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Introduction

Unresectable or metastatic urothelial carcinoma is best 
treated with systemic cisplatin-based chemotherapy. 
However, few patients are able to achieve durable disease 
control and often experience drug resistance and eventually 
death (1). The survival of patients with metastatic urothelial 
carcinoma has not markedly improved for more than  
20 years (2), in part because of the paucity of disease models 
that recapitulate clinical behavior such as the drug response 
of urothelial carcinoma. 

The successful development of effective anticancer 
drugs requires a preclinical model system that accurately 
predicts the safety and efficacy of promising compounds 
in clinical trials. The use of xenograft models implanted 
with human cancer cell lines has remained the standard 
practice for preclinical drug evaluation for the past 30 years. 
However, most de novo anti-cancer drugs fail to reach even 
phase III clinical trials. The discrepancy between preclinical 
promise and clinical reality raises concerns regarding the 
effectiveness of the traditional subcutaneous xenograft 
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model (3). The lack of preclinical models that preserve the 
heterogeneity of the primary tumor, and the poor biologic 
and genetic reproducibility and low predictive value of 
existing models have been major hurdles in cancer drug 
development (4,5). 

To circumvent the limitations of the traditional 
subcutaneous xenograft model, the use of patient-
derived xenografts (PDXs) has emerged as an alternative 
preclinical model and has been studied actively to explore 
their potential. PDX models are now being consistently 
characterized and applied in oncology research. 

PDX models are characterized by direct engraftment of 
patient-derived tumor fragments into immunocompromised 
mice. These models have proven to be more representative 
of human patients compared with other xenograft models 
or in vitro models. Several studies performed in the 1980s 
investigated the validity of PDX models by comparing 
the response to chemotherapy in mouse models, and 
most of them found a high degree of correlation in the 
response to chemotherapy between patients and the 
corresponding PDX models (6-8). PDX models have been 
developed in various organ systems, including brain cancer, 
prostate cancer, pancreatic cancer, breast cancer, ovarian 
and gynecologic cancer, colorectal cancer, lung cancer, 
hematologic disorders, and melanoma (4,5,9-15). 

The use of PDX models to select appropriate treatments 
and discover new, more effective, and safer drugs is expected 
to contribute to reducing morbidity and costs associated 
with urologic cancer, which is increasing in prevalence. In 
this review, we discuss the advantages and disadvantages 
of PDX models in drug development, their application 
in bladder cancer fields, and the future direction of PDX 
models.

Cancer cell line xenograft models

Traditionally, cancer cell lines derived from patient tumors 
have been widely used in cancer research. By the early 
1970s, multiple human tumors had been cultured in vitro, 
leading to collections of human tumor cell lines. The 
primary advantage of cell line-based xenograft models in 
mice compared to in vitro models is to recapitulate the 
complex microenvironment, which allows interaction 
between cancer cells and the host vasculature and stroma. 
These models are simple, consistent, and cost effective  
as well. 

However, cell line-based xenograft models have several 
unavoidable limitations. First, cell line-based xenografts 

tend to lose the heterogeneity and many critical genetic 
signatures of the original tumor. The process of cell 
culturing results in a phenotypically homogeneous culture, 
because the resident cells and proteins of the original tumor 
are eliminated, and only tumor cells that are favorable to 
the culture environment survive and are selected (5). Thus, 
the successfully grown tumor differs from the original 
heterogeneous source. Cancer cell line xenografts are not 
representative of the drug response or resistance shown by 
primary tumors (16). Johnson et al. evaluated potential anti-
cancer agents in xenograft studies and phase II trials and 
noted that the correlation between the results of xenograft 
studies and phase II trials was very limited (3). 

Retrospective studies have shown that many compounds 
with promising activity in xenograft models did not lead to 
clinical success owing to limited efficacy or high toxicity (17). 
The FDA approves only about 5% of anti-cancer agents 
after pre-clinical testing in the absence of a human stromal 
environment and limited tumor heterogeneity (16). 

Advantages and disadvantages of PDX in drug 
development

Preclinical models that are able to predict the efficacy and 
safety of test compounds are required for the successful 
development of anti-cancer agents. PDX has attracted 
attention as an alternative preclinical model for cancer 
research to overcome the limitations of cancer cell lines. 
Thus, PDX models have been applied to various fields 
of cancer research including tumor biology, personalized 
cancer therapy, cancer drug screening, biomarker 
discovery, and investigating drug resistance mechanisms, as 
summarized below (18). 

