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Men who develop metastatic castration-resistant prostate cancer (mCRPC) will invariably
succumb to their disease. Thus there remains a pressing need for preclinical testing of new
drugs and drug combinations for late-stage prostate cancer (PCa). Insights from the mCRPC
genomic landscape have revealed that, in addition to sustained androgen receptor (AR)
signaling, there are other actionable molecular alterations and distinct molecular subclasses
of PCa; however, the rate at which this knowledge translates into patient care via current
preclinical testing is painfully slow and inefficient. Here, wewill highlight the issues involved
and discuss a new translational platform, “the co-clinical trial project,” to expedite current
preclinical studies and optimize clinical trial and experimental drug testing. With this plat-
form, in vivo preclinical and early clinical studies are closely aligned, enabling in vivo testing
of drugs using genetically engineered mouse models (GEMMs) in defined genetic contexts to
personalize individual therapies. Wewill discuss the principles and essential components of
this novel paradigm, representative success stories and future therapeutic options for mCRPC
that should be explored.

Prostate cancer (PCa) is the third leading
cause of cancer-related deaths in U.S. men.

Although localized PCa is highly curable, met-
astatic castration-resistant PCa (mCRPC) is still
a fatal disease (Wu et al. 2014). Preclinical stud-
ies implicating dysregulated androgen receptor
(AR) signaling as the predominant driver of
mCRPC have propelled the development of
novel agents targeting the AR signaling (Chen
et al. 2004). Despite the effectiveness of recently
approved AR-targeted therapies, such as abira-
terone and enzalutamide, de novo or acquired
drug resistance invariably emerge and pose the
largest obstacle to implementing curable thera-

py (Watson et al. 2015). Thus, there remains a
pressing need for preclinical testing of new
drugs and novel drug combinations that are tai-
lored to target potent driver mutations and pre-
vent resistance in mCRPC.

Integrative genomic analyses have shown
that PCa displays significant inter- and intrapa-
tient heterogeneity, not only in the context of the
mutational landscape but also in epigenetic de-
regulation and aberrant transcriptome of non-
coding elements (Boutros et al. 2015; Cooper
et al. 2015; Gundem et al. 2015). It is now widely
understood that defining the genetic makeup of
individual patient tumors is likely to have a sub-
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stantial impact on the effectiveness of their treat-
ment, a concept referred to as precision medi-
cine (Collins and Varmus 2015). The recent
development of powerfulmethods for character-
izing patients, particularly high-throughput
“omics” analysis, and large-scale biologic data-
bases are now enabling researchers to categorize
and stratify patients according to genetic alter-
ations, and in doing so, to distinguish different
subsets of human PCa, how these genetic make-
ups dictate tumor aggressiveness, and likely re-
sponse to the standard-of-care (SOC) and/or
experimental therapies, ultimately leading to
precise and personalized therapies. Indeed,
stratification of patients with defined genetic de-
fects has recently shown great promise for tar-
geted therapies in PCa (Mateo et al. 2015). How-
ever, this opportunity is not without its own
challenges, particularly concerning the design
of clinical trials. With increased PCa diversity
and complexity, one major hurdle is the stark
decrease in the size of patient populations avail-
able for enrollment in appropriate clinical trials.
This, in turn, makes it difficult to obtain robust
statistical analyses, and prolongs the time that it
takes new and/or combinatorial therapies to be
evaluated.

In recognition of these challenges, we are
now compelled to rethink the platforms that
are required to rapidly analyze in model systems
current and novel therapeutic options for pa-
tients to ensure rapid implementation of per-
sonalized approaches. Preclinical studies using
accurate genetically engineered mouse models
(GEMMs) of specific cancer subtypes have prov-
en extremely valuable; indeed, they have already
guided and optimized the treatment of several
forms of human cancer (Van Dyke and Jacks
2002; Abate-Shen and Pandolfi 2013). However,
the traditional “GEMMs-to-human” or “pre-
clinical-to-clinical” approach remains painfully
slow because data have to be accrued in the
mouse model of interest first, and then translat-
ed to be able to inform the clinical trials that
follow. Importantly, current preclinicalmethods
to predict successful outcomes are extremely
limited because only about 5% of new cancer
drugs are approved after preclinical studies
(Sharpless and Depinho 2006). Given that we

are able to model cancer in mice at an unprece-
dented level of accuracy and that a large amount
of newexperimental drugs are currently in early-
phase clinical studies, we have implemented a
coclinical trial project to align preclinical efforts
in GEMMs with clinical trial efforts in humans
to optimize and refine phase I/II clinical studies
in real time and expedite effective drug approval
for personalized therapies.

