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Abstract
Technological advances with organs-on-chips and induced pluripotent stem cells promise

to overcome hurdles associated with developing medical products, especially for rare dis-

eases. Organs-on-chips—bioengineered “microphysiological systems” that mimic human

tissue and organ functionality—may overcome clinical trial challenges with real-world

patients by offering ways to conduct “clinical trials-on-chips” (CToCs) to inform the

design and implementation of rare disease clinical studies in ways not possible with other

culture systems. If applied properly, CToCs can substantially impact clinical trial design with

regard to anticipated key outcomes, assessment of clinical benefit and risk, safety and

tolerability profiles, population stratification, value and efficiency, and scalability. To discuss

how tissue chips are best used to move the development of rare disease therapies forward,

a working group of experts from industry, academia, and FDA as well as patient represen-

tatives addressed questions related to disease setting, test agents for microphysiological

systems, study design and feasibility, data collection and use, the benefits and risks asso-

ciated with this approach, and how to engage stakeholders. While rare diseases with no

current therapies were considered the ultimate target, participants cautioned against step-

ping onto too many unknown territories when using rare disease as initial test beds. Among

the disease categories considered ideal for initial CToC tests were well-defined diseases

with known clinical outcomes; diseases where tissues on chips can serve as an alternative

to risky first-in-human studies, such as in pediatric oncology; and diseases that lend itself to

immuno-engineering or genome editing. Participants also considered important challenges, such as hosting the chip technology

in-house, the high variability of cell batches and the resulting regulatory concerns, as well as the financial risk associated with the

new technology. To make progress in this area and increase confidence with the use of tissue chips, the re-purposing of approved

drugs ought to be the very first step.
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Introduction

Recent technological advances with organs-on-chips and
induced pluripotent stem cells (iPSCs) have created oppor-
tunities to create a paradigm shift in therapy development,
promising to overcome various hurdles associated with
developing medical products for many disorders, especial-
ly rare diseases. Although the field of 3D tissue engineering
offers many opportunities, the technology also has

limitations. Several experts in the field have reviewed the
opportunities associated with tissue chips and organoids as
well as the challenges that still need to be addressed.1,2

Designing and conducting clinical trials pose a particu-
larly difficult challenge to the development of rare disease
treatments: Trial participants often have to be recruited and
retained from different geographic areas, and the clinical
trial protocol must consider the rarity of the disease in its

Impact statement
Designing and conducting clinical trials are

extremely difficult in rare diseases.

Adapting tissue chips for rare disease

therapy development is pivotal in assuring

that treatments are available, especially for

severe diseases that are difficult to treat.

Thus far, the NCATS-led National Institutes

of Health (NIH) Tissue Chip program has

focused on deploying the technology

towards in vitro tools for safety and efficacy

assessments of therapeutics. However,

exploring the feasibility and best possible

approach to expanding this focus towards

the development phase of therapeutics is

critical to moving the field of CToCs for-

ward and increasing confidence with the

use of tissue chips. The working group of

stakeholders and experts convened by

NCATS and the Drug Information

Association (DIA) addresses important

questions related to disease setting, test

agents, study design, data collection,

benefit/risk, and stakeholder engage-

ment—exploring both current and future

best use cases and important prerequisites

for progress in this area.
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methodology and statistical analysis plan, as well as the
medical needs of the patient population; it also has to
address ethical concerns, particularly with pediatric
patients and using proper control groups. What’s more,
eligibility criteria often reduce the number of available sub-
jects, hampering the ability to extrapolate clinical trial find-
ings to a larger cohort of patients or to other relevant
subpopulations. Many rare diseases also require therapies
that involve multiple specialties, such as neurology, gastro-
enterology, psychiatry, endocrinology, cardiology, and
physical therapy, especially if the disease is a genetic dis-
order with clinically significant comorbidities.

Organs-on-chips, on the other hand, may hold the
potential for overcoming such clinical trial challenges
with real-world patients by offering ways to conduct
“clinical trials-on-chips” (CToCs) that would help inform
the design and implementation of clinical studies for
rare diseases.

