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Abstract

Slow progress in oncology field is significantly attributed to the lack of faithful preclinical
models that have robust predictive power in clinical trials. Patient derived tumor xenograft
models (PDTX) are established to overcome most of these shortcomings by directly engrafting
patient tumors in immune compromised mice. These preclinical models have significant utility in
translational research as they mimic patient tumor heterogeneity and have more accurate
predictive power than traditional methods. Many cancer specific PDTX models have been
generated over the past years by many groups and they are stable, retain principle histological
parent tumor features, pathogenesis, global gene expression, and therapeutic response. This
review discuss different cancer specific PDTX models, their establishment, achievements and
limitations in terms of drug discovery, biomarker identifications, along with Altogenlabs PDTX

protocol, and a discussion of limitations and future opportunities in the field.



Introduction

The use of preclinical models for drug test is central to translational cancer therapeutics. Whilst
Mono-cellular layers of tumors cultivated in vitro and mouse xenografts derived from those cells,
serve as useful tools, they often fail to recapitulate the key aspects of human malignancies and
thus do not accurately predict drug effects in the clinic. Studies shows mouse xenografts that
have been selected and properly characterized have shown utility for predicting responsiveness
to targeted agents. But they do not replicate tumor micro environment and interactions between
the tumor and the innate immune system. The imperative for improved and more clinically

predicative models for human cancer is the need of the hour (3, 48).

Tumor graft models i.e. Patient Derived Xenografts (PDX) are created by implanting primary
human tumor materials directly in to immuno-deficient host (laboratory rats and mice). The mice
used must be immuno-compromised to prevent transplant rejection. Several types of immuno-
deficient hosts are used to establish PDX models like nude mice or SCID mouse. The NOD-
SCID mouse is considered more immuno-deficient than the nude mouse as they lack Natural
Killer cells, and therefore is more commonly used for PDX models. These models have
advantage over cell line xenograft as the tumor retains a more natural architecture, are more

reflective of heterogeneity and histology seen in primary tumors (2).

Number | Characters | Cell Line In | Cell Line | PDX Patient
tics vitro Xenograft
1. Heterogene | Nil Limited Higher intra tumor | High intra tumor
ity heterogeneity heterogeneity
2. Molecular | Modest Modest diversity | Diverse range of | Full range of
sub types diversity molecular subtypes | molecular
subtypes
3. Stroma Nil Murine stroma/ | Mixed murine & | Human stroma
No human | human stroma
stroma




4. Growth Rapid Rapid Slow Chronic
Rate
5. Stages Mixed Mixed primary | Mixed primary and | Predominately
primary and | and metastatic metastatic metastatic
metastatic
6. Immune Nil Limited Severely Limited | Fully active
system
7. Clinical Nil Nil Limited Available
outcomes

Table 1: Comparison of the PDX with previously established cell-lines, cell line xenograft , and

donor tumor from which they are derived (modified from (2))

Methodology

To establish a PDX model, patient tumors are obtained fresh from surgery, mechanically
sectioned in to fragments or chemically digested or physically manipulated in to single-cell
suspensions. They are then injected in to NOD-SCID mouse. Use of tumor fragments retains
cell-cell interactions and mimics the microenvironment while single cell suspensions enable
unbiased sampling of whole tumor by eliminating segregates of sub clones. But cell viability

and engraftment success is lower in single cell method compared to the tumor fragment method.

Tumors can be injected heterotopically or orthotopically. Heterotopic models involve injecting
tumors in to subcutaneous flank of host. This provides easier cell transfer and precise monitoring
of the growth and location. Orthotopic model involves direct implanting of tumor on an organ of
choice. It is more technically challenging and time consuming. In some cases in vivo imaging is
required to verify tumor grafts after implantation. But they accurately mimic the human tumors
from which they are derived in histology and gene expression. The generation harboring the
patient-derived material is termed F,, with subsequent generations numbered consecutively (Fj,

F», F5 and so on). It takes about 2 to 4 months for the tumor engraftment depending on the tumor




type, implant location, and mice strain utilized. The engraftment failure should not be decided
until at least 6 months (3). The model was can be validated by comparing histopathologic,
biologic and genetic features to its donor tumors. Studies have shown that these models retain

donor tumor characteristics and these traits are maintained through successive mouse generations

(5).

For drug development studies, expansion of mice after the F3 generation is often utilized (3, 4).
Multilayered Biological assays like drug efficacy studies, combination studies and development
of predictive biomarkers for novel therapies are performed on early generations (F3:F5), after

ensuring that the PDTX has not genetically or histologically diverged from the patient’s tumor.
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Fig: 1 Establishment and testing of PDTX models. Modified from (3)
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Fig: 2 Steps involved in drug studies

PDX models are capable of maintaining the human malignancy complexity remarkably well.
Hence they have extraordinary utility in basic research and demonstrated predictive power in
novel drug efficacy studies, biomarker analysis and individualized patient studies (5). Thus the
use of personalized tumor graft models can be powerful platform for therapeutic decision making
and to efficiently guide cancer treatment in clinic. In conclusion, the evolution of our
understanding of genome, the availability of genome wide screening, other technological
advances like gene testing (BRCAI1), biomarker identification (PSA), tissue monitoring
(Colonoscopy) and broader application of PDX preclinical models as tissue amplifiers, may lead

us more effectively towards finding the designer drug/treatment for cancers.



1. Patient Derived Xenograft Models for Pancreatic Cancer

There are few therapeutic options available for pancreatic patients and new insights into pre-
clinical models for therapeutic interventions are urgently needed. Ductal adenocarcinoma (PDA)
is the most common form. Other forms include acinar cell carcinoma, pancreatic blastoma, and
solid pseudopapilliary neoplasm, all of them genetically distinct from PDA (7). Extensive
genetic studies have shown that the key to understanding this complex disease lies in a core set
of signaling pathways and processes. Whole-exome sequence analysis of primary tumors
elucidated a core set of genetic pathways altered in this disease in association with an average of
63 genetic aberrations occurring within an individual tumor (8). But this extensive genetic
information has not yet translated into improved clinical outcomes. Novel strategies are the need
of the hour not only to develop new drugs, but also detect biomarkers that predict the efficacy of

these drugs.

PDX models have so far shown to be stable and accurately reflect the tumor with regards to
histopathology, gene expression, genetic mutations and therapeutic response. Several PDX
models have been established and used in targeted therapy. In case of PDA, initially studies were
focused on developing, and characterize major drug-development applications which were
further complicated by significant tumor heterogeneity both in gene and protein profiles (11). For
example these models predicted patients with high baseline expression of phosphorylated p60 S6
kinase would respond to mTOR inhibition which was did not translate to patients. This may be
due to low stringency in response in PDTX models or multiple feedback loops in mTOR
pathway (12). Another method is the use of PDTX tumor biopsy for ex vivo therapeutic treatment
and pharmacodynamics analysis for drug response and biomarkers for such responses. For E.g.
Polo-Like Kinase 1 as a mediator of Gemcitabine resistance while Cyclin B1 as the biomarker of
the response (13). Novel approach is the personalized drug therapy along with genome analysis.
Studies treated PDTX models with a panel of drugs while the patient receives the first line
therapy. Drug demonstrating the most reactivity in PDTX model is later administered as the

cancer progresses. Whole genome analysis has equipped this strategy more specificity by



identifying patient specific mutations and correlation to PDTX response to therapeutic agents
(14). Garrito-Laguna et al revealed that tumor engraftment in PDTX model correlates with poor
survival in patients. They hypothesized it might be due to the loss of smad4 resulting in
aggressive metastasis. Moreover they also showed that stromal pathways are enriched in
gemicitabine resistant patients (16). In PDA, PDTX models have shown that stromal modulation
can increase intratumoral gemicitabine concentration to improve therapy efficacy (17).
Importantly, gemcitabine and nabpaclitaxel has been shown to decrease intratumoral
desmoplastic reaction leading to increased drug concentration and anticancer properties
compared to individual drugs in PDTX models of advance stage PDA in phase I-II clinical trials.
Of the 44 patients treated a median survival increased to 12.2 months suggesting that PDTX

models can enhance our understanding of pancreatic cancer and its treatment.

