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Preface 
The idea for this manual came from Pfizer in the US, which provided the Clinical Trials 
Centre at The University of Hong Kong, Hong Kong SAR, PR China with a nonbinding 
grant for its development.  The general project layout protocol was accepted by Pfizer in 
July 2009. Pfizer has not in any way interfered with the project, except for providing 
nonbinding comments to the final product.  

The entire text of this manual was written by Johan PE Karlberg. Marjorie A Speers 
provided considerable and essential comments on the contents and the first and 
subsequent drafts. A group of international human research protection experts mostly 
working in non-profit institutions or organisations ɀ see Contributors for details ɀ 
reviewed and provided important comments on the contents and final draft. It was 
solely created with the intention to promote human research protection of participants 
in clinical trials.  

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

Marc B Wilenzick ɀ Chief Compliance Counsel, Pfizer R&D, New York, USA ɀ contacted 
Johan PE Karlberg in May 2009 and proposed the project for an ethics guide. The first 
question raised was: Ȱ7hy approach The University of Hong Kong and not a leading 
medical institution in the US or in EuropÅȩȱ The reply was: Ȱ"Åcause of the monthly 
newsletter that you produce, i.e., the Clinical Trial Magnifier,ȱ 
(http:// www.ClinicalTrialMagnifier.com), which may be a valid reason, after all.  The 
project has been a great challenge but also an honour. The final product fits well with  
the mission of the Clinical Trials Centre as one of the leading academic research 
organisations in Asia, in line with the mission of the Association for the Accreditation of 
Human Research Protection Programs, Inc., Washington, DC, the sole non-profit  human 
research accreditation organisation in the US. 

Once we agreed to consider the invitation, we arranged a phone conference with ten 
senior Pfizer global staff to discuss the overall objective of the project. It became clear 
that there was a  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 locations, including Brazil, China, 
India and Russia, but also in other emerging regions such as Argentina, Bulgaria, Chile, 
Colombia, Croatia, the Czech Republic, Estonia, Hong Kong, Hungary, Latvia, Lithuania, 
Malaysia, Mexico, Peru, the Philippines, Poland, Romania, Russia, Serbia, Singapore,  
Slovakia, South Africa, South Korea, Taiwan, Thailand, Turkey and Ukraine. In 2009 
around 25% of all sites involved in industry -sponsored clinical trials were located in 
emerging countries, corresponding to 12,500 sites annually ɀ 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 in the clinical trials research area or experienced, wishing to learn 
more about the basic modern concepts of human research ethics and clinical trial 
research methodology 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/


6 

administrators, contract and budget development administrative staff, monitors, project 
managers, biostatisticians, clinical data managers, regulators or inspectors.   

We must stress that nothing in this manual overrules local laws, regulations and 
guidance. It was developed to provide an overall, theoretical background of clinical 
trials following the general principles spelt out in the Declaration of Helsinki and the 
ICH GCP E6 Guideline. The final chapter includes about 50 ethics committee scenarios 
covering most ethical areas in human research. Many of those scenarios have been 
utilised in educational 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 positive criticism on 
the final version of this manual, and to Mr. Marc B Wilenzick at Pfizer R&D, for acting as 
ÔÈÅ ÓÐÏÎÓÏÒȭÓ ÒÅÐÒÅÓÅÎÔÁÔÉÖÅȟ ÁÎÄ ÁÌÓÏ as the catalyst for the project. All contributors  
who participated as individuals do not represent the institution, organisation or 
company where 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 
differences of opinion public at any time. 

 

March 2010 

Hong Kong SAR, PR China and Washington, DC, USA 

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 

Ȱ&ÏÒ many years, I have advised academic medical centers, medical schools and 
pharmaceutical and medical device companies on issues related to clinical trials. I also 
have directly supervised trials and have helped to establish clinical trial centers in various 
parts of the developing world.  

This guide provides to the Ȭlearned laypersonȭ a wealth of information about clinical 
trials ɀ what they are and how they are designed and conducted ɀ to allow such laypersons 
to become confident members of research ethics committees and IRBs.  Such a publication, 
learned and yet accessible, is, in my experience, unprecedenteÄȢȱ  

 

Ames Dhai - University of the Witwatersrand, South Africa 

Ȱ) have close to eight years of experience in review activities including chairing of research 
ethics committees. I am the Head of the Research Ethics Unit and of the Masters in 
Bioethics and Health Law program at the university. I am also a researcher. 

The Manual will complement other readings in the fieÌÄȢȱ 

 

David G Forster  - Western Institutional Review Board, USA 

Ȱυω years as an IRB member and staff, JD and Masters in medical ethics.  

It is a good manual in that it is widely applicable to IRB review and is not wed to one 
country's regulatory requirements.ȱ  

 

Edwin C Hui  - The University of Hong Kong, China 

Ȱ)ȭÍ Á ÍÅÄÉÃÁÌ ÅÔÈÉÃÉÓÔ ÁÎÄ I have been a member of many human research committees in 
the last 20 years. 

YES, because it is comprehensive and condense enough to be read in an afterÎÏÏÎȢȱ 

 

Juntra  Karbwang  - World Health Organization, Switzerland 

Ȱ) ÈÁÖÅ ÃÏÏÒÄÉÎÁÔÅÄ ÔÈÅ ÄÅÖÅÌÏÐÍÅÎÔ ÏÆ ÔÈÅ 7(/ ÏÐÅÒÁÔÉÏÎÁÌ ÇÕÉÄÅÌÉÎÅÓ ÆÏÒ ÔÈÅ 
establishment of ethics committees in biomedical research in 2000 and I have been 
working with the national and regional ethics forums since 2000.   

I believe that this Manual is a better choice over other similar books, since the EC members 
should have at least an overview of product R&D and different study designs to do a better 
risk assessment and better identify the ethics issues within different study designs.ȱ    
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Johan PE Karlberg - The University of Hong Kong, China 

 Ȱ) have been involved in clinical research in Asia for some 26 years and have been the 
Director of the Clinical Trials Centre at The University of Hong Kong since its 
establishment in 1998.  

 I believe the Manual is a better choice over other books covering this topic, because it is 
simple to digest and also because it covers the general fundamental nature of clinical 
trials.ȱ 

 

Boleslav L Lichterman  - Russian Academy of Medical Sciences, Russia 

Ȱ) ÄÉÄ ÍÙ 0ÈȢ$Ȣ ÏÎ ÈÅÁÄ ÉÎÊÕÒÙ ÉÎ the 1980s. At that time I had no idea about informed 
consent or GCP. When starting my part-time work as a science editor of the Russian 
.ÁÔÉÏÎÁÌ -ÅÄÉÃÁÌ 0ÅÒÉÏÄÉÃÁÌ Ȱ-ÅÄÉÔÓÙÎÓËÁÙÁ 'ÁÚÅÔÁȱ ÉÎ υύύϋ, I became interested in 
medical ethics and wrote several papers on the subject. 

The book is concise, clearly written and has many visual aids - tables and figures - and a 
chapter on typical EC scenarios. These are evident advantages over other numerous 
publications on research ethics and G#0Ȣȱ 

 

Ulf  Malmqvist  - Lund University Hospital, Sweden 

Ȱ) ÁÍ Á ÃÌÉÎÉÃÁÌ ÐÈÁÒÍÁÃÏÌÏÇÉÓÔ and I have been working within both pre- and clinical 
research for more than 25 years. I have been a board member of the regional ethics 
committee in Lund. I am at present head of the Regional Competences Centre for Clinical 
Research in the county of Skåne at Skåne University Hospital, where among many tasks, I 
am responsible for giving courses in GCP and providing quality assurance to investigator-
initiated studies. 

This manual is a good introduction to practical ethics in clinical trials and is a complement 
to books covering ethics or good clinical practice.ȱ 

 

Carlo Petrini  - National Institute of Health, Italy 

Ȱ) ÁÍ a member of both the national and local Ethics Committees: Italian National 
Institute of Health; National Agency for New Technologies, Energy and the Environment; 
and others. 

 I think that the Manual is clear, complete and provides a synthetic overview.ȱ 

 

Mildred Z  Solomon - Harvard Medical School, USA 

ȰI teach research ethics to physician-investigators 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 to investigators new to clinical research methods and the complicated web 
of ethical and regulatory issues that guide that research.ȱ 
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Marjorie A Speers  - Accreditation of Human Research Protection Programs, USA   

ȰTwenty-five years ago I started conducting epidemiologic studies.  While at the U.S. 
Centers for Disease Control and Prevention (CDC) I oversaw all domestic and international 
human research for the agency. In 1999 I was asked to join the National Bioethics 
Advisory Commission to lead the project on reviewing the U.S. oversight system. Since 
2001, I have been the President and CEO of AAHRPP, the only international accrediting 
agency of human research protection programs.   

I highly recommend this Manual. It is thorough, easy to read, and offers case examples 
which can be so helpful to ethics committees with limited experience in reviewing 
researÃÈȢȱ 

 

Marc B Wilenzick  - Pfizer, USA 

ȰI am a lawyer at Pfizer, serving as the Chief Compliance Counsel for R&D.  In that role, I 
spend a good deal of time working 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 multi-regional 
trials, with more and more of these involving sites from the developing world and well as 
sites in the developed world, we see that the need to ensure resources for independent 
ethics committees is strong. This 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 
ÅÔÈÉÃÓ ÃÏÍÍÉÔÔÅÅ ÍÅÍÂÅÒ ÔÈÁÔ ÄÏÅÓÎȭÔ ÁÌÒÅÁÄÙ ÈÁÖÅ Á ÄÅÅÐ ÂÁÃËÇÒÏÕÎÄ ÉÎ ÃÌÉÎÉÃÁÌ ÔÒÉÁÌ 
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 must-have resource for ethics committee 
members.ȱ 

 

John R Williams  - University of Ottawa, Canada 

Ȱ) ×as the coordinator of the most recent (2006-7) revision of the Declaration of Helsinki. I 
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 Institutes for 
Health Research Stem Cell Oversight Committee.  

This Guide fills a niche between short statements and book-length treatments of research 
ethics. The method of distribution will be important for its usefulness, e.g., if electronically, 
it should be easy to download section by secÔÉÏÎȢȱ 
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Terms of Use 
The publisÈÅÒ ɉȰ05",)3(%2ȱɊ owns this manual.  By reading this manual you agree to 
all the terms and conditions under this Terms of Use Agreement. 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 this Terms of Use Agreement.  

