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3. fHlasEZAVERRHEBOYICREEEE

oFN
T, TAVHIEATHROERMLERD H
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2, BT EOERRZD L HTENR
Hl Os4AaP 2 R) 2R E LT, Phase |
BARBROABRWE (BHRFE) HiED GMP i
BT 2UROELFZILLRLEbDTHS Y,
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In the fleld of life sclence, coﬂaboqﬂpm '

between academnia and industry for the develop-
ment of commercial products have Eeg:oma a
topic of considerable interest [14]. Stnce" 2004

Japan's national universtties have become ‘Incor-
porated’, meaning that each university now con-
trols the intellectual property rights of inventions
created there (5. The alms of incorporation of
national universlty are’ promiotion of collabora-
tion between ac enjla and Industry for progress
of sclerice techntu]ogy. preparation of competitive
envlrunm nt of resqarch and restoration of Japa-
nese mdustry With incorporation, the number
of collaborations between academnia and industry
has; increaséd greatly [6]. As of March 2007, a
total of 1590 companies emerging from Japanese

_'uq‘lve;sit!as had been established, 39.5% of
which were life science-related companies [6].

In Japan, research and development for high-
risk biotechnology therapeutics such as regenera-
tive medicine products (RMPs) tends to be car-
rled out by researchers in receipt of
governmental research grants or funds from ven-
ture capitals (VCs), not by established pharma-
ceutical companies, Once clinical development
of a candidate product has proceeded to some
extent, the product is likely to be bought by a
pharmaceutical company. Therefore, close cal-
laboration between academia and industry is
important for the development of RMPs. How-
ever, the incorporation of national universities in
Japan has caused difficulties In obtaining
research grants. Operating funds supplied by the
government have been much reduced, and most

10.2217/17460751.3.4.00 © 2008 Future Medicine Ltd ISSN 1746-0751

Aim: To identify which factors are important barriers to effective collaboration between
Japanese academia and industry in the field of regenerative medicine. Methods: In
November-December 2008, in-person semistructured interviews were conducted with
representatives from nine Japanese companies that are engaged in developing
regenerative medicine products in collaboration with acadenia and two academic
scientists with the successful collaborative experiences with com
conclusions: The major barriers to collaboration relate to__ﬂwé ina
systemns in academic institutions (particularly technology }itenslng organizations and
mobility between industry and academnia), the knowledge deﬂcit of academic personnel
with respect to industry, the inadequacy of partfcular govemmental support systemns and
the Japanese public’s wew of these col!aborations. which has resulted in overly strict

adequacy of particular

"of the limited numbers of research grants are

open to competition, such that only ‘a limited
number of institutions receive grants. Conse-
quently, academic researchers have striven to
obtaln research funds from other sources, includ-
ing VC. In many cases, start-up companies
develop the RMP in Japan and investment of
VCs is an important source of funds for these
companles. However, recently, Japanese VCs
prefer not to invest in companies developing
medicinal products, because very few pharma-
ceuticals or medical devices that have been devel-
oped through collaboration between academia
and Industry have received official manufactur-
ing and sales approval, Therefore, it is now
becoming difficult for academic researchers to
obtain funds from investors. The difficulty of
raistng funds may lead to difficulty of mainte-
nance of intellectual property because mainte-
nance costs are expensive.

In Japan, governmental agendles including the
Ministry of Economy, Trade and Industry
(METI), the Ministry of Education, Culture,
Sports, Science and Technology (MEXT), and
the Mintstry of Health, Labour and Welfare
(MHLW) support * collaborations between
academia and industry for the purposes of pro-
moting the clinical application of RMP and
driving the nation’s economy [101-103]. Recently,
the METI, MEXT and MHLW have begun to
communicate amongst each other and promote
applied sclence and technology projects, includ-
ing clinical trials and translational research, to
academia and industry [104]. However, the

Regen, Med. (2008) 3(4), -0 1



collaborations bétween these organizations have
not been fully successful because in addition to
the total budget for the projects being limited,
the agency staff who are in charge of interagency
communication have a somewhat conflicting
mindset, that fs, the agency he or she originally
belonged to, for example, the METI, MEXT or
MHLW, sometimes has different policy strate-
gles from those of coordination project, and in

many cases these staff need to go back to thelr

original agency In a few years.
A cultured epidermis, manufactured by using

" the technology developed by Green and col-
leagues in 1979 [78], that was developed with
university researchers and Is now produced by
the company J-TEC in Japan, recelved official
manufacturing and sales approval (JACE®) in
the country in Cctober 2007, thereby becom-
ing the nations first commercially available
RMP (105 However, it seéms that companles
and researchers in the field of regenerative met

acadmnla and the private sector are not ye
tioning optimally with respect to the developm _
of RMPs. -

To investigate the issues -in;

Haboration

between academia and Industry with respect to
the field of regenerauvg :

feine; We con-

developing RMP; in collaboration  with
academia. Qur aim Yas to’ ‘[dentify the barriers

tg: issues In the successful development of
v 's, which we administered to representatives

‘nl.' 39 Japanese companies and 21 research insti-
tutes that are actively involved In research into
and/or development of RMP f).

