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Dear CABA members and friends,

We feel delighted and proud to present you with another issue of CABA Connect — the official newsletter of Chinese-American
BioMedical Association. First of all, we would like to take this opportunity to express our heartfelt gratitude and appreciation to Dr.
Qinglin Che and the entire editorial team for shepherding and gracing CABA Connect throughout the development and publishing
process. Their commitment and dedication to reporting CABA's significant events and developments in a timely manner have created
tremendous benefits to all members of the biomedical community. More than anything, we also want to thank all those who have read
our past issues and the people who are reading the current issue. You are our greatest inspiration.

R EMENCABAR RFIRAZAT:
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Our CABA members come from diverse areas of biopharmaceutical industries and academic environments and enjoy access to
the most up-to-date biomedical trends in science and business through our high-quality conferences including CABA Bioforum in
February, CABA Annual Conference in April, CABA Biomedical Investment & Entrepreneurship in October and Medical Device and
Diagnostics Symposium in December. All CABA events have been well attended by biopharma executives, scientists, professors,
prominent entrepreneurs and investors as well as professionals from finance, legal and healthcare fields. We are continuing to
fulfill our missions to serve as a networking platform for local professionals and a connecting bridge between US and China in
Bio/Pharmaceutical fields.
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CABA is a non-profit professional organization and a volunteer-based society. However, the influence and impact of our organization have been
far-reaching both professionally and geographically. We are extremely grateful for our members to contribute their time and efforts to helping organize
top-notch and informative conferences and symposia. Our appreciation is also extended to our generous corporate members and sponsors for their

strong support of CABA events.
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To facilitate collaboration between the pharmaceutical and biomedical industries across the continents, CABA has organized training programs
and workshops as well as social events to promote networking and communication among members. Dr. Shiwen Lin, Chair of Board Director, has
successfully led the fifth training program for Wuhan sFDA staffs. CABA has also celebrated the establishment of CABA Wuxi Club in China. CABA
has collaborated with 11 professional organizations and co-organized the New England Chinese New Year Gala. Summer outing in August and the
New Year gala in February have been our two annual exciting social events for members, along with their families, and other professionals in the
greater Boston area.
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We are still looking forward to our new friends, colleagues and all biomedical professionals to join our organization. Each CABA member has been
our great asset. We rely on the contribution and devotion from each one of you to our organization by leveraging your unique background and skill
set. We are confident that you will share our values and find this great community service truly rewarding.
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Sincerely yours,
EmAERH!

Xiang Yang Yu
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2013 Boston Bioforum: the Fiftth CABA

Annual Conference
By Hao Li, Executive Committee, CABA

On the beautiful spring Saturday of April 27, by the riverbank of Charles River

with bright morning sunshine, blue sky and white sails, over 300 company execu-
tives, senior scientists, entrepreneurs and investors from the biopharmaceutical industry gathered at MIT
faculty club for the 2013 Boston BioForum “Accelerating Drug Development, from Bench to Bedside”,
the annual conference of CABA, the Chinese-American Biomedical Association. People flocked to share
new scientific discoveries, leading industry trends and emerging business opportunities. The common
conviction to help patients and reduce human suffering deeply shared by the speakers and attendees
formed bonds that connected everybody. This was best exemplified by the opening remarks of Dr.
Angelika Fretzen, VP of Pharmaceutical Chemistry & Development from Ironwood Pharmaceutical, that
we need to push scientific boundaries to create new drugs just as the Boston Marathon athletes who
push their physical boundaries. Two companies received “Excellence in Innovation” award from CABA,
Ariad Pharmaceuticals for its successful effort in developing Ponatinib, an FDA approved drug for CML,

and Ironwood Pharmaceuticals for its success in developing Linaclotide, another FDA approved drug for
IBS.

The morning session was opened by the presentation of Dr. Angelika Fretzen on “The Development of
Linaclotide for the Treatment of Chronic Functional Gastrointestinal Disorders”. Following that Dr. Scott
Biller, CSO at Agios Pharmaceuticals on the “Science and Strategy at Agios” told a fascinating story on
the discovery of a novel metabolite 2HG through collaborations with several Chinese CROs such as Wuxi
Pharma, ChemPartner and Viva. 2HG is produced by the IDH mutant enzymes that aberrantly affects
epigenome in cancer patients. The session was concluded by the seminar from Prof. Jianzhu Chen, the
lvan R. Cottrell Professor of Immunology at MIT, on the “Humanized Mice for Preclinical Drug Develop-
ment”. In the afternoon the meeting resumed with the talk by Dr. Timothy P. Clackson, President of
Research and Development at Ariad Pharmaceuticals, on the “Design and Develoment of Ponatinib, a
Pan-BCR-ABL Inhibitor for CML"”. Dr. Pam Carroll, VP Oncology Scientific Innovation at Janssen, present-
ed Janssen Innovation Centers which present a new collaboration model with biotech companies and
academia. The afternoon session also included two panel discussions, one on the alternative careers for
biomedical scientists in the legal, investment and business fields, and the other on the achievements and
challenges in global integrated R&D collaboration between large pharmas, biotechs and CROs in China
and US.

The conference ended on a high note in the evening by the keynote speech from Dr. Roger Tung, Presi-
dent and CEO of Concert Pharmaceuticals on “Building a Biotech Company from the Ground Up".
Indeed there is no better place to do that than Boston/Cambridge, by the riverbanks of Charles River.
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Focusing on “Accelerating Drug Development”, Boston BioForum 2013
Hands out Excellence in Innovation Awards

By David Li and Dongyu Chen, bostonese.com

Cambridge, Mass., April 28, — Boston Bioforum 2013, the annual conference of Chinese American Biomedical
Association (CABA), was held on April 27 at MIT Faculty Club. Many attendees traveled from the West Coast or even
from China to show their support for Boston and CABA, in less than two weeks after the Boston Marathon bomb-
ings.

/7 The theme of this year’s Boston Bioforum was “Accelerating Drug Development — From Bench to

" Bedside.” Over 300 attendees from US, Canada and China attended this year's conference. Jun
Han, the founding president of CABA, traveled from Shanghai and told me that he marked Boston
BioForum 2013 on his calendar months ago.