Organs-on-chips as gateway to rare disease therapies

Organs-on-chips (or “tissue chips”) are bioengineered
“microphysiological systems” (MPS) that mimic human
tissue and organ functionality in ways not possible with
conventional 2D or other 3D culture systems:

• MPS recapitulate the multicellular architectures,
tissue–tissue interfaces, physicochemical microenvir-
onments, vascular perfusion, and innervation of
human organs.

• Innovative biosensing and readout approaches
enable these devices to employ high-resolution,
real-time imaging, and non-invasive analyses of bio-
chemical, genetic, and metabolic activities of living
cells in a functional tissue and organ context.

Because designing and conducting clinical trials can be
difficult in rare diseases, improving and adapting MPS for
rare disease therapy development are pivotal in assuring
that treatments for rare diseases are available, especially for
diseases with the lowest prevalence and greatest severity,
as well as for those that are most difficult to treat. Two FDA
guidances offer recommendations on how to conduct more
successful drug development programs for rare diseases,3,4

and published in silico approaches both for orphan drug
developlement5 and for clinical trial implementation for
rare pediatric orphan diseases6 highlight how in vitro
models can inform drug and therapeutic development for
rare diseases.

In the past, MPS have been used to successfully model a
number of rare disorders, such as Barth syndrome,7 proge-
ria,8,9 Timothy syndrome,10 and hereditary hemorrhagic
telangiectasia.11 There have also been several important
advances for more common diseases, for example model-
ing cancer metastasis with organs-on-chips for precision
medicine applications12 as well as Huntington’s disease
using mouse models.13 With the use of tissue chip technol-
ogy, it may be possible to conduct CToCs using differenti-
ated iPSCs from rare disease patients that are useful not

only for safety and tox studies, but also for efficacy testing
of promising therapeutics.

Benefits of CToCs. CToCs have the advantage that a chip
can be made from an individual or several persons and
even from banked cell lines from deceased patients, thereby
increasing the number of “subjects” in an initial safety trial.
It is also possible to use treated and untreated chips from
the same group of individuals and screen for drug effects at
the tissue level without repeat biopsy. Moreover, CToCs
allow for patient-centric trials where the trials are designed
with affected patient groups and patient-related outcomes
can be collected. These approaches would not only increase
trial efficiency and enhance the sensitivity of study out-
comes, they would also ensure an outcome that is as infor-
mative as possible for the patient. Furthermore, CToCs can
provide empirical support of the intervention’s safety and
efficacy as well as the mechanism underlying clinical ben-
efit, while simultaneously revealing possible toxicity
issues. This includes evidence that the intervention engages
its intended targets and leads to functional improvement.
Table 1 provides a quick overview of the main benefits
associated with CToCs.

Overall, compared to existing approaches, CToCs have
the potential to substantially impact clinical trial design in
terms of anticipated key outcomes, assessment of clinical
benefit and risk, safety and tolerability profiles, identifica-
tion of best responders through population stratification,
value and efficiency, and scalability potential.

Clinical trials on chips – Modeling basics

CToCs can provide patient-relevant drug testing models
if the design of these platforms, tissue architecture, and
readouts replicates relevant clinical outcomes in the treated
patient.

Critical to this modeling is to precisely replicate the
organ-to-organ communication to fully capture the phar-
macokinetics and pharmacodynamics (PK/PD) of a drug
in a multi-organ system interaction, i.e. how the drug or
substance is transported, metabolized, and excreted, and
how it impacts targeted and non-targeted tissues. Drug
metabolism by the liver, clearance via the kidneys, or
absorption through the intestines, for example, plays criti-
cal roles in the PK/PD of many drugs. Another important
element in drug development is for studies to reliably gen-
erate predictive values of induction and downregulation as

Table 1. Overview of some of the unique benefits the tissue chip tech-

nology and CToCs offer.

