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Abstract Against a backdrop of increasing costs and

poor productivity, the concept of ‘regulatory science’ has

sometimes been invoked in recent years in discussions

regarding regulation of pharmaceuticals. There is not one

generally accepted definition of regulatory science; how-

ever, there are several proposed definitions centered on a

common theme: the ‘brand of science’ (knowledge, tools,

concepts, etc.) that underpins and evolves regulatory

decision making. This article provides a short review of the

origins and features of regulatory science in addition to an

exploration of its current and potential future role in

pharmaceutical medicine. Moreover, the article discusses

how regulatory science differs from traditional academic

science and how it is related to the concept of regulatory

affairs. It is concluded that the emerging field of regulatory

science is likely to influence the future shaping and

implementation of laws and regulations.

1 Introduction

Given its potential impact on public health, the develop-

ment, manufacturing, and marketing of pharmaceuticals is

a highly regulated business. The primary classical aim of

regulatory activities is to protect the public from harmful

medicinal products and ensure that those with a favorable

benefit–risk balance are approved and made available.

Perceived failures of regulatory systems in different

respects are often high-profile news and regularly lead to

interventions from parliamentary overseers [1].

Against a backdrop of increasing costs and poor pro-

ductivity [2, 3], the concept of ‘regulatory science’ has

sometimes been invoked in recent years in discussions

regarding regulation of pharmaceuticals. There is not one

generally accepted definition of regulatory science [4–6];

however, there are several proposed definitions centered on

a common theme: the ‘brand of science’ (knowledge, tools,

concepts, etc.) that underpins and evolves regulatory

decision making. The aim of this article is to provide a

short review of the origins and features of regulatory sci-

ence in addition to an exploration of its current and

potential future role in pharmaceutical medicine.

2 Origins and Features of Regulatory Science

Defining regulation is not straightforward given the large

number of distinct definitions used in various areas of

regulatory studies [7]. A broad definition that seems

appropriate for the regulation of pharmaceuticals is the one

proposed by John G Francis, ‘‘regulation occurs when the

state constrains private activity in order to promote the

public interest’’ [8]. The origin of the term ‘regulatory

science’ is unknown. One source suggests that it was

coined in the 1970s when the newly established US

Environmental Protection Agency (EPA) was forced to

make decisions based on incomplete and sometimes non-

existing scientific information [9]. Another source points

toward the proposal of a comparable concept by Uchiyama
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in 1987 and the appearance of the term in 1990 in the book

The Fifth Branch: Science Advisers as Policymakers by

Sheila Jasanoff [10, 11]. The latter author has defined

regulatory science as ‘‘that body of scientific and technical

knowledge which serves regulatory decision-making’’ and

she has published on the features of regulatory science and

the ways in which it supposedly differs from traditional

academic science.

In the context of authorizations of pharmaceutical pro-

ducts, Jasanoff sees three distinct components in the reg-

ulatory decision-making process. The first component is

the production of regulatory science that is carried out by a

company through its development program and provides

data on the safety and efficacy of a medicinal product. The

second component is the assessment of the regulatory

science by regulators, whereas the third component of

developing policy guidelines often is the outcome of a

dialogue between companies and regulators.

With a substantial part of its origins from environmental

policy making, another aspect of regulatory science is that

its evolution is intimately linked to the ‘precautionary

principle’ [12]. This principle originates from a criticism of

traditional risk assessment, and a key element of it is the

justification for acting in the face of uncertain knowledge

about risks. As to the scope of regulatory science, one

viewpoint is that laws, regulations, and judicial decisions

usually consist of two parts: (i) scientific and (ii) non-sci-

entific components, where the latter obviously is outside

the purview of science [9]. From this perspective, regula-

tory science responds to the former and consists of the

scientific foundation of laws, regulations, and judicial

decisions.

