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* Basic concept




Biologic
What is a biological product?

Biologics are a class of drugs
that are produced using a
living system, such as a
microorganism, plant cell, or
animal cell.

Typical Monoclonal
Antibody (Biologic)
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Typical Monoclonal
Antibody (Biologic)
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What is a biological product?

Aspirin Typical Monoclonal
Molecule Antibody (Biologic)




Biologic

What is a biological product?

Aspirin
Molecule

Biologics are different from “small
molecule” drugs in that they are
generally larger, more complex
molecules, and often more
difficult to characterize than small
molecule drugs.
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Aspirin Insulin

GCSF: Granulocyte Colony-Stimulating Factor; HGH: Human Growth Hormone
EPO: Erythropoiesis-stimulating agent; mAbs: monoclonal Antibodies




Biologic
What is a biological product?

» There are many types of biological products
approved for use, including

- monoclonal antibodies (such as bevacizumab)
- therapeutic proteins (such as filgrastim)

. vaccines (such as those for influenza and
tetanus).

» Biologics are usually administered via
injection or infusion.




Biologic: Approval

» A branded biologic is approved in
a “standalone” application that
must contain all data and
information necessary to
demonstrate its safety and
effectiveness.




Biologic: Approval

» A branded biologic is approved in
a “standalone” application that
must contain all data and
information necessary to
demonstrate its safety and
effectiveness.

» Generally, the data and
information necessary to
demonstrate the safety and
effectiveness of a branded
biologic will include clinical trials
for the disease indications being
sought by the manufacturer.




Biologic: Approval

» A branded biologic is approved in
a “standalone” application that
I must contain all data and
55?5 ?E&;ﬁ?gj@y information necessary to
(Phases 1,2,3) demonstrate its safety and
effectiveness.

Clinical Pharmacology,

» Generally, the data and
information necessary to
demonstrate the safety and
effectiveness of a branded
biologic will include clinical trials
for the disease indications being
sought by the manufacturer.
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Biosimilar

Official Definitions of Biosimilars

The European Medicine Agency - A biosimilar is a biological medicine that is developed to be
similar to an existing biological medicine (the ‘reference medicine’). When approved, a

biosimilar’s variability and any differences

between it and its reference medicine will have FUROPEAN MEDICINES AGENCY

been shown not to affect safety or effectiveness. SCIENCE MEDICINES HEALTH

The Umted States Food and Drug Administration - A biosimilar is a biological product that is

highly similar to a US licensed reference biological product notwithstanding minor differences

in clinically inactive components, and for which there are no clinically meaningful differences

N between the biological product and the

lﬁ) A e iabtah Sttt reference product in terms of safety, purity and
S potency of the product.

Protecting and Promoting Your Health

The World Health Organlzatlon A biosimilar is a Y/ ~ XN
biotherapeutic product which is similar in terms of quality, {4 |: V. WOrId Health
safety and efficacy to an already licensed reference LN, AL’ Orga nization

biotheraieutic iroduct. -
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» A biosimilar is a biological product that is highly
similar to and has no clinically meaningful differences
from an existing FDA-approved biologic.

The United States Food and Drug Administration - A biosimilar is a biological product that is
highly similar to a US licensed reference biological product notwithstanding minor differences
in clinically inactive components, and for which there are no clinically meaningful differences

between the biological product and the
I'_I.> rabiat L LR LI C LU roference product in terms of safe urity and
r A_ Protecting and Promoting Your Health P ty, P ty
potency of the product.




Biosimilar

» A biosimilar is a biological product that is
to and has no clinically meaningful differences
from an existing FDA-approved biologic.

» A biosimilar is as safe, pure, and potent as the
reference product for the indications. There will be no
clinically meaningful difference between an original
biologic product and a biosimilar.




Biosimilar

» A biosimilar is a biological product that is
to and has no clinically meaningful differences
from an existing FDA-approved biologic.

» A biosimilar is as safe, pure, and potent as the
reference product for the indications. There will be
between an original
biologic product and a biosimilar.

*» In order to be deemed a biosimilar, the product will
have the same mechanism ofaction (how it works in
the body), route of administration (e.g., injection or
infusion), dosage form, and strength as its reference
product.




