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Notice and Disclaimer

Read this page before using anything in this book in a live assessment. It is short, and every clause in it exists because the alternative has caused someone a problem.

1. Educational purpose; not clinical, regulatory or legal advice. This book is a professional educational text. It teaches a method of reasoning about evidence concerning medicines and a way of documenting that reasoning. It does not give clinical advice: it does not tell any reader how to treat a patient, how to prescribe, or how to manage an individual case, and nothing in it should be read as doing so. Neither does it give regulatory or legal advice on any specific product, application, submission, inspection or dispute. Nothing in it creates a professional or advisory relationship between the author and the reader. Decisions about a real medicine must be taken by the persons and bodies accountable for them, on the full evidence before them, with such professional, regulatory and legal advice as their circumstances require.

2. Personal views only; no employer, institutional or organisational endorsement. The views, opinions, interpretations, recommendations and any errors in this book are the author's own personal views. They are not, and must not be represented as, the views or positions of any current or former employer, client, contracting organisation, academic institution, professional society, association, committee, journal or regulatory authority with which the author is or has at any time been associated. This work was conceived, researched and written independently, in the author's own time, outside the scope and duties of any employment or engagement, and using no confidential, privileged or proprietary information belonging to any employer, client or third party. No employer, institution, society or authority has commissioned, sponsored, reviewed, approved, endorsed or authorised this book or its contents, and nothing in it should be construed as the official position of any such organisation. All non-fictional material derives from public sources, each of which is cited so that the reader may verify it independently.

3. All product data in the worked examples are fictional. Therapex (fictional international nonproprietary name therapexib, development code TPX-441), Oncorex, Coagurex, Glucarex, Immuvax, Raravir and Gestarex are invented medicines. They do not exist. Every figure attributed to them — efficacy results, response rates, incidence rates, exposure denominators, confidence intervals, preference coefficients, utility weights, swing weights, population impact estimates and regulatory histories — is synthetic, constructed for teaching, and internally consistent only with itself. The study identifiers associated with them, including THX-301, THX-302, THX-303 and THX-PASS-01, denote no real study. These data sets were built to behave like real data, because a worked example that does not behave like real data teaches nothing; that is precisely why they are dangerous outside these covers. No inference of any kind about any real medicine, any real class of medicines, any real manufacturer, any real safety signal or any real regulatory action may be drawn from them. They must not be quoted, cited, extracted, tabulated or reused as evidence for any purpose whatsoever.

4. Real medicines are named only where documented regulatory history is reported. Where a real medicine is named — for example in the discussion of documented regulatory case histories — it is named only for facts that are supported by the public sources cited at the end of the relevant chapter, and only because the history itself is the teaching point. Such naming is scholarly reporting of the public record. It is not a statement about the current benefit–risk balance, quality, safety or efficacy of any product, not a comment on the conduct of any manufacturer, sponsor, investigator or authority, and not a recommendation for or against the use of any product. The current authorised product information, as approved by the competent authority in the relevant territory, governs the use of any real medicine.

5. Regulatory currency and the reader's duty to verify. Regulatory content is stated as at August 2026 and was accurate to the author's knowledge on that date. Guidance documents are revised, modules are re-issued, legislation is amended, draft guidelines advance through their steps, and procedures change. Several instruments discussed here were expressly in progress at the time of writing. For that reason every regulatory reference in this book is date-stamped with the revision and date relied on. The reader is responsible for verifying any provision against the current official text published by the relevant authority before relying on it in a submission, an assessment, a decision or a piece of advice. Neither the author nor the publisher undertakes any obligation to update this book, and the passage of time should be assumed to have overtaken some of what it says.

6. No warranty. This book and its companion materials are supplied "as is". To the fullest extent permitted by applicable law, the author and the publisher make no representations or warranties of any kind, express or implied, as to the accuracy, completeness, currency, reliability, suitability or fitness for any particular purpose of the content, and disclaim all implied warranties including those of merchantability and fitness for a particular purpose. The worked calculations have been checked, but arithmetic and transcription errors survive careful checking in every technical book ever published. Any calculation on which a reader intends to rely should be re-derived independently from the reader's own data.

7. Limitation of liability. To the fullest extent permitted by applicable law, neither the author nor the publisher, nor any contributor, shall be liable to any person for any loss, damage, cost or expense of any kind — whether direct, indirect, incidental, special, consequential, punitive or economic, including loss of profit, loss of business, regulatory sanction, delay, or clinical, commercial or reputational consequence — arising out of or in connection with the use of, or reliance on, this book, its worked examples, its templates or its companion tool, whether in contract, tort (including negligence), statute or otherwise, and whether or not the possibility of such loss was advised. Nothing in this notice excludes or limits any liability that cannot lawfully be excluded or limited, including liability for death or personal injury caused by negligence, or for fraud or fraudulent misrepresentation.

8. Third-party sources, quotations and citation. Quotations from guidelines, legislation, regulatory documents, assessment reports and the published scientific literature are reproduced in short extract for the purposes of instruction, criticism, review and scholarly comment, with attribution to their source. Copyright and all other rights in those materials remain with their respective owners. Quoted text preserves the original spelling, capitalisation and hyphenation of the source, which is why American spellings appear inside quotation marks in a book otherwise written in British English. Citation of a source implies no endorsement of this book by that source, and no endorsement by the author of everything else that source contains. Where this book's account of an official document differs from the official document, the official document governs.

9. The companion tool is not a medical device and not clinical decision support. The single-file benefit–risk workbench that accompanies this book is an educational calculation and structuring aid. It is not a medical device, not clinical decision support software, and not validated software for use in a regulatory submission. It has not been developed, qualified or maintained under a pharmaceutical or medical device quality management system, it implements no validated algorithm for any clinical purpose, and it must not be used to inform the care of any individual patient. Its outputs are illustrative and must be independently reproduced before use in any document that leaves an organisation. Users are responsible for ensuring that any data they enter into it complies with their own organisation's confidentiality, data protection and information security obligations. The disclaimers and limitations in clauses 6 and 7 apply to the tool in full.

10. Trademarks. Product names, brand names, organisation names, framework names and software names appearing in this book may be trademarks, registered trademarks or service marks of their respective owners. They are used editorially, in the ordinary course of description and scholarly comment, with no intention of infringement and with no claim of affiliation, sponsorship or endorsement. The fictional product names used in the worked examples were invented for this book; any resemblance to an actual product name or mark, existing or proposed, is coincidental and unintended.

11. Copyright and permitted use. © 2026 Hafez Selim. All rights reserved. Published by Selim Medical Press. No part of this publication may be reproduced, stored in a retrieval system, transmitted or distributed in any form or by any means, electronic, mechanical, photocopying, recording or otherwise, without the prior written permission of the publisher, except: (a) brief quotations embodied in reviews, teaching materials and scholarly work, with full attribution; and (b) the blank templates, worksheets, checklists and wording patterns in Part VII and the appendices, which the individual purchaser may reproduce for internal, non-commercial use within their own organisation provided that the attribution line printed on each is retained. No part of this publication may be used to develop, train, fine-tune or evaluate any machine learning or artificial intelligence system, nor incorporated into any database for that purpose, without the prior written permission of the publisher. Requests for permission should be addressed to the publisher.


Foreword

Practical Benefit–Risk Assessment in Pharmacovigilance by Hafez Selim, MD, PhD is a comprehensive treatise essential for regulators, pharmaceutical developers, statisticians and clinical trialists. Regardless of which of these disciplines govern the reader's approach, the text presents the information in a manner that considers all the requirements, concerns and challenges that any one of these disciplines is likely to confront in evaluating the safety of potential new medicinal therapies. The result is a thorough understanding of pharmacovigilance free from bias, assumptions and errors so common in the approach of any single discipline.

The outstanding features of this important text are the precision of language, the rigor of methods and the framework for judgements that inform and guide approaches to benefit–risk balance and evaluation of safety from multiple points of view. The use of a hypothetical case study developed throughout the text grounds the work in common daily practice, and the structure of the various sections allows greater depth of study for those with particular interests. Each chapter highlights seven elements that allows the reader to quickly assess the value of the information for their specific needs. Those elements are:


	What this chapter gives you

	Worked example

	Practice point

	Common errors

	Regulatory anchor

	Conclusion wording

	Key points



Each chapter is then followed by a complete list of useful references.

Few readers will want to read this book cover to cover, although for those in the field of pharmacovigilance it is a worthwhile and enjoyable undertaking. One should first review the section entitled How to use this book. There you will be guided to where you can find the most relevant information for your interests or concerns. Dr. Selim thoughtfully guides you to the most relevant areas, whether you are an assessor, a medical writer of periodic reports, a newcomer to the field of benefit–risk, a statistician or quantitative scientist, or a student.