For the purpose of this article we define ‘science’ as

‘‘knowledge or a system of knowledge covering general

truths or the operation of general laws especially as

obtained and tested through scientific method’’ [13]. This

definition is fairly inclusive and does not limit science to

the study and knowledge of the physical world only. Then,

is regulatory science just an amalgamation of already well-

established scientific domains or is it a truly distinct ‘brand

of science’?

To some extent, it seems possible to make some dis-

tinctions between regulatory science and traditional aca-

demic science. The Centre for Science and Technology

Policy Research at the University of Colorado has iden-

tified some aspects where differences seem to exist; some

of these appear in Table 1 in a slightly modified form,

together with two additional items identified by the

authors [14]. The type of institutions involved, goals and

outputs are different and, whereas an academic can often

prolong and fine-tune research projects, producers of

regulatory science are, most of the time, bound by dead-

lines. Moreover, the role of uncertainty and the nature of

political influence are different as are the mechanisms for

accountability and the type of incentives. In a regulatory

context, fit-for-purpose information may be appropriate

and financial conflicts of interest probably are more of a

concern than the intellectual conflicts of interest prevail-

ing in academic research. Hence, when comparing various

facets of academic and regulatory science, it becomes

fairly clear that there are important differences. Other

approaches to defining and analyzing regulatory science

exist and one sociological framework has been proposed

[15]. Overall, regulatory science is often seen as being

both interdisciplinary and multidisciplinary and relies

upon a large number of basic and applied scientific

disciplines.

3 Regulatory Science in Pharmaceutical Medicine

Modern medicines regulation started only after break-

through progress in the nineteenth century life sciences,

which laid a solid foundation for modern drug research and

the development of the pharmaceutical industry after the

Second World War [16, 17]. To a large extent, it has been

unfortunate events that have catalyzed the development of

medicines regulation more than the evolution of the

knowledge base. One of the earliest triggers of regulation

occurred in 1937 when more than 100 children in the USA

were fatally poisoned by the Massengill company’s prep-

aration of the new antimicrobial sulphanilamide dissolved

in diethylene glycol, a solvent known to be lethal. This

tragic event facilitated the introduction in 1938 of The

Federal Food, Drug and Cosmetic Act, with the pre-market

notification requirement for new drugs. Thereafter, events

such as the thalidomide disaster unveiled in the early 1960s

and the withdrawal of the cardiotoxic cyclooxygenase-2

inhibitor rofecoxib (Vioxx), have prompted regulatory

reform in many countries.

Although the concept of regulatory science has not been

invoked until recent years, scientific principles have been

guiding medicines regulation as it evolved during the

twentieth century. The needs of Medicines Regulatory

Agencies (MRAs) have been a driver for development of

robust clinical trial designs and setting standards for data

collection [5]. It appears as if 2010 was the year in which

the concept of regulatory science was introduced more

broadly to the pharmaceutical regulatory community. That

year, the concept was discussed in an article by the Com-

missioner of the Food and Drug Administration (FDA), and

both the European Medicines Agency (EMA) and the US

Institute of Medicine arranged conferences on the topic [4,

18, 19]. Since then, a number of definitions have been

offered, and some of these appear in Table 2. All defini-

tions center around scientific activities aimed at informing
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regulatory decision making; however, definitions vary as to

what extent social or behavioral sciences are included as

well. Perhaps the most all-encompassing definition is the

one proposed by Lane (definition d), which could be

interpreted as including not only the study of the outcomes

and performances of regulatory frameworks but also the

scientific and non-scientific factors shaping them (Fig. 1)

[4, 20].

It is important to differentiate regulatory science from

‘regulatory affairs’, which focus on complying with regu-

lations (Fig. 2): ‘regulatory affairs’ usually means the

application of already defined regulatory principles to a

given drug development or drug life cycle in a reactive

manner, while ‘regulatory science’ proactively analyses

regulatory principles and strives to evolve them along the

continuity of scientific progress. As such, regulatory affairs

put science into a regulatory framework, while regulatory

science puts regulation into a scientific framework and

adapts it. However, this should not be understood as if

regulatory affairs would be less scientific; both disciplines

have their place in drug regulation and mutually influence

each other. One could even say that regulatory affairs is

often the starting point for regulatory science when it

comes to identifying gaps and areas where further opti-

mization is needed or new regulatory principles have to be

formulated.

