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PFSB/ELD No0.0304007
“Guidelines for the Quality, Safety and Efficacy Asurance of Follow-on Biologics”

1. Introduction

“Follow-on biologics” are drugs to be developed diferent marketing approval
holders as drugs having bio-equivalent/quality-egleint quality, safety and efficacy
as biotechnology-derived drugs already approved edtically as drugs with new
active ingredients (hereinafter “originator biodfsigj). In general follow-on biologics
can be developed on the basis of data obtained &@omparison with the originator
biodrug demonstrating bio-equivalence/quality-eglence in respect of quality, safety
and efficacy; or similar data.

In this document “bio-equivalence/quality-equerade” does not signify that the
guality attributes of a follow-on biologic are coleely identical with those of the
originator biodrug, but that these are highly samiland, notwithstanding some
variations, can be scientifically concluded to haneharmful effect on the safety or
efficacy of the final product.

Given the quality attributes of follow-on biol@gi such as their complex structure
in being comprised from several function sites, abtovity, instability and
immunogenicity etc., unlike chemically synthesizi¥dgs, it is often difficult in their
development to verify the sameness with origindiodrugs of the active ingredient,
and basically it appears that the same approachitlis the generic products of
chemically synthesized drugs (hereinafter “genedimigs”) cannot be applied.
Therefore with follow-on biologics new evaluatiomidelines different to those for
generic drugs are required. In addition, applicetishall be filed under a new
marketing approval application category differemgeneric drugs (1 — (7) Follow-on
biologics) (see footnote *).

These guidelines set out the requirements tocobsidered for the development of
the new application category of follow-on biologiasd clarify the data required for
approval applications.

Applications for follow-on biologics can be filednothe expiry of the

reexamination period etc. of the originator biodrAgcordingly, the development of



follow-on biologics is likely to commence once atae period of manufacturing and
marketing performance and clinical usage has ethssece the development and
approval of the originator biodrug. Given the likelod during this period of rapid
progress with the manufacturing process, analytitedhniques or evaluation
techniques relating to the target biotechnologyveer drug, data accumulated during
this time and the latest scientific technologiesuth be fully incorporated into the
development. In addition, the latest availableegatlata should be taken fully into

account.

*  Follow-on biologics do not correspond to “Recomdmt drugs with a different
host-vector system to that used for the manufaafir@proved recombinant drugs”
given in the PAB/ERD Notification No. 243 dated Mar30 1985 or to “Drugs with a
different cell species to approved cell culture g#u given in the PAB/ERD-1
Notification No. 10 dated June 6 1988 and shalb dle in a different application

category to generic drugs.

2. Scope of Application (Coverage)

These guidelines cover recombinant protein drugslyding simple proteins and
glycoproteins), polypeptides and derivatives theithat have been produced using
microorganisms or cultured cells, have been highlgified and can undergo quality
characterization by means of a series of apprapaatlytical procedures; and drugs
based on their constituent ingredients (for exanguajugates).

The basic view set out in these guidelines mag &k applicable to categories of
drugs other than the above that have been highlgfiggi and can undergo
characterization, such as non-recombinant proteigsd produced using cell culture
techniques or proteins and polypeptides that haen bsolated from tissue or body
fluids. The applicability should be discussed wtitle regulatory authorities for each
individual product.

This document is not applicable to antibiotigs)tbesized peptides and synthesized
polypeptides, polysaccharides, vitamins, metabplioducts of cells, nucleic acid-
based drugs, allergen extracts, conventional vascinased on antigens such as
attenuated or inactivated pathogenic microorganismg extracts, cells or whole

blood/cellular blood components (blood cell compusg
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3. General Principles for the Development of Follovon Biologics

In the development of follow-on biologics it is mssary to establish an
independent manufacturing process and, as with m@ambinant protein drugs, to
give specific details of the respective qualityibtites. In addition, it is necessary to
demonstrate high similarity with the originator thtag of the quality attributes based
on empirical data. Demonstration of bio-equivaléquaality-equivalence including
from non-clinical study and clinical study dataimsprinciple also required. Further,
originator biodrugs should be drugs approved doicabt and be the same product
throughout the development period of the followknalogic (the entire quality, non-
clinical and clinical development period).