A number of awards were handed out at Boston Bioforum 2013. Ariad Pharmaceuticals and Iron-
wood Pharmaceuticals won the Excellence in Innovation awards during the day sessions. These
two companies’ innovative and cost-effective drug research and development processes were
applauded by conference attendees.

During the evening reception, Dr. Shiwen Lin, chairman of the board of CABA, handed out the
prestigious award of Excellence in Community Service to “three beautiful young ladies”: Zhe Tian,
Ellen Fan and Jo Lee, who are all CABA members.

Dr. Phil Zhang, the current president of CABA, gave a brief overview of CABA's major events over
the past year. Shiwen thanked Phil service over CABA's six-year history, and especially over the
past 12 months being the president of CABA. Dr. Shiwen Lin announced at the dinner reception
that Dr. Xiang Yu became the new president of CABA, and Dr. Phil Zhang became a member of
the 10-person board of directors of CABA. Dr. Phil Zhang was also awarded the Excellence in
Community Service Leadership Award.

Dr. Xiang Yu was the chairwoman of Boston BioForum 2013 Organizing Committee. She thanked
Phil for his mentorship over the past year and countless volunteers who helped make the confer-
ence a huge success.
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Industry Trends & Globalized R&D:
Key Technology Resourcing & Col-

Innovations laborations

Career Develop- Networking Recep-
ment & Entrepre- tions & Vendor Exhi-
neurship bitions

During the day-long conference, the following major topics were discussed at the main conference hall:
L Industry Trends and Key Technology Innovations

o Globalized R&D: Resourcing & Collaborations

J Career Development and Entrepreneurship

L Networking Receptions and Vendor Exhibitions

Experts from leading companies and research labs delivered in-depth speeches and panel discussions
around the major topics at the Boston BioForum 2013. In the first session, speakers talked about deuter-
ated drug, associated business development and its challenges. As we know, some drugs are metabo-
lized quickly by our body so that the drugs’ effects are not so “long-lasting”. By replacing the hydrogen
atom by deuterium, the drug’s in vivo half life can be extended by decreased metabolism, thus the
patients can receive more drug exposure and longer treatment time. However, the challenge is that only
3% of patented drugs can be made into deuterated forms which indicates one of the challenges and
limitations that drug companies face.

During the second session, the talk about humanized mice was very interesting. Pharmaceutical compa-
nies face the challenge that some drugs that work great on mice models could fail in clinical trials due
to lack of efficiency. Furthermore, some infectious diseases don't develop in mouse at all. By introduc-
ing the humanized mice model, one can hopefully solve these problems. The procedure of producing a
humanized mouse involves injecting the human stem cell into the immuno-deficient mice, and you can
even target specific organs to make them “human”.

The discussions at the first afternoon section brought in the ideas of personalized cancer therapy. It's
well-known that patients’ responses to certain anti-cancer drugs vary a great extent because of their
genetic polymorphism. One of the speakers told a story about a young boy who was diagnosed with
cancer. His tumor sample was taken from his body, planted in different mice which were subsequently
treated with different anti-cancer drugs. The efficacies were compared, and the best therapy was
selected and applied to the little boy. Attendees were asked to think about the possible opportunities
of cancer treatment, provided that no “all-purpose” anti-cancer drug ever exists.
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Region’s Top Innovators in Bio-medical Research
Recognized at Boston BioForum 2012

By David Li, bostonese.com
Panel discussion

Boston-Cambridge
area has long been
the hub for life
science research. On
April 7, Boston
BioForum 2012 was
held at MIT Faculty
Club in Cambridge,
Massachusetts. The
day-long conference
was packed with 4
sessions, 2 panel
discussions, 25
speakers, and more
than 400 attendees.
The conference was
hosted by Chi-
nese-American
BioMedical Association (CABA). In its five-year history, CABA's contribution to the greater Boston's
biomedical community and in bridging US and China in this field was well recognized by many speak-
ers and attendees at Boston BioForum 2012.

The 2012 Excellence in Innovation Award was presented to Novartis, Idenix Pharmaceuticals and
Bristol-Myers Squibb to recognize their contributions in the field of HBV drug development to help
Hepatitis B patients. Hepatitis B is a major health issue in many developing countries and it is endemic
in China. The Leadership in Community Service Award went to Pfizer for its continuous support to the
life science community, including organizations like CABA.

An international award of Advocate Excellence for Chinese Biomedical Enterprise was presented to
Dr. Yan Li, director in chief, Wuhan SFDA, China to recognize her vision, leadership and significant
contributions to the educational exchange between China and US in the field of food and drug regula-
tory affairs and impact in the SFDA policy-making in China to promote public health. Four members of
Wuhan SFDA were enrolled in CABA's training program in Lexington, MA last summer.

In accordance with the theme of “Meeting the Challenges through Innovation”, Boston BioForum 2012
presented the Innovator of the Year Award to Dr. Chiang J. Li to recognize his outstanding contribu-
tions and achievements in the discovery and development of first-in-class anti-cancer therapeutics to
help patients with hard-to-treat cancers. Dr. Li delivered a well-anticipated and inspirational keynote
address in the evening session, titled “Building an Innovative Biotech: Lesson and Secrets” to put a
fitting end to Boston BioForum 2012.
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Industry Leaders Exchanged Perspectives at
BioPharma Outlook 2012

By Ting Ren, Chinese-American BioMedical Association

June 17,2012, Cambridge MA — On the eve of BIO (Biotechnology Industry Organization) 2012 Conven-
tion, BioPharma Outlook 2012 was successfully held at MIT Faculty Club in Cambridge, Massachusetts. It
was jointly presented by Chinese-American BioMedical Association (CABA) of Boston and Chinese Biophar-
maceutical Association(CBA) of Washington DC. BIO 2012 is one of the most important conferences in the
biopharmaceutical industry. It attracts more than 15,000 attendees around the world.

