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OVERVIEW

In the era of targeted therapies, patients with gynecological malignancies have not yet been major

beneficiaries of this new class of agents. This may reflect the fact that the main tumor types,

ovarian, uterine and cervical cancers, are a highly heterogeneous group of cancers, with variable

response to standard chemotherapies. This is also likely due to poor model development in which

to study the diversity of these cancers. Cancer-derived cell lines fail to adequately recapitulate

molecular hallmarks of specific cancer subsets and complex microenvironments, which may be

critical for sensitivity to targeted therapies. Patient derived xenografts (PDX), using fresh human

tumor without prior in vitro culture, combined with whole genome expression, gene copy number

and sequencing analyses, could dramatically aid novel therapy development in gynecological

malignancies. Gynecological tumors can be engrafted in immunodeficient mice with a high rate of

success and within a reasonable time frame. The resulting PDX accurately recapitulate the

patient’s tumour in histological, molecular and in vivo treatment response characteristics.

Orthotopic PDX develop complications relevant for the clinic, such as ascites and bowel

obstruction, providing opportunities for understanding the biology of these clinical problems.

Thus, PDX have great promise for delivering improved understanding of gynecological

malignancies, serve as better models for designing novel therapies and clinical trials and could

underpin individualized, directed therapy for patients from whom PDX models have been

established.
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1. PATIENT-DERIVED XENOGRAFTS IN CANCER

Tumor cells have been studied in in vivo xenograft models in rodents for more than fifty

years. Initially these were mainly leukemic models in hamsters looking at effects on immune

response.1 Subsequently, solid tumor cell lines from tumor fragments cultured in vitro were

successfully xenograft in immunodeficient nude mice.2 As in vitro cell line culture became

more widespread, a large number of established cancer cell lines were transplanted into

immunodeficient mice for the study of natural history and therapeutic responses. However,

many of those cell lines have been cultured in vitro for decades and no longer represent the

cancer type to which they are ascribed.3 The use of solid tumor fragments, without tumor

digestion or prior in vitro culture, results in serial xenografts reflecting the patient’s tumor

according to histologic, molecular and treatment outcome responses, although for the

majority of those published ovarian cancer PDX, detailed characterization is not reported.4

The murine host provides an in vivo microenvironment in which human stroma and

vasculature is replaced by murine counterparts with subsequent rounds of transplantation,

often with very similar morphologic appearance.5 Host-derived immune cells are present in

initial T1 grafts and most cannot be replaced in immunocompromised models, limiting the

study of immune therapies in these models.

Despite the notable heterogeneity of gynecological malignancies, our treatments for this

collection of mostly rare gynecologic diseases are applied in a very homogeneous fashion.

For example, irrespective of histological subtype or known mutational status (e.g. BRCA1 or

BRCA2), the first-line systemic treatment for all subtypes of EOC is a taxane in combination

with a platinum agent - most commonly, paclitaxel plus carboplatin. This standard treatment

has changed little in over a decade of targeted therapeutic development. Despite initial

efficacy, the large majority of patients receiving this treatment for advanced EOC will

ultimately experience progression of their cancer and die of complications. The development

of novel therapies has largely failed to impact the clinic for patients with gynecological

malignancies.

A frequently cited reason for this failure of targeted therapies is the lack of adequate models

to recapitulate the diversity and heterogeneity of cancers in cell culture models. Cell lines

and xenograft models derived from human ovarian tumors have contributed tremendously to

our current understanding of EOC initiation and progression. Cell lines, used either in vitro,

or as implanted xenografts in vivo, are highly selected for phenotypic properties that support

growth on a solid, artificial structure (e.g. plastic). Thus, the alterations with repeated

passages favor expression profiles that enhance growth on plastic support thus complicating

the extrapolation of data to the original parent tumor.6, 7 Such methodology may also

artificially eliminate subpopulations that are critical determinants of the treatment

responsiveness of the source tumors. Indeed, it is clear that cell lines generated in this

fashion, which may be suitable for focused mechanistic work, are poor surrogates of the

source patient.