Copyright 

The entire contents of this manual are subject to copyright protection. You may display 
or copy information from this manual solely for non-commercial use. Any and all 
contents of this manual, including without limitation the data, texts, 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 of the PUBLISHER. Nothing 
contained herein shall be construed as conferring by implication or otherwise any 
license to or right in any copyright of the PUBLISHER or any other party.  

Disclaimer of Warranties and Liability 

The PUBLISHER has used reasonable efforts to ensure that the information contained 
within this manual is reliable. However, the PUBLISHER makes 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 provided ȰÁÓ ÉÓȱ 
and use of this manual is at your own risk. The PUBLISHER disclaims all warranties, 
express or implied, including warranties of merchantability, fitness for a particular 
purpose, and non-infringement of proprietary rights. Neither the PUBLISHER nor 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 manual, or any errors or 
omissions in the contents thereof. In no event will the PUBLISHER be liable to you or 
ÁÎÙÏÎÅ ÅÌÓÅ ÆÏÒ ÁÎÙ ÄÅÃÉÓÉÏÎ ÍÁÄÅ ÏÒ ÁÃÔÉÏÎ ÔÁËÅÎ ÂÙ ÙÏÕ ÉÎ ÒÅÌÉÁÎÃÅ ÏÎ ÔÈÅ ÍÁÎÕÁÌȭÓ 
contents.  
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 Chapter 1. Introduction  
This introductory Chapter presents the clinical trial landscape with a brief overview of 
ethics and bioethics, the introduction of the current internationally recognised and 
applicable ethical codes, a 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 involved in clinical 
trials. The following Chapters provide a more in-depth 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 a long history of advancement. 
We do not go into detail, but 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 ethical 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 expected to behave. Other human research guidelines/codes of practice 
have emerged over the past century, such as the Nuremberg Code ɀ a set of research 
ethics principles for human experimentation set forth as a result of the Nuremberg 
Trials at the end of the Second 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  

Ethics ɀ also known as moral philosophy ɀ seeks to address philosophical questions 
about morality. Its history goes back to philosophy and religious 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, philosophy and theology. The modern 
field of bioethics first emerged as an academic discipline in the 1960s.  

Ethical Codes ɀ The Declaration of Helsinki  

The first set of ethics rules for research in humans formulated by the international 
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 physicians and was founded in 1947. The organisation was created to 
ensure the independence of physicians and to work for the highest possible standards 
of ethical behaviour and care among them, at all times. 

The Declaration includes a number of important human research ethics codes of 
practice. However, the Declaration is still a very short document, covering 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 regulations and laws. There 
have been several updated versions ɀ with the last accepted at the 59th WMA General 
Assembly in Seoul, South Korea in 2008. 

Declaration of Helsinki: 
http://www.w ma.net/en/30publications/10policies/b3/index.html  

http://www.wma.net/en/30publications/10policies/b3/index.html
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Ethical Codes ɀ The ICH GCP Guideline  

The ICH GCP E6 Guideline (ICH GCP) 
was published in 1996. The 
International Conference on 
Harmonisation of Technical 
Requirements for Registration of 
Pharmaceuticals for 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, safety and 
efficacy, and regulatory obligations to 
protect public health. The ICH GCP has 
so far only one version ɀ the original 
version launched in 1997.  

ICH GCP: ȰGood 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 provides public assurance 
that the rights, safety and well-being 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 boxes).ȱ 

The ICH GCP 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 also refers to GCP and the 
applicable regulatory requirements. 
The ICH GCP has had a significant 
impact on the globalisation of industry-
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 E6: http://www.ich.org/LOB/media/MEDIA482.pdf  

The ICH GCP E6 Guideline  

Ȱ'ÏÏÄ #ÌÉÎÉÃÁÌ 0ÒÁÃÔÉÃÅ ɉ'#0Ɋ ÉÓ ÁÎ 
international ethical and scientific quality 
standard for designing, conducting, 
recording and report ing trials that 
involve the participation of human 
subjects. Compliance with this standard 
provides public assurance that the rights, 
safety and well-being of trial subjects are 
protected, consistent with the principles 
that have their origin in the Declaration 
of Helsinki, and that the clinical tr ial data 
are credible.  

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

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

This guideline should be followed when 
generating clinical tr ial data that are 
intended to be submitted to regulatory 
authorit ies.  

The principles established in this 
guideline may also be applied to other 
clinical investigations that might  have an 
impact on the safety and well-being of 
human subjects. 

The Principles of ICH GCP 

2.1 Clinical tr ials 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). 

 

 

http://www.ich.org/LOB/media/MEDIA482.pdf
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Ethical Codes ɀ Ethics Committee  

The Declaration of Helsinki includes a 
paragraph addressing the role of an EC 
in human research: Ȱ4Èe research 
protocol must be submitted for 
consideration, comment, guidance 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 countries in which the 
research is to be performed as well as 
applicable international norms and 
standards but these must not be allowed 
to reduce or eliminate any of the 
protections for research participants set 
ÆÏÒÔÈ ÉÎ ÔÈÉÓ $ÅÃÌÁÒÁÔÉÏÎȢȱ The 
statement that a country is not allowed 
to ȰÒÅÄÕce or eliminate any of the 
ÐÒÏÔÅÃÔÉÏÎÓȱ is not a legal enforcement, 
rather a strong recommendation.  

The ICH GCP provides guidance on 
how an EC should operate and 
describes the responsibilities of the 
committee. It covers topics such as 
composition, function, operations, 
procedures, responsibilities, record 
keeping, contents of informed consent, 
and adverse event reporting. Based on 
the ICH GCP, an EC must develop its 
own written standard operating 
procedure (SOP). EC SOPs often refer 
to the ICH GCP as well as to 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 both the institutional 
requirements and the applicable laws. 
Legal rules and ethical principles are 
not always consistent, and both differ 
greatly over jurisdictions. No single 
human research ethics guide can 
provide universal answers to all the 
ethical issues of research involving 
humans or reflect the broad diversity 

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

2.3 The rights, safety, and well-being 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 tr ial.  

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

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

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

2.8 Each individual involved in conducting 
a tr ial should be qualif ied by education, 
training, and experience to perform his or 
her respective task(s).  

2.9 Freely given informed consent should 
be obtained from every subject prior to 
clinical tr ial part icipation.  

2.10 All cl inical tr ial information should 
be recorded, handled, and stored in a way 
that allows its accurate report ing, 
interpretation and verif ication.  

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 assure 
the quality of every aspect of the tr ial 
should be implemented.ȱ 
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of legal requirements 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 Guide should 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 recognised regulatory guides. However, the 
intention is not in any way to endorse specific documents as opposed to others.  

Any EC must learn all the details of the local laws and requirements. Most applicable 
international  and local laws, regulations and guidelines for human research protections 
are included in the International Compilation of Human Research Protections, 2010 
Edition, compiled by the Office for Human Research Protections, US Department of 
Health and Human Services. It lists approximately 1,100 laws, regulations, and 
guidelines that govern human participant research in 96 countries. It was developed for 
ECs, investigators and sponsors involved in international research. Its purpose is to help 
these groups familiarise themselves with the laws, regulations and guidelines in effect 
wherever research is conducted, to ensure that those standards are followed 
appropriately. See for instance: China (MOH: Guidelines on Ethical Review of Biomedical 
Research Involving Human 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)), and Russia (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 research protocols submitted by 
investigators/researchers (investigators). There are different kinds of ECs. Some review 
protocols for animal studies, some for human studies in social sciences such as 
psychology and education, and others for clinical trials in patients or healthy volunteers. 
In this Guide, we address only the principles of ethics review of protocols involving 
interventional studies or clinical trials in humans. Many countries require and legally 
enforce approval by an EC before clinical trials can be initiated for testing new drugs or 
vaccines, medical devices, diagnostics and medical procedures referred to as test article 
in this Guide.  

As stated in the Declaration of Helsinki: Ȱ4Èe research protocol must be submitted for 
consideration, comment, guidance and approval to a research ethics committee before the 
ÓÔÕÄÙ ÂÅÇÉÎÓȢȱ  

The ICH GCP states: Ȱ! trial should be conducted in compliance with the protocol that has 
received prior institutional review board (IRB)/independent ethics committee (IEC) 
ÁÐÐÒÏÖÁÌȾÆÁÖÏÕÒÁÂÌÅ ÏÐÉÎÉÏÎȢȱ 

Different names are used for ethics committees reviewing human clinical trial protocols, 
such as ethics committee (EC), research ethics committee (REC) or insti tutional 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 EC, each 
operates in accordance with applicable laws and regulations.  

We also need to clarify that most ECs review study protocols 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 to help 
reduce administrative burdens on local ECs and investigators, while maintaining a high 

http://www.hhs.gov/ohrp/international/HSPCompilation.pdf


Chapter 1. Introduction 19 

level of protection for human research participants. This arrangement is especially 
useful ×ÈÅÎ ÔÈÅ ÉÎÖÅÓÔÉÇÁÔÏÒ ×ÏÒËÓ ÆÒÏÍ Á ÓÉÎÇÌÅ ÐÈÙÓÉÃÉÁÎȭÓ ÐÒÉÖÁÔÅ ÐÒÁÃÔÉÃÅ ÏÒ when 
multiple sites are involved in the same geographical or judicial region.  However, 
whether local or centralised, ECs should all operate at the same standard.  

A human research ethics committee ɀ EC ɀ should not be confused with any hospital 
ethics committee (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 patientsȭ advocate, defining the ethical principles of clinical procedures and 
management within a hospital.  

1.2 Clinical Trials in the Context of Biomedical Research  

Biomedical research can be sub-classified as 
basic/pre-clinical research and clinical 
research (see illustration).  

Pre-clinical biomedical research is 
important for expanding the knowledge of 
basic biological mechanisms. Studies are 
commonly conducted in pre-clinical 
departments or institutions in fields such as 
anatomy, biochemistry, cellular biology, 
immunology, microbiology, molecular 
biology, neuroscience, pharmacology and 
physiology. Pre-clinical research can 
contribute to the discovery of new medical 
treatments. 

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

Clinical Trials on Medicinal Products  

There is a persistent demand, in addition to 
a great need, to develop new medical treatments that are as effective and safe as, or 
more effective or safer for specific types of patients than, treatments already on the 
market. Research also enables discovery of new therapeutic uses for currently 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 humans ɀ through 
clinical trials ɀ and eventually used in medical care.  

Clinical trials are the mandatory bridge between pre-clinical discovery of new medicinal 
products and their general uses. This means that clinical trials must take place before 
new research treatments can be made available to the public, whether for prescription, 
over-the-counter sale or for use in a clinic. 

