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Abstract: Innovation in oncology drug development has been hindered by lack of preclinical models that

reliably predict clinical activity of novel therapies in cancer patients. Increasing desire for individualize

treatment of patients with cancer has led to an increase in the use of patient-derived xenografts (PDX)

engrafted into immune-compromised mice for preclinical modeling. Large numbers of tumor-specific PDX

models have been established and proved to be powerful tools in pre-clinical testing. A subset of PDXs,

referred to as Avatars, establish tumors in an orthotopic and treatment naive fashion that may represent the

most clinical relevant model of individual human cancers. This review will discuss ovarian cancer (OC) PDX

models demonstrating the opportunities and limitations of these models in cancer drug development, and

describe concepts of clinical trials design in Avatar guided therapy.
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Introduction

Ovarian cancer (OC) accounts for the most lethal
gynecological malignancy, ranking fifth in cancer deaths
amongst women. On an annual rate, nearly 220,000
women are diagnosed with epithelial ovarian cancer (EOC)
worldwide. The American Cancer Society estimates about
21,980 women will be diagnosed with OC in 2014 in the
United States, 14,270 of which are expected to die (1).
With its late presentation, most cases suffer wide metastasis
within the abdomen by time of presentation, explaining the
high death rate (2).

Chemo-resistance and long-term survival for patients
with advanced disease are still a major challenge, with only
5% of the anti-cancer agents gaining FDA approval after
pre-clinical testing (3). Such impedance in cancer-related
therapeutic advances causes a major economic burden. By
the year 2020, the direct/indirect cost of cancer is estimated
to be $300 billion dollars in the US alone. With these
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burdens in mind, several in vitro and in vivo strategies are
being developed in an attempt to enhance our ability to
combat cancer.

One of the major barriers to improvement in this disease
is the heterogeneous nature of OC, which encompasses
a collection of varying histologic types including serous
papillary, endometrial, clear cell, mucinous and other rare
subtypes, all with characteristic differences. Even amongst
the most common subtype, serous, there is differential
response to therapy and predictive markers of response to
chemotherapeutic agents are lacking. An additional barrier
to improving outcomes in OC is the lack of models that are
predictive in response to chemotherapy.

For over 4 decades, patients with high-grade EOC have
been all treated with a platinum-based treatment regimen
irrespective of histologic subtype, known mutational status
(e.g., BRCAI or BRCA2) or biomarkers of response that
could better inform treatment (4). Lack of pre-clinical
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models that can accommodate the heterogeneity of EOC
and represent the donor microenvironment is a major
reason of the failure of novel therapies to influence clinical
outcomes for patients with OC (4).

Cell lines-derived xenograft models

Classic cell line-derived xenografts have facilitated the
development of more insightful approaches towards
key signaling pathways of OC oncogenesis and
chemoresistance. In a lab-based environment, these cancer
cells are propagated in vitro or in vivo and allowed to grow
on artificial support. However, mere growth in such an
environment does not simulate the natural pathophysiology
associated with cell growth in human homeostasis. For
example, cells” genetic information, growth patterns,
invasion behaviors, and accompanying cellular population
all acquire various alterations in order to adapt to such new
environment (5). However, it is to be noted that genetic
alterations in tumor cells caused by maintaining cancer cell
lines are completely distinctive from genetic alterations
caused by stressful mutagenesis from cancer itself.

It has also been demonstrated by The Cancer Genome
Atlas (TCGA) ovarian dataset that phenotypic and
genotypic discrepancy occurs between OC and cancer
cell lines. Such lines also lack the stromal tissue, which
represents not only the main bulk of EOC, but also the
platform for insulin-like growth factor IGF) and cMET/
hepatocyte growth factor (HGF). Cell lines and xenografts
originating from OC cells do not accurately recapitulate the
patients’ tumor microenvironment. As such, while existing
models are useful in mechanistic work at the protein and
pathway level, they fall short of being able to translate
novel therapies or understand determinants of sensitivity to
current or new therapies for the treatment of OC.

OC patient-derived xenografts (PDX) models

Because of the limitations associated with cell line derived
xenografts, interest has developed towards PDX as well as
genetically engineered mouse models (GEMMs). These in vivo
types of models can better represent the heterogeneous
nature of human tumors, which have made them the
preferred replicas for drug development and screening
research. Many authors have described materials and
methods essential to generate OC PDX models (6-8). The

idea is to collect fresh primary or secondary tumor samples
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from patients either during diagnostic biopsy or debulking
surgery. It has also been reported that fluid collected from
malignant ascites is a valid source for tumor samples. Then,
these tumor samples are minced and tissues are transplanted
into immunocompromised mice either orthotopically or non-
orthotopically.

