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biosimilar ~ approach.  ...Whether  the
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certain biological medicinal product depends

on the state of the art of analytical methods,

the manufacturing processes employed, as

well as the availability of clinical models to

evaluate comparability.” -
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Biosimilars _approved in _the FEU are
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FEREARM AL 0 BE X UL Hh % i | interchangeable. Interchangeability refers to

T

{63 $& o the possibility of exchanging one medicine for

another medicine that is expected to have the

same clinical effect. HMA and EMA consider

that once a biosimilar is approved in the EU it

is _interchangeable, which means the

biosimilar can be used instead of its reference

product (or vice versa) or one biosimilar can

be replaced with another biosimilar of the

same reference product. Decisions regarding

substitution (the practice of dispensing one

medicine instead of another medicine without

consulting the prescriber), are not within the

remit of the EMA and are managed by

individual member states.”
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BN AN S O L single reference medicinal product,

defined on the basis of its marketing
authorisation in the EEA, should be used

as the comparator throughout the

comparability programme for quality,

safety and efficacy studies during the

development of a biosimilar in order to
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allow the generation of coherent data and
conclusions. However, with the aim of
facilitating the global development of
biosimilars and to avoid unnecessary
repetition of clinical trials, it may be
possible for an Applicant to compare the

biosimilar in certain clinical studies and

in in vivo non-clinical studies (where

needed) with a non-EEA authorized

comparator (i.e. a non-EEA authorised

version of the reference medicinal

product) which will need to be authorised
by a regulatory authority with similar
scientific and regulatory standards as

EMA (e.g. ICH countries). In addition, it
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Biosimilars are manufactured and controlled

according to their_own development, using

state-of-the-art approaches and taking into

account relevant and

up-to-date

information. ... °
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EMA/CHMP/BWP/247713/2012.
Committee for Medicinal Products for Human
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4. Manufacturing process of a similar
biological medicinal ~ product. The
development and  documentation  for
biosimilars should cover two distinct aspects:

1) molecular characteristics and quality

attributes (QA) of the target product profile

should be comparable to the reference

medicinal product; 1i) performance and
consistency of the manufacturing process of

the biosimilar on its own.
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impurities) * R = 4v ¢ ” 4. Manufacturing

process of a similar biological medicinal

product. A biosimilar is manufactured and

19




controlled according to its own development,

taking  into  account  state-of-the-art

information on manufacturing processes and

consequences on product characteristics. As

for any biological medicinal product, the

biosimilar medicinal product is defined by the

molecular composition of the active substance

resulting from its manufacturing process,

which may introduce its own molecular

variants, isoforms or other product-related

substances as well as process-related

impurities. As a  consequence, the
manufacturing process should be
appropriately designed to achieve the

QTPP.The expression system should be

carefully selected, taking into account

20




expression system differences that may result
in undesired consequences, such as atypical
glycosylation pattern, higher variability or a
different impurity profile, as compared to the

reference medicinal product.” °
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Manufacturing process of a similar biological

medicinal product ...Regardless of the
formulation selected, the suitability of the

proposed formulation with regards to stability,
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compatibility (i.e. interaction with excipients,

diluents and packaging materials), integrity,

activity and strength of the active substance

should be demonstrated....”
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similar biological medicinal product. The

stability of the biosimilar product should

be determined according to ICH Q5C.

Any claims with regard to stability and

compatibility must be supported by data

and cannot be extrapolated from the

reference medicinal product.”
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¢ ”5.2. Biosimilar comparability exercise

An extensive comparability exercise will be

required to demonstrate that the biosimilar has
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a highly similar quality profile when compared
to the reference medicinal product. This
should include comprehensive analyses of the
proposed biosimilar and reference medicinal
product using sensitive and orthogonal
methods to determine not only similarities but
also potential differences in quality attributes.

These analyses should include side-by-side

comparative  studies unless  otherwise

justified. .... 5.3. Analytical considerations

Extensive state-of-the-art characterisation

studies should be applied to the biosimilar and

reference medicinal products in parallel, to

demonstrate with a high level of assurance that

the quality of the biosimilar is comparable to

27
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the reference medicinal product. It is the
responsibility of the applicant to demonstrate
that the selected methods used in the
biosimilar comparability exercise would be

able to_detect slight differences in all aspects

pertinent to the evaluation of quality_(e.g.

ability to detect relevant variants with high

2

sensitivity)....” °
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medicinal products containing
biotechnology-derived proteins as active
substance: quality issues (revision 1).
EMA. 22 May 2014.
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Committee for Medicinal Products for
Human Use (CHMP)] P6-7/9 h ~ £ &
(=) & = 4 75.2. Biosimilar

...Quantitative

ranges should be established for the

comparability exercise.

biosimilar comparability exercise, where

possible. These ranges should be based

primarily on the measured quality

attribute  ranges of the reference

medicinal product and should not be
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3%,

wider than the range of variability of the

representative  reference  medicinal

product  batches, unless otherwise

justified. The relevance of the ranges

should be discussed, taking into account

the number of reference medicinal

product lots tested, the quality attribute

investigated, the age of the batches at the

time of testing and the test method used.

A descriptive statistical approach to

establish ranges for quality attributes

could be used, if appropriately

justified....  5.3.1.  Physicochemical
properties....... A physicochemical

characterisation = programme  should
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include a determination of the

composition, physical properties,

primary and higher order structures of the

biosimilar, using appropriate

methodologies. The target amino acid

sequence of the biosimilar should be

confirmed and is expected to be the same

as for the reference medicinal product.

The N- and C-terminal amino acid

sequences, free SH groups and disulfide

bridges should be compared, as

appropriate. ...” °
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Bk o...” < 4eis 5. Comparability exercise
versus reference medicinal product; quality
aspects 5.1. Reference medicinal product

The reference medicinal product used in the
biosimilar comparability exercise at the
quality level must be clearly identified (e.g.

brand name, pharmaceutical form,

formulation, strength, origin of the reference

medicinal product, number of batches, lot

number, age of batches, use). Multiple

different batches of the reference medicinal

product should be used to provide robust
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comparability data in order to generate a

representative quality profile. Where several
strengths or presentations are available, their
selection should be appropriately justified.

The age of the different batches of reference

medicinal product (relative to the expiry dates)

should also be considered when establishing

the target quality profile....” °

ALV R d A HARIFED

&
FRFLEETHENRALE o LT

El

2 b Y dp 0B R R ALY o X

Vo EREHAF PR Z P ST (Quality

Target Product Profile)# £ % > N £ & -t

EAE LESUE TRy o,
(I), HLE2aHHBI L T BT
B = 4ete” 5.2. Biosimilar comparability
exercise... It 1s acknowledged that the

manufacturing process of the reference

FHAOT » 0 A R §

medicinal product evolves through its

lifecycle, which may lead to detectable
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differences in some quality attributes. Such

events could occur during the development of

a biosimilar medicinal product and may result

in a development according to a QTPP which

is no longer fully representative of the

reference medicinal product available on the

market. The ranges identified before and after

the observed shift in quality profile could

normally be used to support the biosimilar

comparability exercise at the quality level, as

either range is representative of the reference

medicinal product....” °
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o

» ] % 4o s ” The applicant should

demonstrate that the desired product

(including product-related substances) present

in the finished product of the biosimilar is

similar to that of the reference medicinal

product. In contrast, process-related impurities

may differ between the originator and
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biosimilar products, although these should be

minimised. It is preferable to rely on

purification processes to remove impurities

rather than to establish a non-clinical testing
program for their qualification. Differences
that may confer a safety advantage (e.g. lower
levels of impurities) should be explained but

are unlikely to preclude biosimilarity.
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i% [ Guideline on similar biological medicinal
products containing biotechnology-derived
proteins as active substance: quality issues
(revision 1). EMA. 22 May 2014
EMA/CHMP/BWP/247713/2012.

Committee for Medicinal Products for Human
Use (CHMP)] P6-7/9 # 'J“,/TT B2 A A 272
572 X7H < “higher order structure” & <
4eis” 5.3.1. Physicochemical properties....
The physicochemical comparison comprises
the evaluation of physicochemical parameters
and the structural identification of product-

related substances and impurities. A

physicochemical characterisation programme

should include a determination of the
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composition, physical properties, primary and

higher order structures of the biosimilar,

using appropriate methodologies. The target

amino acid sequence of the biosimilar should

be confirmed and is expected to be the same

as for the reference medicinal product. ...” °
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£ 8 A & 2 & [ Guideline on similar

biological medicinal products containing

biotechnology-derived proteins as active
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5.3.2. Biological activity
The biosimilar comparability exercise should

include an assessment of the biological

properties of the biosimilar and the reference
medicinal product as an essential step in
establishing a complete characterisation

profile....” o

FH(=) (22 ()57 57 (2B

4 pplE S R RS G AR BB

Fw4 o 7 R 4eis” 5.3.2. Biological

activity
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(Z)4c%iF & > ¥ "R & | (target

...Biological assays using different and

complementary approaches to measure the

biological activity should be considered, as

binding)f-" # & /&1 | (functional activities)

e b e

appropriate. Depending on the biological
properties of the product, different assay

formats can be used (e.g. ligand or receptor

binding assays, enzymatic assays, cell-based

assays, functional assays), taking into account

their ~ limitations. = Complementary  or
orthogonal approaches should be followed to
accommodate limitations regarding validation
characteristics of single bioassays. If relevant,

separate assays should be employed to

evaluate binding and activation of receptors.

Where appropriate, cross-reference to non-
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clinical and/or clinical section(s) of the dossier
may be made. It should be demonstrated that

CH)2PR 22 &S Aok 7 R%ES | (v) BZEP 2 5 RIT 5 23 K35 | the biological assays are sensitive, specific and

Bp 2R L@ > RUSHER | B -FRHEZ FEu4 o pl§4 a2 44 | sufficiently discriminatory. The results of
=4
]

s

AR SRS RESTERE A [ HRBID 2 ok B RPN 57 %F & | relevant  biological assay(s) should be
ToohrkF ARNFL LoV IR | P AR RS HERE S RPN £ & | provided and expressed in units of activity

R A ‘R aE B E 4T do% § & i | calibrated against an international or national

EEL 45 0k > TR R 3 P Ao reference standard, when available and

appropriate. These assays should comply with
appropriate European Pharmacopoeia

requirements for biological assays, if

applicable.” °
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£ 5 A & 2 2 [ Guideline on similar
biological medicinal products containing
biotechnology-derived proteins as active
substance: quality issues (revision 1). EMA.
22 May 2014.
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Committee for Medicinal Products for Human
Use (CHMP)] P8/9 237 27 (- Y¥* 4 ¥4

e S B R heis” 5.3.4.

Purity and impurities...The purity and
impurity profiles of the biosimilar and_the

reference  medicinal product should be

compared both qualitatively and quantitatively

by a combination of analytical procedures...”°
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biological medicinal products containing
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4o 18 7 534 Purity and

impurities...Appropriate orthogonal and state-

of-the-art methods should be used to identify

and compare the product-related substances

and impurities. This comparison should take

into account specific degradation pathways

(e.g. oxidation, deamidation, aggregation) of

the biosimilar product and potential post-

translational modifications of the proteins. ...”
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PR F o e R heis” 5.3.4. Purity and
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impurities...Process-related impurities (e.g.

host cell proteins, host cell DNA. reagents,

downstream impurities, etc.) are expected to

differ qualitatively from one process to

another. Therefore, the qualitative comparison

of these parameters may not be relevant in the

biosimilar comparability exercise.