First, PDX models are appropriate tools for expanding 
knowledge of tumor biology on the basis of the vast 
majority of reports that describe histological similarity 
between the original tumor and PDX. In terms of genetic 
fidelity, the parental tumor and PDX generally share most 
(>90%) genetic alterations in urothelial carcinoma (19). 
The histological characteristics of the original tumor 
are preserved for three to six passages (19,20). Potential 
therapeutic targets in bladder cancer PDX have been 
identified using fluorescence-activated cell sorting (FACS) 
techniques. The combined use of FACS and PDX models 
resulted in successful molecular profiling and identification 
of a gene signature of bladder tumor-initiating cells that 
was associated with poor prognosis (21). Those studies also 
highlighted the roles of cancer stem cells in therapeutic 
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resistance in bladder cancer using PDXs, finding that 
CK14+ cells contribute to tumor regrowth by activating a 
proliferation response after chemotherapy-induced damage, 
and these cells demonstrated the necessary functional 
criteria to be considered cancer stem cells (21). 

Second, PDX models are believed to be an ideal tool 
for personalized precision medicine (22), although their 
clinical value for urological malignancies has not been 
fully established yet. Using PDX, a pilot test to evaluate 
therapeutic responses to anti-cancer agents can be performed 
before applying them to patients. Stebbing et al. successfully 
established 22 sarcoma PDX models from 29 patients and 
screened them for a panel of chemotherapeutic agents, with 
a 76% take rate during a period of 3−6 months (23). Six 
patients died before test data were available. A correlation 
between prediction from PDX evaluations and clinical 
outcome was observed in 81% of the tested cases (18). This 
process not only provides an opportunity for patients to be 
treated with appropriate anti-cancer agents, but also has 
the effect of sparing them from exposure to a drug that may 
have no effect (24). 

Third, PDX models are widely used as screening 
platforms for clinical drug trials. Advances in experimental 
methods have revealed that tumor heterogeneity is a 
hallmark of cancer and so is, bladder cancer (25). Since 
PDX avoids the use of an in vitro process, PDX models are 
expected to recapitulate the complexity of human cancer, 
with preserved tumor heterogeneity, cellular lineage 
hierarchy, and tumor-stroma interaction. Indeed, a high 
correlation in drug response between PDX models and 
patients has been reported (22,26).

Finally, PDX models also enable the discovery of 
biomarkers to predict oncologic drug sensitivity and 
resistance. PDX models from colorectal cancer patients 
revealed that KRAS mutant tumors did not respond to the 
anti-epidermal growth factor receptor antibody cetuximab 
(27-29). KRAS wild-type status is now a well-documented 
clinical biomarker for this targeted therapy. An extensive 
analysis of cetuximab in 47 colorectal cancer PDX models 
showed a 10.6% response rate, consistent with the response 
rate observed in patients with this disease (29). Detailed 
analysis of the mechanisms underlying resistance to EGFR 
inhibitors in these PDX models resulted in the identification 
of HER2 and MET amplification as predictors of resistance, 
leading to novel clinical trials (29,30). 

One of the drawbacks of PDX models is the inevitable 
requirement of immunodeficient mice to prevent immune 

attacks against the xenografted tumor. The use of 
immunodeficient mice as PDX hosts has several limitations. 
First, the complex microenvironments of human primary 
tumors are not recapitulated in immunodeficient mice. 
Despite the successful growth of primary human tumors 
in immunodeficient mice,  the microenvironment 
including tumor-promoting cells is replaced by a murine 
equivalent. In this case, drugs that target human cells may 
not function appropriately. Validation studies of PDX 
models found a significant stromal loss of tumor after 
multiple murine transplantations (8,31). Another limitation 
of immunodeficient mice is that graft-versus-host and 
anticancer immunity may be not fully interrupted during 
the PDX process, resulting in engraftment failure (32).  
Furthermore, lymphangiogenesis and angiogenesis 
promoted by B lymphocytes and macrophages may 
influence tumor growth and metastasis (33,34). Once a 
requisit for microenvironment interaction of tumor is 
disappeared, which result in unavailability of evaluating 
anti-cancer drugs that has effect on immune system or 
immunotherapies.