CToC benefits at a glance

� Larger number of “subjects”

in safety trial

� Treated and untreated chips

from the same patient group

� No repeat biopsy to screen for

drug effects at tissue level

� Patient-centric trials with highly

informative outcomes

� Increased trial efficiency,

enhanced sensitivity of study

outcomes

� Empirical support of the inter-

vention’s safety, efficacy, and

mechanism

� Simultaneous revelation of

possible toxicity issues
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well as of any time-dependent or irreversible inhibition of
enzymes (e.g. certain Cytochrome P450 (or CYP) proteins)
that metabolize the drug. CToCs should therefore be able to
hold studies over several weeks in order to produce those
predictive values.

The question of what platform designs are most relevant
and how to achieve the proper tissue architecture has been
addressed extensively elsewhere.1,14–16 In summary, rele-
vant platform designs should precisely recapitulate the
microenvironments of various organs, such as the extracel-
lular matrix, the biochemical environment, the biotic and
abiotic interfaces, and the incorporation of the dynamic
mechanical signaling for any particular organ system.
Proper tissue architecture would comprise multicellular
architecture that represents characteristics of the tissues
or organs (including all relevant cell types found in a
tissue in the correct ratios) ensuring the signaling and
metabolic interactions of the various cell types; the pres-
ence of vascularized endothelial cells known to influence
the development and functions of certain tissues (e.g. bar-
rier function); and, in some cases, tissue innervation.
Importantly, for patient-derived iPSC lines, the genotype,
phenotype, and developmental maturity of these lines
must be well-characterized.

Generating adult tissue from iPSCs for tissue-specific in
vitro modeling remains a well-acknowledged challenge.
There are, however, ongoing efforts within the field to
develop methods that enable proper maturation of iPSC-
derived cells for more accurate disease modeling.1,17,18

Functional readouts. Functional readouts should entail:

• functional representation of normal and diseased
human biology;

• appropriate biomarkers that provide insights into the
mechanisms of disease progression and drug effects;

• the ability to provide static structural information
using traditional methods, such as biochemical and
histological assays;

• “-omics”-based readouts, and non-destructive, real-
time imaging techniques that provide a dynamic
and comprehensive systems biology understanding
of physiological responses;

• combined efficacy and safety assessments; and
• surrogate endpoints that are indicative of clinical

outcomes.

Problem statement and approach

Thus far, the NCATS-led and -supported National
Institutes of Health (NIH) Tissue Chip program (https://
ncats.nih.gov/tissuechip) has focused primarily on deploy-
ing the tissue-chip technology towards more predictive
in vitro tools for safety and efficacy assessments of
candidate therapeutics. However, as mentioned earlier, a
few case studies have demonstrated the beneficial use of
tissue chips in understanding disease pathology and
testing the efficacy of certain treatments by modeling rare
diseases such as Barth syndrome, and progeria.7,8

Another study published in 2016 investigated the efficacy
of chemotherapeutics in vascularized microtumors, such as
breast and colorectal cancer.19

In a collaborative effort, the Drug Information
Association (DIA) and NIH-NCATS expanded this initial
focus towards the development phase of therapeutics, con-
vening two working groups of experts from industry
(including the IQ Consortium MPS Affiliate members),
academia (NIH staff), and FDA as well as patient represen-
tatives to consider how tissue chips could best be used to
move the development of rare disease therapies a signifi-
cant step forward. The working groups considered ques-
tions related to disease setting, test agents for MPS, study
design and feasibility, data collection and use, the benefits

Table 2. Questions to consider for utilization of MPS technology in

therapy development.

Considerations Questions

Disease setting � Which disease categories (e.g. rare dis-

eases, cancer, neurodegenerative diseases)

would be most amenable for use as a

testbed for CToCs, and why?

� Are there specific criteria that a rare disease

would need to meet to warrant use of MPS in

early phase trials?

Test-agent for MPS � What type of test agent would be best

suited? Small molecules, macromolecules,

biologics, or genome editing/gene therapy?

Study design � How would tissue chips impact the clinical

development plan?

� Should there be parallel or sequential

testing?

� What type of patient representation and

associated clinical data should the chips

have to be most informative?

� What outcome measures can be deter-

mined from CToCs?

� What type of data needs to be collected

from tissue chips to provide substantial

evidence of efficacy?

� What surrogate endpoints are reason-

ably likely to predict clinical benefit (such

as for an accelerated approval)?

