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Market growth is pushing changes in materials and technologies.
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and assumptions
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Identification of new entrants
Analysis of the role of various
players, including contract research
organizations

Evolution of the materials mix, and
future projections
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organs-on-chips industry, feedback
from end-users, evolution of business
models, evolution of ““the hype”
Analysis of the requirements to boost
the technology's adoption and make
organs-on-chips a success story
Updated market data and forecast up
to 2024, in value and units for organ-
on-chip device sales and services
Comparison with Yole
Développement 2017 report's

data and analysis

Supply chain and ecosystem
description and analysis, with
projections for future evolution
Technical analysis: type of organ
models, device types, importance

of flow control, importance of cell
sources, materials mix, etc.

A RAPID PACE FOR A HIGH-POTENTIAL MARKET

Organs-on-chips (OOC) has the potential to
enable better predictive, physiologically-relevant
in-vitro drug testing. This could save hundreds of
millions of dollars in development costs, reduce
drug development time, and avoid failures due to
lack of predictiveness from alternative models like
2D cell cultures and animals. Burgeoned by these
promises, the OOC market increased 4-fold from
2016 - 2018 (from $7.5M to $29.6M), and will
grow at a CAGR of 28,6%.

Many new players are entering this market with

2018-2024

new organ models, and most players that were
present two years ago have made noticeable
progress. Top players like Mimetas and TissUse
now have recurring sales and a consistent revenue
stream, and many players are leveraging their
OOC devices to provide testing services to

their partners in the pharmaceutical, cosmetics,
and consumer goods industries - for testing the
efficacy and safety of new drugs and products.
Evolving regulations in certain countries and
industries have spurred a push towards the use
of in-vitro models instead of animal models. In
the pharmaceutical industry, the real potential of
the technology conclusively lies in the promise it
holds for personalized medicine. Indeed, it could
be possible to create individually-tailored OOC
with a patient’s own cells, allowing a substance’s
effects to be predicted on an individual basis. In
this report, Yole Développement’s (Yole) analysts
explain how reaching such milestones could
create a real inflexion point, causing the OOC
market to skyrocket. However, this is a long-term
vision that will not materialize over the next five
years.

2018
$29.6M

L

(Yole Développement, October 2019)

Organs-on-chips market: 2018 - 2024 forecast

@ Revenue from sales of organ-on-chips devices

2024
$133.9M

*CAGR: Combound Annual Growth Rate

TOO MANY EXPECTATIONS, TOO MUCH HYPE?

Since OOC holds great promise, the associated
expectations are extremely high. Personalized
medicine, fully replacing current in-vitro and in-vivo
models, for disease modelling? We have entered a
phase where end-users don’t expect such results
yet - but they do expect reproducibility and
automation. Though OOC companies claim to
have positive feedback from end-users overall, the
comments from end-users are more restrained.
The problem is that most OOC models are still
“proof-of-concept”, whereas

end-users prefer

industry-grade models with validated processes

and outcomes. In this report, Yole’s analysts
explain the reasons for such negative feedback,
and what the end-users’ expectations are.

OOC technology is intriguing, but it is struggling
to generate a consensus. Consequently, OOC
companies strain to find the ideal business model:
most end up adopting a hybrid business model
combining product sales and services, because
even though different users have different demands,
OOC firms cannot say “no”. Ultimately though, each
company must find the right balance inspired by its
strengths,instead of trying to please every customer.
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Organs-on-chips user chain: Midterm future prediction*

Organs-on-chips
companies

T{SSUSE

Emulating Human Biology

Provide organs-on-chips
devices and models

(Yole Développement, October 2019)
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*Non exhaustive list of companies

The OOC industry’s maturation could signal the
beginning of contract research organizations’ (CROs)
involvement. Today, CROs seem minimally involved in
the OOC field, and are waiting for more evidence of
the technology’s potential. However, CROs are usually
the privileged subcontractors of the pharmaceutical,
cosmetics, and consumer goods industries for safety
and efficacy testing - and in a midterm future, they
will certainly be the primary users of OOC in order
to perform testing services for the pharma industry.
Also, they will work closely with OOC companies
to learn how to best use their models. That said, it’s
too early to speculate, and additional data must be
generated to prove OOC’s relevance over the gold
standards CROs have used for decades.

