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Are microneedles mature enough to replace hypodermic needles?
Who are the top players and who is best placed in the race against COVID-19?

Microneedles for drug delivery, a new way to deliver drugs
through the stratum corneum
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NLINE The global drug delivery market has been observed to be as large as USD 440.5 billion in 2018.

Hypodermic needles are known to be very efficient and they have been used immensely in
the delivery of biological macromolecules, insulin, vaccines, etc. However, their invasive
nature, stability issues, and non-compliance have always been the issues of concern and led
to the requirement of highly skilled medical practitioners for administration.

In this context, microneedles have shown immense potential, since they can easily, painlessly
and safely deliver drugs without special storage infrastructure. Hence, they can be self-
administered by anybody, thereby eliminating the need for a clinic visit and the assistance of
skilled medical practitioners. This serves as an important advantage, especially in the
emerging markets. Moreover, microneedles do not create sharp waste, thereby eliminating
the problem of discarding needles and hazardous risks. Patients suffering from needle phobia
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can easily use microneedles. Indeed, according to a study published in Behavioral Neurology,
2014, around 3-4% of the world population faces needle phobia.

Microneedles for drug delivery are attracting interest from big companies and start-ups alike
and show immense potential that could transform the global transdermal market.
Furthermore, in the actual race to find a COVID-19 vaccine, numerous companies (e.g.
Kindeva (3M), Debiotech, Verndari, NanoPass, Bioserentach, Sorrento Therapeutics, Merck,
etc.) have developed or shared their microneedle delivery system and promising results have
already been released. Other fields, like cosmetic, ophthalmic and diabetes showed important
technological progress in the past few years that could disrupt the existing market and
replace the current standard drug delivery system.

In this evolving context, it is crucial to understand the intellectual property position and
strategy of these different players. Such knowledge can help detect business risks and
opportunities, anticipate emerging technologies, and enable strategic decisions to strengthen
one’s market position.

Time Evolution of Patent Publications
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The analysis of the time evolution of patent publications shows that using microneedles for drug delivery were first filed in the 1971 by
ALZA corporation patent (US3964482). However, it was not possible to make such microstructure devices until the 1990s, with the advent
of high-precision microelectronics industrial tools. Hence, no patent families were published until 1993 and publications increased from
2001/2002, mainly due to the patenting activity of ALZA Corporation and Becton and Dickinson. A stagnation phase was observed between
2007 and 2012, followed by a second acceleration phase related to the patenting activities of 3M, Toppan Printing and Hisamistu
Pharmaceutical. Patent publications then accelerated from 2015 with the entry of numerous newcomers and the expansion of the cosmetic
and soluble microneedles field. The main patent assignees are Asian industrial players that develop an international intellectual property
strategy. Asia (CN, JP and KR) and US are the main territories of protection, which appear to be strategic territories for these applicants.
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Analysis by segment Segment Analysis

Microneedles for drug delivery can be applied to different fields and use Time

of Patent Publi
different technologies (i.e. type of microneedles). Therefore, a technological e
. . 160  MPatent documents
segmentation was made for this IP landscape, as follows:
e 140
Applications: 2
* Cancer therapy: microneedle patches present advantages in terms of 1w
controllability, easy applicability and predominant synergistic effect. 3"
£ 60
* Cosmetic: microneedles make it possible to enhance skin permeation to .
deliver cosmeceuticals. » g6 ““

14 72t
, 00010000302 o LNy I||I| 1 I

* Diabetes: painless delivery of insulin transdermally into the stratum corneum
through the miniature pores created by the microneedles.

* Ophthalmic: microneedles make it possible to deliver drug formulations to
the target ocular tissues with great precision.

* Pain management: Injecting a vaccine strategically into the skin through
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amount of drugs through the inserted hollow needles.

* Porous microneedles: they are a single-unit-drug delivery system, containing
either a liquid or a dry drug formulation.

* Soluble microneedles: they dissolve upon contact with skin interstitial fluid
and release the drug over time.

* Hydrogel microneedles: Once inserted, hydrogel microneedles rapidly take
up interstitial fluid from the tissue, thus inducing the diffusion of the drug.

* Solid microneedles: they are creating transient aqueous microchannels
through which the drug can be delivered through the stratum corneum.

For each segment, the patent publication timeline
and the patent portfolios of main players were
analyzed.

Identifying the companies that have recently emerged in the IP landscape

Among the players that have filed patents related to microneedles for drug delivery, over 40 newcomers were identified. These
companies are established companies and start-up firms developing their first products in the microneedle sector. Numerous IP
newcomers are based in Asia and in the US with only a few in Europe. It is possible that one of these innovative companies could
become one of the next healthcare unicorns that the big corporations will be tempted to acquire.