Subsequently, we conducted interviews with
representatives of nine companies that
responded to the questionnaire, which also had
RMPs under clinical development In collabora-
tion with academia. Semistructured in-person
interviews were conducted .in November and
December 2006. Company presidents or per-
sons responsible for the development of the
RMPs were interviewed. In addition, we inter-
viewed two academic scientists conducting their
research programs In the fleld of regenerative
medicine, with successful collaborative experi-
ences with Japanese companies. The interviews

Regen. Med. (2008) 3(4)
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were recorded, Each interview was transcribed
verbatim and the responses were analyzed by
sampling of the keyword from transcripts and
categorizing segments Including keyword into
topic areas, that Is, Issues regarding academla and
industry, governmental agency and Infrastruc-
ture, and others [10]. This categorization process

was independently performed by the first and.

last authors, and categorizations were adjusted
by consensus to arrive at a final categorization. In
the interview, participants were asked about their
opinions on collaboraunns between academia
and industry and thg conflicts of interest (COI)
issues that arise for al:ad mic researchers.

What du yqu t.htnk about the COI issues that
may arise fhr academic researchers?

Pa.rtldpants were given a Hst of questions

cine feel that the collaborations 7b veen'},'. 1 week prior to the interview, At the end of each

" interview, the interviewer reviewed the questions

and answers with the interviewee to ensure that

"% all questions were fully answered.

Results
Characteristics of company
representatives

The characteristics of the companies involved
and the number of respondent from each com-
pany’are listed In Table 1. One company was a
large, well-established pharmaceutical company,
and the remainders were start-ups founded
within the last 10 years, All companies had had
relationships with academta at various phases of
development of the product in question.

ssues relating to academia & industry
Box 1 summarizes the systemic issues that the

company representatives believed to exist in col-

Iaborations between academia and industry. Six
out of nine respondents suggested that the Issues
of Inadequate university systems and the know-
ledge deficlt of academic staff with respect to
industry should be addressed to improve the effi-
clency of collaborations. Two respondents felt
that academic researchers usually lack under-
standing of issues around public demands, con-
cepts of risk and benefit and product
manufacture. Moreover, these two respondents
felt that academic researchers must, at least to
some extent, understand and consider good lab-
oratory practice (GLP) and good manufacturing
practice, even In the early stages of development,
fsg

faresdevegop




Effective collaboration between academia & industry in Japan - RESEARCH ARTICLE

" Capital (mll!lnns of US$)

Autologous celis (ep!derrml cells, 1999 37.8 (June 2007)

cartilage, epithelium)

Autologous cells (myoblasts) 1921 . 352 (March 2007) - LR
Autologous cells (bone marrow stem 1999 4.5 (luly 2007) 2
cells) ;

Autalogous cells (dendritic cells) 12001 0.91 1
Autologous cells (gpithelium) 2007 12.4 : 1
Aliogenic cells (epithellum) £ 2000 -4 8.1 (August 2007) E% |
Aliogenic cel*s (somatic stem cells) 2002 6.7 (May 2007) 1
Plasmid gene ‘ 1999  51.8 (December 2006) 1
Peptide 2004 3.3 (August 2007) 3

Note: An exchange rate of 110 yen to the US dollar was used. Capital values are as of the

One respondent pointed out that there is also a
misunderstanding specific to RMPs, whereby
many researchers believe that rtesearch and; -
development for allogenic cells is too mmp!a :
so few companies have attempted. to develop
these products, although In fact . are T
suitable for manufacturing and dLsu;lbution
than autologous cells.

One respondent noted: that I:edmolugy
licensing organizations (I‘LOs) in universities
lack business experience. “Two mpondents felt
that it is necessary for unlversi;les to establish a
system whereby s studmts or-postdoctoral fellows
are placed wlthln ccmpardr_s so that they can
clearly understand the issues around industrial
manufacture of a product. These respondents
also felt that.lt was necessary for Individuals
from the private sector to take up academic
positions, to bring their experience into the uni-

" versity environment. Tivo respondents expressed
concern that academic - researchers utilize
* research funds from the private sector or VC In
a way that Is different from how the investors
intended. One respondent pointed out that
some academic researchers tend to use VC funds
not for the development of products but for
basic research. Another respondent felt that
investment from VCs has tended to be overly
focused on basic academic research at the begin-
ning of collaborations, which might have caused
researchers to misunderstand how the funds are
intended to be used.

When asked about {ssues arising from ndus-
try, no respondent mentioned any problems
relating to the private sector companies them-
selves, but one respondent stated that private sec-
tor companies that have a relationship with
academia must attempt to develop more than

ng Rtz selonce go.p wwv futuremedicine.com

datas given ;

one product arising from such collaborations so
is a precedent, in_order to further
3 th!s type of collaborative relationship.

“Issues relating to governmental agencies

& infrastructure

Four of nine respondents felt that the systems of
governmental support for the research and
development of pharmaceuticals, including
RMPs, were inadequate. Multiple issues were
mentioned, relating to governmental agencies
including the METI and MHLW. One respond-
ent thought that the support system of the
METI does not offer sufficlent assistance for
bridging the gap between a research project and
a market product. Another respondent had con-
cerns with the MHLW, relating to the cost of
regulatory review for collaborations between
acadernta and industry. The respondent pointed
out that at the US FDA, the cost of review is
based on the size of the company, whereas the
size of the company s not a factor In the costing
of the Japan Pharmaceuticals and Medical
Devices Agency (PMDA). Furthermore, because
the Japan PMDA does not conduct regulatory
review of clinical trials Initlated by academia,
academic researchers do not have a good under-
standing of the actual review process, The sup-
port strategies of agencles with respect to
collaborations between academia and industry
were felt to be poorly harmonized because each
agency'’s goal is different: that of MEXT s to
promote basic academic research, that of the
MHLW is to protect public health and promote
drug development, and that of METI is to drive
the nation’s economy. One respondent consid-
ered that although the goals of the varfous agencies
may differ, for efficlent product development, any
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Box'1. Quotes relating to collaboration between academia and industry.