Nevertheless,  state-of-the-art  analytical
technologies following existing guidelines and
compendial requirements should be applied,

and the potential risks related to these
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identified impurities (e.g. immunogenicity)

will have to be appropriately documented and

justified.” o
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products containing biotechnology-derived
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Committee for Medicinal Products for Human
Use (CHMP)] P9/9 i3 37 5 %% ICH 4531 »
F = 418 As for any biotechnology-derived
product, the selection of tests to be included in
the specifications (or control strategy) for both

drug substance and drug product is product

specific and should be defined as described in
ICH QG6B. The rationale used to establish the

proposed range of acceptance criteria for

routine testing should be described....” °
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i% [ Guideline on similar biological medicinal
products containing biotechnology-derived
proteins as active substance: non-clinical and
clinical issues.EMA. 18 December 2014.
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manufacturing

M...7 0 R 4cis” 5. Clinical studies
It i1s acknowledged that the manufacturing

process of the biosimilar product will be
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optimised during development. However, it is
recommended to generate the clinical data
required for the biosimilar comparability
exercise with the biosimilar product derived

from the commercial manufacturing process

and therefore representing the quality profile
of the batches to become commercialised....
The clinical biosimilar comparability exercise

is normally a stepwise procedure that should

begin with pharmacokinetic (PK) and, if

feasible, pharmacodynamic (PD) studies

followed by clinical efficacy and safety trial(s)

or, in certain cases, confirmatory PK / PD

studies for demonstrating clinical biosimilar

comparability °
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4ris” 5.1. Pharmacokinetic studies

Comparative pharmacokinetic (PK) studies

57




2021/10/21 = £ 3% Fiigap WP

designed to demonstrate similar PK profile of

the biosimilar and the reference medicinal

product with regard to_key PK parameters are

an essential part of the biosimilar development

programme.” °

2 EE AR REYTE R FAT 2 26

i

B RHRAT R R R BTV BEEHFRREE

g o PEFRG R HREL o ER Y | JRESC BT R e iR 4
o blde e B S G e (Target- | £ 0 2 $H i+ (Target-mediated drug

mediated drug disposition * TMDD) ~ %2 {#/2% | disposition > TMDD) ~ &4 /2L 40 |4 2 6 &

RPpEHE PFREEHEILIEDHE - EFRREMEE ZFHPE o7 B2 40”51

Pharmacokinetic studies ... The design of a PK
study depends on various factors, including

clinical context, safety, PK characteristics of

the reference product (target-mediated

disposition, linear or non-linear PK. time-
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dependency, half-life, etc.)...” °
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® & [ Guideline on similar biological

medicinal products containing

biotechnology-derived proteins as active
and clinical

substance: non-clinical

issues. EMA. 18 December 2014.
EMEA/CHMP/BMWP/42832/2005

Revl. Committee for Medicinal Products
for Human Use (CHMP)] P8-9/13 #7
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TRAE L R At 5L
Pharmacokinetic studies ... The
biosimilar comparability limits for the
main PK parameters should be defined
and justified prior to conducting the
study. The criteria used in standard

clinical bioequivalence studies, initially

developed for chemically derived, orally
administered products, may be a

reasonable basis for planning

comparative pharmacokinetic trials for

biologicals in the absence of specific
criteria.... In a single dose PK study, the
primary parameters are the AUC(0-inf)

for intravenous administration and
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AUC(0-inf) and wusually Cmax for
subcutaneous administration. Secondary
parameters such as tmax, volume of

distribution, and half-life, should also be

estimated. ...” °

40 G R HE - W

s 8K

4 VA e EHET EAIE S S HEGE

B34 A RAHE HAE S

Aty o AE AR E BRI TES | LR AR Y ERSREAG er |MEGELRE) SRR E BRI A
58 AP TERFRHRET2Z LY - | BRVRPPFTOREHRRTTE AP E | AREFERCRPF] SRR TR

gglrio

PH LY 7 R Aeis” S

Pharmacokinetic studies ...A single dose
cross-over study with full characterisation of
the PK profile, including the late elimination

phase, is preferable. A parallel group design

may be necessary with substances with a long

half-life and/or a high risk of immunogenicity.
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The doses in the single dose PK biosimilar

comparability study in healthy volunteers may
be lower than the recommended therapeutic

doses. PK studies are not always feasible in

healthy volunteers. In this case, the PK needs

to be studied in patients as part of a multiple
dose study, if a single dose study is not

feasible. A sensitive model/population, i.e. that

has fewer factors that cause major inter-
individual or time-dependent variation, should

be explored.
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5.1. Pharmacokinetic studies ... A parallel

group design may be necessary with

substances with a long half-life and/or a high

risk of immunogenicity....”

(1) Erel # 5
L EB R Rk o R

Feip g R PR enAR B2 o

(1) ¥reg

1. >0 g5 ¢h13n 1% (PD_endpoints) > J& %

:f]; ’/Eip%@r—~ FrA A

o

Gy
re

sk v sioip W A2 17

% [ Guideline on similar biological medicinal
products containing biotechnology-derived
proteins as active substance: non-clinical and
clinical issues.EMA. 18 December 2014.
EMEA/CHMP/BMWP/42832/2005  Revl.
Committee for Medicinal Products for Human

Use (CHMP))P9/13 i3 37 27 1. ZE»c & g5k
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m:}F, #(PD endpoints) > & & ¥5 3% :}ﬁ g7 27

BEIRE R MR T ER o7 R
4ois” 5.2. Pharmacodynamic studies. ...The

PD markers should be selected on the basis of

their relevance to the clinical outcome...”
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BoRFITHEF B R TR LN | EHRETHEF B R B KL 4| studies. ... There may be PD-markers that are
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relevant for the pharmacological action of the

active substance and a clear dose-response or

a concentration-response relationship has been

demonstrated. In this case, a single or multiple

dose-exposure-response study at two or more

dose levels may be sufficient to waive a
clinical efficacy study. This design would
ensure that the biosimilar and the reference
can be compared within the steep part of the
dose response curve (assay sensitivity, see

ICH topic E10)....” °

5. M ATER > F PN RBIEE |5 N BMBRFRK FHNLRER (AT 2 ET R

2 B EE b g w] o T2 BEF Vg wl o

A R E S E 2 By g5k ) FERE S 2 B g Rk ® & [ Guideline on similar biological
(=) g

. — a3 HEPEETVREFZ (1. - 5% 3 MENEET VL RMERE Z medicinal products containing
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BT RO R 2T 3R Bk (comparative efficacy | & {7 b # B iR B (comparative efficacy biotechnology-derived proteins as active
trials)e 8 m » F T TG KR F B A2 |trials) e A o0 AT IR A Hjp B substance: non-clinical and clinical
FAapppE R iy B R BH 2 g | Ricid B BHE 2 B g ant ki issues. EMA. 18 December 2014.
IR ¥ e e *1@ ENFEPHRET VR | Ay 0 PR REED ek Tl ) EMEA/CHMP/BMWP/42832/2005

e Revl. Committee for Medicinal Products

for Human Use (CHMP)] P9/13 % 3=

7l Mo AT RO W E‘Efi&&;
MM e Y B2 e i 52

Pharmacodynamic studies ...In certain
cases, comparative PK/PD studies may

be sufficient to demonstrate clinical

comparability of the biosimilar and the
reference medicinal product, provided

that the following conditions are
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i# [ Guideline on similar biological medicinal
products containing biotechnology-derived
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clinical issues.EMA. 18 December 2014.
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Efficacy endpoints

... The applicant should justify that the chosen

model i1s relevant and sensitive to detect

potential differences with regard to efficacy
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and safety. Nevertheless, deviations from
endpoints recommended in disease-specific
guidelines need to be scientifically justified.
Differences detected between the efficacy of
the biosimilar and reference products should
always be discussed as to whether they are
clinically relevant. Generally, the aim of

clinical data is to address slight differences

observed at previous steps and to confirm

comparable clinical performance of the

biosimilar and the reference product. Clinical

data cannot be used to justify substantial

differences in quality attributes.” °
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” 5.4. Clinical safety...Increased

immunogenicity as compared to the reference

product may become an issue for the

benefit/risk analysis and would question

biosimilarity. ...” °
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H g cH 4R S F M By 2 % 35 (totality

of data and evidence) > ¢ 3 5 & > L%k 2
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reference medicinal product may have

more than one therapeutic indication.

When biosimilar comparability has been

demonstrated in  one  indication,

extrapolation of clinical data to other

indications of the reference product could

be acceptable, but needs to be

scientifically justified. In case it is

unclear whether the safety and efficacy

confirmed in one indication would be

relevant for another indication, additional

data will be required. Extrapolation

should be considered in the light of the

totality of data, i.e. quality, non-clinical

and clinical data...” °
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® = [ Scientific Considerations in
Demonstrating  Biosimilarity to a
Reference Product. U.S.FDA. April

2015.) P21/27 #73>... e % F & I35

HORE BT 2 AT 4

(e 2 P T (= )...(Z)...7 R~ 4

{8 ” 4. Extrapolation of Clinical Data
Across Indications. ... The applicant may
seek licensure of the proposed product for
one or more additional conditions of use
for which the reference product is

licensed. However,_the applicant would

need to provide sufficient scientific

justification for extrapolating clinical

data to support a determination of
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biosimilarity for each condition of use for
which licensure is sought. Such scientific
justification for extrapolation should

address, for example, the following

issues for the tested and extrapolated

conditions of use: -The MOAC(s) in each

condition of use for which licensure is

sought:...
-The PK and bio-distribution of the

product in different patient

populations(Relevant PD measures may

also provide important information on the

MOA.).

-The immunogenicity of the product in

different patient populations.
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-Differences in expected toxicities in

each condition of use and patient

population (including whether expected

toxicities are related to the

pharmacological activity of the product

or to off-target activities).

-Any other factor that may affect the

safety or efficacy of the product in each

condition of use and patient population

for which licensure is sought.” °
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Y -4 2 A $g4 £ 2 recombinant human

growth hormone (thGH, somatropin) 2. 4
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e

2 > N 2 3
YD 2 FHERLG TR

iz [ Annex to Guideline on similar
biological medicinal products containing
biotechnology-derived proteins as active
substance: non-clinical and clinical
issues. Guideline on similar medicinal
products containing somatropin. EMA.
28 June 2018.
EMEA/CHMP/BMWP/94528/2005 Rev.

1. Committee for Medicinal Products for
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Human Use (CHMP) ] P4/7 #73§”— ~ fi
/T 2 N

2

Ro< 4c t¢ 7 1. Introduction
(background) The

Authorisation (MA) application dossier

Marketing

of a new recombinant human growth

hormone (thGH, somatropin) claimed to

be similar to a reference medicinal

product already authorised shall provide

the demonstration of comparability of the

product applied for to a reference

medicinal product authorised in the

EU. - ...”
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4 £ R £ F s scan g & 1 Bi(anabolic) (F

iz [ Annex to Guideline on similar
biological medicinal products containing
biotechnology-derived proteins as active
substance: non-clinical and clinical
issues. Guideline on similar medicinal
products containing somatropin. EMA.
28 June 2018.
EMEA/CHMP/BMWP/94528/2005 Rev.
1. Committee for Medicinal Products for
Human Use (CHMP)] P4/7 #73” * 38
(anabolic)”% ”...m rhGH #z iz + £3i§
AR LR R E LR o7 R 2 A
1. Introduction (background)...Growth

hormone has potent anabolic, lipolytic
and anti-insulin effects (acute insulin-
like effect). The effects of GH are
mediated both directly (e.g. on

adipocytes and  hepatocytes) and
indirectly via stimulation of insulin-like
(principally  IGF-1).

medicinal

growth factors

Somatropin-containing
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products are currently licensed for
normalising or improving linear growth
and/or body composition in GH-deficient
and certain non GH-deficient states. The

same receptors are thought to be involved

in all currently approved therapeutic
indications of thGHs....”

T Ayt EEpd s L 03 oA E | LA R EEHNAE 2RISR HE | @ 2 [ Annex to Guideline on similar
FRE S a S AR E AL FLET 2R (PRI AR ARRE AL FET AR biological medicinal products containing
T% « 7 HRL Jfﬁ Mgt e lgpd L |- FLHELE a‘ﬁ M r £k d &R biotechnology-derived proteins as active
FEAAFM 45 ol c TP RE | ¢ A A UM o 45 Y fodll o B PR substance: non-clinical and clinical
HERDPDSBREALTN INERLY | FRGDHREEAI L INELET issues. Guideline on similar medicinal
FTHOLEF B2 FIE PR AE | MOLEF BZRGFIFE 0 PR AE products containing somatropin. EMA.
S Ao 28 June 2018.

EMEA/CHMP/BMWP/94528/2005 Rev.
1. Committee for Medicinal Products for
Human Use (CHMP)] P4/7 i3 37 &) i® *

27E B R Acis” 1. Introduction

(background)...Somatropin has a wide

therapeutic window in children during
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the growth phase whereas adults may be
more sensitive for certain adverse effects.
Antibodies to somatropin have been
described, very
neutralising antibodies. ...” °

including, rarely,
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§ 5 R R ) A 4 o

[ F %5 F [ 5] 4o fig 9% (deamidated forms)f-

F iv253% 2 R & 4 (aggregates)|:iE 7 {2 Ao

% [ Annex to Guideline on similar biological
medicinal products containing biotechnology-
derived proteins as active substance: non-

clinical and clinical issues. Guideline on

similar medicinal products containing

somatropin. EMA. 28 June 2018.

EMEA/CHMP/BMWP/94528/2005 Rev. 1.
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Use (CHMP)] P4/7 i3 37 %

FAE A SN S AR B [ R R

32(deamidated forms)iri it 538 3 B & %

(aggregates)]:& (TP A 457 < 4ofs” 1.

