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Preface

The ideafor this manual cane from Pfizer in the US, whiclprovided the Clinical Trials
Centre atThe University of Hong Kong, Hong Kong SAR, PR China withoabinding
grant for its development The general project layouprotocol was accepted by Pfizer in
July 20®. Pfizer has not in any way interfered with the project, except for providing
nonbinding comments to the final product.

The enire text of this manual waswritten by Johan PE Karlberg. Marjorie A Speers
provided considerable and essential comments on the contengsd the first and
subsequentdrafts. A group of international human research protection expertaostly
working in non-profit institutions or organisations z see Contributors for detailsz
reviewed and provided important comments on the contats and final draft. It was
solely created with the intention to promote human research protection of participants
in clinical trials.

This manualwill be translated into numerous languages and is provided free of charge
as an electronic file over the Internet (ittp:// www.ClinicalTrialMagnifier.com) and
offered in print for a fee. The objective beyond thiproject is to establish educational
activities, developed around the manuaknd jointly organised with leading academic
institutions worldwide.

Marc B Wilenzickz Chief Compliance CounsgPfizerR&D,New York, U& 7z contacted
Johan PE Karlberg in May@9 and proposed theproject for an ethics guide. The first
question raised was:O hy approach The University of Hong Kong and not a leading
medical institution in the US or in Eurdb eTe reply was:O "cduse of the monthly
newsletter that you producgi.e..the Clinical Trial Magnifer,6

(http://_ www.ClinicalTrialMagnifier.com), which may be a valid reasopafter all. The
project has been a great challenge but also an honodihe final product fits well with
the mission of the Clinical Trials Centre as one of the leadimgademicresearch
organisations in Asia, in line with the mission of the Association for the Accreditation of
Human Research Protection Programs, Inc., Washington, DC, the sole-pmofit human
research accreditation organisation in the US.

Once we agreed to consider the invitation, we arraged a phone conference witlien
senior Pfizer global staff to discuss theoverall objective of the project. It became clear
that there wasa large worldwide demand for educating ethics committee members on
how to review clinical trial protocols, especially in health care organisations outside the
leading academic institutions in emerging clinical trial locationsincluding Brazil, China,
India and Russia, but alsin other emerging regions suchas Argentina, Bulgaria, Chile,
Colombia, Croatiathe Czech Republic, Estonia, Hong Kong, Hungary, Latvia, Lithuania,
Malaysia, Mexico, Peruthe Philippines, Poland, Romania, Russi&erbia, Singapore,
Slovakia, South Africa, South Korea, Taiwan, Thailand, Turkey and Ukraine. In 2009
around 25% of all sites involved inindustry -sponsoredclinical trials were located in
emerging countries, corresponding to 12,500 sites annually or 50 ethics committee
reviews of clinical trials every working day.

Although the publication is entitled Reviewing Clinical Trials: A Guide for the Ethics
Committee it was developed mindfully to be relevant and useful to all other categories
of professionals entering the clinical trial research area. We highly recommend anyone,
whether a novice inthe clinical trials research areaor experienced, wishing to learn

more about thebasicmodern concepts of human research ethics and clinical trial
research mehodology to study this manual. The audience can equally be professionals
acting as investigators, research nurses, research support staff, ethics committee


http://www.clinicaltrialmagnifier.com/
http://www.clinicaltrialmagnifier.com/

administrators, contractand budget development administrative staff, monitors, project
managers, lostatisticians, clinical data managers, regulators or inspectors.

We must stress thamnothing in this manual overrules local laws, regulations and
guidance It wasdeveloped to providean overall, theoretical background of clinical
trials following the general principles spet out in the Declaration of Helsinki and the
ICH GCP E6 Guideline. The final chapter includasout 50 ethics committee scenarios
covering most ethical areas in human research. &y of those scenarios have been
utilised in educationd activities for ethics committee members and have proven
exceptionally helpful in translating theory into practice, especially for novice clinical
trial research professionals.

Our gratitude goes to the advisors for their valuable comments and positiveiticism on
the final version of this manual, and to MiMMarc BWilenzick at Pfizer R&D for acting as
OEA ODPIT 101 060 OA moOtActdtdlyé fohé& gdofebt. AlRcbniibufois O 1
who participated as individualsdo not representthe institution, organisation or
companywhere they are employed.

While all the advisors agreed with overall content of this Guide, some occasionally
disagreed with specific content. Each advisor reserves the right to make such
differencesof opinion public at any time.

March 2010
Hong Kong SAR, PR China and Washington, DG\ US
Johan PE Karlberg and Marjorie A Speers
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Comments from the Contributors

What is your background/experience within clinical research, human research
ethics, research design, Good Clinical Practice (GCP) and quality assurance?

Is this Manual a better choice over other books covering research ethics and/or
good clinical practice?

Mark Barnes - Harvard University, USA

O & &y years, | have advised academic medical centers, medical schools and
pharmaceutical and medical device companies on issues related to clinical trialsol

have directly supervised trials and have helped to establish clinical trial centers in various
parts of the developing world.

This guide provides to th@arned laypersofa wealth of information about clinical

trials z what they are and how they are designed and conductdd allow such laypersons
to become confident members of research efuommittees and IRBsSuch a publication,
learned and yet accessible, is, in my experience, unprecedeité

Ames Dhai - University of the Witwatersrand, South Africa

O have closeo eight yearsof experience in review activities including chairing of research
ethics committees. am the Head of th&®esearch Ethics Unénd of the Masters in
Bioethics and Health Law program ate universityl am dso a researcher.

The Manual will complement other readings in the fied 8 &

David G Forster - Western Institutional Review Board, USA
O vywars asan IRB member and staff, JD and Masters in medical ethics.

It is a good manual in thatt is widely applicable to IRB review and is not wed to one
country's regulatory requiremens.o

Edwin C Hui - The University of Hong Kong, China
O) 61 A 1 AAE Anale bdeDEntehlteoOmadylhdman research committees in
the last 20 years.

YESbecause it is comprehensive and condense enough to be read in am dftér 1 8 6

Juntra Karbwang - World Health Organization, Switzerland

O0) EAOA AT 1T OAET AGAA OEA AAOGAT T PI AT O 1T &£ OEA
establishment of ethics committe#n biomedical research in 2000 anichavebeen

working with the national and regional ethics forums since 2000.

| believe that this Manuals a better choice over other similar books, since the EC members
should have at least an overview of product R&Bd different study designs to do a better
risk assessment anbetter identify the ethics issues within different study desighs



Johan PE Karlberg - The University of Hong Kong, China

O have been involved in clinical research in Asia for some 2&yand have been the
Director of the Clinical Trials Centre athe University of Hong Kong since its
establishment in 1998.

| believe the Manual is a better choice over other books coveringttpic, becausét is
simple to digest an@lso becausé covers the general fundamental nature of clinical
trials.o

Boleslav L Lichterman - Russian Academy of Medical Sciences, Russia

O) AEA [ U 0 E 8 $tie1980s. AEthatitife Ihad Bded)abdii informed

consent or GCP. When starting my pdime work as a science editef theRussian

. AOETTAI -AAEAA]I O0AOET AEA Albecdne AtdrésteddiuT OEAUA
medical ethicsand wrote several papers on theubject.

The book is conciselearly written and has many visual aidstables and figures and a

chapter on typical EC scenarios. Theaee evident advantages over other numerous
publications on research ethics andé@ 8 6

UIf Malmgvist - Lund University Hospital, Sweden

0) Ai A Al ET E Al have BeArOwiorkidyiwithin Boh@@and clinical
research for more than 25 years. | have been a board member of the regional ethics
committee in Lund. | am at present head of the Regional Competences Centre for Clinical
Research in the county of Skdmat Skane University Hospital, \ehe among many tasksl
amresponsible for giving courses in G&Rd providing quality assurance to investigater
initiated studies.

This manual is a good introduction to practical ethics in clinical trials and is a compégrn
to books covering ethics or good clinical practioe.

Carlo Petrini - National Institute of Health, Italy

O) adnkmber ofboth thenational and local Ethics Committees: Italian National
Institute of Health; National Agency for New Technologies, Energy and the Environment;
and others.

| think that the Manual is clear, completand providesa syntheticoverviewo

Mildred Z Solomon - Harvard Medical SchoglUSA

@ teach research ethics to physicignvestigators and believe that good materials can
always enhance practice.

This Ethics Guide is a comprehensive introduction to the conduct of clinical trials, and will
be very useful tonvestigators new to clinical research methods and the complicated web
of ethical and regulatory issues that guide that researah.
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Marjorie A Speers - Accreditation of Human Research Protection Programs, USA

Gwenty-five yearsago| started conductingepidemiologic studiesWhile at the U.S.

Centers for Disease Control and Prevention (CDC) | oversaw all domestic and international
human research for the agency. In 1999 | was asked to join the National Bioethics
Advisory Commission to lead the project mviewing the U.S. oversight system. Since

2001, | have been the President and CEO of AAHRPP, the only international accrediting
agency of human research protection programs.

| highly recommend this Manual. It is thorough, easy to read, and offers eaamples
which can be so helpful to ethics committees with limited experience in reviewing
reseaiA E 8 06

Marc B Wilenzick - Pfizer, USA

@ am alawyer at Pfizer, serving as the Chief Compliance Counsel for R&mat role, |

spend a good deal of time wairkg with development teams, quality assurance, and study
managers on issues related to regulatory compliance and in developing corporate policies
for our trials. Many of these policies reflect not just legal norms and regulatory
requirements but ethical norms and generally accepted research standards (CIOMS, ICH,
etc.).

At a large pharma company that is doing an ever increasing number of mrdgional

trials, with more and more of these involving sites from the developing world and well as
sites in the deeloped world, we see that the need to ensure resources for independent
ethics committees is stron@his ethics manual should be an invaluable resource for many
ethics committees, across both high resource and low resource regions. It ties
international standards, like CIOMS and the Declaration of Helsinki, into the overall
scientific and statistics framework for trial design, in a way that will be useful for any
AOEEAO AT i1 EOOAA T AI AAO OEAO AT AOGT 80 Al OAAAU
design and ethics committee operations. We appreciate the effort made by Drs. Karlberg
and Speers, and their board of international advisors, in taking the idea for such a manual
and making it into what promises to be a musiave resource for ethics committee
memlerso

John R Williams - University of Ottawa, Canada

O) as the coordinator of the most recent (2009 revision of the Declaration of Helsinki. |
am a member of the Advisory Board of the Training and Resources in Research Ethics
Evaluation for Africa (TRREE for Africa) project and Chair of the Canadian Instisutor
Health Research Stem Cell Oversight Committee.

This Guiddills a niche between short statements and bel@ngth treatments of research
ethics. The method of distribution will be important for its usefulnesgy. jf electronically,
it should be asy to download sectionby seE | | 8 6
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Terms of Use

The publisEAO | OO0 5 "owns dis Mehidal] By reading this manual you agree to
all the terms andconditions under this Terms of UseAgreement. If you do not agree,
please do not read this manual.

Acceptance

The information provided in this manual is for general informational and educational
purposes. By reading and using this manual, you agree to be bound by and to comply
with all the terms and conditions of thisTerms of UseAgreement.

Copyright

The entire contents of this manual are subject to copyright protection. You may display
or copy information from this manual solely for norcommercial use Any and all
contents of this manual, including without limitation the data, texs, tables and

diagrams, may not be copied, displayed, distributed, modified, reproduced, republished
or transmitted, in any electronic medium or in hard copy, for public or commercial
purposes without the express prior written permission ofthe PUBLISHERNothing
contained heaein shall be construed as conferring by implication or otherwise any
license to or right in any copyright ofthe PUBLISHERTr any other party.

Disclaimer of Warranties and Liability

The PUBLISHERas used reasonable efforts to ensure that the informatiooontained
within this manual is reliable. Howeverthe PUBLISHERnakes no warranties or
representations of any kind as to its reliability, accuracy, currency, completeness or
operability. You agree that the information contained in this manual is providle® AO E 0 &
and use of this manual is at your own riskThe PUBLISHERJisclaims all warranties,
express or implied, including warranties of merchantability, fitness for a particular
purpose, and noninfringement of proprietary rights. Neither the PUBLISHERor any
party involved in creating, producing or delivering this manual shall be liable for any
damages, including without limitation, direct, indirect, consequential or incidental
damages, arising out of access to, use of or inability to use this manualaoy errors or
omissions in the contents thereofln no event will the PUBLISHERe liable to you or

ATUiTTA AT OA & O ATu AAAEOETT 1 AAA 1T O AAOGEII

contents.
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Abbreviations

ADR
AE
CRA
CRC
CRFs
CRO
DSMC
EC
EMEA
ERB
FDA
GCP
GLP
GMP
HRPP
ICH

ICH GCP
ICMJE
IDMC
IEC
IND
IRB
NDA
QoL
REC
SAE
SOPs
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Adverse Eent

Clinical Research Associate

Clinical Research Coordinator
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Data Safety and Monitoring Committee
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Chapter 1. Introduction

This introductory Chapter presents the clinical trial landscape with a brief overview of
ethics and bioethicsthe introduction of the current internationally recognised and
applicable ethical codesa definition of an ethics committee a position of where clinical
trials stand within biomedical research,an introduction of the risks associated with
clinical trial participation and presentation of the various players invdved in clinical
trials. The following Chapters provide a more indepth understanding of issues related
to clinical trials. To clarify a few points: Ethics and bioethics represent large domains of
their own, both theoretically and practically, and have adng history of advancement.
We do not go into detailput only introduce a few practical and currently valid human
research ethical issues.