ORGANS-ON-CHIPS IS A MULTIDISCIPLINARY FIELD, AND VARIOUS
PARAMETERS WILL SHAPE TOMORROW'’S TECHNOLOGY

Organs-on-chips can take various shapes and
appearances, depending on their purpose. The drug
development process is long and complex, and the
needs are not the same at the early drug-screening
stages as they are in the late preclinical trial stages.
Thus, we see some players specializing in plate
formats for automation and high throughput, while
others prefer developing single independent chips.

Evolution and forecast of the organs-on-chips material mix in volume

® PDMS

@ Silicon

20 %
2016

18 %

36
15%  kunits

(Yole Développement, October 2019)

2024
2018 21 % 790
kUnits
56 %
146
kUnits Volume CAGR¥*,g,5 ,0,,= + 32,4%
54 %

*CAGR: Compound Annual Growth Rate

*Non exhaustive list of companies

REPORT OBJECTIVES

Some players develop key solutions based on single
organ models, while others propose multi-organ
models to assess metabolic interactions between
organs. Every technology is different and has specific
application domains.

On the materials side, important changes are
happening. Two years ago, Yole’s analysts were
concerned about the ability of OOC companies
to switch from PDMS devices in order to scale-up
production. Today, it appears that most companies
have successfully managed this transition, or at least
engaged with the right partners early enough to
avoid the problems young companies usually face at
this stage. At the moment, polymer is the preferred
material, but some companies use glass. The next
step could be the integration of more silicon pieces:
indeed, sensing directly at the cell level is a necessity,
but right now only a few companies are moving in this
direction. This is why silicon is not commonly used
in OOC. Yole’s analysts expect this to change by
2024, and in this report they detail the evolution of
the materials mix, along with various other technical
aspects such as the added-value of flow control and
vascularization of organs, the emergence of new
materials combining the preferred properties of
several existing ones, the importance of cell sources,
and more.

* Detail new major trends and evolutions in the OOC industry

* Evaluate end-users' feedback, and the impact it has on the evolution of business models, hype, etc.

* Discern end-users' key requirements for widespread adoption of the technology, and where the gap

is today

* Provide updated market data and forecasts up to 2024, in value and units for OOC device sales and

services, and a comparison with our 2017 report’s data and analysis

* Describe the supply chain and ecosystem, and discuss future evolutions

* Deliver a comprehensive technical analysis: type of organ models, device types, importance of flow

control, importance of cell sources, evolution of the materials mix, etc.
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user. Subsidiaries are included, while Joint-Ventures are excluded.
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consulting, mediaand corporate finance services, reverse engineering/
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market analysts, Yole Développement works worldwide with the
key industrial companies, R&D institutes and investors to help them
understand the market and technology trends.

1. SCOPE

I.I The Contracting Parties undertake to observe the following
general conditions when agreed by the Buyer and the Seller.
ANY ADDITIONAL, DIFFERENT, OR CONFLICTING TERMS
AND CONDITIONS IN ANY OTHER DOCUMENTS ISSUED
BY THE BUYER AT ANY TIME ARE HEREBY OBJECTED TO
BY THE SELLER, SHALL BE WHOLLY INAPPLICABLE TO ANY
SALE MADE HEREUNDER AND SHALL NOT BE BINDING IN
ANY WAY ON THE SELLER.

1.2 This agreement becomes valid and enforceable between the
Contracting Parties after clear and non-equivocal consent by
any duly authorized person representing the Buyer. For these
purposes, the Buyer accepts these conditions of sales when
signing the purchase order which mentions “I hereby accept Yole
Développement’s Terms and Conditions of Sale”. This results in
acceptance by the Buyer.

1.3 Orders are deemed to be accepted only upon written acceptance
and confirmation by the Seller, within [7 days] from the date of
order, to be sent either by email or to the Buyer’s address. In the
absence of any confirmation in writing, orders shall be deemed to
have been accepted.

2. MAILING OF THE PRODUCTS

2.1 Products are sent by email to the Buyer:

* Within a few days from the order for Products already released
and paid; or

* Within a reasonable time for Products ordered prior to their
effective release. In this case, the Seller shall use its best
endeavours to inform the Buyer of an indicative release date
and the evolution of the work in progress.

2.2 The Seller shall by no means be responsible for any delay in
respect of article 2.1 above, and including in cases where a new
event or access to new contradictory information would require
for the analyst extra time to compute or compare the data in
order to enable the Seller to deliver a high quality Products.