Mr. Tom Watkins, CEO and President of Human Genome Sciences and Chairman of the Board of Directors
of BIO delivered an inspirational keynote speech. He started with an overview of current challenges in the

health care industry, then emphasized the dedication of BIO in facilitating communications and collabora-

tions among industry professionals, investors, and policy decision-makers.

Following Mr. Watkins' talk, three speakers shared their perspectives from three angles: health care policy,
investment climate and R&D innovation. Firstly, Dr. Yuanli Liu, Director of China Initiative at Harvard School
of Public Health, discussed the current situation of healthcare reform in China. He summarized the key
challenges of health care in China into triple “A"s—"availability”, “affordability”, and “appropriateness”. New
financing strategies, drug regulation policies, and public hospital development are the focuses in China’s

next five-year plan. Policies around these issues will have a direct impact on the health care industry.

From public to the private side, the next speaker, Dr. Wei Li, shared his experience and perspective as a
health care venture capitalist. As a Principal at Fidelity Biosciences, Dr. Li gave an overview of Fidelity Biosci-
ence'’s investment history and current portfolio in China, which shed light on the investment environment in
China. He highlighted Fidelity’s new initiative in the biosimilar market.

Lastly, Dr. Luke Li, Executive Director, Head of Global Biotherapeutic Technologies of Bio-Innovation at
Pfizer, discussed the hopes to bring real value to patients—innovation in drug R&D and promising develop-
ment candidates. He shared his knowledge of recently approved drugs and late stage candidates with
novel mechanisms and addressing significant unmet needs.

The attendants also represented a wide spectrum of the biopharmaceutical industry, functionally and geo-
graphically. In addition to CABA and CBA whose members are mostly scientists, industry professionals and
investors from east coast, Bayhelix, Hong Kong Association of Massachusetts and San Diego Sino-American
Biotechnology and Pharmaceutical Professionals Association (SABPA) co-sponsored the event. Members of
several Chinese organizations such as
China Council for the Promotion of Inter-
national Trade, and several Chinese
biotech companies also joined the event.
Despite the diversity, we are all striving to
fulfill the real value for patients, healthy
return for investors, and successful com-
mercialization for pharmaceutical/biotech
companies.

(from left) Last three presidents of CABA
Chaoyang Dai, Zhihong Chen, Phil Zhang, Tom
Watkins (Chairman, Board of BIO), Lin Sun-Hoff-
man of CBA, Irene Robin of BIO Shanghai and
Yihan Wang of CABA at BioPharma Outlook
2012.
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The 2013 CABA Biomedical Investment
and Entrepreneurship Symposium Report

By Zhigang Wang, Qinglin Che, Youxin Zhang, Phil Zhang, Degiang Niu, Chinese American BioMedical Association

The 2013 Chinese American Bio-Medical Association (CABA) Biomedical Investment and Entrepreneurship Symposium
(CABA Investment Symposium) was held at the Doubletree Suites in Boston on Saturday, October 19, 2013. The theme of the
symposium was “Biotech and Pharma Investment in a Challenging Time”. The meeting attracted more than 100 prominent
entrepreneurs, investors, biotech and pharma executives, academic and industry scientists, as well as professionals from the
legal, finance, and healthcare fields. The full-day program featured two plenary sessions and two panel discussions. A
workshop on investing for retirement was hosted by Gwen Ren of Morgan Stanley's Boston Office during lunch break. With
supports from all speakers, panelists, CABA EC members and friends, and corporate sponsors, the symposium is a sound
success.

The morning plenary session, chaired by Dr. Philip Zhang, Immediate Past President of CABA, featured three prominent
speakers who spoke on topics critical to the biopharmaceutical industry: early stage innovation, university start-ups, and
external research.

The first speaker was Dr. Amir Nashat, Managing Partner at Polaris Venture Partners, a leading venture investor life science
across the United States and Europe. Dr. Nashat shared with the audience his insight on global trends in VC investment in life
science and the key components in early-stage biotech innovations and their roles in the development of life-saving thera-
peutics. As an investor behind many successful biotech companies, Dr. Nashat's talk offered a unique perspective many in
the audience felt was very beneficial to their understanding of VC's role in supporting early-stage innovations.

Dr. Jason Wen, Director of Technology Transfer and Licensing at Boston College, gave an overview of the many facets of
biotech start-ups built on technology licensed from academic institutions. Since many ground-breaking innovation in life
science comes out of university research labs, a critical first step of successful commercialization is licensing the technology
from the university to a company dedicated to move the innovation forward, a process unfamiliar to most scientists in the
field.

Then, Dr. Yugui Gu, who heads external research in drug discovery at Cubist Pharmaceuticals, gave a first-hand account of
the important roles external research plays in moving drug candidates through the research and development process,
eventually becoming approved products benefiting patients. Dr. Gu pointed out that while cost-saving and increasing
capacity remain important considerations in external research, more and more focus is being placed on access of external
talent and creativity.

The afternoon plenary session was chaired by Dr. Allen Che, Vice President of CABA. It opened with a talk about medical
technology investment strategies given by Jack Liu, Senior VP of Morgan Stanley Global Wealth Management Group.
Through a systemic analysis, he summarized the recent investment trends in the healthcare sector. Many of the data were
freshly extracted from the company updates presented at 2013 Morgan Stanley Global Healthcare Conference held last
month in New York City, and the conclusions are very convincing.

Following Mr. Liu's talk, Dr. Jinbo Lee, cofounder and CSO of Scilligence of Burlington, MA, shared with the audience the
secrets behind the growth of Scilligence, a technology start-up. By identifying the challenges the pharma & biotech communi-
ties are facing during the era of globalization and R&D remodeling. Scilligence, a two-year old company, has developed and
commercialized its cheminformatic products to affiliate the communications among researchers around the globe. Scilli-
gence's products are well recognized by the market in both the US and China. Its leading clients include Wuxi AppTec,
Celgene, Genetech and Merck etc.