Biosimilar: History

* 2006: recombinant human growth factor
(Omnitrope) as the 1st biosimilar to receive
EMA approval

» 2007: epoetin alfa approved by EMA

* 2009: recombinant human granulocyte colony-
stimulating factor approved by EMA




Biosimilar: History

* 2006: recombinant human growth factor
(Omnitrope) as the 1st biosimilar to receive
EMA approval

* 2007: epoetin alfa approved by EMA

* 2009: recombinant human granulocyte colony-
stimulating factor approved by EMA

* 2015: recombinant human granulocyte colony-
stimulating factor as the 1st biosimilar
approved by FDA




Unlike traditional
drugs made from
chemicals, biologics
are made from
living organisms,
engineered by
scientists.

$§s

Biologics can cost
up to $100,000
annually.

Biosimilars are drugs
that have proven to
be as safe and
effectiveas

" originator biologic

drugs, but at lower
cost.

Biosimilars are
estimated to cost
20-30% less than
the originator
biologic.




Potential problems

Manufacture of biological product
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Our Company What We Do For Investors Responsibliity Incyte News Join Our Team Incyte Involved Contact Us

Incyte Announces Global License Agreement with Jiangsu Hengrui Medicine for SHR-
1210, an Investigational Anti-PD-1 Monoclonal Antibody

02 September, 2015

Incyte to pay Hengrui $25 million upfront plus the potential for milestone and royalty payments S Al
/.

WILMINGTON, Del.—(BUSINESS WIRE)--Sep. 2, 2015— Incyte Corporation (Nasdag: INCY) today announced a global

license and collaboration agreement with Jiangsu Hengrui Medicine Co,, Ltd. for the development and JiangSU HengrUi MediCine CO,Ltd
commercialization of SHR-1210, an investigational anti-PD-1 monoclonal antibody. Under the agreement, Incyte

will have the exclusive development and commercialization rights to SHR-1210 worldwide, with the exception of Mainland China, Hong Kong,

Macau, and Taiwan. SHR-1210 is expected to enter proof-of-concept studies for the treatment of patients with advanced solid tumors in the

coming months

“The addition of this anti-PD-1 candidate to our early stage portfolio reinforces our commitment to cancer patients and further diversifies our
clinical development programs,” stated Hervé Hoppenot, President and Chief Executive Officer of Incyte. “We continue to make excellent progress
in the multiple clinical trials underway across our existing portfolio, including our strategic collaborations.”

Piaoyang Sun, Chairman of the Board of Hengrui, added, “Both Incyte and Hengrui are dedicated to cancer immunotherapy and are investigating
several relevant biological targets in the area. The addition of SHR-1210 is an excellent fit to Incyte’s oncology portfolio, and we are pleased to see
Incyte’s commitment to this PD-1 program. Combining the expertise and resources of both companies can accelerate the development of SHR-
1210

Terms of the Agreement

Under the terms of the agreement, Incyte will acquire development and commmercialization rights to SHR-1210 worldwide, with the exception of
Mainland China, Hong Kong, Macau, and Taiwan, in exchange for an upfront payment of $25 million. The terms also include potential milestone
payments of up to $770 million to Hengrui, consisting of $30 million for regulatory approval milestones, $530 million for commercial performance
milestones, and $150 million based on clinical superiority. The terms also include tiered royalties to Hengrui on net sales of SHR-1210 in Incyte
territories. Under the Agreement, Incyte and Hengrui will assume all financial obligations associated with the development and commercialization

of SHR-1210 in their respective territories
About Anti-PD-1 Monoclonal Antibodies

Monoclonal antibodies targeting PD-1 enhance anti-tumoral immunity and are being developed for the treatment of cancer. Many tumor cells
express PD-L1, an immunosuppressive PD-1ligand. Inhibition of the interaction between PD-1and PD-L1, known as immune checkpoint blockade,
can enhance T-cell responses and mediate preclinical antitumor activity.'

