheless, many laboratories now routinely use NOD-SCID or 
NSG mice for xenografting given that the take rate is greater, or at least equal, to 
that obtained with other strains. The trade-off for high engraftment rates with immu-
nocompromised mice is the inability to study the interactions between tumour and 
immune cells, leading to increasing interest in humanised PDX models [83].

In addition to the immune system, steroid hormone levels are another systemic 
feature of host mice that affects the engraftment and growth of hormone-dependent 
cancers. Breast cancer PDXs are often established in female mice implanted with 
oestrogen pellets. Oestrogen supplementation increases the engraftment of both 
oestrogen receptor-positive and receptor-negative subtypes, presumably due to 
paracrine signalling from the stroma [17, 42, 84, 85]. Unfortunately, higher doses of 
exogenous oestrogen can cause side effects in host mice, such as urine retention and 
hydronephrosis, leading to the development of alternative protocols with lower oes-
trogen levels [26, 86, 87]. Similar to breast samples, prostate tissue is grafted into 
male mice with testosterone implants. Higher testosterone levels are required to 
maintain the differentiation of benign and malignant prostate glands in PDXs, 
because androgen levels in adult male mice are only equivalent to hypogonadal 
adult men [10, 24, 88, 89]. Therefore, supplementing steroid hormone levels in host 
mice is a simple way to maximise the success of PDXs of hormone-dependent 
cancers.

 Local Features of the Mouse Host: Graft Site
The graft site is an important consideration when establishing PDXs, because local 
features of the mouse host affect the take rate, fidelity and practicality of PDXs. 
Specimens are often engrafted heterotopically, that is, at a different site compared 
to their tissue of origin. Subcutaneous grafting into the shoulder or flank of host 
mice is particularly common. The advantages of subcutaneous grafting include the 
speed and technical simplicity of the method, the ability to graft large specimens 
and the ease of monitoring tumour growth [90]. Thus, it is ideal for tumours with 
high take rates or for serially transplantable PDXs that have already been estab-
lished at other graft sites. Tumours with low take rates as subcutaneous grafts, such 
as oesophageal, prostate and low-grade ovarian cancer, often grow more success-
fully as subrenal capsule or intramuscular grafts [10, 11, 91, 92]. This is thought to 
be due to the greater blood supply at these sites. Subrenal grafting requires more 
expertise than subcutaneous grafting; however, once the grafts are implanted, they 
are held in place by the renal capsule, a thin membrane surrounding the kidney [5, 
10, 89, 93]. Another limitation of subrenal capsule grafting is that it is more difficult 
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to estimate tumour growth by palpating the grafts. Therefore, for heterotopic PDXs, 
the choice of graft site depends on the balance between optimal take rate and ease 
of grafting and monitoring of tumour growth.

PDXs can also be established orthotopically [10, 17, 28, 42, 90, 94–97]. It can be 
more difficult and time-consuming to establish orthotopic grafts, and they may need 
to be monitored using specialist imaging equipment [98]. Nevertheless, orthotopic 
grafting ensures that the host microenvironment mimics the patient tissue of origin 
as closely as possible. This is reflected in the high take rates of orthotopic grafts for 
many tumour types, compared to subcutaneous grafts [10, 17]. The graft site can 
also affect the phenotype of PDXs. For example, orthotopic PDXs may be more 
likely to metastasise [95, 99, 100] and more closely reflect patients’ responses to 
therapy than heterotopic PDXs [101]. Yet, most PDXs closely recapitulate the origi-
nal patient tumour [2], so the degree to which orthotopic grafting improves fidelity 
is unclear and might depend on the tumour type. The precise anatomical site used 
for orthotopic grafting can also be important. For example, breast cancer PDXs 
exhibit better engraftment and growth in abdominal compared to thoracic fat pads 
[39]. Furthermore, injecting oestrogen receptor α-positive tumours into milk ducts 
instead of fad pads produces PDXs that more closely resemble the histopathological 
features of patient tumours [26]. Collectively, these studies emphasise that the local 
microenvironment can affect the take rate and phenotype of PDXs.

 Authentication of Patient-Derived Xenografts

Once PDXs are established, it is important to verify that they recapitulate the origi-
nal patient specimens. There is a risk that PDXs can become contaminated, espe-
cially with lymphomas, which can rapidly overtake grafts. Lymphomas can originate 
from the host mouse, particularly in ageing NOD-SCID mice [18, 102, 103]. They 
can also arise from human B cells within the patient specimen that are transformed 
by Epstein-Barr virus. PDXs from a diverse range of tumour types have been con-
taminated with human lymphomas [18, 92, 103–106]. Simple tests can be used to 
rapidly identify contaminated PDXs, allowing them to be rescued. Contaminating 
mouse cells can be identified using species-specific analyses of telomeres, Alu 
repeats and human mitochondrial antigens [26, 92, 107]. Human lymphomas can be 
detected, and if necessary depleted, based on CD45 expression [105].

PDXs can also be cross-contaminated with one another, so there is a growing 
need to authenticate that they match the correct patient. It is becoming a routine 
practice to authenticate immortalised cell lines to ensure that they are derived from 
the intended source, but this is not yet the case for PDXs. This led the International 
Cell Line Authentication Committee to recommend that guidelines and protocols 
should be developed for rigorously characterising PDXs [108]. The identity of 
PDXs is sometimes confirmed in the process of genomic studies, but other targeted 
approaches can be used for routine authentication. For example, short tandem repeat 
(STR) analysis is commonly used for authenticating cell lines, and it has also been 
used in some PDX studies [42, 109]. An alternative approach is to analyse the 
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pattern of single nucleotide polymorphisms (SNPs), which provides similar accu-
racy to STRs in identifying different patient samples. An automated SNP-based 
PDX Authentication System (PAS) with 32 SNPs was recently validated with PDXs 
from paediatric acute lymphoblastic leukaemia, Ewing’s sarcoma and prostate can-
cer [110]. This system identifies as little as 3% cross-contamination between PDXs, 
providing an effective method for authenticating PDXs. Therefore, given the time 
and expense of PDX experiments, rapid and inexpensive approaches for authenti-
cating the identity of PDXs will become important tools for confirming the validity 
of the results.

 Summary and Conclusions

Over the last few decades, the availability of PDXs in laboratories around the world 
has increased dramatically. This has been driven by numerous methodological 
improvements and the realisation that PDXs are invaluable tools in preclinical can-
cer research. Yet, it is important to note that there is no “best practice” in establish-
ing PDXs. Methods vary depending on the tumour type, and, in many instances, 
tumour take rates have not been formally compared between various protocols. 
Instead, a bit like a cottage industry, many individual laboratories have gradually 
optimised the way they establish PDXs for particular tumour types. This is chang-
ing, however, as laboratories publish detailed protocols, and national and interna-
tional consortia develop large repositories of PDXs. The scale and scope of these 
PDX platforms is important, because multiple PDXs of each tumour type and each 
stage of disease progression are required to replicate the diversity of tumours in the 
clinic. Nevertheless, these PDX platforms depend on the expertise of cancer 
researchers to grow patient specimens as PDXs. Through further innovation and 
collaboration, this process is likely to become increasingly successful in the years 
ahead.
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