Back to the technology side, the third speaker of the session, Dr. Weiwen Ying, Synta fellow of Synta Pharmaceuticals of
Lexington, MA, introduced to the audience the newly launched HDC platform for oncology drug development. Taking
advantage of the large population of HSP90 proteins in tumor cells, HDC platform creatively employs HSP90 inhibitors (HSPi)
as a carrier to selectively deliver other clinically proven chemotherapeutic agents or novel payload into the tumor cells
through a covalent bonded chemical linker. The huge benefits on lowering the toxicity of the anti-cancer agents towards
normal cells and boosting the cancer cell killing efficacy, as demonstrated in the encouraging in vivo results, make HDC a
very promising platform for new oncology therapy development. Synta welcomes partnership and investment discussions to
make this platform more available to the pharma community. Dr. Ying's presentation was well received by the audience, and
the discussion was well extended to the coffee break. Dr. Ying's achievement was recently highlighted in C&EN, the
esteemed member publication of the American Chemical Society (ACS).

The first panel discussion, entitled “Cross Border Investment in Life Science Industry” was moderated by Jonathan Fleming,
Managing General Partner, Oxford Bioscience Partners. Featured panelists were Dr. Katherine Bowdish, Vice President of
R&D and Head of Sunrise, Sanofi; Dr. Xin Huang, Healthcare Partner, Suzhou Cowin Venture Capital; Linda Ji, Partner, Nixon
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Peabody; Dr. David Xie, Associate, Oliver Wyman; and Dr. Ting Xu, Founder and CEO, AlphaMab. This panel focused on
Chinese healthcare industry's unprecedented growth during the past decade and the resulting large amounts of private
equity investments and strategic M&A activities. Despite the growing interest in investments, the environment remains
challenging to navigate, due to complex commercial landscape, the perceived lack of truly innovative technologies, and
high valuations for the best companies.

The panelists first discussed whether innovative healthcare technologies exist in China, given the contradictory evidence of
rapidly increasing number of patent filings with the lack of marketed domestic innovative products. Panelists agreed that
many patents filed in China have low quality and limited commercial value. It is commonly seen that companies file patents
solely for the purpose of meeting the criteria of innovative status for benefits granted by Chinese government. On the other
hand, panelists also acknowledged the difficulty for one company to develop and commercialize an innovative technology
from the concept to marketed product. Even in developed countries, this process usually requires multiple companies to
complete, with frequent licensing and acquisition activities. Given the lack of experience, Chinese companies may not be
able to complete this process independently in recent years. A more realistic strategy might be participating in a few stages
within the process. For example, AlphaMab tried to license healthcare technologies from top-tier academic institutions
around the world, develop them into a mature stage, and then out license to bigger companies with more commercializa-
tion expertise.

Overall, panelists were optimistic on the investment opportunities in China but aware of the complexities and risks related
to cross-border investing. Challenges may easily arise from the differences in company culture and government policy.

Panelists finally commented on the possibility of building global presence for a Chinese company. Given the large domestic
market, building global presence may not be prioritized by many Chinese companies. Panelists felt it may be challenging
for current big Chinese companies due to the lack of experience and internal driver but expressed optimistic opinions
regarding the emerging truly innovative companies.

The second panel focused on “Global Outsourcing: How Can We Build a Win-Win Relationship?” Dr. Degiang Niu, Director
of Medicinal Chemistry, Celgene Avilomics Research, Inc. led the discussion. Dr. Taiping Chen, Vice President, In Vivo
Pharmacology, Viva Biotech Ltd.; Dr. Mohan Thiruvazhi, Director of Business Development, GVK BIO; Mary Beth Walsh,
Director of Business Development, BioDuro; Dr. Tiansheng Wang, Research Fellow, Vertex Pharmaceuticals, Inc.; Dr.
Chaoyang Dai, Vice President, Acebright, Inc.; Dr. Sherry Yu, Director of Global Business Development, Sundia MediTech;
and Dr. Jin Zhao, Senior Scientist, Genzyme participated in this panel.

Nowadays, if you have been in a pharmaceutical company or a biotech company for a while, there is a very good chance
that you have interacted with some CRO companies and have been using their services. Today's CROs provide services
spanning across all aspects of drug discovery, from chemistry, biology, to pharmacology, toxicology and early develop-
ments. As the trend of global outsourcing continues, it will be beneficial for us (from both sides) to understand what is
critical for a successful collaboration and how can we build a long lasting, win-win relationship.

The first topic for our panelists was ‘why do Pharma/Biotechs outsource? All panelists voiced their opinions. It was great to
find that the answers from both the pharma side and the CRO side are aligned: increased capacity, specialty needs, cost-ef-
ficiency, and flexibility are the major reasons for outsourcing. Cost is just one of many factors to consider.

When asked 'how do we build a win-win relationship between CROs and their clients?” Our panelists pointed out that
understanding each other’s needs, building long term relationship, not always price-centric, and ensuring value delivering
are among the top of the list. There was one discussion on understanding the culture difference in different regions of the
world, which is also critical for building a successful relationship. The panelists also encourage the face to face interactions
of the scientists involved from both sides once when possible (i.e. once a year at least).

The last question was ‘what is critical for a successful collaboration?” Almost all panelists viewed communication and deliv-
ering high quality data/materials as their top picks. Delivering on time or as promised and ‘don’t over promise’ are also
critical for a successful collaboration.

Overall, the panel had a very healthy, insightful discussion from all the panelists and some of our audience. The findings
here will be useful for both the CRO side and the client's side to understand each other’s needs and to build a sustainable,
win-win relationship.

|

This “Biomedical Investment and Entrepreneurship Symposium” has covered a wide range of topics interested
to the CABA members and the local community. The participants had enjoyed a wonderful day of learning,
discussion and networking. To prepare for this event, many CABA EC members and volunteers had been
working tirelessly to invite speakers, raise funds, draft programs, CABA president Dr. Xiangyang Yu, the
symposium chair Dr. Zhigang Wang, co-chairs Drs. Youxin Zhang, Liping Zhou and Ji Shi, and more than 25
organizing committee members had worked closely for more than two months to bring out this successful
event. Their effort had been greatly appreciated by all.
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BIOSIMILARS:
READY FOR PRIME TIME?