Establishment of pancreatic xenograft model in Altogen labs

PDTX pancreatic models are established by the implantation of primary human PDA specimens
either heterotopically or orthotopically. Orthotopic PDTX models retain a greater proportion of
stromal components and develop regional and distant metastases (9, 10). Here we are explaining
the general protocol used in the establishing pancreatic PDX model in our company. All animal
maintenance and procedures are conducted under institutional guidelines. Excess tissues from
resected pancreatic carcinomas are generally used as the starting material. They are washed 3
times in antibiotic containing sterile PBS (50units/ml pencillin and 50ug/ml streptomycin) to reduce
the contaminant load. Once washed, they are cut into 2-3mm’ pieces with sterile blade in
antibiotic containing PBS. It is important to make sure that tumor remain immersed in media all

the time during the experiment. Non necrotic pieces are then selected and immersed in matrigel.

In case of single cell suspensions of cancer cells instead tumor fragments, the tumor sample after
the antibiotic wash is kept in collagenase IV (200units/mL) solution. Using sterile blade the
fragments are minced into smallest possible fragment about 1 mm?® and about 0.5-0.6g of tumor
is placed into each well of a 6-well plate. Sml of collagenase IV solution is added to each well

and pipetted thoroughly. The plate is incubated at 37°C for 2-3h and pipetted every 20 min to



increase the digestion. After digestion, serum free RPMI media is added and the solution is
strained through a cell strainer. The cell solution is spun down at1200rpm for Smin. RBC lysis
buffer is added and incubated for 10min. The resultant solution is spun down and washed twice
in serum free RPMI media. The cell count is calculated using hemocytometer. About 500,000 to
1x10° cells/ 100p1 Hank’s balanced salt solution containing 1% matrigel are generally used to
inject. Immuno-deficient SCID mice of about 5-6 weeks age is general used for the implantation.
Under general anesthesia, an incision of about 2-3mm is made beneath the skin (subcutaneous)
on either side of lower back or foot pad of the animal for heterotropic tumor formations. Tumors
pieces (1 each) are implanted in these incisions. In case of single cells suspensions 500000
cells/100ul Hank’s balanced salt solutions is injected into the desired implantation site.
Orthotropic tumor formation involves direct implantation of these tumor fragments or direct

injection of cell suspension into the pancreas during abdominal surgery in mice.

Tumors sizes are measured using digital calipers every 4 days and are allowed to grow till they
are between 1200-1500mm’. Tumors are then harvested after animal sacrifice and a portion is
cryopreserved for biological assays. They are also passaged from parent generation (F1) to next
generation there by establishing a new patient derived xenograft model which can be used for
drug studies or biomarker studies (F3...Fn). Tumors from F3 generation onwards are allowed to
grow till 150-200mm’ and randomly subdivided into different groups with 6 mice per group for

various treatments (Eg. control, test articlel, test article 2, test article n).



Group | #Mice | Test article Total Route Dosage
volume
1 20F No Injection | n/a n/a n/a
2 20F Saline/Vehicle | 100ul LP n/a
3 20F Gemcitabine | 100ul LP 100mg/kg/twice a week
4 20F Gemcitabine | 100ul L.P 50mg/kg/twice a week
5 20F Erlotinib 100ul LP 100mg/kg/day
6 20F Erlotinib 100ul LP 50mg/kg/day

Table 2: Standard drug study in pancreatic cancer patient derived xenograft model.

The experiments are usually terminated between 4 weeks to 14 weeks depending on the study
requirements. The mice are monitored daily for toxicity, weighed thrice a week and tumor size is
measured by caliper methods. Standard formula used: tumor volume= (length-width)/2.

Relative tumor growth inhibition= relative tumor growth in treated mice/ relative tumor growth

in control (T/C).

2. Prostate cancer patient derived tumor xenograft models.

Prostate cancer is the second most commonly diagnosed cancer in men and one of the leading
causes of death (21). As prostate cancer in general is androgen dependent, androgen ablation
therapy of locally advanced forms are effective. But tumor returns within 18 to 24 months as
incurable aggressive androgen independent, castrate-resistant form (CRPC). It has been shown
that emergence of CRPC manifests as rising serum Prostate Specific Antigen (PSA) which in
turn is mediated by androgen receptors (AR) (50). Several cell migration and invasion pathways

like PI3K/AKT pathways and multiple gene rearrangements have been shown to play a major



role in the progression of prostate cancer (23, 49). Therapies targeting the AR and other
pathways can improve the survival rate quality of life in advanced prostate cancer patients.
Many costly therapeutic clinical trials have failed to improve patient outcomes. These failures
are mainly due to the high clinical and biologic tumor heterogeneity, lack of distinguishable
histologic subtypes and hence a lack of reliable preclinical models (22, 24). Patient derived
tumor xenograft models along with next generation sequencing and integrated genomics seems
to be the tools of future in understanding the progression of prostate cancer to CRPC as well as
the development of effective therapies. Several studies have established PDTX models and
reported different prostate cancer specific biological processes like the transition of
adenocarcinoma to neuroendocrine carcinoma during and after androgen ablation therapies (51),
or hormonal carcinogenesis involving the epithelial and stromal interactions (52), or integrated

genome and transcriptome analysis to understand the mechanism of aggressive forms (53).

Establishment of Prostate xenograft model in Altogen labs

PDTX prostate models are established by the implantation of primary human tumor specimens
either heterotopically or orthotopically. The tumor engraftment can be done subcutaneous,
subcapsular renal and prostatic orthotopic sites with most efficient engraftment being
subcapsular renal (>90%). They also mimic tumor micro environment including continued
expression of androgen receptor and PSA levels (25). Here we are explaining the general
protocol used to establish prostate cancer PDX model in our company. All animal maintenance

and procedures are conducted under institutional guidelines.

Prostate cancer cell or tissues are extremely difficult to grow in labs and all models including
patient derived xenograft models are from patients with advanced forms and with modifications
like including of fibroblasts (26). Transurethral sections from patient with prostate cancer are
received immediately after surgery in sterile PBS. A portion of the tissue is cryopreserved for
future analysis. They are washed 3 times in antibiotic containing sterile PBS (50units/ml pencillin
and 50ug/ml streptomycin) to reduce the contaminant load. Once washed, they are cut into 1-3mm’

fragments with sterile blades. In case of heterotopic xenografting fragment no greater then 1mm’



is implanted subcutaneously, bilateral through small incisions above the scapula in male SCID
mice. Another option is the implantation of tumor fragment on the sub-renal capsule (SRC) sites

of the mice.