For evaluating the bio-equivalence/quality-eglémae of follow-on biologics, it is
considered necessary to conduct studies as apgi®frased on the concept given in
the ICH Q5E Guideline: “Comparability of Biotechngical/Biological Products
Subject to Changes in their Manufacturing Processéffect, bio-equivalence/quality-
equivalence should be evaluated as appropriateghroomparison with the originator
biodrug using a combination of physicochemicalgebtoactivity tests and also non-
clinical and clinical study data.

The objective of evaluating the bio-equivalenoeldy-equivalence of follow-on
biologics is to demonstrate that their qualityibtttes are highly similar to those of the
originator biodrug and that even any variationsiibtherein have no harmful effect on
the safety and efficacy of the final product. Whtre originator biodrug substance is
obtainable for tests to evaluate the bio-equivafmnality-equivalence of quality
attributes, tests using this shall be required.owever, in general it will often be
difficult to obtain the originator biodrug substan@and in such cases there may be no

option other than to perform the investigationsi\gghe drug product.

Accordingly, although there may be limitationsctarrent scientific techniques, or
limitations to the evaluation of bio-equivalenceitity-equivalence of the quality
attributes from data obtained using drug produanslyses should be conducted as far
as possible using procedures demonstrated to lemtidicially valid, and the data
obtained submitted. However, depending on the mtditerary materials or similar
information may also be referred to for some biaieglence/quality equivalence
evaluations of quality attributes.

The need for and scope of non-clinical and ciihgtudy data will depend on the

extent to which bio-equivalence/quality-equivalemvegh the originator biodrug has
3
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been established from a scientifically valid antioreal evaluation of the quality
attributes.

Non-clinical studies should be conducted aftdr dharacterization of the follow-
on biologic. The type of study to conduct shoulel froperly determined with
reference to the results of the characterizatiothefquality attributes of the follow-on
biologic per se and of the evaluation of bio-eglémae/quality-equivalence based on a
comparison with the originator biodrug of the gtyadittributes.

Clinical studies should be conducted with refeeeto the quality attributes of the
follow-on biologic to be developed and to the resulf the bio-equivalence/quality-
equivalence evaluation results based on a compaasohe quality attributes of the
originator biodrug and follow-on biologic and thedings of non-clinical studies. In
addition, the study must be designed as necessady rational and the bio-
equivalence/quality equivalence with the originatbodrug of efficacy and safety
evaluated with reference also to diverse infornmatiacluding literature on the

originator biodrug.

4. Manufacturing Process and Quality Characterizaton of Follow-on

Biologics

In the development of follow-on biologics, it is aessary to establish an
independent and highly constant and robust maruiagtmethod. In addition, as with
new recombinant protein drugs, the product obtastexuild be fully characterized and
the data submitted. The manufacturing processldhmioptimized according to the
characteristics of the active ingredient(s) of fibleow-on biologic to be developed and
as appropriate the results of the evaluation ofegjoivalence/quality-equivalence with
the originator biodrug in respect of the qualityriatites. In addition to appropriate
specifications and test procedures, it is necedsasgt the process control method.

In addition, where there are changes in the naatufing process during the
development of a follow-on biologic, comparabilglyould be evaluated in accordance
with the ICH Q5E Guideline.

4.1 Development of the Manufacturing Process
It is envisaged that broad spectrum analysis ofotiginator biodrug, foremost
the dosage form, will be required in the developimeh follow-on biologics.

However, normally it would be extremely difficulto tobtain data on the
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manufacturing process of a originator biodrug depetl by a competitor or the drug
substance per se.

In addition, it is likely that in many cases bs#s of a originator biodrug product
alone will only generate limited data on its mawmtifiaing process. For example,
although package inserts etc. may provide informmasuch as whether serum or
bioderived components have been used in the ceK beeation or culture process,
or whether an antibody column etc. has been usddeimpurification process of the
target active ingredient, such information is aléely to be extremely limited.
Accordingly, in the development of follow-on biolog, it is nhecessary to develop
and establish an independent manufacturing prooésassured constancy and
robustness. In addition, the bio-equivalence/qu&dguivalence of the originator
biodrug and follow-on biologic should be clarifiedker full consideration of such
differences in the manufacturing process.