By Jianfeng Hang, PhD, MRA, RAC

Introduction

In the past thirty years, FDA approved more than 150 therapeutic
biologics including recombinant monoclonal antibodies (mAbs) and
genetically engineered proteins.” These products fulfilled the unmet
medical needs and provided patients with valuable treatment
opportunities. Often these biologics are the only options for various
medical conditions such as hepatitis B, rheumatoid arthritis,
hereditary emphysema and some types of cancer. Many originator
biologics are very expensive. For example, annual cost for Herceptin,
a HER2-positive breast cancer biologic, is $37,000, and that for
Gaucher disease drug Cerezyme is $200,000.2 High costs of
biologics limit their availability to broader patient populations,
particularly to those in need in less-developed countries. One
pragmatic solution to improving the accessibility of the costly
originator biologics is to develop their subsequent versions, or
biosimilars. Once the patents of the originator biologics expire, the
market competition naturally drives the price down. This exercise has
proven to be very successful in lowering the prices of small molecule
brand-name drugs by the introduction of their generic copies.

More than 12 originator biologics with combined global sales of
more than $ 67 billion came off patent at the end of 2012.% Patents

of blockbuster biologics Humira (2012 sales: $9.3 billion, US patent
expires in 2016), Remicade (2012 sales: $8.2 billion, EU patent
expires in 2015), Enbrel (2012 sales: $8.0 billion, EU patent expires in
2015) and Rituxan (2012 sales: $7.4 billion, EU patent expires in 2015)
will all expire in US and EU in the period between 2013 and 2019.*

Sales of biosimilars only contribute a small fraction of the entire
biologics market. In 2012, their sales in highly regulated markets for
the first time reached 1 billion. Nonetheless, according to a study by
IMS Health, a market research firm, this number will increase
significantly in the coming years. It IMS health predicts sales of
biosimilars will exceed $4 billion by 2016 and $11 billion by 2020.
Many investors, including biotech innovator giants such as Biogen
Idec and Amgen, are eager to grasp the opportunity presented by
biosimilars.®

We will discuss the current regulatory scenario of biosimilars in EU
and US, the two most regulated markets. The insights from the
discussion will help us understand some investment considerations
specific to biosimilars.

Current Regulatory Scenario of Biosimilars in EU
and US

A. European Experience

The Europe Union (EU) is the pioneer in building legal framework for
biosimilars. EU outlined the regulatory pathway to gain a biosimilar
medicinal product approval in European Directives 2003/63/EC,
Annex |, Part Il, section4,® differentiated “generic medicinal products”

from “similar biological medicinal products” in European Directives
2004/27/EC.” The European Commission and the European
Medicines Agency (EMA) are the agencies for the implementation of
these Directives. The EMA’s Committee for Medicinal Products for
Human Use (CHMP) is responsible for issuing general and product-
specific guidelines to help the industry for biosimilar application.

In April 2006, the first two biosimilar products were approved by the
European Commission. They are human growth hormone
(somatropin) products: Omnitrope® from Sandoz in Austria and
Valtropin® from Biopartners in Germany. The two approvals were
based on comprehensive comparisons against their reference
products which resulted in different label claims from those on the
originator biologics.”® On September 10, 2013, the same agency
approved the first biosimilar antibody Inflectra, a copycat version of
Johnson & Johnson and Merck & Co's Remicade.™

14 of the 16 biosimilars approved by the EU to date share only
three reference products: Filgrastim, Epoetin, and Somatropin. At
least four products have failed the EU approval process (three
withdrawals of insulin and one negative opinion on interferon
alpha). Even for some biosimilars that did gain approval, their
journeys have been bumpy. For example, the clinical trials of two
approved epoetins involved more than 600 human subjects with
half of them tested on the biosimilar epoetin for at least 24 weeks.
This indicates the complexity of demonstrating biosimilarity in
practice. Regulators and sponsors are gaining more experience and
learning with each application.

The short history of the pioneering biosimilar development and
application in Europe taught us some valuable lessons that need to
be addressed in the future guidelines:" 1) Some differences between
a biosimilar and its reference product are acceptable, such as
glycoprofile, being expressed from different cell species; but often
time they need to be justified, especially for the impurity profile. 2)
Comparative trials need to be conducted in a sensitive population
with the consideration of batch-to-batch variability in the reference
product. 3) Extrapolation from one usage to another is not a given. 4)
It is not always necessary to demonstrate efficacy in patients. For
example, a biosimilar Filgrastim was approved based on its repeat
dose studies in healthy volunteers and non-comparative safety
studies sponsored by Apotex.

B. US Experience

To control the surging health care spending, the US government is
trying to slow down the rising drug expenditures associated with
brand-name drugs. According to the congressional budget office’s
estimate, biosimilars could save the government 13 to 25 billion
dollars over the next 10 years." In 2009, Congress passed the
Biologics Price Competition and Innovation Act (BPCI Act of 2009),
an amendment to the Public Health Service Act (PHS Act), as a start
to improve the affordability and accessibility of biologics. The act
created an abbreviated approval pathway for biosimilars
demonstrated to be highly similar (biosimilar) to a FDA approved
originator biologic [section 351(k) of the PHS Act]. It was signed into
law by President Barack Obama on March 23, 2010 under the Patient
Protection and Affordable Care Act (PPAC Act).

FDA's Draft Biosimilars Guidance Documents



The groundbreaking work on the modern system of generic drugs is
the “Hatch-Waxman Act”' - the Drug Price Competition and Patent
Term Restoration Act. This 1984 United States federal law
established the Abbreviated New Drug Application (ANDA) process
in section 505()), founded legal ground for faster approval pathway
for small molecule generic drugs. Thousands of less expensive
generic drugs were approved ever since and affordability of many
drugs was improved dramatically.”

The United Sates’ contribution to bringing biosimilars into the market
cannot yet match their landmark work on the introduction of generic
drugs. The US regulatory framework and practice on biosimilars lag
significantly behind Europe and even some Asian countries. The

BPCI Act of 2009 is six years behind European Directives 2003/63/EC.