Under general anesthesia, an incision in made about 2cm along the dorsal midline of the mouse.
On the body wall incisions shorter than the long axis of the kidney is made and kidney is gently
pushed out of the body cavity. Then the capsule is exposed using forceps and a cavity is made
between capsule and parenchyma. About 2-3grafts per kidney are transferred to the cavity using
fire-polished glass pipette. The left kidney is easier to access because of a more caudal location
in the abdominal cavity. If bilateral transplantation is required, the same procedure is repeated
for right kidney. In case of orthotopic xenografts, about 2mm’ tumor fragments are implanted on
to the capsule of the anterior prostate between the two prostate ducts under general anesthesia.
Generally mice 5-6 weeks old are used for the xenograft models. They are previously
supplemented with 25mg testosterone via lcm implanted testosterone pellets to augment the
tumor growth. Plasma testosterone levels in tumor bearing mice with implants are monitored by

radioimmunoassay.

Tumors sizes are measured using digital calipers every 4 days and are allowed to grow till they
are between 5-10mm in diameter. Tumors are then harvested after animal sacrifice and a portion
is cryopreserved for biological assays. They are also passage from parent generation (F1) to next
generation by serial transplantation there by establishing a new patient derived xenograft models
Tumors from F3 generation onwards are allowed to grow till 30-50mm’® and randomly
subdivided into different groups of treatment with 6 mice per group including control, test

articlel, test article 2, test article n etc.



Group | #Mice | Test article Total Route Dosage
volume

1 20M No Injection | n/a n/a n/a

2 20M Saline/Vehicle | 50ul L.P n/a

3 20M Docetaxel 50ul I.P Smg/kg/twice a
week

4 20M Docetaxel 50ul L.P 50mg/kg/twice a
week

5 20M Aneustat 50ul L.P 100mg/kg/twice
a week

6 20M Aneustat 50ul L.P 1000mg/kg/twice
a week

Table 3: Standard drug study in prostate cancer patient derived xenograft model.

The experiments are usually terminated between 4 weeks to 14 weeks depending on the study
requirements. The mice are monitored daily for toxicity, weighed thrice a week and tumor size is
measured by caliper methods. Tumor volume is calculated from two tumor diameter at right
angle using the following formula V= I1/6(d1.d2)3/2 (volume of an ellipse). Relative tumor

growth inhibition= relative tumor growth in treated mice/ relative tumor growth in control (T/C).

3. Colorectal Cancer (CRC) patient derived tumor xenograft models

Colorectal cancer (CRC) is the third common malignancy in the world with approximately 1
million new cases reported every year. The development of CRC is a multistep process in which
accumulation of many genetic/epigenetic alterations leads to the progression of normal intestinal

epithelial cells to dysplastic tissue to benign adenoma and finally to full blown metastatic



carcinoma. Alterations in Wnt pathway and/or inactivation of APC gene initially drive this
process, while activations of Ras-MAPK pathway or TFG b receptors transform benign
adenomas to metastatic cancer. Thus this complex condition involves of several pathways and
epigenetic or post translational modifications making it highly challenging to find clinical
favorable therapeutic targets (27, 30, 54). Despite the improvements in the systemic therapy of
CRC over the years, almost half of the patients undergoing surgical resection along with
chemotherapy, experience relapse and metastasis occur in about 50% of the patients. Lack of
understanding of the molecular nature of metastasis along with the existence of a few biomarkers
for early detection and therapy resistance makes successful treatment a myth (29). Long-term
survival of CRC patients is correlated with disease stage at diagnosis, and the 5-year survival rate
for patients with metastatic CRC is less than 10%. Newer targeted agents like panitumumab or
monoclonal antibodies like Trastuzumab and Ramucirumab targeting molecular pathways are
used in treating metastatic CRC but some patients do not respond to these targeted therapies

indicating the need to develop personalized drug treatment for patients (28).

CRC PDTX models are easier to establish with an intake rate of 75% in mice. Even early stage
tumor exhibit chromosomal instability, hence establishment and propagation of PDTX models
retain the chromosomal abnormalities, intratumoral clonal heterogeneity and histology of the
parent tumor (33). Thus establishing PDX models and mutation analysis/gene profiling using
NGS is the future for better clinical outcomes by targeted therapies in CRC. Studies have shown
that CRC PDTX model respond to standard anticancer drugs like 5-flurouracil and the response
correlates with the response in patients under these drugs. Moreover they also retained the
histological features of the parent tumor though there was an elevated level of biomarkers like
CEA (Carcino Embryonic Antigen) (34). Another aspect of anti-cancer therapy focuses on the
mechanism of resistance to standard agents that most of the patients develop and determine a
rational combination strategy to overcome this. Cetuximab (Erbitux) is an approved agent for
CRC that targets epidermal growth factor receptor (EGFR). In spite of the receptors wide
distribution only a subgroup of patients respond to cetuximab. Studies on PDX models from
CRC patients have shown that downstream pathways involving MET, KRAS, NRAS and BRAF

plays an independent role in developing this resistance. A combination therapy involving



cetuximab and MET inhibitors were addictive and hence could be of high clinical significance
(35). PDX models were also able to functionally cross validate many biomarkers like HER2;
emphasizing that genomic analysis along with PDX models can bring about revolutionary

changes in the oncology field (36).

Establishment of CRC PDTX models in Altogen labs

Here we are explaining a general protocol used in the PDX model establishment in our company.
All animal maintenance and procedures are conducted under institutional guidelines. Excess GC
tissues from carcinomas are generally used as the starting material. They are washed 3 times in
antibiotic (50units/ml pencillin and 50ug/ml streptomycin) containing sterile PBS to reduce the
contaminant load. Once washed, they are cut into 1-2mm’ pieces with sterile blade in antibiotic
containing sterile PBS and immersed in matrigel. Six to eight weeks old SCID mice are generally

used for human colorectal tissue implantation.

Each mouse is treated with analgesic ketoprofen (5mg/Kg bodyweight) with betadine being used
to sterilize the right flank before surgery. Under general anesthesia, matrigel embedded
fragments are inserted into subcutaneous pockets on the lower back or scapular region for
heterotropic engraftment. In case of orthotropic implantation, tumor fragments are attached to the
cecum to be entirely surrounded by serosa of intestine. Meanwhile, representative portions of
fresh parent tumor are fixed in 10% formalin buffer for 24 hours and paraffin-embedded for
pathological assessment. Postoperative cares include daily animal monitoring for overall health

and tumor growth. Tumor growth is monitored and measured for 12-14 weeks.

Tumors sizes are measured using digital calipers every 4 day and tumor volume is calculated as
follows: V =m/6 x length x width x width. Tumors are allowed to grow till they are between

1500-2000mm° and then harvested after animal sacrifice. A portion is again cryopreserved for
biological assays. They are also passaged from parent generation (F1) to next generation there by

establishing new patient derived xenograft model. Tumors from F3 generation onwards are



3

allowed to grow till 100-400mm” and randomly subdivided into different groups of treatment

with 6 mice per group including control, test articlel, test article 2, test article n etc

Group | #Mice | Test article Total Route Dosage
volume

1 25F No Injection | n/a n/a n/a

2 25F Saline/Vehicle | 100ul LP n/a

3 25F Ceturimab 100ul I.P 100mg/kg/twice
a week

4 25F Ceturimab 100ul LP 50mg/kg/twice a
week

5 25F Bevacizumab | 100ul L.P 25mg/kg/day

6 25F Bevacizumab | 100ul LP 50mg/kg/day

Table 4: Standard drug study in CRC cancer patient derived xenograft model.