Once your immediate need is addressed, if you are a curious pharmacovigilance scientist, you will be drawn into the other sections by asking such questions as, "What would a regulator think of my approach?", or "Have I really asked the right question for the different populations who might benefit from this therapy?" From there, you may find yourself drawn into a review of other sections of the book.

Of particular benefit for those developing therapies for patients with complex medical issues are Part V, Special problems, and Part VII, Practical toolkit. The special problems addressed are divided into two groups. The first is clinical conditions including oncology; vaccines; rare diseases; pregnancy and lactation; and paediatrics and older adults. The second is regulatory issues including accelerated and conditional approvals and benefit–risk across subpopulations.

The author begins the section entitled Practical toolkit by suggesting that it is for those who have not read the rest of the book! He provides easy to use blank worksheets that guide the user to generate the deliverables that may be most pressing. However, if one tried to use these without any time spent on at least the relevant sections of the book, the product would no doubt lack the substance required to produce a meaningful contribution. On the other hand, it is very useful for those who understand what the problem is that they wish to address, are thoroughly familiar with the data at hand, and appreciate the context of the deliverable they need to generate.

Perhaps the greatest contribution of this book is the author's identification of common erroneous ways of thinking and ingrained biases, and his direct correction of these misconceptions. He identifies our tendency to prove the conclusions we want to believe; he clarifies true definitions of words and concepts that we think we understand but actually do not; he identifies when our thinking is careless or based on unproven assumptions; he encourages us to be sure that we are, in fact, asking the right question.

Another important contribution is the author's presentation of the viewpoints of each discipline, each "audience" that will review the data and the analyses of benefit–risk problems. This helps the trialist design a study that will address the issues of greatest concern for the regulators; it helps the statistician appreciate the complexity and uncertainty of medical conditions; it guides the drug developer to prepare a submission that will not only achieve regulatory success but will pave the way for future examination of events, signals and risks. Above all, it ensures that the right patient population derives the greatest benefit with the most careful consideration of the risks they may encounter.

The scope of this book is both broad and deep. It addresses the array of challenges every developer of potential new therapies must consider. It serves its mission with thorough and thoughtful consideration of the ultimate mission to which we are all dedicated, namely, the improvement of treatment outcomes with optimal quality of life.

Lisa Beth Ferstenberg, MD


About the author

Dr. Hafez Selim is a physician-scientist, safety physician and entrepreneur whose career has run along the boundary between clinical evidence and regulatory decision-making. He is a safety physician at a top-ten global pharmaceutical company. Before that he spent nearly a decade as a medical advisor and safety physician in the spine division of a leading global medical device company, holding safety leadership for the clinical trial programme of recombinant human bone morphogenetic protein-2 and safety oversight of a spinal product portfolio. There he pioneered the first 510(k) clearance for polyetheretherketone rods, obtained through a meta-analysis of safety and effectiveness data — evidence assembled rather than accumulated, which is this book's argument in miniature. He works also as a regulatory and medical affairs consultant.

He holds an MD from Ain Shams University School of Medicine, a PhD in Anatomy and Cell Biology from Temple University School of Medicine, and a Graduate Diploma in Applied Biostatistics from the University of Minnesota, and completed a postdoctoral fellowship at Harvard Medical School and Massachusetts General Hospital. He is a member of the American Society of Pharmacovigilance Physicians and holds four patents in collagen matrix and biomaterial technologies.

His regulatory experience spans the FDA, EMA, MHRA and PMDA, and includes development safety update reports, periodic benefit–risk evaluation reports, risk management plans, 510(k) submissions and clinical evaluation reports. He has published 49 journal articles and 48 conference abstracts. His previous books are Write It Right: A Practical Guide to Medical Device Regulatory Writing and Analytical Methods in Pharmacovigilance: Time-to-Onset and Causality Assessment.


Preface

Somewhere in every periodic report I have ever written or reviewed there is a sentence saying that the benefit–risk balance of the product remains favourable. I have written that sentence. I have argued about it in committee rooms. I have read it in documents where it was plainly true, in documents where it was plainly unexamined, and in a few where it was the only sentence anybody had not thought about. This book exists because that sentence is hard to earn and easy to type, and because almost nothing in the professional literature tells you how to earn it.

Consider what the guidance actually provides. ICH E2C(R2) (Step 4, 15 November 2012) tells you that the periodic benefit-risk evaluation report shall contain an integrated benefit–risk analysis for approved indications, and gives it a section number. ICH M4E(R2) (Step 4, 15 June 2016) gives you the subsection structure of the benefit–risk section of a marketing application, down to the level of therapeutic context and uncertainties. GVP Module V (Rev 2, in force 31 March 2017) tells you which risks are important enough to belong in a safety specification. The FDA's Benefit-Risk Assessment for New Drug and Biological Products (final, October 2023) gives you a grid with rows and columns and tells you what belongs in each cell. Every one of these documents describes an output. Not one of them tells you how to get from a table of effects — some measured precisely, some barely at all, in populations that do not match the one you are deciding about, over horizons that do not match the one you care about — to a judgement you can defend when a committee member asks why. The templates are excellent. The reasoning is left as an exercise for the reader, and the exercise is the whole job.

I have sat on both sides of the table. I have prepared the safety evidence and written the documents that argue a position, and I have been the person whose task was to decide whether somebody else's argument held. Those two seats teach different lessons. From the industry side you learn how much of an assessment is determined before any analysis begins — by which comparator was chosen, which population was described, which endpoint was carried into the summary table. From the assessing side you learn how quickly an experienced reader can tell the difference between an assessment that reached its conclusion and one that started there. This book is written from both seats, which is also why it is blunt about the failure modes. Every named error in it is one I have made, watched being made, or been asked to fix.

Three convictions organise everything that follows.

The first is that benefit–risk assessment is a structured judgement, not a calculation. Quantitative methods discipline judgement; they do not replace it. A model that produces a number has not removed the judgement from the problem — it has relocated it into the model's inputs, where it is easier to overlook and harder to argue with. The purpose of structure is to make the judgement visible, reproducible and contestable, not to make it unnecessary.

The second is that every method producing a single number has an exchange rate hidden inside it. Somewhere in the arithmetic, a quantity of benefit has been declared equal to a quantity of harm. That declaration is a value judgement, and it belongs to somebody — a patient, a prescriber, a committee, a regulator — not to the analyst who wrote the formula. Good practice does not conceal the exchange rate and does not pretend it was derived from data. It makes the exchange rate an explicit parameter and reports the conclusion across its plausible range, so the reader can see where the answer changes and decide whether that region is credible.

The third is that the balance is conditional — on the population, on the comparator, on the time horizon and on the conditions of use. A benefit–risk conclusion detached from those four things is not a conclusion. It follows that most real regulatory action consists of changing the conditions rather than removing the product, and that the interesting question is almost never "is this medicine acceptable?" but "for whom, against what, for how long, and under what constraints?"

Those three claims are the reason the book is built around a single fictional medicine rather than a gallery of examples. Therapex is an invented oral selective Janus-kinase-family inhibitor for rheumatoid arthritis, authorised in Year 0, carrying a signal by Year 3 and a regulatory decision by Year 4. It appears in Chapter 1 and is still there in Part VI. Every method chapter runs its method on the same data set, which is the only honest way to show what a method contributes: when the effects table, the PrOACT-URL analysis, the BRAT display, the numbers needed to treat and harm, the multi-criteria model, the probabilistic re-run and the patient preference study are all built on identical inputs, the differences between them are attributable to the methods rather than to the examples. Scattered illustrations cannot do that. They also cannot deliver the moment this book is really about: the point at which the same data, in the same model, in the same year, return a favourable conclusion in the population as a whole and an unfavourable one in an identifiable subgroup — and the assessor has to decide what to do about it. That reversal is survivable in a teaching case. Encountering it for the first time in a live signal is not the ideal moment to be learning the vocabulary.

Therapex does not exist, and neither do the six companion products introduced where it cannot carry a lesson. Their numbers are synthetic and internally consistent, which makes the arithmetic in this book real arithmetic and makes the data set entirely unsafe to quote outside it. Real medicines are named only where documented regulatory history is being reported, and then only for facts that carry a citation. The Notice and Disclaimer states this at proper length; I repeat it here because the warning matters more than a legal page can carry.

What this book will not do is summarise guidance. Guidance is available, free, and better at saying what it says than any paraphrase. Nor will it pretend that quantification settles anything on its own — the chapters on quantitative methods are also the chapters most insistent about their limits. And it will not tell anyone how to treat a patient. It evaluates evidence about medicines.

If it works as intended, a reader with a validated signal, a reassessment to run and a committee date will find here the sequence of steps, the arithmetic, the presentation and the wording needed to reach a defensible conclusion and to write it down in a form that survives being read by somebody sceptical. That is the whole of the ambition.