and benefit, manufacturing issues, GLP and GMP'
Relatfng to academic institutions i

*TLOs do not finction adequately,”
" A system for exposing students to industry Is necessary. "
“Pasltions in academia specifically for Indlvxduals mth Industry knowledge are necessary

Regarding research funds
“Academic researchers tend to use VC research funds nat for product development but for basic research.”
"VCs are ove'ty focused on baslc research at the beglnnlng of the colfaboratlon between academ:a and industry

Rela Img to go Vemmenta! agencfes

"The METI offers Insufficient support for brfdging t.he gap between a research project and a market produc}:.” .
“The review fee for clinical trials Is fixed regardless of company size.” g Y
"The aims of the METI, MEXT and MHLW are not harmonized. "
"Official or semioﬁ‘iclal organizaticns are necessary to pm'note collaberations betw&en academfa and indust:y

Other:- -~ =

‘Acad emlc researdm do not feccgnlze the importance of Issues around the Industrial manufacture nf products, for example risk

*Senlor staff members who are knowledgeahla about and experienced in dealmg wzth lntelbctual property Issues in universities and

. semiofficial Institutions are necessary,”
" Academic researchers with Industry knowledge are useful.”

“A COl assessment sysfem operated by a third party would be useful.”

COI: Conflict of Irterest; GLP: Good lsboratory practice; GMP: Good manuractt.y'hg practfas. METL: Mimsuyaf Economy Trade and Industry; -
MEXT: Ministry of Education, Cuiture, Sports, Science and Technology; MHLW: Min!my of Health, Labour and Welfare; TLO: Technology licensing

organization; VC: Venture capital.

'modng

45

parties involved in development must have the
same ultimate goal with respect to. the"pm_ject
One respondent suggested that a new official
or semiofficial orga on With. the alm of pro-
] Ilabnmtlons between

o of'nine respondents noted that they had
enced problems relating to academic staff
ng knowledge of various aspects of product

J'."ﬂ-evelopment One respondent felt that universi-

ties must appoint a senfor staff member who is
knowledgeable about and experienced in dealing
with intellectual property issues. The other
respondent pointed out the necessity of aca-
demic researchers understanding the role of
industry for effective collaborations.

We asked the respondents about COI fssues
(defined as 'conflict between the private Interest
and the official responsibilities of a person in a
position of trust [as a government offictal]’ [11])
faced by academic researchers in the develop-
ment of RMPs. All respondents consider that
COI s currently managed well at academic
institutions, However, COI is managed in
different ways In different institutions, using

Ragan, M. (2008) 3{§)

diffefent systems and procedures, Three
respondents thought that there should be a cen-
tralized COI assessment system managed by a
third party, such as a semiofficial organization, to
ensure effective collaborations between academla

and industry.

Issues obtained from academic sclentists

We also conducted interviews with two acadernic
sclentists. Both of them felt difficulties in carry-
ing out their activities in collaboration with
companies. One of them polnted out that uni-
versity has very Inflexible rules regarding research
and development activities with companies.
Regarding the COI issue, both of the sclentists
considered it to be currently well controlled.
However, one respondent referred to the neces-
sity of a certain system to protect academic sclen-
tists from COI and advisory contact for
intellectual property to academic scientists col-
laborating with companies. One scientist felt
application and handling of intellectual property
after incorporation of national university was not
well done in the country. .

Regarding industry, the necessity for aca-
demic sclentists to take up industry positions
was ralsed, because individuals who have knowl-
edge about both academia and industry are nec-
essary for effective collaborations between

.
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academnia and Industry. In addition, individuals
from the companles need to acquire knowledge
of GLP and good clinical practice, which are not
familiar to most scientists,

With respect to governmental agencies, both
scientists pointed out the necessity for METI to
encourage start-up companies, strong recom-
mendation for  collaborations  between
academia and industry by MEXT, and improve-
‘ment of regulatory review for RMPs by PMDA
and MHLW,

Discussion

To investigate the barriers to effective collabora-
tion between academia and industry in the fleld
of regenerative medicine, we conducted semi-
structured Interviews with representatives of
nine Japanese companies that are engaged in
developing RMP in collaboration with academic
researchers and two academic sclentists success:
fully collaborating with Japanese cornpari
the field of regenerative medicine:  From the
results of the Interviews with company,
ents, we found that the main barrier is that most
academic researchers do not; recogni the
importance of factors refaﬁng to business,
including intellectual prope: i:mes, time pres-
sures, and the diffemncg be een ‘basic academic
research and applied fesearch for product devel-
opment, whereas most- companles collaborate
with academl appl.{ecl research with the aim
of developing a pmduct, and must consider the
aforementioned factors. It was also pointed out
that few companles have attempted to develop
a.llogenlc cellular products, although in fact they
are more, suitable for manufacturing and distri-

5 ;.l‘_;‘uuon than autologous cells. This problem has
. arisén because many academic researchers in the
field of regeneratlve mediclne conslder that

autologous cells are¢ safer and more convenient
for clinical use than allogenic cells. Therefore,
for effective collaborations it is important to cor-
rect this misconception held by academic
researchers, In an effort to initiate research and
development relating to allogenic products,
which are a promising RMPs in terms of quality
control and distribution.