2.3 The mailing of the Product will occur only upon payment by the
Buyer, in accordance with the conditions contained in article 3.

2.4. The mailing is operated through electronic means either by
email via the sales department or automatically online via an
email/password. If the Product’s electronic delivery format is

defective, the Seller undertakes to replace it at no charge to the
Buyer provided that it is informed of the defective formatting
within 90 days from the date of the original download or receipt
of the Product.

2.5 The person receiving the Products on behalf of the Buyer
shall immediately verify the quality of the Products and their
conformity to the order. Any claim for apparent defects or for
non-conformity shall be sent in writing to the Seller within 8
days of receipt of the Products. For this purpose, the Buyer
agrees to produce sufficient evidence of such defects.

2.6 No return of Products shall be accepted without prior
information to the Seller, even in case of delayed delivery.
Any Product returned to the Seller without providing prior
information to the Seller as required under article 2.5 shall
remain at the Buyer’s risk.

3. PRICE, INVOICING AND PAYMENT

3.1 Prices are given in the orders corresponding to each Product
sold on a unit basis or corresponding to annual subscriptions.
They are expressed to be inclusive of all taxes (except for France
where VAT will be added). The prices are re-evaluated from time
to time. The effective price is deemed to be the one applicable at
the time of the order.

3.2 Payments due by the Buyer shall be sent by cheque payable to
Yole Développement, credit card or by electronic transfer to the
following account:

HSBC, | place de la Bourse 69002 Lyon France

Bank code: 30056

Branch code: 00170

Account n®: 0170 200 1565 87

BIC or SWIFT code: CCFRFRPP

IBAN: FR76 3005 6001 7001 7020 0156 587

To ensure the payments, the Seller reserves the right to request
down payments from the Buyer. In this case, the need of down
payments will be mentioned on the order.

3.3 Payment is due by the Buyer to the Seller within 30 days
from invoice date, except in the case of a particular written
agreement. If the Buyer fails to pay within this time and fails to
contact the Seller, the latter shall be entitled to invoice interest
in arrears based on the annual rate Refi of the “BCE” + 7 points,
in accordance with article L. 441-6 of the French Commercial
Code. Our publications (report, database, tool...) are delivered
only after reception of the payment.

3.4 In the event of termination of the contract, or of misconduct,
during the contract, the Seller will have the right to invoice at the
stage in progress, and to take legal action for damages.

4. LIABILITIES

4.1 The Buyer or any other individual or legal person acting on its
behalf, being a business user buying the Products for its business
activities, shall be solely responsible for choosing the Products
and for the use and interpretations he makes of the documents
it purchases, of the results he obtains, and of the advice and acts
it deduces thereof.

4.2 The Seller shall only be liable for (i) direct and (ii) foreseeable
pecuniary loss, caused by the Products or arising from a material
breach of this agreement.

4.3 In no event shall the Seller be liable for:

a) Damages of any kind, including without limitation, incidental
or consequential damages (including, but not limited to, damages
for loss of profits, business interruption and loss of programs
or information) arising out of the use of or inability to use the
Seller’s website or the Products, or any information provided on
the website, or in the Products;

b) Any claim attributable to errors, omissions or other
inaccuracies in the Product or interpretations thereof.

4.4 All the information contained in the Products has been obtained
from sources believed to be reliable. The Seller does not warrant
the accuracy, completeness adequacy or reliability of such
information, which cannot be guaranteed to be free from errors.

4.5 All the Products that the Seller sells may, upon prior notice
to the Buyer from time to time be modified by or substituted
with similar Products meeting the needs of the Buyer. This
modification shall not lead to the liability of the Seller, provided
that the Seller ensures the substituted Product is similar to the
Product initially ordered.

4.6 In the case where, after inspection, it is acknowledged that
the Products contain defects, the Seller undertakes to replace
the defective products as far as the supplies allow and without
indemnities or compensation of any kind for labour costs, delays,
loss caused or any other reason. The replacement is guaranteed
for a maximum of two months starting from the delivery date.
Any replacement is excluded for any event as set out in article
5 below.

4.7 The deadlines that the Seller is asked to state for the mailing
of the Products are given for information only and are not
guaranteed. If such deadlines are not met, it shall not lead to any
damages or cancellation of the orders, except for non-acceptable
delays exceeding [3] months from the stated deadline, without
information from the Seller. In such case only, the Buyer shall be
entitled to ask for a reimbursement of its first down payment to
the exclusion of any further damages.