Hafez Selim August 2026


How to use this book

The book has seven parts and thirty-three chapters and is not designed to be read in order by everybody. Most readers arrive with a problem rather than a curriculum. The paths below get the commonest arrivals to a working answer quickly; the rest is there when the answer needs defending.

Reading paths

The assessor with a signal on the desk this week. Start with Chapter 23, the operational playbook: quantify the risk, characterise it, size the exposed population, test whether the high-risk group is prospectively identifiable, re-evaluate the benefit in that group, and decide whether risk minimisation could plausibly work. Read Chapter 19 alongside it for the criteria that justify escalating at all, and Chapter 6 for the risk-characterisation dimensions it assumes. Then Chapter 24, for the action ladder and the proportionality argument. Case study 7 works this path end to end; Case study 8 shows the same machinery correctly concluding that nothing needs to change.

The medical writer with a periodic report due. Chapter 20 first: the architecture of the integrated benefit–risk analysis, the cumulative-versus-interval distinction that causes most regulator criticism, the problem of writing a benefit evaluation in an interval with no new benefit data, and a complete worked section with annotated commentary. Chapter 1 supplies the vocabulary that keeps the writing precise, Chapter 8 the language for uncertainty, and Appendix B and the wording library in Chapter 33 sentence patterns for each conclusion type.

The newcomer to benefit–risk work. Read Parts I and II in order. Then Chapter 9 — structured qualitative assessment, the foundation of everything and adequate on its own for many decisions — and Chapter 18, which explains what the other method chapters are for before you invest in them. Then Part III, then Part IV, where the work actually happens. Leave Part V until a chapter of it becomes your problem.

The statistician or quantitative scientist. Chapters 12 to 15 and 17 carry the mathematics, and Chapter 13 matters most in practice because it governs which measures may legitimately be combined. Read Chapter 8 first even so: the errors that damage quantitative benefit–risk work are usually errors about evidence, not about arithmetic. Chapter 18 sets out where each method is defensible, and each method chapter ends with the row it contributes to the method-comparison matrix in Appendix A.

The student. Chapters 1, 4, 6, 9 and 12, in that order, then Chapter 32 and as many of the ten case studies as time allows. The cases are worked, not taught, and reward reading with the relevant method chapter open.

How the chapters are built

Every chapter opens with a scene-setting paragraph and a WHAT THIS CHAPTER GIVES YOU box listing capabilities rather than topics, and closes with numbered KEY POINTS and its own reference list. Chapters in Parts I to IV carry a Therapex box near the front, opening with "Therapex, Year N." so the running case can be located on its timeline at a glance.

The method chapters, 9 to 17, share a fixed seven-part structure: The concept · The mathematics · Worked example · Presenting the result · Interpretation · Limitations · When to use it, and how to say so. The structure is deliberate: the same question — what does this method need, what does it produce, what does it not license you to claim — is answered in the same place in every chapter, so two methods can be compared by reading their Limitations sections against each other.

Four kinds of boxed feature recur, each with a defined job.



	Box
	What it contains



	Regulatory anchor	The specific provision governing the point just made, with its document, reference number and date.

	Practice point	A concrete instruction: do this, not that.

	Common error	A named mistake, why it happens, what it costs and how to avoid it.

	Conclusion wording	Copy-ready sentences in the register of a real assessment report, periodic report or committee paper.




The wording boxes are written in the voice of the document they belong in, not the voice of this book. Adapt them; do not transcribe them.

Conventions

Regulatory references are date-stamped throughout, so that a provision can be checked against the current text. Percentages are given to one decimal place; confidence intervals appear as "(1.35 to 3.87)"; rates always state their denominator; and the book uses NNTB and NNTH rather than a signed number needed to treat. Cross-references name the chapter — "(Chapter 14)" — and nothing is re-explained in two places: a cross-reference means the other chapter has the argument in full.

Part VII and the companion tool

Part VII is the part to photocopy. Chapter 33 reproduces every template, worksheet, checklist and wording pattern used in the book — the effects table, the value tree, the BRAT and PrOACT-URL worksheets, the multi-criteria scoring sheet with its swing-weighting protocol, the NNT and NNH calculation sheet, the signal-to-benefit-risk escalation checklist, the committee paper and decision-log templates, and the regulatory action decision tree. It is written to be usable by someone who has not read the book — the test a toolkit passes or fails.

The companion benefit–risk workbench, a single-file application needing no installation, runs the same worksheets interactively: https://abdu94-hash.github.io/benefit-risk-workbench/. It calculates; it does not decide; and clause 9 of the Notice and Disclaimer applies to it in full.


Abbreviations



	Abbreviation
	Expansion



	ACR	American College of Rheumatology

	ACR20	20% improvement by American College of Rheumatology criteria

	ACR50	50% improvement by American College of Rheumatology criteria

	ACR70	70% improvement by American College of Rheumatology criteria

	ADDIS	Aggregate Data Drug Information System (benefit–risk decision-support software)

	AE	Adverse event

	AHP	Analytic Hierarchy Process

	ARI	Absolute risk increase

	ARR	Absolute risk reduction

	BID	Twice daily (bis in die)

	BRA	Benefit–risk assessment

	BRACE	Benefit-Risk Assessment, Communication and Evaluation (lifecycle view)

	BRAD	Benefit-Risk Assessment Document (CIOMS XII)

	BRAT	Benefit-Risk Action Team (framework)

	CATS	Cause, Aspect, Type, Strategy (uncertainty description structure)

	CBER	Center for Biologics Evaluation and Research (FDA)

	CDER	Center for Drug Evaluation and Research (FDA)

	CDRH	Center for Devices and Radiological Health (FDA)

	CHMP	Committee for Medicinal Products for Human Use (EMA)

	CI	Confidence interval

	CIOMS	Council for International Organizations of Medical Sciences

	CMDh	Co-ordination Group for Mutual Recognition and Decentralised Procedures — Human

	CRP	C-reactive protein

	CTD	Common Technical Document

	DAS28-CRP	Disease Activity Score in 28 joints, C-reactive protein based

	DCE	Discrete choice experiment

	DIN	Disease impact number

	DMARD	Disease-modifying antirheumatic drug

	EC	European Commission

	EEA	European Economic Area

	EMA	European Medicines Agency

	EMEA	European Agency for the Evaluation of Medicinal Products (the Agency's former name, retained in older document reference numbers)

	EPAR	European public assessment report

	ETASU	Elements to assure safe use (of a REMS)

	EU	European Union

	FDA	Food and Drug Administration (United States)

	FDAAA	Food and Drug Administration Amendments Act of 2007

	GVP	Good Pharmacovigilance Practices (EU guideline on)

	HAQ-DI	Health Assessment Questionnaire Disability Index

	HSA	Health Sciences Authority (Singapore)

	ICH	International Council for Harmonisation of Technical Requirements for Pharmaceuticals for Human Use

	ICH E2C(R2)	ICH guideline Periodic Benefit-Risk Evaluation Report (PBRER)

	ICH E2E	ICH guideline Pharmacovigilance Planning

	ICH E2F	ICH guideline on the development safety update report; source of the "important identified risk", "important potential risk" and "missing information" definitions carried in GVP Annex I

	ICH E19	ICH guideline A Selective Approach to Safety Data Collection in Specific Late-Stage Pre-Approval or Post-Approval Clinical Trials

	ICH E22	ICH guideline General Considerations for Patient Preference Studies

	ICH M4E(R2)	ICH guideline governing the benefit–risk section of the Clinical Overview, CTD section 2.5.6

	ICSR	Individual case safety report

	ICU	Intensive care unit

	IMI	Innovative Medicines Initiative

	INB	Incremental net benefit

	INN	International nonproprietary name

	IR	Incidence rate

	IRD	Incidence rate difference

	IRR	Incidence rate ratio

	ISPOR	Professional Society for Health Economics and Outcomes Research

	ITC	Indirect treatment comparison

	MACBETH	Measuring Attractiveness by a Categorical Based Evaluation Technique

	MACE	Major adverse cardiac event

	MAR	Maximum acceptable risk

	MCDA	Multi-criteria decision analysis

	MDIC	Medical Device Innovation Consortium

	MHRA	Medicines and Healthcare products Regulatory Agency (United Kingdom)

	MTC	Mixed treatment comparison

	NASWSI	New Active Substance Work-Sharing Initiative (Access Consortium)