On the other hand, academic scientists Inter-
viewed in this study have had successful experi-
ence in collaboration with companies. Such
scientists experience difficulties in carrying out
research and development activities in collabora-
tion with companies because universities have
inflexible rules relating to activity with compa-
nies, which were established with researchers

vaw.futuremedicine.com

with little knowledge or experience of collabora-
tions between academiz and industry in mind,
despite different levels of knowledge and experi-

_ence existing in academia. These experienced

academlics feel that such inflexible rules mean
that arranging agreements with companies Is
very time-consuming and hinders their effective
collaboration. This suggests that academia
should establish more flexible rules regarding
collaboration with industry, and academic staff
should be evaluated not only on the basis of the
impact factors of the journals they publish their
research in (as'is the.current situation), but also
on the basis of thdr ‘experience and knowledge of
applied blosclence and Industrial manufacturing.
We be!ieve ‘that f.hrpse changes would benefit col-
laboratiohs tween academia and industry for
the dév}elupment of RMPs.

{n this. study respondents felt that few staff
miembers at university TLOs have a good under-
standing of business. In fact, university TLOs are
mainly staffed by scholars and researchers, but
our results show that It would be much more
effective for TLOs to be staffed by personnel
who have had experience in the development of
medicinal products. To improve staff mobility
between academia and industry, professorial
chalrs could be established in university TLOs
and other divisions, the incumbents of which
would be specially appointed from industry. As
respondents from university scientist mentioned,
staff mobllity between academia and Industry is
important in collaborations between academia
and industry, not only for TLOs but also for
companies. A system whereby students and post-
doctoral fellows could be trained in matters of
business and product development would
address the concerns of the respondents,

Company respondents In this study suggested
that academic researchers must change their
view of VC funds invested in start-up compa-
nles. Also, academics and VCs should reach a
mutual understanding of how research funding
is to be used: academia must understand the
intention behind the VC's investment and VCs
must understand the needs of academia for
research funds.

Some respondents asserted that more effective
governmental support was needed for the devel-
opment of RMP as a result of collaboration
between academia and industry. Recently, the
METI, MEXT and MHLW have initiated scl-
ence and technology coordination projects for
the promotion of clinical trials and translational
research, However, unfortunately, it seems that

]




effective collaboration amongst these agencies has

not been achieved yet. We believe that the major

reasons for this are as follows!

* The persons In charge of the coordination
projects, who are sent on special appointment
from the various agencles, might have con-
flicted loyalties, since they need to go back to
their original agency in a few years; ‘

* Each research project is assigned only a small
budget;

* The coordination praject office has no power
to prioritize particular research projects or to
assess the progress of each project.

By contrast, in 2007 the UK government
established a new organization, the Office for

Strateglc Co-ordination of Health Research

(OSCHR), to unify, distrbute and control clini-'

cal research funds from the Department of Health
and the Department for Innovation, Universities

and Skills [12], The mission of the OSCHR ls to,
5 the! “existence of COL This tendency may be

* caused by the Japanese cultural norm whereby

facilitate more efficlent transiation 0
research into health and economic benefits
UK through better coordination of

research and more coherent’ Furtdiqg ammge—-i'-

ments to support translation. Our
that strong leadership and a SUppOTt
explicitly connects related aéén és,
by the OSCHR, are cdticzl]y neeﬁ led in Japan to
permit eﬁ‘ecdve col.!aborat:lons between academia
and industry, “

Issues reiatin,g ; _:regulatory review fees were
also mentioned in our study. In the USA, all appli-
catlons, whether fmm acadernia or the private sec-
tor, must be submitted as an Investigational new
drug appllmﬁon to the FDA, and all protocols and

;- ] ap_pucauons amsubject to the regulatory review of

the FDA, with no exceptions. The review fee (user
fee) is determined on the basis of company size:
‘submissions from small or medium companies
attract a lower fee than those from large compa-
nies, and submisslons from universities are
reviewed free of charge (Figure 1). In the EU, a cen-
tral regulatory review systern was adopted when
Etropean Commission directives came into force,
and now all clinical trial applications from both
universities and the private sector are subject to
regulatory review [13]. In Japan, however, there is a
fized review fee that does not vary according to
company size, and universities do not regularly
submit all clinical research applications for regula-
tory review, because nonmarket clinical trials are
regulated not under the pharmaceutical affairs law
but under the medical affalrs law, which is not
subject to regulatory review by the PMDA (14, In

Regen. Med, (2008) 3{4)
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the field of regenerative medicine in Japan, start-
up companies tend to develop products under a
technology license from universitles. Therefore, a
new regulatory review system that would allow
start-up cumpa.ﬁ!es to obtain regulatory approval
without great expense, as exists in the USA, is
highly desirable. We belleve that such 2 system
would contribute to smooth collaborations
between academia and Industry, resulting in expe-
dited research and development for RMPs.
Finally, COI is an important topic when dis-
cussing collaborations between academla and
Industry. COI issues may arise in any fleld or sit-
uation, and we believe that the existence of COI
is not neoessaﬂly -proble aiuc per se, but that con-
trol of COILjs vﬁai However, although all
respondents In ur_study believed that COl is
cumzntly Weﬂ controlled, they felt that COI
Issues ; are arriers to smooth collzborations
betiveen' ‘academnta and industry In Japan because
the : Japanese public tend to take a critical view of

‘suspects must always be punished’. Such norms
might make the COI situation In Japan somehow
different from other countries such as the USA.
Sirntlar to most scientific institutes in the USA,
scientific institutes in Japan also take a critical
review of COL Even though the critical review is
performed appropriately, Japanese joumalists
sometimes tend to indlcate the possible private
profit of the particular sclentists upon their own
research or opinion, Tb strengthen COI control,
recently, the MHLW attempted to establish
guidelines for the management of COl in clinical
research collaborations between academia and
industry [105]. However, there is a feeling in
academia that these strict guidelines might
obstruct product development. Thus, the key to
successful collaboration between academia and
industry may partially depend on overcoming the
above-mentioned deeply entrenched cultural
view, We suggest that the MHLW and other
agencles (e.g., the METI and MEXT) cooperate
to overcome these multiple barriers to effective
collaborations between academia and industry.