Xenograft models have overcome some of these limitations by subcutaneous,

intraperitoneal, or retroperitoneal heterotransplantation of human tumor cells into nude or

SCID mice.8–11 However, the relevance of ovarian tumors orthotopically grown in
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subcutaneous tissue or the renal capsule has been questioned. In addition, the majority of

xenograft models utilize ovarian cancer cell lines, with the inherent limitations mentioned

above, rather than primary tumors naïve to cell culture media and plastic. Several clinical

trials have examined the efficacy of targeted therapies that were expected to be successful,

based on animal and cell culture studies. However, therapies such as gefitinib, imatinib, and

hormone modulators have been underwhelming.12–14 The need for better preclinical models

is further exemplified by a phase II clinical trial of trastuzumab, a HER2 receptor

antibody.15. Forty-one patients with recurrent or persistent ovarian or primary peritoneal

carcinoma expressing moderate to high levels of membranous HER2 were treated with

trastuzumab but only 7.3% (3 patients) responded. This study suggests that protein

expression alone is insufficient to predict the clinical impact of a potential novel therapy in

vivo.

The emergence of The Cancer Genome Atlas (TCGA) ovarian data set has highlighted the

fact that many of the commonly used cell lines in ovarian cancer research, for example, do

not harbor many of the similar genotypic and phenotypic features of ovarian cancer. This is

not surprising, as cell lines are established from a clonal or oligoclonal lineage with selective

pressure that varies from cancer tissue in situ. As such, the establishment of such lines from

primary patient tissues may take up to a year and be successful less than 50% of the time,

particularly for tumors bearing BRCA1/2 mutations.16–18 Cell lines will also be devoid of

supportive stroma, which contribute to a substantial bulk of the tumors in gynecological

malignancies. Novel signaling pathways that may be critical for tumor growth in vivo and

are the subject of intense drug development, such as insulin-like growth factor (IGF)

signaling and cMET/HGF signaling rely on stromal/mesenchymal niche paracrine

production of growth factors to support growth, survival and metastasis.19–21

The establishment and use of patient derived xenografts (PDX) may be able to overcome the

shortcomings. PDX are tumor xenograft models (Figure 1) that are established directly from

patient tumor tissue. Typically, tumors are procured directly from the operating room during

a primary debulking/staging surgery. Alternatively, tissue can also be obtained from biopsy

material. Tumor tissue is prepared (e.g., slicing into fragments or mechanical mincing or

chemical digestion) and inoculated or surgically implanted into immuno-compromised mice.

Ascites can also be prepared for injection, however, as cells have undergone anoikis, may

differ in some characteristics from the accompanying solid tumor. The anatomic site of

injection can be orthotopic (e.g. intraperitoneal or inside the rodent ovarian bursa which

encompasses the fallopian tube fimbriae, in the case of ovarian cancer) or non-orthotopic

(e.g., subcutaneous tissue, renal capsule, mammary fat pad, other). Tumors typically engraft

over the course of weeks to months. The initial engrafted tumor is referred to as

Transplantation 1 (T1) or founder mouse (F1). Upon engraftment and evidence of expansive

growth, the tumor from the founder is harvested in a sterile, viable fashion, and prepared for

inoculation (fragment, mincing or digestion) into additional mice to expand the volume of

tumor. Mice during the expansion phase are referred to as T2, F2 or simply expanders.

Serial expansions can take place (T3, T4, etc.) and have been performed in some models

systems for greater than 10 passages with genetic fidelity.22 However, the degree of fidelity

across multiple models has not been comprehensively evaluated and confirmation of the
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genetics and histology is more important than expanding to an arbitrary number of

passages.23

The unique presentation and clinical management of patients with gynecological malignancy

is well suited to the generation patient-derived xenograft models. For example, patients with

EOC often present with large volume disease and undergo a surgical debulking procedure to

remove as much disease as possible prior to the administration of chemotherapy. This

provides the opportunity to procure fresh tumor specimens for injecting into animals for

model generation. As uterine cancer is also typically treated surgically prior to the

administration of chemotherapy, the opportunity to develop PDX models from previously

untreated tumors are similar. For cervix cancer, the fairly external location of disease also

provides the opportunity to obtain substantial fresh tumor tissue prior to exposing the

specimens to any treatment. Importantly, analysis of ovarian and endometrial cancers by the

TCGA failed to identify clear subgroups for distinct therapeutic approaches, as is standard

practice in breast cancer.24, 25 However, armed with the whole genome expression,

mutation, and gene copy number data, the response of well-annotated PDX models to

treatment may help uncover subgroups of patients expected to response to novel therapies

(Figure 2). Here we summarize the use of PDX models to improve our understanding and

treatment for gynecological malignancies.