	NEPP	Number of events prevented in your population

	NMSC	Non-melanoma skin cancer

	NNH	Number needed to harm

	NNR	Number needed to restrict

	NNT	Number needed to treat

	NNTB	Number needed to treat for one additional beneficial outcome

	NNTH	Number needed to treat for one additional harmful outcome

	O/E	Observed-to-expected ratio

	OR	Odds ratio

	OS	Overall survival

	PASS	Post-authorisation safety study

	PBRER	Periodic Benefit-Risk Evaluation Report

	PDUFA	Prescription Drug User Fee Act

	PFS	Progression-free survival

	PhRMA	Pharmaceutical Research and Manufacturers of America

	PIN	Population impact number

	PIN-ER-t	Population impact number of eliminating a risk factor over time t

	PMDA	Pharmaceuticals and Medical Devices Agency (Japan)

	pp	Percentage points

	PPS	Patient preference study (or studies)

	PRAC	Pharmacovigilance Risk Assessment Committee (EMA)

	PREFER	Patient Preferences in Benefit-Risk Assessments during the Drug Life Cycle (IMI project)

	PrOACT-URL	Problem, Objectives, Alternatives, Consequences, Trade-offs — Uncertainty, Risk tolerance, Linked decisions

	PROTECT	Pharmacoepidemiological Research on Outcomes of Therapeutics by a European Consortium (IMI project)

	PRR	Proportional reporting ratio

	PSM	Probabilistic simulation method

	PSUR	Periodic safety update report

	PT	Person-time

	PY	Patient-years

	Q-TWiST	Quality-adjusted time without symptoms of disease or toxicity

	QALY	Quality-adjusted life-year

	RA	Rheumatoid arthritis

	RD	Risk difference

	REL	Time from progression or relapse to death or end of follow-up (Q-TWiST health state)
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	RMP	Risk management plan
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	UK	United Kingdom
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	WHO	World Health Organization
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PART I

Foundations

The vocabulary, the lifecycle, and the instruments that govern the judgement.




CHAPTER 1

What benefit–risk assessment actually is

Somewhere near the end of every periodic safety report there is a sentence stating that the benefit–risk balance of the product remains favourable. Few sentences in pharmacovigilance are written more often, or examined less. It commits its author to a claim about a particular population, against a particular alternative, under particular conditions of use, over a particular period — four commitments, of which most versions of the sentence state none. It also commits its author to a claim about a specific object: not the product's inventory of favourable and unfavourable effects, but the conclusion drawn from that inventory, which is a different object that changes at different moments and for different reasons. This chapter takes the sentence apart. Everything that follows in the book is an attempt to earn the right to write it.


WHAT THIS CHAPTER GIVES YOU


	The vocabulary to say precisely what a new safety finding has changed: the profile, the balance, or neither.

	A working definition of benefit that survives contact with a regulator — what separates it from efficacy and from effectiveness, and which numbers you are then entitled to quote.

	The four conditions to which every benefit–risk statement is silently attached, and a one-sentence formula for stating them explicitly.

	The reason no arithmetic converts a death into a number of nonfatal events, and what competent practice does instead of pretending otherwise.

	A defensible reply to the committee member who asks for "the benefit–risk ratio".





THE THERAPEX THREAD

Therapex, Year 0. Therapex (fictional INN therapexib, development code TPX-441) is an oral selective Janus-kinase-family inhibitor given at 10 mg twice daily, authorised in the EU and the US in Year 0 for moderate-to-severe active rheumatoid arthritis in adults with an inadequate response to conventional synthetic DMARDs. It is the running case of this book, reassessed chapter by chapter with progressively more demanding methods until a regulatory decision falls in Year 4.

Therapex does not exist. Every figure attributed to it — efficacy, incidence rates, exposure, preference weights — is fictional, constructed for teaching, and internally consistent only with itself. Nothing about Therapex is to be read as pertaining to any real medicine, any real class of medicines, or any real regulatory action.


That warning is repeated in ordinary text because it matters more than a box can carry. The Therapex data set was constructed so that the arithmetic in this book is real arithmetic: the rates are internally consistent, the confidence intervals are computed from the stated denominators, and the conclusions later chapters draw are the conclusions those numbers actually support. That is what makes the case useful for teaching, and it is also what would make it dangerous quoted outside the book, because it looks exactly like data. It is not data. The same applies to the companion fictional products introduced later where Therapex cannot carry a lesson — Oncorex, Coagurex, Glucarex, Immuvax, Raravir and Gestarex. Real medicines are named only where documented regulatory history is being reported, and then only for facts that carry a citation.

Benefit is not efficacy

Three words are used interchangeably in conversation and must not be in an assessment.

Efficacy is the effect of a medicine observed under the conditions of a clinical trial: a selected population, protocol-defined administration, monitored adherence, prespecified endpoints. It is as much a property of the experiment as of the drug. Effectiveness is the effect under the conditions of ordinary use, where selection, adherence, comorbidity and co-medication all operate. Benefit is neither. Benefit is the favourable effect that accrues to a defined population, relative to a defined alternative, under defined conditions, over a defined period. Efficacy and effectiveness are measured. Benefit is constructed from a measurement plus a set of conditions, and it does not exist until those conditions are named (Table 1.1).

Table 1.1 Three benefit-side terms and what each licenses.



	Term
	What it is a property of
	What establishes it
	What it cannot tell you



	Efficacy	The medicine under trial conditions	Randomised comparison in the studied population	What happens in patients who were not eligible for the trial

	Effectiveness	The medicine in routine care	Observational or pragmatic study in the treated population	Whether the effect is causal, without careful control of confounding

	Benefit	The medicine and a stated decision context	An efficacy or effectiveness estimate plus an explicit population, comparator, conditions of use and time horizon	Anything at all, if any of those four is left unstated




The practical consequence is a rule about quotation. An efficacy result is an input to a benefit claim; it is not the benefit claim. In THX-301, ACR20 response at 24 weeks was 62.0% on therapexib 10 mg twice daily against 27.0% on placebo. That is an efficacy result, and on its own it supports no statement about benefit whatsoever. To convert it, someone must assert that the trial population is close enough to the population being decided about, that placebo added to conventional synthetic DMARD therapy is the relevant alternative for that decision, and that 24 weeks is a defensible horizon over which to judge a disease managed for decades. Each assertion is contestable, and each belongs in the assessment document rather than in the analyst's head. Chapter 5 deals with measuring benefit properly; Chapter 8 deals with whether the measurement transports.

One register note. When writing in the effects-table idiom used across European assessment reports, this book says favourable effects and unfavourable effects, because that is what those documents call them and because the pairing avoids implying that a favourable effect is automatically a benefit to any particular patient. Elsewhere it says benefits and risks.

A risk is not an adverse event

The unfavourable side has a four-rung ladder, and each rung supports different statements.

An adverse event is an untoward occurrence in a patient exposed to a medicine, with no causal claim attached. An adverse reaction is an event for which a causal relationship with the medicine is at least a reasonable possibility. Harm is what the patient actually experiences and its consequences — its severity, its duration, whether it is reversible, what it costs in function. A risk is none of those three. A risk is a forward-looking statement about a population: the probability that exposure produces a specified harm, over a specified period, together with the nature of that harm (Table 1.2).

Table 1.2 Four risk-side terms and what each licenses.



	Term
	Causal claim
	Attached to
	What it licenses you to say



	Adverse event	None	An individual exposure	"This occurred in a treated patient."

	Adverse reaction	Reasonable possibility of causation	An individual exposure, or a labelled effect	"The medicine may cause this."

	Harm	Implied by the event's consequences	An individual patient	"This is what the patient suffered, and for how long."

	Risk	Causal at population level, or explicitly potential	A population, an exposure period and a comparator	"In this population, over this period, exposure produces this many more of these events than the alternative."




The distinction that matters most in practice is between the third rung and the fourth. A risk is not an event; it is a property of exposure. Counting events, however carefully, produces a numerator. A risk statement requires a denominator, a time base and a comparator, and a spontaneous report supplies none of the three. This is why the commonest failure in early signal work is not statistical but grammatical: the database yields events, and the sentence written from it claims a risk. Chapter 7 sets out what a reporting rate is and is not.

European law takes risk more widely still. GVP Annex I defines risks related to the use of a medicinal product as "Any risk relating to the quality, safety or efficacy of the medicinal product as regards patients' health or public health and any risk of undesirable effects on the environment."[1] The legal concept therefore includes lack of efficacy and quality defects — risks that no adverse event will ever surface. When the European definition of the balance speaks of "the risks", it is this wide sense that is meant.

Two further terms are flagged here and settled elsewhere. Seriousness and severity are different properties and are confused constantly; Chapter 6 defines both and shows how each changes an effect's weight in a model. And the phrase side effect does not appear in this book except inside a quotation from a patient-facing document, because it blurs precisely the causal question that the adverse event / adverse reaction distinction exists to keep open.

Favourable to whom, against what, and for how long

Every conclusion about a benefit–risk balance is conditional on exactly four things. Most assessments state one or two, imply a third, and leave the fourth to the reader.