Given that the development of follow-on biolagieill take place a considerable
time after the approval of the originator biodrug,is recommended that in
developing the manufacturing process of a follow-biologic, where safety
measures etc. based on the latest knowledge dirtteaire applicable, these should
be actively adopted. In other words, the develognoérfollow-on biologics also
demands proactive adoption of the latest safetysorea etc. insofar as these do not
affect efficacy. Accordingly, in some cases it niiymore appropriate to search for

a safer manufacturing method, such as non-serutmreul

Host-vector systems

In the creation of cell bank systems for the maciui@ of follow-on biologics,
where the host cell of the originator biodrug haerbdisclosed it is preferable to
proceed with the development using the same hdistSteould a different type of
host cell be used for the development, quality seféty investigations focusing on
the differences in the profile of process-relatetpurities including host-derived
impurities should be conducted more thoroughly théwere the same cell is used.
The respective data should be submitted.

With glycoprotein drugs, it is often difficult ot demonstrate bio-
equivalence/quality-equivalence based on structarzlysis data due to their
significant glycan heterogeneity. In addition, ewehere the host is identical,
glycan heterogeneity is known to fluctuate wideliedo various factors such as the

insertion site of the gene expression construtt@iculture conditions. Given that in
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the development of products that have significaygtan heterogeneity, it is in
practice extremely difficult to set manufacturingnditions to obtain a high level of
similarity in the glycan structure of originatorodrugs and follow-on biologics , it
will probably be necessary to search for the optmsirategy through non-clinical
and clinical studies that allow evaluation of tHéees of glycan differences on
safety and efficacy.

As with drugs containing new active ingredierfts, clarification of the cell
origin and history, it is preferable that infornmation the host cell is obtained as far
as possible from an established research body. ré&Vkach information is
unobtainable, information from literature or otlseurces will be acceptable. Similar
requirements to those for new products are sougbhiding information on the
establishment of the cell bank system and chaiaatem of cell substrates as well
as the culture history.

Given the shortage of available information eigiaator biodrugs, development
using the same vector system is likely to be diffic In particular, the development
will probably have an independent strategy in respéthe promoter/enhancer and
signal sequence etc. In accordance with the ICH QGhigleline “Analysis of the
Expression Construct in Cells Used for Productidnr-©NA Derived. Protein
Products”, it is necessary to analyze the geneesspyn construct in the production

cells and to conduct studies on its stability tlgtoout the manufacturing process.

Cell bank system

Since it is unlikely that information on the origior biodrug can be obtained
concerning the formation of the cell bank systenmrenspecifically on the cell
culture method for the preparation of the mastérb@ak and working cell bank, the
presence of serum and excipients and also the facapibn method of the target
gene, it is necessary to establish the cell bastesyindependently. The formation,
characterization and management methods thereafdsbe based on the ICH Q5A
Guideline “Viral Safety Evaluation of Biotechnolodgdroducts Derived From Cell
Lines of Human or Animal Origin”, the ICH Q5B Guidee and the Q5D Guideline
“Derivation and Characterization of Cell Substratdsed for Production of

Biotechnological/Biological Products”.
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Culture and purification processes

Since it will also be difficult to use the same tau, purification and other
manufacturing processes as the originator bioditugg, necessary to establish an
independent manufacturing process. Accordinglycesihe raw materials used in the
serum and other culture process/purification preees likely to differ from those of
the originator biodrug, the culture process-relaa@d purification process-related
impurities etc. are also expected to differ frorosi of the originator biodrug.

Product-related impurities and process-relatagurities are also expected to
impact significantly on safety. Further, in manges identification of the similarity
between an originator biodrug and a follow-on bgptoof the impurity profile using
a limit test or other measurement method will natags be easy. In such cases, it
may be more logical to evaluate the effects ondsdfety of the product from an
independently established manufacturing process thaedcharacterization results
rather than simply to compare the impurities. Tdogs not require safety studies on
all impurities but evaluation of the impurities @&t of the product characterization
and assurance of safety through the setting ohéoessary and rational in-process
controls and specifications and test procedurel weterence to the elimination of

impurities and the impurities-related experience @formation.

4.2 Characterization (structural analysis, physicohemical properties,
bioactivity etc.)

For products manufactured with established manufexg methods,
characterization should produce data similar td tffanew recombinant protein
drugs.

Using the latest scientific technologies, chaazation should fully elucidate
items such as (1) structure and composition, (3)sisbchemical properties, (3)
bioactivity, (4) immunologic properties and (5) iorjiies.