Orthotopic OC PDX models

Orthotopic OC mouse model accounts for transplantation
of tumor cells either into ovarian bursa (intrabursally, IB) (8),
or into mouse peritoneal space (intraperitoneally, IP).
Consequently, generating the Avatar, an orthotopic PDX
with successful engraftment of parenchymal and stromal
tumor components, can facilitate further study of cellular
interactions, namely between tumor cells, lymphocytes, and
fibroblasts (6-8).

One of the rate limiting factors controlling immune
response towards cancer cells is presence of tumor stromal
components (9,10), specifically T-lymphocytes (11). It has
also been shown that fibroblasts can promote growth of
invasive cancer breast tissue in PDX models (12). Tumor-
associated fibroblasts have been shown by others to enhance
or suppress T cell function (13,14) and subsets of tumor-
associated T cells are known to interact with tumor cells
and reciprocally modulate each other (15). It is not evident
yet whether there is any augmenting or suppressing effect
of fibroblasts and leukocytes over tumor cells growing in
human environment (16,17).

Non orthotopic OC PDX models

Different microenvironment surrounding non-orthotopic
tumor grafts can lead to different transplantation outcome
or phenotype. Examples of non-orthotopic locations
for OC include mammary fat pad, subrenal capsule, and
subcutaneous (SC) space.

Although xenografts generated by SC transplantation of
tumor cells into NSG mice yielded typical tumor cellular
architecture, leukocytic traffic, and fibroblasts surviving
for extended durations; they are only capable of spreading
locally and limitedly. Such altered growth patterns do not
represent growth and metastatic behavior observed in
cancer patients, which thereby hinders their applicability
for discovering potential growth factors and testing
immunomodulatory agents (18).

On the other hand, subrenal capsule transplantation of
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tumor cells in Severe Combined Immunodeficiency (SCID)
mice has demonstrated >95% engraftment rate, preserving
histopathologic and immunohistochemical characters
of the original parent tumor. This PDX enabled further
investigation in many OC subtypes, including benign,
borderline, malignant surface, and granulosa cell tumors.
High preservation of immune phenotypes in xenografts was
reported in these models with significant yet small increase
in MIB-1 proliferation index (19). Subrenal engraftment
was also studied by Press et 4/. who generated serially
transplanted xenografts of 4 primary tumors in order to
evaluate their genotypic and phenotypic stability. Although
these grafts did not respond to a poly (ADP-ribose)
polymerase-1 inhibitor; they showed favorable response
to carboplatin/paclitaxel in the form of tumor volume and
proliferation reduction. They also showed concordant
proliferation between primary tumor and xenograft using
MIB-1 (0).

Paramount hallmarks of OC Avatar

Histological and molecular correlation between patient’s
tumor and their Avatars

Histopathologic and molecular similarities were observed
in grafted tumors and original patient cancers. Among
168 models generated by Weroha and colleagues, high
statistically significant microscopic fidelity between tumors
and respective grafts was observed, with correlation of
0.74, taking into consideration comparing stromal mimicry
as well. However, when patient and tumor graft tissues
were evaluated for expression of human vimentin using
non-mouse matching antibody, patient stroma stained
strongly while tumor graft stroma did not, indicating that
the stroma is murine. They also discovered comparable
genomic aberrations in low passage grafts matching with
corresponding primary tumors obtained from primary
surgical specimen. Nevertheless, tumor-associated
lymphocytes (TAL) especially CD45-positive cells did not
frequently coheterotransplant with epithelial tumors. Array
CGH was performed on two tumor graft models from
different patient tumors. The results show marked overlap
in genetic gains and losses between the patient tumor and
corresponding tumor graft (6). In agreement with this,
Topp et al. generated both intrabursal (IB) and SC routes
of transplantation in High Grade Serous Ovarian Cancer
(HG-SOC). They reported that histologic appearance of
H + E stained sections of SC versus IB (orthotopic) PDXs

© Chinese Clinical Oncology. All rights reserved.

www.thecco.net

Page 3 of 11

was similar, with serous papillary structures present in
PDXs from both sites (8).