A Hmitation of this study Is that Interviews
were conducted with only nine companies that
responded our first questionnaire survey and col-
Iaborate with academla and two academic scien-
tists -who have the successful experfences in
collaboration with companies. In addition, we
did not interview governmental agencies in this
study. Therefore, result revealed In this study may
lack generality,. However, we consider the main

amriensos (B
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Figure 1. The US system for requlatory review of tave el sclentists whes e succendil expe-
Investigational New Drug applications. flences collshotsting with companies to identlty
= : barriers to the success of such collaborations. We
R found that the major barriers related to inappro-
priate academic systems, poor understanding of
industry issues in academia, inadequate govern-
mental support systerns and a problematic view of
these collaborations by the Japanese public. We
therefore propose that to overcome these barriers
it is necessary to review particular governmental
and academic systems, establish systems whereby
individuals can move easily between academnia and
industry, and manage the Japanese public’s view of
these collaborations, We believe that these
three major issues a:é;didca] for the prompt clini-
cal appllqa;ion of advanced medicinal products,
induding RMPs in Japan.

Review of IND applications
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Executive shmmary

+ Respondents felt that ma;or barri efficlent collaboration between academia and industry in Japan are that academics lack an
understanding of the business side of product development, and that there Is no system permitting individuals to move between
academia and industry.

= Some respondents felt that the Japanese govemmenlal systems that support coﬂaborahons between academpa and industry
are inadeguate:

« Potential conflicts of Interest (COI) tend to be viewed extremely critically by the Japanese public; a number ofrespondeﬂts regard
COl issues as barriers to successful collaboratians between academia and industry.

+ To permlt effective collaboration between academia and lndustry in fapan, it is necessary to review particular governmental and
academic systems, establish a system whereby individuals can move easﬂy between academia and Indusuy and manage the

Japanese public’s \dew of these collaborations.
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ABSTRACT — Safety assessment of biopharmaceuticals in preclinical studies is guided by the ICH
6 guideline issued in 1997. Along with enormous experiences and knowledge on safety assessment of
some classes of biopharmaceuticals over the last decade, the necessity and feasibility of updating the
guideline has been discussed. According to a recommendation by safety experts at the ICH meeting in- -
Chicago in 2006, regional discussions of ICH S6 were held in the USA, EU and Japan. The meeting to
clarify the values, challenges and recommendations for ICH 86 from Japanese perspective was held as a
part of the first Drug Evaluation Forum in Tokyo on August 10, 2007. Of utmost importance, the “case-
by-case” approach must be preserved as the basic principle of the ICH S6 guideline. It is our opinion
that oligonucleotides, siRNA, aptamers and related molecules should be excluded from ICH S6 and may
be more appropriate for separate guidance. However, based on experiences and accumulated knowledge,
there are a number of issues that can be updated including new types of biopharmaceuticals such as bio-
conjugates, use of homologous proteins and transgenic animals, reproductive/developmental toxicity stud-
ies in non-human primates, in vifro cardiac ion channel assay and alternative approaches for carcinogenic-
ity assessment. Preliminary recommendations for some of these topics were outlined at the meeting. The
overall Japanese recommendation is that the ICH 86 guideline should be updated to address these topics.

Key words: ICH S6 guideline, Biopharmaceutical, Safety assessment, Preclinical

INTRODUCTION in the early 1990s about the scientific justifications for
the safety assessment of biopharmaceuticals in preclin-
Biotechnology-derived pharmaceuticals (biopharma- ical studies, since preclinical safety guidelines for small

ceuticals) appeared for the first time in the 1980s, and  molecular new chemical entities (NCEs) are usually not
the numbers of biopharmaceuticals in the market and in appropriate for biopharmaceuticals. To answer some of
development have increased dramatically over the last those questions, the 1CH S6 guideline was issued in 1997.
two decades. A number of concerns/questions were raised ~ The ICH S6 guideline stresses the principle that preclin-