2. OVARIAN CANCER PDX MODELS

2.1 Orthotopic models

A variety of subtypes of ovarian cancer have been xenografted previously but many

publications lack detail about the histologic subtype from which the PDX were derived.4 A

cohort of EOC was transplanted via the intra-peritoneal (i.p.) route using minced tumor,

with an overall success rate of 85% (11 of 13 EOC xenografted).26 Of these, six out of six

papillary serous OC transplanted successfully. High success rates were also observed in

recent cohorts of EOC (74%, n= 150 EOC, minced tumor via the i.p. route)5 and high-grade

serous ovarian cancer (HG-SOC) (tumor fragments via the intra-rodent ovarian bursa (IB

route), 83% or 10 of 12 HG-SOC attempted).27 The resulting PDX display similar

morphologic appearance and molecular characteristics as do the baseline patient tumors

from which they were derived, for multiple serial transplantations.5, 26, 27 The use of SCID

mice improved xenografting success rate compared with nu/nu mice (PMID 12477452)26

and the use of NOD-SCID-IL-2rγ mice may further increase that.27, 28

2.2 Non-orthotopic models

The use of non-orthotopic sites, such as subcutaneous (s.c.) tissue or sub-renal capsule, as

sites of tumor transplantation have been well-explored, although the lack of a relevant

microenvironment, for example, the hormonal milieu, may alter transplantation success or

phenotype. Despite this concern, at least for advanced cancers such as HG-SOC, non-

orthotopic transplantation appears to be of great utility. In a study of up to 41 serous OC,

success rate of transplantation of OC cells which had undergone a digestion process

(including depletion of CD45 hematopoietic cells) followed by inoculation into non-

orthotopic sites (mammary fat pad and sub-renal capsule) compared with orthotopic sites
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(i.p. and IB) was equally high (95 and 73% vs. 100 and 83%).29 In a separate study, nine

HG-SOC were transplanted via the IB route, six of seven tumors, which successfully

xenografted via the IB route also transplanted via the s.c. routes (two tumors failed by both

routes).27 Success rate is more likely to be dependent on the biologic and molecular

characteristics of the individual tumor type, such that HG-SOC has one of the highest

xenograft success rates and mucinous OC one of the lowest.5 For a tumor type with high

transplantability, such as HG-SOC, the choice of site for transplantation e.g. i.p. or s.c.

versus IB) could be guided by preference as to subsequent use of the xenografted mouse

(such as desire for small tumours, which can be accurately measured or stable tumour

phenotype over many serial transplantations (fragment-in, fragment-out approach).

2.3 Using Ovarian PDX models for understanding biology

Depending on the choice of mode of inoculation, different questions can be asked pertaining

to the biology and natural history of different EOC. Site of tumor spread or distant

metastasis has been noted to vary in keeping with patient outcome, for example, honing to

the bowel.5 Models that have a predisposition to metastasize to the bowel have been

identified and can be compared directly to non-bowel engrafting tumors from the isogenic

tumors (i.e. same PDX model) or across multiple models with bowel invasion

characteristics. These models may be helpful in understanding why EOC has such a

predilection for bowel invasion and the subject of current investigations. PDX models may

also be able to inform us about the behavior of individual patient tumors. Time to relapse in

the corresponding patient reflects likelihood of initial transplantation success, suggesting

that overall sensitivity of the EOC is similar in patient and mouse. In addition, patients in

whom PDX models formed had an inferior survival to patients whose tumor tissue failed to

engraft.5

2.4 Using Ovarian PDX models to understand resistance to chemotherapy

OC PDX have been utilized to study therapeutic responses, reviewed in Scott.4 Recently, in

two separate PDX series, in vivo response of EOC PDX to platinum-based treatment has

been shown to correlate with patient outcome.5, 27 A systematic assessment of platinum-

response (with definitions for cisplatin sensitive vs. resistant vs. refractory PDX) was

described in consecutive HG-SOC PDX.27 Long-term in vivo response (>100 d) correlated

with platinum responsive disease in the patient, whereas PDX which were platinum resistant

or refractory were more likely to be associated with a poor patient outcome. PDX which

were sensitive to platinum were noted to harbor mutations in DNA repair genes (BRCA1 or