Correlation between patients and their Avatars response to
platinum therapy

Anticipation of sensitivity and recognizing elective
treatments early have a major clinical impact on patient
prognosis. Two recent reports have displayed that HGSC
Avatar exhibit a similar correlative response to platinum
when matched to patient response: Topp and associates
described platinum response in SC HGSC Avatar,
with three of four platinum sensitive HG-SOC Avatar
containing DNA repair gene mutations, and the fourth
being methylated for BRCA1, though conversely, each
of the three platinum refractory models overexpressed
dominant oncogenes (CCNE1, LIN28B and/or BCL2) (8).
Similarly, Weroha and colleagues utilized nine HGSC
intra-peritoneal Avatar models, treated with four rounds of
carboplatin/paclitaxel. Nine out of nine tumorgrafts showed
in vivo platinum response complying with patient’s clinical
response (6). Patient Avatar models can be important
instruments in foreseeing which patients may benefit from
the utilization of platinum-based therapies, and highlighting
those for whom platinum may have limited value, who
would require different treatments in the short-term.

Implementations of Avatar in OC research

Studying mechanisms of development, progression,
invasion and metastasis of EOC

There is an expanding understanding that nonmalignant
stromal cells including fibroblasts, epithelial cells and
other leukocytes collaborate with and have an effect
upon tumor development and metastases (21). This
highlights the significance of models that preserve tumor
microenvironment in studying penumbras related to tumor
evolution.

EOC is characterized by exclusive pathogenesis that has
been described elsewhere (22). One of the characteristics
of shed EOC cells is their ability to coast freely and
maintain their viability within peritoneal fluid. This is
regulated in cancer cells by interaction of several adhesion
molecules, for example, E-cadherin, CD44/hyaluronan,
CA125/mesothelin, CXCR4/CXCL12, and bl integrins
(23,24). Such interactions are the main factor supporting
their survival and further growth. This happens through
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activation of signaling molecules such as PI3K, and MAPK,
which induce chemotherapeutic resistance and allow further
metastatic potential of these cells (25).

All these factors consolidate the mirroring capability
of Avatar models to the human physiologic environment,
subject to the limitation that differences between species
can complicate studying cellular interaction with peritoneal
mesothelium. Likewise, it has been reported that genetic
polymorphism in host mice impact the rate of metastasis
in both human and mouse xenograft models (26). Until
recently, molecular properties of tumor(s) were only
investigated in patients by single views without real-time
analysis, which has provided only a limited understanding
to how these tumors spread or resist chemotherapy (27).
“Avatars” have allowed us to transplant tumor tissue
into multiple mice then harvest them at different time
points; allowing a more complete understanding of these
mechanisms (28).

Pre-clinical evaluation of chemotherapeutic strategies efficacy

Because of the low success rates facing chemotherapeutic
agents (29), and the advancement of many of them towards
costly phase III trials which wind up failing because of their
limited efficacy (30), Avatar models may offer potential
for evaluating novel therapies. With simple noninvasive
investigation, Avatar tumors can be followed over time
under treatment with various chemotherapeutic agents
to analyze growth, vascularity, and metabolism, aided by
available small animal imaging systems such as ultrasound,
positron-emission tomography, computed tomography, and
magnetic resonance imaging (6,31).

Outcomes to be measured during these studies can differ
depending on the mechanism of anti-cancerous agent tested.
Namely, if cytotoxic drugs are under trial, the end point of
comparison should be percentage of tumor regression. If
drugs against stem cells are discussed, an outcome of growth
latency should be measured (32). Examples of further
potential outcomes include tumor regrowth, regression,
growth rate, and overall survival. Notably, the effect on
growth rate has been described as more predictive of clinical
response than tumor regression (33).

Understanding the mechanism of therapeutic response and
resistance

Simulation of drug resistance can be demonstrated using
Avatar models in OC. When tumors in a platinum-sensitive
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model receive prolonged exposure to cisplatin, development
of resistance takes place (34). This can be useful to explore
new medications that need to be tested in platinum-resistant
strains, such as DNA minor groove binder lurbinectedin (35).
It is also crucial to note that ovarian orthotopic xenografts,
whether cisplatin sensitive or resistant, can reflect the same
histopathologic regression under treatment encountered in
human tumor responses (6,36).