The experiments are usually terminated between 4 weeks to 14 weeks depending on the study
requirements. Tumor volume is calculated from two tumor diameter at right angle using the
following formula V= T11/6(d1.d2)3/2 (volume of an ellipse). Relative tumor growth inhibition=

relative tumor growth in treated mice/ relative tumor growth in control (T/C).

4. Breast Cancer PDX models

Breast cancer is one of the most frequently diagnosed types of cancer in women and standard
care for the patients is Neoadjuvant chemotherapy (NeoCT) (46). But 10-30% patients do not
respond to the therapy and relapse rates are high. So there is a pressing need to understand the
mechanism of resistance as well identify novel therapeutics and biomarkers in those patients
(38). Breast Cancer is a diverse and complex disease involving distinct molecular types, unique

gene-expression profile, which might influence the responses to standard or novel therapies.



These molecular classifications: luminal A, luminal B, triple negative (lack the expression of
estrogen receptor (ER), progesterone receptor (PR), and human epidermal growth factor
2(HER?2)), basal-like and HER-2 positive: provide a unique platform to develop patient specific
therapies depending on tumor subtypes. The intra tumoral heterogeneity of breast cancer is the
major stumbling block in developing patient derived xenograft models. Recent large scale
interest in developing PDTX models for such hormone driven cancer models has led to the
emergence of PDX models has major tool for translational research with the promise of

developing a more personalized patient therapy (47,37).

Multiple groups have now established PDX models with a bias towards triple negative forms due
to their aggressive engraftments and growth. ER-Positive tumors are very difficult to engraft and
shows Luminal B rather than A enrichment using Ki67 staining. Basal-like tumors are typically
triple negative and carry the worse prognosis due to relapse. Systemic treatment is limited to
cytotoxic chemotherapy, thus highlighting the need for biomarker development.PDTX model
studies paved the way of new classes of treatments including inhibition of PI3K pathway,
NOTCH signaling, checkpoint kinasel pathway, or Wnt pathway (39, 40, 41, 42). TNBC shows
a high degree of chromosomal rearrangements suggesting DNA damaging agents might be
highly efficient clinically (43). Also PDTX models of TNBC have shown that there is an
elevated level of BCL-2 suggesting another potential biomarker for the prognosis. ER-positive
PDTX models are estrogen dependent and respond to hormone therapy similar to clinical
response (44, 45). Valliant et al in 2013 showed that targeting BCL2 was essential for tumor
growth and there is a synergestic interaction between BCL2 inhibition, tamoxifen and mTOR
inhibition suggesting novel estrogen dependent signaling pathways. Very few studies have been
carried out with HER2 positive PDTX models. There are two therapeutic strategies used in HER-
2 positive tumor patients: first monoclonal antibodies targeting the receptor (Trastuzumab ,
Pertuzumab) second is ATP competitors that inhibit the phosphorylation of HER2 intracellular
kinase domain (Lapatinib, Neratinib). Marangoni et al 2007 showed a synergistic interaction in
HER2 PDTX models while targeted with trastuzumab and docetaxel suggesting a better anti-
tumor therapy (38).



Establishment of breast cancer patient derived tumor xenograft models in Altogen labs.

Briefly, for initial transplantation tumors derived from primary surgical resection are sliced into
fragments and then implanted into immune-compromised SCID mice. In other cases cell
suspensions consisting of pleural or peritoneal fluid is injected in to the SCID mice. Usually
breast tumors are implanted subcutaneous or hind leg fat pad or scapular fat pad (heterotropic)
and orthotopic implantation involve inguinal mammary fat pad because it mimics the tumor
stromal microenvironment and develop better regional and distant metastases (9, 10). Here we
are explaining a general protocol used in the PDX model establishment in our company. All

animal maintenance and procedures are conducted under institutional guidelines.

The tumor samples from surgery are placed in sterile PBS containing antibiotics and brought
immediately within 1h to animal facility. Portions are frozen or paraffin embedded for future
analysis. Rest of the tumor samples is washed 3 times in antibiotic containing PBS to reduce the
contaminant load. Once washed, they are cut into 1-3mm’ pieces with sterile blade in antibiotic
containing PBS and immersed in 1% matrigel. Four- Six weeks old female SCID mice are
anesthetized and analgesia is administrated with carprofen (5mg/kg) subcutaneously. Their hair
is clipped and skin is sterilized with povidone-iodine and alcohol. A small incision is made in the
lateral flank and tumor chucks immersed in matrigel is implanted into the mammary fat pad of
mice (in case of orthotopic xenografts). The tumor is inserted in the subcutaenously in the
scapular region/hing leg for heterotropic implant. The hosts are also implanted with estradiol
pellet (0.36mg-0.5mg/pellet/over 60days) for tumor growth. In case of single cell suspension
transplantation, the tumors are minced and digested with 150U/ml collagenase and 50U/ml
hyaluronidase forlh at 37°C. The resulting suspension is again digested with 0.5% trypsin-EDTA
and 5mg/ml dispase for 1h at 37°C. The solution is filtered and RBCs are removed by cell lysis
(described earlier). About 150000-250000cells are resuspended in 50% FBS containing matrigel

solution is injected into the site of implantation.

Tumors sizes are measured using digital calipers every 4 days and are allowed to grow till they
are between 600-1000mm’. Tumors are then harvested after animal sacrifice and a portion is

cryopreserved for biological assays. They are also passaged from parent generation (F1) to next



generation there by establishing a new patient derived xenograft model which can be used for
drug studies or biomarker studies (F3...Fn). Tumors from F3 generation onwards are allowed to
grow till 80-160mm° and randomly subdivided into different groups for drug studies with 6 mice

per group including control, test articlel, test article 2, test article n etc.

Group | #Mice | Test article Total Route Dosage
volume
1 20F No Injection | n/a n/a n/a
2 20F Saline/Vehicle | 100ul LP n/a
3 20F Cisplatin 100ul L.P Img/kg/once a week
4 20F Cisplatin 100ul LP Img/kg/twice a week
5 20F Doxorubicin 100ul LP 2mg/kg/every 3 weeks
6 20F Doxorubicin | 100ul LP 2mg/kg/week

Table 5: Standard drug study in pancreatic cancer patient derived xenograft model.

The experiments are usually terminated between 4 weeks to 14 weeks depending on the study
requirements. The mice are monitored daily for toxicity, weighed thrice a week and tumor size is
measured by caliper methods. Standard formula used: tumor volume= (length-width)/2.

Relative tumor growth inhibition= relative tumor growth in treated mice/ relative tumor growth

in control (T/C).

5. Lung Cancer Patient derived Xenograft models

Lung cancer is the leading cause of cancer related death worldwide with about 1.4 million deaths
per year. There are three main types of lung cancer. 1. Non-Small Cell Lung Cancer (NSLC) is
the most common and accounts for about 85% of cases. Squamous cell carcinoma,

adenocarcinoma and large cell carcinoma are the subtypes. 2. Small Cell Lung Cancer (SCLC)



accounts for about10-15% of cases and the most aggressive form. 3. Lung carcinoid Tumor (lung
neuroendocrine tumors) accounts for fewer than 5% of cases. They grow slowly and rarely
spread (55, 56). The survival rate of these patients has improved during the past decade with new
strategies like platinum based adjuvant therapies, but the tumors nearly always recur. They are
usually more aggressive and resistant to subsequent chemotherapy regimens (57). The treatment
options available for the patients with inoperable solid tumors remains mostly unchanged
compared to therapies offered decades ago. The main reason for the slow progress in the
discovery and development for novel therapeutic agents is the lack of appropriate tumor models.
The optimal model should enable preclinical studies for drugs, produce comparable response to
standard drugs in vivo and should mimic human tumor biology and microenvironment (58). To
overcome these hurdles PDX models are established by implanting tumors fragments or cells,
dissected out fresh from the patients, in immune-compromised mice. They preserve the genomic
integrity and tumor heterogeneity in vivo. Thus PDX models faithfully recapitulate the tumor
biology and exhibit similar chemo responsiveness to anti-neoplastic agents as observed in same

donating patients in several cancer types as explained earlier in this review.