In this review, we discuss the principles and
essential components of the coclinical trial proj-
ect, with a focus on how the implementation of
such a platform can accelerate the development
of personalized medicine for PCa.We also sum-
marize what we have learned thus far by using
this platform and future therapeutic options for
mCRPC that have emerged, and should be ex-
plored, on the basis of these efforts.

THE COCLINICAL TRIAL PROJECT FOR THE
DEVELOPMENT OF PERSONALIZED
THERAPIES

The Approach

The coclinical trial project rests on the notion
that (1) cancer develops inmany distinct genetic
subtypes, (2) this diversity impacts how these
tumors respond to or resist various forms of
therapy, and (3) that preclinical testing of
new drugs and drug combinations in faithful
GEMMs of human cancer is a powerful and pre-
dictive platform for clinical trial optimization.
The prospect of implementing this approach
has been significantly improved by the advance
of powerful “omics”methods for characterizing
patients and our ability to model cancer in mice
at an unprecedented level of accuracy. The keys
to this approach are “synchronicity” and “inte-
gration.” Specifically, by enrolling as many
GEMMs representative of the genetic diversity
of a given tumor type as in which human trial
is performed, and treating GEMMs and human
patients in exactly the same way, the relevant
clinical, biological, and pharmacologic data
(i.e., sensitivity vs. resistance to specific regi-
mens, imaging analysis, microarray and prote-
omic profiling, somatic mutation, nucleotide
polymorphisms, etc.) from both sources are an-
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alyzed in parallel, shared, and integrated in real
time. The synchronicity and the integration of
the approach in turn credential and validate, in
real time, what is found in human and mice,
thereby facilitating the design of subsequent
clinical studies through more timely and in-
formed clinical decisions (Fig. 1).

The coclinical trial project can significantly
lessen the gap between preclinical study and pa-
tient care via (1) the rapid stratification of pa-
tient sensitivity and resistance to a specific treat-
ment on the basis of molecular and genetic
criteria, (2) characterization of mechanisms dic-
tating de novo or acquired tumor resistance to
therapy, and (3) the use of this platform as a
testing ground for new drug combinations
(Fig. 1). Instead of attempting to provide a de-
tailed review for the coclinical trial project, here
we will focus on the essential components rele-

vant to PCa and refer the reader to previous
articles that have addressed specific topics and/
or cancer types in depth (Nardella et al. 2011;
Chen et al. 2012; Lunardi et al. 2013; Kwong
et al. 2015; Whitley et al. 2016).

GEMMs as in Vivo Models to Inform Patient
Stratification

Mice rarely develop spontaneous PCa; however,
they can be genetically or environmentally
modified to develop PCa, and are a compelling
model system for the in vivo testing of new drugs
and drug combinations. Implant of cancer cell
lines (xenografts) or patient-derived xenografts
(PDXs) into heterologous sites of immunodefi-
cient mice represent additional ways to study
human cancer in mouse models. These models
can also be used “coclinically.” However, cell
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testing drug “A”

Coclinical trial
testing drug “A”

Sensitive
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Sensitive
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Resistant

Phase I Phase II Phase IlI Drug approval 

(Rapid stratification of patients based on
genetic characterization in GEMMs)