Xenotransplantation of human cancer tissue into 
immunocompromised mice has  been reported to 
occasionally induce synergetic tumors that are completely 
different from the parental tumors. Mouse spindle cell 
tumors can occur at the transplantation site of host animals, 
suggesting that tumor cells might trigger the transformation 
of neighboring stromal cells into sarcomatoid tumors 
through humoral factors expressed by the tumor cells, 
although this phenomenon is rare (35,36). 

Low engraftment rates and the long latency time 
for establishing the models are also pitfalls of PDX. 
Furthermore, the requirement for a relatively long period 
from setting up an ‘Avatar model’ to actual application 
of the appropriate anti-cancer agent is another inevitable 
hurdle. In prior case series, the time needed to establish 
xenografts and test drugs usually exceeded the patients’ 
life span (8). In addition, some tumors are associated with 
infections by bacteria, viruses, and parasites (37). PDX 
models using SCID-based mouse strains have demonstrated 
more successful engraftment rates than nude mouse-
based strains. However, NOD-SCID mice only live up to  
37 weeks and can develop thymic lymphoma, which makes 
it impossible to observe the long-term effects and safety 
of therapeutic treatments in models employing these mice 
(38,39). Finally, the high cost of establishing PDX models is 
another hurdle to starting and maintaining them. 
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Application of PDX models in bladder cancer 

Tumor extraction and take rate

Cancer tissues can be extracted from patients after 
obtaining informed consent. Fresh tumor tissue from 
surgical or tumor biopsy specimens determines the 
successful establishment of PDXs in mice. Bladder cancer 
is particularly suitable for the development of PDX models 
because bladder cancers are large, and fresh tissue can easily 
be obtained when the tumors are resected transurethrally. 
In other words, surgery can provide abundant material 
with a short latency time to inoculation into the mouse. 
In a prior study, a total of 65 human bladder cancer tissue 
samples were implanted into the flank subcutaneous layer 
of immunodeficient mice (40). Among these 65 cases, six 
PDX models were successfully generated, and primary 
tumor tissues and xenografts of passage ≥2 or higher were 
compared. After hematoxylin and eosin staining and array-
comparative genomic hybridization (CGH) analysis, 
similar histologic characteristics, degree of differentiation, 
and genomic alterations were observed in the primary 
and xenograft tumors. Advanced stage and increased 
pathological grade have been associated with improved 
tumor take rate for urothelial carcinoma PDX (41). 

Several other previous studies reported the outcomes 
of bladder cancer PDX models. Reported tumor take rates 
range from 11% to 80% (20,42-47). There are differences in 
details concerning host mouse, site of tumor implantation, 
tumor histology, tumor sample, whether Matrigel was used 
or not, and era of PDX model development. Previously 
reported bladder cancer PDX models are summarized in 
Table 1.

Selection of host mouse strains

Several types of immunocompromised mice are available 
for xenograft transplantation. Athymic (nude) mice are 
most commonly used for the establishment of PDX mouse 
models, which harbor a Foxn1 gene mutation, that results in 
the absence of mature T cells (53,54). SCID (55) and Rag1- 
or Rag2-null (56,57) are adaptive immune compromised 
mouse strains. 

Several severe combined immunodeficient mouse 
strains have been described, including SCID beige (58); 
nonobese diabetic (NOD)-SCID (59); NOD-SCID-gamma 
(58,60,61); NOG (62,63); Rag-gamma and Balb-Rag-
gamma (BRG) (64); NOD-Rag-gamma (NRG) (65); NOD-
SCID-gamma HLA-A2.1 transgenic (37); and NOD-

SCID-gamma IL-3, GM-CSF, and SCF (NSG-SGM3) 
transgenic (66,67). NOD-SCID and NOD-Rag strains 
demonstrated better growth and survival of primary tumors, 
hematopoietic cells, and hematologic malignancies. 

Site of tumor tissue implantation

The most commonly used site for engraftment is 
the subcutaneous space on the dorsal side of mice 
(19,20,40,42,44-51). Subcutaneous xenografts are technically 
easy to handle, and monitoring and evaluating the tumor 
size are also simple.

In contrast to the subcutaneous graft site, the subrenal 
capsule site is highly vascularized and associated with a very 
high tumor take rate for urothelial cancer tissue. Jäger et al. 
reported five cases of bladder cancer PDX models, in which 
patient tumors were transplanted below the renal capsule of 
mice and grafted over multiple generations (52). 