Since the approval of oral Crizotinib (ALK -Anaplastic Lymphoma Kinase and MET or HGFR-
Hepatocyte Growth Factor Receptor inhibitor) and Erolotinib (EGFR- Epidermal Growth Factor
Receptor inhibitor) for NSLC patient treatment, there is a renewed interest in PDTXs, their
mechanism of responsiveness and resistance to standard or novel agents (65). These agents
shows antitumor activities by the inhibition of many kinases pathways that in turn lead to
inactivation of cell survival and proliferation pathways like mTOR pathways and PI3K/Akt
pathways. This leads to cell arrest, apoptosis and finally cell death. Gene profiling of PDX
models from SCLC patients showed a similar expression pattern as the donor and is maintained
during the early serial passages there by consolidating their clinical relevance (59). ABT 737 is
an inhibitor for BCL2, a central regulator of cell survival. It has potent lethal effect on lung
cancer cell lines and cell line induced xenograft. But Han et al in 2008 showed that SCLC PDTX
models shows selective inhibition in tumor growth suggesting that ABT 737 might not be an
ideal candidate for clinical trials for lung cancer. This data have specific implications for anti
BCL2 drug developments as well as the importance of PDTX as preclinical model in the

developing novel anticancer drugs and biomarkers (60). Molecular cytogenetic analysis of



NSLC PDTX revealed complex chromosomal aberrations with multiple numerical and structural
changes in the cancer cells with karyotypes often near triploid (61). The most common EFGR
mutation associated with NSLC are small in-frame deletions in exon 19 (ALREA motif) and the

L858R point mutation in exon 21 (66).

Studies also showed that rate of tumor engraftment correlate with size of the tumor, poor
differentiation, and K-RAS mutations in NSLC types. Also the squamous carcinoma forms
xenografts aggressively compared to adenocarcinoma. Thus the tumor engraft-ability is directly
correlated to more aggressive clinical and biological pathology (62). This is an interesting
correlation that can be clinical significant to predict patient survival. Further in the lines of
correlation, Dong et al in 2010 showed PDTX from NSLC patients had viable nest of cells even
while responding to drugs highlighting the intratumoral heterogeneity in drug response. Secondly
six of the seven PDTX models did not respond to ex vivo chemo therapy, mimicking the donor
patients. Zhang et al 2012 showed FGFR-1 amplification correlates with squamous lung cancer
and this in turn correlates with smoking status of the patients. They were able to drive tumor
regression in PDTX models of FGFR-1 amplified squamous cell lung cancer using novel and
potent FGFR inhibitor, AD4547. These studies further support the use of PDTX models in

developing novel, effective patient specific chemotherapy regimens (63, 64).

Establishment of Lung PDTX models in Altogen Labs

PDTX lung models are established by the implantation of primary human lung tumor specimens
either heterotopically or orthotopically. Here we are explaining the general protocol used in the
establishing Lung cancer PDX model in our company. All animal maintenance and procedures
are conducted under institutional guidelines. Excess tissues from resected lung carcinomas or
tumor cells isolated from pleural effusion or bronchoscopic biopsy (single cell suspensions) are
generally used. Tumors tissues are washed 3 times in antibiotic containing sterile PBS
(50units/ml pencillin and 50ug/ml streptomycin) to reduce the contaminant load. Once washed,
they are cut into 1-3mm’ pieces with sterile blade in antibiotic containing PBS. They are

carefully cleared of necrotic tissues and non-necrotic pieces are immersed in matrigel for



implantation. The cell samples are obtained by endo bronchial trans needle aspiration either from
a primary tumor or suspected nodal tissue or pleural effusion are prepared in to single cells
suspension (500000cells/100ul Hank’s balanced salt solution containing 1% matrigel) for
implantation. Immunodeficient SCID mice of about 6-8 weeks age is general used for the

implantation.

Under general anesthesia, an incision of about 2-3mm is made beneath the skin (subcutenous,
scapular, subrenal capsule, mammary/ hind limb pads) for heterotropic tumor formations.
Tumors pieces (1 each) are implanted in these incisions as explained earlier. In case of single
cells suspensions 500000 cells/100ul Hank’s balanced salt solutions is injected into the desired
implantation site. Orthotropic tumor formation involves direct implantation of these tumor
fragments or direct injection of cell suspension into the lung during abdominal surgery in mice.
Tumors sizes are measured using digital calipers every 4 days. Mice are sacrificed once the
tumor grows about 1000-1200mm’ and a portion is cryopreserved for biological assays. They are
also passaged from parent generation (F1) to next generation there by establishing a new patient
derived xenograft model which can be used for drug studies or biomarker studies (F3...Fn).
Tumors from F3 generation onwards are allowed to grow till 100-200mm’ and randomly
subdivided into different groups with 6 mice per group for various treatments (Eg. control, test

articlel, test article 2, test article n).

Group | #Mice | Test article Total Route Dosage
volume
1 20F No Injection | n/a n/a n/a
2 20F Saline/Vehicle | 100ul LP n/a
3 20F Erolotinib 100ul LP 100mg/kg/twice a week
4 20F Erolotinib 100ul I.P 50mg/kg/twice a week
5 20F Test X 100ul L.P 100mg/kg/day
6 20F Test X 100ul LP 50mg/kg/day

Table 6: Standard drug study in LC patient derived xenograft model.



The experiments are usually terminated between 4 weeks to 14 weeks depending on the study
requirements. The mice are monitored daily for toxicity, weighed thrice a week and tumor size is

measured by caliper methods as explained earlier.

6. Conclusion and Future direction

PDX model offers a powerful tool in studying tumor biology, evaluating standard/novel
anticancer drugs, developing biomarkers, genes for drug resistance and recurrences. They are
arguably the most faithful model of parent tumor heterogeneity but have inherent challenges and
potential opportunities. Although the concept and initial establishment of PDTX models has been
in existence for decades, their value in oncology drug development is just becoming realized as
personalized medicine strategies transform cancer therapy. A notable example is pilot clinical
study using pancreatic PDX models to guide treatment of 11 patients with advanced cancer.

Seventeen treatment plans were devised with 15 of these resulting in durable partial remissions

(5).

But PDTX models have inherent limitations which cannot be ignored. One of the major
drawbacks of PDTX models is that human stroma is substitute by murine stroma throughout the
tumor growth in mice. As they are passage from generations to generations they are rapidly
replaced by murine stroma (2). These aspects should be kept under consideration while using
these models for drug testing/biomarker identification, given the importance of stromal
microenvironment in numerous aspects of cancer biology and drug response. Another major
shortcoming is the lack of immune system in the host mice. Tumors are highly antigenic and
patient’s immune system is on overdrive during tumorogenesis. These aspects cannot be
predicated or studied in immune-deficient mice host. Traditionally drug screening/testing was
done with cell lines but they have poor predictive value and more permissive as explained
earlier. Using PDTX model is ideal but it is highly time-consuming and is expensive to maintain
such ‘live’ tumor banks (3). Since some PDTX models are comparatively easier to establish like

hormone derived tumor derived models, there is an over representation of such PDTX models



making it tougher develop personalized medicine for less established PDTX varieties. Hence
standardized international criteria should be established for PDTX establishments,
drug/biomarker screening and testing, response stringency with molecularly defined tumor

subtypes, which can result in personalized medicine strategies for cancer patients.