Resistant (to be enrolled in different clinical trials)
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Figure 1. The coclinical trial platform. (A) In the traditional clinical trial, little attention is paid to the molecular
characteristics of the disease. When a minor fraction of patients are responsive, the overall response of the
population might mask the responders. (B) In the coclinical trial project, relevant genetically engineered mouse
models (GEMMs) and human patients are treatedwith the same drug and clinical protocol. Integrated analyses of
data accrued in GEMMs and patients serve to stratify responsiveness and resistance on the basis of molecular and
genetic criteria.Mechanisms underlying acquired resistance are also rapidly identified, and drug combinations to
overcome such resistance are tested in GEMMs for their effectiveness.
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lines or PDXs do harbor multiple concurrent
genetic alterations at once, which makes it diffi-
cult to determine the impact of specific muta-
tions in modulating drug or drug combination
response. Additionally, these models are im-
munodeficient and hence not amenable to test
cancer immunotherapies. Formore information
on these topics, we refer you to Risbridger et al.
(2017). Central to the coclinical trial project are
faithful GEMMs to steer parallel clinical studies
in patients. There are numerous advantages in
using GEMMs coclinically. First, GEMMs de-
velop tumors de novo in the context of the native
tissue environment and intact immune system.
This criterion is paramount for the study of can-
cer treatment, particularly when considering the
role of the tumor stroma in resistance to therapy
and the potential for use of immunotherapy in
the treatment of PCa (Kantoff et al. 2010; Boe-
lens et al. 2014). Second, cancer phenotypes in
GEMMs arise from well-defined genetic alter-
ations that have been known to faithfully reca-
pitulate human cancer. For example, many
GEMMs of PCa are based on loss of function
of Pten, which is among the most frequently lost
or mutated tumor suppressors in human PCa
(Taylor et al. 2010; Barbieri et al. 2012; Grasso
et al. 2012; Robinson et al. 2015). Moreover, the
specific genetic alterations enable us to simplify
and deconstruct the precise genetic elements
underlying resistance or sensitivity to a given
treatment modality. Third, GEMMs enable
both longitudinal and molecular analyses of
cancerous lesions that can lead to identification
of novel biomarkers of response and facilitate
formulation of new combinatorial therapeutic
modalities. Fourth, GEMMs can be readily ex-
panded to enable more subjects, drugs, and drug
combinations to be tested in the coclinical set-
ting. This has shown to be of great value, in
particular to the study of genetically rare cancer
subtypes of which sizable patient accrual repre-
sents a major hurdle.

Like other types of cancer, PCa is character-
ized by a wide range of genetic complexity, such
as loss and mutation of tumor suppressor genes
(e.g., PTEN, NKX3.1, P53, SPOP, SMAD4, LRF,
PLZF, and BRCA1/2), amplification and muta-
tion of oncogenes (e.g., c-MYC, PI3KCA/B, and

AR), and fusion genes (e.g., ERG/ETV1/ETV4).
In recent years, this disheartening complexity
has been successfully modeled in GEMMs (Ir-
shad and Abate-Shen 2013), allowing for the
generation of a unique genetic platform of
proxy-PCa in the mouse, which has proven to
be essential in elucidating the role of specific
genetic perturbations in the onset and progres-
sion of human PCa. Importantly, substantial ef-
forts have been devoted to systematically apply-
ing this resource in the preclinical/coclinical
setting to test new drugs and drug combinations
for targeted therapies, to dissect themechanisms
underlying de novo or acquired tumor resistance
to SOC treatments, and to discover new treat-
ment combinations (Carver et al. 2011; Lunardi
et al. 2013; Schwartz et al. 2015; Yamamoto et al.
2015). However, challenges still remain in the
development of these models. Notably, PCa is
made up of complex genetic landscapes, and we
currently have a limited ability to model tumor
heterogeneity. Moreover, metastasis has proven
to be particularly challenging to model, and the
progression to metastasis from either a primary
indolent or advanced-stage disease is rarely ob-
served for the majority of the GEMMs of PCa
(Ittmann et al. 2013), but we can envisage that
technological developments such as CRISPR-
Cas9 (clustered regularly interspaced short
palindromic repeats-CRISPR-associated 9) tech-
nology (Hsu et al. 2014) would facilitate model-
ing PCa genetic diversity, complexity, and
metastasis in GEMMs and address these chal-
lenges. Despite the current limitations, the use of
GEMMs is a powerful tool for both preclinical
and coclinical evaluation and fine-tuning of
treatment protocols in specific genetic make-
ups precisely for its ability to simplify and de-
construct the critical genetic elements dictating
differential responses to treatment.