Orthotopic engraftment of fresh bladder cancer tissue 
might be advantageous, as it provides a more physiologically 
relevant environment for the growth of human bladder 
tissue. However, successful PDX establishment from 
orthotopic engraftment of urothelial tumor specimens has 
not been achieved, although the submucosal injection of 
dissociated cells could be technically viable (68,69). 

Screening platforms for clinical drug trials

Hofner et al. generated patient-derived neuroendocrine 
bladder cancer xenograft models (47), noting that the 
expression of the hepatocyte growth factor (HGF) receptor 
MET was found in xenograft models, neuroendocrine 
bladder cancer cultures, and primary tumor sections. 
Neuroendocrine bladder cancer spheroid growth in vitro 
was dependent on HGF, and treatment with a MET 
inhibitor was associated with a significant decrease in 
tumor growth in PDX mice compared to control-treated 
mice, highlighting MET as a new treatment target for 
neuroendocrine bladder cancer. Furthermore, Kurtova et al.  
successfully developed a PDX model from urothelial 
carcinoma that recapitulated acquired chemoresistance over 
serial administrations of gemcitabine and cisplatin, which is 
the standard chemotherapy regimen for advanced urothelial 
carcinoma (21). They found that cytotoxic chemotherapy 
induced cyclooxygenase 2 (COX2)- and prostaglandin E2-
mediated tumor repopulation, which contributed to the 
regrowth of chemoresistant tumors. A COX2 inhibitor 
effectively retarded the progressive manifestation of 
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chemoresistance in PDX tumors (21). 
Jäger et al. developed five PDX models of muscle 

invasive bladder cancer by implanting primary tumors 
under the renal capsule of NOD-SCID mice (52). 
Subsequently, the PDX and patient tumors were processed 
for analysis of gene expression with microarray, copy 

number variations with array CGH, and expression of 
target pathways with immunohistochemistry. One PDX 
harboring an FGFR3 mutation was treated with an 
inhibitory monoclonal antibody that was able to neutralize 
FGFR3. Shared chromosomal aberrations in the patient 
tumors and PDX were identified by array CGH. The 

Table 1 Bladder cancer patient-derived xenograft (PDX) models and their tumor take rate after the first implantation in mice

Study Origin Host mouse Site Histology Tumor sample Matrigel Tumor take rate

Sufrin et al. 
[1979] (42)

Primary Athymic nude Flank or lateral aspect of the 
abdomen, subcutaneously

TCC Fragment No 39%*

Naito et al. 
[1981] (48)

Primary BALB-c nu/nu Subcutaneous space 7/30 TCC, 
1/1 SCC

Fragment No NA†

Matthews et al.  
[1982] (43)

Primary Athymic nude Thoracic and inguinal  
mammary sites

TCC Fragment No 19.23%

Kovnat et al. 
[1982) (49)

Primary CBA/CBJ Right thigh muscle or tail vein 
(cell suspension)/one or both 

flanks (fragment)

TCC Cell suspension/
fragment

No 34.14%‡

Russell et al. 
[1986] (50)

Primary BALBc nu/nu Scapular region,  
subcutaneously

TCC Fragment No NA

Hay et al.  
[1986] (46)

Primary CBA Each flank, subcutaneously TCC/mixed Fragment No 47.8%

McCue et al. 
[1996] (51)

Primary CB17-SCID Left flank, subcutaneously TCC Fragment No NA

Abe et al.  
[2006] (44)

Primary CB17-SCID Right flank, subcutaneously 12/20 TCC, 2/2; small 
CC, 1/1; SCC 0/1 IP

Fragment No 62.5%

Chan et al. 
[2009] (20)

Primary Rag2-yc- Dorsal skin, intradermally NA Cell suspension Yes 35.7%

Hofner et al. 
[2013] (47)

Primary NOD SCID γ Dorsal skin NEBC Fragment Yes 80%

Park et al.  
[2013] (40)

Primary Athymic nude Flank, subcutaneously NA Fragment Yes NA

Bernardo et al. 
[2014] (45)

Primary SCID, N:NIH (32) Scapular region,  
subcutaneously

TCC Fragment No 11%

Kurtova et al. 
[2015] (21)