Key patent analysis

This IP study includes the selection and description of key patents. The key patent analysis includes the legal state of the family for
each of the main territories, the number of received citations, the review of the main claim(s), the description of interesting features
about the innovation disclosures and relevant figures illustrating how the innovation works. The description also contains information
about the fact that the patent family was involved in patent litigation in the USA.

Key Patent Analysis

Solvent-cast microneedle arrays containing active Granted us, AU

Legal

status

Corium International Pending EP, US

Assignee(s)

1+ priority date: 16/04/2007 Received citation count 121

Publication number of a

WO?2008130587

representative member of the family :

1 publication date: 30/10/2008 Number of citing assignees 61

Abstract: Claims (U594522280 Granted claims):
In an aspect of the invention, an array of microprotrusions is formed by providing a mold with cavities 1. A method of making a microstructure array, comprising: dispensing onto a mold having

corresponding to the negative of the microprotrusions, casting atop the mold a first solution

comprising a biocompatible material and a solvent, removing the solvent, casting a second solution
atop the first cast solution, removing the solvent from the second solution, and demolding the
resulting array from the mold. The first solution preferably contains an active ingredient.

Key figures:
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Figure 5A of the patent depicts schematically in cross-section two exemplary microprojection arrays of
the invention. In microprojection array 50, there is a base 58 and a plurality of microprojections such
as 56. The microprojection array comprises two layers 52 and 54 (shaded). As may be seen, the
microprojections themselves fall entirely within layer 52, so that layer 54 does not contain any
microprojections.

In microprojection array 60 there is also a plurality of microprojections such as 66. The
microprojection array comprises two layers 62 and 64 (shaded). However, in array 60 the layer 62
encompasses only a portion of the microprojections which comprises their tips or distal ends. The
layer 64 encompasses the portion of the microprojections not contained in layer 62 and also
encompasses the totality of the base 68.

an array of microstructure cavities a formulation comprising a polymer, a therapeutic
agent and a solvent, said formulation being dispensed in an amount sufficient to at least
partially fill the microstructure cavities, said dispensing being carried out in presence of a
gas having a solubility in the formulation or the mold that is greater than the solubility of
air in the formulation or the mold; drying the formulation; and demolding from the mold
a microstructure array.

US10238848 (Granted claims):

1.

A microprotrusion array, comprising: an approximately planar base and a plurality of
microprotrusions, wherein the microprotrusions comprise at least a first and a second
layer arranged roughly parallel to the plane of the planar base, the first and second
layers formed of different polymers, the first layer is contained in a distal end of the
microprotrusions and comprised of (i) a biodegradable polymer, (i) one or more
components to facilitate biodegradation selected from sugars, sugar alcohols,
cyclodextrins and waterswellable polymers, and (iii) an active ingredient, wherein a ratio
of weight percent of the biodegradable polymer to weight percent of the one or more
components to facilitate biodegradation is in the range of about 6.25:1 to about 1:3.75.
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Moreover, the report also includes an Excel database with the >2450 patent families analyzed in this study. This useful patent
database allows for multi-criteria searches and includes patent publication numbers, hyperlinks to the original documents, priority
dates, titles, abstracts, patent assignees, each patent’s current legal status and segmentation to which it belongs.

Companies mentioned in this report (non-exhaustive list)

JOHNSON & JOHNSON; 3M; BECTON DICKINSON; HISAMITSU PHARMACEUTICAL; CORIUM; TOPPAN PRINTING; ZEALAND
PHARMA; PROCTER & GAMBLE; COSMED PHARMACEUTICAL; FUJIFILM; NANOPASS TECHNOLOGY; BIOSERENTACH; SORRENTO
THERAPEUTICS; THERAJECT; KIMBERLY CLARK; SILICON MICRODEVICES; ALTEA; NITTO; RAPHAS; ZOSANO PHARMA; BOEHRINGER
INGELHEIM; NISSHA; VAXXAS; NANOMED; CLEARSIDE BIOMEDICAL; LG HOUSEHOLD & HEALTH CARE; LTS LOHMANN THERAPY
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ABOUT KNOWMADE

Specializing in patent analysis and scientific information, Knowmade provides technology intelligence and IP strategy consulting services.
The company supports R&D organizations, industrial companies, and investors in their business development by offering them a deep
understanding of their IP environment and technology trends. Knowmade’s experts provide art search, patent landscape analysis,
scientific literature analysis, patent valuation, IP due diligence, and freedom-to-operate analysis. In parallel, the company proposes
litigation/licensing support, technology scouting, and IP/technology watch service. Knowmade’s analysts combine their technical and
patent expertise with powerful analytics tools and proprietary methodologies to deliver relevant patent analyses and scientific reviews.
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SHIP TO

Name (Mr/Ms/Dr/Pr):
Job Title:

Company:

Address:

City:

State:

Postcode/Zip:

PAYMENT METHODS
Order online: Click here

Check
To pay your invoice using a check, please mail your check to the
following address:

KnowMade S.A.R.L.