A recent example is the change of regulatory require-

ments for non-clinical testing of biosimilars. These are

copy versions of already authorized biological medicinal

products that serve as reference medicines, a regulatory

principle analogous to generic medicines [21]. Regulatory

guidance on which animal studies to perform as regards

elucidation of toxicology of a novel biosimilar candidate

initially requested a comparative toxicology study in ani-

mals, as exemplified for biosimilar insulins [22] or bio-

similar low-molecular-weight heparins (LMWHs) [23].

The rationale at that time was, amongst others, to follow

established regulatory principles that a novel

Table 1 Some differences between academic science and regulatory science, adapted from The Centre for Science and Technology Policy

Research UoC [14]

Aspect Academic science Regulatory science

Institutions involved Universities Government/Industry

Goals To expand understanding and knowledge of the

natural world with curiosity as an important

driving force

To produce information needed to meet regulatory

requirements and to provide reliable information

for decision makers

Output Published papers, presentations at professional

meetings

‘Gray literature’, baseline data, monitoring data,

regulatory documents

Time constraints Open ended Time tables and deadlines

Role of uncertainty Uncertainty is expected and ‘embraced’ Predictive certainty is required by the political

process and by legal requirements

Political influence Indirectly influenced by the researcher’s own

political philosophy and by their perception of the

preferences of grant and tenure review committees

Directly influenced by politics

Accountability Professional peers Legislatures, courts, and the public

Incentives Professional recognition, advancement in tenure

system

Compliance with legal requirements

Quality standards High Limited data and fit-for-purpose information may

be appropriate

Conflicts of interest Intellectual Financial

Table 2 Some definitions of the term ‘regulatory science’

(a) ‘‘the science of developing new tools, standards and approaches to assess the safety, efficacy, quality and performance of FDA-regulated

products.’’ [4, 42]

(b) ‘‘a range of scientific disciplines that are applied to the quality, safety and efficacy assessment of medicinal products and that inform

regulatory decision-making throughout the lifecycle of a medicine. It encompasses basic and applied medicinal science and social sciences,

and contributes to the development of regulatory standards and tools.’’ [43]

(c) ‘‘may be defined as the acquisition and analysis of data sufficient to inform decision-making pertinent to the approval and monitoring of

safe and effective therapeutics’’ [46]

(d) ‘‘the intellectual and practical activity encompassing the systematic study of the structure and behavior of the regulatory world through

observation and experiment to determine the impact of the rules, principles, and laws governing FDA-regulated research.’’ [4]
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pharmaceutical—even if it is a biosimilar where the prin-

cipal pharmacology is already well established—would

have to be formally tested in animals. Regulatory affairs

specialists therefore had to impose these rules to scientists

in pharmaceutical companies to design specific studies in

animals. However, with evolution of science, especially

with development of more sensitive in vitro methods to

compare physicochemical and functional properties of both

the originator and the biosimilar molecule, and with reg-

ulatory assessment of data from biosimilar comparability

exercises in animals, it became obvious that such com-

parative studies would neither be sensitive enough to detect

differences nor be likely to provide valuable scientific data

in addition to what can be achieved by analytical and

Fig. 1 A broad interpretation of

the object of study for

regulatory science

Fig. 2 Regulatory affairs vs. regulatory science
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functional comparison in vitro and manufacturing process

development optimization. Regulatory scientists had

indeed followed this development over time and analysed

respective data and finally adapted regulatory rules

accordingly. The revised guidelines for biosimilar insulin

[24] and biosimilar LMWH [25] no longer a priori require

toxicology studies (only in certain situations)—the regu-

latory framework has been adapted along scientific evolu-

tion by means of regulatory science.