Population. A balance is an average over a distribution of patients. If benefit or risk is heterogeneous across that distribution — and for most medicines at least one of them is — the average may describe nobody in particular. It can be favourable overall while being unfavourable in an identifiable stratum large enough to matter. This is not hypothetical. It is what happens to Therapex in Year 3, and it is the reason Chapter 31 exists.

Comparator. A balance is always against an alternative course of action, never in the abstract. The alternatives are not interchangeable: no treatment, best supportive care, the current standard of care, and a specific competitor product will each produce a different answer from the same evidence. This is the most powerful lever in benefit–risk work and the one most often pulled without being declared. Chapter 4 demonstrates it directly, showing the same Therapex data set yielding a positive conclusion against no additional therapy and a negative one against the active comparator biologic.

Conditions of use. Dose, duration, route, monitoring requirements, contraindications, warnings, who may prescribe, what must be done before the first dose and between doses. These are not context for the decision; very often they are the decision. Most real regulatory action changes the conditions of use rather than the authorisation status, which is why a book about benefit–risk turns out to be largely a book about the terms on which a product is used (Chapter 24).

Time horizon. The period over which favourable and unfavourable effects are counted. Benefits accruing over years and harms occurring within weeks are not comparable at an arbitrary cut, and a risk difference — together with everything derived from it — is a function of follow-up duration. Two analysts using identical data and different horizons will reach different conclusions and will both be right about their own question (Table 1.3).

Table 1.3 The four conditionals.



	Conditional
	The question it answers
	What moves if you change it
	Developed in



	Population	For whom?	The magnitude of both benefit and risk, and possibly the sign of the balance	Chapters 4, 31

	Comparator	Instead of what?	The entire comparison; the same data can yield opposite conclusions	Chapter 4

	Conditions of use	Used how, by whom, with what safeguards?	The exposed population and the realised rate of preventable harm	Chapters 21, 24

	Time horizon	Counted over what period?	Every absolute effect measure, and therefore every derived metric	Chapters 12, 16





PRACTICE POINT

Before analysing anything, write one sentence: In [population], compared with [alternative], used [under these conditions], over [this period], the balance is favourable / unfavourable / not determinable. Then check that every figure you are about to quote was generated under those four conditions. Most of the work in a real assessment consists of making the available evidence answer the question actually posed, and this sentence is what tells you when it does not. If a slot cannot be filled, that is itself a finding — record it, rather than leaving the reader to infer it.


A conclusion that fails to name all four is not merely imprecise. It is unfalsifiable, which is worse, because it cannot be challenged at committee and cannot be revisited when the evidence changes. Unfalsifiable conclusions are comfortable to write and impossible to defend.


CONCLUSION WORDING

"The benefit–risk balance of [product] in [authorised indication] remains favourable in [the population defined by the current indication], compared with [named alternative], when the product is used in accordance with [the conditions set out in the product information, including its contraindications and special warnings], on the evidence available at the data lock point of [date], over [the exposure period covered by the data presented in the relevant section]. This conclusion does not extend to [named population or use outside those conditions], for which the available data are insufficient to support a conclusion in either direction."

The bracketed slots are the four conditionals plus the evidence cut-off. A conclusion that leaves any of them empty has not been reached; it has been asserted.


Absolute and relative effects, and why only one of them can be netted

Relative measures travel; absolute measures decide.

A rate ratio or risk ratio is often the more stable quantity across populations, which is why it is the natural currency of causal inference and of meta-analysis. But a relative measure says nothing about how many people are affected, because it is silent about baseline risk. A doubling of a very rare event and a doubling of a common one are the same number and entirely different decisions.

The rule that follows is short and admits no exceptions. Only absolute measures can be netted across benefit and harm. Risk differences, rate differences and event counts on a common denominator are additive; risk ratios and odds ratios are not. You cannot subtract a rate ratio for thromboembolism from a response ratio for ACR50 and obtain anything at all. Every method in Part III that produces a combined result does so on absolute quantities, and those that appear not to — because they report a score or an index — have converted to absolute quantities somewhere inside.

The same efficacy result can be stated three ways. In THX-301, ACR20 response was 62.0% against 27.0%; the risk difference was 35.0 percentage points (27.7 to 42.3); and the number needed to treat for one additional responder, the reciprocal of that risk difference, was NNTB 2.9 (2.4 to 3.6).[2] The first form is a description. The second and third can be set against a harm expressed in absolute terms — but only once both sides sit on a common denominator and a common time base, which is a real analytical step and not a formatting exercise (Chapters 12 and 13).


COMMON ERROR

Comparing a relative benefit with an absolute risk. "The response rate is more than doubled, and the excess rate of the serious event is small in absolute terms." Both halves may be true; together they are not a comparison, because the two quantities sit on different scales and no arithmetic connects them. It happens because relative measures flatter the benefit and absolute measures flatter the harm, and the drafter is generally not conscious of having chosen either. Put both sides on the same absolute scale, on a common denominator and a common time base, before anyone attempts to weigh them.


Individual and population balances

A regulator does not treat patients. A prescriber does not authorise medicines. The two decisions share evidence and share almost nothing else, and a great deal of confused writing comes from applying the logic of one to the other.

The population balance is an expectation taken over the distribution of patients who will be exposed under a given set of conditions. It asks whether, across that whole distribution, the aggregate of favourable effects outweighs the aggregate of unfavourable effects in a valuation the decision-maker is prepared to defend. It is the object of a marketing authorisation, a referral procedure, a periodic report conclusion and a risk management plan.

The individual balance conditions on everything known about one person: their baseline risk of the outcome the medicine prevents, their baseline risk of the harm it causes, what they have already failed, what else they take, and what they themselves are willing to accept. It is the object of a prescribing decision, and this book neither makes prescribing decisions nor advises on them.

The two meet at one property, and it is the most decision-relevant property a risk can have: identifiability. If the patients who bear the excess risk can be recognised in advance — by age, by a documented comorbidity, by a laboratory value, by prior therapy — then a population decision can be reshaped into a condition of use. The medicine is kept for those in whom the balance is favourable and withheld from those in whom it is not, and both groups are better served than by any single decision applied to everyone. If the excess risk is distributed unpredictably across the treated population, that option is closed and the choice collapses to a blunter one. Chapter 6 characterises identifiability formally; Chapter 24 shows what it makes possible.

Two corollaries are worth stating because both are routinely got wrong. A favourable population balance does not license a statement that the medicine is right for any particular patient. And an unfavourable population balance does not mean that no patient benefits — it means that, integrated across the exposed population under the current conditions, the harms outweigh the benefits. That asymmetry is exactly what risk minimisation exploits, and it is why unfavourable and withdrawal are not synonyms.

A balance is not a profile

The vocabulary is now in place, and the distinction the rest of this book depends on can be stated exactly. The sharpest statement of it in the literature is the pair of definitions CIOMS Working Group XII placed in the foreword to its 2025 report.[3] A benefit-risk profile is "A concise description or summary of the potential risks and benefits associated with a medicinal product, which may or may not have undergone a formal benefit-risk assessment." A benefit-risk balance is "The outcome or result derived from a formal evaluation of potential risks and benefits associated with a medicinal product."

Read the qualifier in the first definition twice, because it is load-bearing: which may or may not have undergone a formal benefit-risk assessment. A profile can exist in full without anyone having evaluated anything. It is an inventory — of favourable effects, unfavourable effects, magnitudes, sources, uncertainties — and its quality is judged by whether it is complete, accurate and current. A balance cannot be assembled at all. It is derived. It is the output of an act of evaluation, and its quality is judged by whether the reasoning that produced it can be reconstructed and defended.

The grammar of the two words follows the distinction and is a useful discipline in itself. A profile is described, characterised, updated, revised. A balance is evaluated, concluded, maintained, judged to remain favourable. You cannot update a balance by adding a row to a table. You can only re-derive it.

Three consequences follow, and the rest of this book depends on all three.

A new finding changes the profile immediately and the balance only if it changes the decision. A confirmed adverse reaction enters the product information, the safety specification and the periodic report as soon as the causal assessment supports it. Whether it changes the balance is a separate question with a separate answer, and in the ordinary case the answer is no: the effect was anticipated, its magnitude falls within what the existing conditions of use already assume, and no available regulatory action would be preferable to the one currently in place. Chapter 2 develops this asymmetry; Chapter 19 works it through for a signal.

Two assessors can agree entirely on the profile and disagree on the balance. This happens routinely at committee, and it is worth being precise about what kind of disagreement it is. It is not a disagreement about the data. More data will not resolve it, and neither will a better meta-analysis. It is a disagreement about how much a particular unfavourable effect matters relative to a particular favourable one — a difference in valuation, not in observation. Recognising which of the two you are in is the most useful diagnostic skill in a benefit–risk discussion, because the remedies are entirely different. A factual dispute is settled by evidence. A valuation dispute is settled by making the valuation explicit and testing whether the conclusion survives across its plausible range.