As of February 2012, FDA only held 21 Pre-IND meetings, received 9
INDs'® and no BLAs under 351(k) biosimilars pathway (no 351(k)
application is submitted yet to this date). These low numbers
reflected some serious concerns from the sponsors and the potential
biosimilars investors - the lack of clarity in regulations was
discouraging the development and commercialization of biosimilars
in the US. Providing the interested parties with certain predictability
and more detailed guidance was imminent for FDA.

On February 09, 2012, FDA issued three long-awaited biosimilar
draft guidance documents that are designed to help the industry to
develop biosimilars and to compete with originator biologics. The
agency released the fourth guidance outlining how sponsors should
plan to use formal meetings to interact with the agency before and
during the application process on April 01, 2013." The first three
guidance addressed scientific, quality considerations of biosimilars
and clarified some issues regarding the implementation of the BPCI
Act of 2009. The pivotal document of the three is the “Scientific
Considerations in Demonstrating Biosimilarity to a Reference
Product.”®

Draft Guidance on Scientific Considerations of Biosimilars

The guidance focuses on addressing the issue: how similar is enough
to be biosimilar? At the beginning, FDA uses most common protein
products as examples to discuss the complexities of biological
products in detail and to show the difficulty of proving biosimilarity.
It is pointed out that primary amino acid sequence, higher order
(secondary, tertiary and quaternary) structures and enzymatic
modifications including glycosylations can all make proteins different
and lead to heterogeneity. In addition, many factors such as
temperature, moisture, light, and even packaging or delivery
materials can affect protein modifications and change their higher
order structure.

Limited by resolution, detection limit, and processing speed of
current analytical technologies, in most cases it is very challenging, if
not impossible, to determine structural and functional differences
between two proteins from slightly different manufacturing sources.
Considering the presence of impurities generated during the
processes, added formulation agents and excipients in the biological
products, the degree of certainty of using structural analysis and
functional assays to determine the biosimilarity of two proteins is not
high at all.

Despite the advances in the state-of-the-art analytical technologies
for biological products, the agency is fully aware of their limitations.
A “stepwise approach to developing the data and information
needed to support a demonstration of biosimilarity” is hence
recommended. The sponsors can start with extensive analytical,
physiochemical and biological characterization of the proposed
product to show the degree of similarity to the reference product.
FDA then evaluates the information and suggests necessary animal
and human tests accordingly to the sponsor to further demonstrate
biosimilarity of the two products. The agency will consider the
product’s complexity, stability, formulation, manufacturing process
and clinical data in comparison with the reference product, and then

determine the extent and scope of these tests on a case-by-case
basis.”’

FDA will use a Totality-of-the-Evidence approach to evaluate all data
and information submitted in support of demonstrating biosimilarity,
including “structural and functional characterization, nonclinical
evaluation, human PK and PD data, clinical immunogenicity data,
and clinical safety and effectiveness data.”?> FDA will allow the
sponsors to skip repeating studies that are not necessary to address
residual uncertainty, therefore speeding up the application process
and saving costs for the sponsors.

By definition under the PPAC Act, a biosimilar is “a biologic product
that is highly similar to a reference biologic product notwithstanding
minor differences in clinically inactive components, and it has no
clinically meaningful differences from the corresponding reference
product in terms of the safety, purity, and potency.”? It is clear that
minor differences are allowed in clinically inactive components.
Currently, biologic products are process-dependent. Different
manufacturing processes can possibly change a protein product in
four ways: (1) protein sequence; (2) protein composition by different
enzymatic glycosylations or phosphorylations; (3) higher order
structure; (4) impurities, formulation reagents, excipients, etc. Any
subtle changes may alter the efficacy and the safety profiles of the
product. Immunogenicity is also a critical issue; even small amount of
impurities may stimulate immune responses. Unfortunately, current
analytical and functional assays cannot detect subtle protein
structural changes and impurities. Based on these facts, the guidance
suggests that the sponsors at least run one human clinical studies,
either immunogenicity or PK/PD if applicable. If residual uncertainty
exists, comparative safety and effectiveness may be needed for the
determination of biosimilarity.

It is apparent that many suggestions in this draft guidance document

are designed to address the issues raised from European
experiences.

Draft Guidance on Quality Considerations of Biosimilars

The draft guidance document titled “Quality Considerations in
Demonstrating Biosimilarity to a Reference Protein Product”? has
some overlap with the scientific considerations draft guideline, and it
focuses on analytical studies necessary to assess biosimilarity. The
discussion on the importance of extensive analytical, physiochemical
and biological characterization is repeated in this guidance.



Draft Guidance on Interchangeability and Exclusivity

The third draft guidance, “Biosimilars: Questions and Answers
Regarding Implementation of the Biologics Price Competition and
Innovation Act of 2009”,% answers some important questions about
certain statutory terms and requirements.

Interchangeability between biosimilar and its branded reference is a
key issue for payers and providers to request a switch. Without
proving it, stakeholders cannot lower health care spending by
substituting a pricier brand name product with a new biosimilar. The
draft guidance discusses several approaches to evaluate
interchangeability. Unfortunately, FDA does not support that the
available state-of-the-art technology is sufficient for establishing such
claim. This will unavoidably discourage the investment on biosimilars.

BPCI Act of 2009 clarifies the exclusivity calculus: a 351(k) application
may not be submitted until 4 years after the date of the first licensure
of the reference product; it may not be approved until 12 years after
licensing the originator biologic. In order to encourage the potential
biosimilar manufacturers to develop cheaper version of the biological
products, the US government tried to shorten the data exclusivity of
the originator biologics from 12 to 7 years in the president’s budget
proposals for fiscal 2012% and 2013% repeatedly. The new draft
guidance has not settled terms for establishing the exclusivity period.

Investment Considerations of Biosimilars

According to a study? sponsored by the industry, the average R & D
cost of producing an originator biologic is $1.2 billion. It is slightly
lower than the average $1.318 billion cost of launching a brand name
small molecule drug. The study is widely criticized for its calculation
of the costs. However, the idea of similar costs for both forms of
drugs is very acceptable.