With respect to impurities, product-related impes and process-related
impurities should be analyzed and evaluated witbreace also to their elimination
in the purification process. It will be difficultot demonstrate the bio-
equivalence/quality-equivalence of the impurity fpeowith the originator biodrug.
However, since there are concerns over the ocatgrehimmunogenicity or similar
problems, where necessary the conduct of apprepsatdies at the non-clinical

stage and clinical stage of development shouldobsidered.
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4.3  Drug product design
Follow-on biologic drug products should essentidifywe the same dosage form
and route of administration as the originator bugdrProvided that efficacy and
safety are not affected, in designing a drug prbduds not essential for the
pharmaceutical formulation to be the same as th#teooriginator biodrug. It may
be valid to select different excipients. Furthehere necessary the conduct of non-

clinical studies or clinical studies omvivo kinetics etc. should also be considered.

4.4  Stability testing

Long-term storage testing for the actual storagestand under actual storage
conditions is also required for the developmentotibw-on biologics. The shelf
life should be based on long-term storage test ddtavever test data for a period of
six months or more may be submitted with the apgibn for approval. In addition
given that identical storage conditions and a slifelfto the originator biodrug are
not prerequisites, comparison therewith will notessarily be required. Also, in
principle stress and acceleration testing shoulddmelucted to obtain useful data for
evaluating the properties of follow-on biologic draubstances and drug products.
These stability tests should follow the ICH Q5C daline on “Stability Testing of
Biotechnological/Biological Products”.

5. Evaluation Studies of the Bio-equivalence/qudji-equivalence of Quality
Attributes
In addition to fully elucidating the quality attubes of follow-on biologics

manufactured with a constant and robust manufagurimethod, the bio-
equivalence/quality-equivalence of the necessary fa@asible items concerning the
guality attributes of the originator biodrug andlda/-on biologic should be evaluated.
As well as an active ingredient per se that hasaglydifferences in the glycoprotein,
differences in quality attributes including produelated substances and the impurity
profile are highly likely to be found between falleon biologics to be manufactured
with a different manufacturing method and the evagor biodrug. Accordingly, where
possible, the impact on efficacy and safety of aayations noted from the evaluation
of the bio-equivalence/quality-equivalence of th&lgy attributes using several lots
should be considered, and the non-clinical/clingtadies to be conducted selected on

the basis of the results.
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The acceptable range of quality attribute vawrai will vary widely according to
such factors as the characteristics of the prodndtthe purpose and method of use in
medical practice. Information and literary matesiabtained on the originator biodrug
should also be considered.

Given the anticipated difficulty of obtaining tleeiginator biodrug substance, it is
also envisaged that for evaluation of bio-equived#dquality-equivalence with
originator biodrugs studies will be conducted usthg originator biodrug product
directly or a sample equivalent to the target proextracted and purified therefrom.
When extracting and purifying from commercially aible drug products to prepare
samples equivalent to the drug substance in oalewvaluate bio-equivalence/quality-
equivalence, a validated extraction and purificatroethod should be used, and it
should be ensured that the respective method dnrédlect the quality attributes of
the originator biodrug. However, although an officreference standard may be
obtainable for some originator biodrugs, this cdnbe used as the control in
comparative studies of structural analyses andipbgisemical properties.

For evaluating the bio-equivalence/quality eaqlemce of quality attributes, (1)
comparative studies of the structural analysis pimgsicochemical properties and (2)
comparative studies of bioactivity should be cortddcwhere necessary, and (3)

comparative studies etc. on immunogenicity etcukhalso be considered.

(1) Comparative studies of the structural analysisand physicochemical
properties etc.

Comparative studies of the variations in the stmgctand physicochemical
properties etc. between originator biodrugs andovebn-biologics should be
conducted. The desired product shall not be assessa follow-on biologic where
it has primary structural differences with the aragor biodrug. Where variations
from the originator biodrug in heterogeneity duethe processing of N- or C-
terminal amino acids etc. are noted, it is necgssarensure that these do not
adversely affect efficacy and/or safety.