Introduction (background)... Several

techniques and bioassays are available to

characterise both the active substance and

product-related substances/impurities such as

deamidated and oxidized forms and

b

aggregates....” °

A
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Bd e £

ok ik £ o3

% [ Annex to Guideline on similar biological
medicinal products containing biotechnology-
derived proteins as

active substance: non-clinical and clinical
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Introduction (background)... The effects of
GH are mediated both directly (e.g. on

adipocytes and hepatocytes) and indirectly via
stimulation of insulin-like growth factors
(principally IGF-1). Somatropin-containing
medicinal products are currently licensed for

normalising or improving linear growth

and/or body composition in GH-deficient and

certain non GH-deficient states. The same

receptors are thought to be_involved in all

currently approved therapeutic indications of
rhGHs......” »
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e LA A A 3 p R CTD P a9k #4234 (non-clinical

overview) v & B AT F giPip 3 2 2 H

4. Non-clinical studies As regards non-clinical

Zd o development,_a stepwise approach should be

applied to evaluate the similarity of the

biosimilar and reference medicinal product.
R ug At Non-clinical studies should be performed

before initiating clinical trials. In vitro studies

should be conducted first and a decision then

made as to the extent of what. if any, in vivo

work will be required. General guidance on

the stepwise approach is provided in the

“Guideline on similar biological medicinal
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products containing biotechnology-derived
proteins as active substance: non-clinical and
clinical issues”. The approach taken will need
to be fully justified in the non-clinical

overview. °
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B oo .0 R~ 4eis”4.1. Invitro studies

In order to compare differences in biological
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activity between the similar and the reference

medicinal product, data from comparative

bioassays should be provided, including

receptor-binding studies and functional assays

(e.g. cell proliferation assays in human cell

lines). Wherever possible, analytical methods

should be standardised and validated

according to relevant guidelines.”% ” 4.2. In

vivo studies Generally, in vivo studies in

animals are not recommended. Measurement

of pharmacokinetic and pharmacodynamic

parameters is expected to be included in

clinical studies and similar studies in animals

are usually not expected to contribute

additional relevant information to the

biosimilarity exercise. Such studies as well as
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toxicological studies should only be

considered in specific cases, as explained in

the “Guideline on similar biological medicinal

products containing biotechnology-derived

proteins as active substance: non-clinical and

clinical issues”. °
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products containing somatropin. EMA. 28
June 2018.
EMEA/CHMP/BMWP/94528/2005 Rev. 1.
Committee for Medicinal Products for Human
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R = 4rts” 5.1. Pharmacokinetic (PK) studies

The relative pharmacokinetic properties of the

similar biological medicinal product and the

reference  medicinal product should be

determined in a single dose crossover study

using subcutaneous administration....” °
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Comparability margins have to be defined a

priori and appropriately justified.” o
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Pharmacodynamic (PD) studies

Pharmacodynamics should preferably be

evaluated as part of the comparative
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pharmacokinetic study. The selected dose

should be in the linear ascending part of the

dose-response curve. IGF-1 is the preferred

pharmacodynamic marker for the activity of

somatropin and is recommended to be used in

comparative pharmacodynamic studies. In

addition, other markers such as IGFBP-3 may
be used. On the other hand, due to the lack of

a clear relationship between serum IGF-1

levels and growth response, IGF-1 is not a

suitable surrogate marker for the efficacy of a

somatropin in clinical trials.” °
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pedp ks, ¥ 4ot 5.3. Clinical efficacy
studies

Clinical comparability efficacy between the
similar biological medicinal product and the
reference medicinal product should be
demonstrated in at least one adequately
powered,_randomised, parallel group clinical
trial. Clinical studies should be double-blind
to avoid bias. If this is not possible,_at

minimum the person performing height

measurements should be effectively masked to

treatment allocation. ... Study subjects should
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be pre-pubertal before and during the

comparative phase of the trial to avoid

interference of the pubertal growth spurt with

the treatment effect. This may be achieved e.g.

by limiting the age/bone age at study entry. It

is important that the study groups are

thoroughly balanced for baseline

characteristics, as this will affect the
sensitivity of the trial and the accuracy of the
endpoints. (Change in) height velocity or

(change in) height velocity standard deviation

score from baseline to the pre-specified end of

the comparative phase of the trial is the

recommended primary efficacy endpoint.

Height standard deviation score is a

recommended secondary endpoint.
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Adjustment for factors known to affect the

growth response to somatropin should be

considered.” -
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= 4ets” 5.3, Clinical efficacy studies... The
use of a wvalidated measuring device is
mandatory. Consecutive height measurements
should be standardised and performed
approximately at the same time of the day, by
the same measuring device and preferably by
the same  trained observer.  These
recommendations aim to reduce measurement
errors and variability.

For the determination of reliable baseline

growth rates, it is important that also height

measurements during the pre-treatment phase

are obtained in a standardised manner using a

validated measuring device. Due to significant

variability in short-term growth, seasonal

variability in growth and measurement errors
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inherent in short-term erowth measurements,

the recommended duration of the comparative
phase is at least 6 months and may have to be

up to 12 months.

Comparability margins have to be pre-
specified and  appropriately  justified,

primarily on clinical grounds, and serve as the

basis for powering the study.” °
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'% ( insulin analogue) Z_
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i# [ Guideline on non-clinical and clinical

development of similar biological

medicinal products containing
recombinant human insulin and insulin
analogues. EMA. 26 February 2015.
EMEA/CHMP/BMWP/32775/2005_Rev.
1. Committee for Medicinal Products for
Human Use (CHMP)] P4/12 373 ”- ~
BA” > R 4cts” 1 Introduction The
Authorisation (MA)

application dossier of a recombinant

Marketing

human insulin or insulin analogue

claimed to be similar to a reference

medicinal product already authorised

shall provide the demonstration of

biosimilarity of the product applied for to

this reference medicinal product. °
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R - HEE PR ATE B LEF B | 4of8” 1 Introduction ...Currently available
AP Rl ¢ }*@ Ak Y F]S o insulins are administered subcutaneously or

intravenously. The effects of insulin are
mediated predominantly via stimulation of the
insulin receptor but insulin is also a weak
natural ligand of the insulin-like growth factor-

1 (IGF-1) receptor....” ©
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primary, secondary and tertiary structures of
the recombinant insulin molecule, as well as its
receptor affinity and biological activity in vitro

and in vivo. Attention should be given to

product related substances/impurities and

process related impurities, and in particular to

desamido forms, glycosylated forms and other

forms that may derive from the expression

system or arise from the conversion steps

removing the C-peptide and regenerating the

three-dimensional structure.”

= R 2ok B %% 4351 [ Guideline on non-clinical and
FOAETAPME P H A TR | Em i sEm a2 a5 Ty gkl clinical development of similar biological

e e e o o e % . 4m g L medicinal products containing recombinant
G E S PO R TR S | R S U B . Pl i e e

T
T
o
\‘.\_‘.:
£
i

human insulin and insulin analogues. EMA. 26
February 2015.
EMEA/CHMP/BMWP/32775/2005_Rev. 1.

N

F] o B E 2 XM ME AR 2
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FEBp R 5
D ERAFPNESESFTASREL D RIPFPPNAFE ST ASERELX o .. ..
iz [ Guideline on non-clinical and clinical
R A BRI T XRe AN [ Ban A E BRI RE AN E o . . o
development of similar biological medicinal
HEE2 XM A IGF-1 %> THEH | 2 X412 A ¢ IGF-1 % 2(IR-A & IR-B)’

on-off kinetics F #L ©

T & & H on-offkinetics FAL o 5 gt > F U

A G au4iE IR-A f- IR-B

i o rf i@k p 4T L IR-A

& IR-B eim?e % - P FEM i fr

? v fé %g‘, ‘:1|’ IJ ?’ E]IJ N MTIFI X|J mz,l.

LR 3 o ek g Hi §

WPk 2 Rl E KRB RH RS

A RIRBEAA P EY G E RN o

products containing recombinant human
insulin and insulin analogues. EMA. 26
February 2015.

EMEA/CHMP/BMWP/32775/2005 Rev. 1.
Committee for Medicinal Products for Human
Use (CHMP)] P6/12 #73%7(4)...

L0 T

g * A G 3 su 4 IR-A i IR-B

Hikm¥e o .7 2 4eid” 4. Non-clinical

studies...Comparative receptor binding on
both human insulin receptors (IR-A and IR-B),
including on-off kinetics, should be shown. To

this end, either cells artificially expressing IR-

A and IR-B, respectively, can be used. If cell
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lines with endogenous expression of IR-A or

IR-B are emploved, it has to be demonstrated

that indeed only one receptor subtype is

present. Otherwise, interpretation of the

binding results is difficult. If other state-of-the-

art methods are used for determining binding,

the choice of the method should be justified. °

# - L 4 - L |
(5) s te L e L R e Ll B R Ry
B R A Fend FoE B Rd A Fad FoEs e SN

oo f IGF-1 % B 973 r2 fwoe 5 4 %

1. (mitogenic activity)...” » i < 4cis” 4. Non-

(mitogenic activity)¥™ &c £7 A 355 & s\ 3F

e L, o clinical studies... Biological activity should be
L ROMIE AL o RA L EVFEL T

compared at two levels: receptor
Lgt TGF-1 £ Rie (70t o i 8 a0 4 3pl P e P

SEE PP R S AR T autophosphorylation and metabolic activity. In
= =

* general, mitogenic activity mediated by IGF-1
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- % R p W B B v (receptor

—\

autophosphorylation): & /X & £ B > ;2 e
T OoRdE O R R

XA RBIpL T ip M A R o

» 1L G f R R E

Fhsp 3
- % ¥ p R B pt i (receptor
autophosphorylation): &3 & 2 1 p| = ;2 e

T JUED AR
SR P WAL hip M LR -

receptor stimulation might not be relevant for

human insulin and for most insulin analogues.

However, if applicable, comparative IGF-1

receptor binding and an assay for functional

activity can be included to cover this potential

toxicological effect.

- % 3HE 1 (metabolic activity): ¥ & * § f& | - % 37E M (metabolic activity): ¥ & * § &
fmre R T MRS fEARER gt 0 | e KRl R E RS anEdp itk

EOEOTEEL R A S FI AR | ¢ SIS S r A S el A R
H%§§%15ﬁ°F$$%$%ﬁ%¥,Nﬁﬁgﬁi@ﬁ°i*@ﬁﬁiﬁlk
gt A PAR A S8 S R ST E | i PR R = MR T AR o YT (R 3 ol
2 XM RATITH > AT RPITATH 0| HRZR AT EE NP A P4 E o
itk o W2 ST A SRR F R R

B Rt iR

R A e

Pl 2 R d o

PPN
=T
Z ¢

APLACREFZ AR B ONEHEE

B ELE FRERL 0 70 R 2 4eis” 4. Non-

clinical studies.... For metabolic endpoints,
various assays are available including assays
measuring glycogen formation, lipogenesis,
inhibition of stimulated lipolysis as well as

glucose transport, which can be studied in a

variety of cells. At least three different assays

of metabolic activity should be performed for
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confirmation. The data should provide a clear

view on how insulin receptor agonistic

properties of the biosimilar and the reference

product compare. The selection of the

metabolic assays should be justified in light of

the above mentioned criteria.”

R 2 3¢ 2 (mitogenic activiy: 7 2.4 PENC) TIE I S grpapeyy
R IGF-1 £ #chimre > Pl = H L e Q%JGHL}+£J%F414%#—Aw?J{éﬁ4§f5—m—@¢%

AFB ST ARSI ER - A g g

izﬁ*’%&wm4#wwﬁ&§$%

A&t IGF-1 X ## s EP2 £ 8 o

d figr IGF-1 X R 73 dr2 wmie 4 E |2

(mitogenic activity) ¥ i ¥7 X #p 3% E % 4 5

(6)F 183% 1% 43 (5 M f RRARAL i~ % i
LN E-LEATCR W D

I R v 10 DT S

g}%‘% Z B L o 7% AER > T

N

#1 ",’Tf ? o Pe WM 4 E 4 (mitogenic

Tﬁ
G
I

2

S o1 e | activity):l.” o

R RI T 2 0 TP SRR E D 2 i | SRR R R R iR
kP o E G B RFEP R E EER R
s a2, S

i F R
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Committee for Medicinal Products for Human
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B

L REI R AR PEKRE R 7

274, 32 ZEAGFRBPRBRTEHITL

2

Ro= e (8 4. Non-clinical studies.
Toxicological  studies...Studies  regarding
safety pharmacology, reproduction toxicology

and carcinogenicity are not required for non-

clinical testing of a biosimilar containing

insulin or insulin analogues. Studies on local

tolerance are not required unless excipients are
introduced for which there is no or little
experience with the intended route of
administration. If other in vivo studies are
performed, local tolerance may be evaluated as

part of these studies. © 7 ©

A TR

I~ TRAHE&
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1.

PRTEN=
R

E4
r‘?r"ff"/} E]

AT i E - AR

N

B RERA ik

AP FE B R 0

E
\Jrﬁ

LT FLRREE Sy
7% 3% % (insulin clamp study) ¢ P 3=
v PO E E R R S PFH T (time-
concentration profile) % ™ § % %f%ﬁ%ljj_
i# & (glucose infusion rate)B~ (¥ ek Ji

PRI o

¥ s b T

clamp study) fr PF3= 15 o
% i* (time-concentration profile) % ™ § % #&

1 1# & (glucose infusion rate)B~{¥ ik

.

P 5 1Y (time-action profile) » * % Rk B

-
i
T EE

g% ' 3 B (wash-out period) ™ #F 4

7 A3 i (carry-over effects) o

P A EHBAEFERLE R @&
[ Guideline on non-clinical and clinical

development of similar biological medicinal

products containing recombinant human
insulin and insulin analogues. EMA. 26
February 2015.