Correspondence: Takahiro Nakazawa (E-mail: nakazawa_takahiro@lilly.com)
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ical safety evaluatiqn of biopharmaceuticals should be
addressed on a “case-by-case” basis. The “case-by-case”
approach means that the design and evaluation of safety
studies is justified based on an appropriately understand-
ing: (1) of the pharmacology across species, (2) that dif-
ferences between biopharmaceuticals and NCEs require
different endpoints and studies, and (3) that the class of
biopharmaceutical influences the endpoints and studies.
These principles are still valid and must continue to be
preserved. However, enormous experience and knowl-
edge on safety assessment of some classes of biopharma-
ceuticals has been dccumulated while novel types of biop-
harmaceuticals continue to be developed. Furthermore, to
help clarify the regional interpretations of ICH S6, local
documents on the safety assessment of biopharmaceu-
ticals have been written in the USA (FDA, 1997; FDA,
2000; Hastings, 2007), EU (CPMP/372/01, 2001; CPMP/
SWP/2600/01, 2002; EMEA/CHMP/SWP/294648, 2007)
and Japan (Pharmaceutical Non-clinical Investigation
Group, 2002; Nakazawa ef al., 2004). It was agreed at the
ICH Chicago meeting in 2006 that regional meetings in
the EU, USA and Japan would be convened to address
the potential need for updating the ICH S6 guideline.
Future discussions were to be guided by the following
key questions: 1) What can be learned from case studies
and experience? 2) What is the predictive value of pre-
clinical studies?; and 3) Where does the ICH S6 guide-
line “work™ and/or “not work”? In addressing these ques-
tions, topics considered to be important were: new types
of biopharmaceutiocals, such as bioconjugates and oligo-
nucleotide medicines, initial dose for first in human study
(FIH) selected from preclinical data, non-human primate
developmental toxicity studies, in vitro cardiac testing,
genotoxicity tests, carcinogenicity studies and the use of
transgenic models and homologous products. The Japa-
nese regional meeting was held at the first Drug Evalu-
ation Forum in Tokyo on August 10, 2007, Experts from
industry, regulatory bodies and academia participated in
the meeting. This paper summarizes the Japanese per-
spective on values, challenges and recommendations for
ICH 86 guidelines that emerged from the meeting.

VALUES, CHALLENGES AND
RECOMMENDATIQNS FOR ICH S6 GUIDELINE

General principle
1. Scope
The ICH 86 guideline was developed for pharmaceu-

ticals derived from biotechnology, i.e. medical products
of proteins/peptides and their analogues. It can also be
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applied to chemically synthesized peptides, most of which
have properties similar to biopharmaceuticals as well as
to bioconjugates (a protein combined with chemical mol-
ecule or a part or full molecule of other protein), although
some special considerations are needed, as discussed in
the sections of genotoxicity testing, human ether-a-go-go
related gene (hERG) assay and carcinogenicity studies. In
the event that there is a safety concern about a.chemical
fragment derived from a bioconjugate through degrada-
tion and/or metabolism, the concern should be addressed
as a NCE. Such considerations for bioconjugates would
be shared for protein/peptide analogs with non-natural
amino acids. On the other hand, oligonucleotide medi-
cines including antisense, RNAi and aptamers have very
different physicochemical and biclogical properties from
biopharmaceuticals, and therefore may need a new guide-
line for preclinical safety assessment;

2, Basic principle

The most important concept established by the ICH S6
guideline is the “case-by-case” approach. The underly-
ing principle is that an appropriate safety test should be
used for each biopharmaceutical considering the available
information and the unique nature of each entity, Thus,
it allows flexibility in designing the best safety assess-
ment possible and discourages uniformed application of
a standard list of studies designed for NCEs. The over-
whelming consensus of the meeting was that the “case-
by-case” concept must be preserved. :

3. Species selection
It is very important to select relevant species for the
safety assessment of a biopharmaceutical based on its

" pharmacological and/or biological activities. However, no

relevant animal species are available in some cases. No
clear advice is written in the ICH S6 guideline on when
and how to use transgenic animals or homologous pro-
teins, although the guideline recommends that these alter-
natives may assist in the safety assessment of biopharma-
ceuticals. 3

The use of homologous proteins to address species dif-
ference is more common than transgenic animals, Howev-
er, it is important to consider that it takes months to years
to make and characterize a homologue, and thus the spon-
sor needs to make a decision as early as possible wheth-
er or not a homologue is needed for safety assessment. As
described in the ICH S6 guideline, the production proc-
ess, range of impurities/contaminants, pharmacokinet-
ics, and exact pharmacological mechanism(s) may differ
between the homologous form and the product intended
for clinical use. The comparability of the homologue with
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the clinical candidate is critical for the interpretation of
the toxicity results obtained with the homologue. There-
fore, the sponsor should pay particular attentions to char-
acterizing the pharmacology and pharmacokinetics of the
homologue. For monoclonal antibodies, literature infor-
mation, in vitro binding, function assays, tissue cross-
reactivity and Fc activity are useful for the characteriza-
tion.

Another important consideration when interpreting
results using a homologue is the margin of safety. Even
if negative findings are obtained with a homologue, the
sponsor should still be cautious in the risk assessment of
the clinical candidate, Conversely, if a homologue pro-
duces more severe toxicity in a rodent study compared
to data using the clinical candidate in a monkey toxicity
study, it is not a foregone conclusion that the results from
rodent homologue studies take precedence over those
with the clinical candidate. Additional factors need to be
considered including that the homologue may have differ-

ent pharmacokinetics and/or pharmacodynamics from the

clinical candidate. Furthermore, the physiology of the tar-
get organ in a rodent can differ significantly from human.
Finally, physiological similarity between the mankey and
human may make the interpretation of the nonhuman pri-
mate studies more relevant to risk assessment of man.
Thus, a sponsor should interpret the results from studies
using a homologue using case-by-case considerations of
all available scientific information, including compara-
bility data between a homologue and clinical candidate,
physiology across species and literature data with similar
products. If a relevant animal species is available for the
clinical candidate, a rodent study with a homologue usu-
ally is not needed. '

4. Dose selection

The ICH S6 guideline recommends the dose selection
for toxicity studies should take pharmacokinetics, phar-
macodynamics and the expected clinical dose into con-
sideration. The need for observable toxicity at the high-
est dose remains controversial for biopharmaceuticals.
In some cases, only exaggerated pharniacological effects
may be observed in toxicological studies of biopharma-
ceuticals. It is advised in the Japanese “Points to consid-
er” document (Pharmaceutical Non-clinical Investigation
Group, 2002; Nakazawa ef al., 2004) that the highest dose
may be justified based on the observed plateau for the
pharmacodynamic response without respect to toxicolog-
ical changes (i.e., the maximum pharmacological dose).
‘Other justifications for the highest dose include the emer-
gence of a toxicological change, a multiple of anticipated
clinical dose, or a maximum feasible dose. Because mul-

1

tiple different approaches are currently being used, addi-
tional scientific discussion may be necessary to establish
the best method for setting the highest dose in a preclini-
cal safety assessment study.