BRCA2) and those which were refractory to platinum were noted to harbor oncogenes.

Molecular profiling of PDX using the Foundation Medicine platform was consistent with

this pattern and revealed other putative therapeutic targets for future study. PDX provide a

tractable system in which the dependence of a tumour on a putative target can be assessed

(of great importance given the new standard of ”platform” molecular profiling of patient

tumours) and in which drug resistance can be driven and explored.27 Serial collection of

circulating tumor (ct) DNA in plasma from mice, paired with PDX biopsies, allows the

analysis of clonal evolution before and after specific choices of therapies. This will provide

a wealth of information about the way in which EOC evolve under therapeutic pressure and

ways to circumvent drug resistance.
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2.5 Clinical Correlations and Applications

In order to replicate clinical care, PDX of a similar histologic (e.g. HG-SOC), phenotypic

(e.g. platinum resistant) and molecular (e.g. BRCA1/2 mutant) type can be treated in a

similar way to the patient from whom the PDX was derived (e.g. first-line platinum therapy

followed by single agent PARP inhibitor upon relapse, or second-line platinum followed by

maintenance PARPi), to allow the study of tumour evolution. Other molecular features of

the baseline HG-SOC may reveal a cause for platinum or PARP inhibitor failure, or the

cause of drug resistance may become more apparent upon harvest of recurrent PDX tumour.

These studies may be critical for our understanding of optimal clinical trial design. PDX will

be required for each major subset (phenotypic or molecular) of each major OC histology and

the development of a range of appropriate cohorts of PDX, with relevant patient outcome

data, are underway. Despite recent attempts to improve access to fresh tumor biopsies of

recurrent EOC, paired tumor samples will remain difficult to obtain in the clinic and PDX

will retain an advantage in this context (pre and post drug; comparison of the same PDX

treated with a variety of drugs “head-to-head”; biopsies following multiple lines of therapy).

PDX cohorts designed along these lines will prove invaluable for the identification of

subsets of OC responsive to new therapeutics and for the study of modes of secondary drug

resistance.

2.6 Challenges and Limitations

Given the necessary time to engraftment and expansion of PDX models, it is currently not

feasible for using them to direct front-line therapy is the source patient and, thus remains a

major limitation. However, they may still be useful at directing therapy at the time of

recurrence (Figure 3), provided models could be tested for treatment response prior to

recurrence, which allows a lead time of at least 20 months in EOC (PMID 19767092 and

16394300). Another major limitation of the use of PDX is the inability to study the role of

the immune system in the treatment of ovarian cancer, due to the necessity of using

immunodeficient mice. Thus, exciting new immune therapies need to be studied in

transgenic or other models and ultimately the response in patients will be the defining

paradigm. However, it is possible that human lymphocytic infiltrates in EOC transplanted

into immunodeficient mice may be capable of instructing the murine stroma, which replaces

the human stroma during the growth of EOC PDX (still to be determined). The effects of

tumor stroma and tumor vasculature are likely to be important and will also be studied,

using comparison of human versus murine stromal/vascular components in serial PDX

(T1-3). Studies to date suggest that at least for HG-SOC, the established tumors obtained

from women at the time of biopsy or surgery are sufficiently “wired” to behave in a similar

manner in a mouse, as in the patient, suggesting that for treatments chosen to “match” the

cancer, intrinsic molecular characteristics are more important than immune, stromal or

vasculature capability in the mouse (or that these can be instructed by the tumor cells, even

in the mouse). A major limitation to the use of PDX is the expense and complexity of

detailed annotation and a large-scale in vivo treatment program.
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3. CERVICAL PDX MODELS26