Components and Requirements
for the Coclinical Trial: The Mouse
Hospital and Beyond

The simultaneous execution of preclinical trials
inmice and phase I/II trials in humans is incred-
ibly resource-intensive (Fig. 2). To ensure the
coclinical trial project success, a “mouse hospi-
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tal” with a state-of-the-art infrastructure for in
vivo mouse imaging and a mouse pharmacy is
required for a consistent and reproducible pipe-
line to be maintained. This hospital-type animal
facility is staffed by experts in levels of mouse
care (i.e., husbandry, treatments, and surgery)
with access to procedure rooms and small
animal in vivo–imaging technologies (biolumi-
nescence, magnetic resonance imaging, micro-
computed tomography, micro-positron emis-
sion tomography, ultrasonogram, fluorescence-
mediated tomography), as well as instruments
needed for blood and urine tests. All of the
above are fundamental to determining local
and systemic tumor responses to treatments in
GEMMs. Moreover, several other important el-
ements are also required for integration and im-
plementation of mouse–human coclinical trials
(such as bioinformatics consortia, comparative
pathology centers, and central databases). Even
further, to maintain consistent workflows and
generate reproducible and reliable high-quality
results, a system of work needs to be established,
ensuring that procedures, data collection, and
informatics analyses are performed consistently
throughout the mouse hospital and among
mouse hospitals. This is essential to be able to

share and compare mouse data across different
mouse hospitals and human clinical centers.
Most important, this platform requires a sus-
tained and coordinated effort between basic sci-
entists and clinicians (Fig. 2).

The Coclinical Trial Efforts in PCa

Proof-of-principle examples of the efficacy of
the coclinical trial platform have been recently
reported in PCa (Lunardi et al. 2013). Themain-
stay of therapy for advanced and metastatic PCa
for more than 70 years has been androgen-dep-
rivation therapy (ADT) (Huggins and Hodges
1941). Despite the majority of patients experi-
encing an initial positive response to ADT, most
tumors eventually acquire resistance to this
treatment and, as a result, patients inevitably
relapse to a lethal stage of the disease. However,
there is a wide variability in the durability of
ADT efficacy, with responses varying from
months to years. Not much is known about
the possible determinants of ADT response.
Given the genetic heterogeneity of PCa, we
have hypothesized that different genetic lesions
driving the tumorigenic process may also affect
ADT efficacy.

Mouse modeling
of human disease

Integrative imaging
infrastructure 

Education/legal 
office 

Synthetic lab Mouse pharmacy Pharmas

Comparative pathology centers
and

bioinformatics consortium

The
clinical
center

The
mouse
hospital

Figure 2. Fundamental components of the coclinical effort and their relationship to infrastructure and pharma-
ceutical companies. To ensure that preclinical and coclinical trials are most effective, mouse trials are performed
in a manner and environment similar to those for human patients. Infrastructural and operational procedures
need to be in place to ensure that data are readily transferable to the clinic. Acquisition of relevant therapeutic
agents for coclinical evaluation is coordinated by the mouse pharmacy, which might obtain agents directly from
industry or independently coordinated synthesis of relevant agents.
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Accordingly, in a coclinical trial effort, we
have enrolled a cohort of 84 PCa patients and
a panel of GEMMs bearing common human
PCa genetics (Ptenpc−/−; Ptenpc−/−p53pc−/−;
Ptenpc−/−Lrfpc−/−), in which we rapidly iden-
tified Pten-p53 and Pten-Lrf double-null tumors
in mice as resistant to ADT. We anticipated the
response of patients with PCa characterized by
the same genetic lesions using these coclinical
data sets. Importantly, a comparative genetic
and molecular analysis of Pten-null (ADT-sen-
sitive) and Pten-p53 and Pten-Lrf double-null
(ADT-resistant) mouse prostate tumors showed
up-regulation of the steroid-5-α reductase type 1
gene (Srd5a1) and deregulation of the X-linked
inhibitor of apoptosis protein (XIAP)-associat-
ed factor 1(Xaf1)/XIAP) apoptotic pathway as
two potential mechanisms of ADT resistance.
A double combination of embelin (a natural
XIAP inhibitor) and dutasteride (an SRD5A1
inhibitor currently being studied in clinical trials
for ADT-resistant PCa, ClinicalTrials.gov iden-
tifier: NCT01393730, NCT00673127, NCT00
553878, NCT00403000), formally proved the
functional role of deregulation of both pathways
in ADT resistance by rescuing ADT efficacy in
vivo in both Pten-p53 and Pten-Lrf double-null
mouse prostate tumors and in vitro in human
PCa cell lines. This, in turn, paved the way for
the clinical testing of such a combinatorial ap-
proach, and of novel predictive biomarkers and
therapeutic targets for ADT resistance in men.
Coclinical efforts have by now also shown sig-
nificant promise toward a real-time optimiza-
tion of patient stratification in the effective treat-
ment of several other types of cancers (Chen
et al. 2012, 2014; Kwong et al. 2015; Whitley
et al. 2016).