Originator biologics and biosimilars are created from living
organisms. They are complex molecules which are difficult to be
characterized by physiochemical methods. As we discussed in the
section of the Draft Guidance on Scientific Considerations of
Biosimilars, minor changes in manufacturing processes may alter
protein high order structure and influence protein modifications,
further change safety, immunogenicity and biological profile of the
biologics. Therefore, purity and quality of the products need to be
monitored closely, and expensive comparative clinical trials are often
unavoidable. Additionally, the lack of conclusive analytical
technologies makes biologics process-dependent. All these factors
raise the bar for investors to enter the biosimilar business. As
estimated by Andrew Pasternak of Bain & Company,? it could cost
100 to 150 million dollars to develop a biosimilar, whereas to copy a
small molecule drug may only need 2 to 3 million dollars. It is
common that companies establish partnership, mostly between
generic ones and big pharma, to manage the risk and share the
complementary expertise that is needed for biosimilar development.

Difficulty in providing interchangeability of a biosimilar and its
originator biologic is another factor for investors to consider. Since
biosimilars are not the same as the originator biologics, many
countries do not allow doctors or medical system to use them to
substitute their reference products. Additionally, doctors are usually
reluctant to choose the unfamiliar new substitutes even when
biosimilars are allowed for treating new patients. Furthermore, many

approved biosimilars are only 10% cheaper than their brand-name
competitors in Europe, far from the expected 30 to 40% savings of
the originator biologics. According to an Xcenda research, payers
need to see 40% or more in cost savings for an existing patient to
require a switch.®

Reducing the market exclusivity for originator biologics from 12 years
to 7 years in the US was repeatedly proposed in the president’s
budget proposals. If the proposal is approved, it will help attract
more investment on biosimilar development and submission in the
US, the potentially largest biosimilar market. However, with the
increasingly stringent regulatory environment in recent years, cutting
exclusivity to 7 years will discourage the investment on the R & D of
originator biologics and other innovations. Brand name companies
will have to pursue more aggressive commercial strategies to protect
their precious franchise from competition. They may even turn to
trade secret to guard their complicated manufacturing process from
copycats, which would make the already very difficult follow-on
process even more unobtainable.’'

Patent litigation procedures for biosimilars are complex when a
company chooses the biosimilar route for approval under the PPAC
Act. The biosimilar applicant and the brand name company must
exchange statements and patent lists, follow detailed negotiation
procedures. Investors need to take into consideration the lengthy
legal process and potential high cost of litigation.

Despite various investment concerns on biosimilars, the US market
presents great opportunity for both originator biologic and biosimilar
manufacturers in the long run. The setup of the US health care
system and the complicated stakeholder relationship make it easier
to accomplish higher pricing and larger profit margins for these
companies and their investors.

Conclusions

Introducing biosimilars provides us a possibility of saving medical
spending on biologics. Some investors and manufacturers are
eagerly pursuing these highly profitable products. A market study in
2009*? forecasted that the global biosimilar market would worth
$19.4 billion by 2014, increasing at a compound annual growth rate
of 89.1% from 2009 to 2014. In reality, their sales just reached $ 1
billion in 2012. The over-optimistic estimate reveals the industry’s
anxiety in recent years. We need many quality shows to fill the prime
time slots vacated by the innovative products and blockbuster drugs.
Some people consider biosimilar as one of the candidates. Does it
really deserve such recognition? We are certain that we can answer
the question meaningfully in the near future since a clear US pathway
for biosimilar approval is available.

With the advances in analytical technology and biological sciences,
increasing experience of proving biosimilarity and clearer regulatory
requirements, more biosimilars will be accessible to patients. In the
period of 14 months after the release of the three biosimilar
guidance documents, FDA has received 16 new meeting requests
and 6 INDs.*



*Jianfeng is a regulatory scientist. He can be reached at
regulatoryscientist@gmail.com. Drs. Li Xing and Qinglin Che are
acknowledged for their kind help during the manuscript preparation.
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President (2013-2014)

Xiang Yang Yu, Ph.D.
Principal Investigator, Ironwood
Pharmaceuticals, Inc.

Immediate Past President (2012-
2013)

Philip Zhang, Ph.D,, ].D.

Co-Managing Principal, Milstein Zhang &
Wu LLC

Vice Presidents
Zhiyong Yang, Ph.D.
Sr. Principal Scientist, Pfizer

BioTherapeutics Research

Qinglin Che, Ph.D.
Sr. Scientist, Synta Pharmaceuticals

Sue Ma, M.D.

Scientist 11, Novartis Institute of
BioMedical Research

General Manager of Public Relations
Qingging Cao, PhD

Senior Engineer, Becton Dickinson (BD)-
Bioscience

General Manager of Operations

Ellen Fan
Sr. Scientist, Arsenal Medical

CABA Legal Counsel

Fred Gilman, ].D.
Attorney, Lynch, DeSimone & Nylen, LLP

Board of Directors

Shiwen Lin, Ph.D.,

Chairman of the Board

Associate Director, Process & Analytical
Technologies, Agenus, Inc.

Chaoyang Dai, Ph.D,;
CABA President (2010-2011)
VP of Operations, Acebright, Inc.

Jun Han, Ph.D.;
CABA Founding President
CEO, SOTA International LLC

Lixin Shen, Ph.D.
President and CEO, Wuxi Howfond
Biopharma Co., Ltd. (China)

Zhao-Kui Wan, Ph.D,;

CABA President (2009-2010)

Head of Medicinal Chemistry, Janssen
Pharmaceutical Companies of Johnson
& Johnson (China)

Yihan Wang, Ph.D.; Past Board Chair
President, Boston iBio, Inc

Erxi Wu, Ph.D.
Assistant Prof., North Dakota State
University

Junjun Wu, Ph.D,;

CABA President (2007-2009)
CEO, WuXi AllNature Biotech LLC
(China)

Zhihong Chen, Ph.D.;

CABA President (2011-2012)
Principal Research Investigator, Eisai
Research Institute

CABA Advisors

Youssef Bennani, Ph. D.
Vice President/Discovery Chemistry,
Vertex Pharmaceuticals Inc.

Tim Clackson, Ph. D.

President of Research and Development
and Chief Scientific Officer, Ariad
Pharmaceuticals Inc.