In many cases it will be difficult to discusgtsimilarity of the quality attributes
based solely on a comparative study of structudepdnysicochemical properties etc.
and it will be necessary to evaluate the impactasfations in heterogeneity from
higher-order structures or posttranslational modifons in conjunction with the

results of the analyses of bioactivitg,vivo kinetics and immunologic properties etc.
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(2) Comparative studies of bioactivity

Although it is vital to evaluate bio-equivalengeadlity-equivalence with the
originator biodrug for higher-order structures asllwas primary structures, test
methods for higher-order structures cannot always dpplied due to the
unavailability of specimens or the difficulty ofgparing samples for measurement.
However, it is also vital to determine bioactivity evaluating the bio-
equivalence/quality-equivalence of higher-ordeudtires since these are likely to
be reflected therein. Accordingly, bioactivity iss@ regarded as vital data for
evaluating the bio-equivalence/quality-equivalencef stereostructures or
heterogeneity from posttranslational modifications. test procedure accurate
enough to assess the variations from the originatadrug in terms of efficacy and
safety should be used. In comparative studies o&dbivity where a reference
standard is available it is preferable to find tkérence value to be determined
using international or internal standard.

The bioactivity of originator biodrugs and follesn biologics should be
compared using several methods as far as posgible.example, comparative
studies of cell proliferation and differentiatioreceptor-binding activity, enzyme
activity and othern vitro bioactivity closely linked to clinical effects avaluable.

At the same time, since glycan structures et@aich significantly onin vivo
Kinetics,in vitro activity may have no correlation with clinical e€ts, and in such
cases it is considered necessary to coniaugt/o bioactivity studies.

Where the clinical dosage of the originator biadisi weight-based, the specific
activity in particular should be compared and it®o-dquivalence/quality-
equivalence verified. Where there are variationsthe specific activity, their
acceptability should be evaluated and the validityusing the same dose as the

originator biodrug explained.

(3) Comparative studies of immunogenicity etc.

Factors affecting immunogenicity include postsiational modifications and
product-related impurities as well as process-edlampurities. In addition, cases
have also been noted not only of impurities thataase the immunogenicity (the
adjuvant effect) but also of impurities that suggrehese instead. Evaluation of
immunologic responses in animals may produce véuddta for evaluating quality

attributes including impurities.

10
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6. Specifications and Test Procedures

To assure product constancy, follow-on biologicsoatequire the independent
setting of specifications and test procedures baseithe results of characterization or
lot analysis etc. With biodrugs, in addition to cffieations testing of the drug
substance, it will often also be logical, dependinghe manufacturing process control
tests, to carry out quality controls, in which cabe scientific validity of the
specifications set including those for the manufang process control tests should be
explained. In addition, where necessary the resaoftsthe evaluation of bio-
equivalence/quality-equivalence with the originaterdrug should also be reflected as
appropriate. In setting the specifications and pestedures, the ICH Q6B guideline on
“Test Procedures and Acceptance Criteria for Bimetogical/Biological Products”
should be followed.

In addition, where the originator biodrug iséidtin official compendia such as the
Japanese Pharmacopoeia, in principle it is preletabbase the specifications and test
procedures on those listed therein. However, gitan in the case of biodrugs the
required specifications are not always fully stgiad in official compendia, it may also
be necessary to set supplementary specificatiodstest procedures including the
impurities profile and/or bioactivity etc. with e¥ence to the results of the

characterization or clinical use etc. of the tafgdbw-on biologic.

7. Non-clinical Studies

The development of follow-on biologics also regsitkat, at the minimum, safety
for administration to humans has been verified rpigothe commencement of clinical
studies. More specifically, the non-clinical sesliheld to be required for the conduct
of clinical studies should have been completedutting the acquisition of safety data.
These non-clinical studies include cases wherg miare logical to conduct studies on
the follow-on biologic alone, as with studies taifyethe safety of follow-on biologics
with a different impurities profile to that of thariginator biodrug, and cases where
comparative studies on the originator biodrug goprapriate, as with verification
studies of pharmacological action equivalence. Hameit may also be valid to
conduct comparative studies on the originator higdior safety verification in cases
where the impurities profile is different. Wherecassary it is appropriate to conduct
these non-clinical studies with reference to thel I86 Guideline “Preclinical Safety

Evaluation of Biotechnology-Derived Pharmaceutitals

11



English Translation (PFSB/ELD No. 0304007) by PhRMA

With some glycoprotein drugs glycan heterogenmisyy significantly affecin vivo
kinetics and it may be useful here to compare threalinical pharmacokinetics as part
of the evaluation of the bio-equivalence/qualitys#e@lence of a follow-on biologic.