TACKLING CHALLENGES AND
OPPORTUNITIES FOR PRECISION
MEDICINE IN PCa THROUGH COCLINICAL
EFFORTS

The Clinical Challenges

The survival of mCRPC patients has been im-
proved substantially by the use of abiraterone
and enzalutamide as single-agent therapies

against the AR pathway (Scher et al. 2012;
Ryan et al. 2013; Beer et al. 2014). Unfortunately,
to date, no single agent has been able to cure PCa
on its own, largely owing to tumor heterogeneity
and the adaptive responses that support the de-
velopment of de novo or acquired drug resis-
tance. Another challenge is the relief of profound
feedback inhibition of multiple oncogenic path-
ways triggered by anti-AR drugs that limit the
success of targeted therapies (Chandarlapaty
2012). As such, it is therefore essential to be
able to continue to identify additional effective
strategies to combine with SOC treatment to-
ward a curative regimen.

Therapeutic Opportunities for Personalized
Therapies in mCRPC

Recent mCRPC genomic landscape studies have
identified multiple molecular alterations in oth-
er actionable pathways, aside from AR, that
drive mCRPC progression (Fig. 3), including
PI3K/AKT/PTEN, RAF, DNA repair, WNT,
cell cycle, and cellular metabolism (Taylor
et al. 2010; Grasso et al. 2012; Robinson et al.
2015). To this end, the coclinical trial using
GEMMs is an ideal investigational platform to
rapidly test drug combinations targeting these
molecular lesions in different genetic makeups
to ensure rapid implementation of personalized
treatment. Here, we highlight future therapeutic
opportunities formCRPC that should be further
explored through using the coclinical platform,
and, for information regarding AR-targeted
therapies, we refer you to Centenera et al. (2017).

The Phosphoinositide-3 Kinase (PI3K)/AKT/
Mechanistic Target of Rapamycin (mTOR)
Pathway

The PI3K/AKT/mTOR pathway is altered in
∼50% of mCRPC through either PTEN inacti-
vation or/and aberrant activation in PIK3CA/B
(Taylor et al. 2010; Grasso et al. 2012; Robinson
et al. 2015). Several studies have also shown
cross talk between the AR pathway and PI3K
signaling, in which these pathways regulate
each other by reciprocal negative feedback,
such that inhibition of one activates the other,
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therefore providing rationale for combination
therapy in mCRPC patients (Carver et al.
2011; Schwartz et al. 2015). Phase I/II trials as-
sessing the combination of next-generation AR
therapy with a PI3K/AKT/mTOR inhibitor are
currently ongoing (ClinicalTrials.gov identifier:
NCT02407054 and NCT02215096).

Ras/Raf/MEK/ERK Mitogen-Activated Protein
Kinase (MAPK) Pathway

The MAPK signaling pathway is often found
aberrantly activated in advanced metastatic
PCa (Kinkade et al. 2008; Taylor et al. 2010).
However, little is known about the underlying
molecular mechanisms leading to MAPK acti-
vation, because activating mutations or gene re-
arrangements involving the MAPK cascade are
rare in human PCa. Nevertheless, aberrant
KRAS/B-RAF/RAF1 fusions have been identi-
fied in 3% of mCRPC, representing a rare subset
of mCRPC (Palanisamy et al. 2010; Wang et al.
2011; Beltran et al. 2013; Robinson et al. 2015).
Previous studies have shown that expression of
RAF fusion protein in prostate cells induces a
neoplastic phenotype that is sensitive to RAF
and MEK inhibitor, suggesting that tumors

from mCRPC patients harboring RAF fusion
might be sensitive to pan-RAF inhibitors or
MEK inhibitors (Palanisamy et al. 2010). Be-
cause the available cohort of mCRPC patients
with RAS/RAF fusion is small, the coclinical
trial platform with faithful GEMMs in this rare
subtype of PCa will be able to better evaluate
targeted combinatorial therapies. Notably, the
PI3K/AKT/mTOR and ERK-MAPK signaling
pathways have been shown to cooperate in
PCa progression and contribute to the develop-
ment of castration-resistant and metastatic PCa
(Gao et al. 2006). On this basis, dual targeting of
the PI3K/AKT/mTOR and ERK-MAPK signal-
ing has been proven highly effective in suppress-
ingmCRPC in preclinical studies (Kinkade et al.
2008; Floc’h et al. 2012; Toren et al. 2016).