Using Avatars to divect patient’s therapy

Cases of HG-SOC receive combination therapy of platinum
and taxane as a first line of treatment. Despite the response
most patients experience, a large proportion of patients
relapse and develop platinum-resistant tumors (4). For these
and similar scenarios, Avatar models for ovarian tumors
could potentially be used to screen for chemotherapeutic
resistance potential to tailor patients’ clinical management
plan upon recurrence (Figure I). This is in addition to
valuable findings pertinent to drug-response and populations
more likely to be sensitive to experimental therapies.
While OC may serve as a model for such an approach, it
is conceivable that engraftment, expansion and treatment
experiments could be conducted in time for clinical need for
other tumor types as well.

Avatar models can be valuable tools to guide patients’
therapy by testing one experimental agent (EXP) in
order to evaluate drug response and resistance. They
may also be used to compare response towards multiple
chemotherapeutic agents. Thereby, the drug which provides
the best outcome in the mouse model is considered the
winning agent that should be prescribed to the patient,
especially in cases of recurrent tumor.

Design principles for Avatar guided therapy

Clinical trial designs for initial validation of predictive
biomarkers can be classified into enrichment, all-comers,
adaptive, and the direct assignment option design categories
(29,37-39). For a multi marker multi treatment setting,
the likely trial design would be the marker strategy design.
Figure 2 is a schematic representation of this design in
the setting of a randomized, two-arm (marker-directed vs.
empiric treatment assignment) design (40).

In the setting of Avatars, this is akin to randomizing
patients to treatment based on their Avatar predictions
versus treatment independent of Avatar predictions (based
on physician choice, for example). While this design can
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theoretically address if the Avatar has predictive potential
and has been historically referenced as the “gold standard”,
it would require a large number of patients, and yet, still
not be able to cleanly evaluate the predictive marker
elements (41-43). Such a strategy can quickly become
cost-prohibitive in the Avatar setting once the costs for
the laboratory, technician, and treatments are included.
The question of how then to “validate” the predictive or
prognostic potential of the Avatars is an interesting exercise
from a statistical design standpoint. We articulate some of
the challenges and opportunities in this regard below.

The first step is to study the associations between Avatar-
predictions and observed patient outcomes. For example,
an Avatar-based design could be where the patient is offered
the treatment choice based on physician choice, but at the
same time, Avatars from that patient are exposed to all
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possible treatment options. Then data from this trial based
on the observed patient outcome to the treatment received
and the Avatar predicted outcomes (to all possible treatment
choices) could be used to understand the predictive or
prognostic potential of the Avatars (Figure 3).

At least two issues need to be addressed in the statistical
analyses of data obtained from the Avatar design (Figure 3).
Specifically, (I) are the associations between Avatar-
predictions and observed patient outcomes driven by the
tumor’s inherent sensitivity (sensitive or resistant to all
treatments) or by the Avatar’s predictive ability (whereby
a patient is sensitive to some treatments and resistant to
others); and (II) are the Avatars prone to any misclassification
errors with respect to patient’s sensitivity to a given
treatment. For the latter, it is likely that there is in fact
misclassification from the physiological differences between
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Figure 3 Avatar trial design.

the Avatar and the patient, or due to other factors such as the
choice of endpoint (assessment of response in the Avatar as
compared to a patient), ime point of assessment of endpoint
(day 28 in mice versus 3 or 6 months in patient). The
proposed design strategy (Figure 3) also lacks the ability to
assess each treatment individually. Instead, it serves to inform
the prognostic/predictive promise of the Avatar as a marker,
and thus is most useful as a “treatment strategy” in an initial
validation setting. This design also rests on the assumption
that methods for Avatar assessment (if we consider the Avatar
to be similar to an assay) are well established, and that the
Avatars have good clinical and statistical properties in terms
of reproducibility and validity. To establish the latter, the
optimal number of animals per Avatar model, as well as the
appropriate endpoint and timing of endpoint assessment in
the Avatar experiments must have been well-studied.
Avatar-directed chemotherapy offers the potential to
improve the poor outcomes from salvage chemotherapy
by assigning patients to the most effective regimen in
their own, personal Avatar. Figure 4 provides a schematic
of the hypotheses regarding the prognostic and predictive
properties of the Avatar, for two treatments. Clearly Avatars
can be used to guide choice of “multiple” therapies, but for
ease of representation, we considered two treatment options.
Looking forward, if the Avatars can truly be considered
a “replica” of the patient, then the Avatars can first be
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exposed to the experimental treatment, and then based on
the Avatar responses that can be used as a marker to predict
benefit from the EXP, a marker stratified design (stratified
by Avatar responses to the experimental treatment) can be
utilized to randomize patients to the EXP or standard of

care (SOC) (Figure 5).