Primary Rag2−/− II2rg−/ 
− double-

knockout mice

Subcutaneous space TCC Fragment Yes NA

Jäger et al. 
[2015] (52)

Primary NOD-SCID mice Under the renal capsule TCC Fragment No NA

Pan et al.  
[2015] (19)

Primary NSG mice Flank, subcutaneously or 
muscular layer of the bladder wall

TCC Cell suspension/
fragment

No NA

*, implantations were performed in 3–4 different sites, and take rates were reported per implanted mouse; †, only the take rates of all 
passages are available; ‡, one or two samples were implanted per mouse, and the take rates were reported per implanted mouse. TCC, 
transitional cell carcinoma; SCC, squamous cell carcinoma; small CC, small cell carcinoma; Rag2, recombination activation gene 2; NOD, 
nonobese diabetic; NEBC, neuroendocrine bladder cancer; SCID, severe combined immunodeficient; NIH, National Institutes of Health; 
IL-2, interleukin 2.
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parental tumors and PDXs demonstrated similar patterns 
on immunohistochemistry and gene expression microarray. 
The FGFR3 inhibitor inhibited tumor growth in the PDX 
that harbored an FGFR3 mutation.

Pan et al. established and characterized 22 PDX models 
from urothelial carcinoma tumors (19). Using whole-
exome and RNA sequencing, they investigated the genetic 
characteristics of the PDXs and treatment response to 
an epidermal growth factor receptor–receptor tyrosine-
protein kinase erbB-2 dual inhibitor, a phosphatidylinositol 
4,5-bisphosphate 3-kinase catalytic subunit α isoform 
inhibitor, a proto-oncogene tyrosine-protein kinase Src 
inhibitor, and a fibroblast growth factor receptor 3 inhibitor. 
These authors observed good correlations between the 
genomic characteristics and treatment responses of PDX 
models and donor patients. 

Future directions of PDX models

The ideal preclinical tumor model would be able to 
reproduce the biology of human cancer; to predict clinical 
response; and to be reliable, widely available, and affordable. 

The establishment of PDX tumors requires the use 
of immunocompromised host strains. However, an 
increasing number of agents modulating the immune 
system have shown promise as therapies for bladder 
cancer (70). Therefore, many shortcomings of PDX in 
immunocompromised mice can be overcome by humanizing 
the immune system and the tumor microenvironment. 
Humanized mice are an attractive alternative for 
studying the contribution of the human immune system 
to tumor biology, facilitating the assessment of the 
tumor microenvironment, and evaluating the efficacy 
of immunomodulatory agents. Humanized mice can be 
created by engrafting human hematopoietic stem cells into 
immunocompromised mice, giving rise to a functional 
human immune system (71-73). 

Humanizing the tumor microenvironment is also 
important for improving PDX mouse models. Targeted 
genome editing technologies such as zinc finger nucleases, 
transcription activator-like effector nucleases, and CRISPR/
Cas9 have been advanced and used in the development 
of improved NSG mice, which have additional innate 
defects and express human cytokines (74). As additional 
growth requirements for primary patient-derived tumors 
and stromal/immune cells are noted, the development 
of new models will continue, thus enabling the use of 
more predictive PDX tumor models to assess therapeutic 

response and patient survival.
In practice, the failure of certain PDX tumors to engraft 

is still high. For application in personalized medicine, the 
tumor take rates must be improved to 60–70%, which is 
one of the main issues that needs addressing. Approaches 
to improving modeling in PDX mice include further 
decreasing anti-tumor immunity. For instance, TLR 
signaling may accord antitumor immunity. Production of 
NSG mice with innate immune defects, such as Myd88–/– 
or utilization of MISTRG mice that also express human 
SIRPα and lack alveolar macrophages could promote tumor 
engraftment (14,19).

The generation and propagation of PDX tumors 
and subsequent drug testing typically take 4–6 months, 
which is usually not a feasible timeframe for immediate 
application in clinical decision-making for personalized 
therapeutics. Accordingly, methods for reducing the time 
needed for engraftment are necessary for the realization of 
personalized medicine with PDX models. Recently, cancer 
organoid models have emerged as a method for preclinical 
models and have showed promising results with regard to 
their shorter generation and propagation time and a higher 
success rate compared with that seen in PDX models. 