EMEA/CHMP/BMWP/32775/2005_Rev. 1.
Committee for Medicinal Products for Human
Use (CHMP)JP7-9/12 i {7 2 ELiE <~ @1 i3 37>
V(- ERE 2 ENE F6 8
E TR LEFLE Z AN E RS

PF B REIAp N ER R R

3T &

418”5, Clinical studies

Pharmacology studies In addition to similar

physicochemical and functional

characteristics, demonstration of similar

pharmacokinetic (PK) and pharmacodynamic
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(PD) profiles is considered the mainstay of
proof of similar efficacy of the biosimilar and
the reference insulin. ...The wash-out phase
between study periods should take into account
the duration of action of the investigated
insulin _ preparation to avoid carry-over
effects. ....” °
3. BEXFEHSY- UKL FIET |1 X BHEH —_— .
PR F R R LEFN G | DAL E B E NS - R | 1 F A i LR A F - AR
B RIFALP RS F2 T F | AT R ER o R EE L RN | AT 5o R Y des” 5. Clinical
% AMESRE R AR A% 0 B | BN % 2 (intra-individual variability) » & | studies. Pharmacology  studies...  Study
T v (7R R T 2E ;é.dﬂz Z_w | 2 d p 4 % E % (endogenous insulin) | population ...Besides their better availability,

B s AR o

LR F I E - AR S E R

PIE ARl % e 7 C F-v (C-peptide)ik & >

ﬁ-\:;\.‘r-‘ gﬁ]’\ -ﬂi F\ 4 r/} Ei’ % % /’3\ /“\-‘ ° Eé‘t%?

e 2 o4n %
L s o X

FEOABRT B Y P

nREELE 2 EREBLIER > ATy -

healthy volunteers usually exhibit lower intra-

individual variability compared to patients

with type 1 diabetes mellitus (T1DM) but have

the disadvantage of presence of endogenous

insulin which cannot be distinguished from

exogenously administered insulin by the
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FERBap g
AR A B T s FEE o BB X R
2% - AR ER A F L L B ¢
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BEFELE F2 VHE S P Y - A

£

Fpdh Ak Rk R R G Bf o M
432

WL R B E T B0 i3

LTF g HERE ST

BBk FPE

Jep TR EN D

available assays, except for some insulin

analogues.... Patients with TIDM recruited

into clamp studies should have their serum C-

peptide concentration screened to ensure

absence of relevant remaining endogenous

insulin secretion. In order to achieve

comparable baseline conditions in  all

experiments, it is important to establish stable

and comparable baseline blood glucose and

insulin levels for some time (ideally one hour)

prior to the study intervention, which may be

more difficult in patients with T1DM

compared to healthy subjects. Clamp studies

including either healthy subjects or patients

with T1DM are considered appropriate for

comparison of insulins with a short or

intermediate duration of action, while patients

with T1DM may be preferable for comparison
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of long-acting insulins. Insulin sensitivity in
women may vary during the menstrual cycle
and it is unclear whether this may affect study
results. Thus, inclusion of only men in the
studies might be preferable.” -

2. EIFLBMTRWITZIAES -G |20 & F o 44 % E 5 (insulin clamp gy Dk & 4 4] % 2% % (insulin

(¥ 5 10-12 | p¥) > 3¢ 22 2 ‘@i § % study)

sk Y ¥ BE L 0.2-03U/kg > ¢
Ph G F TR B BE S
Ukg > £»03& 5 230 35% ¥ % &lE
= 0.4-0.6 U/kg -

0.3-0.4

T ¥ w B-3 % E % 44 % (euglycemic

hyperinsulinemic clamp)$H i &_2 200R] 2%

AR G RR T LE T
%%%%%iﬂ%%%%aiﬂ’#ﬂﬁ

A b A BT AR T2 - Tk
B b RGEET LA G L

e &

h’)‘
S
AR
ot
ki

B A EY ARG R

=
o

&

fliu
=)

B f F 8 2 & Lid i o RIS

N

=

T BB hEE R BAELE S

I

clamp study)...” » F = 418 ” 5. Clinical

studies. Pharmacology studies...Insulin clamp

studies There is general agreement that the

euglycaemic hyperinsulinaemic clamp

technique is the best available method for the

measurement of insulin action. In these clamp

experiments, the plasma insulin concentration

1s raised (e.g. by subcutaneous injection of

insulin) and the blood-glucose level

maintained (“clamped”) at a pre-defined level
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by means of a variable infusion of glucose.

Different clamp methods and feedback

algorithms for maintaining blood glucose

levels exist. Clamp studies can be performed

manually or by using an automated procedure.

Bedf (TK U L (bias) 0 @t L A €A

bORE D B ERG AT T R

Both techniques require substantial

Iy
=

/

EROPIEE N £ 0T A

experience. However, both methods have been

reported to provide similar and reproducible

results as long as there are no rapid changes in

glucose requirements, which may not be

recognised in time depending on the length of

intervals between the blood glucose

measurements during the manual clamp. A

double-blind design is strongly recommended.,

especially for manual clamps which are more
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M TRk R T o BB E P (test

prone to bias by the examiner compared to

automatic clamps. If this is not possible, other

means should be applied to effectively reduce

potential investigator-related bias.

Test conditions for a comparative clamp study

conditions){f- 2 - > r2jg > R o % EH

need to be standardised as much as possible to

LR
ED K MR AR G E S - (i

¥ 5 10-12 | pF) > P R AFTEHLSG o

reduce variability. Study subjects should

undergo the clamp experiments after an

TR S AR A R HEE R B

{6 = KL E %P1 S s AT )

overnight fast (usually 10 to 12 hours) and

remain fasting throughout the tests to avoid a

o M R R R AT B

confounding effect on study results. In patients

hEw 1 L REET o PR AL FE

with diabetes, carry-over effects from the

~

5
R L E Y i S IS U L

BRARDF I EL > Bl FlF e FER

B AR S s A e U

participants’ last pre-study insulin injection

should be minimised. Ideally, the clamp

glucose target should be reached at least one
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oo

|y > 2 23 H G2 BRIE AR

# o BRI AR S 1l TR v

EXAPTAATR PR - X BRI

#p Fé“;ié;f;/f@“ﬁr;ém&iif 7B ae

hour before study insulin administration

without any glucose infusion during this last

hour. Standardisation of clamp technique and

factors influencing insulin sensitivity such as

Sde s d PibsEor o TR W & (R

time of day, physical activity and food

L ERP -

intake/diet, avoidance of alcohol, caffeinated

drinks, smoking or medication other than the

study medication and absence of intercurrent

illness/infection or mental stress are important.

In the test facility, the subjects should be

allowed to adapt to the experimental situation

to establish a comparable metabolic situation

and should stay in a relaxed environment and

avoid physical activity throughout the

experiment. This highlights that even small
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details are important.

When healthy volunteers are enrolled in the

clamp studies, their endogenous insulin

production may interfere with PK and/or PD

B2 st g A ET (o R

measurements. For some insulin analogues,

A 473 0 o ¥ w %% § £ (prandial

specific assays, capable of distinguishing

insuling)2_ #7 5 » BB H =X I B¢ P-ig (% e

between exogenous and endogenous insulin,

5, § % (insulin bolus) > Fp 8P+ A i % o &

exist. If available, the use of such assays should

BT RSRIP R L e A PSR o

0 M A R D P SR AR 4B

be considered. For evaluation of prandial

insulins, the insulin bolus is expected to

[EREAPE I N SR LT (i V) NEA AN . S

adequately suppress endogenous insulin for the

E o VY 8 — B4 4o A £ (priming

duration of the clamp. Endogenous insulin can

dose) i A s Er AL L B8 0 £ 1 4

usually be sufficiently suppressed by clamping

# % % (basal rate > %] +4- 0.10 3] 0.15

blood glucose levels below the subject’s

mU/min/kg)4& 4§ #i /1 ch= % o 2R o e P

fasting glucose (see below). Alternatively, a
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A A #% G % (basalinsulin) > @ BT € s

priming dose of rapid- or short-acting insulin,

NPH insulin sat. #p & 44 B 5 > ¥ &

followed by a basal rate (e.g., 0.10 to 0.15

fe A E ALY ZRB T E AP 2 B

mU/min/kg) can be used but the co-

administration of basal insulin infusion has

$r 4] % (somatostatin) % # 44 TiEsk * ki

been shown to alter the late glucodynamic

#2405 § %~ A 4% (glucagon) 2 4

profile of NPH insulin and possibly and even

Ech o g et s R A kR Y o

2R grilh 1 H G kb o %

LRniey R L o RS KR A

TR RGBT ZERBE

more relevantly of long-acting insulin

preparations, overestimating the effect of the

study insulins. Somatostatin has been used for

maximal suppression of endogenous insulin,

2 P A R E e G C kv (C

glucagon and growth hormone during clamp

peptide) > Mg R} 4 HILE 2 FrdlAe R

studies but cannot be generally recommended

%o SfRo bl g p ARG R grdlT o w

Tk C 3o e E o mhit* wfad o

PRL O E IR b A T A > AR -

due to tolerability issues. In addition, it should

be noted that somatostatin reduces insulin

clearance, thus prolonging the duration of
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R EE RS2 T R o

I I T IR

0.2-0.3 U/kg > ® »03%& § Z 30385 ¢ § * &

insulin action artificially. In clamp studies

employing healthy volunteers, serum C-

peptide should always be measured in parallel

to insulin concentrations throughout the

experiment to estimate the extent and

consistency of suppression of endogenous

insulin. In the absence of insulin suppression,

C-peptide  correction methods may be

considered. Regardless which method is used,

it should be justified and consistent throughout

the clamp studies to ensure comparable test

conditions.

Frequently used insulin doses in clamp studies

are 0.2 to 0.3 U/kg bodyweight for rapid-

# 5 03-04U/kg > E»cho B 230 2E% P F

/short-acting insulins, 0.3 to 0.4 U/ kg
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P

* & E 5 04-06U/Kkg - B o ¥ §

bodyweight for intermediate-acting insulins

BIRT R PF T F e R -

W3 % E % v ¢k A (hyperinsulinaemia)

and 0.4 to 0.6 U/ke for long-acting insulins.

Doses in the upper range usually produce a

Z% o TpH & AR E-F B R eprd ) 2n

more reliable PD response, thereby reducing

B F)E AN FE2E L R R A

PD wvariability. The resulting levels of

i & 4R (time-action profiles):h % B g > 7 &

hyperinsulinaemia are expected to lie on the

R RFCR o NS S i

SR T

R X EE o & R M T AT

BT (pldet A g R K 0.3

mmol/L > T 5mg/dL & 10%) > % ¥ 447 &

steep part of the dose-response curve of insulin

and can thus be expected to be highly sensitive

to detect potential differences in the time-

action profiles of two insulins. Injection site

and injection technique should be standardised

to decrease variability.

In healthy subjects the blood glucose

concentrations are usually clamped below (for

example 0.3 mmol/L (5 mg/dL) or 10%) the
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4.4-5.6 mmol/L (80-100 mg/dL) - ¥+ % — 7]
W Feo A o o BEDR R W 4T B 5.6
mmol/L (100mg/dL) - = & i# * H s ¥ & X

g BECREEAR T oL BEERL M
*+ 3.3 mmol/L (60 mg/dL) » F] % & § HF 3K

%, 6 % F A & % # % (counter-requlatory

hormones > )4 epinephrine > glucagon :

cortisol > growth hormone)z_ {1 g m # = &
HMBoEa AFRBE FRERAPHE
FI BT 2% AR T

* A& i & % (time-action profiles) -

subjects fasting glucose or at 4.4-5.6 mmol/L

(80-100 mg/dL). In patients with T1DM, blood

glucose concentrations are typically clamped

at 5.6 mmol/L (100 mg/dL). Acceptable

deviations of blood sugar levels from this value

during the clamp should be pre-defined.

Glucose levels below approximately 3.3

mmol/L (60 mg/dL) should be avoided because

they result in the stimulation of counter-

regulatory hormones (epinephrine, glucagon,

cortisol, growth hormone) to increase blood

glucose concentrations and lead to a rapid and

pronounced worsening of insulin sensitivity,

thus influencing the estimated time-action

profile of the investigated insulin preparation.
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4. Bk MM TN R SRR
& L E %1847 GIR EFRFEw

HET R BFRE PR mAmy 2% 5

2 A it FRE 2 AT RIEE

(dose-dependency) - = 44 T 385 ¢ 2 (T

The duration of the clamp studies needs to take

into account the known duration of action of

the investigated insulin preparation and its

B E ‘e(duration) ™ & L op 9% 5 % it

dose-dependency. The duration of action in

2 GIR (7§ 5 # %; ik F)w 4p 3 2L & | glucose clamp studies may be defined as the
(baseling) 2. PF ¥ & w 4g & ¥ £ 2 2% T_i& | time from insulin injection to GIR returning to

(514 0.5 mg/kg/min)z. pF R

baseline or to a predefined value (e.g. 0.5

£ b

=

A R EATEE AR PR E (b4

8.3mmol/L > 7 150 mg/dL)z_ PF R o 1§ »Th%

meg/kg/min) or, in patients with diabetes, of

blood glucose values exceeding a predefined

FEL AT R LS 810 ) BF 5 &

threshold, e.g. 8.3 mmol/L (150 mg/dL).