Data collection

and use

� What protocols need to be put into place to

ensure high-quality data?

� How can this data be used to inform the

clinical development plan?

� What kind of data, evidence, and regulatory

validation are needed to support tissue chips

as a clinical trial model?

Feasibility � Given the above, is the study feasible?

� What are the resources (time, training)

needed to complete this study?

� How much time will it take to complete an

early phase clinical trial on a tissue chip?

Benefit and risk � What are the benefits of this approach

compared to other approaches?

� How can the risks for the sponsors be

mitigated?

� How could these approaches impact regu-

latory decision-making?

Engagement � What are the recommended approaches to

engage patient advocacy groups and

pharma partners?
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and risks associated with this approach, and how to engage
different stakeholders (see Table 2).

Working group findings

Disease setting

Disease categories. Rare diseases offer a useful testing
ground for disease modeling, drug testing, and patient
stratification. Using tissues of patients on chips allows us
to answer questions of safety and early efficacy without
putting patients at risk. In very severe cases, tissues-on-
chips even allow for efficacy tests in deceased patients
when CTs would pose a far too high risk.

Working group participants pointed out several disease
categories that could serve as starting points for initial tests
of CToCs, but cautioned against stepping onto too many
unknown territories when using rare disease as initial test
beds. Instead, well-defined diseases with known clinical
outcomes were considered as ideal first test settings.
Some examples include single-gene Mendelian disorders
as well as common disease complexes such as cancer,
cardiovascular disease (CVD), diabetes, and autoimmune
disorders that may better inform studies on rare diseases
for which clinical outcomes are not known.

While rare diseases with no current therapies were con-
sidered the ultimate target, CToCs were also deemed ideal
for various other, yet more common diseases. For example,
CToCs could find application in neurology and oncology,
and in combination therapies. The National Cancer
Institute, for example, showed particular interest in pediat-
ric oncology where CToCs could be used to test pediatric
and young adult tissues on chips as an alternative to risky
first-in-human studies with pediatric populations. This
would provide some valuable first insights into rare disease
cases where patients are often children and where there is a
requirement to demonstrate efficacy in preclinical tests
before testing humans. Here, MPS in early phase trials
might have the potential to resolve remaining uncertainties.

Although many neurological mechanisms are still not
understood, using such devices to investigate neurological
and neurodevelopmental disorders would offer many
opportunities as there are currently no fully reliable neuro-
logical in vivo models. Participants raised Duchenne
Muscular Dystrophy, a monogenic movement disorder, as
one example of a specific neurological application. Here,
the failure rate of finding effective treatments is very
high. Therefore, early attempts to investigate potential
translational markers or other metrics with MPS on chips
would have to address simple key questions first to make
any progress in this area.

In gene therapy, CToCs could help evaluate safety
parameters and the effects of certain biomarkers. In fact,
MPS could play an important quantification and qualifica-
tion role in the biomarker surrogate space by determining
the minimum difference in biomarkers needed to be accept-
ed as surrogate. It is also conceivable that MPS could be
used to support or even validate current gene editing tech-
niques where the proof of concept has been tested in vitro
but no clear animal models exist.

Participants also recognized that multi-organ systems on
chips have a great potential for modeling physiological pro-
cesses using PK/PD models and in vitro to in vivo extrapo-
lation (IVIVE) combined with physiologically based
pharmacokinetic (PBPK) modeling to predict the absorp-
tion, distribution, metabolism, and excretion (ADME) of
certain synthetic and natural substances. Table 3 provides
an overview of major disease categories that are particu-
larly well-suited as initial test beds.

Disease criteria. In more general terms, participants
agreed that, at least for now, MPS and CToCs are most
relevant in cases where CToCs could be used alone or as
validation of findings alongside CTs. Here is a selection of
suggested criteria:

• Small sample size: only a small patient population is
available for testing.

• Heterogeneous patient populations: patients have
multiple disease phenotypes.

• Lack or paucity of available clinical trial data.
• Attenuated phenotypes: reliance on biomarkers or

single efficacy trials.
• Dosing regimens: efficacious doses are difficult to

predict (this is especially important in gene therapy
where only single doses are administered).