Regulatory decision making in the context of pharma-

ceuticals is said to be characterized by a focus on the

‘worst-case scenario’ in which confidence limits point out

the situation where the least likely benefit and the greatest

likely risk are associated with the use of a product [26].

Another characteristic is the presence of the ‘regulatory

paradox’, that is the tension between aversion and tolerance

to various uncertainties related to decision making that

could impact on public health [27]. Advocates of regula-

tory science claim that this ‘brand of science’ would give

support to regulatory decision making and possibly alle-

viate a part of this tension.

What areas or issues would one typically see as

belonging to regulatory science at present? Since the goal

of a development program is to demonstrate the efficacy

and safety of a product, it seems natural to mention topics

such as non-clinical safety testing, biomarker development,

pharmacokinetic–pharmacodynamic modeling, and defini-

tions of surrogate or composite endpoints in clinical trials.

Furthermore, issues surrounding companion tests and the

acceptability of new trial designs such as adaptive trials or

open-label extensions would also be items on a regulatory

science research agenda. Another relevant area is recent

evaluations of methods for formal quantitative benefit–risk

assessment with a view to increasing transparency and

consistency in regulation and licensing decisions [28].

Moreover, moving beyond spontaneous reporting schemes

and finding new approaches to data collection in the post-

authorization phase would probably also be classified as

regulatory science [29]. In particular, drug utilization

studies—often shunned by academic science—are often of

considerable value to regulators, e.g. for monitoring the

impact of risk minimization initiatives. Another area of

potential interest to regulatory science would be to study

outcome metrics, since these may need to be different for

regulatory purposes as compared with academic science.

For example, relative risks are important for studying

causal relationships in academic science but absolute risks

may be more relevant to regulatory decision making. In

this context, the concept of ‘population impact measures’

could be mentioned as an example of a set of outcome

metrics suitable for regulatory policy making related to

public health [30]. Lastly, it seems reasonable that regu-

latory science should take part in the interpretation of legal

frameworks related to pharmaceuticals by ‘translating’

legal texts into meaningful medical or scientific criteria.

4 Some Perspectives on the Future Role of Regulatory

Science

Looking to the future, it is evident that regulation of phar-

maceuticals is faced with several challenges that need to be

addressed [5, 31]. Factors bringing about these challenges can

broadly be seen as belonging to either a societal (factors not

related to biomedical science) or a biomedical (factors related

to biomedical science) sphere (Fig. 1). As to the first sphere,

ensuring that an MRA is perceived as trustworthy in the eyes

of various stakeholders is a condition for its proper func-

tioning. In modern societies, trust in government agencies is

not self-evident and often has to be earned. In this pursuit,

transparency of the MRA’s operations is one important

measure to reach this objective [32] alongside communica-

tion of the inherent limitations of a drug regulator’s role and

tools [33, 34]. Globalization of development, manufacturing,

and marketing of pharmaceuticals is another transformational

factor, as is the potential change of the dominant ‘block-

buster’ business model to a ‘niche buster’ model targeting

well-defined groups of patients [35]. Moreover, requirements

for cost-effectiveness data for reimbursement decisions may

also have ramifications for regulation [36].

As regards the biomedical sphere, progresses in several

areas are likely to shape regulatory frameworks and their

implementation. Personalized medicine and new ways of

classifying diseases based on their underlying molecular

mechanisms are aspects that are likely to impact regulatory

work. In addition, evidentiary standards may need to be

developed for new technologies such as (stem-) cell or

gene therapies, therapeutic vaccines, diagnostic companion

products, or ‘new-new combinations’ (involving two sep-

arately ineffective components). Regulators will be asked

to be open to new innovative clinical trial designs, and

longevity will put emphasis on the need to monitor long-

term safety and efficacy of medicinal products intended for

managing chronic conditions. Another area where progress

could be expected is that of developing new drug regula-

tory paradigms [37, 38]. The concept of ‘adaptive licens-

ing’ explicitly acknowledges that evidence development is

a continuum and that regulatory approval should come in

steps or stages as new evidence becomes available from

observational studies or randomized clinical trials. The

approach requires that post-approval evidence generation

would need to be more robust and reliable if an initial

approval is based on limited pre-approval evidence in a

small patient population.