»3% 5 % 5 10-12 | pF > Y 3 EL G

Typical clamp durations are 8 to 10 hours for

FRIZRT 24 [P FHR2Z PR L

rapid-acting and 10 to 12 hours for short-acting

A

2 %

SIS VT

insulins. For intermediate and long-acting

insulins, clamp durations of at least 24 hours

are recommended. A rationale for the selection
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of the clamp duration should always be

provided taking into account the known effects

of insulin dose and somatostatin use (f

applicable) on duration of insulin action and

ethnic differences in insulin clearance.” °

1 #»cd3| 2 @endis § & ehi & ok 2

3. Bkt B3t A 1
(1) ## %

Fedpths R R D NI BRFRE 2
WA G ff (AUCo) 2 BB & ¢k
B (Cmax) > @ 84 & &7 %5
(AUC,) ~ it * 4 (53 E 5B kR
PE R (Tmax) 2 o i L FH (Tw)iF 5
= & Rk iFsdp ik o

S ERE-UL LN Ry
BELPET RIS R BETLd T
‘E_x‘i' 7% (AUCO-t) 5 rg P 5& B (Cmax) > M

FRFEIEX2 6 87T %6 4 (AUCo

inf) ~ TRA W AT 4 H 44 (partial AUCs) ~ i *
FierlE g kR DPFERF (Tha) 2 ¥
L5 (T T35 & BHF Rtk -

E

BAL2 375 " 3 RO & A A4 (1)

PR R D R 'TA 2 W BTG fE (AUCo
inf)... = & EH AR 7 RS oS,
Clinical
Endpoints/statistical

studies  Pharmacology  studies

analyses

Pharmacokinetics (PK)

In case of rapid- and short-acting insulins,
AUC(0-t) and Cmax should be defined as
primary endpoints and AUC(0-), partial
AUCs (such that are meaningful for the
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respective insulin), tmax and t1/2 as

secondary endpoints....” °

2. PoRAPR L F AR TR ERIApIES %
BRIEY TG 4% (AUCo) 2 B 3
P ER(Cnax) @ BRI BB L
BEPER 2 W T M5 ff (AUCor)  PFRF
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# (partial AUCs) ~ i * #4152 & B ik

B ipE i (Tmax) 2 et 'f = % 3 (Tep) 7 5

SR ER R

G ev.. AREFEERpE. BEE
TR 2w T 6 A (AUCon) 184

T M5 f# (partial AUCS)~ 1T 5 X & ## &
WRiptE 7 R 414 5. Clinical studies

Pharmacology studies Endpoints/statistical

analyses Pharmacokinetics (PK)

In case of intermediate-acting insulins,
AUC(0-t) and Cmax should be defined as
primary endpoints and AUC(0-t), AUC(0-),

meaningful partial AUCs, tmax and t1/2 as

secondary endpoints.” °

3. EoRdAE L E LR TRk Rk iR s 4
FRIEY 87T 85 £ (AUCo:) % 354

b AT AR fF (AUCs) (4e:AUCo-500 %
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(partial AUCS) (4-:AUCo.150%%  AUC1500-c)

(F5RFE SRR e £ 704 Rl

Wi GEFIRY BT Re f (AUC.

r)’r_‘:’

L H R T M G 4 (partial AUCs)

(#:AUCo.i50% % AUCis0%-) (T 5 T & Z#: 8

TR L EY (M)

oAt o 2T G 0 0 BRITHEZEY

(T1) 7 > F = 4cts8” 5. Clinical studies

Pharmacology studies Endpoints/statistical

analyses Pharmacokinetics (PK) Long-acting

insulins typically exhibit a flat PK profile.

Therefore, in some cases, determination of

Cmax and tmax may not be possible and may

be clinically meaningless. In such instances,

AUC(0-1) should be the primary endpoint and

measures of partial AUCs, e.q. AUC(0-t50%)
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and AUC(t50%- 1) the secondary endpoints.

T1/2 should be determined where possible.” -

4. Lk i@ &dig iR £ ot insulin | ¥4 0 R EHFRRdpif o HpREF S8 | B35 WA X EFHF FRipi HR%
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RS BESIMT Y FE WA | RO FRZPEROMNFRIPEET | AR .. R¥ 408”5 Clinical
1)

FHEREFEZEERT R FRD

FLE M TR Endpoints/statistical analyses.

pI

oo Studies Pharmacology studies

Pharmacokinetics (PK). For the primary PK

endpoints, the 90% confidence interval of the

ratio test/reference should be contained within

the pre-defined equivalence margins. In the

absence of specific acceptance limits for

biological medicinal products in general and

for insulin specifically, the conventional

acceptance range for bioequivalence, i.e. 80%

to 125%, is recommended, unless otherwise
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justified. If high variability is anticipated, a

replicate design study should be considered

(e.0. 3-period cross-over design with

replication of reference) to justify widening of

the acceptance range (for details, reference is

made to the Guideline on the investigation of
bioequivalence, CPMP/EWP/QWP/1401/98

Rev.1).” -

(GIRmax) °

N
g
3

3] & GEAR AL B E cha & B Rk
ACE R N R
Bl 5 ST 6 A (GIR-AUC 0.0) ok
X ¥ F L 5 (GIRma) ©

BEsEEEL

5. & 2 & [ Guideline on non-clinical and
clinical development of similar biological
medicinal products containing recombinant
human insulin and insulin analogues. EMA. 26
February 2015.
EMEA/CHMP/BMWP/32775/2005_Rev. 1.
Committee for Medicinal Products for Human

Use (CHMP)] P9/12 237 5 7 (2) %%
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CARBFRHRRE o R A0
Clinical  studies  Pharmacology  studies
Endpoints/statistical analyses.

Pharmacodynamics (PD). ...In general, GIR-

AUC(0-t) and GIRmax should be measured as

primary endpoints for rapid- and short-acting

insulins,...” °
2. YORAEL A AR AR % tﬂ%%%iﬁ%ﬁgﬁﬁﬁ%%$% BTEY LA R E g
FERLG S MELE Sy AT Re | BIRL § 5 BEILEFd 8T Raf
f(AUCo<) frd = i § #E i i1 2 5 | (GIR-AUCo<) fr d = § § 4% i 1L i 5
(GIRmax) ° (GIRmax) °
3. %éii}ﬂ%%%ilﬁﬁéﬁfﬁﬁiﬁ%é.%‘« Eoxdh 30 R B Bt BF | B35 Eordh ) A0 R BB R%
FRIRL G5 HELE sy A7 8o | R FHHLESY A7 8a | F. §FHHLE 5 &7 4o f (GR-

ﬁ? (AU CO-r) °

(GIR-AU CO-‘c) °

AUCox) ° 70 R = 4eis” 5. Clinical studies
Endpoints/statistical

(PD). ...In

Pharmacology studies

analyses. Pharmacodynamics
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general, GIR-AUC(0-t) and GIRmax should be
measured as primary endpoints for rapid- and
short-acting insulins, GIR-AUC(0-t) and
GIRmax for intermediate-acting insulins and
GIR-AUC(0-1) for long-acting insulins.....” °

4. At GIR-ApM RUT AR A L | B § L RSE Bkt e Mk | By s7 B G LA H Bk e

KRk dpntk o Am o PD B % & A s e E P AL L E R Y B ST | P B S B 4o 0 * (onset of action)fr ] iE
‘f'%ﬁ;il 3—‘ b L""’FE":Fm(tGTRmax) A

5
19*%1 AR X PE R (toRmax) * 4 F FRA W AR | IR A W AT 4 G ff (partial GIRAuc) ° V0 R ¥

#FPKE% o B 451 % (onset of action)frF|iE &~ 5§ | &< §

T 4% 5 4% (partial GIRAuC) ° 4o 18 7 5. Clinical studies Pharmacology

studies Endpoints/statistical analyses.

Pharmacodynamics (PD)....Other meaningful

pharmacodynamic endpoints are time to onset

of action and tGIRmax for rapid-, short- and

intermediate-acting  insulins and  partial

GIRAUC (such that are meaningful for the
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respective insulin)....”

5 473 PD %¥cith 5% GHER
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PHLZEE o > B2 40is” 5.

Clinical
Endpoints/statistical

studies  Pharmacology  studies
analyses.
Pharmacodynamics (PD)....For primary PD
parameters, the 95% confidence intervals of

the ratio test/reference should be contained

within the pre-defined equivalence
margins. ...” °

8. F-HWEFEFIAAREG 2 ATA
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BLA] > b 4eid oo @ rede 4P 3] (biphasic)is
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Fjope o s g R R T & R
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For g By o
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B,J%gruv\,:ig; ?;“g_rrrgf-i;;

iz [ Guideline on non-clinical and clinical

development of similar biological medicinal

products containing recombinant human
insulin and insulin analogues. EMA. 26
February 2015.
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£ 4 B 58 AR L ok EMEA/CHMP/BMWP/32775/2005 Rev. 1.
()7 3 B 5 % (e g 3)e NI R LS TR Committee for Medicinal Products for Human
L EREL G A NER R E E g WS R EE W R Use (CHMP)] P10-11/12 237 53”_§ b - ®
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4o 18 7 5. Clinical studies Pharmacology

¥

E’

studies. Requirements for  different
preparations containing the same active

ingredient. In case a biosimilar manufacturer

develops different preparations, e.g. short-
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acting, intermediate-acting and

biphasic

containing the same active

preparations

ingredient, PD data are not needed for all of

these preparations. The following programme

would be acceptable to show similar efficacy

of such insulin preparations with their

respective reference products: 1)

Demonstration of similar PK and PD profiles

the

for soluble insulin preparation. 2)

Demonstration of similar PK profiles of the

other insulin preparations with their respective

reference medicinal products. Any PD data

should be

collected during PK studies

presented.
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February 2015.
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5. Clinical studies Pharmacology

studies. Clinical safety...If a background
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)
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insulin is given during the trial (e.g. an

approved prandial or basal insulin in addition

to the test insulin), the type and regimen of the

background insulin should not be changed
during the evaluation period. In case a
biosimilar manufacturer develops different
preparations, e.g. short-acting, intermediate-
acting and biphasic preparations containing

the same active ingredient, the preparation

with the highest expected immunogenic

potential should be included (alone or in

combination with the other preparations) in

the safety study.” °

FTH” ANEBE L 1B % AP AR
R EHRT L% A AT R
1

< 4efs” 5. Clinical studies Pharmacology

studies. Clinical safety... In certain cases, a

pre-licensing safety study including
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Immunogenicity assessment may be waived.

The following prerequisites apply: Firstly,

biosimilarity between the biosimilar and the

reference insulin can be convincingly

concluded from the physicochemical and

functional characterisation and comparison

using sensitive, orthogonal and state-of-the-

art analytical methods, and from the

comparison of the pharmacokinetic and

pharmacodynamic profiles. These data would

already provide sufficient reassurance that

adverse drug reactions which are related to

exaggerated pharmacological effects (e.g.

hypoglycaemia) can be expected at similar

frequencies. Secondly, the impurity profile

and the nature of excipients of the biosimilar

do not give rise to concerns. Appropriate

scientific justification for waiving a
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safety/immunogenicity study should always

be provided.” -
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development of similar biological medicinal
products containing recombinant human
insulin and insulin analogues. EMA. 26

February 2015.
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EMEA/CHMP/BMWP/32775/2005 Rev. 1.
Committee for Medicinal Products for Human

Use (CHMP)JP10-11/12 237 2 7. B3P A&

SN0 T TR B A * )
Pharmacovigilance plan. .... The risk

management plan of the biosimilar should

always take into account identified and
potential risks associated with the use of the

reference product...” °
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TR R p 3l [ Guideline on non-clinical and
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human insulin and insulin analogues. EMA. 26
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EMEA/CHMP/BMWP/32775/2005 Rev. 1.
Committee for Medicinal Products for Human
Use (CHMP)] ¥ if B M3 &% R L T

HER RV M FRaA R F 7

A

FI T % 2EORA 2 TRA RAL  ATHZ TN -
B ¥ & > 2 ¢h i (extrapolation) | @ #

“$ » Ja < 4rts” 7. Extrapolation of indication

Demonstration of biosimilarity based on the
physicochemical and functional
characterisation, the pharmacokinetic and,
where needed, pharmacodynamic profiles and
absence of safety issues with subcutaneous use
will allow extrapolation to intravenous use, if

applicable, and to other indications and patient
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populations

product.” °

licensed for

the

reference
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(recombinant Granulocyte colony stimulating

Factor;rG-CSF)z_ 4 # jpt & 5. R EF
Pp e ARe 8 5 2 2 Y BB

R A

% [ Guideline on similar biological medicinal
products containing recombinant granulocyte-
colony stimulating factor (rG-CSF). EMA. 26
July 2018.
EMEA/CHMP/BMWP/31329/2005 Rev 1.
Committee for Medicinal Product for Human
Use (CHMP)]) P3/6 #73#”- ~f@i 4 ...” > R
2 4eis” 1. INTRODUCTION

The marketing authorisation application
dossier of a new recombinant Granulocyte
Colonystimulating Factor (rG-CSF)-
containing medicinal product claimed to be

similar to a reference medicinal product

already authorised in the EU shall provide the

demonstration of comparability of the product
applied for to this reference medicinal
product.” ©
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B % & & [ Guideline on

biological medicinal  products
containing recombinant granulocyte-colony
stimulating factor (rG-CSF). EMA. 26 July
2018. EMEA/CHMP/BMWP/31329/2005
Rev 1. Committee for Medicinal Product for
Human Use (CHMP)]) P3/6 23757 ... » #
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INTRODUCTION.. . Human G-CSF is a single

polypeptide chain protein of 174 amino acids

~

with O-glycosylation at one threonine residue.

Recombinant G-CSFs produced in E. coli

(filgrastim) and in CHO (lenograstim) are in
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clinical use. Compared to the human and to the

mammalian cell culture derived G-CSF, the E.

coli protein has an additional amino-terminal

methionine and no glycosylation. ....” o
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INTRODUCTION.. .Effects of G-CSF on the

target cells are mediated through its

transmembrane receptor that forms homo-

oligomeric complexes upon ligand binding.

Several isoforms of the G-CSF receptor

arising from alternative RNA splicing leading
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to differences in the intracytoplasmic
sequences have been isolated. One soluble
1soform is known. However, the extracellular,
ligand-binding domains of the known
isoforms are identical. Consequently, the

effects of rG-CSF are mediated via a single

affinity class of receptors.