The use of select animal data to determine a starting
dose for FIH has had little predictive value in some cas-
es (Bxpert Scientific Group, 2006). For example, no tox-
icological changes were observed at the highest dose of
TGN1412 in monkeys, which was determined to be the
maximum feasible dose (Investigator’s Brochure, 2005).
Many reasons including species differences, insufficient
preclinical data and lack of consideration for pharmacol-
ogy information may have been involved in the failure
to predict a safe starting dose TGN1412. The minimum
anticipated biological effect level (MABEL) approach,
recently proposed in a EMEA guideline (EMEA/CHMP/
SWP/294648/2007, 2007), has been proposed as a better
method to predict a safe starting dose for FIH from pre-
clinical information. However, Ozaki et al. (2006) have
argued that for FIH studies in Japan, such a conserva-
tive approach would slow down the development of biop-
harmaceuticals and that the conventional no observed
adverse effect level (NOAEL) approach is more appro-
priate. Therefore, a balance between regulatory control
and innovation is needed to deliver safe and effective
new medicines to patients. Learning from implementation
of the MABEL approach in the EMEA guideline and its
effect on the safety and/or duration of clinical develop-
ment should be considered during future ICH S6 discus-

sions.

INDIVIDUAL STUDIES

1. Repeat dose toxicity studies

There seems to be disharmony among three regions
regarding the regulatory requirement on the duration of
non-rodent repeat dose toxicity studies (i.e., 6 months vs.
9 months v3. 12 months). Six-month studies are accept-
able in Japan and the EU unless there is a specific con-
cern for the investigational biopharmaceutical. Available
data from approvals supports the position (Clarke ef al.,
2007). Further scientific discussion is needed.

It is recommended in the ICH S6 guideline that immu-
nogenicity should be measured and characterized in a
repeat dose toxicity study. This information is helpful for
the interpretation of toxicity study results, but it has lit-
tle predictive value for immunogenicity in humans, as
discussed in the ICH S6 guideline. Although the recom-
mendation for immunogenicity testing is still useful, there
does not appeat to be a clear need for immunogenici-
ty in all studies. It may be more efficient and informative
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for some biopharmaceuticals when the clinical treatment
duration, patient population and biological activities of
biopharmaceuticals (e.g., growth factors and immuno-
suppressants) are considered. Nevertheless, the necessi-
ty of carcinogenicity assessment for growth factors and
immunosuppressants has not yet been fully scientifical-
ly justified. For instance, it was recently reported that
negative results with mouse and rat growth hormones
were obtained in 2-year bioassays (Farris ef al., 2007).
The rodent findings are consistent with existing clini-
cal data suggesting no risk for tumors following human
growth hormone treatment in patients (Allen ef al., 1997).
Thus, the animal findings provide little additional value
for the carcinogenicity risk assessment of biopharmaceu-
ticals if there is enough human data with similar mole-
cules, Besides human growth hormone, carcinogenicity
assessments were conducted for insulin and its analogues,
basic fibroblast growth factor, FSH and PTH (Advisory
Committee Briefing Document, 2001; Hodsman, 2005;
Barbehenn ef al., 2001; FDA Draft Guidance, 2000). The
relevance of these studies to human risk has not been
determined. ‘

The concern associated with these growth factors or
hormones is mitogenicity but not mutagenicity. Further-
more, in many cases, rodents are generally inappropriate

for assessing biopharmaceuticals due to a lack of pharma- .

cological response or neutralizing antibody production.
Thus, a 2-year rodent bioassay should not be a regulatory
expectation. Proliferative lesions noted by histopatholog-
ical examination in a chronic toxicity study using a rele-
vant animal could be an early indicator of potential car-
cinogenicity. For histopathological evaluation, techniques
such as proliferative cell nucleic antigen (PCNA) or rep-
licative DNA synthesis (RDS) is recommended in the
chronic toxicity study. However, proliferative changes are
clearly not sufficient to fully characterize the human risk,
which can only be determined by clinical data. Two-step
carcinogenicity testing may be an option if rodents are
relevant species, while rodent studies using homologous
proteins or surrogate antibodies, or the use of human-
ized mice (Bugelskil ef al., 2000), may be other choic-
es. Besides those in vivo data, results of in vitro prolifer-
ation assay using a target cells may be useful for the risk
assessment carcinogenicity. It is important to consider all
options and to select an approach on a case-by-case basis
using scientific justification for the selected evaluation.