Challenges and limitations of PDX

While PDX models provide opportunities for improvement
in cancer research in testing diseases’ pathomechanisms and
treatment, there are important limitations that come with
this tool that need more analysis and investigation in order
to validate the potential translational uses of these models.

Time and cost

Developing PDX models requires expensive maintenance of
tumor banks, animal facilities, laboratory consumables, and
experienced personnel to ensure the immediate availability
of mice on demand and histopathological cores incurring
high cost (30). Moreover, the process of harvesting,
transplanting, propagating, then drug testing of one mouse
model consumes extended periods of time, which may
extend beyond the life expectancy of a patient. This is
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because after patients undergo debulking surgery and their
tumor samples get implanted into mice, drug testing is not
performed on these mice but rather on the later generations
of these founding generations, given the need for expanding
the initial tumor into a sufficient number of mice.
Moreover, the use of personalized medicine approaches
requires genetic, protein and metabolic analysis for every
patient, thus increasing the cost of diagnosis and treatment
significantly. Other confounding factors are the difficulty to
obtain new drug entities from pharmaceutical companies,
Material Transfer Agreements (M TAs) and pending patents
on these new drug compounds all challenge the availability
of therapeutic agents.
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Engraftment failure

When the tumor is transplanted into the mouse model, it
is largely dependent on the type of tumor whether it will
engraft and propagate or not. For example, the engraftment
rate of the HG-SOC is one of the highest while mucinous
OC has the lowest (6).

As engraftment failures can skew results by focusing on
survival in patients whose Avatars did or did not engraft, it
should be obvious that PDX models must be chosen to be
proven to have high engraftment rate (6). A general sense in
this regard is that the more aggressive the tumor, the high
engraftment rate it typically demonstrates.
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Alteration of microenvironment of the human tumor with
murine stroma

Many studies have shown that human stroma surrounding
transplanted tumors becomes rapidly replaced across
generations by murine stroma (44). Such background
constitutes many of the tumor targets for response
and resistance, such as fibroblasts, blood vessels, and
inflammatory and immune mediating cells. This
surrounding framework could alter the paracrine control,
response, and interstitial pressure around the tumor,
with a resultant suboptimal model for chemotherapeutic
trials related to host responses. Likewise, the effect of
chemotherapeutic agents themselves might become affected
by the different foreign microenvironment. This can be
evident when observing a response caused by unusually high
dose in the mouse model, while in reality this is pure over-
prediction of human dose response, and vice versa (45,46).

Evolving nature of human tumors

Since cancer is essentially a continuous dynamic disease
process and not a one-time event of pathologic incident,
we need to be cautious regarding the evolution of tumor in
human tissue versus the static nature of its graft implanted
into the mouse model tissues. It is well established there
is a genetic evolution in cancer as the tumor progresses.
Swanton and colleagues have examined the intra-tumor
heterogeneity of primary renal carcinomas and associated
metastatic sites. Phylogenetic reconstruction revealed
branched evolutionary tumor growth, with 63-69% of
all somatic mutations not detectable across every tumor
region (47). Similarly, Iacobuzio-Donahue and colleagues
evaluated the clonal relationships among seven primary
pancreatic cancer metastases. They found that clonal
populations that give rise to distant metastases are
represented within the primary carcinoma, but these clones
are genetically evolved from the original parental, non-
metastatic clone (48). Because of the time elapsing between
harvesting the tumor from a patient and initiation of
treatment after obtaining results from the mouse model;
there is some likelihood that the tumor has changed both
genetically and phenotypically in its patient (47).

Standardized reporting methods

Despite concordance of most groups with uniform
protocols of PDX generation, each group has developed
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their unique experience and approaches, but few groups
have published these newly developed methods or materials.
Issues such as time spent on processing the specimen, best
preservation media, the need to add other components,
such as Matrigel or mesenchymal cells, tumor injection
techniques, site of implantation (SC, orthotopic, or renal
cell capsule) for best results are currently unknown. In
order to apply comparative and uniform standards for
PDX models evaluation, it is necessary for every institute
to publish more details regarding genotypes, histotypes,
molecular phenotypes, chemotherapeutic naivety, stability
over generations, and whether any new materials were
implemented during the process of generating their own
PDX models.