TERMS AND CONDITIONS OF SALES

4.8 The Seller does not make any warranties, express or implied,
including, without limitation, those of sale ability and fitness for
a particular purpose, with respect to the Products. Although the
Seller shall take reasonable steps to screen Products for infection
of viruses, worms, Trojan horses or other codes containing
contaminating or destructive properties before making the
Products available, the Seller cannot guarantee that any Product
will be free from infection.

5. FORCE MAJEURE

The Seller shall not be liable for any delay in performance directly
or indirectly caused by or resulting from acts of nature, fire, flood,
accident, riot, war, government intervention, embargoes, strikes,
labour difficulties, equipment failure, late deliveries by suppliers or other
difficulties which are beyond the control, and not the fault of the Seller.

6. PROTECTION OF THE SELLER’S IPR

6.1 All the IPR attached to the Products are and remain the property
of the Seller and are protected under French and international
copyright law and conventions.

6.2 The Buyer agreed not to disclose, copy, reproduce, redistribute,
resell or publish the Product, or any part of it to any other party
other than employees of its company (only in the country of the
primary user). The Buyer shall have the right to use the Products
solely for its own internal information purposes. In particular, the
Buyer shall therefore not use the Product for purposes such as:
* Information storage and retrieval systems;

* Recordings and re-transmittals over any network (including any
local area network);

* Use in any timesharing, service bureau, bulletin board or similar
arrangement or public display;

* Posting any Product to any other online service (including
bulletin boards or the Internet);

* Licensing, leasing, selling, offering for sale or assigning the
Product.

6.3 If the Buyer would like to use data coming from the Products for
presentations, press announcements and any other projects, the
Buyer needs to contact Yole Développement’s Public Relations
Director (info@yole.fr) to get an official authorization and verify
data are up to date. In return the Seller will make sure to provide
up-to-date data under a suitable public format.

6.4 The Buyer shall be solely responsible towards the Seller of all
infringements of this obligation, whether this infringement comes
from its employees or any person to whom the Buyer has sent the
Products and shall personally take care of any related proceedings, and
the Buyer shall bear related financial consequences in their entirety.

6.5 The Buyer shall define within its company a contact point for the
needs of the contract. This person will be the recipient of each
new report. This person shall also be responsible for respect
of the copyrights and will guaranty that the Products are not
disseminated out of the company. In the context of Bundle and
Annual Subscriptions, the contact person shall decide who within
the Buyer, shall be entitled to receive the protected link that will
allow the Buyer to access the Products.

6.6 Please note that whether in Bundles or Annual Subscription, all
unselected reports will be cancelled and lost after the 12 month
validity period of the contract.

6.7 As a matter of fact the investor of a company, external
consultants, the joint venture done with a third party, and so
on cannot access the report and should pay a full license price.

7. TERMINATION

7.1 If the Buyer cancels the order in whole or in part or postpones
the date of mailing, the Buyer shall indemnify the Seller for the
entire costs that have been incurred as at the date of notification
by the Buyer of such delay or cancellation. This may also apply for
any other direct or indirect consequential loss that may be borne
by the Seller, following this decision.

7.2 In the event of breach by one Party under these conditions or
the order, the non-breaching Party may send a notification to the
other by recorded delivery letter upon which, after a period of
thirty (30) days without solving the problem, the non-breaching
Party shall be entitled to terminate all the pending orders,
without being liable for any compensation.

8. MISCELLANEOUS

All the provisions of these Terms and Conditions are for the benefit
of the Seller itself, but also for its licensors, employees and agents.
Each of them is entitled to assert and enforce those provisions
against the Buyer.

Any notices under these Terms and Conditions shall be given in writing.
They shall be effective upon receipt by the other Party.

The Seller may, from time to time, update these Terms and Conditions
and the Buyer, is deemed to have accepted the latest version of these
terms and conditions, provided they have been communicated to him
in due time.

9. GOVERNING LAW AND JURISDICTION

9.1 Any dispute arising out or linked to these Terms and Conditions or
to any contract/orders entered into in application of these Terms
and Conditions shall be settled by the French Commercial Courts
of Lyon, which shall have exclusive jurisdiction upon such issues.

9.2 French law shall govern the relation between the Buyer and the
Seller, in accordance with these Terms and Conditions.
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