For this transaction, Incyte was advised by Morgan Lewis, and Hengrui was advised by Wilson Sonsini Goodrich & Rosati
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WILMINGTON, Del.—(BUSINESS WIRE)--Sep. 2, 2015~ Incyte Corporation (Nasdaq: INCY) today announced a global

license and collaboration agreement with Jiangsu Hengrui Medicine Co,, Ltd. for the development and JiangSU HengrUi MediCine CO,Ltd
commercialization of SHR-1210, an investigational anti-PD-1 monoclonal antibody. Under the agreement, Incyte

will have the exclusive development and commercialization rights to SHR-1210 worldwide, with the exception of Mainland China, Hong Kong,

Macau, and Taiwan. SHR-1210 is expected to enter proof-of-concept studies for the treatment of patients with advanced solid tumors in the

coming months

“The addition of this anti-PD-1 candidate to our early stage portfolio reinforces our commitment to cancer patients and further diversifies our
clinical development programs,” stated Hervé Hoppenot, President and Chief Executive Officer of Incyte. “We continue to make excellent progress
in the multiple clinical trials underway across our existing portfolio, including our strategic collaborations.”
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What is the likely rate of biosimilar
use in routine clinical practice ?

Nearly half of prescribers (49.0%) use
biosimilars in their clinical oncology practice.
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biosimilars in their clinical oncology practice.

» Asia-Pacific prescribers: ? %

» European prescribers: ? %

» UK prescribers: ? %




What is the likely rate of biosimilar
use in routine clinical practice ?

Nearly half of prescribers (49.0%) use
biosimilars in their clinical oncology practice.

» Asia-Pacific prescribers: 56.3%

» European prescribers: 46.5%

» UK prescribers: 31.3%
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Biosimilar product is compared to and
(1) evaluated against an approved biological
medicine, which is also known as ...

(D Brand-name biologic
@ Branded biologic

@ Innovator biologic
@ Originator

® Reference product

® Allofabove

(@D None of above
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Minor differences between the
reference and biosimilar products

Minor differences between
the reference product and
the proposed biosimilar
product in clinically
inactive components are
acceptable.

Reference Biosimilar

For example, these could et s
include minor differences
in the stabilizer or buffer
compared to what is used
in the reference product.




No clinical differences between the
reference and biosimilar products

- A patient using a biosimilar can expect the
same physical responses to the biosimilar as

they would to the reference product....

- when these products are used as intended.




Biosimilar: Approval

PHASE 1 PHASE 3

The biosimilar pathway depends on a head-to-head comparison
of the proposed biosimilar to a reference product.




Biosimilar: Approval

Not to independently establish the
safety and effectiveness of the
proposed product. To demonstrate
no clinically meaningful differences
based on the ‘totality of evidence’
approach, that is,a comprehensive
comparison of the proposed
biosimilar and the reference
medicine with respect to structure,
function, pharmacokinetics,
pharmacodynamics, clinical
immunogenicity, safety and
efficacy.
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Biosimilar: Approval o

The comparative data are
generated and evaluated in
a stepwise fashion that
begins with a foundation of
detailed analytical
(structural and functional)

Non-clinical

characterization and :

. Analytical
comparison of the
products, moving on to
animal studies if necessary

and then to comparative
clinical studies




Biosimilar: Approval

The comparative data are
generated and evaluated in
a stepwise fashion that
begins with a foundation of
detailed analytical arme
(structural and functional) £ Non:clinical
characterization and
comparison of the
products, movingon to
animal studies ifnecessary Clinical development is abbreviated and in
and then to comparative  general consists of:

clinical Studies » 1 Phase | PK/PD study (N~100)

» 1 Phase 11l (N~600 for oncology, ~400 for RA)

Analytical




Biosimilar: Approval

1. Analytical data showing
high similarity

2. Animal studies, including
an assessment of toxicity

Non-clinical

3. Clinical data sufficient to ’ _
demonstrate safety, plavie
purity, and potency of

the proposed biosimilar
product in one or more
of the indications.




Biosimilar: Approval

» A manufacturer of proposed biosimilar
product may rely in part on FDA’s previous
determination of safety and effectiveness for
the reference product for approval.