Today, there are two internationally recognised human research guidelines that form
the basis for the conduct of etltal clinical trials. We have chosen to use the term Ethical
Codes rather than Ethical Guidelines, since we consider them more than just guidelines.
A code of practice defines professional rules according to which people in a particular
profession are expeted to behave. Other human research guidelines/codes of practice
have emerged over the past century, such as the Nuremberg Cade set of research
ethics principles for human experimentation seforth as a result of the Nuremberg

Trials at the end of theSecond World War. The principles of that code and other earlier
guidelines are covered in the two current applicable international ethical codes, as
introduced in this Chapter.

1.1 Ethics and Bioethics

Ethicsz also known asmoral philosophy z seeks to adiress philosophical questions
about morality. Its history goes back to philosophy andeligious writings. Bioethics is
the philosophical study of ethical controversies brought about by advances in biology
and medicine. Bioethics concerns ethical issues that arise in relationships among life
sciences, biotechnology, medicine, politics, law, philosopland theology. The modern
field of bioethics first emerged as an academic discipline in the 1960s.

Ethical Codes z The Declaration of Helsinki

The first set ofethics rules for research in humans formulated by the inteational
medical community was established in 1964 by the World Medical Association (WMA),
in the Declaration of Helsinki (Declaration). The WMA is an international organisation
representing physiciansand wasfounded in 1947. The organisation was created to
ensure the independence of physieins and to work for the highest possible standards
of ethical behaviour and care among them, ail times.

The Declaration includes a number of important human research etlscodes of

practice. However, the Declaration is still a very short document, coseg only five

pages. It defines ethical principles, but provides little guidance on the governance,
operation and responsibilities of a human ethics committee (Ethics Committee, EC). The
Declaration is not a legally binding instrument in international law Rather, its authority

is drawn from the degree to which it is codified or influences national or regional
legislation and regulations. The Declaration should be seen as an important human
research guidance document, but it cannot overrule local regulatie and laws. There
have beenseveral updated versiong with the last accepted at the 59 WMA General
Assembly in Seoul, South Korea in 2008.

Declaration of Helsinki:
http://www.w_ma.net/en/30publications/10policies/b3/index.html
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Ethical Codesz The ICH GCP Guideline

The ICH GCP EG6 Guideline (ICH GCP)
was published in 19%. The
International Conference on
Harmonisation of Technical
Requirements for Registration of
Pharmaceuticals 6r Human Use
brought together the European Union,
Japan and the United States. The
objective of the harmonisation is to
eliminate unnecessary delay in the
global development and availability of
new medicines whil e maintaining
safeguards on quality, safetyand
efficacy, and regulatory obligations to
protect public health. The ICH GCP has
so far only one versiorg the original
version launched in 1997.

ICH GCP@md Clinical Practice (GCP)
is an international ethical and scientific
quality standard for designing,
conducting, recording and reporting
trials that involve the participation of
human participants. Compliance with
this standard provide public assurance
that the rights, safety and welbeing of
trial participants are protected,
consistent with the principles that have
their origin in the Declaration of
Helsinki, and that the clinical trial data
are credible (see text b@g.0

The ICHGCP has become the leading
international guideline for the conduct
of clinical trials. It is not so much a
policy document, rather an operational
guideline, spelling out operational
matters and responsibilities
surrounding clinical trials. The ICH
Guideline refers to the ethical
principles of the Declaration, but does
not specifically mention which version
of the Declaration should apply. The
ICH alsorefers to GCP and the
applicable regulatory requirements.
The ICH GCP has had a significant
impact on the dobalisation of industry-

The ICH GCHFE6 Guideline

O'1TT A #1 ET EAAT O00AAO
international ethical and scientific quaity
standard for designing, conducting,
recording and reporting trials that
involve the participation of human
subjects. Compliance with this standard
provides public assurance that the rights,
safety and wellbeing of trial subjectsare
protected, consisént with the principles
that have their origin in the Declaration
of Helsinki, and that the clinical trial data
are credible.

The objective of this ICH GCP Guideline
to provide a unified standard for the
European Union (EU), Japan and the
United States to facilitate the mutual
acceptance of clinical data by the
regulatory authorities in these
jurisdictions.

The guideline wasdeveloped with
consideration of the current good clinical
practices of the European Union, Japan,
and the United States, as well as those o
Australia, Canada, the Nordic countries
and the World Health Organization
(WHO).

This guideline should be followedhen
generating clinical trial data that are
intended to be submitted to regulatory
authorities.

The principles established in this
guideline may also be applied to other
clinical investigations that mght have an
impact on the safety and welbeing of
human subjects

The Principles of ICH GCP

2.1 Clinical trials should be conducted in
accordance with the ethical principles
that have their origin in the Declaration
of Helsinki, and that are consistent with
GCP and the applicable regulatory
requirement(s).

sponsored clinical research, since clinical trial data collected in one region in
compliance with ICH GCP can today be used to file new drug applications in other

regions.

ICH GCP Eéuttp://www.ich.org/LOB/media/MEDIA482.pdf
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Ethical Codes 7z Ethics Committee

The Declaration of Helsinki includes a
paragraph addressing the role of an EC
in human research:O 4eEesearch
protocol must be submitted for
consideration, comment, gdance and
approval to a research ethics committee
before the trial begins. This committee
must be independent of the researcher,
the sponsor and any other undue
influence. It must take into
consideration the laws and regulations
of the country or countris in which the
research is to be performed as well as
applicable international norms and
standards but these must not be allowe:
to reduce or eliminate any of the
protections for research participants set
£I OOE EIT OE®® $AAI
statement that a caintry is not allowed
to O O AdidDeliminate any of the

rather a strong recommendation.

The ICH GCP provides guidance on
how an EC should operate and
describesthe responsibilities of the
committee. It coverstopics such as
composition, function, operations,
procedures, responsibilities, record
keeping, contents of informed consent,
and adverse event reportingBased on
the ICH GCP, an EC must develop its
own written standard operating
procedure (SOP). EC SOB#en refer
to the ICH GCP as well ds local legal
requirements and guidelines.

No Universal Ethical Code for Ethics
Committees

In the ethics review of human research
projects and conduct of research,
researchers and EC members must be
aware of boththe institutional
requirements andthe applicable laws.
Legal rules and ethical principles are
not always consistent, and both differ
greatly over jurisdictions. No single
human researchethics guidecan
provide universal answers to allthe
ethical issues ofresearch involving
humansor reflect the broad diversity

Chapter 1. Introduction 17

2.2 Before a trial is initiated, foreseeable
risks and inconveniences should be
weighed against the anticipated benefit
for the individual trial subject and
society. A trial should be initiated and
continued only if the anticipated benefits
justify the risks.

2.3 The rights, safety, and webeing of
the trial subjects are the most important
considerations and should prevail over
interests of science and society.

2.4 The available nonclinical and clinical
information on an investigational product
should be adequate to support the
proposed clinical trial.

2.5 Clinical trials should be scientifically
sound, and described in a clear, detailed
protocol.

2.6 A trial should be conducted in
compliance with the protocol that has
received prior institutional review board
(IRB)/independent ethics committee (IEC
approval/favourable opinion.

2.7 The medical care given to, and medic
decisions made on behalf of, subjects
should always be the responsibility of a
qualified physician or, when appropriate,
of a qualified dentist.

2.8 Each individual involved in conductin
a trial should be qualified by education,
training, and experience to perform his o
her respective task(s)

2.9 Freely given informed consent should
be obtained from every subject prior to
clinical trial participation.

2.10 All clinical trial information should
be recorded, handled, and stored in a wa
that allows its accurate reporting,
interpretation and verification.

2.11 The confidentiality of records that
could identify subjects should be
protected, respecting the privacy and
confidentiality rules in accordance with
the applicable regulatory requirement(s).

2.12 Investigational products should be
manufactured, handled, and stored in
accordance with applicable good
manufacturing practice (GMP). They
should be used in accordance with the
approved protocol.

2.13 Systems with procedures that assur
the quality of every aspect of the trial
should be implemeted.o
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of legalrequirements worldwide. The aim of this Guide is to point out the cornerstones
of the design conduct and oversight of ethical human research, with a focus on clinical
trials. Nothing in this Guideshould overrule local ethical concepts, concerns or
legislations.We will at some places refer to specific guidelines or legal documents as
illustrati ons, especially some of the more recogsed regulatory guides. However, the
intention is not in any way to endorse specific documents agpposedto others.

Any EC must learrall the details ofthe local laws and requirements. Most applicable
international and local laws, regulations and guidelines for human research protections
are included inthe International Compilation of Human Research Protections,120

Edition, cmpiled by the Office for Human Research Protections, US Department of
Health and Human 8rvices. It lists approximately 1,100 laws, regulations, and

guidelines that govern human participant research in € countries. It wasdeveloped for
ECs, investigators and sponsors involved in international research. Its purpose is to help
these groups faniliarise themselves with the laws, regulations and guidelines effect
wherever research isconducted, to ensurehat those standards are followed
appropriately. See for instance: China (MOH: Guidelines on Ethical Review of Biomedical
Research Involving Himan Subjects (2007)), Brazil (CONEP: Resolution 196/96: Rules
on Research Involving Human Subjects (1996)), India (ICMR: Ethical Guidelines for
Biomedical Research on Human Participants (2006)andRussia (FSSHSD: Order No.
2314-Pr/07 17 on August 2007,About the Ethics Committee)The list is updated

annually.

Compilation of Human Research Protections:
http://www.hhs.gov/ohrp/international/HSPCompilation. pdf

Ethics Committee Definition

An EC reviews and subsequently approves or rejects researptotocols submitted by
investigators/researchers (investigators). There are different kinds of ECs. Some review
protocols for animal studies, some for human studies in social sciencash as
psychology and education, and others for clinical trials in patients or healthy volunteers.
In this Guide we addressonly the principles of ethics review of protocols involving
interventional studies or clinical trials in humans. Many countriesrequire and legally
enforce approval by an EC before clinical trialsan be initiatedfor testing new drugs or
vaccines, medical devices, diagnostics and medical proceduregerred to astest article

in this Guide

As stated in the Declaration of Helsinki© 4eEesearch protocol must be submitted for
consideration, comment, guidance and approval to a research ethics committee before the

s oA A~ N

The ICH GCBtates O ftrial should be conducted in compliance with the protocol that has
received prior irstitutional review board (IRB)/independent ethics committee (IEC)
APDPOI OAT ¥ £ZAOT OOAAT A TPETEITT 86

Different names are used for ethics committees reviewing human clinical trial protocols,
such asethics committee(EC),research ethics committeg REC) orinstitutional review
board (IRB). For simplicity in this Guide, we use the term Ethics Committee and the
corresponding abbreviation EC. Regardless of the term chosen for an individual E&ch
operates in accordance withapplicable laws and regulations.

We al® need to clarify that most ECs review studgrotocols for a single institution,

such as a hospital, with or without academic affiliation, while some are centralised, and
review protocols from more than one institution/clinic. Central ECs are designed thelp
reduce administrative burdens on local ECs and investigators, while maintaining a high
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level of protection for human research participantsThis arrangement is especially

usefulx EAT OEA ET OAOOECAOI O x1 OEO A&£OI iwheA OET CI A
multiple sites are involved in the same geographical or judicial region. However,

whether local or centrdised, ECs should all operate dhe same standard.

A human research ethics committeg ECz should not beconfusedwith any hospital
ethics canmittee (HEC) reviewing ethical or moral questions that may arise during a
patient's standard care. The EC reviews clinical research protocols, while the HEC acts
as the patient®advocate, defining the ethical principles of clinical procedures and
managernent within a hospital.

1.2 Clinical Trials in the Context of Biomedical Research

Biomedicalresearch can be suftlassified as
basic/pre-clinical research and clinical

research Gee illustration). CT"r'I‘;‘I’:'

Pre-clinical biomedical research is
important for expanding the knowledge of
basic biological mechanisms. Studies are Norwinterventional
commonly conducted in preclinical Clinical
departments orinstitutions in fields suchas Research
anatomy, biochemistry, cellular biology,
immunology, microbiology, molecular
biology, neuroscience, pharmacology and
physiology. Preclinical research can
contribute to the discovery of new medical
treatments.

Y [edlpawolg

Pre-clinical

Research

Clinical research ranges from clinical
laboratory or investigational studies to
testing of new clinical procedures, new
clinical diagnostic tools and new medicinal N : .

Biomedical research and experimemteldicineare terms use

products in humans. interchangeably and are known as medical research. Itds
classified as basic/pminical research and clical research.

.. . .. Clinical research includes nenterventional research and
C“nlcal Tl'la|S on I\/Iedlcmal PI’OdUCtS interventional research or clinical trials.

There is a persistent demand,n addition to

agreat need to develop new medical treatments that are as effective and sadis, or
more effective or safer for specific typs of patients than, treatments already on the
market. Research also enables discovery of new therapeutic uses farrently available
medications, as well as enabling development of innovative treatments for currently
untreated conditions. New medicinal products are commonly discovered by means of
laboratory research and animal studies before they can be tested in humsz through
clinical trials z and eventually used in medical care.

Clinical trials are the mandatorybridge between pre-clinical discovery of new medicinal
products and their general usesThis means that clinical trialamusttake place before
new research treatments can be made available to the public, whether for prescription,
over-the-counter sale orfor usein a clinic.