3.1 Rationale for pre-clinical models in cervical cancer

The incidence of cervical cancer in the developed world is falling, however, for those

diagnosed with metastatic disease median overall survival remains short.30 Furthermore,

standard of care combinations of platinum based chemotherapy and radiotherapy for the

primary, potentially “curative” treatment of stage IB-IV cervical cancer have remained

largely unchanged since the 1990s, as has outcome.31–34 In some respects, our

understanding of the biological and molecular heterogeneity of this disease has lagged

behind that of other cancers. There is an urgent unmet need to investigate new therapeutic

strategies in both the newly diagnosed and recurrent patient populations. The explosion in

the number of molecularly targeted agents available for study, coupled with the limited pool

of patients (and resources) available for clinical trials, makes it essential that any trial we

undertake is based on a sound biological rationale. This is particularly important in tumors,

like cervical adenocarcinoma, that fall into the rare category (which includes nearly 35% of

gynecologic cancers). High quality, relevant, translational and pre-clinical data are essential

which not only identifies potential “druggable” targets but also explores efficacy and

toxicity of new agents providing data on potential predictive biomarkers and imaging.

Overcoming treatment resistance and repopulation in patients undergoing chemo-

radiotherapy for primary treatment of cervical cancer is critical if we are to improve long-

term survival and “cure” for women diagnosed with cervical cancer. There is, therefore, an

urgent need to investigate the potential value of combining novel molecularly-targeted drugs

with chemo/radiotherapy. Conducting early phase clinical trials of novel agents in

combination with chemo/radiotherapy represents a very significant regulatory, logistical,

ethical and financial undertaking. It is essential, therefore, that any trial we undertake is

underpinned by high quality data in a relevant preclinical model. There is a clinical and

economic need for in vivo animal models that can provide a rationale that is translatable to

the clinic. One approach involves “mouse avatar” models and co-clinical trials to inform the

design of studies taking place in man.35

3.2 Cervical cancer xenograft models

Most xenograft models of cervical cancer have been developed using commercially

available cell lines which have limitations notably: genetic instability with multiple

passaging;36 differences in gene expression patterns between a tumor and its corresponding

cell line;37 cross contamination; and a lack of heterogeneity in cell lines that hinder our

ability to study phenomena such as tumor initiating cells. Commercially available cell lines

when grown in mice do not, therefore, adequately represent clinical characteristics

particularly with regard to response to drugs and distant metastasis. The establishment of

patient derived cervical cancer xenograft models utilizing samples taken from patients prior

to treatment with chemoradiotherapy potentially addresses some of these issues. Most

xenograft models are generated by subcutaneously implantation, as the accessibility of this

site contributes to the relative ease of developing and testing novel agents. However, in

these models the microenvironment of subcutaneous murine models may not reflect that of

the original tumor.38 Recapitulation of the original tumor microenvironment has a greater
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likelihood of occurring in orthotopic models. The feasibility of growing cancers cells taken

from patients and establishing serially transplantable, orthotopic (grown in the mouse

cervix) xenografts has been demonstrated with an engraftment rate of 48% (Figure 4). These

patient-derived cervical cancer xenograft models (OCICx) show a relatively stable retention

of the original tumor characteristics including stromal content and tumor heterogeneity

(Figure 5). To date engraftment has been successful and is independent of HPV status,

patient clinico-pathological features and tumor histology.39 Successful xenograft

propagation has been achieved for all histological subtypes of cervical cancer, although

there are insufficient data to determine if there is a difference in the engraftment rates of

individual histological or molecular subtypes. These primary xenograft models recapitulate

the features of these tumors in the patient including development of lymph node and distant

metastases.39,40 More importantly the tumor microenvironment appears to be preserved with

strong correlation (at least up to 5 passages) of stromal content and architecture between

patient tumor and xenograft models (Figure 5). This ability to recapitulate the

microenvironment is reflected in comparisons of pathophysiological features measured in

the patient’s in situ tumor and in the OCICX model. Direct measurements of interstitial fluid

pressure (reflecting lymphatic drainage and vascular permeability) in the patient and mouse,

together with measures of hypoxia and other microenvironment features show good

correlation Figure 3.One important caveat, however, especially in a tumor associated with

HPV infection and where data suggest the importance of the immune response pathways

including the interferon-γ signaling pathway.41, 42 is that the OCICX models to date have

been propagated in immunocompromised mouse models (NOD/SCID, NRG or Rag2/

gamma T null mice) and therefore the mice lack an adaptive immune response. Exploration

of transgenic models may help overcome this and are currently being actively explored but

investigating immune response and the potential for therapeutic targeting remains a

challenge.