ESE RRSR S W;ﬁ'ﬁ

MBEE  —ARIASASHS - ADCCIEM | FFEEE
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DFE ~ AR Rk
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ADCC: Antibody-Dependent Cell-Mediated
Cytotoxicity; FcRn: neonatal Fc receptor
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Post-Translational Modifications

» Cleavage
» Glycosylation (present on 240% of approved biologics)

» Methylation o Chemical modifications
Sialylation P s
» Methionine oxidation
Deamidation

*

*

Biosynthetic or enzymatic modifications
Bey Higl

® C-t
Chains

B Light



Post-Translational Modifications

» Cleavage
» Glycosylation (present on 240% of approved biologics)

» Methylation o Chemical modifications
Sialylation P s
» Methionine oxidation
Deamidation

*

*

Biosynthetic or enzymatic modifications

Hey gl
® C-t
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B Light

e.g. Higher glycan occupancy in ABP-215 compared to Avastin
— may result in higher clearance




Which one of the following s the '
(2) purpose of clinical data required for
approval of a biosimilar product?

(D To show the benefit of the biosimilar
product

@ Toshow that it is any better than the
reference product

@ To ensure that any differences have no
impact on its quality and safety

A survey by the European Society for Medical Oncology




Which one of the following is the i
(2) purpose of clinical data required for
approval of a biosimilar product?

(D To show the benefit of the biosimilar
product

@ To show thatitis any better than the
reference product

@ To ensure that any differences have no
impact on its quality and safety

A survey by the European Society for Medical Oncology




Clinical data required for
approval of a biosimilar product

» The goals of a biosimilar development program are
different from those of areference product
development program.

» This typically includes assessing

immunogenicity:

if it is known that patients have the potential to develop immune
responses with adverse outcomes to the reference product, FDA
will likely require a more rigorous evaluation ofimmune responses
with the biosimilar.

pharmacokinetics (exposure)
pharmacodynamics (response) in some cases

- acomparative clinical study may also be included




Clinical data required for
approval of a biosimilar product

» Generally, biosimilar manufacturers do not
need to conduct as many expensive and lengthy
clinical trials, potentially leading to faster
access to these products, additional
therapeutic options, and reduced costs for

patients.




Clinical data required for
approval of a biosimilar product

» Generally, biosimilar manufacturers
to conduct as many expensive and lengthy
clinical trials, potentially leading to faster
access to these products, additional
therapeutic options, and reduced costs for
patients.

» By focusing on a comparative analysis,
biosimilars can be approved without the need
to complete the same number of costly clinical
trials as the reference product.




OB
What does the phrase ‘sensitive l.i

indication’ mean in terms of biosimilar
development?

Less than half (45.2%) of prescribers were able
to identify the most appropriate definition of
‘sensitive indication’.

Correctly answered by
* 60.0% of Asia-Pacific prescribers

* 42.1% of European prescribers

A survey by the European Society for Medical Oncology
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Trial







5) Is 1t OK?




5 Which one of the following statement ‘
(5) regarding indication is incorrect?

(D Biosimilar products may be approved for all
or asubset of the same indications as the
reference product.

@ Biosimilars may have fewer indications than
the reference product.

@ Biosimilar products only have the indication
that is proved by its own clinical trials.

A survey by the European Society for Medical Oncology




A biosimilar can be approved for an
Indication that is approved for the
reference product even if the biosimilar
Is not directly studied in that indication.

» If the total evidence in the biosimilar application supports a
demonstration of biosimilarity for at least one of the
reference product’s indications, then it is possible for the
biosimilar manufacturer to use data and information to
scientifically justify approval for other indications that were
not directly studied by the biosimilar manufacturer.

» This conceptis called “extrapolation” and is critical to the
goals ofan abbreviated pathway-improving access and
options at a potentially lower cost.




A biosimilar can be approved for an
Indication that is approved for the
reference product even if the biosimilar
Is not directly studied in that indication.

» If the total evidence in the biosimilar application supports a
demonstration of biosimilarity for at least one of the
reference product’s indications, then it is possible for the
biosimilar manufacturer to use data and information to
scientifically justify approval for other indications that were
not directly studied by the biosimilar manufacturer.

* It is generally unnecessary from a scientific perspective
to require a biosimilar manufacturer to conduct clinical
trials in all the same disease indications for which the
reference product was studied and approved.




Indications of biosimilars

» Biosimilar products may be approved for all
or a subset of the same indications as the
reference product.