Further, the conduct of non-clinical studies isedicated on full quality
characterization. In addition to the results of tlwaluation of the bio-
equivalence/quality-equivalence between the ortigmiiodrug and follow-on biologic
of the quality attributes, the usage of other drumpucts with the same desired product
as the active ingredient and literary material® dlave an important role in safety

evaluation.

7.1 Toxicity studies

To identify the single-dose and repeat-dose ttyxiof follow-on biologics,
repeated dose toxicity studies on appropriate dnispecies are valuable for
identifying the toxicity of follow-on biologics, @htoxicokinetic investigations may
also be useful given that these are protein dimgaddition, local irritation as well as
single-dose toxicity could also be evaluated ireegpd dose toxicity studies.

Where the impurities profile differs due to véivas in the culture process,
purification process or other manufacturing proesss direct comparison of the
toxicity profile of the originator biodrug and follv-on biologic is also not always
necessary. On the other hand, another optiondertgpare directly the toxicity profile
of the originator biodrug and follow-on biologictaf consideration of the variations
found in the impurities profile.

In particular, where the impurities profile diféesignificantly or new impurities
(antibodies used for affinity chromatography casietc.) not contained in the
originator biodrug are found, as in cases wheranigff chromatography is
independently introduced, impurity-focused toxicstyidies should be considered. In
addition, where the product-related impurity pmfdiffers significantly from that of
the originator biodrug, studies focused on theéerénces may also be required in
the course of the non-clinical and clinical devehgmnt.

Where evaluating the production of antibodieanimmals for direct comparison of
the toxicity profile, clarification of whether oroh the antibodies produced are
neutralizing antibodies, or of whether or not thadfect the pharmacokinetics may

provide useful data in clinical practice.

12
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Unless otherwise expressly deemed necessary thenmesults of repeated dose
toxicity studies or data on the properties of actmgredients obtained on the
originator biodrug, safety pharmacology studieroduction and developmental
toxicity studies, genotoxicity studies, carcinogéyi studies and other ordinary non-
clinical safety studies are unlikely to required ram-clinical studies on follow-on

biologics.

7.2 Pharmacological studies

For pharmacological studies bio-equivalence/quadyivalence of the
pharmacological action of the originator biodrugl dallow-on biologic should be
directly compared. However, whdrevitro bioactivity studies (cell-based studies or
receptor-binding activity etc.) closely relatedtie clinical effects are conducted as
quality characterization studies and used for coispa of the originator biodrug
and follow-on biologic, these may correspond torptecological studies. However,
where, as with certain types of glycoprotemyitro activity does not correlate with
the clinical effects, it will be necessary to verithe bio-equivalence/quality-
equivalence with the originator biodrug of therapeu efficacy and
pharmacodynamics throughvivo pharmacological studies.

Wherein vitro bioactivity etc. is fully assessable in bio-equévee/quality-
equivalence studiesn vivo comparative studies of pharmacodynamic effects may
not be required. However, valuable information nodftgn be obtained at the pre-
clinical study stage from the conductiafvivo pharmacological studies. Therefore
where necessary the conductiofvivo therapeutic efficacy or pharmacodynamic
studies to verify the bio-equivalence/quality-egi@nce of the follow-on biologic

and originator biodrug should be considered.

8. Clinical Studies
Clinical studies are basically required for fell@n biologics since in general
verification of their bio-equivalence/quality-eqalence with originator biodrugs from
the quality attributes and the results of non-chihstudies alone will be difficult.
Further, although basically drug products usedlimcal studies should have been
produced through established processes, where th&ve been changes in the
manufacturing process in the course of the devedmpmcomparability should be

evaluated where necessary in accordance with tHeQEE Guideline.

13
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Where data sufficient to assure bio-equivaleqeaity-equivalence in the target
endpoint has been obtained through the aforemesdtiopharmacokinetic (PK),
pharmacodynamic (PD) or PK/PD studies, clinicatlss on efficacy may be omitted.

Bio-equivalence/quality-equivalence evaluatiomsdd on clinical studies should
be designed for the next study according to tha dhtained and conducted step-wise.
The type and content of the clinical studies rezpliwill vary widely according to the
information on and properties of the originatordsiegy. Case-by-case handling based
on the data obtained at the development stageec$dbpe of clinical studies required
is necessary for each product and therefore it refepable to consult with the

regulatory authorities.

