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Abstract Decisions regarding the development, regula-

tion, sale, and utilization of pharmaceutical and medical

interventions require an evaluation of the balance

between benefits and risks. Such evaluations are subject

to two fundamental challenges—measuring the clinical

effectiveness and harms associated with the treatment,

and determining the relative importance of these different

types of outcomes. In some ways, determining the will-

ingness to accept treatment-related risks in exchange for

treatment benefits is the greater challenge because it

involves the individual subjective judgments of many

decision makers, and these decision makers may draw

different conclusions about the optimal balance between

benefits and risks. In response to increasing demand for

benefit–risk evaluations, researchers have applied a vari-

ety of existing welfare-theoretic preference methods for

quantifying the tradeoffs decision makers are willing to

accept among expected clinical benefits and risks. The

methods used to elicit benefit–risk preferences have

evolved from different theoretical backgrounds. To pro-

vide some structure to the literature that accommodates

the range of approaches, we begin by describing a wel-

fare-theoretic conceptual framework underlying the mea-

surement of benefit–risk preferences in pharmaceutical

and medical treatment decisions. We then review the

major benefit–risk preference-elicitation methods in the

empirical literature and provide a brief overview of

the studies using each of these methods. The benefit–risk

preference methods described in this overview fall into

two broad categories: direct-elicitation methods and

conjoint analysis. Rating scales (6 studies), threshold

techniques (9 studies), and standard gamble (2 studies)

are examples of direct elicitation methods. Conjoint

analysis studies are categorized by the question format

used in the study, including ranking (1 study), graded

pairs (1 study), and discrete choice (21 studies). The

number of studies reviewed here demonstrates that this

body of research already is substantial, and it appears that

the number of benefit–risk preference studies in the lit-

erature will continue to increase. In addition, benefit–risk

preference-elicitation methods have been applied to a

variety of healthcare decisions and medical interventions,

including pharmaceuticals, medical devices, surgical and

medical procedures, and diagnostics, as well as resource-

allocation decisions such as facility placement. While

preference-elicitation approaches may differ across stud-

ies, all of the studies described in this review can be used

to provide quantitative measures of the tradeoffs patients

and other decision makers are willing to make between

benefits and risks of medical interventions. Eliciting and

quantifying the preferences of decision makers allows for

a formal, evidence-based consideration of decision-mak-

ers’ values that currently is lacking in regulatory decision

making. Future research in this area should focus on two

primary issues—developing best-practice standards for

preference-elicitation studies and developing methods for

combining stated preferences and clinical data in a

manner that is both understandable and useful to regu-

latory agencies.
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Key Points for Decision Makers

• Regulatory approval decisions for medical interven-

tions require both clinical evidence and subjective

judgments.

• Eliciting and quantifying the preferences of decision

makers is necessary for a formal, evidence-based

consideration of decision-makers’ values that is cur-

rently lacking in regulatory decision making.

• A growing body of literature provides quantitative

estimates of benefit–risk preferences that can be used

to evaluate the relative importance of clinical benefits

and risks in drug-approval decisions.

• Future research in this area should focus on two pri-

mary issues—developing best-practice standards for

preference-elicitation studies and developing methods

for combining stated preferences and clinical data in a

manner that is both understandable and useful to

regulatory agencies.

1 Background

Decisions regarding the development, regulation, sale, and

utilization of pharmaceutical and medical interventions

require an evaluation of the balance between benefits and

risks. Such evaluations are subject to two fundamental

challenges: measuring the clinical effectiveness and harms

associated with the intervention, and determining the rel-

ative importance of these different types of outcomes.

Clinical measurement challenges include accounting for

multiple potential efficacy and safety endpoints, large

uncertainty about the likelihood, causality, reversibility,

and latency of low-frequency adverse events, and hetero-

geneity of effects among patient subgroups. Because the

health and financial consequences of decisions based on

these evaluations can be enormous, substantial resources

are devoted to improving the measurement of treatment-

related effectiveness and harms. However, even if clinical

effectiveness and harms could be measured perfectly, the

fundamental problem of determining whether decision

makers are willing to accept the risks of an intervention in

order to achieve the expected benefits of that intervention

remains.