Antibodies to the currently marketed E. coli
derived rG-CSF occur infrequently. These
have not been described to have major
consequences for efficacy or safety. RG-CSF
is administered subcutaneously or
intravenously. Possible patient-related risk

factors of immune response are unknown.” °
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o5 3 & 2 % [ Guideline on similar
biological medicinal products containing
recombinant granulocyte-colony stimulating
factor (rG-CSF). EMA. 26 July 2018.
EMEA/CHMP/BMWP/31329/2005 Rev 1.
Committee for Medicinal Product for Human
Use (CHMP)] P3/6 237 57 ‘f‘%’ Pod
ReORE P b S R RO RS At 4
MAIN GUIDELINE TEXT 4.1. NON-
CLINICAL STUDIES. Pharmacodynamic

studies. In vivo studies:
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In__vivo rodent models, neutropenic

and non-neutropenic, should be used
to compare the pharmacodynamic effects
of the test and the reference medicinal

product. “ ©

oo ET o b 3at L R

2

BEA LM R L £ A

2
o

]

FoTRr 2 EAREABFTI R Fo TR EZERHES BT
f:r o f’? o
TR Rk =~ TRk % ® iz ([ Annex to guideline on

(- )Eb B E5%
4 Pap it

T %

AT
LR G A R

2. W MT MG M(AUC): A & chBEF 5 £
BB i ® k& (Cmax) fr

B, B SBch

2ERLME - BE 2

o

0&%@%%%

2. W MT G F(AUC) s 1 & hER &

similar biological medicinal products
Containing biotechnology-derived
proteins as active substance:Non-clinical
and clinical issues. Guidance on similar
medicinal products containing
recombinant Granulocyte-colony
stimulating factor. EMA. 22 February
2006. MEA/CHMP/BMWP/31329/2005
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3. il AR 2 REAR F - SRR

Rev 1. Committee for Medicinal Product
for Human Use (CHMP) ] P4/6 2 3=
=71, ),f%%“ﬁ}i TR EWRIWE - RS
LR FEREFLFL LR
PR S Fal R
oo B2 deis” 4.2, CLINICAL
STUDIES Pharmacokinetic studies The

pharmacokinetic

properties of the

similar biological medicinal
product and the reference
medicinal product should be
compared in single dose
crossover studies using
subcutaneous and  intravenous
administration. = The  primary PK

parameter is AUC and the secondary PK
parameters are Cmax and T1/2. The

general principles for demonstration of

bioequivalence are applicable. -

B2 MAp R HARERGY Rl

§
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BevR V4 BEEEP TR ERL G
M e ” s o deis” 4.2, CLINICAL

STUDIES Pharmacodynamic studies...The
absolute neutrophil count (ANC) is the
relevant pharmacodynamic marker for the
activity of r-GCSF.The
of the

pharmacodynamic

effect test and the reference

medicinal products should be compared

in healthy volunteers. The selected dose

should be in the linear ascending part of the

curve. Studies at more than

dose response

one dose level may be useful. The CD34+ cell
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count should be reported as a secondary PD

endpoint. The comparability range should be
justified.” °
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(duartion) @ Frenit B T2h BogS o v MR
BT BN 2 BiRskER

B2 Ao (e 7 4.2, CLINICAL STUDIES
Clinical efficacy studies...The recommended

clinical model for the demonstration of

comparability of the test and the reference
medicinal the

of

product is prophylaxis

severe neutropenia after cytotoxic

chemotherapy in a homogenous patient
group (e.g. tumour type, previous and planned

chemotherapy as well as disease stage). This
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model requires a chemotherapy regimen that
is known to induce a severe neutropenia in

patients. A two-arm comparability study is

sufficient in chemotherapy models with

known frequency and duration of severe

neutropenia.  If  other  chemotherapy
regimens are used, a three arms

trial, including placebo, may be needed.” °

2. A RFocdptRi BEeh Y o Lo
5 (ANC 3% 0.5 x 10%/L)ergp B > & 2
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l—:«
W

AT R BT
ZRH v T 440 i BE o IR ELAT T B E R RE Clinical efficacy studies...Demonstration of

the clinical comparability in the

chemotherapy-induced neutropenia

model will allow the extrapolation of the

results to the other indications of the reference
medicinal product if the mechanism of action

is the same....”
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# ok Bl ;}p o fev it it anfe | EH KR B :}F] %o fov v i e | STUDIES Clinical efficacy
B o 7 (& (margin) ° studies...Alternative  models, including

pharmacodynamic  studies in  healthy

volunteers, may be pursued for the
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demonstration of  comparability if
justified. In such cases, the sponsor
should seek for scientific advice for
study design and duration, choice of
doses, efficacy /  pharmacodynamic
endpoints, and comparability margins.” °
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— ~

Ak IS

e 4

U d A 3F 4 2 3 (recombinant
human erythropoietin)2_ # $~ jp |+ & 5. > R
BEFTHFEPH S AR a2 24

CR o A LY

o S

Al A A E 53 165 BiRAm o A
T W enpEdo > f F ikl

iz [ Guideline on non-clinical and clinical
development of similar biological medicinal
products containing recombinant
erythropoietins. EMA. 28 June 2018.
EMEA/CHMP/BMWP/301636/2008 Rev. 1.
Committee for Medicinal Products for Human
Use (CHMP))] P3/8 27"~ ~ @ 7> R =
4o 187 1. Introduction (background)...The
Marketing Authorisation (MA) application
dossier of a new epoetin claimed to be similar
to a reference product already authorised,
shall provide the demonstration of comparable
quality, safety and efficacy of the product
applied for to a reference product authorised
inthe EU....” »
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iz [ Guideline on non-clinical and clinical
development of similar biological medicinal
containing recombinant
erythropoietins. EMA. 28 June 2018.
EMEA/CHMP/BMWP/301636/2008 Rev. 1.
Committee for Medicinal Products for Human
Use (CHMP)] P4/8 337 5” 1 M &€ e A 57
a3 A 2 F 2 4 PAp g R aiipn B
F o BegR PRS0 ARG 4 4 AR 0

Frichd R B o .

products

R

38 p R CTD P 292 #2423 (non-clinical

overview) so A L AR h i S 2 2 H

2d o

4ris” 4. Non-clinical studies
As

stepwise approach

regards non-clinical development, a

should be applied to

evaluate the similarity of the biosimilar and

reference medicinal product. Non-clinical

studies should be performed before initiating
studies should be

clinical trials. In vitro

conducted first and a decision then made as to

the extent of what, if anv, in vivo work will be

required. General guidance on the stepwise
approach is provided in the “Guideline on
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similar  biological medicinal products
containing biotechnology-derived proteins as
active substance: non-clinical and clinical

issues”. The approach taken will need to be

fully justified in the non-clinical overview. °
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AR 2 Rt o

T him e B AR o

Fradas o a4 2 R ikedpin 4y lie
AR Z g e R 2 dois” 4. Non-

clinical studies...In vitro studies

In order to compare differences in biological

activity between the similar and the reference

medicinal product, data from comparative

bioassays should be provided, including

receptor-binding studies and functional assays
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(e.g. cell proliferation assays in human cell

lines). Wherever possible, analytical methods
should be standardised and wvalidated
according to relevant guidelines....” °

2. WP ALY G § b b s | COWP Eok BRAEE B 5" (COWP 25
KRB R PP EE R EED | - a0 AR F R R R R | - 86 3 o 7RI (R 4 R
o IR A E o HU MR R4S | B B o .. R ¥ 40 i8” 4. Non-clinical
B, "ERREZFIPRBHRE | ZTAAM2Z AR T 0 3 4 4000 % | studies...In vivo studies
RH W R R R (A P EEY | Rihien A Xakd B PIEA o Generally, comparative in vivo studies in
SRR S RWP 0 U AL b PR | AMIERRRTED N B Rl 2% animals are not recommended. Potency
S Bl RE A BET 5 B S | e Sl Bpl bt AT ATES measurement of the erythrogenic effects of the
similar biological medicinal product may
B e bR T BPR) © WH AIEH AN et fdp i

already be available from quality-related

E g A

bioassays (e.g. the European Pharmacopoeia

g R Ay AN e I S Y SN = )
R IRk & A €k Tk % normocythaemic mouse assay).

kiR i ) 1 ZFHFMPNE%ZEZ F | Measurement  of  pharmacokinetic  and

TP 2Rk o pharmacodynamic parameters is expected to

be included in clinical studies and similar
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studies in animals are usually not expected to

contribute additional relevant information to

the biosimilarity exercise. Such studies as well

as toxicological studies should only be

considered in specific cases, as explained in

the “Guideline on similar biological medicinal

products containing biotechnology-derived

proteins as active substance: non-clinical and

clinical issues.”
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Mo 2 4etd” 5. Clinical studies

5. 1 Pharmacokinetic (PK) studies

The pharmacokinetic properties of the similar

biological medicinal product and the reference

product should be compared in single dose

crossover studies for the routes of

administration applied for, usually including

both subcutaneous and intravenous

2

administration. ° ...
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RN EENESTEIRS R

HLEmH o 7> B~ 4is”” 5 Clinical

studies

5. 1 Pharmacokinetic (PK) studies

...Healthy volunteers are considered an

appropriate study population. The selected

dose should be in the sensitive part of the

dose-response curve._The pharmacokinetic

parameters of interest include AUC, Cmax

and T1/2 or CL/F. Equivalence margins have

to be defined a priori and appropriately
justified. Differences in T1/2 for the IV and

the SC route of administration and the dose

dependence of clearance of epoetin should be

taken into account when designing the
studies.” ©

(D) E»F %

(Z)EF 5%

iz [ Guideline on non-clinical and clinical

development of similar biological medicinal
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5.2 Pharmacodynamic (PD) studies

Pharmacodynamics should preferably be

evaluated as part of the comparative

pharmacokinetic studies. The selected dose

should be in the linear ascending part of the
dose-response curve. In single dose studies,

reticulocyte count is the most relevant and
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therefore recommended pharmacodynamic

marker for assessment of the activity of

epoetin. On the other hand, reticulocyte count

is not an established surrogate marker for

efficacy of epoetin and therefore not a suitable

endpoint in clinical trials.”
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® %[ Guideline on non-clinical and clinical
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recombinant erythropoietins. EMA. 28

June 2018.
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Rev. 1. Committee for Medicinal

Products for Human Use (CHMP)]) P5/8
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BB 7 iE...” R < 4ris” Confirmatory
studies should preferably be double-blind
to avoid bias. If this is not possible, at

minimum the person(s) involved in

decision-making (e.g. dose adjustment)

should be effectively masked to
treatment allocation.... The following
sections present different options and
recommendations on how to demonstrate
similar efficacy of two epoetin-
containing medicinal products. A sponsor
may choose from these options or modify
them but should always provide sound
scientific justification for the approach

taken.” -
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£ R 4et8” 5.3 Clinical efficacy studies.

Demonstration of efficacy for both routes of
administration. a) Similar efficacy for both
routes of administration may be demonstrated

by performing two separate clinical trials.

The combination of a ‘correction phase’ study

phase)$# * F R bt w F A 2 F (dom R | HFF FWRL 2D k4 2 (dre k%547 | using SC epoetin (e.g. in a pre-dialysis

B ) PHERBHR ATV RELEAH | F) P 2HEK ST R/IEL 2 A H 2 | population) and a_‘maintenance phase’ study

LaIRd S FAPAANEELEE S OT | LR S F AP ELE S DT o | using IV epoetin (e.g. in a haemodialysis

#oe population) would be expected to provide a
maximum of information on the biosimilar
epoetin...”
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¢ 7 53 Clinical efficacy studies.

Demonstration of efficacy for both routes
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of administration. ... The study design for
a maintenance phase study should

minimise baseline heterogeneity and

carry over effects of previous treatments.
Patients included in a maintenance phase
study should be optimally titrated on the
reference product (stable haemoglobin in
the target range on stable epoetin dose
and regimen without transfusions) for a
suitable duration of time (usually at least

3 months)...
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5.3 Clinical efficacy studies.
Demonstration of efficacy for both routes
of administration. ...In the course of both
studies, epoetin doses should be closely

titrated to achieve (correction phase

study) or maintain (maintenance phase

study) target haemoglobin

concentrations. The titration algorithm

should be the same for both treatment
groups and be in accordance with current

clinical practise...
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administration in a comparative clinical trial

and provide comparative single dose and
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multiple dose PK/PD bridging data in an

epoetin-sensitive population (e.g. healthy

volunteers) for the other route of
administration. The multiple dose PK/PD
study should be at least 4 weeks in duration
using a fixed epoetin dosage within the
therapeutic range and change in haemoglobin

as primary PD endpoint....”
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5.3 Clinical efficacy studies. Demonstration of
efficacy for both routes of administration....

Since comparative immunogenicity data will

always be required for SC use, if applied for,
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recombinant interferon alfa. EMA. 23
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* .70 R 4eis” 1. INTRODUCTION

Human interferon-alfa 2a or 2b are well-

known and characterized proteins
consisting of 165 amino acids. The non-
glycosylated protein has a molecular
weight of approx. 19,240 D. It contains

two disulfide bonds, one between the

cysteine residues 1 and 98, and the other
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between the cysteine residues 29 and

138. The sequence contains potential O-

glycosylation _sites. Physico-chemical

and biological methods are available for
characterisation  of the  proteins.