3.3 Biology of Cervical Cancer

OCICx models allow exploration of cervical cancer biology genomic and proteomic

sequencing can elucidate tumoral heterogeneity. Mechanistic studies in primary xenografts

allow further exploration of pathways of interest identified in patient samples,43–45 as data

emerge about somatic mutations implicated in tumorigenesis, including in PIK3CA, PTEN,

TP53, STK11 and KRAS. Whole exome sequencing is starting to suggest additional potential

for targets following identification of significantly recurrent somatic mutations in the

MAPK1 in squamous cell cervical cancers.41 In addition to evidence of ERBB2 activation by

somatic mutation, amplification and HPV integration. Differences between adeno-and

squamous carcinomas are emerging and investigating the effects of genomic changes in

preclinical patient derived models is an attractive option.46

3.4 OCICX and preclinical studies

Availability of image-guided small animal irradiator technology means that the orthotopic,

primary mouse xenograft models can be treated with fractionated radiation alone and in

combination with weekly cisplatin chemotherapy in a manner which mimics clinical

regimens.47 Tumors are grown to a size of 4–5 mm local irradiation using an 8 beam

treatment plan can be used to deliver daily 2 Gy fractions (5 days/wk) (total 20 or 30 Gy)
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and cisplatin given weekly. Thus changes in biology associated with treatment can be

investigated and potentially correlated with biopsies obtained from patients during

treatment. In tandem, development of novel functional imaging protocols (particularly

Magnetic Resonance Imaging), in the mouse models, allow for serial, non-invasive

monitoring of dynamic changes in tumor metabolism, micro environmental characteristics

and molecular background. Promising potential imaging or biomarker studies in the mouse

can then be adapted for investigation in patients participating in clinical trials (Figure 6).

Furthermore, treating tumors grown in the mouse cervix allows evaluation of infield toxicity

(both early and late effects), again highly relevant for trial design.48, 49 Overcoming

treatment resistance and repopulation in patients undergoing chemo-radiotherapy is critical

if we are to improve long-term survival and “cure” for women diagnosed with cervical

cancer. It has become clear that the current chemoradiotherapy regimens utilized in standard

practice are delivered close to (or even at) the limits of normal tissue tolerance, such that

further treatment intensification by increasing the cytotoxic drug dose or by adding different

classes of cytotoxic agents is not a viable strategy.50 There is, therefore, an urgent need to

investigate the potential value of combining novel molecularly-targeted drugs with chemo/

radiotherapy. Gut clone assays are a well-established technique for investigating

gastrointestinal acute toxicity; 49,48 and late effects can be evaluated using radiation induced

fibrosis assays.51 These techniques can also be adapted to other relevant organs, such as the

bladder. Currently, studies exploring potential novel combinations are underway.47

4. Conclusions

It is not feasible to develop “real time” mouse PDX for all individual patients participating

in clinical trials, due to expense and the time taken to produce informative data (the time

from engraftment to palpable tumor is approximately 3–4 months and follow up of treatment

responses can approach a year). Furthermore, engraftment is not guaranteed and success rate

is < 50% for certain gynecologic tumour subsets. However, it may be feasible in the

recurrence setting, particularly in advanced EOC where there is a high –rate of recurrence

and a substantial lead-time for drug sensitivity investigations. There is also the potential to

run parallel “mouse trials” using mouse models with detailed molecular and functional

annotation to inform dose escalation and treatment scheduling decisions in early phase

frontline chemo/radiotherapy trials. Thus translational research coupled to pre-clinical

models, utilizing commercially available novel agents, will hopefully lead to rapid