There is a growing interest in establishing PDTX models and their diverse applications but there
is a need for additional research on diverse issues like implantation procedures including type,
locations, tissue types, time lines, engraftment rates, new mouse stains, compensating the
absence of full fledge immune system, better elucidation of biomarkers and drug response as
well as better/novel applications of these models. Future strategies in personalized medicine
using PDTX model include more sophisticated orthotopic models, in vivo functional siRNA
transfection models and genomic screening, patient-matched reconstitution of robust immune
system by co engraftment of bone marrow stem cells, and patient-matched stromal component
engraftment (67). These humanized PDTX models could allow researchers and clinicians to

predict and explained more sophisticated tailor- made therapy for individual patients.



References

1. Siolas D., Hannon GJ., (2013) Patient Derived Tumor Xenografts: transforming clinical

samples into mouse models. Cancer Res.,73(17): 5315-5319.

2. Kopetz S., Lemos R., and Powis G., (2012). The Promise of Patient-Derived Xenografts:
The Best Laid Plans of Man and Mice. Clin Cancer Res.,18: 5160-5162.

3. Tentler JJ., Tan AC., Weekes.CD., Jimeno A., Leong S., Pitts TM., Arcaroli JJ., Messersmith
WA., and Eckhardt SG., (2012), Patient-derived tumour xenografts as models for oncology drug
development, Nat Rev Clin Oncol. 9(6):338-350.

4. Morton Cl., Houghton PJ., (2007), Establishment of human tumor xenograft in immunificient
mice. Nat Protocol; 2(2):247-50.

5.Hidalgo M., Amant F., Biankin AV., Budinska E., DeJong S., Jonkers J., Maelandsmo GM.,
Roman-Roman S., (2014), Patient-Derived Xenograft Models: An emerging platform for
translational cancer research, Cancer Discov; 4(9): 998-1013.

6. Kim MP, Evan DB., Wang H., Abbruzzese JL., Fleming JB., Gallick GE.,(2009), Generation
of orthotopic and heterotopic human pancreatic cancer xenografts in immunodeficient mice. Nat.

Protoc., 4 (11): 1670-1680.

7. Yeo TP., Hruban RH., Wilentz RE., Sohn TA., Kern SE., Lacobuzio-Donahue CA., Maitra A.,
Goggins M., Abrams RA., Jaffee EM., Hidalgo M., Yeo CJ., (2002), Pancreatic Cancer, Current
Probl Cancer, 26:176-275.

8. Rubio-Viqueira B., Hidalgo M., (2009), Direct in vivo xenograft tumor model for predicting
chemotherapeutic drug response in cancer patients. Clinical pharmacology and therapeutics,

85:217-21.

9. Jones S., Zhang X., Parsons DW., Ho lin JC., Leary RJ., Angeneddt P., Mankoo P., Carterh.,
Hirohiko K., Jimeno A., Hong S., Fu B., Lin M., et al (2008), Core signaling pathways in
Human Pancreatic Cancers revealed by global genomic analysis, Science, 321(5897): 1801—

1806.



10. Fu X, Guadagni F, Hoffman RM (1992), A metastatic nude-mouse model of human
pancreatic cancer constructed orthotopically with histologically intact patient specimens,Proc.

Natl. Acad. Sci. USA., 89(12): 5645-5649.

11. Rubio-Viqueira B, Jimeno A., Cusatis G., Zhang X., Lacobuzio-Donahue C., Karikari C., Shi
C., Danenberg K., Danenberg PV., Kuramochi H., Tanaka K., Singh S., Salimi-Moosavi H.,
Bouraoud N., Amador ML., Altiok S., Kulesza P., yeo C., Messersmith W., Eshleman J., Hruban
RH., Maitra A., Hidalgo M., (2006). An in vivo platform for translational drug development in
pancreatic cancer, Clin.Cancer Res., 12(15): 46524661

12. Laguna IG., Tan AC., Uson M., Angegendt M., Ma WW., Villaroel MC., Zhao M.,
Rajeshkumar NV., Jimeno A., Donehower R., Lacobuzio-Donahue C., barrett M., Rudek MA.,
Rubio-Viqueira B., Laheru D., Hidalgo M., (2010), Integrated preclinical and clinical
development of mTOR inhibitors in pancreatic cancer, Br J Cancer, 103(5): 649—-655.

13. Jimeno A., Rubio-Viqueria B., Rajeshkumar NV., Chan A., Solomon A., Hidalgo M., (2010),
A fine needle aspirate based vulnerability assay identifies polo-like kinase 1 as a mediator of

Gemcitabine resistance in pancreatic cancer, Mol cancer Ther., 9(2): 311-318

15. Villarroel MC, Rajeshkumar NV, Garrido-Laguna I, De Jesus-Acosta A, Jones S, Maitra A,
Hruban RH, Eshleman JR, Klein A, Laheru D, Donehower R, Hidalgo M (2011) Personalizing
cancer treatment in the age of global genomic analyses: PALB2 gene mutations and the response

to DNA damaging agents in pancreatic cancer. Mol Cancer Ther., 10(1): 3-8.

16. Tumor engraftment in nude mice and enrichment in stroma- related gene pathways predict
poor survival and resistance to gemcitabine in patients with pancreatic cancer.

Garrido-Laguna I, Uson M, Rajeshkumar NV, Tan AC, de Oliveira E, Karikari C, Villaroel MC,
Salomon A, Taylor G, Sharma R, Hruban RH, Maitra A, Laheru D, Rubio-Viqueira B, Jimeno
A, Hidalgo M (2011) Clin Cancer Res; 17(17):5793-800.

17. Olive KP, Jacobetz MA, Davidson CJ, Gopinathan A, Mclntyre D, Honess D, Madhu B,
Goldgraben MA, Caldwell ME, Allard D, Frese KK, Denicola G, Feig C, Combs C, Winter SP,
Ireland-Zecchini H, Reichelt S, Howat WJ, Chang A, Dhara M, Wang L, Riickert F, Griitzmann
R, Pilarsky C, Izeradjene K, Hingorani SR, Huang P, Davies SE, Plunkett W, Egorin M, Hruban
RH, Whitebread N, McGovern K, Adams J, Iacobuzio-Donahue C, Griffiths J, Tuveson DA



(2009), Inhibition of Hedgehog signaling enhances delivery of chemotherapy in a mouse model
of pancreatic cancer, Science; 324(5933):1457-61.

21. Siegel R., Naishadham D., Jemal A., (2012), Cancer statistics, Cancer J.Clin, 62: 10-29.
22.Qu S., Wang K., Xue H., Wang Y., WuR., Lie C., Gao AC., Gout PW., Collins CC., Wang
Y., (2014), Enhanced anticancer activity of a combination of docetaxel and Aneustat (OMNS54)
in patient derived advanced prostate cancer tissue xenograft model, Molecular Oncology, 8: 311-
322.