The profile is a property of the medicine; the balance is a property of the medicine together with a decision context. Change the population, the comparator, the conditions of use or the period over which effects are counted, and the balance moves without a single datum changing. This is not a defect of the concept. It is the concept.


REGULATORY ANCHOR

GVP Annex I (Rev 5, dated 26 July 2024, effective 6 August 2024), citing Directive 2001/83/EC Article 1(28a), defines the benefit–risk balance as "An evaluation of the positive therapeutic effects of the medicinal product in relation to the risks."[1] Two features of that sentence carry weight. It names an evaluation — an act — and not a quantity. And it is comparative, "in relation to", while specifying neither the comparator, nor the method, nor a threshold. The European legal definition of the subject of this book contains no number.


The FDA's position, stated in its final guidance of October 2023, is the same proposition expressed as policy rather than as definition: "benefit-risk assessment inevitably involves a qualitative, subjective judgment by the Agency that weighs data and information."[4] The word inevitably is doing deliberate work. It is not a concession that the science is immature and will one day dispense with judgement. It is a statement that the judgement is irreducible. Figure 1.1 draws the distinction.

[image: Figure 1.1]
Figure 1.1  Profile and balance. The left panel is an inventory of effects; the right panel is a decision, conditional on population, comparator, conditions of use and time horizon, and on a valuation. Nothing in the left panel determines the right panel by itself

COMMON ERROR

"The benefit–risk balance has changed." Written when what has changed is the profile. A newly confirmed adverse reaction goes into the product information, the safety specification is revised, and the sentence writes itself. It costs credibility twice: once when a regulator asks which decision option the change implies and there is no answer, and again when a genuine change in the balance does arrive and the phrase has already been spent. Reserve the sentence for the case where the preferred decision option has moved, and say in the same breath which option it has moved to.


At Year 0, Therapex has a profile: substantial response and functional benefit against conventional synthetic DMARD therapy alone; a smaller and less certain increment against an active comparator biologic; serious infection and herpes zoster as important identified risks; thromboembolism, major adverse cardiac events and malignancy as important potential risks; long-term safety and use in the very elderly as missing information. That inventory is not a conclusion. The conclusion — that the product should be authorised, in that indication, with those warnings, under a routine risk management plan — is the balance, and reaching it required someone to judge that the response and function gains were worth the infection burden. Nothing in the inventory made that judgement. A person made it.

Balance, not ratio

This book says benefit–risk balance. It does not say benefit/risk ratio, and the reason is not fastidiousness.

CIOMS Working Group IV settled the question institutionally in 1998, and the field has been slow to notice.[5] There is, the group concluded, "no defined and tested algorithm or summary metric that combines benefit and risk data". Expressions such as "benefit-to-risk ratio" and "therapeutic index" are "inexact" and "not easily quantifiable with a summary statistic". Most directly: "Rarely is it possible to express the relationship between benefits and risks quantitatively with simple units of measure (as a ratio or difference, for example)."

A ratio makes four promises it cannot keep. It implies that numerator and denominator are measured in commensurable units, when a proportion of responders and a rate of thromboembolic events are not. It is unit-dependent, so rescaling either arm changes the number without changing anything about the medicine. It is unstable and eventually undefined as the denominator approaches zero, which is the region every well-tolerated product occupies. And it destroys what a decision-maker most needs — the absolute magnitude of both quantities — while concealing the valuation that had to be imposed to divide one by the other at all. Chapter 13 makes the full case and shows what to use instead.

Ratio survives because it is short and sounds quantitative. That is precisely the problem: it borrows the authority of arithmetic for a judgement arithmetic did not make. Balance is the more honest word because it names an act of weighing, and weighing requires a weigher.

Why there is no exchange rate

How many serious infections are worth one prevented case of irreversible joint destruction? The question has no answer. Not "no answer yet" — no answer of the kind that more evidence could ever supply. It is a question about value, and evidence does not answer questions about value.

This is the central fact of the discipline, and everything methodological in this book is a response to it. Any procedure that reduces benefit and risk to a single number has answered the question, whether or not its authors noticed. Multi-criteria decision analysis answers it in the weights (Chapter 14). A comparison of an NNTB with an NNTH answers it by treating two reciprocals of different quantities as commensurable (Chapter 12). Q-TWiST answers it in the utilities attached to health states (Chapter 16). A maximum acceptable risk derived from a discrete choice experiment answers it in the ratio of two coefficients (Chapter 17). The answer may be carefully elicited from the right people or casually assumed by an analyst at a keyboard; it may be documented or invisible; but it is always there. A single number is not evidence that an exchange rate was avoided. It is proof that one was applied.

Death does not resolve the problem, though it is often invoked as though it should. A decision-maker who declines to trade any mortality against any amount of morbidity has not escaped the exchange rate; they have set it to infinity, and must then accept the consequences of that setting — including refusing a therapy that would avert a great deal of irreversible disability at a very small mortality cost. That is a defensible position. It is not a neutral one, and it should be argued for rather than assumed.

Nor is the exchange rate the analyst's property. Whose valuation sits in the model — clinicians', regulators', the sponsor's or patients' — is a question about legitimacy rather than technique, and the answers are not interchangeable (Chapter 17).

What competent practice does instead is simple to state and rarely done. Make the exchange rate a parameter, and report the conclusion across its plausible range. If the conclusion holds throughout that range, the valuation was not decisive and the analysis can say so, which is a genuinely strong result. If the conclusion reverses somewhere inside the range, the analysis has located the real question, and the reader now knows exactly what the decision turns on. Threshold analysis, one-way sensitivity analysis on weights, benefit–risk acceptability curves and stochastic multicriteria acceptability analysis are all implementations of that one idea (Chapters 14, 15 and 16).

Both of the field's institutional authorities have said as much in their own registers. CIOMS IV denied in 1998 that any summary metric combines the two sides.[5] The FDA, in October 2023, holds that "a qualitative, descriptive approach to benefit-risk assessment (e.g., completion of the Benefit-Risk Framework) will be adequate in many cases", and that "This guidance does not prescribe specific approaches for sponsors to follow. The appropriate method(s) will depend on the benefit-risk issue."[4] Twenty-five years apart, two bodies with different legal systems and different incentives reached the same position: structure the judgement, do not attempt to replace it.

The balance is a decision, not a number

Put the strands together and the definition sharpens. To assess a benefit–risk balance is to choose, on stated evidence and under stated conditions, among the actions actually available to the decision-maker.

Those actions form a ladder this book returns to constantly, and it has seven rungs: no action; enhanced monitoring; a labelling change; additional risk minimisation measures; a restricted indication; an imposed study; suspension or withdrawal. Chapter 4 shows how to enumerate the options genuinely available in a given situation, and Chapter 24 works through what evidence supports each rung. The point here is structural. The output of a benefit–risk assessment is a rung, with reasons. It is not a score. A score can inform the choice, discipline it, expose disagreement and test its robustness — all of which are worth having — but it cannot be the choice, because a score does not name an action.

This is also, prosaically, what the practice looks like. A survey of quantitative benefit–risk assessment in industry found that although most responding companies had applied such methods, "application was limited to a small number of assets — primarily to support internal decision-making", typically two to three products or 10–20% of a portfolio; the barrier cited most often was the value proposition, ahead of procedural, methodological and practical obstacles.[6] That is not an argument against quantification, and this book spends nine chapters on quantitative methods. It is an argument for honesty about what quantification is for. It sharpens a judgement, documents it and stress-tests it. Regulators still decide, and they decide in words.

Three claims follow from this chapter, and every subsequent chapter is built to support one or more of them. First, benefit–risk assessment is a structured judgement, not a calculation; quantitative methods discipline the judgement and make it auditable, and they do not replace it. Second, every method that produces a single number has an exchange rate hidden inside it, and good practice makes that exchange rate a declared parameter and reports the answer across its range rather than concealing it in a weight. Third, the balance is conditional — on the population, the comparator, the time horizon and the conditions of use — which is why most real regulatory action consists of changing those conditions rather than removing the product. A reader who finishes this book holding those three claims will have got what it was written to give, whatever they make of the individual methods.

What this book will not do

It will not summarise guidance. Guidance documents already state what must be produced; Chapter 3 maps them, with revision numbers and dates so the reader can tell what has aged, and the rest of the book assumes a reader who can look one up.

It will not do health technology assessment. Cost, price, budget impact and opportunity cost are absent throughout. The payer perspective is legitimate and is a different question, and Chapter 4 says why it is out of scope; where the machinery overlaps, as it does with utilities and quality-adjusted time, the boundary is drawn explicitly (Chapter 16).