The aforementioned modeling approaches of the clas-

sical benefit–risk estimation [28], one of the classical
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regulatory tasks, are emerging tools in order to strive for

quantitative approaches instead of, or complementing,

qualitative estimations. Even for past regulatory decision

making, such approaches have recently been advanced,

thus not only potentially ‘peer-reviewing’ regulatory

decisions but also informing discussions around the pre-

cautionary principle and even justifying more critical reg-

ulatory decisions to the public. A recent example is the

modeling of the risk–benefit of the EMA’s decision to

recommend authorization of pandemic H1N1 vaccines

during the 2009 H1N1 pandemic in September 2009

instead of October 2009 [39]. At that time, a difficult

decision had to be made: should the H1N1 vaccines be

authorized on a more limited database and thus be made

available to the public? Or should the database become

more mature in order to prevent untoward safety events,

withholding the vaccine from the public for their protection

against the pandemic influenza strain? The aforementioned

modeling exercise resulted in 216,500 deaths and serious

disabilities for a regulatory decision in September, and

291,547 for a decision delayed to October, suggesting that

an earlier decision was at that time preferable [39].

In response to the challenges of the future, Public–Pri-

vate Partnerships such as the Critical Path Initiative and the

Innovative Medicines Initiative (IMI) were initiated before

the coining of the term regulatory science [40, 41]. More

recently, both the FDA and the EMA have adopted stra-

tegic documents for the advancement of regulatory science

in their organizations [42, 43]. In October 2010, the Reg-

ulatory Science Research Division of the Japanese Phar-

maceuticals and Medical Devices Agency was established

with the aim of enhancing the transparency of the agency’s

decision-making policy and strengthening in-house

research activities on regulatory science [6]. Also in the

academic world, universities step up to the challenge by

starting programs aimed at advancing relevant research and

teaching. Among relevant academic initiatives, one could

mention the New Drug Development Paradigms (NEW-

DIGS) program at the Massachusetts Institute of Tech-

nology, the Georgetown University Center of Excellence in

Regulatory Science and Innovation (Georgetown CERSI),

the program at the International Center for Regulatory

Science at University of Southern California in addition to

the Dutch Escher Project. Although not an academic

organization, the neutral, London-based non-profit Center

for Innovation in Regulatory Science (CIRS) has as one of

its objectives to promote better understanding of the sci-

ence that will form the basis for regulatory policy. It does

so by arranging meetings with participants from the phar-

maceutical industry, regulatory authorities, and academia.

With the increased awareness of the field of regulatory

science, related employment opportunities seem to be on

the rise at least in the longer perspective. A regulatory

agency is the obvious—although not the only—place to

start a career in regulatory science [44]. In addition, com-

panies and industry groups that need to gain approval for

their products are seeking team members who understand

the regulatory world. Traditionally, training in regulatory

science has tended to be an on-the-job apprenticeship,

building on an expertise in a relevant branch of science.

However, targeted education is now also available, some of

which are organized by the aforementioned entities.

5 Conclusion

The emerging field of regulatory science is likely to

influence the future shaping and implementation of laws

and regulations. It is anticipated that the role of regulators

will be more active and change from that of only being a

gatekeeper to also being an enabler of progress in thera-

peutics [45]. In this transformation, the development of

regulatory science as a distinctive ‘brand of science’ to

support decision making is important since it provides

purpose, focus, and respect for the scientific mission of a

regulatory agency [46]. Regulatory science may help

highlighting not so much how we regulate—but why and

how best we do it.
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