Pre-clinical testing of new medicinal products can only forecast their treatment and
side-effectsin humans.On average, nly one outof 14 new drugs that enter clinical
testing programmes is eventually introduced for clinical useThe main reasons for the
high drop-out rate are unforeseerside-effectsor insufficient treatment effects. Pre
clinical laboratory and animal studies thus ofy partially indicate effects in humans.
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During the clinical testing period, data are collected to support a subsequent marketing
application for the new medicinal product test article), whether a drug, vaccine,
medical device or diagnostic tool. A newrdig application, for instance, will include all
aspects of thetest article, from pre-clinical information about the molecularstructure
and action, manufacturing information, formulation and animal studies to test results in
humans depicting the pharmacabgical action, dosage, preventive or curative effects,
and potential side-effects.

Pre-clinical and clinical developments are carefully monitored under strict government
regulations in most countriesto ensurethat all aspects of the compound hay been
studied z and that researchhas used proper trial designs in a highquality manner, in
accordance with international and local human research ethical standards.

Clinical testing of the product passes through different phaseom human
pharmacology to exploratoryresearch inparticipants with the target disorder, and

eventually largeOAAT A OOEAIT O x EAOA effedsAre @ddarddidtie s O

best current treatment on
the market (see illustration).
On average, there are 230 The mandatory
different trials conductedon Jydge from pres
clinical discovery
the same compound, each Io clinical usage
adding some essential
information to the existing

body ofknowledge. The Pre-clinical Clinical m
trials are conducted in a Discovery & Trials

Testing
close to sequential manner,
although the clinical
development plan is altered
and adjusted according to

Confirmatory

results obtained at certain S ,

points in time. R >
Most (about 85%) approved pha':#?ci?ogy —

medicinal products are — -

developed and tested by the >

pharmaceuticaland _’_:E -

biotechnologyindustries, not _—:; L,

academic institutions or non — >

profit organisations. The link Modern drug development: Eaalrow represents one clinical trial for one and tt
between preclinical and same tesdrugi here a diabetedrug is an example.

clinical research is thus more
obvious in for-profit rather
than non-profit clinical trial research.

Low and High Risk Clinical Trials

Three essential factors echo theisk of harm level of a clinical trial: cumulativeclinical
experiences of thetest article, targetedparticipant population and biological
characteristics of thetest article.

As clinical testing proceeds, more and more partigants are exposed to thdest article.
The information gathered is used to evaluate the effectgnegative as well as positiveg
of the product in humans. Accordingly, it follows thatisk of harm in general is much
higher during the initial clinical testing phasei.e.,human pharmacology, than during

OA A/
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later stages. Thusearly phase clinical trialsoften need more oversight than later phase
trials.

The highestlevel ofrisk ariseswhen the product is first tested in humans (firstinto-
human trials), followed by trials with dose escalation and multiple dosing. Most of these
trials are conducted in
healthy volunteers, not
participants with the
target disease. Initial
human pharmacology Exploratory
clinical trials, e ——
conductedmostly on
healthy volunteers, are

Human
followed by exploratory pharmacology —
trials where the test
article is administered
on target participant
groups for the first
time. The reactiors
from these participants
may differ from those in
healthy volunteers, so
first-into-humantrials
are also often regarded

ashaving ahigher risk
of harm and therefore

need extra Oversight Each arrow represenelinical trial for one and the same test diuigere a diabetes drug
. . asan example
(see illustration).

Confirmatory

v

v
v

Clinical testing of

medicinal products that are ineffective and/or have unreasonablside-effectsis
terminated early. This means that late exploratoryand confirmatory clinical trials are
performed on asubsampleof products confidently expected to have a reasonably low
risk of inducing side-effectsin relation to the treatment effect, since the safety profile is
acceptable.

The targeted patient populaton may alsoinfluence the degree of riskof a medicinal
product. For instance, lifethreatening diseases such as cancesually call for stronger
and thus potentially more toxic drugs witha different risk of harm acceptance fromfor
instance, antiflu drugs. Likewise, young children may have a higher risk sfde-effects
than adults, due to thé ongoing organ growth andthe bodyd fOnctional development
in early life. Participants in need of multiple drug treatments such as psychiatric
patients or drug abusershave arisk of harm from drug-to-drug interaction, which may
be higher thanfor participants given the test drugwho have no other significant
medical conditions.

Proper risk assessment of a trial can be madenly with detailed access to the results of

previous testing of the productjn animals and humans, as well as details of the target

population and knowledge about the characteristics of théest article. Such information

should be included in any trial potocol. For trials overseen byaregulatory authority,

AAAEOET T AT AAOAEI 6 AOA AT AOi AT OAA ET A 1 AT AA
protocol andtheET OAOOECAOI 060 AOi AEOOA &£ O A OOEAI h
EC for review.
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Sponsors of Clinical Trials

Sponsors of a clinical trial can beither a commercial company (industrysponsored
trial ) or a clinical investigator/physician (non-industry tri al). The former comprises
pharmaceutical and biotechnology companies, while the lattesxomprisesmedical
schoolks, biomedical research institutes, governmentinstitutions or clinical trial
network s. Depending on the body, noxindustry trials are referred to asnon-profit, non-
industry -sponsored, investigatorinitiated, or institutional -initia ted trials.

The large majority of industry-sponsored clinical trials are registered with the US
national clinical trial s registry (http:// www.ClinicalTrials.gov), becauseegistration is a
mandatory requirement by the US government for filing a new drug application in the
US. The US trialregistry includes more investigatorinitiated than industry -sponsored
trials, althoughthe former are registered predominantly by US investigators. Globally,
there are many more investigatorinitiated than industry -sponsored clinical trials.

The overall objective of a commercial lifescience company in conducting clinical trials
on a medicinal product is to collect information about the safety and efficacy of the
product in human participants,i.e.,to take thetest article from pre-clinical discovery
and testing tousage éee
illustration). The data

collected and analysed from The development of new medicinal products ustiatijudes on gerage six

trials eventually represent years of preclinical and six yearsf clinical researchThe clinical testing
. phase may gire 30 clinical trialdor a singletest compound.
an important and

mandatory body of
information for the
application to a government
drug regulatory authority

research via clinica
trials to clinical usage

for market acceptance of glrsig\'l'g'éaé Clinical
the product. The testing trials n=30

commercial company is
therefore concerned that
the trial follows
international and local
regulations z from scientific, ethical and quality assurance viewpointg so government
market approval can be achieved in a timely and undisputed mannerhe main
objective here is thus primarily commercial.

In contrast, an investigator acting as sponsor of a clinical trial may primarily be involved
for scholarly reasons, rather than to bring a new medicinal product to the market. Often,
OEA ET O Anive i§ giéniifio dchievement, leading to published findings
advancing knowledge among peers, and many times also improvement of patient care,
health care or population health. Such trials may compare new surgical procedures,
health interventional programmes or clinical diagnostic tools. They may also test
combination therapies or new indications of already approved commercial medicinal
products. A smaller number of investigatofinitiated trials test new medical products

that aninvestigator or institution hasinvented, with the primary objective being
commercial.

Whether the sponsor of a clinical trial is a commercial or nosommercial body, the
same scientific, ethical and quality standarsishould apply, and the EC review process
should be identical.Industry -sponsored trial protocols have commonly been subjedb
third -party review becausethe clinical developmentplan of products is continuously
monitored by drug regulatory authorities. Investigator-initiated trials, on the other
hand, may lackthe review of anindependentthird party before they aresubmitted to
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the ECThe EC may request details dhe third -party review and details of the protocol
development team.

Regardless of who the sponsor may be, the clinical trial protocol should detail tkame
aspects the scientific rationale behind theprotocol, the rationale behind the trial design
and sample size, treatment blindingthe risk-benefit balance, participant compensation,
informed consent, insurance/indemnity, anyconflicts of interest that may influence the
collection of data or results, and essential quality assurance measures.

1.3 Clinical Trial Players and Their Responsibilities

There are four major players in the
clinical trial arena: the drug
regulatory authority, the trial Regulatory
sponsor (sponso), the clinical Authority
researcher (nvestigator) andthe
ethics committee (EC). Together the

key players work in harmony within Sponsor
a strict pattern of interaction, CRO
defining their responsibilities and

enabling collection of highquality
trial data in a safe and ethical
manner. The sponsor interacts
continuously with both the
regulatory authority and the
investigator before, during and after
the trial, while the investigator
interacts with the EC generally The regulatory authority interacts with the sponsor and approves th
without involvement from other Briocol et e et e nvesdeio, The estiatirie
parties (see illustration). With rare and follow the participants and to deliver the study data to the spon
exceptions, the trial participants z

patients or healthy volunteersz are not clinical trial players by means of actively
planning or monitoring a trial, or reporting the trial results. The sponsor or its
representative shall not have knowledge of participantsidentity and doesnot usually
have direct contact with then; an exception is a Phase | undwed by a sponsor

Trial
Protocol

Investlgator
Study site

Drug Requlatory Authority

Each country has its own drug regulatory authority with its own regulations for
approving clinical trial protocols and also for conducting clinical trials when testing and
approving new medicines and other mediinal products.A clinical trial of a new

medicinal product can be overseen by one or several drug regulatory authoritiels
addition, the drug regulatory authority has important quality assurance responsibilities
in the development of new medicines, as &ll as the production, distribution, labeling

and safety monitoring of medicines, including medicines already registered. There are a
number of local and international regulations/guidelines that must be followed when
new medicines are developed and tested

Drug regulatory authorities come under different names in different countries. For
instance, in the US the authority is the Food and Drug Administratioar FDA; in the
EuropeanUnionit is called the European Agency for the Evaluation of Medicinal
Products (EMEA); and in Japan, the Ministry of Health, Labor and Welfare, or (MHLW).
Other examples are Health Canada (Canadt)e State Food and Drug Administration
(SFDA, China)the Therapeutic Goods Administration (TGA, Australiathe Drugs
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Controller General of India (DCGIl|ndia), the National HealthSanitary Surveillance
Agency (ANVISA, Brazilandthe Federal Service on Surveillance in Healthcare and
Social Development (Roszdravnadzor, Russia)

Responsibilities of the regulatory authority(examples):.

1 Reviewing and approvingclinical trial protocols.
1 Ensuring that clinical trials comply with national regulations of a country and
international guidelines.

Sponsor

A clinical trial sponsor is an individual, company ristitution or organisation that takes
responsibility for the initiation, management, and financing of a clinical trial. A sponsor
can be a pharmaceutical or biotech company, a ngmrofit organisation such as a
research fund,agovernment organisation oraninstitution where the trial is to be
conducted, or an individual investigator. The sponsor initiates a clinical trial and has a
number of responsibilities such as protocol development, financing the trial and quality
assurance. The sponsor will seek permission for trial initiation fromhe drug regulatory
authority or authorities if more than one country is involved in conducting the trial.

A clinical trial project manager acts as a coordinataamongthe activities of clinical
trials, e.g, protocol development, regulatory applications auditing, clinical data
management, laboratory testing, courier transport andnanagingmonitors.

A trial monitor (monitor), or clinical research associate (CRA), is a person employed by

a sponsor or by a clinical research orgasation (CRQ see page26-27) who acts on a

OPI 101 060 AAEAT £ AT A 111 mdSie®gartidpatiAg irbaOT COAOO 1
clinical trial. The monitor interacts regularly with the investigator and his/her team

members, while monitoring the participant informed consent proces, participant

recruitment rate, test drug presence, protocol compliance and payment schedules. The

monitor visits the trial site approximately every month and reports findings to the

project manager coordinating the trial.

Responsibilities of the sponsoexamples).

1 Submitting a plan for the clinical trialto the regulatory authority for approval.

1 Providing complete information to investigators about thetest article, its safety
and instructions for proper use, as well as miang sure thereis appropriate
training for staff andappropriate facilities are available.

Ensuring the trial protocol is properly reviewed by an experienced EC
Monitoring the trial to ensure the protocol is being followeddata collection is
accurate,adverse events are reviewed and reportednd all regulations are
complied with.

= =

Investigator

Often, there is an investigative team, consisting of the investigator (principal
investigator), one or several ceinvestigators, one or several study nurses (atical
research coordinators, CRCs), an@here necessaryother study support staff. The
investigative team can belong to academic medical centres, public hospitals or
outpatient clinics, private health care organisations, private practices or commercial
research sites. The sponsor identifies potential principal investigator for the trial and
communicates with the investigatve team throughout the course of it, usually by way of
a project manager and a trial monitor. In a noitommercially-initiated clinical trial, the
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investigator, government institution, or another funding body takes on the role and
responsibilities of the sponsor.

An investigator is a person responsible for the conduct of the clinical trial at a trial site.
If a trial is conducted by aeam of individuals at a trial site, the investigator is the
responsible leader of the team. A more formal definition of an investigator & Gikr
whose immediate direction the test article is administered or dispensed to, or used
involving, a participant or, in the event of an investigation conducted by a team of
individuals, is the responsible leader of that te&®

A coinvestigator or sub-investigator is any individual member of the clinical trial team
Zsuch as an associate, resident or research feNq designated and supervised by the
investigator at a trial site to perform critical trial-related procedures and/or to make
important trial -related decisions. A clinical research coordinator (CRC) handles most of
the administrative responsibilities of aclinical trial, acting as liaison between the
investigative site and sponsor, and also reviewing all data and records before a

i 71T EOQOT Oyronyfsatekri@l 8oordinator, study coordinator, research
coordinator, clinical coordinator, research nurse ad protocol nurse.

Responsibilities of the investigator (examples):

Protecting the rights and wellbeing of the participants

Following GCP and other guidelines

Having access to all necessary facilities

Following the protocol.

Ensuring the clinicaltrial is reviewed by an EC

Informing the ECof any adverse events

Ensuring an ongoing informed consent process for thparticipants.

001 OAAOET ¢ PAOOEAEDAT 006 EAAT OEOU
Proper handling of all trial medications/supplies.

Reviewingand reporting adverseevents during the trial.