» Biosimilars may have fewer indications than
the reference product if, for example, a
reference product has unexpired exclusivity
for an indication that prevents other
manufacturers from obtaining approval for
that particular indication.




ol
The scientific justification factors for '*."

extrapolation

» The scientific justification factors include knowledge
of the mechanism(s) of action, PK, PD, efficacy,
safety, and immunogenicity of the reference product
in each of its approved indications.




ol
The scientific justification factors for '.q
extrapolation

» FDA evaluates all of the biosimilar product data to
assess whether there are differences between the
biosimilar and the reference product that may affect
these scientific factors in any of the indications or

populations not directly studied by the biosimilar
manufacturer.

» If no such differences are identified, approval of the
biosimilar for other non-studied indications or
populations is generally supported.




The basis of extrapolation

Extrapolation is not an assumption that the data from
one directly studied indication or population alone is
sufficient to support approval in a different non-studied
indication or population.




The basis of extrapolation

Extrapolation is based on
1. all available data and information in the biosimilar
application,

2. FDA’s previous finding of safety and efficacy for
other approved indications for the reference
product, and

3. knowledge and consideration of various scientific
factors for each indication.

FDA works with biosimilar manufacturers during
product development to determine what data are
needed to support extrapolation.
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Can a biosimilar product be used In i
(7) patients who have previously been
treated with the reference product?

dDYes




Can a biosimilar product be usedin "
(7) patients who have previously been
treated with the reference product?

dDYes




Can a biosimilar product be used In
(7) patients who have previously been
treated with the reference product?

* Yes, biosimilars can be used in treatment-

experienced as well as in treatment-naive
patients.




“m
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Can a biosimilar product be used in ©
patients who have previously been

treated with the reference product?

» Before approval of the biosimilar product,
FDA may request additional safety
information for treatment-experienced
patients who undergo a single transition
(single switch) from areference productto a
biosimilar product




Interchangeable product

» Interchangeable products are biosimilars that
have met additional requirements.

» These requirements include not only showing
that the product is expected to produce the
same clinical result as the reference productin
any given patient, but also that switching back
and forth between the reference product and
the biosimilar causes the patient no additional
risks in terms of safety or effectiveness as
using only the reference product.




Interchangeable product: Approval

1. To meet criteria for biosimilar product

2. To produce the same clinical result as the
reference productin any given patient

3. Foraproductadministered more than once to an
individual, switching between the proposed
interchangeable product and the reference
product does not increase safety risks or decrease
effectiveness compared to using the reference
product without such switching between products.




Interchangeable product: Approval

1. To meet criteria for biosimilar product

2. To produce the same clinical result as the
reference product in any given patient

3. Foraproductadministered more than once to an
individual, switching between the proposed
mterchangeable product and the reference
product does 5 OF ¢
effecti compared to usmg the reference
product W|thout such switching between products.

» Currently there are no interchangeable biosimilars
available in the U.S.




Interchangeable product: Substitution

» An interchangeable product may be
substituted for the reference product
without the involvement of the prescriber,
meaning interchangeable biologic can be

substituted for the reference product by a
pharmacist.
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Pharmacovigilance & Naming

- Rare and/or unexpected safety issues often
become apparent only after a medicinal
product has been on the market

« Using the unique brand name (or INN with
unique identifier) for prescriptions and
reporting of adverse event ensures
transparency and traceability in the post-
marketing setting




.

Pharmacovigilance & Naming

Proprietary

names Acetaminophen
. Tylenol (J&J)

.- Panadol (GSK) International Nonproprietary Name

- Panodil (INN) EEESFIES: WHOLSEERM
- Panamax BESEERIMNRE
. Perdolan . paracetamol (en)

. Calpol . paracetamolum (la)

. Doliprane - paracétamol (fr)

paracetamol (es)

napaueramMoJi (ru)
Jgeliawlyla (ar)

. Tachipirina
. Ben-u-ron
. Pamol

. Gelocatil « XN BRI (zh)




e

Pharmacovigilance & Naming

ADR caused
by “epoetin”

Which one?

Identical names make traceability and product-
specific pharmacovigilance impossible.