Recombinant Interferonalfa 2a or 2b

is approved in a wide variety of

conditions...”
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Products containing recombinant interferon
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i% [reflection paper. Non-clinical and clinical
development of similar medicinal Products
containing recombinant interferon alfa. EMA.
23 April 2009.
EMEA/CHMP/BMWP/102046/2006.
Committee for Medicinal Products for Human
Use (CHMP)] P3/6 M",f VL0 R A L
INTRODUCTION...Recombinant
Interferonalfa 2a or 2b is approved in a

wide variety of conditions such as_viral

hepatitis B and C. leukaemia, lymphoma,

renal cell carcinoma and multiple myeloma.

The sub-types Interferons alfa 2a and 2b have
different clinical uses. [FN-alfa is used alone

or in combination. Interferon alfa may have
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several pharmacodynamic effects....” °
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B = 418> 2. SCOPE

This product specific reflection paper presents
the current view of the CHMP on the non-
clinical and clinical data for demonstration of
comparability of two recombinant, non-
alfa

Interferon containing

pegylated,
medicinal products and should be read in
conjunction with the requirements laid down
in the EU Pharmaceutical legislation and other
CHMP guidelines

relevant (see

References).” °
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NON-CLINICAL STUDIES.

Pharmacodynamics studies.
In order to compare

In vitro studies:

differences in biological activity between the

similar and the reference medicinal product,

data from a number of comparative bioassays

could be provided (e.g. receptor-binding

studies, antiviral effects in cell culture,

antiproliferative effects on human tumour cell
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lines), many of which may already be

available from bioassays submitted as part of

the quality dossier. Wherever possible,

analytical methods should be standardised and

validated according to relevant guidelines.”
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4o & 7 4. NON-CLINICAL STUDIES.
Pharmacodynamics studies.... The
limitations of studying anti-viral effects in cell
culture systems expressing HCV, however,
should

be recognised, as the results do not correlate

well  with clinical response. Wherever
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possible, standardised and validated assays

should be used to measure activity and

potency.” °
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development of similar medicinal Products
containing recombinant interferon alfa. EMA.
23 April 2009.
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STUDIES. Pharmacokinetic studies.

The pharmacokinetic properties of the similar

and the reference medicinal product could be

compared in single dose crossover studies
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using  subcutaneous  and  intravenous

administration in healthy volunteers. The

recommended  primary pharmacokinetic
parameter is AUC and the secondary

parameters are Cmax and T1/2 or CL/F.

Equivalence margins have to be defined a

priori and appropriately justified.
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2z R Aeie” 5. CLINICAL STUDIES.
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Pharmacodynamic  studies. There are a
L ER > REE P RE RV (ALY ERL > B G Py R E
number of PD markers, such as 2
Fieg * o Py o Hie o TR R F R

microglobulin, neopterin and serum 2°, 5'-

oligoadenylate synthetase_activity, which are

relevant to the interaction between Interferon

-alfa and the immune system. The selected

doses should be in the linear ascending part of

the dose-response curve. Whereas the relative

importance of these effects in the different

therapeutic  indications is unknown a

comprehensive comparative evaluation of

such markers following administration of test

and reference products could provide useful

supporting data.” o
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EFFICACY. Endpoints. Primary: Virologic
response as measured by the proportion of

patients with undetectable levels of HCV
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RNA by quantitative PCR at week 12. The
assay used to measure HCV RNA and the cut-

off applied should be justified. A 2-log

decrease in viral load may be a co-primary

endpoint....” °
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5. CLINICAL STUDIES. EFFICACY.
SAFETY. Safety data should be collected from
patients after repeated dosing in a comparative
clinical trial over the treatment period plus 24

weeks of follow-up. The number of patients

should be sufficient for the comparative

evaluation of the adverse effect profile...” °
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engineered mAbs with higher potency),

in comparison to already licensed

reference medicinal products, to achieve

an improved or different clinical

performance, are not biosimilars and

therefore beyond the scope of this
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5.1.1. Study design.... Healthy

volunteers are likely to have less variability in

studies.

PK as target-mediated clearance may be less

important than in patients. Hence, if feasible,

a single dose study in healthy volunteers is

recommended, which could provide important

information on biosimilarity....”
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5.1.1. Study design....A

Clinical studies.

study in healthy volunteers may not be

possible in case of a toxic mechanism of

action, or in case the information obtained

be establish

would not sufficient  to
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biosimilarity. Under these circumstances a
study in patients may be a better option. If a
single dose study is not feasible in patients, a

multiple dose study should be conducted....”
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16 B ey L FE S A o L BT
5. Clinical studies. 5.1.1. Study design...It

'QL" % 99

may be necessary to perform the PK study in

a different_population from that selected to

establish similar clinical efficacy, since the

PK

most sensitive population where

characteristics can be compared
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may not be the same as the most sensitive
population where similar efficacy and safety
can be demonstrated. In such scenarios,

population PK measurements during the

clinical efficacy trial are recommended since

such data may add relevant data to the overall

database to claim comparability. °
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PREFG o Rm o> g AT REIE %@ﬁpfoﬁﬁgﬂﬂfwﬂmirk% o e
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TR ST G fh KA AR DLILPE 0 R ORGEP AR IEEE 0 RIT AT AR EIRG
?ﬁ?uiﬁﬁmﬁﬁiﬁéo B T o

226




104 # 12 3 3374

TR p 3

w

FhdRFEFR

C FERRRRER

A EZ B757(2)...2° kR Y

(Z)5 M B R FHEBE BRE S - = %)2. PHERHRZEREFET  BBIE Y | YR R 4oie” 5 Clinical studies.

BB RS- LS i}afii%f“ o |- TR EEE S - B ESL P R LR | 5.1.2 Sampling times... If a multiple dose PK

I T RS SRRy PR N O WA o dom PR fs - XL E 2w ¢ k| study in patients is used to show similarity

BEER DT LR 2 AR R 2 B BEERFRI S Z P T H £k | between the biosimilar and reference

dOER o B2 m ¥ ER o medicinal product and if elimination after the
last dose cannot be characterised, sampling
should normally be undertaken to characterise
the_concentration-time profile both after the
first dose and later, preferably at steady
state....”

N EE ik 2(2) Fi ik HEAE

(-) RFEHULFZ2 LES N BEFLR

7
~

1.

iR R flcheT

hofR H A 2 A%k 0 RIS
o 'Qﬂﬁtmﬂfﬁ“g;ﬁ‘?

* 2 BTG fE (AUCo.inf)

8 %339:7% ﬁ»%ﬂ_ v /%}i (Cmax) A
I'jéﬁx%jﬁ_"} }‘%)i—iﬂiﬁ?(tmax)‘

(1) 4o W E B 0 ERALKEE

PP AR S EAPFREIIAE A 24 AT
#5 A (AUCoin) > & $8c5 BB ¥k
B Cha)~FliEEF o ? ERZPFRF (tha)
ATHEEFERDE Ao E AL R M

227




104 & 12 % B 375

w

AR LR PR Aok A
R S E S LA
SHAI LS PR EL R4 2

YR TR FEEEZL Y ER

RS EE B P ERZ

R AT REE L
GRS = AR Tl
T & 4% (partial AUCs ) » M P ex
ﬁw%ﬁ%wmwmﬁo

% P o dram FF

SIWAS

AT AL ERE, Q&
SR BB R tna A AL R X
T oA B FIRLE 2 By BITR IV
AT 5 F (partial AUCs) > M#EP & jTip 2
PEIRAR AR L o

inf 2 Chnax >

R ¢ 35 AUCo

FRERF i P ow
Q’é‘_}?ﬂ’,if&‘,’%ﬁ?n T;iﬁ__l_;ﬁa-ﬂz?”
2 Cimax > =0 & Z ﬁi% tmax” & TR ©

by - RLEL YN XL ET 2
B Bd BT 5 A (AUC0n)E 7

W
ETLEFRFRF 28 AT 5
(AUC:ss) » & Sodic s Rk
BT e B & ? kR (Cnaxss) 4 %
B M P kR (Croughyss) ©

miﬁ
E:glr

2:(2) dodk R ERHPE 0 AR Sl B F
- X HELD %‘J::’t,ﬁf@%ﬁé&?‘ LET IR
B2 0 WG (AUCL) % TR T 2
EFEFEF2ZY AT 6 F(AUCLs) T &
Sl RUKRET BB & ¥ kR (Coaxss)

I E ﬁxf‘_&_u— v 1% E{(Ctrough,ss) °

T A K 2 & [ Guideline on similar
biological medicinal products containing
monoclonal antibodies — non-clinical and
EMA. 30 May 2012.

EMA/CHMP/BMWP/403543/2010.

clinical issues.

Committee for Medicinal Products for Human
Use (CHMP)] Page 10/16 i% 3
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Clinical studies. 5.1.3. PK parameters of
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interest. ...In a multiple dose study, the
primary parameters should be the truncated
AUC after the first administration until the
second administration (AUCO-t) and AUC
over a dosage interval at steady state (AUCx.).
Secondary parameters are Cmax and Ctrough

at steady state....” °

(2) 4% 2 $HH Pt 2 sl (RF
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Clinical studies. 5.1.3. PK parameters of

interest. ... Anti-drug antibodies should be

measured in parallel of PK assessment using

the most appropriate sampling time
points....” °
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PK parameters of interest. .... For some
2_Ed R MR o T UOE | Bot )R o reference mAbs, inter-subject variability for
EMERE - some parameters was reported to be

considerable....” °
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non-clinical and clinical issues.

2012.

30 May
EMA/CHMP/BMWP/403543/2010
Committee for Medicinal Products for Human
Use (CHMP)) Page 11/16 237 57 ... 2R
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5. Clinical studies. 5.2.2. PD markers as
of

LT A 0 e drfs”

comparability...dose-

pivotal  proof
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response data may not exist for the reference
mADb, and that exposing patients to a relatively
low dose of the mAbs, in a worst case
scenario, might also sensitize them to develop

anti-mAb antibodies, and, consequently, may

make them treatment resistant. However, for

some reference mAbs clinical conditions may

exist where such studies are feasible.” -

—_ N

TRk B 9%
(- ) tp i H B RoR) R A FA

LA FELERAR T2 AP E MRS
(equivalence trial) » 1/ % F H Tk 7
Z APt e dey i g 2 5P L fEd
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(non-inferiority trial)B~ % 2_ ©

=)~ RAR*K

1. - R

tp i H BRFA R R P BT AR B R
(equivalence trial) > ™ 7&F H &5k K vx2 49
fteded FERD P 4t L M
¥ AR R E2by B2 (non-inferiority
trial)B~ £ 2_

o HuaK.

® & [ Guideline on similar biological

medicinal products containing
monoclonal antibodies — non-clinical
and clinical issues. 30 May 2012.

EMA/CHMP/BMWP/403543/2010

Committee for Medicinal Products for
Human Use (CHMP)] Page 12/16 % 37
7.0 BRI E M E% (equivalence
trial)....” » B < 4o {87 5.3, Clinical
Efficacy — step 2...similar clinical
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efficacy between the similar and the
reference product should be

demonstrated in adequately powered,

randomised, parallel group comparative

clinical trial(s), preferably double-blind,

normally equivalence trials.... °

T R B L 2
FERME TR k2 K ¥ 2R
R o Rk R B

She

R o BT AR R R
A3 BT ~B*wwﬁﬁﬁﬁ%
BELEEFLAR 27 R Al

5.3. Clinical Efficacy — step 2...For most
of the clinical conditions that are
licensed for mAbs, specific CHMP

guidance on the clinical requirements to

demonstrate efficacy exists. However, to

establish comparability, deviations from

these guidelines (choice of endpoint,
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timepoint of analysis of endpoint, nature

or dose of concomitant therapy, etc) will

be warranted in some circumstances.

Such deviations need to be scientifically

justified on the basis that the proposed

clinical concept is designed to establish

biosimilarity by employing PD markers,

clinical outcomes, or both. The guiding

principle is to demonstrate similar

efficacy and safety compared to the

reference medicinal product, not patient

benefit per se, which has already been

established by the reference medicinal

product. Therefore, in general the most

sensitive patient population and clinical

endpoint is preferred to be able to detect

product-related differences, if present

and, at the same time, to reduce patient

and disease-related factors to a minimum
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Be R34 APUDAFRE SRR ERT
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in order to increase precision and to

simplify interpretation. For example,

patients with different disease severity

and with different previous lines of

treatment might be expected to respond

differently, and thus differences between

the study arms may be difficult to

interpret, and it may remain uncertain

whether such differences would be

attributable to patient or disease related

factors rather than to differences

between the biosimilar mAb and

reference mAb.” °
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FE (AR 1) o

;}"E] *%Lfl,( Li“i ¥ oL ﬁil,‘i(#g Vi ,]\i) 0 },‘?17
~ 4o fs” 5.3. Clinical Efficacy — step

2...Comparability should be

demonstrated in scientifically

appropriately sensitive clinical models

and study conditions (whether licensed

or not), and the applicant should justify

that the model is relevant as regards

efficacy and safety, and sensitive to

demonstrate comparability in  the

indication(s) applied for. The safety of

patients should not be compromised by a

comparability exercise, and patients

should only be treated as medically

warranted. In case there are no endpoints

that are sufficiently sensitive to detect

relevant differences, applicants need to

implement additional measures to enable

sufficient sensitivity of the overall
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clinical dataset obtained from the clinical

study. For example, the study could be

combined with a multiple dose study, or

applicants could measure

pharmacodynamic markers in addition to

clinical endpoints in order to further

establish comparability.” °
%ﬁ”%ﬁﬁﬁw+ﬁa%4ﬁ%%
BERIERFER LT EERL LT
TR o W PRI o YL
Fli el o 2 4eis” 5.3, Clinical

Efficacy — step 2...Clinical studies in

special populations like the paediatric

population or the elderly are normally

not required since the overall objective

of the development programme is to

establish comparability, and therefore

the selection of the primary patient

population is driven by the need for
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homogeneity and  sensitivity. The

inclusion of patients from non-European

countries is generally possible if there

are no intrinsic differences, but it may

increase heterogeneity. Knowledge of

efficacy and safety of the reference mAb

in a particular region may be necessary

in order to prospectively define an

equivalence margin. Stratification and

appropriate subgroup analyses are

normally expected if patients from

different global regions are included in

order to demonstrate consistency with

the overall effect. Diagnostic and

treatment strategies should be

comparable in order to prevent the

influence of extrinsic factors.” e
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iz [ Guideline on similar biological medicinal
products containing monoclonal antibodies —
30 May
EMA/CHMP/BMWP/403543/2010
Committee for Medicinal Products for Human

Use (CHMP)] Page 12/16 #73#” 2. ¥ x4

non-clinical and clinical issues.