• Absence of a concordant animal model of the disease.

Type of test agent for MPS

The working group discussions quickly revealed that the
best test agents for MPS would be those that are fast-acting,
have short lifespans, and whose reversibility is already
known. Certain small molecules and biologics, for example,
could be used in the evaluation of biomarkers and safety
parameters in gene therapy trials. It was argued though
that the choice of test agent will ultimately be dependent
on disease state, drug disposition, and drug distribution,
among others. And to become a “gold standard,” systems
using specific test agents should be reproducible without
fail. It remains unclear, however, howmuch data regulatory
agencies would require to effectively demonstrate that a
specific test agent is appropriate for any given disease.

Study design

As with any experiment involving tissue chips, the appro-
priate study design depends on the disease system and the

Table 3. Major disease categories identified by participants as most

suitable for initial tests.

Rare disease categories

� Well-defined diseases with known clinical outcomes

� Oncology, particularly pediatric oncology

� Neurological and neurodevelopmental disorders

Other applications

� Evaluation of safety parameters in gene therapy

� Modeling of physiological processes

Note: More rare diseases potentially suitable for modeling on chips are listed at

www.rarediseasesnetwork.org.
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model used. Participants across stakeholder groups agreed
that study designs in the clinical trials context should
emphasize tissue chips as a means to identify and validate
target mechanisms to build confidence in the modeled
mechanism and the chip technology itself. [removed sen-
tence here] It was suggested that validation could occur
with already approved drugs, or drugs that have failed or
were withdrawn. Alternatively, already concluded trials
could be replicated.

Tissue chips and CToCs also offer opportunities for
patient stratification that regular clinical trials do not.
Thus, with a study design that stratifies patient representa-
tion, CToCs could yield data that would be much more
informative than data obtained from traditional clinical
trial studies.

An important challenge, however, is the chip design
itself. The pharmaceutical industry is looking at MPS com-
panies that can bring the technology in-house. However,
some pharmaceutical companies are unable to partner
with chip developers, because (a) the technology is not a
guaranteed novel tool yet, or because (b) the company
won’t have the capacity to run chips in-house later. Big
pharmaceutical companies have been outsourcing innova-
tion and research services to other companies for years, and
although pharmaceutical companies differ in the type of
business model they prefer, there is a general preference
for outsourcing the chip technology to CROs.20 However,
there are examples of pharmaceutical companies bringing
the technology in-house; a few of them are listed here in
chronological order:

• In 2015, GSK, BASF, Sanofi, Abbvie, NC3Rs, and
others funded Mimetas for a 3D culture system
intended for neurotoxicity screening.

• In 2017, Johnson & Johnson and Merck partnered
with Emulate to test and develop applications for
its human organs-on-chips technology.

• In 2018, Emulate, Inc. and AstraZeneca’s Innovative
Medicines and Early Development (IMED) Biotech
Unit agreed to work side by side on the organs-on-
chips technology to improve predictions of drug
safety and efficacy.

The clinical development plan: How would tissue chips
impact the clinical development plan?
• Tissue chips provide empirical support of the inter-

vention’s safety and efficacy, and the mechanism that
underlies clinical benefit. For example, tissue chips
could show that the intervention engages its
intended targets and leads to functional improve-
ment while informing of possible toxicity issues.

• Tissue chips can help identify and test appropriate
surrogate endpoints that provide valid and reliable
measures of change that correlate with clinical
benefit.

• By recreating patient tissues on multiple MPS
platforms, tissue chips also allow for the expansion
of small patient population sizes, thereby

increasing statistical power of small/underpowered
clinical trials.

Clinical tests: Parallel vs. sequential testing with
tissue chips
• In vitro surrogates preserve treatment-naı̈ve patient

populations for clinical trials. Allowing patients to
remain eligible for multiple clinical trials increases
the possibility of identifying matching therapeutics
for the respective disease.

• Utilizing MPS platforms with repurposed drugs or
drugs from failed clinical trials can provide impor-
tant information on potential dugs and may help
identify alternative drug candidates.

• With MPS platforms, it is possible to demonstrate
and compare clinical trial outcomes of approved
drugs and confirm that the MPS technology produces
similar outcomes. This in turn increases confidence
that the MPS technology faithfully represents disease
pathophysiology and responses.

Outcome measures: What outcomes should be
measured and how? For data collected from tissue chips
to provide substantial evidence of efficacy, the chips have to
produce functional readouts that are able to:

• provide static structural information using tradition-
al methods, such as biochemical and histological
assays;

• produce omics-based readouts and allow for non-
destructive, real-time imaging that will help us
understand the dynamic and comprehensive systems
biology of physiological responses; and

• provide combined efficacy and safety assessments
and surrogate endpoints indicative of clinical
outcomes.

The demonstration and comparison of clinical trial out-
comes of approved drugs on MPS platforms would consti-
tute a reasonable surrogate endpoint that is likely to predict
clinical benefit. It would confirm that the MPS technology
derives similar outcomes, thereby increasing confidence
that it faithfully represents disease pathophysiology and
responses.

Data collection and use

Protocols and quality data. All participants agreed that
we need high quality data in order for the tissue chip tech-
nology to be useful and successful. Following rigorous pro-
tocols and standard operating procedures (SOPs) that
conform to international standards set by, e.g. the OECD
and FDA (such as Good Laboratory Practices (GLPs) and
Good Manufacturing Practices (GMPs)) would ensure
that the data derived from CToCs are reliable and of high
quality. Governmentally funded bioengineering and
biomanufacturing efforts including the Advanced
Regenerative Manufacturing Institute (ARMI)/BioFab
USA and the Multi-Agency Tissue Engineering Science
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Group (MATES), for example, have already pushed for
more rigorous protocols and SOPs for both cellular and
device bioengineering.

Participants also saw an opportunity for the National
Institute of Standards and Technology (NIST) to help
tissue chip developers and users establish best practices
by partnering with small and medium-sized enterprises
(SMEs).

In the end, to inform the clinical development plan, the
collected data should enable clinicians to cross-validate dis-
ease model endpoints with clinical measures in humans,
and characterize parameters of treatment, intervention, or
response to exposure. With these data, it should also be
feasible to develop translatable pharmacodynamics, i.e.
target engagement and biomarkers for validated therapeu-
tic targets.

Tissue chips as a clinical trial model. To support tissue
chips as a clinical trial model and their use in therapy
development, it is pivotal to develop strategies for rapidly
and openly disseminating methodology, data, and disease
models.

Furthermore, the FDA provides qualification programs
for regulatory-grade biomarkers, clinical outcome assess-
ments, and animal models that help sponsors with the
use of such tools in drug development. Similarly, for
tissue chips, an important first step will be for the FDA to
validate and evaluate the chip platform’s ability to accu-
rately predict PK/PD. Therefore, an FDA-issued guidance
for implementing this technology will bring the tissue chips
closer to clinical trial. Part of the validation process is to
ensure, for example, that the phenotype of the disease is
captured appropriately by the tissues and cells used on the
chips. The represented cell types are dictated by, among
other things, which cell types are affected by a specific dis-
ease as well as any neighboring cells in the tissue that could
affect outcome. As for the size of the patient population,
FDA representatives in the working group pointed out that
the FDAwould likely recommend the use of one patient per
chip in the case of supplemental trails, because a limited set
of patients on chips would suffice if the trial on chip merely
provides supplemental information (e.g. in the form of
complementary data) to an ongoing clinical trial.
However, if the trial on chip is designed to be a stand-
alone trial replacing a traditional clinical trial to predict
the outcome of a study, the chips will have to represent
the demographics and diversity of the patient population
and hence require more patients on chips per trial.

Feasibility

The feasibility of the study will largely depend on the final
study design. Participants expected to see both a large var-
iability in the feasibility of studies as well as a great poten-
tial for achieving a successful outcome. It was pointed out
that most MPS companies are open to feedback as long as
they are engaged early in the process.

From a regulatory perspective, one challenge with
CToCs is that cell batches can be highly variable and that

results may vary much more in cellular performance than
in platform performance.

Benefits, risks, and regulatory buy-in

The precise benefits of this approach will not become clear
until the results of the first few use cases or proof-of-
concept studies are released. Some of the major benefits
known at this stage, however, include the ability to:

• perform in vitro tests,
• protect small and vulnerable patient populations,
• stratify patient populations, and
• de-risk First in Human studies, such as dosage esca-

lation tox studies.

The novel technology of CToCs is a risk for end-users.
Pharma companies are generally reluctant to invest in new
technologies for drug discovery whose outcomes are uncer-
tain, and instead outsource to CRO services or the small
companies who developed the technology. However, the
financial risks could be mitigated if initial test runs demon-
strate that overall R&D costs decrease significantly and that
there is potential for novel biomarker discovery.

From a regulatory perspective, the long-term goal is to
gain the confidence and buy-in from FDA and other regu-
latory authorities. However, this will require a considerable
paradigm shift in how regulatory bodies and the healthcare
community approach benefit/risk assessment of potential
therapies.

Engagement

The working group recommended several approaches to
engage patient advocacy groups and pharma partners:

• Encourage the involvement of rare disease-focused
initiatives at, for example, NCATS and the Office of
Rare Diseases Research, along with their associated
programs, such as the Rare Diseases Clinical
Research Network (RDCRN and Rare Disease
Network websites).

• Entities such as the Interagency Coordinating
Committee on the Validation of Alternative
Methods (ICCVAM)—a permanent committee of the
National Toxicology Program at NIEHS—could bring
together developers and end users, aiding the walk-
throughs of risk assessment for each platform with
the toxicology community.

• The North American 3Rs Collaborative, which works
to refine, reduce, and replace animal use in research,
could help reach a broader audience and engage the
public with these research efforts to ultimately
increase patient engagement.

• Patient and clinician communities should be
involved from the start to increase patient engage-
ment from both recruitment and end user
perspectives.
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• It is also important for researchers to engage with
the biomedical and pharmaceutical industries that
will require data from well-characterized patient
cohorts and iPSC lines. Advances are being made
to obtain mature phenotypes from iPSC-derived
cells,1,17 and researchers in this sphere should place
high importance on cell sourcing when considering
using tissue chips in the clinical trials decision-
making process.

• There are also possibilities for supplemental funding
from the above-mentioned organizations, which may
be topics for future discussion between funding
agencies, researchers, and end users.

Concluding remarks

To make progress in the area of CToCs and increase confi-
dence with the use of tissue chips, the repurposing of
approved drugs is an obvious first step. When it comes to
addressing actual treatment needs, current low-hanging
fruit is in the area of pediatric or rare diseases, such as
Duchenne’s, sickle cell disease, coronary heart disease,
cancer, neurological disorders, and diseases that lend
itself to immuno-engineering or genome editing.

Eventually, MPS models may play a pivotal role in
streamlining the clinical trial process. Advances in stem
cell engineering could be integrated into organ-on-chip
technology to develop personalized models (“you on
chip”10) to predict patient-specific toxicity and efficacy.
This could then lead to more efficient human trials with
significantly reduced preclinical testing requirements.
Such personalized models may also be useful in exploring
patient-specific biomarkers and individualized dosing reg-
imens based on patient-specific pharmacokinetics.

The next 5–10 years in particular will be crucial for the
MPS platform to overcome challenges with standardization
and regulatory endorsement. To realize the full potential of
this emerging technology, collaboration across various
stakeholders is essential.

Regulatory and pharma considerations. The use of
CToCs for rare diseases can be responsive to the FDA’s
Safety and Innovation Act (FDASIA) in 2012, updating
the pathway for new drug development. The purpose of
FDASIA was to “expedite the development and access to
novel treatments for patients with serious and life-
threatening diseases and conditions.” Moreover, in the
“Enrichment Strategies for Clinical Trials” published by
the FDA,21 the prospective use of tools (such as MPS) to
identify specific patient characteristics to further select sub-
populations that are more likely to show desired drug
responses could lead to more cost efficient and less risky
clinical trials. Clearly, MPS preclinical and clinical models
that enable these types of predictive studies earlier in the
drug development pipeline could help refine patient pools
for clinical trials.
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