DNA Repair Pathway

Another common subset of mCRPC is charac-
terized by defects in DNA repair, accounting for
20%–30% of sporadic mCRPC, as exemplified
by germline and somaticmutations in genes that
encode proteins in DNA repair pathways, such
as BRCA1/2 and ataxia-telangiectasia mutated
(ATM) (Grasso et al. 2012; Beltran et al. 2013;

PI3K/AKT inhibitors
MEK/ERK inhibitors
R-spondin antibodies
Porcupine inhibitors

Anti-AR (enzalutamide, abiraterone)

Resisting
cell

death

Angiogenesis

FASN inhibitor
AMPK activator
Simvastatin

Deregulating
cellular

energetics

Sustaining
proliferative
signaling

Enabling
replicative
immortalityProsenescence

therapy 

Invasion and
metastasis

CDK inhibitors (palbociclib)
Prosenescence therapy

Evading 
growth

suppressors

Genome
instability and
mutation
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PD1/PDL1 (nivolumab)
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Figure 3. Therapeutic targets in metastatic castration-resistant prostate cancer (mCRPC). AR, Androgen recep-
tor; CDK, cyclin-dependent kinase; PARP, poly(ADP-ribose) polymerase; AMPK, AMP-activated protein ki-
nase; FASN, fatty acid synthase.
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Robinson et al. 2015). BRCA-defective cells are
unable to repair double-strand DNA breaks by
homologous recombination, and thus become
highly sensitive to inhibitors of the DNA repair
enzyme, poly(ADP-ribose) polymerase (PARP),
suggesting that treatment with a PARP inhibitor
may exploit a synthetically lethal interaction. In
a single-agent phase II trial, one such inhibitor,
olaparib, led to a high response rate in mCRPC
patients whose cancers were defective in DNA
repair pathways (Mateo et al. 2015). Interesting-
ly, not only the aberrations in DNA repair path-
way, but also the overexpression of ETS, PTEN
loss, or SPOP mutations have been associated
with sensitivity to PARP inhibitor in human
PCa (Brenner et al. 2011; Gonzalez-Billalabeitia
et al. 2014; Boysen et al. 2015). Considering the
potential use of olaparib in combinatorial
therapies against various common genetic al-
terations in mCRPC, the coclinical platform
should be used to explore responsiveness and
sensitivity within distinct molecular subclasses
of PCa (see the example of Gonzalez-Billalabei-
tia et al. 2014).

Wnt Signaling

Wnt signaling is one of the key oncogenic path-
ways in multiple types of cancer and is altered in
18% of mCRPC (Grasso et al. 2012; Robinson
et al. 2015). Dysregulation of WNT signaling
occurs throughmutations ofAPC andCTNNB1,
overexpression of Wnt ligands, such as R-spon-
din 2/3, R-spondin fusions, mutations of the R-
spondin coreceptors RNF43/ZNFR3, or aber-
rant SOX9 activation. Recent studies have shown
that cancer cells with aberrations in RNF43,
ZNRF3, or RSPO2/3 (overall 5% of mCRPC pa-
tients) or SOX9 overexpression, have a high re-
sponse rate to the porcupine inhibitor (Liu et al.
2013; Ma et al. 2016), suggesting that a subset
of mCRPC patients would benefit from Wnt-
targeted therapies. In addition, R-spondins are
emerging as an important cancer target (Storm
et al. 2016). Therefore, targeting the R-spondin
pathway in mCRPC tumors harboring Wnt
pathway alterations or specifically R-spondin
fusions may be worthy of further investigations
in preclinical and coclinical settings.

Cell-Cycle Control and Prosenescence
Therapy

The cyclin/cyclin-dependent kinase (CDK)/ret-
inoblastoma (RB) axis is a critical modulator of
cell-cycle entry and is aberrant in more than
20% of mCRPC. Cell-cycle derangement, such
as through CCND1 amplification or CDKN2A/
B loss, results in enhanced response to CDK4/6
inhibitors in preclinical mCRPC models (Com-
stock et al. 2013), suggesting that the selective
CDK4/6 inhibition as a potential therapeutic
regime inmCRPCwarrants further examination
to evaluate its clinical efficacy in a coclinical
setting.