8.1 Pharmacokinetic (PK), pharmacodynamic (PD) ath PK/PD studies

In principle, it is necessary to verify the PK l@quivalence/quality-equivalence
of an originator biodrug with a follow-on biologibrough an appropriately designed
cross-over study. Since a cross-over study may ahwhys be appropriate for
medications with a long elimination half-life (ambidies, PEG-binding proteins etc.)
or drugs that produce antibodies in humans, theystlesign should be investigated
with reference to the properties of the follow-apltgic. Here, depending on the
originator biodrug and target disorder, it will setimes be appropriate to conduct
the study on healthy adults, and sometimes moreopppte to conduct it on
patients. In addition, it is necessary to condbet $tudy using the same route of
administration as that in the target indicationghaf originator biodrug and, where
multiple routes of administration exist, in prini@pto study these individually. In
principle the studies should be based on the reamded dosage of the originator
biodrug, but the selection of a scientifically datiosage within the dosage range of
the originator biodrug is also possible. Althougly PK parameters include the area
under the blood concentration curve (AUC) and maxmtoncentration (e, the
acceptable bio-equivalence/quality-equivalence eanfpio-equivalence/quality-
equivalence margin) should be pre-specified. At shee time it is necessary to
explain fully the validity of the acceptable rarsg.

In addition, it is necessary to conduct a PDk@&abased comparison reflecting
the clinical effects of the product. A PD markasbd comparison is particularly
useful where PK studies are technically difficutt perform. Moreover, bio-
equivalence/quality-equivalence should preferaldyshudied from analysis of the

PK/PD relationship.
14
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8.2  Comparison of clinical efficacy

In cases where high similarity in terms of qualigs been demonstrated through
bio-equivalence/quality-equivalence evaluation &sicbn the quality attributes, but
even the combination of PK, PD or PK/PD study rssahows inconclusive bio-
equivalence/quality-equivalence of clinical effiga@ will be necessary to conduct
clinical studies to verify that the efficacy of ti@low-on biologic and originator
biodrug in respect of the indications for which ap@l is sought is bio-
equivalent/quality-equivalent. Studies to verify ethbio-equivalence/quality-
equivalence of the efficacy of the follow-on biologvith the originator biodrug
should be appropriately designed and their validixplained. Specifically, the
target number of cases should be set as necessamald, and the acceptable bio-
equivalence/quality-equivalence range (bio-equivadéquality-equivalence margin)
pre-specified using clinically established endpmirtVhere appropriate surrogate
endpoints are available, the use of true endpaiiltsnot always be required, but
their validity should be fully explained on the Isasf corroborative data or literature
etc.

Where in the case of an originator biodrug withltiple indications and effects
it can be explained that efficacy is equivalenthe originator biodrug in respect of
certain indications and that a similar pharmacaabaction can be expected in the
other indications and effects too, it may be pdesib extrapolate to the follow-on
biologic the other indications and effects approfadan originator biodrug used as
the control. The extrapolability of indications aredfects is confined to the
indications of the originator biodrug used as tbhatml| and does not include the
indications and effects of approved recombinanttgino drugs with similar
indications other than the originator biodrug.

However, where the respective indications anteces have a different
mechanism of action or this mechanism of action riet clear, bio-
equivalence/quality-equivalence of efficacy withe thriginator biodrug should be

demonstrated for each indication and effect.

8.3  Verification of clinical safety
Even where bio-equivalence/quality-equivalence officacy has been
demonstrated, the safety profile of follow-on bgitts may differ from that of

originator biodrugs. Where necessary, the conductclmical safety studies
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including a study of immunogenicity should be cdesed even where bio-
equivalence/quality-equivalence has been demoedtihirough PK, PD or PK/PD
studies and clinical studies to evaluate efficawy ot conducted. In addition, for
the conduct of clinical studies to compare efficabg study may be designed so as
to investigate safety (the type of adverse evedtiacidence) at the same time.

Where the results of the impurity profile givieer to particular concerns over
safety, the target number of cases should be setssdo ensure adequate
investigation.

The conduct of repeat dose studies should bsidered for drugs administered
long-term.

Further, at an appropriate stage of the clind@lelopment studies should be
conducted that allow a scientifically valid detemation of the occurrence of
antibodies and other immunogenicity. Any antibodiesected should be analysed
and identified as neutralizing antibodies or othsewand it is also preferable to
analyze the class, affinity and specificity of Hrgibodies. In addition, consideration
should also be given to identifying any reductidnefficacy or impact on safety

from the occurrence of antibodies.