Pharmacovigilance & Naming

AE reporter

AE reporter

Prescription
by brand

Pharmacist dispenses
per physician-stated
brand or contacts
physician to agree on

change

Prescription
by INN
Pharmacist dispenses an
available or least

expensive biological with
same INN

In the event the patient
experiences an AE, the
reporter may not
have immediate
access to the precise
brand dispensed to
the patient

In the event the
patient experiences
an AE, the reporter
knows exactly which
brand the patient was
dispensed

|
Be
¥

Prescribers must be able to track accurately
which particular biologic was given to a patient
to allow for adequate pharmacovigilance




Regulatory guidance on biosimilar:
Naming and AE reporting

v~ Biosimilars are given the same INN as the
reference product but recommends
additional use of trade name to distinguish
biotherapeutic products

v~ Brand name and batch number 1s required
for reporting of suspected adverse
reactions

v« INNs of biologics are given an identifier
(four-letter suffix) unique to each product
FDA « Requires adequate monitoring process to
differentiate AEs 1in the marketplace — but
1S not specified
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v~ INNs of biologics are given an identifier
(four-letter suffix) unique to each product
FDA « Requires adequate monitoring process to
differentiate AEs 1in the marketplace — but
1S not specified




Proprietary Name | Product (Proper) Name
Humira Adalimumab
Cyltezo Adalimumab-adbm

Amjevita Adalimumab-atto
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v~ INNs of biologics are given an identifier
(four-letter suffix) unique to each product
FDA « Requires adequate monitoring process to
differentiate AEs 1in the marketplace — but
1S not specified




Proprietary Name | Product (Proper) Name
Humira Adalimumab
Cyltezo Adalimumab-adbm

Amjevita Adalimumab-atto
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Proprietary Name

Product (Proper) Name

Humira

Adalimumab

Cyltezo

Adalimumab-adbm

Amjevita

Adalimumab-atto

HIGHLIGHTS OF PRESCRIBING INFORMATION

These highlights do not include all the information needed to use

AMJEVITA™ safely and effectively. See full prescribing
information for AMJEVITA.

AMJEVITA (adalimumab-atto) injection for subcutaneous use.
Initial U.S. Approval: 2016

AMGEVITA® Solution for Injection (adalimumab)

mRERRRAE

& F % 001098 3%

4~ adalimumab ¥ 4+ /A& &0 FA L3455
My B 6h{E A

A% AMGEVITA & HUMIRA® 89 & i it 8 2 -




Proprietary Name | Product (Proper) Name =
Herceptin trastuzumab
Trazimera trastuzumab-qyyp
Ogivri trastuzumab-dkst
Kanjinti trastuzumab-anns

HIGHLIGHTS OF PRESCRIBING INFORMATION
These highlights do not include all the information needed to use

OGIVRI safely and effectively. See full prescribing information for
OGIVRL

OGIVRI (trastuzumab-dkst) for injection, for intravenous use
Initial U.S. Approval: 2017

OGIVRI (trastuzumab-dkst) is biosimilar* to HERCEPTIN
(trastuzumab).

Ogivri® 150 mg
440 mg

X & Ogivri & Hercepfin B9EMMERIERS -
BE . LIRLE - WEIRERMSE

VY|

Trastuzumab TAERBEXRFEFRERRBERERZORE (BEFRRHARMDED
BRI REZOZH T 5 R<UVEF>EE) - 122 trastuzumab H#H 27 anthracycline
{ERMZEZNRE RELEDSHFAZNBRERRRERESRS -

L Ogivri ARAT RIGH EH AR BT EEOZME - EABRL O EINAEMER
ENHRT ERWENARMNBBEFLL Ogivri Z/AM - HEBUILERBAEAE
ERFLE Ogivri ZiA% -
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Summary: Clinical consideration
of biologic and biosimilar products




Summary: Clinical consideration
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Allows for the approval of a biosimilar for
an indication in which it has not been
clinically evaluated but for which the
originator product is approved

Extrapolation

Naming and
\ labelling



Summary: Clinical consideration
of biologic and biosimilar products

Extrapolation

The medical practice of changing
one medicine for another that is
expected to achieve the same
clinical effect in a given clinical
setting and in any patient, on the
initiative or with the agreement of the
prescriber

Naming and
\ labelling
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Extrapolation

Distinct naming
recommended for all
biologicals

Copy of the reference
product label with appropriate
product-specific information

~ Naming and
| labelling



Biosimilar is biosimilar
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