2405 route des Dolines, BP 65

06902 Valbonne Sophia Antipolis

FRANCE

Money Transfer
To pay your invoice using a bank money wire transfer, please
contact your bank to complete the process. Here is the information

you will need to submit the payment:
Country: Payee: KnowMade S.A.R.L.
Bank: Banque Populaire Méditerranée, CAP 3000 Quartier du
lac, 06700 St Laurent du Var
IBAN: FR76 1460 7003 6360 6214 5695 139

VAT ID Number for EU members:

Tel: BIC/SWIFT: CCBPFRPPMAR
Email: Paypal

To pay your invoice via PayPal, you must first register at
Date: www.paypal.com. You can then send money to KnowMade S.A.R.L.

by entering our email address (contact@knowmade.fr) as the
recipient, and entering the invoice amount.

RETURN ORDER BY:

Email: contact@knowmade.fr

Mail: KnowMade S.A.R.L. 2405 route des Dolines, 06902 Valbonne
Sophia Antipolis, FRANCE

PRODUCT ORDER | hereby accept Knowmade’s Terms and Conditions of Sale
€3,990 — Multi user license* Signature:

For the price in dollars, please use the current day’s
exchange rate. French customers, please add 20% for
VAT.

Upon payment reception, all reports are delivered
electronically in pdf format

*The report can be shared with the employees of the Company
purchasing the report. Subsidiaries and joint-ventures are
excluded. Please be aware that the report is watermarked on
each page, with the name of the recipient and the organization
(the name mentioned on the PO). This watermark also reaffirms
that report sharing is not allowed.
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- TERMS AND CONDITIONS OF SALES

“Acceptance”: Action by which the Buyer accepts the terms and conditions of sale in their entirety. It is done by signing the purchase order which
mentions “I hereby accept Knowmade’s Terms and Conditions of Sale”.

“Buyer”: Any business user (i.e. any person acting in the course of its business activities, for its business needs) entering into the following general
conditions to the exclusion of consumers acting in their personal interests.

“Contracting Parties” or “Parties”: The Seller on the one hand and the Buyer on the other hand.

“Intellectual Property Rights” (“IPR”) means any rights held by the Seller in its Products, including any patents, trademarks, registered models, designs,
copyrights, inventions, commercial secrets and know-how, technical information, company or trading names and any other intellectual property rights
or similar in any part of the world, notwithstanding the fact that they have been registered or not and including any pending registration of one of the
above mentioned rights.

“License”: For the reports and databases, 2 different licenses are proposed. The buyer has to choose one license:

1. Single user license: a single individual at the company can use the report.

2. Multi user license : The report can be shared with the employees of the company purchasing the report. Subsidiaries & joint-ventures are excluded.
“Products”: Reports are established in PowerPoint and delivered on a PDF format and the database may include Excel files.

“Seller”: Based in Sophia Antipolis (France headquarters), Knowmade is a technology intelligence company specialized in the research and analysis of
scientific and technical information. We provide patent landscapes and scientific state of the art with high added value to businesses and research
laboratories. Our intelligence digests play a key role to define your innovation and development strategy.

1. Scope

1.1 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 Knowmade’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 Products

2.1 Products are sent by email to the Buyer:

- within [1] month from the order for Products already released; 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 Some weeks prior to the release date the Seller can propose a pre-release discount to the Buyer.

The Seller shall by no means be responsible for any delay in respect of article 2.2 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. 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. The prices may be reevaluated 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 Knowmade, PayPal, or by electronic transfer to the following account:

Banque Populaire Méditerranée, CAP 3000 Quartier du lac, 06700 St Laurent du Var

BIC or SWIFT code: CCBPFRPPMAR

IBAN: : FR76 1460 7003 6360 6214 5695 139

To ensure payment, 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.
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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 labor 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 [4] 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.

4.8 The Seller does not make any warranties, express or implied, including, without limitation, those of saleability 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, labor 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 intellectual property

6.1 All intellectual property rights 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. 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 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.

6.4 The Buyer shall define within its company point of contact for the needs of the contract. This person will be the recipient of each new report in PDF
format. This person shall also be responsible for respect of the copyrights and will guaranty that the Products are not disseminated out of the
company.

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 Grasse, 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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