Post-marketing Surveillance

Given that information on clinical studies is geaallr limited and in particular
that biodrugs have different factors to generiggdrisuch as immunogenicity issues,
ongoing post-marketing surveillance of the safatfile etc. is required. For this it
IS necessary to foresee the risks that are not &sibessable in the evaluation of bio-
equivalence/quality-equivalence at the developnsée, and to formulate a post-
marketing surveillance program appropriately desipwith reference to these risks.
The specific method and design of the post-margesurveillance study and risk
management plan should be discussed with the regulauthorities and be
submitted together with the application for apptovurther, the findings of the
post-marketing surveillance should be reportedhto regulatory authorities by an
appropriate time following the approval of the éolt-on biologic.

It is vital to assure the traceability of adwersvents during the respective
surveillance period, and notwithstanding any switéhthe originator biodrug or
drug with similar indications to the follow-on bagic, their substitution or

combined application should in principle be avoitledughout the treatment period.
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ICH Q2A Guideline:
ICH Q2B Guideline:

ICH Q5A Guideline:

ICH Q5B Guideline:

ICH Q5C Guideline:

ICH Q5D Guideline:

ICH Q5E Guideline:

ICH Q6B Guideline:

ICH S6 Guideline:

“Text on Validation of Andlgal Procedures”

“Text on Validation of Anaiical Procedures;
Methodology”

“Viral Safety Evaluation ofid@echnology Products
Derived from Cell Lines of Human or Animal Origin”

“Quality of BiotechnologicBroducts: Analysis of the
Expression Construct in Cells Used for Productibn o
r-DNA Derived Protein Products”

“Quality of Biotechnologidaloducts: Stability
Testing of Biotechnological/Biological Products”

“Derivation and Characteriaatof Cell Substrates
Used for Production of Biotechnological/Biological
Products”

“Comparability of Biotechngioal/Biological
Products Subject to Changes in their Manufacturing
Process”

“Specifications: Test Proceshiand Acceptance
Criteria for Biotechnological/Biological Products”

“Guidance on Preclinical SafEevaluation of
Biotechnology-Derived Pharmaceuticals”

17



English Translation (PFSB/ELD No. 0304007) by PhRMA

Glossary and Definitions

1. Quality attributes
Quality attributes are the molecular or productrabteristics that are selected as
appropriate for indicating the quality of the pratland collectively define the identity,
purity, potency and stability of the product angl safety with respect to adventitious
agents etc. Specifications and test proceduresureeasselected subset of the quality
attributes. Product-related substances, prodlateck impurities and the type and
abundance of process-related impurities are induldeuality attributes as well as the

potency, bioactivity and physicochemical properaas of the target active ingredient.

2. Product-related substances
These are molecular variants of the desired prothrated during manufacture
and/or storage, which are bioactive and have neeradvaffect on the safety and
efficacy of the product. These molecular variandseh properties comparable with

those of the desired product and are not regarsl@d@urities

3.  Impurities
Components found in the drug substance or druguatoother than the desired
product, product-related substances and excipiSotsie are process-related and some

are product-related

4.  Product-related impurities
Molecular variants of the desired product (for epéam precursors, degradation
products formed during manufacture and/or storagger than product-related

substances

5. Process-related impurities
Impurities derived from the manufacturing proce$bese include impurities
derived from cell substrates, impurities derivashircell culture, or impurities derived
from the downstream processing, i.e. extractionpassion, processing and
purification of the desired product (for exampkagents and test solutions used in the

downstream processing, leachable substances froomakographic carriers etc.)
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6. (Official) Reference standards
These refer to both international and domesticregige standards. For example,
the international reference standards distributethe National Institute for Biological
Standards and Control (NIBSC) or the pharmacopad&rence standards distributed
by the Society of Japanese Pharmacopoeia fall tim& category. These reference
standards are for use in the respective poten@yawsphysicochemical test etc. and
their application other than for the intended testot appropriate.

7. Acceptable range (bio-equivalence/quality-equivance margin)

In the conduct of comparative studies on follow-biologics and originator
biodrugs for the purpose of demonstrating bio-egjence/quality-equivalence with
the originator biodrug, a confidence interval iowh for the comparison of two
products in respect of the primary endpoint. THati@ship of that interval to the

preset unacceptable degree of inferiority.
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