Advances in cancer organoid models

The term ‘organoid’ has historically been used to encompass 
all three-dimensional organotypic cultures derived from 
primary tissues, embryonic stem cells, and induced 
pluripotent stem cells, as well as whole or segmented 
organs such as organ explants consisting of multiple tissue 
types (75). These organoids rely on artificial extracellular 
matrices to facilitate their self-organization into structures 
that resemble native tissue architecture, are capable of self-
renewal and self-organization, and exhibit similar organ 
functionality as that of the tissue of origin.

Recently, the organoid cancer model has been gaining 
attention as a promising preclinical model for the 
development of new anti-cancer therapeutics. Efforts to 
establish a large repertoire of in vitro organoid cancer 
models that can represent the heterogeneity of human 
cancers and provide a resource for cancer biology research 
and drug response screening are in progress. Sato et al. 
reported the building of crypt-villus structures using single 
Lgr5 stem cells without a mesenchymal niche in vitro (76). 
An optimized culture system with laminin-rich Matrigel 
and signaling and growth factors was developed for the 
growth of intestinal structures with crypt-villus architecture 
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that is comparable to intestinal epithelium in vivo (76). 
Several cell types generated from organ progenitors or stem 
cells are contained in organoids. Prior studies have reported 
organoid models of benign and malignant prostate, colon, 
liver, pancreas, stomach, and thyroid (77-81). 

In previous studies, various efforts have been reported 
in the field of bladder organoids. Leighton et al. reported 
small-scale mucosal models of rats (82), and Huygens et al.  
established spheroids (83). A model of human bladder 
cancer invasion (84) and recurrence in vitro (85) were 
reported using rat and porcine bladders, respectively. Smith 
et al. reported a bladder benign organoid model with human 
5637 (HTB-9) cells that showed in vivo tissue-specific 
differentiation (86). An experimental ex vivo organoid 
model of the bladder mucosa for preclinical experimental 
research that can serve as an alternative to animal models 
was developed by Janssen et al. (87). Cells proliferated, 
and they were noted in smooth muscle cell medium and 
Dulbecco’s modified Eagle’s medium/F-12 for up to  
3 weeks, and morphological characteristics of the mucosa 
retained normal characteristics for up to 1 week. Palmer 
et al. developed a bladder muscle invasive transitional cell 
carcinoma model using the human bladder cancer cell line 
5637 and porcine bladder scaffold (88). 

Cancer organoid models have advantages of cancer cell 
lines and PDX models with regard to the feasibility of 
manipulation and drug screening, and more physiologic 
characteristics, respectively (89). Adult stem cells can 
multiply in organoids, and specific tissue lines with a high 
purity can be cultured. Organoids can propagate for a long 
period of time without genomic modification; can be applied 
to a variety of established methods; and can be derived from 
multiple sources, such as fetal and adult tissues, induced 
pluripotent stem cells, and traditional embryonic stem 
cells. Organoids that contain a wide range of tissues can 
be produced by organoid culture. Additionally, organoid 
models enable a limited amount of starting materials to 
be used for a variety of applications. The generation of 
isogenic adult tissue for transplantation may be possible as 
well. In addition, diseases that are challenging to model in 
animals can be investigated using patient-derived organoids.

However, the generation of large numbers of organoid 
lines is required to cover the spectrum of alterations of 
bladder cancer for successful drug screening. In addition, 
to better recapitulate the in vivo environment and improve 
the efficiency of establishment, the continued refinement 
of culturing conditions is needed. Organoid modeling is a 
promising candidate for personalized medicine; however, 

prior representation of patient response by in vitro response 
with bladder cancer organoid cultures must be established 
in order for them to serve as a preclinical model for therapy 
selection.

Summary

PDX models retain the histology, genomic characteristics, 
and drug responsiveness of the corresponding patient 
tumor. Despite several limitations that must be resolved, 
the use of PDX models is expected to render further 
understanding of tumor characteristics and to contribute 
to improving the treatment of cancer patients. Recently, a 
single-arm phase II trial indicated that treatment with the 
anti-programmed cell death 1 ligand antibody atezolizumab 
is a potential treatment approach for patients with locally 
advanced or metastatic urothelial carcinoma who are not 
eligible to receive cisplatin-based chemotherapy (90). 
Thus, establishing effective protocols for the generation of 
urothelial carcinoma PDXs in humanized mice is urgently 
needed.
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