By modulating the cell-cycle machinery and
status, prosenescence therapy for tumor preven-
tion and suppression can also be developed. Cel-
lular senescence has emerged as an intrinsic
tumor-suppressive mechanism, which can be
enhanced by stabilizing p53, Rb, p27, and induc-
tion of PTEN-loss-induced senescence (PICS)
(Chen et al. 2005; Takahashi et al. 2006; Ali-
monti et al. 2010). Enhancing the prosenescence
response in PCa tumors has had a substantial
therapeutic effect in preclinical studies (Ali-
monti et al. 2010; Lin et al. 2010). A recent study
has also shown that a population of CD11b+Gr-
1+myeloid cells from the innate immune system
protect a fraction of proliferating Pten-null
mouse prostate tumors from senescence, thus
sustaining tumor growth (Di Mitri et al. 2014).
Therefore, it remains to be further determined
in what other genetic makeups prosenescence
can be engaged, and what types of targeted ther-
apies and/or immune therapies can be used to
enhance cellular senescence on the one end, and
to morph it into full-blown apoptosis on the
other end.

Cellular Metabolism

Cancer cells are known to undergo metabolic
reprogramming to support their rapid prolifer-
ation and growth. It is now well known that
metabolic reprogramming is a hallmark of can-
cer cells (Hanahan and Weinberg 2011). Unlike
other solid tumors, the majority of PCa does not
show classical aerobic glycolysis; rather, de novo
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fatty acid and cholesterol synthesis is the hall-
mark of human PCa (Zadra et al. 2013). Many
lipogenic enzymes are found deregulated in
PCa, such as fatty acid synthase, acetyl-CoA-
carboxylase, and HMG-CoA reductase (Zadra
et al. 2013). Additionally, it is widely postulated
that a high-fat/cholesterolWestern diet can pro-
mote PCa progression, and contributes to the
aggressiveness of disease (Gronberg 2003;
Yang et al. 2015), in support of the notion that
the metabolism of lipids, whether exogenous or
endogenously produced, contributes to prostate
tumorigenesis and its progression. Importantly,
these lipogenic enzymes can be suppressed/in-
hibited by small pharmacological molecules and
hence represent ideal therapeutic targets. In-
deed, this metabolic dimension has been ex-
plored in preclinical studies (Kridel et al. 2004;
Zadra et al. 2014) and should be now investi-
gated coclinically.

CONCLUDING REMARKS

In conclusion, the coclinical trial approach pro-
vides multiple new opportunities and tools to
accelerate and facilitate the entire process of
drug testing toward accelerated drug positioning
and approval for precise and personalized med-
icine. It allows researchers to disentangle the
daunting clinical complexity of cancer. In light
of the potential of immunotherapy to fulfill the
promise of personalized cancer treatment, fu-
ture efforts will also focus on the immune sys-
tem in mice, the tumor microenvironment, and
how they are impacted by the genetic makeup
of the GEMMs used. Integration of preclinical
with clinical data in real time, which represents
the cornerstone of the coclinical trial platform,
promises to quickly yield important insights
into issues of resistance and sensitivity, and
can provide predictive guidance for both the
optimization of concurrent human clinical trials
and the correct interpretation of trial results. It is
important to note that a specific characteristic
that enables the coclinical trial approach to be so
effective is its power to identify the mechanisms
of tumor resistance in humans (either de novo
or acquired), a common hurdle that affects the
vast majority of single-agent targeted therapies

and quickly tests the efficacy of new drug com-
binations to overcome such resistance.

With the evolving landscape of cancer re-
search and therapy for mCRPC along with our
unprecedented ability to model cancer in the
mouse, further bolstered by the advent of
CRISPER-Cas9 technology (Hsu et al. 2014),
coclinical trials will greatly help in testing novel
treatments. Many oncogenic pathways involved
in cell survival, in addition to the AR pathway,
are actionable and can be suppressed/inhibited
by current available inhibitors. Immune thera-
pies are also coming of age. There is little doubt
that, in the years to come, the coclinical trial
platform and the concept of the mouse hospital
will be critical in designing new personalized
combinations toward the prevention and effec-
tive treatment of mCRPC.
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