2012.

(PES / DES)

# overall survival (OS)F fx s
Bk & g3 4R 5 fe foxE A 0143 B han

We 33 Fx ‘ﬂhmwuwuﬂ%,wﬁ

LR 0 DR B 0 ) e A
o B2 4 (8 7 531 Additional
considerations  for ~mAbs licensed in

anticancer indications...Establishing similar

R radp eV A A ¥ 78 A 3 ATk 0 iz #_7] | clinical efficacy and safety of biosimilar and
=g XFIBHA B LR a By b FlF | reference . mAb  may be particularly
o ipa 7S @ :h.i " g < challenging in an anticancer setting:

According to the “Guideline on the evaluation

S AP i

of anticancer medicinal products in man”
(CHMP/EWP/205/95) the preferred endpoint

to prove efficacy in cancer indications would

be either progression free / disease free

survival (PFS / DFS) or overall survival (OS).
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Such endpoints are important to establish

patient benefit for a new anticancer drug, but

may not be feasible or sensitive enough for

establishing comparability of a biosimilar

mADbD to a reference mAb, since they may be

influenced by various factors not attributable

to differences between the biosimilar mAb

and the reference mAb, but by factors like

tumour burden, performance status, previous

lines of treatments, underlying clinical

conditions, subsequent lines of treatment (for

0OS), etc. They may therefore not be suitable

to establish similar efficacy of the biosimilar

and the reference mAb.

Again, the focus of the comparability exercise

is to demonstrate similar efficacy and safety

Y BEE AL 2P Apin o A 2tR
Iﬂ,ﬁf,a‘ﬁ Al FE 0 FlE Rk 2 e B % | compared to the reference medicinal product,
Y E L Er S 7 o — AL kR BE 3 B ATR ¥ | not patient benefit per se, which has already

B EHE G B R AR SR S

been established by the reference medicinal
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product. In general the most sensitive patient
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population and clinical endpoint is preferred
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Vedn th TR S o bl R E B %

to be able to detect product-related

differences, if present and, at the same time, to

(overall response rate ° “F complete response

reduce patient and disease-related factors to a

rate 4v_partial response rate) & i & Jf >y

minimum in order to increase precision. A

e - gt T A A G PR EEATRIE 2

clinical trial in a homogeneous patient

R F B o B A dpipiz "%+ ] % | population with a clinical endpoint that
P F oA (BRI T )HEILE 2 % > F s | measures activity as primary endpoint may be
& (pathological complete response) » & 7 & | considered. An example may be Overall
P il S AT *9::};, £ | Response Rate (ORR, proportion of patients
FET & EPE 4 i R IE RS R o & E (73 | in whom a Complete Response (CR) or Partial
% & (progression free survival » PFS)% # 48 | Response (PR) was observed). It may also be
17 7% % (overall survival » OS)% ¥ 7 7% Jf % | worthwhile to explore ORR measured at a
B JBi R DR TS F ik p o] < 0 F] 4 | certain timepoint (i.e., ORR at x months) or
T H R (A 4p v B 24 # 1) | percentage change in tumour mass from

k2 b A G R BGES k% PFS

baseline or pathological Complete Response

&_# overall response rate AR %k iR H

(pCR) in certain clinical settings.

£EH PFS Bocdpth » it ot § @ E5%

Applicants should engage in efforts for a

242




104 # 12 3 3374

ot
ko
\_-' N

od
H\
=
%

w

PR E oo

538 e v gy (Gl heid FIE J npE R

standardized assessment and clear definitions

of endpoints with patients evaluated at

appropriate intervals. PFS and OS should be

recorded, where feasible. It is acknowledged

that data on survival may have to be

interpreted with caution due to numerous

factors influencing survival beyond the

performance of the biosimilar mAb or the

reference mAb. However, in case PFS is likely

to be more sensitive than ORR as outcome

measure, this is the preferred option even

though this will prolong the clinical study.

Novel endpoints may be tested on an

time to response) ¥ & #£ E 440 * iz AR 1

exploratory basis (e.g. time to response) and

[

may  add supportive evidence for

biosimilarity.” e

N TRRE R

() RARE R

& EFAK
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[ Guideline on similar biological

products containing

monoclonal antibodies — non-clinical

and clinical issues.

30 May 2012.

EMA/CHMP/BMWP/403543/2010
Committee for Medicinal Products for

Human Use (CHMP)] Page 13/16 % 37
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54. Clinical

st o7 R Aris”
Safety...Where  no

homogeneous definition exists for safety

parameters (e.g., measurement of

cardiotoxicity) it is recommended to use

the same definitions as that used for the
reference  mAb in its  original

development programme (if known) or

the definitions used during post-
authorisation follow-up. Comparison of

pharmacologically mediated adverse

reactions (e.g.. cardiotoxicity), 1i.e.,

safety-related pharmacodynamic

markers, could also be used as further

supportive _evidence  for  clinical

comparability, and could be analysed in

a similar way to that discussed for

efficacy-related PD markers.” °
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{8 5.4. Clinical Safety...In cases where

comparative and highly sensitive PD

studies are suitable to provide the pivotal

evidence for equivalence in clinical

efficacy, applicants will have to provide

sufficient reassurance of similar clinical

safety, including immunogenicity.

Actively controlled safety data should

normally be collected pre-authorisation,

depending on the mAb and the number

of exposed patients, and duration of
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(2 ) 3 4k 3 i (extrapolation) i g > ¥ it 2. X 2P FTARNE R > up pre authorisation should be

i

MR EX 2HEBHREF(FHEL
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E

TP g e

B I F A2 2K R > bldc progressive

multifocal leukoencephalopathy i& % 2

FREE® 32 =7 g qe o Ft R
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s
i
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KT

justified.” °

BiTE A MpE R TSN
BT AT HRT ST g
ek 1.7 R Aete” 5.4, Clinical

Safety...It might be decided to collect
part of the safety data, or also additional

safety data, in the postauthorisation

setting as described below. Rare events

such as progressive multifocal

leukencephalopathy are unlikely to be

detected in a pre-authorisation setting.

Therefore, applicants need to propose

pharmacovigilance and risk management

activities for the post-authorisation phase

at the time of the marketing authorisation

application (see section 7). Usually,
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similar pharmacovigilance activities as

those of the reference medicinal product

would be required, rather than a direct

comparison with the reference medicinal

product, since comparative data will

most likely be difficult to interpret due to

their rarity of occurrence and consequent

lack of precision for estimated

differences.”

ip s AL
Clinical ~ Safety...Applicants should

reflect upon how re-treatment of patients

would be handled. Concepts should be

presented at the time of marketing

authorisation application on how to

systematically measure safety of repeat

exposure of patients, for example in
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oncological indications where patients

undergo several treatment cycles. It is

highly encouraged to extend the clinical

study as a post-authorisation follow-up

study to a full treatment cycle, where

relevant and feasible.” °
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# 5. A & 2 & [ Guideline on similar
biological medicinal products containing
monoclonal antibodies — non-clinical and
clinical 30 May 2012.
EMA/CHMP/BMWP/403543/2010

Committee for Medicinal Products for Human

issues.

4L

Use (CHMP)] Page 14/16 #3757 1. % 5
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ﬁ- L % §5 3% o 2 (sparse sampling) &

4o 87 5.4. Clinical Safety...Systematicand
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comparative evaluation and discussion of

immunogenicity is important. due to clinical

consequences like loss of efficacy and also

likely resistance against further treatment with

o h AR A H - B E (SH P | thereference mAb.... as previous treatment
P A A R Bk F R o H$kd8 | could have resulted in an anti-drug antibody
HvE| £ {fzi -t g ¥ 3 o ,1‘12 - ¥ 4% | response that could hamper interpretation of

the safety data and thus also decrease

L‘tf"&t'ﬂlfé_ A 3?*4 47:;}5 28/

Fod 5 B2 LR F iR SR

sensitivity  for  detecting  differences.

Comparative  assessment of unwanted

immune responses against the biosimilar and

the reference mAb are normally undertaken as

part of the clinical study establishing similar

clinical efficacy and safety, using the same

validated assay(s) (see relevant CHMP

guidelines on immunogenicity assessment). A

population PK approach with sparse sampling

and determination of drug concentration

together with anti-drug antibody detection is
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acceptable. However, for some mAbs,

antibodies can be better detected in healthy

volunteers, who develop a strong immune

response after a single dose within a few days.

The dose of mAb administered is also an

important  factor to  consider when

investigating immunogenicity: some mAbs

inhibit antibody formation when administered

at high doses, and therefore studies conducted

with low doses, if medically possible. are

more sensitive to compare the immune

response of the biosimilar and reference

medicinal products.

Investigation of unwanted immunogenicity is

fe £ IR % si(expression system)pF b &

especially important when a different

EREFET EXEER > bldod 4 R

expression system is employed for the

BTG e ERKBEALE RIS

biosimilar mAb compared to the reference

relevant quality attributes ( 7] 4 37 &9

mAb which might, for example, vield in

post-translational

modification

relevant quality attributes that have not been
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could result in a higher immunogenicity. This

is particularly important if there is limited

experience with this expression system in

humans. It is recommended that such

approaches are discussed in advance with

regulatory authorities.” °
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products containing monoclonal antibodies —
non-clinical and clinical issues. 30 May
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P T o B Eiky FE BE2 LK R | Safety...Additional long-term

B2 % 2P aAlk 2B 37 i

immunogenicity and safety data might be

P W RE 2 & 2P FR o

required post-authorisation, e.g. in situations

where the study duration for establishing

similar clinical efficacy is rather short. The

need for additional long-term immunogenicity

and safety data should be discussed in the risk

management plan and, if considered needed,

applicants should go beyond routine

pharmacovigilance and perform

postauthorisation safety studies. As regards

safety and immunogenicity across different

indications licensed for the reference mAb and

claimed by the biosimilar mAb, a post-

authorisation concept for obtaining further

indication-specific safety data may be needed

as described in section 7.” °
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=4

T EIMLE L R
4o t$” 6. Extrapolation of indications.
Extrapolation of clinical efficacy and
safety data to other indications of the
reference mAb, not specifically studied
during the clinical development of the
biosimilar mAb, is possible based on the
evidence of

overall comparability
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Pharmacovigilance. . .Activities to

obtain additional immunogenicity data, if

considered needed.” -

(risk minimization activities) ¥} % i1 £
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FREZ TR F R A G FRE R | % [Guideline on similar biological medicinal
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= %ﬁa% % (bl4c% & @ % X %3 T | non-clinical and clinical issues. 30 May
FLE) o dopt 4 ¥ R L 3 N R B | 2012, EMA/CHMP/BMWP/403543/2010
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IR EGPER2 WigiEiT B o 1+ | Pharmacovigilance... The concept is likely to
W18 0 A Pedpiugt By 2 & 2.2 | have to exceed routine pharmacovigilance,

and may have to involve more proactive
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TR 3 VB 4 0 B P ¥t iR | pharmacovigilance  activities, e.g.  where

BEprZ2RE 2TMRITFY o possible, registries or large population based

databases, in which data is captured in a

standardised way to ensure accurate and

consistent data capture/ review. In addition,

participation in already existing registries is

recommended and should be presented as part

of the Risk Management Plan. The adequacy
of such proposals will have to be assessed in
the context of the safety data at the time of
approval, the overall data from the
comparability exercise, and the known safety
profile of the reference mAb.... Depending on
the handling of biosimilars and reference
medicinal products in clinical practice at

national level, ‘switching’ and ‘interchanging’

of medicines that contain a given mAb might

occur. Thus, applicants are recommended to

follow further development in the field and
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consider these aspects as part of the risk

management plan.”
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20. Scientific Considerations in Demonstrating

Biosimilarity to a Reference Product. U.S. FDA.

APRIL 2015. Docket Number: FDA-2011-D-0605.
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22. Development of therapeutic protein biosimilar:

comparative analytical assessment and other quality-

related considerations (FDA. 2019)

23. ICH guideline M10 on bioanalytical method

validation and study sample

analysis.(EMA/CHMP/ICH/172948/2019, 2023)
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