It will not give clinical advice. Every conclusion here is a conclusion about evidence concerning a medicine, addressed to people who evaluate medicines. None is addressed to a clinician about a patient.

It will not claim that a method decides. Each method chapter ends by stating what its output does and does not license the reader to say, and several end by recommending that the method not be used in the situation just described.

And it will not use a real medicine as a stand-in for an invented safety problem. Therapex and its companions carry the teaching load, and every number attached to them is fiction.


KEY POINTS


	A benefit–risk profile is a description of a medicine's favourable and unfavourable effects; a benefit–risk balance is the outcome of a formal evaluation of them. The two change at different times and for different reasons.

	A new adverse reaction changes the profile the moment it is confirmed; it changes the balance only if it changes which regulatory action is preferable.

	Disagreement about a balance that persists after the data are agreed is a disagreement about valuation, and no additional evidence will settle it.

	Efficacy and effectiveness are measured; benefit is constructed from a measurement plus an explicit population, comparator, conditions of use and time horizon.

	A risk is a property of exposure in a population, not a count of events; a numerator without a denominator, a time base and a comparator supports no risk statement.

	Every benefit–risk conclusion is conditional on population, comparator, conditions of use and time horizon; one that names fewer than all four cannot be challenged and cannot be revisited.

	Only absolute effect measures can be netted across benefit and harm. Relative measures must never be summed, subtracted or otherwise combined across the two sides.

	There is no objective exchange rate between a death and a nonfatal event. Every method that emits a single number contains one, and good practice makes it a parameter and reports the conclusion across its range.

	The output of a benefit–risk assessment is an action chosen from the seven available options, with reasons — not a score.

	All Therapex data in this book are fictional, invented for teaching, and must not be read as pertaining to any real medicine.




References


	European Medicines Agency. Guideline on good pharmacovigilance practices (GVP), Annex I — Definitions. Rev 5. EMA/876333/2011 Rev 5; dated 26 July 2024, effective 6 August 2024.

	Altman DG. Confidence intervals for the number needed to treat. BMJ. 1998;317(7168):1309-12. PMID 9804726. doi:10.1136/bmj.317.7168.1309

	Council for International Organizations of Medical Sciences. Benefit-risk balance for medicinal products: report of the CIOMS Working Group XII. Geneva: CIOMS; 2025. 194 pp. ISBN 978-92-9036-109-1. doi:10.56759/gwfz1791

	US Food and Drug Administration, CDER and CBER. Benefit-Risk Assessment for New Drug and Biological Products: Guidance for Industry. Final; October 2023. Docket FDA-2020-D-2316.

	Council for International Organizations of Medical Sciences. Benefit-Risk Balance for Marketed Drugs: Evaluating Safety Signals — report of CIOMS Working Group IV. Geneva: CIOMS; 1998 (reprinted 2000, 2004).

	Smith MY, van Til J, DiSantostefano RL, Hauber AB, Marsh K. Quantitative benefit-risk assessment: state of the practice within industry. Ther Innov Regul Sci. 2021;55(2):415-425. doi:10.1007/s43441-020-00230-3




CHAPTER 2

Benefit–risk assessment in pharmacovigilance

Benefit–risk assessment before authorisation is an event. Benefit–risk assessment after authorisation is a condition. The first has a dossier, a clock, a committee and a decision that either happens or does not. The second has none of those things by default; it has to be triggered, and the triggering is where most of the failures occur. Pharmacovigilance inherits a conclusion that was reached once, on a fixed body of evidence, about a population that no longer exists in the same form, and is then asked to keep that conclusion honest for fifteen years while only one side of the evidence keeps growing. This chapter is about the structural consequences of that arrangement, and about the discipline required to stop the balance drifting for reasons that have nothing to do with the medicine.


WHAT THIS CHAPTER GIVES YOU


	How to say precisely what changes between a pre-authorisation and a post-authorisation benefit–risk assessment, dimension by dimension, and why each change matters to the conclusion.

	How to recognise the benefit data freeze in your own product's file, and eight specific things to do about it.

	How to distinguish a change in what is known about a risk from a change in the benefit–risk balance itself, and to say which one you are reporting.

	How to date-stamp and population-stamp both sides of a balance so that an asymmetry cannot operate silently.

	Where benefit–risk work actually sits in the pharmacovigilance calendar, and what each occasion must produce.





THE THERAPEX THREAD

Therapex, Year 0–3. All Therapex data in this book are fictional. Therapex (therapexib, TPX-441) is authorised in Year 0 for moderate-to-severe rheumatoid arthritis with a routine risk management plan: serious infection and herpes zoster as important identified risks; venous thromboembolism, major adverse cardiac events and malignancy as important potential risks; long-term safety and use in patients aged 75 and over as missing information. Year 1 brings a hepatic cluster that dissolves against background incidence (Chapter 8) and a herpes zoster rate that matches the trials. Year 2 confirms the serious-infection rate; the first periodic report concludes that the balance remains favourable. Year 3 is the inflection: the post-authorisation safety study reports excess venous thromboembolism and cardiac events concentrated in one identifiable stratum. Everything in Parts II to IV follows from that arc.


What changes when the product leaves the trial

The pre-authorisation assessment and the post-authorisation assessment share a vocabulary and almost nothing else. CIOMS Working Group XII, whose 2025 report was written explicitly to update the 1998 CIOMS IV report on marketed drugs and to extend it across the whole product lifecycle, treats them as two positions on one continuum rather than two disciplines.[1][2] That is right as doctrine. It is misleading as a description of daily work, because the practical constraints are not continuous at all; they change abruptly at authorisation, and they change in opposite directions on the two sides of the balance (Table 2.1).

Table 2.1 What changes at authorisation, and what each change does to the assessment.



	Dimension
	At authorisation
	After authorisation
	Consequence for the assessment



	Comparator	Chosen by protocol; randomised; contemporaneous	Whatever patients actually take, or nothing; never randomised	Comparative benefit becomes an inference, not an observation

	Population	Protocol-eligible; exclusions enforced	All-comers; older, sicker, more comorbid, more co-medicated	The frozen benefit estimate applies to a population that is no longer the treated one

	Exposure denominator	Exact, small, patient-level	Large, approximate, usually derived from sales or dispensing	Rare risks become estimable; every estimate acquires denominator uncertainty

	Benefit evidence	Randomised, adjudicated, protocol-driven, complete	Rarely refreshed; effectiveness endpoints seldom captured routinely	Benefit is measured once and then quoted

	Risk evidence	Bounded by trial size and duration	Accrues continuously from spontaneous reports, studies and databases	The risk list gains precision and gains new entries

	Time horizon	Trial duration, typically weeks to months	Years of continuous exposure, including chronic and repeated use	Latent and cumulative harms become visible; durability of benefit does not

	Decision options	Approve, approve with conditions, refuse	A ladder from no action to withdrawal (Chapter 24)	The question stops being binary and becomes a question of conditions of use

	Decision moment	Fixed, scheduled, adversarial	Undefined; must be manufactured by a trigger	Failure to convene is itself a decision




The last row deserves more than a table cell. Before authorisation, someone will make a decision on a known date whether or not the evidence is ready. After authorisation, nobody will make one unless a person decides that the moment has come. That is why the trigger criteria in Chapter 19 matter so much, and why an assessment function that produces excellent analyses on request but never convenes on its own initiative is not doing pharmacovigilance.

How the two sides of the balance accrue evidence

Consider what happens to the evidence base on each side of the balance in the five years after launch.

On the risk side, everything accumulates. Spontaneous reports arrive from the first week and never stop. Exposure grows, so events too rare to appear in a programme of a few thousand patients become countable. Duration grows, so harms with a long latency — malignancy, cumulative organ toxicity — enter the observable window for the first time. The exposed population broadens, so effects confined to the very old, the renally impaired or the polypharmacy patient become detectable. Databases mature, and comparative cohort studies become feasible because there are finally enough exposed person-years to support them. Each of these developments makes the risk description longer, more precise, or both.

On the benefit side, almost nothing happens. The pivotal programme is completed, locked, published and filed, and in most therapeutic areas it is the last randomised comparison the product will ever have. Long-term extension studies continue for a while but lose their control arm and their comparability (Chapter 7). Effectiveness in routine care is measured rarely, late, and usually only if a payer or an academic group takes an interest. No regulatory instrument obliges a sponsor to keep measuring how well the medicine works with anything approaching the force of the instruments that oblige it to keep measuring how often the medicine harms. Figure 2.1 draws the two curves.
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Figure 2.1  The evidence asymmetry. Risk evidence accumulates for the life of the product; benefit evidence is largely fixed at approval. The curves are schematic; the time axis is the only quantity plotted
That divergence is the single most important structural fact about benefit–risk assessment in pharmacovigilance. It is not a criticism of anyone. It follows from how medicines are studied and regulated. But it has a consequence that must be stated bluntly: the balance drifts unfavourably by construction, and an assessor who does nothing to counteract that drift will, over enough cycles, produce a conclusion that reflects the design of the evidence system rather than the properties of the medicine.