= =4 A2 =0-5_-5_45_48_°2_-2

Ethics Committee

4 EA saspandbility is to ensure the protection of the rights, safety, and welbeing of
potential participants as well as those participantsnvolved in a trial. The EGrovides
public assurance of that protetion by, among other things, reviewing and approvingr
rejecting the protocol and ensuring the investigator(s) are suitable to conduct the trial
the facilities are adequate and the methods and materiato be used in obtaining and
documenting informed consent of the trial participantsare appropriate.

The legal status, composition, function, operations, and regulatory requirements
pertaining to independent ECs differ among countries, but should allow ¢hEC to act in
accordancewith GGP.

Responsibilities of the EC (examples):

1 Safeguard the rights, safety and welbeing of all trial participants; special
attention should be paid to trials that may include vulnerablearticipants, such
as children and paticipants who may have the capacity to make a decision but
are unable to exercise that capacitybecauseprior consent could not be obtained
in an emergency situation

1 Review the protocol and associated documents and provide opinisnvithin a
reasonable time, documenting its views in writing in a timely manner
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1 Consider the qualifications of the investigator for the proposed trial, as
documented by a current curriculum vitae and/or by any other relevant
documentation the EC requests

1 Conduct continuing review of each ongoing trial at intervals appropriate to the
degree of risk to humanparticipants, but at least once a year

1 Reviewingcertain types ofadverseevents and any harm that happens as a result
of the trial.

During an EC meeting it is importanfor the chair to take the lead, ensuring that all
members have the opportunity to express their views and concerns, all opinions are
summarised and any potential dissenting opinions are clearly presented for voting.
Some ECs vote on actions while others use consensus to determine action.

Many have pointed out a number of problems with consensus decisionaking. It may
require giving a small selfinterested minority group veto power over decisions; it may
take an extremely long timeand it may encouragegroupthink, where members modify
their opinions to reflect what they believe others want them ¢ think. It can also lead to
a few dominant individuals making allthe decisions, and may even fail altogether in a
situation where there is simply no agreement possible andhere interests are
irreconcilable.

The EC membership shoultbe composedof one ormore institutional members, one or

more members representing the viewpoint of the participants, one or more members

who do not have scientific expertise, and one or more members who have scientific

expertise. As for research that involves vulnerable partipants, there should be one or

more members who are knowledgeable about or experienced in working with such

OEA w# | Al AAOOS E
ensuring a comprehensive EC review.

Trial Participant

Most ciinical trials include participants with a specific disease that is the target for the
test drug, device or diagnostic tool, such as cancer or allergy. Participants are usually
recruited from an ordinary pool of patients at a trial site, but sometimes by rferral

from other clinics or through local advertisements. Trial participation is voluntary and
participants do not normally have to pay any hospital fees during the duration of a trial.

However, some clinical trials are conducted on healthy participantsr healthy

volunteers. Examples are studies on preventive medicinal products such as vaccines, or
when the product is tested for the first time in human participants, for drug safety and
dosage to be determined. Healthy volunteers are commty paid for participation
becausethey receive no direct benefit, and may have to take leave from their ordinary
work during the trial. Some procedures may also cause discomfort and pain.

Clinical Trial Services Provider

Outsourcing of tasks related to clinical trials Bs increased substantially over the past

two decades. Today there are thousands olinical research organisation (CROsjcting

asservice providers worldwide. CROs are independent companies providing research

services for the pharmaceutical and biotech idustry. Such outsourcing services can be

related to the pre-clinical testing phase, such as animal studies. During the clinical

phase,a CR@ €2rvices can take the form of project management, trial monitoring and

medical statistics work. When a CRO is contracted by a sponsor, it takesnaany and
sometimesAl I OEA OPI 1T 01l 060 OOEAI OAODPI 1T OEAEI EOEA
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Central laboratory services have also

. . . Local Regulatory
bt.ac.ome an |mportant.|ngred|ent of - authority
clinical trials, conducting work such Overseas

as processing blood samples and
reading electrocardiograms (ECGSs).

Sponsors and sometimes also drug

regulatory authorities require that
one singlecentral laboratory should

process all trial blood samples or
in the case of ECGs, read all the ECGs
Z from study sites, whether they are
in Europe,the US, Asia, South
America or Australia (see
illustration ) There are three major Institutional management organi sation
reasons for usingasingle central - —
Both local and overseasgulatory authories can oversee a clinical trial.

Iaboratory, rather than local The sponsor can outsource aspects of clinical trials to service provide
Iaboratories, for the same trial. One |data safety and monitoring committee (DSMC) can monitor participar

Iaboratory can standardise the safety. A management organisation can handle cris@hmatters.
processing or reading procedures, so

that results are reliable and reproducible. Results can also be processed at any time,
because a centralaboratory usually operates 24 hours a dy, and perhaps more
important, because tests such as blood samples and ECG constitute important safety
measures whentest articles with unknown side-effectsare administeredin healthy
volunteers or patients. Sincaesults from all stes from the same trial arestored in a
centralised computer, with a database updated several times a day, the data can be
continually analysed to detectside-effectsfrom all study sites.

Sponsor

Trial
participants

Investigator
study site

Site Supporting Organi sation

Another emergingclinical trial organisation z a for-profit or no n-profit institutional
management organsation z acts as an interface between the investigator and the
sponsor. It can be located either at an academic institution or at a na@atademic health
care organisatim (see illustration). These organisations often operate from centres
commonly called offices of clinical trials or clinical trials centres. The supporting
organisation assists the sponsor or CRO to identifyotential investigators and assiss

the investigaor to estimate the trial budget, prepare the contract, provide GCP training,
establish research pharmacy services and prepare EC applications, and other
administrative tasks.

Data Safety and Monitoring Committee

A data safety and monitoring committee (3MC) data and safety monitoring board
(DSMB) independent data monitoring committee (IDMC), or independent data safety
committee (IDSC), may be established by the sponsor to assess, at intervals, the
progress of a clinical trial, safety data and criticafficacy endpoints, and recommend to
the sponsor whether to continue, modify or stop a trial ¢ee illustratior). The IDMC
usually consists of internationalclinical researchexperts, together with representatives
of the sponsor and a medical statisticiana provide results to the IDMC based on
statistical analyses of accumulated data from all sitesSThe EC can gain much useful
information from regular feedback from the IDMC, ensuringhat risks trial participants
are kept to a minimum.The ECcan also insis that certain highrisk for harm or complex
trials have an IDMC in placg usually established within the institution, but
independent of the investigative site.
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Chapter 2. Features of Clinical Trials

Chapter 2 describes the essential features of clinical trials. The text is quite lengthy,
providing readers with detailed insight into the various aspects of clinical trial design.
Without this understanding it would be very difficult for a novice or any EE member to
take part in discussions surrounding a clinical trial protocol, since the selected research
design should be scrutinised during the EC review.

The following chapter z Chapter 3z covers Science, Ethics and Quality Assurance of
Clinical Trials,which means that the contents of Chapter 2 and 3 partially overlapome
readers may feel that certaimraspects detailed in Chapter 2 might more appropriately be
covered in Chapter 3, and vice versa. For instance, some aspects of Chapter 2 deal both
with r esearch design issues and ethics,g. the utilisation of placebo treatment control
groups. When a topic is essential for the understanding of research design, it is detailed
in Chapter 2, and subsequently only partially addressed in Chapter 3, using csos
references when appropriate.

Biostatistics also forms an important part of clinical trial design and statistical analys
of clinical trial data. With regards to this topic,readersare suggestedo explore the
many existing excellent text books in biostics. Thelnternet also serves as a good
library of resourcesin this respect.

2.1 Objectives of Clinical Trials

Clinical trials are conductedto test new medicinal products and medical procedures in
humans. The earliest recorded clinical trial is dcumented in the Old Testament, and
describes how Daniel followed a diet of pulses and water instead of the meat and wine
recommended by King Nebuchadnezzar Il. James Lind is seen as the father of clinical
trials. As the first to introduce control groupsin 1747, he documented that citrus fruits

in diet could prevent scurvy. From 1800 onwards, clinical trials became more and more
common, with more attention paid to trial design. Placebos were first used in 1863. The
idea of randomisation was introduced in1923. The first trial using properly randomised
treatment and control groups was carried out in 1948 by the Medical Research Council,
UK. This trial also adopted blind assessment enabling unbiased analysis of the results.
The three cornerstones of clinicatrial design are still controls, randomisatiorand
blinding. This chapter describes the three cornerstones in more detail, along with other
important clinical trial features.

Although clinical trial design has been around for decades, it was not until arnod 1990
that it was given status as the trial design of choice for clinical interventional studies.
Today, it would be difficult to haveresults of an interventional clinical trial acceptedoy
journals without utilising the modern concepts of clinical trial research methodology.
Using controls, randomisation and blinding is the optimum way to ensure that results
are not influenced in a noarandom way by external factors. Although external factorg
such as the extra attention and medical care that usualgpome with trial participation z
most certainly will influence trial participants in one way or another, these should not
influence treatment groups any differently. But without using controls, randomisation
and blinding, the conclusions may not reflecthe reality.

The objective of clinical trials is to evaluate the efficacy and safety of medicinal products
or medical procedures in humans so new medical treatments can be identified for
medical practice. In 2008, randomised controlled clinical trials (RCTgccounted for only
2.3% of all biomedical scientific publications identified in the PubMed publication
database; 18,617 publications from a total of 810,654. But the volume of such trials has
increased by more than twelve times over the past three decadeshile the total
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number of PubMed publications
has increased by three times over
the same period(see illustration).
It may be argued that this number
is not an accurate measure of the
level ofresearch activity. Clinical
trials, in fact, last over a long
period, even years, while many
other biomedical research studes
are much shorterz and are
conducted in a research
laboratory, not in humans.
However, it is clear from these
illustrated statistics that clinical
trial s havebecome increasingly
popular and that we can expect a
further rapid increase in clinical
trial activities.

On the surface, clinical trial
research methodology is not
complicated, but there are many
factors to be considered in
designing a good trial. The most
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The total number of biomedical scientific publications and the number ofi
randomised controlled trial (RCT) publications in the PubMed publicatip
database.

All RCT
Publications Publications
Year n n %
2008 810,654 18,617 2.3
1998 467,069 10,769 2.3
1988 379,690 4,535 1.2
1978 269,472 1,468 0.5

PubMed Publications - Randomised Controlled Trials (RCT)

2008

1998

1988

1978

25,000 20,000 15,000 10,000 5000 @O0 05 10 15 20 25 3.0

Number of RCT (n) Proportion of all PubMed publications (%)

important and crucial single clinical trial design feature is the primary trial
outcome/endpoint; selection of a wrong trial outcome/endpointrenders the trial
worthless, since it would be difficult to correctly and solidly interpret results and get

general acceptance of them.

2.2 Clinical Trial Design

The Importance of

Clinical Trial Design

The overall objective in
designing a clinical trial is
to be able to provide the
best possible and most
reliable estimate of the
effect and/or safetyof a
certain test article. Now,
this estimate will never be
absolutely conclusive,
since it only observes a
subsampleof the entire
participant population
(see illustration). There is
always the possibility that
the sample in question
does not, in fact, flly

gpulation representati
or not?

Population

Random sample,

represent the underlying
population. With this
come two potential

The reasotfior employing biostatistice clinical research is that we are selecting one 0|
several subsamples from the total population. The study results will describe
characteristics of the sample(s). Medical statistics help us to explain how confident
that theresults also reflect characteristics of the whole population.
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mistakes or errors: (I) we concluded there was a difference between two treatment
groups when there was, in fact, no differencddlse positive resu)t or (II) we concluded
there was ro difference between two treatment groups when there was, in fact, a
difference (false negative resu)t The objective is to identify the optimum trialdesign for
the purpose of reducing the probability of false results; this is dependent @ many
factors, such as trial objectives, therapeutic area, treatment comparison and phase of
clinical testing.

Biostatistics is an important science of clinical trials, since it provides an estimate of
probability for making any of those twofalseconclusions. For examfe: when we flip a
fair coin 100 times, weexpect50 heads and 50 tailg but we can also get different
numbers such as 60 and 40. In clinical trials the same variation arises because the
random selection of participants typically involves a large number fodifficult or easy
participants to one treatment over the other. Treatment A, which has a true treatment
success rate of say 50%, could show 30 successes in 100 participants, while treatment
B, which has a true rate of say 40%, could show 50 successe4® participants. Based
on our total combined sample of 200, we could come to the wrong conclusion that
treatment B is better than treatment A (afalse resulj.

The basic problem is that the important characteristics of the random sample may or
may not match the reality of the world, namely the entire participant population. And
we rarely know how representative asubsampleis of the real world. The point of
clinical trial design and interpretation is to control the risk of making an error in order
to discover the truth. We have to decide what level aisk we can afford and rationally
justify. Note that afalse negativerial result will in practice end aparticular
development programme. This is costlyiot only to the trial sponsor, but also to society,
which loses out on finding a potentially useful treatment.

Four different interpretations can be made from a clinical trialeither the two
aforementioned errors or correct interpretations that reflect the real world, i.e.,the
treatment is either effective or ineffective see illustratiorn), where afalse positiveresult
is termedtype | errar and afalse negativaesultis termedtype Il error. The level of risk
that we are prepared to take in reaching a wrong conclusion can also be measutsd
the cost of the trial If we can afford a very large sample sizesay, 10,000 rather than 10
participants z the risk of making type I/Il errors will be reduced to a very small fraction.
However, the cost of conducting the trial will increase by a factor df000. From a
research ethics point of view, we may also unnecessarily put a large number of trial
participants at risk by increasing the sample size without making a proper risk
assessment.

The four types of interpretations that can be made from a clinical trial

Trial interpretation

Effective Ineffective
False "negative”
Effective Success type Il error
Real life &A1 OA OPbI
Ineffective type | error Success
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So the main objective of a clinical trial design is to give thaecision makers a probability
measure for taking certain risks, weighed against the financial cost that must be
invested in order to decease the risk. The EC must hauhis information to be in a
position to approve or reject a clinical trialprotocol.

Clinical Equipoise
wNOEDT EOA AAT AA AdkuBEilitybidistdbGtiorQ"Ankte Aontéxfod 1 O
clinical trials, OA1 ET EAAT ANOEDI EOA6 OAI AGAO O OEA
one of the alternative interventions of, for instance, two study treatment arms, will give
amore favourable outcomethan the other. Under the principle of equipoise, a
participant should be enrolled in a randomised controlled trial only if there is
substantial uncertainty about which intervention will likely benefit the participant more
than the other intervention(s). Clinical equipoise is a part of the EC review process,
becauseit is critical to the research desigrg for instance, bysetting up the research
hypothesis and statistical testing and, perhapshe number of participants to be
recruited into one treatment group. It can also be the rationale behind interim data
analysis during the course of a trial, to identify findings that might change the clinical
equipoise picture.

Superiority, Non -inferiority _and Equivalence Clinical Trials

The E9 ICH Guideling Cstatistical Principlesfor Clinical Trialz that brings up the basic
principles of designing and analysing clinical trials is highly recommended tioe studied
by any person involved in clinical trals

(http://www.ich.org/LOB/media/MEDIA485.pdf ). Itis in fact surprisingly easy to
understand.

This guidance contains a section addressing the type of comparisons made in certain
clinical trials. Themost common type of comparison trial is the seaalled superiority

trial, whereby efficacy is most convincingly established by demonstrating superiority to
aplacebo in a placebecontrolled trial or by showing superiority to an active control
treatment.

However, sometimes an investigational product is compared to a reference treatment
without the objective of showing superiority. Some active control trials are designed to
show that the efficacy of an investigational product is no worse than that of the tace
comparative treatment, i.e.,non-inferiority trials.

Other trials z equivalencerials z have the primary objective of showing that the
response to two or more treatments differs by an amounthat is clinically unimportant.
This is usually demonstratel by showing that the true treatment difference is likely to
lie between a lower and upper equivalence margin of clinically acceptable differences.

The choice of the type of comparisowill influence some technicalaspects ofthe study
design, sample size and statistical analysis, but this will not be further elaborated in this
Guide, where superiority trials are generally assumetb be the design of choice

Types of Clinical Trial Designs

The vast majority of clinical trialsuse a fixed design that remains virtually unchanged
during the duration of the trial. In those cases, the design is defined prior to trial
initiation, which makes life easier for the EC. But some trialsight not have enough
information to correctly estimate the sample size beforehand. Here, the protocalight
spell out that the sample size will be reassessed and revised at a certain point in tigpe
it usually happens after a specific number of participants have completed a certain


http://www.ich.org/LOB/media/MEDIA485.pdf

number of study visits.Increasing
the number of visits or duration of
the follow-up is also quite
common with protocol
amendments. Such changes will
not usually affect the sample size
and trial design in general, but an
EC review is needed for any
protocol amendments that may
influence therisk of harmto
participants.

A clinical trial design has many
features and some of them are
covered in other sections of this
Chapter,i.e.,controls, outcomes,
randomisation, blinding, sample
size and trial phases. Here, we
address a few gearal, common
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Treatment group A
Standard/placebo

—
—

Treatment group B
Test article

Parallel group trial design

Treatment group A
Standard/placebo
.1 OOAAOGI AT O jO
Test article

Cross-over trial design

Treatment group B
Test article
.1 OOAAOGI AT O O
Standard/placebo

trial design characteristics based
on the number of groups and
treatment alternatives. The most
common type uses two parallel
groups Z parallel group design(see
illustration). In most cases, trial
participants are randomisedto one of the twotreatment groups, with randomisation
commonly giving each participant the same possibility or chance to bdl@cated to

either treatment section. One grougy say group Bz is given thetest article, and the

other group frequently given placebo ummy) treatment, or the current best available
treatment on the market (standard treatmen. It is also possible to give both groups the
standard treatment with the addition z as anadd-on treatment or as a combination
therapy z of the test article for one of thetwo treatment groups.

The most common clinical trial study desigthe parallel group design
with two groups. The crossver design is sometimes utilised in clinical trial
research.

Another type of trial design is thecrossover trial design(see illustratior). Here, thetrial
participants receive both treatments in sequence. The crossver design represents a
special situation where there is not a separate comparison group. In effegach
participant serves as his/her own control. Some participants will receive the standard
therapy or the placebo first, followed by the new therapy (AB). Others will receive the
new therapy first, followed by the standard therapy orthe placebo (BA). Across-over
design has the advantage of eliminating individual participant differences from the
overall treatment effect. On the other hand, it is important in a crosever trial that the
underlying condition z for instance, a disease does not change ovetime, and that the
effects of one treatment disappear before the next is applied. With this, it follows that
cross-over design is utilised much less commonly than parallel group design. The cress
over design is also more sensitive to drop out during theourse of the trial, since
participants act as a control as well as active treatment participants.

An opentlabel trial z though less commongz is when both theinvestigators and
participants know which treatment is being administered with trial participant s still
commonly randomised to one of two treatmengroups. Usinghistorical controlsis
nowadays seen as a subtandard research design, since standard medical treatmest
change over time and randomisation to treatment cannot apply. Sometimes a trial has
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more than two concurrent treatmentgroups, for instance when different doses are to be
compared.

Adaptive Clinical Trial Design

A few, but anincreasing number P%%Sn

of trials use the secalled adaptive EIEEE

clinical trial designz empowering Drop
sponsors to respond todata One
collected during the trial. group
Examples of adaptive trial designs

include dropping a treatment 'ggfn‘jgfee
group, modifying the sample size, size
balancing treatment assignments ;‘r‘;;grs Interim

using adaptive randomisation, or 50% a'%g'/osis o
simply stopping a trial early due \ as
to success or failure $ee planned

illustration). In a standard trial,
safety and efficacy data are
collected and reviewed by a data Stop Envieh
safety and monitoring committee Sy Popuation
during scheduled interim

analyses. However, aside from
Adaptive trial desigii example of decision pathways The t er m

stopp_lng a trial for Safe_ty reasons, refers to the inability of a clinical trial to achieve its objectives. In
very little can be done in respose particular, stopping a clinical trial when the interim results suggest that if

unlikely to achéve statistical significance can save resources that could
to thesedata. Often’ a whole new used on more promising research. An interim statistical analysis is a

trial must be designed to further tempI(IJrary or %roviiionflharrar?gem%nt for degisionhm_aking only and wil
. . . . . t t t ts t nt tigat
investigate key trial findings. Bgrtiig\;vnilsn.y etails of theesults to be passe e investigator or

In an adaptive trial, the sponsor
might have the option of
responding to interim safety and efficacy data in a number of different ways, including
narrowing the trial focus or increasing thenumber of participants. An example of
narrowing the trial focus includes removal of me or more of the treatment groups
based on predeterminedfutility rulesz the inability of a clinical trial to achieve its
objectives. Alternatively, if data available at the time of the review do not allow for a
clear decision between utility and futility, it might be decided to expand the enrolment
of participants toone or more treatmentgroups beyond the initially targeted sample
size.

Another example of adaptive design isesponseadaptive. In this setting, participants are
randomised to treatmentgroups based on response to treatment of previous
participants. Reattime safety and efficacy data can be incorporated into the
randomisation strategy to influence subsequent adaptive randomisation decisions on a
participant-by-participant basis. An example of responsadaptive randomisation is
play-the-winner, which assigns participants to treatmengroups that have resulted in
fewer adverse e/ents or better efficacy.

As these examples demonstrate, the adaptive design concept can be utilised in a number
of different ways to increase trial flexibility. In a weltdesigned adaptive trial, that

flexibility can result in lower drug development costs reduced time to market and
improved participant safety. Cost reduction is achieved by identifying successful trials
sooner, diopping unnecessary treatment group®r determining effective dose regimens
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faster. Participant safety is improved because adapt trials tend to reduce exposure to
unsuccessful treatmentgroups and increase acess to effective treatment groups

Adaptive trial design requires modern data collection technologies to provide the
research team with reattime information, and enables tlem to plan and quickly
implement seamless changes in response to that information. Key enabling technologies
for adaptive trial design are, for instance, reatime electronic data capture over the
Internet to a central database.

The general impression ishat utilising adaptive clinical trial design will become more
and more popular. The E€will play a crucial role in this process, since they will be
required to respond within a very short time to design changes so trials can be adjusted
in a reattime manner. This calls for ECs to also become adaptable to change. The
adaptive trial design is still in its infancy and may become gerally accepted in the
future.

2.3 Controls of Clinical Trials

The control group experience tells us what would have happened marticipants if they

group and treated in a defined way as part of the same trial sliying the test treatment.
Test and control groups should be similar at the initiation of the trial on variables that

4EA Y#( 41 PEA %pmn #EI EAA 1 £ # THeOhOitelof ' O OP
control group is always a critical

that can be drawn from the trial, @ gavel

the ethical acceptability of the trial,

and the pace of recruitmetn the Placebo+add on

kind of endpoints that can be

acceptability of the results by No treatment

regulatory authorities, and many

Al T AOGAOh AT A EOQ ETO

The type of controlcan be (1)

had not received the test treatment or if they had received a different treatment
could influence outcome, except for the trial treatmentOtherwise, bias can be
decision in designing a clinical trial.

the degree to which bias in

conducting and analyzing the trial
can be minimized, the types of

studied, the public and scientific

other features of the trial, its

placebq (2) no treatment, (3)

known to be effective. A control group is chosen from the same population as the test
introduced into the trial.

That chdce affects the inferences

participants that can be recruited

credibility of the results, the

different dose or regimeif the

trial test treatment, or (4) the Standard treatment
standardtreatment (see

ORDHAOAOEI |

Different doses/regimens

illustration ):
T Ina placebecontrolled The twogroupparalleltrial design can addresifferent treatment
. .. comparison$ placebo, placebo with adsh standard treatment, no treatmer,
'[I’I8.|, pamC'pantS are different doses or regimens, or active/standard treatment.

randomly assigned to a test
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treatment or to an identicalappearing treatment that does not contain the test
drug. Such trials are almost always doublblind.

1 In anotreatment-controlled trial, participants are randomly assigned to test
treatment or to no trial treatment. Here, participants and investigators are nb
blind to treatment assignment. This design is needed and suitable only when it is
difficult or impossible to use blinding.

1 Inarandomised, fixeddose, doseresponse trial, participants are randomised to
one of several fixeddose groups. Doseesponse tials are usually doubleblind.

1 Inan active control trial, participants are randomly assigned to the test
treatment or to an active control treatment. Such trials are usually doubtélind,
but this is not always possible as blinding to the two treatmentsay be
impossible. Active control trials can have two objectives with respect to showing
efficacy: to show efficacy of the test treatment by showing it is as good e
standard treatment, or by showing superiority of the test treatment to the
known effective treatment.

An externally controlled trial compares a group of participants receiving the test
treatment with a group of participants external to the trial. The external control can be a
group of participants treated at an earlier time (historicalcontrol) or a group treated
during the same time period but in another setting. Such trials are usually considered
uncontrolled. It is possible to use more than one kind of control in a single trial. Trials
can, for instance, use several doses of a tesudrand several doses of an active control,
with or without placebo.

Choice of participantsz trial samplez should mirror the total participant population for
which the drug may eventually be indicated. However, this is not the case for early
phase trials, when choice of participants is influenced by research questions such as
human pharmacology. However, for confirmatory late phase trials, the participants
should closely mirror the targetpatient population. However,how muchthe trial
participants represent future users may be influenced by the medical practices and level
of standard care of a particular investigator, clinic or geographic region. The influence of
such factors should be reduced and discussed during interpretation of the results.

Placebo Treatment
The Declaration of Helsinkistates O4 EA AAT AEEOOh OEOEOh AOOAAT O
intervention must be tested against those of the best current proven intervention, except in
the following circumstances: The use of placebo, or no treamty is acceptable in studies
where no current proven intervention exists; arhere for compelling and scientifically
sound methodological reasons the use of placebo is necessary to determine the efficacy or
safety of an intervention and the participants o receive placebo or no treatment will not
be subject to any risk of serious or irreversible harm. Extreme care must be taken to avoid
AAOOA 1T £ OEEO I DOEIT T 86
There is no ethical problem in using a placebo group if a new treatmeigtbeing tested
for a disease for which there is no known effective treatment. However, using a placebo
control may pose ethical concerns if an effective treatment is available. When the
available treatment is known to prevent serious harm, such as death areversible
morbidity, it is most ofteninappropriate to use placebo control. An exception is, for
instance, when the standard therapy has such severe toxicity that participants will not
accept it. Whena placeboecontrolled trial is not associated withserious harm, it is by
and large ethically sound to use a placebecontrolled trial design, even with some
discomfort, assuming that the participants are fully informed about available therapies
and the consequences of delaying treatment. Opinions on the actaplity of using
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placebocontrols are in any event controversial. In the end, it is up to investigators,
participants and ECs to decide. Placebo or ficeatment control does not mean a
participant does not receivetreatment at all. The best supportive avalable care will
normally be provided, plus the same clinical followup as the active treatment group.
Placebocontrolled trials can also be conducted as addn trials where all participants
receive a standard therapy.

Placebacontrolled trials measurethe total mediated effect of treatment while active
trials, measurethe effect relative to

another treatment. They also make

adverse eventsx:a_used_ byboth the Mean treatment effect 2

drug and underlylng disease. days to recovery following an episode of influenza
treatment effects with a smaller

sample size see example below

control trials, or dose-comparison
: A = . Active /
it possible to distinguishbetween Standard
Placebocontrolled trials can detect
However, it is also arguable that

5.0

they represent an artificial ,
environment, producing results 69+69 = 138 days

different from real-world effects. It participants to prove a

should also be notedhat they

provide little useful information

aboutthe comparative effectiveness

of standard treatment. Standard treatment

Placebo and sample sizAssume

OEAOG O11 Ol Al 6 OAAT OAQLL FOI | 45

. . ‘e 274+274 =548

influenza z without any specific ' participants to provea = 92YS

influenza treatment z takes on treatment difference

average 5.0 daysdee illustration).

However, when standardtreatment

is used the mean duration to Placebo and sample sizehe sample size of a trial is influenced by the t
symptom recoveryis 4.5 days. A | B R ants n tota, compared wih 548 when uts

drug company has developed a standard treatment control group.
promising new anti-influenza drug

and would like to proceed with a

first-into-human, exploratory, proof-of-concept phase Il trial. Theoretically, the nevtest
article is more effective, being able to reduce the average number of daysézovery to

4.0 days. If the comparison is against standard treatment, to show a statistical difference

between the two treatment groups, we need to recruit 274 participants for each(the
calculationis based on certain assumptions not described in detailBut only 69
participants are needed per group if no treatmeng placeboz is usedasacomparison.
In this scenario, 410exra participants are put atrisk of harm when standard treatment
is used asacomparison. Yet in fact we do not knowhether the test article has any
effect at all or is safe when given to participants. So three times more participants are
put at risk of harm, and the trial budget may increase by as much as US$4 million.
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2.4 Clinical Trial Outcome/Endpoint

Defining Clinical Trial Outcome/Endpoint

A clinical trial outcome/endpoint is an indicator measured in a participant or in a
sample taken from the participant to assess the safety, efficacy or other objective of a
clinical trial. The endpoint measure of a trial can be of various typeEfficacy, safety and
quality of life are the most common and widely acceptethdicators:

1 Efficacyis simply an estimate of how effective théest medicinal product is in
eliminating/reducing the symptoms or longterm endpoints of the condition
under trial. Efficacymeasures can be of many kinds, such as blood pressure,
tumour size, fever, liver function test or body mass index.

1 Safetyof thetest treatment is as important tothe trial as the treatment efficacy.
All negative adverse reactions or events that a trigdarticipant experiences
during the conduct of the trial should be documented. Thimvestigators monitor
for adverse reactions or events to determine safety during a clinical trial. The
information is used to describe the safety profile of théest treatment. Adverse
events can be mild, such as local shetérm reactions and headachs, or serious
such as stroke and death.

1 The measurementgenerally referred to asquality of life (QoL) in clinical trials is
now a well-established term QoL includes physical,mental and social wellbeing,
and not just the absence of disease or illness. There are broQdL
measurements that are not very specific for the disease or conditiangeneral
well-beingz and there arediseasespecificquestionnaires that are more sensite
to treatment and disease influences. All questionnaires must be validated
properly before they are used as a valid trial endpoint.

Trial participants are usually assessed at a minimum of three different time pointsée
illustration ):

1 Screening: Trial |Screening| | Baseline |

participants are commonly
examined before a trial

starts to assess their health I

status in relation to certain

trial inclusion/exclusion Extra study visits

criteria. Such screening

values can be established Tumour size decreased by 0.7 cm

from the results of v from baseline to end of trial v

A
laboratory test samples, for 15
instance. em

9 Baseline: Once a

participant has met the Typiqa}l sequence of visits during a cIinic_aI trial': t'rial participantsfirst
. . . identified and informed about ttigal details participants who agree to
inclusion/exclusion participate attend a screening visit; eligible participants will make a bast

i i i visit, when trialbaseline values are recorded,; trial outcomes/endpoints a
Cnte”_a’ a base_“ne value of measured at the end of the trial; extra study visit$carérug dispensing
the trial endpomt measures | and compliance, examination, endpoint assessment and adverse event

is recorded. Baseline is the | recording, forinstance.

time point when a clinical
trial starts, just before any
treatment begins.
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1 End of Trial: The trial endpoint measure is repeated at the end of the trial. Often
the research team compares the baseline endpoint values tfttose made at the
end of the trial to see how well the treatment worked.

A trial endpoint is usually estimated as the difference between the end value and
baseline value of the endpoint measure; in some trial$ollow-up continues forthe
participants after the end-of-treatment visit. For example,the tumour diameter was
measuredto be 1.5 cm at baseline and 0.8 cm at trial er{dee illustration). The cancer
diameter thus decreased by 0.7 cnihe participants will visit the study site several
times during the course of a trial to collect trial medication or other medications, for
instance, or to be given a physical examinatioand follow -up test(s) (see illustration).
Adverse events side-effectsz and test article dispensing/compliance information is
often accumulated continuously throughoutthe trial, by means of laboratory tests, for
example, or home logbooks. Such accumulated information is commonly used in the
final safety statistical analysisPrimary and secondary endpoin{see below) are
commonly recorded or assessed at each or some of the extra site visits as well. One
reason for this is that if a participant drops out during the active trial period, the data
can still be used for some of the statistical endpoint analgs. All details about tial
endpoints z how they are assessed, at what time points, how they are analysed, gtc
must be clearly spelled out in the clinical trial protocol.

Primary and Secondary Outcome/Endpoint

The primary endpointof a trial represents the variable providirg the most relevant and
convincing evidence related to the prime objective of the trial. Generally, there is only
one primary variable z usually an efficacy variable. Safety may occasionally serve as the
primary variable, but safety is always an importantonsideration, even if it serves as a
secondary set of endpoints. It is also possible th&oLis the primary variable. Selecting
the primary variable isone ofthe most important taslswhen designing a clinical trial,
since it is the gateway for acceptanmf the resultsWe must produce evidence that the
primary variable represents a valid and reliable measure reflecting clinically relevant
and important treatment benefits.

The primary endpoint is taken into accountwhen estimating the sample size. It should
be well defined in the protocol, along with the rationale for why it was selected, when it
will be measured during the course of the trial and how the statistical analysis will be
carried out. Redefining the primary endpoint after the trial has been completed is
unacceptable since it violates the trial design and may be unethi¢cakpecially whenthe
original, real primary endpoint was statistically insignificant between the treatment
groups.

Secondary endpointsan be supportive measurements of the primary objective or
measurements of effects related to other secondary objectives. These should also be
pre-defined in the protocol, explaining their importance and role in interpreting trial
results.

Below are two ilustrations based on actual trial protocols from the US clinical tria
registry. The first is a hypertension phase Il trial using a placebo control group, and the
second a phase Il cancer trial with an active treatment control. Both primary and
secondary endpoints are clearly defined, both with an efficacy estimate as the primary
endpoint and safety aghe secondary endpoint. The cancer trial also liste@olLand
health economics as secondary endpoints.

Example 1 z hypertension, exploratory phase Il, sample size 84 (42/group), 22 study
sites (see illustrationon the following pagé
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1 Objective: To determine whether drug XX is safe and effective in the treatment of
poorly controlled hypertension.

1 Trial design: Treatment, randomised, doubléeblind, placebo catrol, parallel
assignment, safety/efficacy trial

1 Primary endpoint: Change from baseline in arterial systolic blood pressure after
8 weeks of treatment in participants with poorly controlled hypertension

1 Secondary endpoint: Change from baseline in arte diastolic blood pressure
after 8 weeks; change from baseline in eNOS activity and endothelial dysfunction
after 8 weeksand safety assessments

Examples 2 z colorectal cancer, confirmatory phase Ill, sample size 102 (51 per group),
39 study sites

1 Objective: To compare
overall survival in
participants with Screening

previously treated Systolic BP
135-160

metastatic, epidermal Soo .
growth factor receptor Dlassst?lhlcoBP
(EGFR)positive mm G
colorectal cancer
treated with drugs
XX1+XX2+ XX3 and
drugs XX1+ XX3 alone
91 Trial design:
Treatment,

randomised, open

|abe|’ active COI’]tI’O|, 'Primar _end oint: comparison of the mean change
in systolic blood pressure over 8 weeks between the

parallel assignment, v WO grouns

safety/efficacy trial. \ v 3
1 Primary endpoint: —

Compare the overall

survival between the

two treatment groups.
F. An exploratory phase Ihterventional, randomised, douli¥nd, placebo control,
ﬂ Secondary endpomt. parallel assignment, safety aefficacy study in poorly controlled hypertensi@4
Com pare the response participansi 22 sites 8 weeks betweethe two groups.Example 1in the text).

rates; compare

progression-free
survival; time to
response; compare the safety profiles; compare thgoL; conduct an economic
assessment comparing healthcare resource utdation.

Test drug treatment

Placebo treatment

<«

Zero change

Surrogate or Clinical Outcome/Endpoint

A trial endpoint of a clinical trial should fulfill three criteria: (1) be measurableand
interpretable, (2) sensitiveto the objective of the trial, and (3)clinically relevant The
endpoint can be either clinical or surrogate in nature.

1 Aclinical endpointdirectly measures substantial clinical benefit to participans,
for example survival or reducing the effect ofa disease.

1 Asurrogate endpointis a laboratory measurement or physical sign used as a
substitute for a clinically meaningful endpoint that measures directly how a
participant feels, functions or survives. Changes induced bytlaerapy on a
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surrogate endpoint are Press report,2008: 04 EA 53 &$!
expected to reflect changes in a considering requiring diabetes drugs to

clinically meaningful endpoint: show efficacy on cardiovascular safety
i e.there should bean and increased life expectancy rather tha

the control in blood sugar. Diabetes

association betweerthe patients will eventually die from
response of surrogate cardiovascuhr complications and the FD
measures and the response of is therefore considering insisting on mor
clinical endpoints. direct clinical measures oparticipant

benefit rather than relying on surrogate
endpoints as the control of blood sugar.

Surrogate endpoints are used because For instance, one diabetes drug that has

they can be measured earlier, are been approved basedmsurrogate
convenient or less invasive, can be markers has in fact been linked with an _
measured more frequently and can ET AOAAOGAA OEOE 1T & iU

accelerate the approval process.

Additional advantages are tlat their

utilisation can very likely reduce the sample size of clinical trials, shorten their duration
and thus reduce their cost. Using surrogate endpoints also put fewer trial participants at
risk from adverse reactiors to the test article. Examples of linical and surrogate
endpoints in clinical trials are various (see illustration). For instance, in cardiovascular
trials, blood pressure and cholesterol levedare commonly used as surrogate measures,
while the true clinical endpoints are myocardial infarction and death.

Generally, a clinical endpoint is adopted in the final, largecale confirmatory clinical

trial (phase lll) of a new medical therapy, while a surrogate endpoint is more commédy
used in initial, exploratory trials (phase Il) of atest article. The drug regulatory

authority may request the use of a clinical endpoint, rather than a surrogate endpoint as
the most important health indicator in a clinical trial for a specific diseaseBut such
events are rare and many participants need tde studied in confirmatory trials.

However, in the exploratoryearly phase of a new therapyit is common to use a
surrogate
endpoint. This
reduces the
sample size as

. Diseasecausal Disease Clinical
well asthe Disease pathway progression endpoint
duration of the
trial . =

Surrogate
endpoint

Disease Surrogate endpoins Clinical endpoints
Hypertension Blood pressure Cardiovascular events
Cancer Tumour size Death

HIV HIV RNA (CD4) AIDS/death

Diabetes Serumglucose Cardiovascular events

Al zhei mer Brainimagiege a s e Functional assessment/death
Osteoporosis Bone density Bone fracture

Vaccine Serology response Disease protection
Shortness Height gain Final adult height

Examples of diseasgpecific clinical and surrogate clinical trial outcomes/endpoints are detailed abc
Clinical endpoints measure the progression of the disease and directly measure clinical benefit to
patient, say survidar curing a disease. A surrogate endpoint is a marker of the disease causal pat
and is assumed to reflect and correlate with the clinical endpoints.
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Disadvantages of Using Surrogate Outcome/Endpoint

The ideal surrogate endpoint is when all mechanisms of action of the intervention on

the true clinical endpoints are mediated through the surrogateendpoint (see

illustration). It is essential to have a comprehensive understanding of causal pathways

of the disease process. For instance, do changes in measures from brain imaging

precede changesitheOOOA Al ET EAAT AT APT ET O ET 'l UEAEI A
for the failure of surrogate endpoints is that the surrogate does not play a crucial role in

the pathway of the effect of the intervention. For example, an intervention could affect

the surrogate endpoint,

but not the clinical

endpoint. Ultimately, test .
articles approval based intervention
on effects on a surrogate

involves an extrapolation Disease

from experience with Disease Causal Disease Clinical
.. Pathway Progression endpoint

existing products to an =

untestedtest article.
Surrogate
endpoint

There have been many
instances where
treatments showing a
highly positive effect on a
proposed surrogate have
ultimately been shown to
be detrimental to the

participants' clinical _ R g R
i A surrogate endpoint 6s v a lcinidal dutgomessThieal s
endpoint outcome. surrogate endpoint is when all mechanisms of action dhtaevention on the true clinical
Conversely there are endpoin(s) are mediated through the surrogetelpoint This is seldom the case and relyir
! on one single surrogate endpoint that focuses on intermediate effect is not a very safe
cases of treatments

conferring clinical
benefit without
measurable impact on proposed surrogates.

clinical outcom

Example: Surrogate Outcome/Endpoint in the Cardiovascular Are _a

The following is a classical example atfailed surrogate: A Cardiac Arrhythmia
Suppression Trial (CAST) sought to evaluate the efficacy and safety of arrhythmia
suppression therapy in participants with asymptomatic or mildly symptomatic
ventricular arr hythmia after myocardial infarction. A pilot trial evaluated four active
drugs (Encainide, Ethmozine, Flecainide, Imipramine) againstplacebo usingthe
surrogate endpointz asymptomatic arrhythmia z in 500 participants. Based on the
results of this pilot trial, a full-scale trial began enrolling participants in 1987, and after
less than one year of followup the Encainide and Flecainide groupsf the trial were
stopped because oé three-fold increase in mortality compared tothe placebo.This
exampleillustrates that a drug canmitigate diseasesymptomsz representing a
surrogate endpoint z but over the long term canbe associated witha negative clinical
outcome (here, death).

Cardiovascular diseasés the number one reason for premature death among adults.
Many largescale clinical trials have sought effective new treatments where the

clinically important endpoint z such as cardiac arrest or deatlz is expected to be
prevented. A trial of lipid-lowering therapy using a surrogatez serum lipid level z
endpoint will need around 100 participants over 3 to 12 months. However, if the
endpoint is the incidence of cardiovascular events, thousands of participants need to be
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studied over many years. Most drugherapies have multiple effects, angdtherefore,
relying on asingle surrogate endpoint that focuses oan intermediate effect is not a
very safe pathway. One approach is to require new drug therapies in large, loteym
clinical trials to assess their diects on clinical endpoints. The use of surrogate endpoints
is in this way avoided, and major health endpoints are known prior to marketing. But
such an approach slowthe time to test article approval and clinical usage, which is a
problem especially forsevere diseases with no effective standard treatment anchn be
very expensive An alternate approachwhich is adopted more and more frequently
after regulatory authority approval of a new test article has beewobtained, based only
on the surrogateendpoints, is to conduct longterm phase 1V trials on the clinical usage
and experience of that new drug. Phase 1V, higjuality trials are designed to assess the
effects of test article therapies on clinical endpoints.

Often, these arecalled @arge simge trials.6 When new drugs enter the market, their
safety and efficacy profile may vary considerably from that measured in carefully
conducted clinical trials. In daily clinical practice, such drugs are prescribed not only for
the relatively healthy and wsually younger patients who enter clinical trials but also for
patients with multiple diseases and for older patients. Rarainexpected serious side
effects might not be detected during the course of clinical trials. When they, in fact, are
detected, ther frequency may not be exactly defined. Thus, the factual clinical
effectiveness and/or safety may not be mirrored by clinical trials. The pognarketing of
Qarge simple clinical trial®aimsto identify such factual discrepancies between
observationsmade in clinical practice andthose made during clinical trial conduct. A
large simple trial is characterized by a large sample sizhat randomisesthousands or
tens of thousands of participants ito two or several treatment groups Those trials are
simplified by being conducted in, for instance, established general practitioner medical
clinics or outpatient clinics using simple, measurable clinical outcomes. The data quality
is not seen as the prime concern, rather the representativeness of the target poptiten.
For instance, a large simple trial can be used in comparing the survival of HIV/AIDS
patients receiving different types of antiretroviral therapies. The trial requires a large
number of patients, conducted in a communitypased primary care settingBaseline

data can be communicated over the phone or through the Internet, and similarly the
randomisation and treatment allocation. Study drugs can be mailed overnight to the
treating physician. The followup is limited to deaths and any serious adverseent is,
again, reported over the phone/Internet.

2.5 Randomisation

There are many ways that results of a clinical trial can be biased in favour of one or
other test treatment regimes.The most important design techniques for avoiding bias
are randomisation and blinding which usually come hanedn-hand during preparation of
the trial. Most trials follow a double-blind approachz blind to the investigator and
participants z in which treatments are pre-packed for instance, by a pharmacist
following the randomisation schedule. Theest article supplied to the study site is
labeled only with a participant number and treatment period and looks identical for all
treatment groups. Study site staff argthus, in this way, unaware of the specific
treatment allocated to any particular participant.

The randomisation list is prepared during the trial planning stage and is given to the
person responsible for preparing thetest article. Thetest article is sentz usually by
courier z to study sites and stored at dospital pharmacy,at adedicated institutional
research pharmacy or in a locker at the study site. When a new participant has been
enrolled and hassigned theinformed consent document he/sheis given the next
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sequence of participant number and theestarticle] AAAT AA xEOE OEA
corresponding number. Thistest article dispensing procedure is usually repeated
several times for each participant during the course of a trial.

Randomisation of trial participants reducesselection bias, which is a result of
preferential enrolment of specific participants into one treatment group over another.
For example healthier participants are more likely to be assigned the new treatment.
Participants less likely to respond may be enrolled only when the next treatment toe
assigned is known to be the
control. Randomisation is a
method to assign participants
to various groups or arms of a
trial based on chance This
leads to groups that are
generally comparable and it
minimises bias. In most trials,
participants are givenan
equal 50% chance of being
given the active or control
treatment (see illustration.
Randomisation is commonly
computer generated prior to
initiation of the trial, for
example,in blocks of six.
When using blocks of six

Screening
Consent

Baseline End
Study eligibility
Randomsation to treatment

Test drug treatment (B)

Placebo treatment (A)

Randomisation In blocks of six
Block 1.AABABB
Block 2.BABABA

Subject 1. A Block 3.BAABBA

Randomisatiorto a treatmengroupis performed after the informexbnsent

there are three participants
allocated to the active
treatment group and three to

document has been signed and study eligibility has been confirmed at the bas
visit. Here we use blocks of six, allocating participants to one of the two treatn
arms. The first participant into the study (subject 1) is given placebo treatmen

>

O

m\

second placebo, third test drug, fourth placebo and the last two participants ir
first block join the test drugroup

the control group. This
procedure ensures a weH
balanced number of
participants between the two groups.

Randomisation should be performed by a third party not involved irthe conduct of the
trial or monitoring source data and case report forms. The randomisation list is kept
secret from all parties during the entire trial, with the exception of the person
responsible for preparing the trial drugsand the DSMC (in case of adrse events) A
copy of the treatment code shald be available at all times in casthere is a need to
break the code for a participantsuch as by unblinding a sealed envelope or through an
electronic telephone-based unblinding procedure.

Randomisationcan be performedin various ways for instance, by allocating an unequal
number of participants to different treatment groups, ensuring that similar
characteristicsof importance are present in evenjtreatment group. Sratified
randomisation is a methodused to ensure that the number of males/females is similar
for the groups, or that the number of participants at a certain disease stage is similar for
each trial group.

2.6 Blinding

The term blinding refers to keeping trialparticipants, investigatorsor evaluators
uninformed of the assigned intervention. Blinding should be maintained throughout the
conduct of a trial; therefore, treatments applied should remain indistinguishable. There
can be difficulties in achieving a doublélind environment: treatments may vary, such
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as surgeryand drug therapy; two drugs may have different formulations; the daily
pattern of administration of two treatments may differ; and there may bevarious
treatment-induced effects. In such cases, blinding may be improved by blindistudy
site staff to certain test results.

Breaking the blind for a single participant should be considered only when knowledge
oftheOOAA QI AT O AOOECI T AT O EO AAAI AA AOOAT OEAI
b A O OE A E b Anly iBténtionah ok ahiktBntional breaking of the blind should be

reported and explained at theend of the trial, irrespective of the reason for its

occurrence.Some clinical trial professionals may however know the actual treatment

given to each participant such as the pharacist preparing the treatments or the

members of a DSMC.
There are different levels of blinding:

1 The terminology single blindusually means one of the three categories of
individuals remains unaware of intervention asignments throughout the trial.

1 In adoubleblind trial, participants, investigators and assessors usually all remain
unaware of the intervention assignments throughout the trial. In medical
research, however, an investigator frequently alsmakes assessmentsso in this
instance, the termirplogy accurately refers to two categories.

9 Triple blind usually means a doubleblind trial that also maintains a blind data
analysis.

Blinding or masking is intended to limit occurrence of bias in the conduct and
interpretation of a clinical trial. Knowledge of treatment may have an influence on

Recruitment of participants.

Treatment group allocation of participants.
Participant care.

Attitudes of participants to the treatment
Assessment of endpoints

Handling of withdrawals.

Exclusion of data from anajsis.

Statistical analysis

= =4 =4 -8 -8 959 -9

Three of the more serious

bigges th.at may occur ina
clinical trial z investigator Consent

bias, evaluator biasnd Baseine

performance biag are Study eligibility
Randomisation

reduced byblinding (see
illustration ):

1 Investigator biasoccurs
when an investigator
either consciously or
subconsciously favours
one group at the
expense of others. For
example, if the
investigator knows Randomisatiomeduces selection bias. Treatment blinding reduces investigator
which group received evaluator bias and subject performance bias.
the intervention,
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he/she may follow that group more closely and thereby treat that group
differently from the control group, in a manner thatcould seriously affect the
endpoint of the trial.

1 Evaluator biascan be a type of investigator bias in which the person taking
measurements of the endpoint variablententionally or unintentionally shades
the measurements to favour one intervention over another. Studies that ke
subjective orquality of life endpoints are particularly susceptible to this form of
bias.

1 Performance bia®ccurs when a participant knowsthat he or she is exposed to a
certain therapy, be it inactive or active. For instance, seteported disease
symptoms may be seen as higher in the placebo group because the participant
knows the treatment is inactive. The same group is also more inclingd quit the
trial, thus producing a drop-out bias between the two groups.

2.7 Sample Size

In the early daysz before the establishment of modern concepts of clinical trials
research methodologyz many clinical trials involved a relatively smallnumber of
participants. The problem with small trials is that despite indicatinga true difference of
clinical importance in the treatment effect between trial groups, tte difference could not
always be proven to be statistically significant. Many early trials with a small sample
size were subject to false negative results, namely type Il error, and no conclusive
interpretati on could be made from them. Today, we accept resulisly when the
number of trial participants is large enough to provide a reliable answer to the
guestions addressed.

The necessary predetermined sample sizez especially for late phase trialsz is usudly

determined based on

the primary endpoint of

the trial. Sample size 0 Mean changed systolic blood pressure (mmHg)

calculation is usually Mean changed systolic blood pressure over 8 weeks of treatment
with the 95% confidence interval for the mean for each of the

pgrformeq .by a two treatment groups.

biostatistician after the

clinical investigator has -5 Not statisticglI%/SSignificant Statistically significant

developed a trial I_A_\ p>0. p<0.05

protocol. That protocol 9 (—A—\ ) ™~
e

P
provides essential 10 -
information, namely the o ﬂ if if
-13.3
-15.1

clinical hypothesis, the LA 124
primary endpoint and h

-13.7

143 -14.6
the statistical -15 ﬂ 1 ¥
distribution 5 169 e '
representing, for oa
instance,a continuous 20
variable such as blood 10 30 60 200 500
pressure or a Sample size for each group (n)

percentage such as_ This is an illustration of how the sample size can influence the caolof a trial. One grot
mortallty. The equation is given a new ariypertensive test article and the other is given the standard treatmer
selectedto calculate the example includes five different hypothetical studies allocating 10, 30, 60, 200 and 500
) R participants, respectively to eachaim@ent arm. The mean change in the systolic blood

sample size idased on pressure over the 8 weeks of treatment is here assumed to be the same for all five exz

-12.0 mmHg in one group anti5.0 mmHg in the other groups. The mean changed differ
the values for eactof in blood pressure isot statistically significant for either of the two smaller tri@snclusion:
the two types of no treatment effect between the two groups. The mean changed difference in blood pr

statistical errors. The statistically significant for each of three larger trials.
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probability of type | errorz afalse positive resulg is commonly set at5% and the
probability of type Il errorz afalse negative resulg is conventionally set at10% or 20%.
The statistician also needs to kow the minimum treatment difference of clinical
importance that the trial should be able to prove to be statistically significantly

different. If, for example, we want to show a mean change difference of at least 5 mmHg
blood pressure between two treatmen groups, the estimated sample size should be
adjustedz increasedz for any potential participant drop out, e.g.5% or 10%.

Sample size calculation igssentialin the planning stage of a trial since it forms the
basis for the trial cost estimation andhe number of sites needed to complete the trial
within a certain time frame. We do not wantan insufficient number of trial participants

to reach a conclusive interpretation of the results; yet, neither do we want to spend
unnecessary resources or put annnecessarily large number of participants atisk of
harm. The method for calculating sample size should be given in the protocol, together
with all assumptions that have been made, so anyone who wishes cana@mpute and
confirm the sample size.

A hypothetical examplecan be found(see illustrationon opposite pagg. With a sample
size of 10 or 30 for each of the two groups, the mean changed difference in systolic
blood pressure is not statistically different between the two groups. We thus conclude
that we could not confirm any treatment difference when one trial icluded 20 (10+10)
participants and the other 60 participants. However, the other three hypothetical trials
with larger sample sizes all support the interpretation that the treatment difference is
statistically different between the two groups. The total smple size is very different,
ranging from 120 to 1,000.

A sample size calculation will be able to identify the optimum or close to optimum

OAl P1 A OEUA Miattn didtidnal®elivkiioAiotid sysliclbod pressure
with at least 3 mnHg is regarded as clinically meaningful by having an impact on the risk
of getting adverse events caused by high blood pres8ute 4 EA AOOEI AOAA
required to reacha statistically significant treatment difference would then be around

60 for each group.

2.8 Trial Phases

Drug Development at Large

There is a rather fixed pattern in the stages of drug development process whichest
treatment must pass before it can reach the market. Before a new drug application can
be filed with drug regulatory authoriti es, it needs to go from preclinical stage to the
clinical stage with three phases of clinical trials. Théourth and final trial phase
represents postmarketing research.

A clinical trial is one of the final stages of a long and careful research proce$he
search for new treatments begins in the laboratory, where scientists first develop and
test newideas. The next step is to tratest article z molecules, vaccines or medical
devicesz in animals to see how it affects, foexample, cancer in a livingoeing and
whether it has harmful effects. During preclinical drug development, a sponsor

OAIl E

evaluates thetest articled O O1T @EA AT A DEAOI AAitrd (lathEA A E£EAAO(

meaningwithin the glasg, such as test tube testingandin vivo (Latin meaningwithin
the living) such asanimal testing. It includes investigations on drug absorption and
metabolism, toxicity of the drug's metabolites, and the speeat which the drug and its
metabolites are excreted from the body.

At the pre-clinical stage the regulatory authority will generally ask the sponsor to:
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Develop a pharmacological profile of the drug

Determine the acute toxicity of the drug in at least two species of animals
Conduct shortterm toxicity studies ranging from 2 weeks to 3 months
depending on the proposed duration of use of the substance in the proposed
clinical trials.

E

After completing pre-clinical
testing, the company files an
investigational new drug
application (IND) with the
drug regulatory authority in
the country where the product
will be marketed (see —

. . . Investigational
illustration). The IND provides new drug
the results of preclinical arppletion (D)
experiments, the chemical
structure of the compound
how it is believed to act in the
body, any toxic effects
discovered during the animal
studies and how the
compound is manufactured.
The INDshould also describe
how and where the compound
will be tested in humans.
Approval is needed from an

independenF EC to undertake Drug development at large: from discovery to clinical usage over an average
human studies. years.

New drug application
(NDA)

In a clinical trial, results from a

limited sample of participants

are used to infer how treatment will work in a general population of participants
requiring treatment in the future. Most clinical trials are carried out in steps called
phases. Each trial phase is designed tliscover different information. Participants may
be eligible for studies in different phases, depending on their general condition, the type
and stage of their disease, and what therapy, if any, they have already received. The
participants are seen regulaly to determine the effect of the treatment, and treatment is
always stopped ifside-effectshecome too severe. After completion of the clinical testing,
the company reports all the findings from all preclinical and clinical trials on the
specifictest article. If the results clearly demonstrate safety and effectiveness, the
company files a new drug application (NDA) with the drug regulatory authority. The
application includes all the results obtained. It takes a year or more to learn the
endpoint of thereview of an NDA submission.

The Basics of Trial Phases

The trial phase classification proposed by ICHin the ICH E8 Guide is based on the
objective of the trial and not just a sequential number ranging from-IV: human
pharmacology, therapeutic exploatory, therapeutic confirmatory and therapeutic use.
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On the other hand, drug
development traditionally [__Drugapproval |
consists of four different \
phases (phassl-1V), (see
illustration). But it is important
to understand that those four
phases do not necessarily have
to follow a sequence and they
are not mandatory for

inclusion in a medicinal

product development plan. h
addition, sometimes the phase
of development provides an
inadequate basis forthe
classification of clinical trials,
because one trial may combine
several phases _Wlth different Human pharmacology research is not restricted to phase | trials. Human
fundamental ObjECtIVES. pharmacology can be a trial objective even after a drug has reached the mark

Despite this. the phase—IV can be one objective even in phase IV tridilse same is true for confirmatory an
. o i exploratory trials; they can also be a trial objective in different trial phases.
classification is still the only

one generally recognised and

adopted on a global basis.

Because of their miti -objective characteristics, trials are often labeled not just as phase
[, for instance, but alternatively early phase | (IA) or late phase | (IB), or perhaps phase
I/l or phase Il/111, since they aim to study several different fundamental aspects.

Human pharmacology research is not restricted to phase I trials. It can be a trial
objective even after the drug has reached the market or an objective even in phase IV
trials (see illustration). The same is trudor confirmatory and exploratory trials; they

can also be a trial objective in different trial phases.

Therapeutic use

Therapeutic confirmatory

Therapeutic exploratory

Human pharmacology

The number of phaselV trials per test article varies vastlyfrom compound to

compound and especially between therapeutic areas. An average of 25 and 35 trials are
conducted for a singleest article, with more early than late phase trials. The variation
between drugs and therapeutic areas is large so it is not easy to picture all possible
scenarios, but a realistic average estimate is conducting 20 phase | trials, four phase Il
trials, three phase Il trials and two phase IV trialsz making a total of 29 individual

trials for one test article. The average number of participants included in all trials for

one and the sameest article is 2,000, with around 10% healthy volunteers and the rest
mostly patients with the disease under trial; those figures are based ahe
GlaxoSmithKline publiclyavailable clinical trial database

It is estimated that the industry needs to identify around 50,000 sites for some 2,500
trials annually. The majority of these tials are phase I. Theyxan beassociated with
higher risk of harm than late phase trials and argherefore conducted in dedicated
phase | units in established clinical trial regionslt should be noted that the majority of
phase I trials are simple andinvolve alow risk of harm. Phase Il trials are confirmatory
and have the largest sample size and consequently the largest number of
investigators/sites. They are the predominant type of trials in both established and
emerging clinical trial regions, frequently conducted in outpatient clinics or wards.The
ECsof emerging regions will usually review trials of predominantly late phase
characteristicsz the confirmatory type of trial aiming at comparing atest article with
standard treatment. These trials alsdrequently have other objectives including hunan
pharmacology and exploratoryresearch in new age groups or diseases. They may also
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address therapeutic usage based on safety endpoints, quality of life improvement and
health economic comparisons with standrd available treatments.

Phase 0 Trials

In recent years a new trial phase term has emerged the so-called phase 0 Zero) or
micro-dosing trials (see illustration). They are not yet frequently utilised, but may

become an important instrument for
studying some essential elements of

human pharmacol t rds tre Pressreport, 2006 O' I T A 1 Ax
u pharmaco Ogy, °,W3 S researchers since FDA has approved
latter part of the pre-clinical drug testing of small quantities of experiment
development phase. Such studies thus drugs in human beings. Approval of smal
precedethe traditional human quantity drug clinical trials will be very

harmacology dose escalation, safet helpful for researchers to understand the
P gy y path of the drug in thke body and its

and_ to'?ra_n(_:? phase,l _t”als that efficacy. If thetest articleis proved
ordinarily initiate a clinical drug effective in small quantities, researchers
development programme. The concept cancontinuewithapE AOA ) Al E
of a phase O trial is an interim step

between pre-clinical research and

phase | studies, where a small number of human volunteers takenall doses of
experimental test article so there islittle risk of toxicity. A phase 0 trial has no
therapeutic intent; the objective is human pharmacolog, rather than identifying any
toxic effects.Because participants receive sutherapeutic doses, this means theirisk
of harmis much less than in conventional phase | trials, but they still need close
monitoring .

The scientific rationale for phase 0 trials is to find out whether a new drug is capable of
modulating its intended target in humans, identifying its distribution in the body, or
describing the metabolism of a drug. This knowledge is often critical in drug
development and may avoid larger phase | and Il trials for drugs shown to have
unfavourable pharmacologic prgerties. However, the results of phase 0 trialdo not
always predict the human pharmacology fothe intended dosage. This is probably the
main reason that micro-dosing hasyet to become very popular, since it may incorrectly
terminate the development of

atest article.

Utilisation of micro-dosing is
claimed to reduce overall drug N I AT e el \

development costs because the (NOA
microgram amounts of
compounds required do not
need to be scaled up to an

. . . Investigational
expensive and timeconsuming New Drug
manufacturing level. Other Apleaten (2
argumentsin favour of its
usageare that fewer animal Therapeutic use

studies are needed to sUpport | therapeutic confirmatory
micro-dosing studies, _

. Therapeutic exploratory
compared to phase | trials, so Human pharmacology
there are ethical as well as
financial advantages.

In recent years, a new clinical trial phase besn introduced. PhaseZ&(o or
. : micro-dosing trials are conducted between theghirécal and clinical developmen
Given the design and purpose | jnace.

of phase O trials, there can be
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little expectation of either direct or indirect benefits from them, as is the case with

phase I trials. Phase 0 trials should be reviewed by experts in clinical pharmacology and
toxicology. Also, they shoulde conductedonly at dedicated and experienced research
units, sud as highquality inpatient phase | units.

The ICH recently (June 2009) released a guideligegM3(R2)z that hasalsobeen

accepted by the European Union. It includes some guidance on miatosing trials,

spelling out that the aim of micredosing, or ratE A éxpl@atory studied EO O AT 11 A
human data early in development, as well as information about the characteristics of the

candidate compound. These studiedo not seek toinvestigate therapeutic effects or

safety, and the dosage should have limiteduman exposure namely less than 100 pg or

less than 1/100th of the pharmacological active dose.

Human Pharmacology/Phase | Clinical Trials

A human pharmacologytrial is typically a phase | trial representing the first stage of
testing in human participants. Phase HIV clinical trials can also haveeomponentsof
human pharmacology, but these are not addressed in this section. As elaborated
elsewhere in this Guidecertain phase | trials are generally associated witl higher risk
of harmthan any othertrials, especially the secalledfirst-into-man trials and dose
escalatingtrials. These studies are usually conducted on small populations of healthy
humans to specifically determine alrug's toxicity, absorption, distribution, metabolism,
excretion,duration of action, drugto-drug interaction and drugto-food interaction.

Although the treatment will have been thoroughly tested in laboratory and animal
studies, side-effectsin participants cannot be completely known ahead of time. For this
reason, phase | studies may involve significant risks. These trials are often conducted in
a dedicated irpatient clinic, where the participant can be observed by fultime staff,
usually until several halflives of the drug have passe(see illustration).

About 20% of all phase | trials are conducted in patients rather than in healthy
volunteers. The reasorfor this is that some drugs are too toxi e.g..anticancer drugsz
to be given to healthy participants. Such phase I trials may provide some early
information about efficacy
based on surrogate

endpoints. Example of sequentialosing in high risPhase trial

An example: A drug under D2 Dav3_____ Etc
Review of data Review of data

development by a German i Two active Three active

company was tested in 2006 One placebo One placebo
In phase | unit* In phase unit* In phase unit*

in a commercial phase | unit
in London. Thepre-clinical
data z including high dosing
studies in primatesz did not
indicate any safety concerns,
but the test drug was
targeting the immune
system, which should have
raised concerns. But in this
first-into-humantrial, six
healthy volunteers were
simultaneously dosed with
the test drug and within *Phase | trials should be undertaken in dedicated centtiesippropriate facilities fc

minutes they all experienced emergency treatment and intensive care. The first study participant should be ¢
systemic inflammatory a hospital ward near the intensive care unit with a trial physician present.
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response.All suffered from multiple organ failure and required machine support.
Fortunately, everyonerecovered or recovered with sequede after weeks of hospital
care. The review of the incident revealed that the sponsor and the commercial phase |
unit provider had followed all regulations at the time with respect topre-clinical testing
and phase | trial operation. Theside-effectscould not have been predictedand no
misconduct was identified that could have caused the event. The event triggered much
press coverage and eventually also led to a newgulation in Europe for the conduct of
phase I trials. The new regulation stresses sequential dosigghamely, start the dosing

in one participant alone. It also insists on using dedicatedhospital ward or intensive
care unit (ICU) for very highrisk of harm phase | trials.

The London incident was very rare. Most established phase | test units do not
experience serious adverse events (SAErequiring ICU medical care of trial

participants. However, since unforeseen risks are always present during the éar
clinical testing phasethe EC should be sure that all possible safety aspects are in place
in the event of an unexpected®AEreaction.

Risk Assessment/Management of Human Pharmacology/Phase | Trials

Therisks of harming participants must be fully asgssed before each phase | trial,

especially during the transition fromthe pre-clinical stage to the firstinto-human trial.

The trial sponsor must have the preclinical data reviewed by experts with technical,

scientific and clinical background. In assessg therisk of harmh  OEA OBIT 1 O 08 O
designated expert(s) must take into account all aspects of thest article, such as its

class, novelty, species specificity, mode of action, potency, deaad concentration

response relationship for efficacy and toxidy, and route of administration. The

following types of phase | trials are generally regarded ashigher-risk:

1. First-into-humantrials

2. Trials in anew population, new dosage or new formulation of &est article regarded
as hgher-risk biological productare elaborated below:

Any agent that might cause severe disturbance of vital body systems
Agents with agonistic or stimulatory action

Novel agents or mechanisms of action for which there is no prior experience
Speciesspecificity, making preclinical risk assessment difficult or impossible
High potency,e.g.,compared with a natural ligand

Multifunctional agents, e.qg. bivalent antibodies.

Cellassociated targets

Targets that bypass normal control mechanisms

Immune system targets

Targets in systens with potential for large biological amplificationin vivo.
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Clinical Risk Management: The Association of the British Pharmaceutical Industry

(ABPI) published aguideline for phasel clinical trials in 2007, which includes detailed
guidance on risk managerant of varioustrial aspects. The aspects inclugéut are not
limited to:

Starting dose,increasesin the dose, administration of doses

Safety records of phase | trials

Requirements of aprotocol.

Trial procedures.

Administrations such as contracs betweenthe sponsor and investigator
Location, construction, space, facilities and staff

= =4 =8 452


















































































































































































































































































