Pre-clinical testing of new medicinal products can only forecast their treatment and 
side-effects in humans. On average, only one out of 14 new drugs that enter clinical 
testing programmes is eventually introduced for clinical use. The main reasons for the 
high drop-out rate are unforeseen side-effects or insufficient treatment effects. Pre-
clinical laboratory and animal studies thus only partially  indicate effects in humans.  

Biomedical research and experimental medicine are terms used 

interchangeably and are known as medical research. It is sub-
classified as basic/pre-clinical research and clinical research. 

Clinical research includes non-interventional research and 

interventional research or clinical trials.   
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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 new drug application, for instance, will include all 
aspects of the test article, from pre-clinical information about the molecular structure 
and action, manufacturing information, formulation and animal studies to test results in 
humans depicting the pharmacological action, dosage, preventive or curative effects, 
and potential side-effects.  

Pre-clinical and clinical developments are carefully monitored under strict government 
regulations in most countries to ensure that all aspects of the compound have been 
studied ɀ and that research has used proper trial designs in a high-quality manner, in 
accordance with international and local human research ethical standards.   

Clinical testing of the product passes through different phases, from human 
pharmacology to exploratory research in participants with the target disorder, and 
eventually large-ÓÃÁÌÅ ÔÒÉÁÌÓ ×ÈÅÒÅ ÔÈÅ ÐÒÏÄÕÃÔȭÓ ÓÁÆÅÔÙ ÁÎÄ effects are compared to the 
best current treatment on 
the market (see illustration). 
On average, there are 25-30 
different trials  conducted on 
the same compound, each 
adding some essential 
information to the existing 
body of knowledge. The 
trials are conducted in a 
close to sequential manner, 
although the clinical 
development plan is altered 
and adjusted according to 
results obtained at certain 
points in time. 

Most (about 85%) approved 
medicinal products are 
developed and tested by the 
pharmaceutical and  
biotechnology industries, not 
academic institutions or non-
profit organisations. The link 
between pre-clinical and 
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 the risk of harm level of a clinical trial: cumulative clinical 
experiences of the test article, targeted participant population and biological 
characteristics of the test article. 

As clinical testing proceeds, more and more participants are exposed to the test article. 
The information gathered is used to evaluate the effects ɀ negative as well as positive ɀ 
of the product in humans. Accordingly, it follows that risk of harm in general is much 
higher during the initial clinical testing phase, i.e., human pharmacology, than during 

Human  
pharmacology  

Exploratory  
 

Modern drug development: Each arrow represents one clinical trial for one and the 

same test drug ï here a diabetes drug is an example. 
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later stages.  Thus early phase clinical trials often need more oversight than later phase 
trials. 

The highest level of risk arises when the product is first tested in humans (first-into-
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 
clinical trials, 
conducted mostly on 
healthy volunteers, are 
followed by exploratory 
trials where the test 
article is administered 
on target participant  
groups for the first 
time. The reactions 
from these participants 
may differ from those in 
healthy volunteers, so 
first -into-human trials 
are also often regarded 
as having a higher risk 
of harm and therefore 
need extra oversight 
(see illustration).  

Clinical testing of 
medicinal products that are ineffective and/or have unreasonable side-effects is 
terminated early. This means that late exploratory and confirmatory clinical trials are 
performed on a subsample of products confidently expected to have a reasonably low 
risk of inducing side-effects in relation to the treatment effect, since the safety profile is 
acceptable. 

The targeted patient population may also influence the degree of risk of a medicinal 
product. For instance, life-threatening diseases such as cancer usually call for stronger 
and thus potentially more toxic drugs with a different risk of harm acceptance from, for 
instance, anti-flu drugs. Likewise, young children may have a higher risk of side-effects 
than adults, due to their  ongoing organ growth and the bodyȭÓ functional development 
in early life. Participants in need of multiple drug treatments, such as psychiatric 
patients or drug abusers, have a risk of harm from drug-to-drug interaction, which may 
be higher than for participants given the test drug who have no other significant 
medical conditions. 

Proper risk assessment of a trial can be made only with detailed access to the results of 
previous testing of the product, in animals and humans, as well as details of the target 
population and knowledge about the characteristics of the test article. Such information 
should be included in any trial protocol. For trials overseen by a regulatory authority, 
ÁÄÄÉÔÉÏÎÁÌ ÄÅÔÁÉÌÓ ÁÒÅ ÄÏÃÕÍÅÎÔÅÄ ÉÎ Á ÍÁÎÄÁÔÏÒÙ ÉÎÖÅÓÔÉÇÁÔÏÒȭÓ ÂÒÏÃÈÕÒÅȢ "ÏÔÈ ÔÈÅ ÔÒÉÁÌ 
protocol and the ÉÎÖÅÓÔÉÇÁÔÏÒȭÓ ÂÒÏÃÈÕÒÅ ÆÏÒ Á ÔÒÉÁÌȟ ÉÆ ÐÒÅÓÅÎÔȟ ÓÈÏÕÌÄ ÂÅ ÓÕÂÍÉÔÔÅÄ ÔÏ ÁÎ 
EC for review.  

Each arrow represents a clinical trial for one and the same test drug ï here a diabetes drug 

as an example. 
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Sponsors of Clinical Trials  

Sponsors of a clinical trial can be either a commercial company (industry-sponsored 
trial ) or a clinical investigator/physician (non-industry tri al). The former comprises 
pharmaceutical and biotechnology companies, while the latter comprises medical 
schools, biomedical research institutes, government institutions or clinical trial 
networks. Depending on the body, non-industry trials are referred to as non-profit, non-
industry -sponsored, investigator-initiated, or institutional -initia ted trials. 

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

The overall objective of a commercial life-science 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 the test article from pre-clinical discovery 
and testing to usage (see 
illustration ). The data 
collected and analysed from 
trials  eventually represent 
an important and 
mandatory body of 
information for  the 
application to a government 
drug regulatory authority 
for market acceptance of 
the product. The 
commercial company is 
therefore concerned that 
the trial follows 
international and local 
regulations ɀ from scientific, ethical and quality assurance viewpoints ɀ so government 
market approval can be achieved in a timely and undisputed manner. The 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, 
ÔÈÅ ÉÎÖÅÓÔÉÇÁÔÏÒȭÓ motive is scientific achievement, 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 investigator-initiated trials test new medical products 
that an investigator or institu tion has invented, with the primary objective being 
commercial.  

Whether the sponsor of a clinical trial is a commercial or non-commercial body, the 
same scientific, ethical and quality standards should apply, and the EC review process 
should be identical. Industry -sponsored trial protocols have commonly been subject to 
third -party review because the clinical development plan of products is continuously 
monitored by drug regulatory authorities. Investigator-initiated  trials, on the other 
hand, may lack the review of an independent third  party before they are submitted to 

From pre-clinical  
research via clinical  

trials to clinical usage. 

The development of new medicinal products usually includes on average six 
years of pre-clinical and six years of clinical research. The clinical testing 

phase may require 30 clinical trials for a single test compound. 
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the EC. The EC may request details of the third -party review and details of the protocol 
development team. 

Regardless of who the sponsor may be, the clinical trial protocol should detail the same 
aspects: the scientific rationale behind the protocol, the rationale behind the trial design 
and sample size, treatment blinding, the risk-benefit balance, participant compensation, 
informed consent, insurance/indemnity, any conflicts 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 
sponsor (sponsor), the clinical 
researcher (investigator) and the 
ethics committee (EC). Together the 
key players work in harmony within 
a strict pattern of interaction, 
defining their responsibilities and 
enabling collection of high-quality 
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 
without involvement from other 
parties (see illustration). With rare 
exceptions, the trial participants ɀ 
patients or healthy volunteers ɀ 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 participantsȭ identity and does not usually 
have direct contact with them; an exception is a Phase I unit owed by a sponsor.  

Drug Regulatory 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 medicinal products. A clinical trial of a new 
medicinal product can be overseen by one or several drug regulatory authorities. In 
addition, the drug regulatory authority has important quality assurance responsibilities 
in the development of new medicines, as well 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 Administration, or FDA; in the 
European Union it 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 (Canada), the State Food and Drug Administration 
(SFDA, China), the Therapeutic Goods Administration (TGA, Australia), the Drugs 

The regulatory authority interacts with the sponsor and approves the trial 

protocol that is provided to the investigator. The investigator is 

responsible for obtaining approval from the local EC, to identify, recruit 

and follow the participants and to deliver the study data to the sponsor. 
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Controller General of India (DCGI, India), the National Health Sanitary Surveillance 
Agency (ANVISA, Brazil), and the Federal Service on Surveillance in Healthcare and 
Social Development (Roszdravnadzor, Russia).  

Responsibilities of the regulatory authority (examples): 

¶ Reviewing and approving clinical trial  protocols.  
¶ Ensuring that clinical trials comply with national regulations of a country and 

international guidelines.  

Sponsor 

A clinical trial sponsor is an individual, company, institution 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 non-profit organisation such as a 
research fund, a government organisation or an institution 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 from the drug regulatory 
authority or authorities if more than one country is involved in conducting the trial.  

A clinical trial project manager acts as a coordinator among the activities of clinical 
trials, e.g., protocol development, regulatory applications, auditing, clinical data 
management, laboratory testing, courier transport and managing monitors.  

A trial monitor (monitor), or clinical research associate (CRA), is a person employed by 
a sponsor or by a clinical research organisation (CRO, see pages 26-27) who acts on a 
ÓÐÏÎÓÏÒȭÓ ÂÅÈÁÌÆ ÁÎÄ ÍÏÎÉÔÏÒÓ ÔÈÅ ÐÒÏÇÒÅÓÓ ÏÆ ÉÎÖÅÓÔÉÇÁÔive sites participating in a 
clinical trial. The monitor interacts regularly with the investigator and his/her team 
members, while monitoring the participant informed consent process, 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 sponsor (examples): 

¶ Submitting a plan for the clinical trial to the regulatory authority for approval. 
¶ Providing complete information to investigators about the test article, its safety 

and instructions for proper use, as well as making sure there is appropriate 
train ing for staff and appropriate facilities are available. 

¶ Ensuring the trial protocol is properly reviewed by an experienced EC. 
¶ Monitoring the trial to ensure the protocol is being followed, data collection is 

accurate, adverse events are reviewed and reported and all regulations are 
complied with. 