The benefit data freeze

Call this the benefit data freeze. The favourable side of the balance is estimated once, from a defined programme, in a defined population, against a defined comparator, at a defined data lock point — and is then quoted, unchanged, in every subsequent assessment for the rest of the product's life. Meanwhile the unfavourable side is re-estimated continuously.

Why benefit evidence stops

Six mechanisms, each sufficient on its own.

There is no benefit analogue of spontaneous reporting. The entire post-authorisation surveillance architecture — reporting obligations, databases, disproportionality methods, signal management — exists to detect harm. Nobody reports a therapeutic success. The asymmetry is built into the plumbing.

Randomisation becomes unavailable. Once a medicine is authorised for an indication, a placebo-controlled trial in that indication is difficult to justify and difficult to recruit. The comparison that produced the benefit estimate cannot easily be repeated.

Effectiveness endpoints are not captured by routine data. The databases that make post-authorisation risk estimation possible record diagnoses, procedures, dispensings and deaths. They record a pulmonary embolism. They do not record an ACR50 response, a DAS28 score or a HAQ-DI change. The same data source that refreshes the risk estimate is structurally incapable of refreshing the benefit estimate.

Confounding by indication bites the benefit side hardest. Where an observational benefit estimate is attempted, patients who receive the medicine differ systematically from those who do not, in exactly the characteristics that predict the outcome the medicine is meant to improve. The methods that handle this are demanding, and the residual uncertainty is often larger than the effect (Chapter 8).

Obligation is asymmetric. Imposed post-authorisation safety studies are a routine instrument of regulation. Imposed studies of efficacy exist but are far rarer, are usually tied to a specific unresolved question at approval, and are not a general mechanism for keeping benefit estimates current.

The periodic report institutionalises the freeze. In a document structured around an interval, a benefit section with no new data in the interval invites a sentence saying so — and then the same sentence next cycle, and the cycle after that (Chapter 20).

What the freeze does to the balance

Three distinct harms follow, and they are routinely confused with one another.

The first is mechanical drift. Every reassessment cycle can add rows to the unfavourable side and can add none to the favourable side. In a structured display — an effects table, a key benefit–risk summary — the visual consequence is unmistakable: three favourable effects, unchanged since Year 0, against a growing column of unfavourable ones. The display is accurate and the impression it creates is false, because the benefits were never re-counted.

The second is the precision illusion. As exposure accumulates, the confidence interval around a risk estimate narrows. A rate ratio estimated with a wide interval at approval and the same rate ratio estimated with a narrow interval three years later describe the same world. What changed is what is known, not what is happening. Assessors — and, more often, committees reading a summary — read the narrowing as escalation. The correct question is whether the point estimate has moved, not whether the interval has shrunk.

The third is population mismatch, and it is the most damaging because it is the least visible. By Year 3 the risk estimate has been refreshed in the population currently being treated: broader, older, more comorbid. The benefit estimate has not. The assessor is therefore netting a benefit measured in Year −1 in a protocol-eligible population against a risk measured in Year 3 in an all-comers population. These are not two sides of one balance. They are two measurements of two different things. Where the treated population is systematically higher-risk and lower-responding than the trial population — which is the usual direction — the mismatch inflates the apparent net harm.

There is a fourth effect that runs the same way but has a different cause: comparator drift. Benefit was quantified against the standard of care as it stood at approval. If new alternatives have since entered practice, the incremental benefit of the product has fallen even though nothing about the product has changed. CIOMS IV was explicit that benefit–risk evaluation of a marketed medicine is inherently comparative — against alternatives or against no treatment, never in absolute terms.[2] A comparative claim whose comparator has been superseded is not a conservative claim. It is a stale one, and it usually flatters the product.


COMMON ERROR

Reading "no new benefit data" as "benefit unchanged". The absence of new evidence about a benefit is a statement about the evidence system, not about the medicine. It licenses neither "the benefit is unchanged" nor "the benefit is unproven". Both are inferences from silence. What it licenses is an explicit assumption — that the relative effect observed in the pivotal programme still holds in the currently treated population — followed by a test of how much the conclusion depends on that assumption. Assessors who skip this step are usually the ones surprised by a subgroup analysis.


Working against the freeze

The freeze cannot be abolished by an individual assessor. It can be made visible, partially corrected, and prevented from operating silently. Eight actions, in rough order of cost.

1. Date-stamp and population-stamp both sides. In every structured assessment, each favourable and each unfavourable effect carries two additional attributes: the data lock point of the estimate, and the population in which it was measured. This costs two columns and changes what the reader sees. When all favourable rows read pivotal programme, Year −1, protocol-eligible and the unfavourable rows read post-authorisation study, Year 3, all-comers, the asymmetry stops being an unstated feature of the analysis and becomes a stated limitation of it.

2. Re-base the absolute benefit in the current population. The relative effect usually cannot be re-measured. The absolute effect often can be re-derived. Take the untreated or comparator-treated outcome rate in the population actually being treated now — frequently available from the same cohort that produced the risk estimate — and apply the trial's relative effect to it. State the assumption of relative-effect transportability as an assumption. This is the same arithmetic routinely performed on the risk side, and it costs

















Emerging safety information







From signal to identified risk to a change in the balance














	State
	What has been established
	What it licenses
	What it does not license



	Unevaluated report or cluster	An event occurred in exposed patients	Validation work; case retrieval	Any statement about causation or rate

	Validated signal	A plausible, documented new association or new aspect	Prioritisation; formal assessment; regulator notification	A labelling change on its own

	Important potential risk	An association plausible enough that, if confirmed, it would affect the balance	Inclusion in the risk management plan; targeted follow-up	Presentation as an established harm

	Important identified risk	Aggregate causal evidence, usually with a denominator	Labelling; routine risk minimisation	An assumption that the balance has changed

	Quantified excess vs a comparator	An absolute excess in a defined population over a defined period	Entry into the effects table as an unfavourable effect	A conclusion, until the benefit side is stated on the same population

	Excess concentrated in an identifiable stratum	Differential absolute risk, prospectively identifiable	Restriction, contraindication, targeted minimisation	Withdrawal, unless benefit fails everywhere




The lifecycle framing: CIOMS XII, the BRAD and BRACE






Where benefit–risk work sits in the pharmacovigilance calendar





	Occasion
	Trigger
	Typical output
	What the assessment must add



	Continuous	Signal detection and validation	Signal assessment record	Whether the signal, if real, could affect the balance — and therefore how fast to work

	Periodic	The reporting interval	The integrated benefit–risk analysis in the periodic report (Chapter 20)	A cumulative conclusion, not an interval listing; an explicit statement of whether the balance has changed

	Event-driven	A validated serious signal, a regulator question, a class action, a referral	A standalone benefit–risk reassessment (Chapter 23)	A re-run of the full structured assessment, including the benefit side in the affected subgroup

	Milestone	Renewal, variation, new indication, label extension	The benefit–risk section of the submission	A conclusion framed on the new decision problem, not the old one








	Benefit–risk assessment before authorisation is a scheduled decision; after authorisation it is a continuous obligation with no default decision moment, so the failure to convene is itself a decision.

	Risk evidence accumulates for the life of a product; benefit evidence is largely fixed at approval. The balance therefore drifts unfavourably by construction unless the assessor actively works against the asymmetry.

	The benefit data freeze has six structural causes, of which the most fundamental is that the post-authorisation surveillance architecture is built to detect harm and has no benefit analogue.

	The freeze produces three distinct problems: mechanical drift, the precision illusion (a narrowing interval read as an escalating risk), and population mismatch between the two sides of the balance.

	Date-stamping and population-stamping every favourable and unfavourable effect is the cheapest effective countermeasure, because it converts a silent asymmetry into a stated limitation.

	Absolute benefit can usually be re-based in the current treated population even when relative effect cannot be re-measured; doing so is the same arithmetic already performed on the risk side.

	A signal, an identified risk and a change in the benefit–risk balance are three separate transitions requiring three different kinds of evidence; reclassifying a potential risk as an identified risk changes the file, not the world.

	A new risk does not change the balance if it was already assumed, is small in absolute terms, is shared by the comparator, or is confined to a prospectively identifiable stratum — but it may still require labelling and risk minimisation.

	A framework organised around therapeutic context, such as the CIOMS XII Structured Benefit-Risk Framework, forces re-examination of the benefit side even in intervals with no new efficacy data.

	A maintained benefit–risk assessment document carries the assumptions behind a benefit conclusion across the authorisation boundary, so that a later assessor inherits the argument rather than only the label.
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