Lymphbomagenesis

Lymphoma development in xenografted solid tumors has
been reported by many groups (6,8,49). The pathogenesis
of this phenomenon is not well established. Ghanekar
and colleagues has shown that the lymphoid neoplasms
were Epstein-Barr virus (EBV)-associated human B-cell
lymphomas. It was hypothesized that the human lymphomas
have developed from reactivation of latent EBV residing in
donor B lymphocytes following their xenotransplantation
into immunodeficient recipient mice (49). Certain mouse
strains, like SCID mice are more prone to spontaneously
develop lymphomas. Bosma and colleagues have detected
spontaneous T-Cell Lymphoma formation in 41 of 269
SCID mice, none was found to express B-cell markers (50).

Social and personal obstacles

Patient enrollment in personalized medicine clinical trials
is a critical factor which determines the success of a clinical
trial. Adequate enrollment secures a base for proposed
participant retention. In order to obtain final conclusive
data as regards the efficacy of a new therapeutic strategy,
sufficient participant retention is required, underpowered
clinical data is doubtful to provide any decisive evidence.
Many factors step back patients from participating in
clinical trials such as, but not limited to; Lack of knowledge
of ongoing clinical trials, public mistaken belief of clinical
trials “Fear of being a guinea pig”, hesitancy of under-
represented populations, administrative procedures
associated with enrollment in clinical trials, lack of available
and appropriate protocols. Concerns about cost are also
a major limiting factor. Lack or fear of being denied of
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insurance coverage, confusion over what is covered by
Medicare, costs of being away from work and family are
restraints for some patients. Results from a National Cancer
Institute study showed that patients with fee-for-service
coverage were more than twice as likely as HMO/PPO/
Medicare patients to be enrolled in a clinical trial (51,52).

Personalized immune Avatar models

Currently available Avatar models have shown to be useful
tool in preclinical settings. However, they impede studying
interactions between immune and cancer cells. An ideal
model to study tumor progression and response to therapy
will allow preclinical testing of new therapeutics in immune-
competent, spontaneous tumor scenery to define efficacy
and ascertain predictive biomarkers of response. The lack of
immune response can considerably impact tumor formation
as well as therapeutic efficacy.

Genetic-chimera models are genetically engineered
mice in which human genes/chromosomes are introduced
into the mouse genome. Kymouse and VelocImmune
mice represent this model type, which carry human
immunoglobulin genes (53,54). These mice has been used
in clinical trials for agents such as Nesvacumab, which
binds Angiopoietin-2, and Enoticumab, which binds DIl4
in where they yield entirely humanized antibodies (54,55).
MITRG and MISTRG are two mouse strains, in which
human versions of four genes encoding cytokines vital for
innate immune cell development are knocked into their
corresponding mouse loci. The human cytokines support
the development and function of monocytes, macrophages
and NK cells derived from human fetal liver or adult
CD34+ progenitor cells injected into the mice. Human
tumor xenograft in MITRG and MISTRG is intruded with
human macrophages in a fashion similar to that observed in
tumors obtained from human patients. This model may be
used to explore the human immune system in circumstances
of health and pathology; it may also empower the evaluation
of therapeutic nominees in an in vivo venue pertinent to
human physiology (56).

On the other hand, cellular-chimera models can be
developed by introducing human cells into immune-
compromised mice and provide upsurge to human tissues in
the mouse. To accomplish these experiments the newborn
mice need to be irradiated and then engrafted with human
CD34+ hematopoietic stem cells from human umbilical
cord blood or bone marrow (57). A xenograft model co-
engrafted with human tumors and autologous tumor-
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associated T and B cells would give us the opportunity to
study their interactions iz vivo and observe how human
immunocompetent cells and tumor cells influence each
other. This approach could hypothetically be used to
evaluate immunotherapeutic methodologies to cancer.

Conclusions

Avatar models allow evaluation of drug response, safety,
and efficacy in cancer patients with good concordance to
the corresponding patient original tumors. They have the
potential to provide significant improvement in clinical
outcomes, and for defining optimal patients for clinical
trials. Despite limitations to their use including further
investigation in regards to microenvironment mimicry
and metastatic case applicability, we feel they provide a
promising approach to facilitate future research in OC.
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