Investigator   

Often, there is an investigative team, consisting of the investigator (principal 
investigator), one or several co-investigators, one or several study nurses (clinical 
research coordinators, CRCs), and, where necessary, other 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 a potential principal  investigator for the trial and 
communicates with the investigative team throughout the course of it, usually by way of 
a project manager and a trial monitor. In a non-commercially-initiated clinical trial, the 
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investigator, government institut ion, 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 a team of individuals at a trial site, the investigator is the 
responsible leader of the team. A more formal definition of an investigator is ȰÕÎder 
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 teamȢȱ 

A co-investigator or sub-investigator is any individual member of the clinical trial team 
ɀ such as an associate, resident or research fellow ɀ 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 a clinical trial, acting as liaison between the 
investigative site and sponsor, and also reviewing all data and records before a 
ÍÏÎÉÔÏÒȭÓ ÖÉÓÉÔȢ Synonyms are trial coordinator, study coordinator, research 
coordinator, clinical coordinator, research nurse and protocol nurse.  

Responsibilities of the investigator (examples): 

¶ Protecting the rights and well-being of the participants. 
¶ Following GCP and other guidelines.  
¶ Having access to all necessary facilities.  
¶ Following the protocol. 
¶ Ensuring the clinical trial is reviewed by an EC. 
¶ Informing the EC of any adverse events.  
¶ Ensuring an ongoing informed consent process for the participants. 
¶ 0ÒÏÔÅÃÔÉÎÇ ÐÁÒÔÉÃÉÐÁÎÔÓȭ ÉÄÅÎÔÉÔÙ.  
¶ Proper handling of all trial medications/supplies.  
¶ Reviewing and reporting adverse events during the trial. 

Ethics Committee  

4ÈÅ %#ȭÓ responsibility is to ensure the protection of the rights, safety, and well-being of 
potential participants as well as those participants involved in a trial. The EC provides 
public assurance of that protection by, among other things, reviewing and approving or 
rejecting the protocol and ensuring the investigator(s) are suitable to conduct the trial, 
the facilities are adequate, and the methods and materials to be used in obtaining and 
documenting informed consent of the trial participants are appropriate.  

The legal status, composition, function, operations, and regulatory requirements 
pertaining to independent ECs differ among countries, but should allow the EC to act in 
accordance with GGP.   

Responsibilities of the EC (examples): 

¶ Safeguard the rights, safety and well-being of all trial participants; special 
attention should be paid to trials that may include vulnerable participants, such 
as children and participants who may have the capacity to make a decision but 
are unable to exercise that capacity, because prior consent could not be obtained 
in an emergency situation.  

¶ Review the protocol and associated documents and provide opinions within a 
reasonable time, documenting its views in writing in a timely manner.  
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¶ 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. 

¶ Conduct continuing review of each ongoing trial at intervals appropriate to the 
degree of risk to human participants, but at least once a year. 

¶ Reviewing certain types of adverse events and any harm that happens as a result 
of the trial. 

During an EC meeting it is important for 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 decision-making. It may 
require giving a small self-interested minority group veto power over decisions; it may 
take an extremely long time and it may encourage groupthink, where members modify 
their opinions to reflect what they believe others want them to think. It can also lead to 
a few dominant individuals making all the decisions, and may even fail altogether in a 
situation where there is simply no agreement possible and where interests are 
irreconcilable. 

The EC membership should be composed of one or more 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 participants, there should be one or 
more members who are knowledgeable about or experienced in working with such 
ÐÁÒÔÉÃÉÐÁÎÔÓȢ $ÉÖÅÒÓÉÔÙ ÉÎ ÔÈÅ %# ÍÅÍÂÅÒÓȭ ËÎÏ×ÌÅÄÇÅ ÁÎÄ ÅØÐÅÒÉÅÎÃÅ ÉÓ ÉÍÐÏÒÔÁÎÔ ÆÏÒ 
ensuring a comprehensive EC review. 

Trial Participant  

Most clinical 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 referral 
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 participants or 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 commonly paid for participation 
because they 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 has increased substantially over the past 
two decades. Today there are thousands of clinical research organisation (CROs) acting 
as service providers worldwide. CROs are independent companies providing research 
services for the pharmaceutical and biotech industry. Such outsourcing services can be 
related to the pre-clinical testing phase, such as animal studies. During the clinical 
phase, a CROȭÓ services can take the form of project management, trial monitoring and 
medical statistics work. When a CRO is contracted by a sponsor, it takes on many and 
sometimes ÁÌÌ ÔÈÅ ÓÐÏÎÓÏÒȭÓ ÔÒÉÁÌ ÒÅÓÐÏÎÓÉÂÉÌÉÔÉÅÓȢ 

http://en.wikipedia.org/wiki/Veto
http://en.wikipedia.org/wiki/Groupthink
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Central laboratory services have also 
become an important ingredient of 
clinical trials, conducting work such 
as processing blood samples and 
reading electrocardiograms (ECGs). 
Sponsors and sometimes also drug 
regulatory authorities require that 
one single central laboratory should 
process all trial blood samples ɀ or 
in the case of ECGs, read all the ECGs 
ɀ from study sites, whether they are 
in Europe, the US, Asia, South 
America or Australia (see 
illustration ).  There are three major 
reasons for using a single central 
laboratory, rather than local 
laboratories, for the same trial. One 
laboratory can standardise the 
processing or reading procedures, so 
that results are reliable and reproducible. Results can also be processed at any time, 
because a central laboratory usually operates 24 hours a day, and perhaps more 
important,  because tests such as blood samples and ECG constitute important safety 
measures when test articles with unknown side-effects are administered in healthy 
volunteers or patients. Since results from all sites from the same trial are stored in a 
centralised computer, with a database updated several times a day, the data can be 
continually analysed to detect side-effects from all study sites. 

Site Supporting Organi sation  

Another emerging clinical trial organisation ɀ a for-profit or non-profit institutional 
management organisation ɀ acts as an interface between the investigator and the 
sponsor. It can be located either at an academic institution or at a non-academic health 
care organisation (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 identify potential investigators and assists 
the investigator 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 (DSMC), 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 critical efficacy endpoints, and recommend to 
the sponsor whether to continue, modify or stop a trial (see illustration). The IDMC 
usually consists of international clinical research experts, together with representatives 
of the sponsor and a medical statistician to provide results to the IDMC based on 
statistical analyses of accumulated data from all sites. The EC can gain much useful 
information from regular feedback from the IDMC, ensuring that risks trial participants 
are kept to a minimum. The EC can also insist that certain high risk for harm or complex 
trials have an IDMC in place ɀ usually established within the institution, but 
independent of the investigative site.  

Both local and overseas regulatory authorities can oversee a clinical trial. 

The sponsor can outsource aspects of clinical trials to service providers. A 
data safety and monitoring committee (DSMC) can monitor participant 

safety. A management organisation can handle crucial trial matters. 
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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 EC 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 ɀ Chapter 3 ɀ covers Science, Ethics and Quality Assurance of 
Clinical Trials, which means that the contents of Chapter 2 and 3 partially overlap. Some 
readers may feel that certain aspects 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, e.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 cross-
references when appropriate.  

Biostatistics also forms an important part of clinical trial design and statistical analyses 
of clinical trial data. With regards to this topic, readers are suggested to explore the 
many existing excellent text books in biostatics. The Internet also serves as a good 
library of resources in this respect.     

2.1 Objectives of Clinical Trials  

Clinical trials are conducted to test new medicinal products and medical procedures in 
humans. The earliest recorded clinical trial is documented 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 II.  James Lind is seen as the father of clinical 
trials. As the first to introduce control groups in 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 in 1923. 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 clinical trial design are still controls, randomisation and 
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 around 1990 
that it was given status as the trial design of choice for clinical interventional studies. 
Today, it would be difficult to have results of an interventional clinical trial accepted by 
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 non-random way by external factors. Although external factors ɀ 
such as the extra attention and medical care that usually come with trial participation ɀ 
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 reflect the 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 (RCT) accounted 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 decades, while 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 of research activity. Clinical 
trials, in fact, last over a long 
period, even years, while many 
other biomedical research studies 
are much shorter ɀ and are 
conducted in a research 
laboratory, not in humans. 
However, it is clear from these 
illustrated statistics that clinical 
trial s have become 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 
important and crucial single clinical trial design feature is the primary trial 
outcome/endpoint; selection of a wrong trial outcome/endpoint renders 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 safety of a 
certain test article. Now, 
this estimate will never be 
absolutely conclusive, 
since it only observes a 
subsample of the entire 
participant population 
(see illustration). There is 
always the possibility that 
the sample in question 
does not, in fact, fully 
represent the underlying 
population. With this 
come two potential 
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The reason for employing biostatistics in clinical research is that we are selecting one or 

several subsamples from the total population. The study results will describe 

characteristics of the sample(s). Medical statistics help us to explain how confident we are 
that the results 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 difference (false positive result), or (II)  we concluded 
there was no difference between two treatment groups when there was, in fact, a 
difference (false negative result). The objective is to identify the optimum trial design for 
the purpose of reducing the probability of false results; this is dependent on 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 two false conclusions. For example: when we flip a 
fair coin 100 times, we expect 50 heads and 50 tails ɀ 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 of difficult 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 successes in 100 participants. Based 
on our total combined sample of 200, we could come to the wrong conclusion that 
treatment B is better than treatment A (a false result). 

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 a subsample is 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 of risk we can afford and rationally 
justify. Note that a false negative trial result will in practice end a particular 
development programme. This is costly not 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 trial: either the two 
aforementioned errors or correct interpretations that reflect the real world, i.e., the 
treatment is either effective or ineffective (see illustration), where a false positive result 
is termed type I error and a false negative result is termed type II error. The level of risk 
that we are prepared to take in reaching a wrong conclusion can also be measured by 
the cost of the trial. If we can afford a very large sample size ɀ say, 10,000 rather than 10 
participants ɀ the risk of making type I/II errors will be reduced to a very small fraction. 
However, the cost of conducting the trial will increase by a factor of 1,000. 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  
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So the main objective of a clinical trial design is to give the decision makers a probability 
measure for taking certain risks, weighed against the financial cost that must be 
invested in order to decrease the risk. The EC must have this information to be in a 
position to approve or reject a clinical trial protocol. 

Clinical Equipoise  

%ÑÕÉÐÏÉÓÅ ÃÁÎ ÂÅ ÄÅÆÉÎÅÄ ÁÓ ȰÂÁÌÁÎÃÅȱ ÏÒ Ȱequability of distribution ." In the context of 
clinical trials, ȰÃÌÉÎÉÃÁÌ ÅÑÕÉÐÏÉÓÅȱ ÒÅÌÁÔÅÓ ÔÏ ÔÈÅ ÓÔÁÔÅ ÏÆ ÕÎÃÅÒÔÁÉÎÔÙ ÒÅÇÁÒÄÉÎÇ ×ÈÅÔÈÅÒ 
one of the alternative interventions, of, for instance, two study treatment arms, will give 
a more favourable outcome than 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, 
because it  is critical to the research design ɀ for instance, by setting up the research 
hypothesis and statistical testing and, perhaps, the 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 Guideline ɀ ȰStatistical Principles for Clinical Trialsȱ ɀ that brings up the basic 
principles of designing and analysing clinical trials is highly recommended to be studied 
by any person involved in clinical trials 
(http://www.ich.org/LOB/media/MEDIA485.pdf ). It is in fact surprisingly easy to 
understand. 

This guidance contains a section addressing the type of comparisons made in certain 
clinical trials. The most common type of comparison trial is the so-called superiority 
tria l, whereby efficacy is most convincingly established by demonstrating superiority to 
a placebo in a placebo-controlled 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 active 
comparative treatment, i.e., non-inferiority  trials. 

Other trials ɀ equivalence trials  ɀ have the primary objective of showing that the 
response to two or more treatments differs by an amount that is clinically unimportant. 
This is usually demonstrated 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 comparison will influence some technical aspects of the study 
design, sample size and statistical analysis, but this will not be further elaborated in this 
Guide, where superiority trials are generally assumed to be the design of choice. 

Types of Clinical Trial Designs  

The vast majority of clinical trials use 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 trials might not have enough 
information to correctly estimate the sample size beforehand. Here, the protocol might 
spell out that the sample size will be reassessed and revised at a certain point in time ɀ 
it usually happens after a specific number of participants have completed a certain 

http://www.ich.org/LOB/media/MEDIA485.pdf
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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 the risk of harm to 
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 general, common 
trial design characteristics based 
on the number of groups and 
treatment alternatives. The most 
common type uses two parallel 
groups ɀ parallel group design (see 
illustration ). In most cases, trial 
participants are randomised to one of the two treatment groups, with randomisation 
commonly giving each participant the same possibility or chance to be allocated to 
either treatment section. One group ɀ say group B ɀ is given the test article, and the 
other group frequently given placebo (dummy) treatment, or the current best available 
treatment on the market (standard treatment). It is also possible to give both groups the 
standard treatment with the addition ɀ as an add-on treatment or as a combination 
therapy ɀ of the test article for one of the two treatment groups.  

Another type of trial design is the cross-over trial design (see illustration). Here, the trial  
participants receive both treatments in sequence. The cross-over design represents a 
special situation where there is not a separate comparison group. In effect, each 
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 or the placebo (BA). A cross-over 
design has the advantage of eliminating individual participant differences from the 
overall treatment effect. On the other hand, it is important in a cross-over trial that the 
underlying condition ɀ for instance, a disease ɀ does not change over time, 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 cross-
over design is also more sensitive to drop out during the course of the trial, since 
participants act as a control as well as active treatment participants. 

An open-label trial ɀ though less common ɀ is when both the investigators and 
participants know which treatment is being administered, with trial participant s still 
commonly randomised to one of two treatment groups. Using historical controls is 
nowadays seen as a sub-standard research design, since standard medical treatments 
change over time and randomisation to treatment cannot apply. Sometimes a trial has 

Cross-over trial design  

Parallel group trial design  

The most common clinical trial study design ï the parallel group design ï 

with two groups. The cross-over design is sometimes utilised in clinical trial 

research. 
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more than two concurrent treatment groups, for instance when different doses are to be 
compared.  

Adaptive Clinical Trial Design  

A few, but an increasing number 
of trials use the so-called adaptive 
clinical trial design ɀ empowering 
sponsors to respond to data 
collected during the trial. 
Examples of adaptive trial designs 
include dropping a treatment 
group, modifying the sample size, 
balancing treatment assignments 
using adaptive randomisation, or 
simply stopping a trial early due 
to success or failure (see 
illustration ). In a standard trial, 
safety and efficacy data are 
collected and reviewed by a data 
safety and monitoring committee 
during scheduled interim 
analyses. However, aside from 
stopping a trial for safety reasons, 
very little can be done in response 
to these data. Often, a whole new 
trial must be designed to further 
investigate key trial findings. 

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 the number of participants. An example of 
narrowing the trial focus includes removal of one or more of the treatment groups 
based on predetermined futility  rules ɀ 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 to one or more treatment groups beyond the initially targeted sample 
size. 

Another example of adaptive design is response-adaptive. In this setting, participants are 
randomised to treatment groups based on response to treatment of previous 
participants. Real-time 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 response-adaptive randomisation is 
play-the-winner, which assigns participants to treatment groups that have resulted in 
fewer adverse events 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 well-designed 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, dropping unnecessary treatment groups or determining effective dose regimens 

Adaptive trial design ï example of decision pathways. The term ñfutilityò 
refers to the inability of a clinical trial to achieve its objectives. In 

particular, stopping a clinical trial when the interim results suggest that it is 
unlikely to achieve statistical significance can save resources that could be 

used on more promising research. An interim statistical analysis is a 

temporary or provisional arrangement for decision making only and will 
not allow any details of the results to be passed on to the investigator or 

participants. 
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faster. Participant safety is improved because adaptive trials tend to reduce exposure to 
unsuccessful treatment groups and increase access to effective treatment groups. 

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

The general impression is that utilising adaptive clinical trial design will become more 
and more popular. The ECs 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 real-time manner. This calls for ECs to also become adaptable to change. The 
adaptive trial design is still in its infancy and may become generally accepted in the 
future. 

2.3 Controls of Clinical Trials  

The control group experience tells us what would have happened to participants if they 
had not received the test treatment ɀ or if they had received a different treatment 
known to be effective. A control group is chosen from the same population as the test 
group and treated in a defined way as part of the same trial studying the test treatment. 
Test and control groups should be similar at the initiation of the trial on variables that 
could influence outcome, except for the trial treatment. Otherwise, bias can be 
introduced into the trial.  

4ÈÅ )#( 4ÏÐÉÃ %ρπ #ÈÏÉÃÅ ÏÆ #ÏÎÔÒÏÌ 'ÒÏÕÐ ÉÎ #ÌÉÎÉÃÁÌ 4ÒÉÁÌÓ ÓÔÁÔÅÓȡ ȰThe choice of 
control group is always a critical 
decision in designing a clinical trial. 
That choice affects the inferences 
that can be drawn from the trial, 
the ethical acceptability of the trial, 
the degree to which bias in 
conducting and analyzing the trial 
can be minimized, the types of 
participants that can be recruited 
and the pace of recruitment, the 
kind of endpoints that can be 
studied, the public and scientific 
credibility of the results, the 
acceptability of the results by 
regulatory authorities, and many 
other features of the trial, its 
ÃÏÎÄÕÃÔȟ ÁÎÄ ÉÔÓ ÉÎÔÅÒÐÒÅÔÁÔÉÏÎȢȱ 

The type of control can be (1) 
placebo, (2) no treatment, (3) 
different dose or regimen of the 
trial test treatment, or (4) the 
standard treatment (see 
illustration ): 

¶ In a placebo-controlled 
trial, participants are 
randomly assigned to a test 

The two-group parallel trial design can address different treatment 

comparisons ï placebo, placebo with add-on standard treatment, no treatment, 

different doses or regimens, or active/standard treatment. 
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treatment or to an identical-appearing treatment that does not contain the test 
drug. Such trials are almost always double blind.  

¶ In a no treatment-controlled trial, participants are randomly assigned to test 
treatment or to no trial treatment. Here, participants and investigators are not 
blind to treatment assignment. This design is needed and suitable only when it is 
difficult or impossible to use blinding.  

¶ In a randomised, fixed-dose, dose-response trial, participants are randomised to 
one of several fixed-dose groups. Dose-response trials are usually double-blind.  

¶ In an active control trial, participants are randomly assigned to the test 
treatment or to an active control treatment. Such trials are usually double-blind, 
but this is not always possible as blinding to the two treatments may 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 as the 
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 (historical control) 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 test drug and several doses of an active control, 
with or without placebo.  

Choice of participants ɀ trial sample ɀ 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 target patient population. However, how much the 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 Helsinki states: Ȱ4ÈÅ ÂÅÎÅÆÉÔÓȟ ÒÉÓËÓȟ ÂÕÒÄÅÎÓ ÁÎÄ ÅÆÆÅÃÔÉÖÅÎÅÓÓ ÏÆ Á ÎÅ× 
intervention must be tested against those of the best current proven intervention, except in 
the following circumstances: The use of placebo, or no treatment, is acceptable in studies 
where no current proven intervention exists; or where 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 who receive placebo or no treatment will not 
be subject to any risk of serious or irreversible harm. Extreme care must be taken to avoid 
ÁÂÕÓÅ ÏÆ ÔÈÉÓ ÏÐÔÉÏÎȢȱ 

There is no ethical problem in using a placebo group if a new treatment is being 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 or irreversible 
morbidity, it is most often inappropriate to use placebo control. An exception is, for 
instance, when the standard therapy has such severe toxicity that participants will not 
accept it. When a placebo-controlled trial is not associated with serious harm, it is by 
and large ethically sound to use a placebo-controlled 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 acceptability of using 
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placebo controls are in any event controversial. In the end, it is up to investigators, 
participants and ECs to decide. Placebo or no-treatment control does not mean a 
participant does not receive treatment at all. The best supportive available care will 
normally be provided, plus the same clinical follow-up as the active treatment group. 
Placebo-controlled trials can also be conducted as add-on trials where all participants 
receive a standard therapy.  

Placebo-controlled trials measure the total mediated effect of treatment while active 
control trials, or dose-comparison 
trials, measure the effect relative to 
another treatment. They also make 
it possible to distinguish between 
adverse events caused by both the 
drug and underlying disease. 
Placebo-controlled trials can detect 
treatment effects with a smaller 
sample size (see example below). 
However, it is also arguable that 
they represent an artificial 
environment, producing results 
different from real-world effects.  It 
should also be noted that they 
provide little useful information 
about the comparative effectiveness 
of standard treatment. 

Placebo and sample size: Assume 
ÔÈÁÔ ȰÎÏÒÍÁÌȱ ÒÅÃÏÖÅÒÙ ÆÒÏÍ 
influenza ɀ without any specific 
influenza treatment ɀ takes on 
average 5.0 days (see illustration). 
However, when standard treatment 
is used, the mean duration to 
symptom recovery is 4.5 days.  A 
drug company has developed a 
promising new anti-influenza drug 
and would like to proceed with a 
first -into-human, exploratory, proof-of-concept phase II trial. Theoretically, the new test 
article is more effective, being able to reduce the average number of days to recovery 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 
calculation is based on certain assumptions not described in detail). But only 69 
participants are needed per group if no treatment ɀ placebo ɀ is used as a comparison. 
In this scenario, 410 extra  participants are put at risk of harm when standard treatment 
is used as a comparison. Yet in fact we do not know whether 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.   

  

Placebo and sample size: The sample size of a trial is influenced by the type 

of comparison. Here we illustrate that a placebo treatment group design will 
require 138 study participants in total, compared with 548 when utilising a 

standard treatment control group. 

Placebo 

Standard treatment  

Active /  
Standard 

Placebo Test drug 

Mean treatment effect ɀ 
 days to recovery following an episode of influenza  

5.0 
days 4.0 

days 

4.5 
days 

69+69 = 138  
participants to prove a 
treatment difference  

274+274 = 548 
participants  to prove a 
treatment difference  

4.0 
days 
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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 types. Efficacy, safety and 
quality of life are the most common and widely accepted indicators:  

¶ Efficacy is simply an estimate of how effective the test medicinal product is in 
eliminating/reducing the symptoms or long-term endpoints of the condition 
under trial. Efficacy measures can be of many kinds, such as blood pressure, 
tumour size, fever, liver function test or body mass index.  

¶ Safety of the test treatment is as important to the trial as the treatment efficacy. 
All negative adverse reactions or events that a trial participant experiences 
during the conduct of the trial should be documented. The investigators monitor 
for adverse reactions or events to determine safety during a clinical trial. The 
information is used to describe the safety profile of the test treatment. Adverse 
events can be mild, such as local short-term reactions and headaches, or serious 
such as stroke and death.  

¶ The measurement generally referred to as quality of life (QoL) in clinical trials is 
now a well-established term. QoL includes physical, mental and social well-being, 
and not just the absence of disease or illness. There are broad QoL 
measurements that are not very specific for the disease or condition ɀ general 
well-being ɀ and there are disease-specific questionnaires that are more sensitive 
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 points (see 
illustration ):  

¶ Screening: Trial 
participants are commonly 
examined before a trial 
starts to assess their health 
status in relation to certain 
trial inclusion/exclusion 
criteria. Such screening 
values can be established 
from the results of 
laboratory test samples, for 
instance.  

¶ Baseline: Once a 
participant has met the 
inclusion/exclusion 
criteria, a baseline value of 
the trial endpoint measures 
is recorded. Baseline is the 
time point when a clinical 
trial starts, just before any 
treatment begins.  

Typical sequence of visits during a clinical trial: trial participants are first 
identified and informed about the trial details; participants who agree to 

participate attend a screening visit; eligible participants will make a baseline 

visit, when trial baseline values are recorded; trial outcomes/endpoints are 
measured at the end of the trial; extra study visits are for drug dispensing 

and compliance, examination, endpoint assessment and adverse event 

recording, for instance. 
 

Screening Baseline End 

Extra study visits  

0.8 
cm 

1.5 
cm 

Tumour  size decreased by 0.7 cm  
from  baseline to end of trial  
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¶ End of Trial: The trial endpoint measure is repeated at the end of the trial. Often 
the research team compares the baseline endpoint values to those 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 trials, follow-up continues for the 
participants after the end-of-treatment visit. For example, the tumour diameter was 
measured to be 1.5 cm at baseline and 0.8 cm at trial end (see illustration). The cancer 
diameter thus decreased by 0.7 cm. The 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 examination and follow-up test(s) (see illustration).  
Adverse events ɀ side-effects ɀ and test article dispensing/compliance information is 
often accumulated continuously throughout the trial, by means of laboratory tests, for 
example, or home log-books. Such accumulated information is commonly used in the 
final safety statistical analysis. Primary and secondary endpoints (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 analyses.  All details about trial 
endpoints ɀ how they are assessed, at what time points, how they are analysed, etc ɀ 
must be clearly spelled out in the clinical trial protocol.    

Primary and Secondary Outcome/Endpoint  

The primary endpoint of a trial represents the variable providing the most relevant and 
convincing evidence related to the prime objective of the trial. Generally, there is only 
one primary variable ɀ usually an efficacy variable. Safety may occasionally serve as the 
primary variable, but safety is always an important consideration, even if it serves as a 
secondary set of endpoints. It is also possible that QoL is the primary variable. Selecting 
the primary variable is one of the most important tasks when designing a clinical trial, 
since it is the gateway for acceptance of the results. We 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 account when 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 unethical, especially when the 
original, real primary endpoint was statistically insignificant between the treatment 
groups.  

Secondary endpoints can 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 illustrations based on actual trial protocols from the US clinical trials 
registry. The first is a hypertension phase II trial using a placebo control group, and the 
second a phase III 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 as the secondary endpoint. The cancer trial also listed QoL and 
health economics as secondary endpoints.  

Example 1 ɀ hypertension, exploratory phase II, sample size 84 (42/group), 22 study 
sites (see illustration on the following page) 
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¶ Objective: To determine whether drug XX is safe and effective in the treatment of 
poorly controlled hypertension.  

¶ Trial design: Treatment, randomised, double-blind, placebo control, parallel 
assignment, safety/efficacy trial. 

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

¶ Secondary endpoint: Change from baseline in arterial diastolic blood pressure 
after 8 weeks; change from baseline in eNOS activity and endothelial dysfunction 
after 8 weeks and safety assessments. 

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

¶ Objective: To compare 
overall survival in 
participants with 
previously treated 
metastatic, epidermal 
growth factor receptor 
(EGFR)-positive 
colorectal cancer 
treated with drugs 
XX1+XX2+ XX3 and 
drugs XX1+ XX3 alone. 

¶ Trial design: 
Treatment, 
randomised, open 
label, active control, 
parallel assignment, 
safety/efficacy trial. 

¶ Primary endpoint: 
Compare the overall 
survival between the 
two treatment groups. 

¶ Secondary endpoint: 
Compare the response 
rates; compare 
progression-free 
survival; time to 
response; compare the safety profiles; compare the QoL; conduct an economic 
assessment comparing healthcare resource utilisation. 

Surrogate or Clinical Outcome/Endpoint  

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

¶ A clinical endpoint directly measures substantial clinical benefit to participants, 
for example survival or reducing the effect of a disease. 

¶ A surrogate endpoint is 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 by a therapy on a 

An exploratory phase II interventional, randomised, double-blind, placebo control, 

parallel assignment, safety and efficacy study in poorly controlled hypertension; 84 
participants ï 22 sites ï 8 weeks between the two groups. (Example 1 in the text).  

 

Screening 
Systolic BP 
135-160 

Diastolic BP 
85-110 
mm hG 

Baseline End 

Test drug treatment  

Placebo treatment  

Primary endpoint : comparison of the mean change 
in systolic blood pressure over 8 weeks between the 

two groups  
 

Zero change 
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surrogate endpoint are 
expected to reflect changes in a 
clinically meaningful endpoint: 
i.e., there should be an 
association between the 
response of surrogate 
measures and the response of 
clinical endpoints.      

Surrogate endpoints are used because 
they can be measured earlier, are 
convenient or less invasive, can be 
measured more frequently and can 
accelerate the approval process. 
Additional advantages are that 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 reactions to the test article. Examples of clinical and surrogate 
endpoints in clinical trials are various (see illustration). For instance, in cardiovascular 
trials, blood pressure and cholesterol levels are commonly used as surrogate measures, 
while the true clinical endpoints are myocardial infarction and death.  

Generally, a clinical endpoint is adopted in the final, large-scale confirmatory clinical 
trial (phase III) of a new medical therapy, while a surrogate endpoint is more commonly 
used in initial, exploratory trials (phase II) of a test 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 disease. But such 
events are rare, and many participants need to be studied in confirmatory trials. 
However, in the exploratory early phase of a new therapy, it is common to use a 
surrogate 
endpoint. This 
reduces the 
sample size as 
well as the 
duration of the 
trial .  

 

  

Disease  Surrogate endpoints             Clinical endpoints 

Hypertension Blood pressure             Cardiovascular events 
Cancer  Tumour size             Death 

HIV  HIV RNA (CD4)             AIDS/death 

Diabetes  Serum glucose             Cardiovascular events  
Alzheimerôs disease Brain imaging             Functional assessment/death 

Osteoporosis Bone density             Bone fracture 

Vaccine   Serology response             Disease protection 
Shortness  Height gain              Final adult height 

 

Examples of disease-specific clinical and surrogate clinical trial outcomes/endpoints are detailed above. 
Clinical endpoints measure the progression of the disease and directly measure clinical benefit to 

patient, say survival or curing a disease. A surrogate endpoint is a marker of the disease causal pathway 

and is assumed to reflect and correlate with the clinical endpoints. 

 

 
 

Clinical  
endpoint  

 

 

Disease 

 

Disease causal 
pathway  

 

 

Disease 
progression  

 

 
 

Surrogate  
endpoint  

 

Press report, 2008: Ȱ4ÈÅ 53 &$! ÉÓ 
considering requiring diabetes drugs to 
show efficacy on cardiovascular safety 
and increased l ife expectancy rather than 
the control in blood sugar. Diabetes 
patients wil l eventually die from 
cardiovascular complications and the FDA 
is therefore considering insist ing on more 
direct cl inical measures of part icipant  
benefit rather than relying on surrogate 
endpoints as the control of blood sugar. 
For instance, one diabetes drug that has 
been approved based on surrogate 
markers has in fact been linked with an 
ÉÎÃÒÅÁÓÅÄ ÒÉÓË ÏÆ ÍÙÏÃÁÒÄÉÁÌ ÉÎÆÁÒÃÔÉÏÎȢȱ  
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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 surrogate endpoint (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 changes in the ÔÒÕÅ ÃÌÉÎÉÃÁÌ ÅÎÄÐÏÉÎÔ ÉÎ !ÌÚÈÅÉÍÅÒȭÓ ÄÉÓÅÁÓÅȩ 4ÈÅ ÍÁÉÎ ÒÅÁÓÏÎ 
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 
on effects on a surrogate 
involves an extrapolation 
from experience with 
existing products to an 
untested test article. 
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 
endpoint outcome. 
Conversely, there are 
cases of treatments 
conferring clinical 
benefit without 
measurable impact on proposed surrogates.  

Example: Surrogate Outcome/Endpoint in the Cardiovascular Are a 

The following is a classical example of a failed 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) against a placebo using the 
surrogate endpoint ɀ asymptomatic arrhythmia ɀ 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 follow-up the Encainide and Flecainide groups of the trial were 
stopped because of a three-fold increase in mortality compared to the placebo. This 
example illustrates that a drug can mitigate disease symptoms ɀ representing a 
surrogate endpoint ɀ but over the long term can be associated with a negative clinical 
outcome (here, death). 

Cardiovascular disease is the number one reason for premature death among adults. 
Many large-scale clinical trials have sought effective new treatments where the 
clinically important endpoint ɀ such as cardiac arrest or death ɀ is expected to be 
prevented. A trial of lipid-lowering therapy using a surrogate ɀ serum lipid level ɀ 
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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Ability to predict 
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A surrogate endpointôs validity is based on its ability to predict clinical outcomes. The ideal 
surrogate endpoint is when all mechanisms of action of the intervention on the true clinical 

endpoint(s) are mediated through the surrogate endpoint. This is seldom the case and relying 

on one single surrogate endpoint that focuses on intermediate effect is not a very safe pathway. 
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studied over many years. Most drug therapies have multiple effects, and, therefore, 
relying on a single surrogate endpoint that focuses on an intermediate effect is not a 
very safe pathway. One approach is to require new drug therapies in large, long-term 
clinical trials to assess their effects 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 slows the time to test article approval and clinical usage, which is a 
problem especially for severe diseases with no effective standard treatment and can be 
very expensive. An alternate approach, which is adopted more and more frequently 
after regulatory authority approval of a new test article has been obtained, based only 
on the surrogate endpoints, is to conduct long-term phase IV trials on the clinical usage 
and experience of that new drug. Phase IV, high-quality trials are designed to assess the 
effects of test article therapies on clinical endpoints.  

Often, these are called Ȱlarge simple trials.ȱ  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 usually younger patients who enter clinical trials but also for 
patients with multiple diseases and for older patients. Rare, unexpected, serious side 
effects might not be detected during the course of clinical trials. When they, in fact, are 
detected, their frequency may not be exactly defined. Thus, the factual clinical 
effectiveness and/or safety may not be mirrored by clinical trials. The post-marketing of 
Ȱlarge simple clinical trialsȱ aims to identify such factual discrepancies between 
observations made in clinical practice and those made during clinical trial conduct. A 
large simple trial is characterized by a large sample size that randomises thousands or 
tens of thousands of participants into two or several treatment groups. Those trials are 
simplifi ed 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 population. 
For instance, a large simple trial can be used in comparing the survival of HIV/AIDS 
patients receiving different types of anti-retroviral therapies. The trial requires a large 
number of patients, conducted in a community-based primary care setting. Baseline 
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 follow-up is limited to deaths, and any serious adverse event 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 hand-in-hand during preparation of 
the trial. Most trials follow a double-blind approach ɀ blind to the investigator and 
participants ɀ in which treatments are pre-packed, for instance, by a pharmacist, 
following the randomisation schedule. The test 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 are, thus, 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 the test article. The test article is sent ɀ usually by 
courier ɀ to study sites and stored at a hospital pharmacy, at a dedicated institutional 
research pharmacy or in a locker at the study site. When a new participant has been 
enrolled and has signed the informed consent document, he/she is given the next 
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sequence of participant number and the test article ÌÁÂÅÌÅÄ ×ÉÔÈ ÔÈÅ ÐÁÒÔÉÃÉÐÁÎÔȭÓ 
corresponding number. This test article dispensing procedure is usually repeated 
several times for each participant during the course of a trial.  

Randomisation of trial participants reduces selection 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 to be 
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 given an 
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, 
there are three participants 
allocated to the active 
treatment group and three to 
the control group. This 
procedure ensures a well-
balanced number of 
participants between the two groups.  

Randomisation should be performed by a third party not involved in the 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 drugs and the DSMC (in case of adverse events). A 
copy of the treatment code should be available at all times in case there is a need to 
break the code for a participant, such as, by unblinding a sealed envelope or through an 
electronic telephone-based unblinding procedure. 

Randomisation can be performed in various ways; for instance, by allocating an unequal 
number of participants to different treatment groups, ensuring that similar 
characteristics of importance are present in every treatment group. Stratified 
randomisation is a method used 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 trial participants, investigators or 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 double-blind environment: treatments may vary, such 

Randomisation to a treatment group is performed after the informed consent 

document has been signed and study eligibility has been confirmed at the baseline 

visit. Here we use blocks of six, allocating participants to one of the two treatment 
arms. The first participant into the study (subject 1) is given placebo treatment, 

second placebo, third test drug, fourth placebo and the last two participants in the 

first block join the test drug group.  

 

Test drug treatment (B)  

Randomisation in blocks of six 

Block 1. AABABB 
Block 2. BABABA 

Subject 1. A Block 3. BAABBA 
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Placebo treatment (A)  

               Blocks of 6 
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as surgery and drug therapy; two drugs may have different formulations; the daily 
pattern of administration of two treatments may differ; and there may be various 
treatment-induced effects. In such cases, blinding may be improved by blinding study 
site staff to certain test results.  

Breaking the blind for a single participant should be considered only when knowledge 
of the ÔÒÅÁÔÍÅÎÔ ÁÓÓÉÇÎÍÅÎÔ ÉÓ ÄÅÅÍÅÄ ÅÓÓÅÎÔÉÁÌ ÂÙ ÔÈÅ ÐÁÒÔÉÃÉÐÁÎÔȭÓ ÐÈÙÓÉÃÉÁÎ ÆÏÒ ÔÈÅ 
ÐÁÒÔÉÃÉÐÁÎÔȭÓ ÃÁÒÅȢ Any intentional or unintentional breaking of the blind should be 
reported and explained at the end 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 pharmacist preparing the treatments or the 
members of a DSMC.   

There are different levels of blinding:  

¶ The terminology single blind usually means one of the three categories of 
individuals remains unaware of intervention assignments throughout the trial. 

¶ In a double-blind trial, participants, investigators and assessors usually all remain 
unaware of the intervention assignments throughout the trial. In medical 
research, however, an investigator frequently also makes assessments, so in this 
instance, the terminology accurately refers to two categories. 

¶ Triple blind usually means a double-blind 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 analysis. 
¶ Statistical analysis.  

Three of the more serious 
biases that may occur in a 
clinical trial ɀ investigator 
bias, evaluator bias and 
performance bias ɀ are 
reduced by blinding (see 
illustration ):  

¶ Investigator bias occurs 
when an investigator 
either consciously or 
subconsciously favours 
one group at the 
expense of others. For 
example, if the 
investigator knows 
which group received 
the intervention, 

Randomisation reduces selection bias. Treatment blinding reduces investigator bias, 
evaluator bias and subject performance bias. 
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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 that could seriously affect the 
endpoint of the trial. 

¶ Evaluator bias can be a type of investigator bias in which the person taking 
measurements of the endpoint variable intentionally or unintentionally shades 
the measurements to favour one intervention over another. Studies that have 
subjective or quality of life endpoints are particularly susceptible to this form of 
bias.  

¶ Performance bias occurs when a participant knows that he or she is exposed to a 
certain therapy, be it inactive or active. For instance, self-reported 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 inclined to quit the 
trial, thus producing a drop-out bias between the two groups.  

2.7 Sample Size 

In the early days ɀ before the establishment of modern concepts of clinical trials 
research methodology ɀ many clinical trials involved a relatively small number of 
participants. The problem with small trials is that despite indicating a true difference of 
clinical importance in the treatment effect between trial groups, the 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 II error, and no conclusive 
interpretati on could be made from them. Today, we accept results only when the 
number of trial participants is large enough to provide a reliable answer to the 
questions addressed.  

The necessary pre-determined sample size ɀ especially for late phase trials ɀ is usually 
determined based on 
the primary endpoint of 
the trial. Sample size 
calculation is usually 
performed by a 
biostatistician after the 
clinical investigator has 
developed a trial 
protocol. That protocol 
provides essential 
information, namely the 
clinical hypothesis, the 
primary endpoint and 
the statistical 
distribution 
representing, for 
instance, a continuous 
variable such as blood 
pressure or a 
percentage such as 
mortality. The equation 
selected to calculate the 
sample size is based on 
the values for each of 
the two types of 
statistical errors. The 
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This is an illustration of how the sample size can influence the conclusion of a trial. One group 
is given a new anti-hypertensive test article and the other is given the standard treatment. The 

example includes five different hypothetical studies allocating 10, 30, 60, 200 and 500 study 

participants, respectively to each treatment arm. The mean change in the systolic blood 
pressure over the 8 weeks of treatment is here assumed to be the same for all five examples:     

-12.0 mmHg in one group and -15.0 mmHg in the other groups. The mean changed difference 

in blood pressure is not statistically significant for either of the two smaller trials. Conclusion: 
no treatment effect between the two groups. The mean changed difference in blood pressure is 

statistically significant for each of three larger trials. 
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probability of type I error ɀ a false positive result ɀ is commonly set at 5% and the 
probability of type II error ɀ a false negative result ɀ is conventionally set at 10% or 20%. 
The statistician also needs to know 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 treatment groups, the estimated sample size should be 
adjusted ɀ increased ɀ for any potential participant drop out, e.g., 5% or 10%.   

Sample size calculation is essential in the planning stage of a trial since it forms the 
basis for the trial cost estimation and the number of sites needed to complete the trial 
within a certain time frame. We do not want an insufficient number of trial participants 
to reach a conclusive interpretation of the results; yet, neither do we want to spend 
unnecessary resources or put an unnecessarily large number of participants at risk 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 can re-compute and 
confirm the sample size. 

A hypothetical example can be found (see illustration on opposite page). 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 included 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 sample 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 
ÓÁÍÐÌÅ ÓÉÚÅ ÆÏÒ ÔÈÅ ÓÃÅÎÁÒÉÏ Ȱthat an additional reduction in the systolic blood pressure 
with at least 3 mmHg is regarded as clinically meaningful by having an impact on the risk 
of getting adverse events caused by high blood pressureȢȱ 4ÈÅ ÅÓÔÉÍÁÔÅÄ ÓÁÍÐÌÅ ÓÉÚÅ 
required to reach a 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 which a test 
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 pre-clinical stage to the 
clinical stage with three phases of clinical trials. The fourth and final trial phase 
represents post-marketing research.   

A clinical trial is one of the final stages of a long and careful research process. The 
search for new treatments begins in the laboratory, where scientists first develop and 
test new ideas. The next step is to try a test article ɀ molecules, vaccines or medical 
devices ɀ in animals to see how it affects, for example, cancer in a living being and 
whether it has harmful effects. During pre-clinical drug development, a sponsor 
evaluates the test articleȭÓ ÔÏØÉÃ ÁÎÄ ÐÈÁÒÍÁÃÏÌÏÇÉÃ ÅÆÆÅÃÔÓ ÔÈÒÏÕÇÈ in vitro (Latin 
meaning within the glass), such as test tube testing, and in vivo (Latin meaning within 
the living) such as animal testing. It includes investigations on drug absorption and 
metabolism, toxicity of the drug's metabolites, and the speed at 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 short-term toxicity studies ranging from 2 weeks to 3 months, 

depending on the proposed duration of use of the substance in the proposed 
clinical trials.  

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 
illustration ). The IND provides 
the results of pre-clinical 
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 IND should also describe 
how and where the compound 
will be tested in humans. 
Approval is needed from an 
independent EC to undertake 
human studies.  

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 to discover 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 regularly to determine the effect of the treatment, and treatment is 
always stopped if side-effects become too severe. After completion of the clinical testing, 
the company reports all the findings from all pre-clinical and clinical trials on the 
specific test 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 the review of an NDA submission.  

The Basics of Trial Phases 

The trial phase classification proposed by ICH ɀ in the ICH E8 Guide ɀ is based on the 
objective of the trial and not just a sequential number ranging from I-IV: human 
pharmacology, therapeutic exploratory, therapeutic confirmatory and therapeutic use.  

Drug development at large: from discovery to clinical usage over an average of 12 
years. 

 

 

 

 

 Investigational  
new drug  

application (IND)  

New drug application  
(NDA) 
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On the other hand, drug 
development traditionally 
consists of four different 
phases (phases I-IV), (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. In 
addition, sometimes the phase 
of development provides an 
inadequate basis for the 
classification of clinical trials, 
because one trial may combine 
several phases with different 
fundamental objectives. 
Despite this, the phase I-IV 
classification is still the only 
one generally recognised and 
adopted on a global basis. 
Because of their multi -objective characteristics, trials are often labeled not just as phase 
I, for instance, but alternatively early phase I (IA) or late phase I (IB), or perhaps phase 
I/II or phase II/III, 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 true for confirmatory and exploratory trials; they 
can also be a trial objective in different trial phases. 

The number of phase I-IV trials per test article varies vastly from compound to 
compound and especially between therapeutic areas. An average of 25 and 35 trials are 
conducted for a single test 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 I trials, four phase II 
trials, three phase III trials and two phase IV trials ɀ making a total of 29 individual 
trials for one test article. The average number of participants included in all trials for 
one and the same test article is 2,000, with around 10% healthy volunteers and the rest 
mostly patients with the disease under trial; those figures are based on the 
GlaxoSmithKline publicly available 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 trials are phase I. They can be associated with 
higher risk of harm than late phase trials and are therefore conducted in dedicated 
phase I units in established clinical trial regions. It should be noted that the majority of 
phase I trials are simple and involve a low risk of harm. Phase III 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 
ECs of emerging regions will usually review trials of predominantly late phase 
characteristics ɀ the confirmatory type of trial aiming at comparing a test article with 
standard treatment. These trials also frequently have other objectives including human 
pharmacology and exploratory research in new age groups or diseases. They may also 

Human pharmacology research is not restricted to phase I trials. Human 

pharmacology can be a trial objective even after a drug has reached the market and 

can be one objective even in phase IV trials. The same is true for confirmatory and 
exploratory trials; they can also be a trial objective in different trial phases. 
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address therapeutic usage based on safety endpoints, quality of life improvement and 
health economic comparisons with standard available treatments. 

Phase 0 Trials 

In recent years, a new trial phase term has emerged ɀ 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 pharmacology towards the 
latter part of the pre-clinical drug 
development phase. Such studies thus 
precede the traditional  human 
pharmacology dose escalation, safety 
and tolerance phase I trials that 
ordinarily initiate a clinical drug 
development programme. The concept 
of a phase 0 trial is an interim step 
between pre-clinical research and 
phase I studies, where a small number of human volunteers take small doses of 
experimental test article so there is little risk of toxicity . A phase 0 trial has no 
therapeutic intent; the objective is human pharmacology, rather than identifying any 
toxic effects. Because participants receive sub-therapeutic doses, this means their risk 
of harm is much less than in conventional phase I 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 I and II trials for drugs shown to have 
unfavourable pharmacologic properties. However, the results of phase 0 trials do not 
always predict the human pharmacology for the intended dosage. This is probably the 
main reason that micro-dosing has yet to become very popular, since it may incorrectly 
terminate the development of 
a test article.    

Utilisation of micro-dosing is 
claimed to reduce overall drug 
development costs because the 
microgram amounts of 
compounds required do not 
need to be scaled up to an 
expensive and time-consuming  
manufacturing level. Other 
arguments in favour of its 
usage are that fewer animal 
studies are needed to support 
micro-dosing studies, 
compared to phase I trials, so 
there are ethical as well as 
financial advantages.  

Given the design and purpose 
of phase 0 trials, there can be 

Press report,  2006ȡ Ȱ'ÏÏÄ ÎÅ×Ó ÆÏÒ 
researchers since FDA has approved 
testing of small quantit ies of experimental 
drugs in human beings. Approval of small 
quantity drug clinical tr ials wil l be very 
helpful for researchers to understand the 
path of the drug in the body and its 
efficacy. I f the test art icle is proved 
effective in small quantit ies, researchers 
can continue with a pÈÁÓÅ ) ÃÌÉÎÉÃÁÌ ÔÒÉÁÌȢȱ 

 

In recent years, a new clinical trial phase has been introduced. Phase 0 (zero) or 

micro-dosing trials are conducted between the pre-clinical and clinical development 
phase. 
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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 should be conducted only at dedicated and experienced research 
units, such as high-quality inpatient phase I units.   

The ICH recently (June 2009) released a guideline ɀ M3(R2) ɀ that has also been 
accepted by the European Union. It includes some guidance on micro-dosing trials, 
spelling out that the aim of micro-dosing, or ratÈÅÒ Ȱexploratory studies,ȱ ÉÓ ÔÏ ÃÏÌÌÅÃÔ 
human data early in development, as well as information about the characteristics of the 
candidate compound. These studies do not seek to investigate therapeutic effects or 
safety, and the dosage should have limited human exposure, namely less than 100 µg or 
less than 1/100th of the pharmacological active dose. 

Human Pharmacology/Phase I Clinical Trials  

A human pharmacology trial  is typically a phase I trial, representing the first stage of 
testing in human participants. Phase II-IV clinical trials can also have components of 
human pharmacology, but these are not addressed in this section.  As elaborated 
elsewhere in this Guide, certain phase I trials are generally associated with a higher risk 
of harm than any other trials, especially the so-called first-into-man trials and dose 
escalating trials. These studies are usually conducted on small populations of healthy 
humans to specifically determine a drug's toxicity, absorption, distribution, metabolism, 
excretion, duration of action, drug-to-drug interaction and drug-to-food interaction.  

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

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

An example:  A drug under 
development by a German 
company was tested in 2006 
in a commercial phase I unit 
in London. The pre-clinical 
data ɀ including high dosing 
studies in primates ɀ 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-human trial, six 
healthy volunteers were 
simultaneously dosed with 
the test drug and within 
minutes they all experienced 
systemic inflammatory 

*Phase I trials should be undertaken in dedicated centres with appropriate facilities for 
emergency treatment and intensive care. The first study participant should be dosed in 

a hospital ward near the intensive care unit with a trial physician present. 

 

Sequential dosing 

Example of sequential dosing in  high risk Phase I trial  
 

Day 1  Day 2   Day 3               Etc 

  Review of data  Review of data 

One active  Two active   Three active 
One placebo One placebo  One placebo 

In phase I unit* In phase I unit*   In phase I unit*  
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response. All suffered from multiple organ failure and required machine support. 
Fortunately, everyone recovered or recovered with sequelae after weeks of hospital 
care. The review of the incident revealed that the sponsor and the commercial phase I 
unit provider had followed all regulations at the time with  respect to pre-clinical testing 
and phase I trial operation. The side-effects could not have been predicted, and no 
misconduct was identified that could have caused the event. The event triggered much 
press coverage and eventually also led to a new regulation in Europe for the conduct of 
phase I trials. The new regulation stresses sequential dosing ɀ namely, start the dosing 
in one participant alone. It also insists on using a dedicated hospital ward or intensive 
care unit (ICU) for very high risk of harm phase I trials.  

The London incident was very rare. Most established phase I test units do not 
experience serious adverse events (SAEs) requiring ICU medical care of trial 
participants. However, since unforeseen risks are always present during the early 
clinical testing phase, the EC should be sure that all possible safety aspects are in place 
in the event of an unexpected SAE reaction.   

Risk Assessment/Management of Human Pharmacology/Phase I Trials  

The risks of harming participants must be fully assessed before each phase I trial, 
especially during the transition from the pre-clinical stage to the first-into-human trial. 
The trial sponsor must have the pre-clinical data reviewed by experts with technical, 
scientific and clinical background. In assessing the risk of harmȟ ÔÈÅ ÓÐÏÎÓÏÒȭÓ 
designated expert(s) must take into account all aspects of the test article, such as its 
class, novelty, species specificity, mode of action, potency, dose- and concentration-
response relationship for efficacy and toxicity, and route of administration. The 
following types of phase I trials are generally regarded as a higher-risk: 

1. First-into-human trials  

2. Trials in a new population, new dosage or new formulation of a test article regarded 
as higher-risk biological product are 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. 
¶ Species specificity, making pre-clinical risk assessment difficult or impossible. 
¶ High potency, e.g., compared with a natural ligand. 
¶ Multifunctional agents, e.g., bivalent antibodies. 
¶ Cell-associated targets. 
¶ Targets that bypass normal control mechanisms. 
¶ Immune system targets. 
¶ Targets in systems with potential for large biological amplification in vivo. 

Clinical Risk Management:  The Association of the British Pharmaceutical Industry 
(ABPI) published a guideline for phase I clinical trials in 2007, which includes detailed 
guidance on risk management of various trial aspects. The aspects include, but are not 
limited to:  

¶ Starting dose, increases in the dose, administration of doses. 
¶ Safety records of phase I trials. 
¶ Requirements of a protocol. 
¶ Trial procedures.  
¶ Administrations such as contracts between the sponsor and investigator 
¶ Location, construction, space, facilities and staff. 












































































































































































