-CONCLUSION

Japanese experts from industry, regulatory bedies and
academia recommend updating the ICH 86 guideline to

reflect experience and knowledge accumulated over the
last decade, although the “case-by-case” approach must
be preserved as a basic principle. The major areas for the
update are as follows: 1) Transgenic animals and homol-
ogous proteins could be an alternative in the case of no
available relevant animal species; however, there are lim-
itations with regard to the safety margin, validation, his-
torical data, and physicochemical and pharmacological .
differences from the clinical candidate. Therefore, if a rel-
evant animal species is available for the clinical candidate,
a rodent study with a homologue usually is not needed.
2) Monkey reproductive/development toxicity studies are

feasible and meet regulatory requirement, although there

are some technical difficulties. 3) Most biopharmaceuti-
cals cannot block potassium channels because they can-
not penetrate inside the cell to block the channel. How-
ever, if QTc prolongation is observed in an in vivo study,
an in vifro study including hERG should be considered.
4) Alternative approaches for the risk assessment of car-
cinogenicity (e.g. a chronic toxicity study with prolifera-
tive markers in a relevant animal) are useful and justified
in many cases, since the concern for biopharmaceuticals
is mitogenicity rather than mutagenicity. 5) Bioconjugates
are a new category of ICH S6 and need specific consider-
ations, while oligonucleotides should be out of scope.
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to conduct immunogenicity testing only when changes
in biopharmaceutical plasma levels or toxicity potential-
ly related to immunogenicity are 1mportant to the overall
risk assessment.

2. Reproductive/developmental toxicity studies

Because the ICH S6 guideline allows flexibility in
designing toxicity studies, a sponsor may consider con-
ducting a modified reproductive/developmental toxicity
study in rodents or rabbits even with mild immunogenic-
ity. However, these conventional animal species may not
be applicable if severe neutralizing antibody production
occurs or if there is a lack of pharmacological response.
In these cases, non-human primates (NHP) studies with
the human product, studies in rodents with a homologue
or studjes in transgenic animals may be useful alternatives
(JPMA and PMDA coilaboration group, 2003; Nishimura,
2004; Evaluation Report). Among these alternate choic-
es, NHP should be the first choice due to difficulties in
interpreting data from homologues or transgenic animal
as noted above. However, there are difficulties in using
NHP for reproductive/developmental toxicity studies
including low fertility, single fetus, relatively high aber-
tion rate, long life cycle and seasonal reproduction-with
Rhesus monkeys. Furthermore, practical and ethical con-
cerns impact the use of large number of NHPs per group
(i.e., more than 12 females per group for Embryo Fetal
Development Study). Therefore, historical data on NHP
results from the testing facility is critical for the interpre-
tation of results from these studies.

3. Safety Pharmacology

The ICH S7A guideline (2000) applies to both biop-
harmaceuticals and NCEs, but it is unclear from the scope
in the ICH S7B guideline (2005) whether or not an in vit-
ro cardiac channel assay, such as hERG and action poten-
tial duration (APD) assays, is required for biopharma-
ceuticals. Therefore, there seems to be some confusion
among countries on the regulatory requirement. The Jap-
anese “Points to consider” document (Pharmaceutical
Non-clinical Investigation Group, 2002; Nakazawa ef
al., 2004) suggests that such an in vitro study should not
be applied for biopharmaceuticals because in contrast to
NCEs, biopharmaceuticals are unlikely to interact with
this cellular channel (Tr:stam-Flroum et al., 2001; Reca-
natini ef al., 2005).

Some new findings reported after the publication of .

Japanese “Points to consider” document suggest that the
ion current through the hERG channel can be modified by
agents that do not block the channel. It has been report-
ed that some toxins have high affinity for and block the
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hERG channel (Zhang ef al. 2003; Zhang ef al., 2007).
The toxin binding site is located external to the channel
and consists of a specific amino acid sequence. Although
most biopharmaceuticals are unlikely to bind to such a
specific toxin-binding site or produce a secondary block-
ade of hERG channel, this possibility cannot be ruled out.
However, it is likely that these effects would be detected
by in vive electrocardiogram (ECG) evaluations. There-
fore, it is recommended that if there is a signal indicat-
ing QTc effects in an in vivo stidy, the mechanism should
be discussed in context with relevant scientific informa-
tion and/or in vifro study data including the hERG assay.
Furthermore, bioconjugates with an erganic linker may
have properties of both biopharmaceutical and NCE. If
small fragments derived from a bioconjugate are a con-
cern, they may have to be dealt with like a NCE. How-
ever, it may be difficult to identify, synthesize and exam-
ine all possible chemical fragments of a bioconjugate
using in vitro studies. Therefore, the decision to conduct
or not conduct an in vifro study should be made based on
the results of an in vivo study in which both a parent bio-
conjugate and all fragments are tested as a whole for the
potential of QTc prolongation. If a scientific explanation
from existing information is possible for QTc prolonga-
tion observed in an in vivo study, additional in vitro study
may not always be needed,

It has also been reported that tumor necrosis factor-u
(TNF-0) consistently and reversibly decreased hERG cur-
rent probably by stimulating superoxide anion (Wang ef
al, 2004). This is a secondary effect but not direct block-
ade of the hERG channel. Testing for these potential sec-
ondary effects of biopharmaceuticals is not expected.

4, Genotoxicity studies

Genotoxicity studies routinely conducted for NCEs are
not needed for most biopharmaceuticals because of the
failure of transmembrane penetration of biopharmaceuti-
cals, due to their high molecular weight. As described in
the previous section, genotoxicity studies with some bio-
conjugates may provide scientific value for the assess-
ment of their genotoxicity risk (Gocke et al., 1999). The
decision to conduct genotoxicity studies and the experi-
mental design should be scientifically justified. For exam-
ple, if no degradation of a bioconjugate occurs or if there
is a precedent for using a particular linker, genotoxicity
studies may not be needed. .

5. Carcinogenicity studies

According to ICH 86 guideline, a standard carcino-
genicity assessment is not needed for most biopharma-
ceuticals. However, there may be a cause for concern
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