Yuan-Hua Ding, Ph.D.
Senior Director & Head of External R&D
Innovation - Asia, Pfizer

Pierre Dodion, M. D., MBA
Sr. VP, Corporate Development, Ariad
Pharmaceuticals Inc.

Chen Li, Ph. D.
CEO, Hua Medicine (China)

Luke Li, Ph.D.

Exec Director, Head of Global
Biotherapeutic Technologies, Bio-
Innovation, Pfizer

Yuanli Liu, Ph. D.
Director of China Initiative, Harvard
School of Public Health

Dawei Ma, Ph. D.
Professor, Shanghai Institute of Organic
Chemistry (China)

Tarek Mansour, Ph. D.
EVP of Research & Development, Xenon
Pharmaceuticals (Canada)

Shi Li, Ph. D.
CEQ, Zerun Biotechnology (China)

Tse Ping
Chairman, Sino Biopharmaceutical Ltd.
(China)

John Piwinski, Ph. D.
Principal, JJPiwinski Pharma Consulting
LLC

Steve Projan, Ph. D.

Sr. V.P. R&D, Innovative Medicines Head
of Infectious Diseases & Vaccines,
MedImmune

Executive Committee Members

Lan Cao, Ph.D.
Fellow, Advanced Therapy, Process
Development, Novartis

Steven Du, MD, PhD, MBA
President & CEO, Long
Pharmaceuticals

Kevin Fang, Ph. D.
Sr. Director of Medicinal Chemistry,
Sunovion Pharmaceuticals

Henry Gu, J.D.
Director, IP Counsel at Cubist
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Fred Hu, Ph.D.
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Chemistry Services, ChemPartner

Shengfang Jin, Ph.D.
Sr. Director/Biology, Agios
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Jinbo Lee, Ph.D.
Cofounder & CSO, Scilligence Corp.

Fushuang Liu
EVP, Wuxi Howfond Biopharma, Co.
Ltd. (China)

Hao (Howard) Li, Ph.D., MBA
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Knowledge Center, Novartis

Susan Qu, Ph.D. MBA
Principal Project Manager, Genzyme
Corporation, a division of Sanofi

Ji Shi
Associate Analyst, Cowen and
Company

Wendy Wang, MBA
Sr. Project Manager, Genzyme
Corporation, a division of Sanofi

Yikai Wang, Ph.D.
Research Fellow, The Broad
Institute

Yongzhong Wang, Ph. D.
Deputy General Manager,
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Ltd,(China)

Yueming Wang, MBA
Deputy General Manager, Tide
Pharmaceutical Co. Ltd. (China)

Zhigang Wang, Ph. D.
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Shallwei Sun
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Biomedical

Ze Tian, Ph.D.
Instructor, Dana Farber Cancer
Institute/Harvard Medical School

Li Xing, Ph.D.
Senior principal scientist, Pfizer

Wei Zhang, Ph.D.
Staff Scientist, Siemens Healthcare
Diagnostics

Weiyi (Wendy) Zhang, Ph.D.
President, Boston Lincoln
International

Youxin Zhang, Ph.D.
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Consulting

Liping Zhou, Ph.D.
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Zhendong Zhu, Ph.D.
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Avilomics Research

Tomi Sawyer, Ph. D.
Chief Scientific Officer and Senior
Vice-President, Aileron Therapeutics

Liming Shao, Ph. D.
Professor, Fudan University (China)

Suvit Thaisrivongs, Ph. D.
Vice President, Pfizer, Inc.

Roger Tung, Ph. D.
CEO, Concert Pharmaceuticals

Yibin Xiang, Ph. D.
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Genzyme

Gangfeng Xu, Ph. D.

Divisional Vice President,
Corporate Licensing & Acquisitions
at Abbott Laboratories

Steve Yang, Ph. D.
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Markets, AstraZeneca

Howard Yuwen, Ph. D.
Executive Director, Regulatory
North America, Alexicon
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Chinese-American BioMedical Association (CABA)
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About CABA

CABA is a 501(C)(3) not-for-profit professional organization registered
in Massachusetts since May 2007. CABA is committed to promote
public awareness of advancement in the pharmaceutical and
biomedical industry, professional interactions in the fields of life
sciences, global biomedical innovations and business development. As
the majority of its members are scientists with Chinese heritage, CABA
will operate in two important areas. One is to serve as a platform for its
members to develop and advance their careers in the US
pharmaceutical and biomedical industry, the other is to serve as a
bridge to connect members including corporate members with the
scientific and business resources in China thus facilitating collaboration
between the pharmaceutical and biomedical industries across
continents. To fulfill these goals, we will organize scientific and business
symposia, conferences, workshops, in US and China, as well as social
events to promote networking and communication among members.
We will bring together members, scientists, professionals, government
officials and business leaders across the continents under a
collaborative environment and achieve their best potentials.

CABA is a volunteer-based society. We rely on members to contribute
their time and efforts to build the organization. We rely on corporate
members and sponsors to raise fund to support the above activities.
We value integrity, honesty, professionalism, community service,
scientific excellence, responsibility and accountability. We invite you to
explore our organization, and we are confident you will share our
values and are interested in becoming a member, devoting your time or
efforts, or sponsoring CABA activities. In summary, CABA is built by its
members and serves for its members.

CABA Mission

e To promote science, technology, and business collaboration in
biotech/pharmaceutical industry;

e To build and maintain a platform through cohesive scientific,
professional, and cultural connection that provides high quality services;

e To facilitate networking among scientists, professionals, and
entrepreneurs in academia, biotech/pharmaceutical industry and
regulatory agencies;

e To embrace advancement of science and commercialization of
innovation that will benefit human health;

e To foster collaborations between the United States and China for the
development of better biotech/pharmaceutical therapeutics.

Contact Us

If you have any comments, suggestions or feedback to our organization

and our events, please feel free to contact us at
cabaconnect@gmail.com. Your comments are important for us to

improve in the future. Thank you very much!

Website: www.cabaweb.org
Email: cabaconnect@gmail.com
Address: P. O. Box 600241, Newtonville, MA 02460
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