optimization of the next generation of combined modality trials. Locally recurrent and

distant metastases observed in the orthotopic, treated mouse model may also provide us with

data on response rates and biological data, for both infield and out-of-field radiation efficacy

and tumor characteristics, a crucial issue for some gynecologic cancer patients with

advanced disease. Most importantly, the study of drug resistance, upon relapse of PDX

tumor following first, second or third-line treatment, can address specific tumor/treatment

contexts and may provide a wealth of material to underpin drug discovery. Innovative

funding strategies to support large-scale in vivo PDX treatment programs which could

uncover therapeutic requirements for drug efficacy and circumvention of drug resistance,

could inform the existing, even more expensive, clinical trial arena, providing clinical trials

for our EOC patients with a higher chance of long-term benefit.
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KEY POINTS

• Many gynecologic cancer cell lines fail to adequately recapitulate molecular

hallmarks of specific cancer subsets so new models are needed

• Fresh gynecologic tumors without prior in vitro culture engraft in

immunodeficient mice with a high success rate within a reasonable time frame

• The resulting Patient Derived Xenografts (PDX) accurately recapitulate the

patient’s tumour in histological, molecular and in vivo treatment response

characteristics

• Orthotopic analysis provides opportunities for understanding natural history

• Matching detailed molecular and drug response annotation of individual PDX

can guide “personalized” treatment with conventional and novel therapeutics
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Figure 1. Model Establishment Schema
The rationale for establishing PDX for understanding of gynecological malignancies is the

assumption that each patient’s tumor is different from the others. This is represented by the

varying colors. Aliquots of fresh tumors are immediately processed after surgical resection

and injected into immunocompromised mice. Upon engraftment, tumors are resected and

expanded in additional mice, once harvested; the tumors can be compared by a variety of

molecular techniques to the source tumor specimens. By annotating specimens with clinical

information from patients, correlations may be made including response to chemotherapy

and survival time. Ultimately, tumors can be established to evaluating responses to treatment

and potentially use these data to direct therapy in patients.

Scott et al. Page 15

Am Soc Clin Oncol Educ Book. Author manuscript; available in PMC 2014 September 05.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Figure 2. Drug Development Schema Using PDX Models
Using unselected PDX models (or sub-selected based on a pertinent characteristic, such as

platinum-resistance or BRCA2 mutation), models can be screened for tumor regression in

response to the experimental therapy. Using DNA microarray or other high-density whole-

genome data, models would then be clustered based on response (+= responders, − = non-

responders). The ‘response signature’ could then be developed and validated against the

remaining pool of PDX models.
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Figure 3. Individualized Therapy Directed by PDX Models
Using PDX models engrafted and expanded from patients, each model can be tested pre-

emptively with investigational and/or standard therapies (depicted as treatments A, B and

C). Such investigations could be initiated, for example, while patients are in remission from

primary treatment. At the time of recurrence, the therapy determined to be most effective by

the patients own ‘Avatar’ (denoted with ‘check’ sign), could then be delivered. This would

require all PDX models to undergo a PDX therapy trial prior to knowing if patient would

recur.
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Figure 4. Surgical technique of orthotopic implantation onto the cervical site of SCID mice
(A). A 1-cm incision in the skin of the lower abdomen. (B) Incision in the peritoneum. (C)

Accessing the cervix (D) The suture with the tumor fragment threaded onto it is passed from

the inside of the uterus to the outside and the at the fragment sutured to the cervix (arrow).

(E) The uterus is then placed back into the peritoneal cavity. The peritoneum is closed. (F)

Post-implant, approximately following 3 weeks, the growth of the primary cervix tumor is

shown (indicated by arrow).
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Figure 5. Comparison of histology and imaging of patient and tumor compared to imaging and
histology in mouse primary xenograft model
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Figure 6. The relationship between passage 3 xenograft models and its matching biopsy
Plots for IFP and tumor and stroma measures for hypoxia, blood and lymphatic vessels, and

proliferation and smooth muscle actin. Lines plotted are (0,1) line of perfect concordance.

Scott et al. Page 20

Am Soc Clin Oncol Educ Book. Author manuscript; available in PMC 2014 September 05.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript


