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Traditional drug testing
Conventional drug testing has rendered the industry a very slow, cost and time intensive process with a high failure rate

Limitations of traditional drug testing –
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While the in-vivo studies can give directional understanding, it often fails to translate into clinical observations. Considering the complex
drug development process, there is a high unmet need for high throughput in-vitro models with better correlation to human physiology
to minimize late stage failures and save time and cost of drug development.

In-Vitro 
Testing

Fails to accurately capture nuances of the living 
tissues/organs, intra-organ interactions and 
microenvironmental factors

Animal 
Testing

• Time consuming- Could take several months due to low 
throughput

• Expensive- $500 (pyrogenicity)- $700,000 (Non-
genotoxic cancer risk test) depending on the type of test

• Rarely applicable to humans- Human physiology is more 
complex than animals which results in low translatability

• Ethically questionable- Globally 50-100 mn animals are 
used every year for scientific testing 

>$2.1 billion Average Cost to get a drug approved and 
launched in the market

10-12 years Time for development of one drug from 
discovery to approval

~90% Failure rate in clinical trials

Source: Secondary research



Pre-Clinical R&D – The Better Way
The industry is adopting several methods to make pre-clinical testing more efficient and translatable
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Organ-On-Chip
Organ-on-chip is a microfluidic cell culture
chip that simulates activities, mechanics
and physiological response of entire organs
or systems.

Organ-on-chip models provide a high
throughput system with better correlation
to human physiology.

3D Bioprinting
3D bioprinting uses cells and other biomaterials
to print living structures layer by layer which
mimic the natural living systems.

Precisely printed in-vitro tissue models
provides potential for sophisticated disease
modeling, efficacy, toxicity prediction and
precision medicine.

AI Driven In-Silico modelling
AI utilizes complex algorithms to screen millions
of data points to validate pharmacological
targets and perform in-silico analysis for safety
and efficacy predictions.

AI based target validation and lead discovery is
up to 15 times faster than traditional discovery
with lead generations in a few months vs. 4- 6
years

We will be covering organ-on-chip (OOC) technologies in this presentation.



Introduction To Organ-On-Chip Technology
Organ-On-Chip – A high throughput, cost effective and efficient method to predict drug efficiency and safety
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Microfluidics
Delivering target cells, system for culture fluid
input and waste discharge during the culture
process

Stimulation 
Physical or chemical signals to stimulate
physiological microenvironment. e.g. electrical
stimulation to help myocardial tissue maturation

Living cell tissues
Spatially arranged living cells

Sensing
Detecting and compiling data of the metabolic
state at certain points in the system

Advantages Challenges
• Real-time on-chip analysis possible

• Estimated cost savings of up to 25% in R&D costs per new drug 
due to improvements in success rates and reduction in cost and 
time per project

• Multiple devices can be used to test many drugs/combinations in 
parallel 

• Polydimethylsiloxane (PDMS) is a widely used material for OOC but the film is 
thicker than the in-vivo morphology, and also presents scale-up challenges

• Non-standard culture protocols

• OOC technology is indicative and not conclusive – it is still unclear whether 
these technologies will be an addition to the strictly regulated drug 
development process or a substitution to some of the conventional R&D 
methods

Source: Secondary research, MP Analysis



Market Overview
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Microphysiological systems have the potential to save cost as well as cost in drug development, while
avoiding failures

• The microphysiological systems (MPS) market is likely to increase from ~$40 mn in 2020 to ~$300
mn in 2026 at a CAGR of ~40%

• Several new companies focusing on MPS have been founded every year between 2015-2020, with
a team size between 10-30

• Only a handful of companies have started making notable progress, with players like TissUse and
Mimetas now realizing recurring revenues

• There has been a fluctuation in the number of funding deals with relatively modest quantum of
investment
• MPS focused companies have obtained >$200m in funding between 2008-2020

• There have been several industry partnerships between 2012-2016 however, a declining trend is
observed in the last few years

• In addition to the companies, MPS models are also being developed by academic labs

• Some of the recent advancements in the MPS space are in the next slides.

Note: Each of these points can be discussed in greater detail. The statistics are only based on publicly available information

Indicative

Source: Secondary research, MP Analysis



Recent advancements in the OOC space – Multi-organ models
Multi-organ chip models have a vast pre-clinical testing potential as the system can simulate complex interactions between multiple organs and resultant
responses of the model to pharmaceutical compounds.

Multi-organ chips will widen the applications for such technologies, however, developing these models remains a challenge and only a few companies
have been able to develop them.

7

Multi- organ models 2-4 organ models like heart-liver,
neuromuscular junctions, heart-liver-
skeletal muscle-neuron, heart-liver-
cancer, etc.

Other platforms can be custom designed
according to clients needs.

2 organ models including liver with other
organs such as gut, lung or kidney. They
have 3-4 organ models in development.

Developed a 10-organ model with MIT on
a $26 mn DARPA federal contract.

2-4 organ models including lung, skin,
intestine, liver, kidney, neuronal tissue,
etc.

Patient on a chip model in development.

Business model Hesperos offers their technology as a
service for the pharmaceutical, cosmetic,
and food industries.

CN Bio offers commercial lab benchtop
MPS system for labs, companies, etc.

CN Bio also provides services for drug
metabolism and safety toxicity testing.

TissUse offers their devices and chips for
pharmaceutical, chemical, cosmetic, and
personalized medicine industries.

Source: Company reports



Recent advancements in the OOC space – Visibility from the regulatory 
agencies accelerating MPS adoption
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April 2017: Collaborative agreement with the FDA to
qualify use of Emulate’s OOC technology for
toxicology.

The emulate system will be installed at FDA to
correlate existing toxicology data with the liver chip
data. Emulate will make further developments and
improvements based on FDA’s feedback.

October 2020: Successful completion of the first
collaboration led to another agreement with the
FDA to evaluate COVID-19 vaccines and understand
human immune response against the virus.

Other projects under the agreement include studies
with multiple OOCs to support areas of emerging
disease biology and drug mechanisms. Multiple
human emulation systems will be installed in several
FDA laboratories.

October 2017: A 4-year collaborative
agreement to characterize the performance
of CN Bio’s OOC for drug development and
evaluation. FDA’s feedback will be used to
optimize the systems further.

CN Bio and FDA co-published the studies
demonstrating successful performance of
MPS – significant increase in customer
interest reported following the co-
publication.

May 2021: Following the success of initial
project, FDA expanded collaboration with
CN Bio to investigate lung-on-a-chip model
for inhaled drug evaluation applications and
evaluating additional applications for the
liver model.

2005-2012 2013-2017 2017-2021

The first MPS companies were
incorporated in late 2000s

The adoption of such
technologies had been slow due
to the lack of clarity on the
application of such technologies
and regulatory acceptance of MPS
based studies

2005

2007

2008

2009

2010

A few pharma companies
started collaborating with
MPS companies to explore
and validate the technology
for pre-clinical R&D.

A few MPS cos have started collaborating with the FDA to qualify their technology for pre-clinical testing
increasing the interest in such technologies.

Source: Company reports, MP Analysis



Recent OOC Partnerships – Increased adoption from Pharma and CROs 
Pharma companies are now exploring OOC technologies. Although the collaboration has been around developing an organ model according to the companies requirements and
validating it, such early engagements with partners are essential for proof of concept and will build partner’s confidence.
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Deal 
Year

OOC 
company

Partner Deal type Deal description Deal value

2021 Mimetas Roche Collaboration To develop human disease models to characterize novel drugs in IBD or HBV infections.

Mimetas will develop with disease models and assays on it’s platform and Roche will have the access to the
technology, disease models and resulting data. Roche will receive an option to exclusively license specific
disease models and assays for use in drug discovery.

N/A

2020 Javelin 
Biotech

Pfizer Collaboration A 3-year collaboration to build a platform for evaluation of ADME properties of small molecules.

Javelin will build, design and test the platform, Pfizer will validate the platform’s predictions. If successful,
Javelin will commercialize the platform.

N/A

2017 HemoShear Takeda Exclusive 
partnership

To discover and develop novel therapeutics for liver diseases.

Hemoshear will receive upfront payments and R&D funding, and Takeda will receive exclusive access to
HemoShear’s platform for specific liver diseases.

Upfront – N/A

Milestones- up 
to $470 mn

A few CRO’s have also begun exploring such technologies with the primary aim of expanding their pre-clinical services.

2017 InSphero Charles 
River

Licensing 
agreement

Charles River will license its collection of patient-derived xenograft (PDX) tumors to InSphero and in return
leverage InSphero’s proprietary 3D cell culture technology to further extend and complement its pre-clinical
services, using in vitro 3D InSightTM Tumor Microtissues derived from its existing PDX collection.

N/A

2016 Emulate Covance Collaboration To integrate Emulate’s OOC technology into preclinical drug discovery evaluation and testing services.

Initially, Emulate’s kidney-chip will be used to understand how the model can be applied in drug evaluation.
The agreement can be expanded to additional organ-chips and commercialization of OOC technology where
appropriate.

N/A

Source: Company reports



Competitive landscape
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Non exhaustive

Source: Company website, MP Data Bank; MP tracks >25 companies on a regular basis 

Name HQ Founded Funding Application Select Pharma Partners

Emulate USA 2013 $142 mn Liver, kidney proximal tubule, intestine, lung and brain 
models

Intenze Products, AstraZeneca, Roche,  Takeda, FDA, 
Merck, Janssen, Seres Therapeutics, etc.

InSphero Switzerland 2009 $35.2 mn Liver, Islet and tumor models Pfizer, AstraZeneca, Akero Therapeutics

Mimetas Netherlands 2013 $32.4 mn
Pancreatic cancer, blood vessels, kidney proximal tubule, CNS 
toxicity, Glomerulus, blood brain barrier, Neuro-vascular, gut, 
angiogenesis, liver models, patient derived glioma models

Roche

Tara 
biosystems USA 2014 $21.3 mn Cardiac tissue models GSK, Amgen, Regeneron

Hemoshear USA 2008 $12.7 mn Liver, tumor, vascular systems Takeda, Horizon

Netri France 2018 $10 mn Brain, neurosystem

Hurel
Corporation USA 2005 $9.2 mn Liver model Brisrtol-Myers Squibb, Acea Bioscience, AstraZeneca, 

Optivia Biotechnology, etc.

CN 
Biosystems UK 2009 $9.0 mn Liver, gut, skin, heart, lung, kidney, brain, pancreas models AstraZeneca, FDA’s centre for drug evaluation and 

research, Alynlam Pharmaceuticals, Isis Pharma, etc.

Axosim USA 2014 $4.4 mn Nervous system model

Hesperos USA 2015 $4.0 mn Human-on-chip model Roche, AstraZeneca, Sanofi



Emulate’s platform is one of the most advanced platform with multiple collaborations and promising data

11

Proprietary platform

Organ Chips – Stretchable chips that can be configured to mimic liver, kidney
proximal tubule, intestine, lung, and brain. It can recreate the cellular
microenvironment, tissue-to-tissue interfaces, media flow, forces such as flow
and stretch

Portable module – to allow portability between organ chips and standard
analysis equipment

Culture Module – to precisely control the flow, stretch and other conditions
needed to culture up to 12 chips

Hub Module – provides precise CO2, power and stretch to up to 4 culture
modules to run experiments in parallel

Advantages

Portable with standard lab equipment

Potential to run multiple experiments in parallel

>150 installations of the system with customers including 10 of top 25
biopharma companies, FDA and academic centers worldwide

Liver Chip– A Case Study

Simulating the micro-physiological environment

Emulate’s liver chip maintained levels of albumin, urea secretions and major
enzymes involved in drug metabolism over the 14-day culture period and was
comparable to freshly isolated hepatocytes. The chip shows improved
functionality over conventional 2D culture.

In-vitro to in-vivo and clinical correlations

Drug safety of Bosentan (Dual Endothelin Receptor Antagonist)

• Concentration at which toxicity was observed on chip was similar to
plasma concentration of Bosentan associated with DILI in humans

• Concentration dependent effect in dog model correlated well to the in-vivo
studies – transient transaminase elevations and variable increases in bile
acids were observed at high doses

• Liver chip model was more effective in detecting Bosentan toxicity
compared to sandwich monoculture plates

Emulate showed better simulation of human physiology as compared to 2D
culture and correlated well with drug toxicity data of Bosentan .

Source: Company reports, MP Analysis



Mimetas offers one of the simplest OOC models with minimal settings required
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Proprietary platform

OrganoPlate Technology – A phaseguide technology that are meniscus pinning
barriers to enable barrier-free definition of culture matrices and cells in 3D,
supporting cell-cell interactions and clear imaging and quantification.

Perfusion Rocker™ Mini – Gravity driven levelling rocker technology maintains
continuous perfusion of media through the microfluidic network, mimicking
blood flow and enabling exchange of nutrients, oxygen and metabolites

Advantages

Supports up to 96 tissues models on a single plate

Gravity driven technology maintains flow without the use of pumps and tubing

Easily scalable and relatively inexpensive due to the simplicity of this technology

Robust microfluidic handling makes the technology available to non-specialized
users

Liver Model – A Case Study

Simulating the micro-physiological environment

Cell viability was >90% over 15 days of co-culture

Albumin and urea secretion was consistent over 15 days 

AFP marker declined over 15 days suggesting maturation of hepatocytes in 3D 
environment

CYP3A4 activity increased over 15 days suggesting continued differentiation of 
hepatocytes

In-vitro to in-vivo correlation

Troglitazone – A clinical hepatoxin was used as control for testing a library of 
159 compounds with known liver effects

Troglitazone response and toxicity screening of the 159 compounds had good 
concordance with other previously published results

The platform provides a robust model for high throughput hepatotoxicity 
screening

Source: Company reports, MP Analysis



InSphero provides high quality assay ready microtissues to ensure uniform size, robust functionality, and 
reproducible results
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Proprietary platform

3D select process – to provide high quality, uniform 3D microtissues

Akura™ Flow microphysiological discovery platform – A polystyrene
microslide with 2 independent microchannels having multiple microtissue
compartments and a gravity driven flow control with optical access from
bottom

Advantages

Tubeless, tilting based perfusion system with minimal operational
complexity

Numerous conditions can be tested on a single plate in parallel

Miniaturized microtissue configuration minimizes media volume

Standard plate format makes it easily integrable with automated liquid
handling systems

3D Liver Microtissue Model– A Case Study

Simulating the micro-physiological environment

Liver microtissues maintain cell viability and tissue size for at least 10
days.

Stable enzymatic activity shown for at least 28 days.

In-vitro to clinical correlation

AstraZeneca and Genentech tested 110 clinically known drugs on primary
hepatocytes in 2D culture and 3D Human Liver Microtissues utilizing the
same hepatocyte lot, compound concentrations and ATP-endpoint.

Toxicity testing for 14 days enabled identification of known clinical DILI
positive drugs on the 3D human liver microtissues with 61% sensitivity as
compared to 33.3% in 2D culture.

Specificity for prediction of non-DILI drugs was 90%.

InSphero’s 3D Microtissue model provides a robust model for drug
safety and efficacy testing.

Source: Company reports, MP Analysis



Tara Biosystems provides high quality cardiac tissues that generated responses similar to human myocardium
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Proprietary platform

The Biowire II platform –

Using human induced pluripotent stem cell derived cardiomyocytes, the
platform generates adult human ventricular cardiac tissues, called
Cardiotype™ tissues.

The biowire system matures the tissues using electromechanical
stimulation.

Cardio type tissues are suspended over a well on two polymer wires, their
contraction produces a measurable deflection which can be translated into
features of heartbeat.

Advantages

Cardiotype tissues can reflect multiple parameters like contractility, 
electrophysiology, and structure which are not represented well with 
other in-vitro models.

Cardiotype tissue – A Case Study

Simulating the micro-physiological environment

Electromechanical stimulation on the Biowire platform led to tissue
formation with structure and response (force of contraction, beating in
presence of electrical stimulation, action potential profiles, etc.) similar to
adult human myocardium.

In-vitro to clinical correlation

Anthracycline doxorubicin (known to cause off-target cardiac adverse
events in humans) induced arrhythmic response and a diminished
contractile force in Cardiotype tissue. The functional changes seen during
Doxorubicin treatment returned to the control phenotype after washout
indicating drug induced response.

The electrophysiological response of Cardiotype tissue has been validated 
with over 80 drugs. Cardiotype tissue responses shows agreement with 
torsadogenic risk factor assignment provided by The Comprehensive in 
vitro Proarrhythmia Assay (CiPA) .

Source: Company reports, MP Analysis



AxoSim develops brain and nerve models 
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Proprietary platform

NerveSim –

Neurons and glial cells are self-assembled into 3D spheroids and
are cultured for several days.

Spheroids are integrated into nerve-on chip and are cultured for
up to 4 weeks to encourage maximal outgrowth and induce
myelination.

Drugs are then introduced into the chip and electrophysiological
signatures are measured

BrainSim –

3D organoids featuring a unique combination of neurons,
astrocytes, and oligodendrocytes

Brain Model– A Case Study

In-vitro to clinical correlation

Developmental toxicity (DNT) screening of paroxetine (selective
serotonin reuptake inhibitor) which has shown inconsistent
evidence regarding effects on human brain development was
done using a human induced pluripotent stem cell (iPSC)-derived
brain model (BrainSpheres).

Paroxetine at therapeutic concentrations showed alterations in 
neurite outgrowth ,reduction of synaptic marker expression and 
a decrease in the number of oligodendrocytes indicating 
potential to affect neural development. 

This data was in line with previous in-vitro studies and in-vivo 
studies in adult rats.

Source: Company reports, MP Analysis



Organ-On-Chip Technology - The Future Of Preclinical Biopharma R&D

Why consider adopting organ-on-chip technology?

Micro physiological systems will be the way forward to make pre-clinical R&D more efficient, savings billions of dollars and years of time in drug 
development. 

Only a few biopharma companies have started understanding the need for such technologies. However, with endorsement from the regulatory agencies, 
MPS technologies will see increased adoption from Biopharma.

It is prudent to identify a technology that can help in making R&D more efficient and potentially increase the drug development success rate.

How can MP group help?

With over 3 decades of diverse experience and deep understanding of global biopharma and microphysiological systems, MP group has the capability to 
catalyze your MPS journey. 

• MP group’s in-depth understanding of the MPS players can help can identify technologies of key value to your company based on the differentiated 
platform offerings and applications, Technology Readiness Level (TRL), future potential, IP, etc.

• We can assess your internal capabilities, understands your strategic priorities and identify partnering or investment opportunities in the MPS space

• We can work as an extension to your team to support the company’s vision
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We invite you to write to us -

Neel Fofaria
neel@mpadvisor.com

Astha Tanna
astha@mpadvisor.com

Viren Mehta
mehta@mpglobal.com

THANK YOU.

17