23. Li Y., Li X., Hussain M., Sarkar FH., (2004), Regulation of microtubule apoptosis and cell
cycle related genes by taxotere in prostate cancer cells analysed by microarray, Neoplasia, 6:
158-167.

24. Lin D., Wyatt AW., Xues H., Wang Y., Dong X., Haegert A., Wu R., Brahmbhatt S., Mo F.,
Jong L., Bell RH., Anderson S., Hurtado-Coli A., Fazli L., Sharma M., Beltran H., Rubin M.,
Cox M., Gout PW., Morris J., Golderberg L., Voliki SV., Gleave ME., Collins CC., Wang Y.,
(2014), High fidelity patient derived xenografts for accelerating prostate cancer discovery and
drug development, Cancer Research 74(4): 1272-83.

25. Yoshida T., Kinoshita H., Segawa T., Nakamura E., Inoue T., Shimizu Y., Kamoto T.,
Ogawa O., (2005), Antiandrogen bicaluamide promotes tumor growth in a novel androgen
dependent prostate cancer xenograft model derived from a bicaluamide treated patient, Cancer
Research 65: 9611-9616.

26. Toivanen R., Taylor RA., Pook DW., Ellem SJ., Risbridger GP., (2012), Breaking through a
road block in prostate cancer research. An update on human model systems, J Steroid Biochem
Mol Biol, 131 (3-5): 122-131

27. Young M., Ordonez L., Clarke AR., (2013), what are the best routes to effectively model
human colorectal cancer? Molecular Oncology, 7(2): 178-189.

28. Zhang T., Zhang L, fan S., Zhang M., Fu H., Liu Y., Yin X., Chen H., Xie L., Zhnag J.,
Gavin PR., Gu Y., Ni X., Su X.,(2015), Patient-Derived Gastric Carcinoma Xenograft Mouse
Models faithfully represent human tumor molecular diversity, PLoS one, 10(7): 134493-99.

29. Oh BY., Lee WY., Jung S., Hong HK., Nam DH., Park Ya., Hun JW., Yun SH., Kim HC.,
Chun HK., Cho YB., 2015, Correlation between tumor engraftment in patient-derived xenograft

models and clinical outcomes in colorectal cancer patients, Oncotarget 6(18): 16059-16068.



30. Mcintyre RE., Buczacki SJA., Arends MJ., Adams DJ., 2013, Mouse models of colorectal
cancer as preclinical models, Bioessays 37: 909-920.

31. Chiron M., Bagley RG., Pollard J., Mankoo P., Henry C., Vincent L., Geslin C., Baltes N.,
Bergstrom DA., (2014), Differential Antitumor Activity of Aflibercept and Bevacizumab in
Patient-Derived Xenograft Models of Colorectal Cancer Mol Cancer Ther; 13(6) ; 1636-1644.
32. Lee WS., Kim HY., Seok JY., Jang HH., Park YH., Kim SY., Shin DB., Hong., (2014),
Genomic Profiling of Patient-Derived Colon Cancer Xenograft Models, Medicine, 93(28): 298-
304.

33. Guenot D., Guerin E., Aguillon-Roman S., Pencreach E., Schneider A., Neuville A., Chenard
MP., Duluc I., DuManoir S., Brigand C., Oudet P., Kedinger M., Gaub MP., (2006), Primary
tumour genetic alterations and intra-tumoral heterogeneity are maintained in xenografts of
human colon cancers showing chromosome instability, J Pathol, 208(5): 643-652

34. Fichtner 1., Slisow W., Gill J., Becker M., Elbe B., Hillebrand T., Bibby M., (2004),
Anticancer drug response and expression of molecular markers in early-passage
xenotransplanted colon carcinomas, Eu J Cancer, 40(2): 298-307

35. Krumbach R, Schuler J., Hofmann M., Giesemann T., Fiebig HH., Beckers T., (2011),
Primary resistance to cetuximab in a panel of patient-derived tumour xenograft models:
activation of MET as one mechanism for drug resistance, Eur. J. Cancer, 47: 1231— 1243.

36. Bertotti A., Migliardi G., Galimi F., Sassi F., Torti D., Isella C., Cora D., DiNicolantonio F.,
Buscarino M., Petti C., Ribero D., Russollilo N., Muratore A., Massucco P., Pisacane A.,
Molinaro L., Valtorta E., Sartore-Bianchi A., Risio M., Capussotti L., Gambacorta M., Siena S.,
Medico E., Sapino A., Marsoni S., Comoglio PM., Bardelli A., Trusolino L., (2011), A
molecularly annotated platform of patient-derived xenografts (‘xenopatients’) identifies HER2 as
an effective therapeutic target in cetuximab-resistant colorectal cancer. Cancer Discov., 1: 508—
523.

37. DeRose YS., Wang G., Lin YC., Buys SS., Ebbert MT., Factor R., Matsen C., Milash BA.,
Nelson E., Neumayer L., Randall RL., Stijleman 1J., WelmBE., Welm AL., (2011), Tumor grafts
derived from women with breast cancer authentically reflect tumor pathology, growth, metastasis

and disease outcomes. Nat Med., 17:1514-20.



38. Marangoni E., Saloman AV., Auger N., Degeorges A., Assayag F., deCrmoux P., dePlater
L., Guyader C., DePinieux G., Judde JG., Rebucci M., Perennou CT., Gararu XS., Zafrani BS.,
Delattre O., Dieras V., Poupon MF., (2007) A new model of patient tumor derived breast cancer

xenografts for preclinical assays, Clin Cancer Res, 13(13): 3989-98.

39. Xu S, Li S., Guo S., Luo J., Ellis MJ., Ma CX., (2013), Combined targeting of mTOR and
AKT is an effective strategy for basal-like breast cancer in patient derived xenograft models.

Mol Cancer Ther., 12: 1665-75

40. Lehmann BD., bauer JA., Schafer JM., Pendleton CS., Tang L., Johnson KC., Chen X.,
Balko JM., Gomez H., Arteaga CL., Mills GB., Sanders ME., Pietenpol JA., (2014), PIK3CA
mutations in androgen receptor-positive triple negative breast cancer confer senstitivity to the

combination of PI3K and androgen receptor inhibitors. Breast Cancer Res., 16:406-420.

41. Gurney A., Axelrod F., Bond CJ., cain J., Chatier C., Donigan L., Fisher M., Chaudhari A., Ji
M., kapoun AM., Lam A., Lazetic S., Ma S., Mitra S., Park IK., Pickell K., Sato A., Satyal S.,
Stroud M., Tran H., Yen WC., Lewicki J., Hoey T., (2012), Wnt pathway inhibition via the
targeting of frizzled receptors results in decreased growth and tumorigencity of human tumors,

Proc Natl Acad Sci., 109: 11717-22

42. Scott AF., Landis MD., Dontu G., Griffith KA., Layman RM., Krop 1., Paskett LA., Wong
H., Dobrolecki LE., Lewis MT., Froehlich Am., Paranilam J., Hayes DF., Wicha MS., Chang
JC., (2013), Preclinical and clinical studies of gamma secretase inhibitors with docetaxel on
human breast tumors, Clin Cancer Res, 19(6):1512-24

43. Shah SP., Roth A., Goya R., Oloumi A., HA G., ZhaoY., Turashvili G., Ding J., Tse K.,
Haffari G., Bashashati A., Prentice LM., Khattra J., Burleigh A., Yap D., Bernard V., Mcpherson
A., Shumansky K., Crisan A., Giuliany R., Moussavi A., Rosner J., Lai D., Birol I., Varhol R.,
Tam A., Dhalla N., Zeng T., Ma K., Chan SK., Griffith M., Moradian A., Cheng SWG., Morin
GB., et al (2012), The clonal and mutational evaloution spectrum of primary triple negative
breast cancers, Nature, 486: 395-399

44. Oakes SR., Vaillant F., Lim E., Lee L., Breslin K., Feleppa F., Deb S., Ritchie ME., Takano
E., Ward T., Fox SB., Generali D., Smyth GK., Strasser A., Hunag DCS., Visavader JE.,



Lindeman GJ., (2012) Sensitization of BCL-2 expressing breast tumors to chemotherapy by BH3
mimetic ABT-737, Proc Natl Acad Sci., 109(8): 27766-2771.

45. Vaillant F, Merino D., Lee L., Breslin K., Pal B., Ritchie ME., Smyth GK., Christie M.,
Phillpson LJ., Burns CJ., Mann GB., Visvader JE., Lindeman GlJ., (2013), Targeting BCL-2 with
the BH3 mimetic ABT-199 in estrogen receptor-positive breast cancer, Cancer Cell, 24(1); 120-
129

46. McAuliffe PF., Evans KW., Akcakanat A., Chen K., Zheng X., Zhao H., Eterovic AK.,
Sangai T., Holder AM., Sharma C., Chen H., Do KA., tarco E., Gagea M., Naff KA., Sahin A,
Multani AS., Black DM., Mittendorf EA., Bedrosian 1., Mills GB., Gonzalez-Angulo AM.,
Bernstam FM., (2015), Ability to generate patient derived breast cancer xenografts is enhanced

in chemoresistant disease and predicts poor patient outcomes, PLoS, 10(9): e136851.

47. Whittle JR., Lewis MT., Lindeman GJ., Visvader JE., (2015), Patient derived xenograft

models of breast cancer and their predictive power, Breast Cancer Research, 17: 17-30

48. Aparicio S., Hidalgo M., Kung AL., Examining the unitlity of patient derived xenograft
mouse models (2015), Nat Rev Cancer, 15: 311-316

49. Rubin MA., Maher CA., Chinnaiyan AM., (2011) Common gene rearangment in prostste
cancer, Jornal of Clin Onoclogy, 29(27): 3659-3668.
50. Kahn B., Collazo J., Kyprianou N., (2014), Androgen receptor as a driver of therapeutic

resistance in advanced prostate cancer, Int J Biol Sci., 10(6): 588-595.

51. Russell PJ., Russell P., Rudduck C., Tse BW-C., Williams ED., Raghavan D., (2015),
Establishing prostate cancer patient derived xenografts:lessons learned from older studies, The

Prostate, 75(6): 628-636.

52. Wang Y., Sudilovsky D., Zhang B,m Haughney PC., Rosen MA., Wu DS., Cunha TJ.,
Dahiya R., Cunha GR., Hayward SW., (2001), A human prostatic epithelial model for hormonal
carcinogenesis, Cancer Res, 61: 6064-6072



53. Wu C., Wyatt AW., Lapuk AV., McPherson A., Mcconeghy BJ., Bell RH., et al (2012),
Integrated genome and transcriptome sequencing identifies a novel form of hybrid and

aggressive prostate cancer, The Journal of pathology, 227(1): 53-61.

54. Pancione M., Remo A., Colantuoni V., (2012), Genetic and epigenetic events generate
multiple pathways in colorectal cancer progression, Pathology Research International, 2012:

Article ID 509348, 1-11

55. Ramalingam SS., Owonikoko TK., Khuri FR., (2011), Lung cancer:New biological insights
and recent therapeutic advances, Cancer J Clin, 61(2): 91-112.

56. http://www.cancer.org/cancer/lungcancer/

57. Lally. BE., Urbanic JJ., Blackstock AW., Miller AA., Perry MC., (2007), Small cell lung

cancer: have we made any progress over the last 25 years?, The oncologist, 12(9): 1096-1104.

58. Anderson WC., Boyd MB., Aguilar J., Pickell B., Laysang A., Pysz M., Behddah S., ramoth
J., Slingerland BC., Dylla SJ., Rubio ER., (2015), Initiation and characterization of small cell
lung cancer patient derived xenografts from ultrasound guided transbronchial needle aspirates,

PLoS ONE, 10(5): 125255-68.

59. Daniel VC., Marchionni L., Hierman JS., Rhodes JT., Devereux WL, Rudin CM., Yung R.,
Parmigiani G., Dorsch M., Peacock CD, Watkins DN., (2009), A primary xenograft models of
small cell lung cancer reveals irreversible changes in gene expression imposed by culture in

vitro, cancer Res, 69(8): 3364-73

60. Hann CL., Daniel VC., Sugar EA., Dobromilskaya I., Murphy SC., Cope L., lin X., Hierman
JS., Wilburn DL., Watkins N., Rudin CM., (2008), Theraeutic efficacy of ABT-737, a selective
inhibitor of BCL-2 in small cell lung cancer, Cancer Res., 68(7): 2321-2328.

61. Cutz J-C., Guan J., Bayani J., Yoshimoto M., Xue H., Sutcliffe M., English J., Flint J.,
LeRiche J., Yee J., Squire JA., Gout PW., Lam S., Wang YZ., (2006), Establishment in severe
combined immunodeficiency mice of subrenal capsule xenografts and transplantable tumor lines

from a variety of primary human lung cancers: Potential models for studying tumor progression-

related changes, Clin Cancer Res., 12(13): 4043-4054.



62. John T., Kohler D., Pintilie M., Yanagawa N., Pham NA., Li M., Panchal D., Hui F., Meng
F., Shepherd FA., Tsao MS., (2011), The ability to fomr primary tumor xenografts is predictive
of increased risk of disease recuurence in early stage non-small cell lung cancer, Clin Cancer

Res, 17(1): 134-141.

63. Zhang J., Zhang L., Su X., Li M., Xie L., Malchers F., Fan SQ., Yin XL., Xu YP., Lie K.,
Dong Z., Zhu G., Qian Z., Tang L., Zhan P., Ji Q., Kilgour E., Smith PD., Brooks N., Thomas
RK., Gavine PR., (2012), Translating the therapeutic poteintial of AZD4547 in FGFRI-
amplified non-small cell luing cancer through the use of patient derived tumor xenograft models,

Clinc Cancer Res, 18(24): 6658-67.

64. Dong X., Guan J., English JC., Fint J., Yee J., Evans K., Murray N., MacAulay C., Ng RT.,
Gout PW., Lam WL, Laskin J., Ling V., Lam S., Wang Y., (2010), Clin Cancer Res, 16(5):
1442-1451.

65. Yamazaki S., Vicini P., Shen Z., Hou HY ., Lee J., Li Q., Christensen JG., Smith BJ., Shetty
B., (2012), Pharmacokinetic/pharmacodynamic modeling of crizotinib for anaplastic lymphoma
kinase inhibition and antitumor efficacy in human tumor xenograft mouse models, J Pharmacol

Exp Ther., 340(3): 549-557.

66. Gazdar AF., (2010), Activating and resistance mutations of EGFR in non-small-cell lung

cancer: role in clinical response to EGFR tyrosine kinase inhibitors, Oncogene, 28(1): S24-S31.

67. Cassidy JW., Caldas C., Bruna A., (2015), Maintaining tumor heterogeneity in patient-
derived tumor xenografts, Cancer Res 75(15): 2963-8.