In some ways, determining the willingness to accept

treatment-related risks in exchange for treatment benefits is

the greater challenge because it involves the individual

subjective judgments of many decision makers, and these

decision makers may draw different conclusions about the

optimal balance between benefits and risks. In drug-

approval decisions, the fundamental question facing

decision makers is what likelihood of adverse events is

acceptable for a treatment that offers substantial improve-

ments in efficacy relative to the current standard of care.

For some decision makers, a relatively low rate of effec-

tiveness in a sufficiently large population could offset a

given adverse-event risk, while for others, any risk of a

serious treatment-related adverse event would make a

treatment unacceptable.

In response to increasing demand for benefit–risk eval-

uations, researchers have applied a variety of existing

welfare-theoretic preference methods to quantify the

tradeoffs decision makers are willing to accept among

expected clinical benefits and risks. The primary objective

of this review is to provide an overview of the growing

empirical literature quantifying benefit–risk tradeoff pref-

erences for pharmaceutical and medical interventions. The

methods used to elicit benefit–risk preferences have

evolved from different theoretical backgrounds in health

economics, the decision sciences, and shared decision

making. To provide some structure to the literature that

accommodates the range of approaches, we begin by

describing a welfare-theoretic conceptual framework

underlying the measurement of benefit–risk preferences in

pharmaceutical and medical treatment decisions. We then

review the major benefit–risk preference-elicitation meth-

ods in the empirical literature and provide a brief overview

of the studies using each of these methods.

2 Conceptual Framework

Neoclassical welfare theory posits that an individual makes

choices among competing goods and services to maximize

his or her own wellbeing or utility. Integral to this theory is

that people have well-defined preferences for different

goods and services or states of the world, and that these

preferences are revealed by the choices they make. Further,

goods and services are differentiated, meaning that they

have varying characteristics over which people have pref-

erences and among which people are willing to trade. In

many markets, people reveal their preferences by making

actual choices. In other markets, real-world choices are

limited by regulation, institutional arrangements, product

availability, or other market-limiting factors. However, this

does not mean that individuals do not have preferences for

products or product characteristics that are unavailable in

the traditional market sense. Such is the case with health

and healthcare.

In 1998, the Council for International Organizations of

Medical Sciences (CIOMS) Working Group IV presented a

simple graph to represent the relationships among the

benefits and risks of pharmaceutical products [1]. In this

graph, benefits are plotted on the horizontal axis, risks are
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plotted on the vertical axis, and a threshold is plotted above

which risks outweigh benefits and below which benefits

outweigh risks. The Working Group described the thresh-

old separating these two conclusions in terms of judgments

and tradeoffs. Neoclassical welfare provides a method for

quantifying those judgments and tradeoffs and, therefore, a

method for estimating the threshold in any given situation.

Lynd and O’Brien [2] proposed a similar approach to

comparing benefits and risks in an evaluation of prophy-

laxis of deep vein thrombosis (DVT). Specifically, these

authors presented a benefit–risk plane in which a benefit

(the rate of DVT) is measured on the horizontal axis and a

risk (the rate of major bleeding) is measured on the vertical

axis. The authors demonstrated a simulation method for

using data from randomized controlled trials to plot a joint

density function of benefits and risks. In addition, Lynd and

O’Brien describe how to evaluate these results relative to

different hypothetical thresholds. The authors alluded to

using preferences of patients or the general public as a

source of data to estimate such as threshold; however, they

did not estimate a specific threshold in this application.

The CIOMS IV report took a regulatory risk-manage-

ment perspective, implying that the threshold should reflect

preferences or judgments of regulators on behalf of the

public. Lynd and O’Brien suggested that preferences of

patients or the general public could be used to define the

threshold. Incorporating such preferences requires a prin-

cipled framework for defining and quantifying values for

the outcomes of interest. Neoclassical welfare theory is the

most widely accepted conceptual framework for analyzing

decisions involving the allocation of scarce resources. That

theory requires that the threshold reflect the preferences of

individual consumers of the intervention; that is, patients.

We use a single general welfare-theoretic framework based

on patient preferences that can be applied to multiple

decision contexts. Therefore, in the remainder of this sec-

tion, we refer generally to decision makers, whether they

are patients themselves, healthcare providers, or regulators.

Figure 1 presents a benefit–risk threshold that describes

the benefit–risk tradeoffs decision makers are willing to

accept. Similar to both the CIOMS IV framework and that

presented by Lynd and O’Brien, treatment effectiveness is

measured on the horizontal axis and treatment-related

harms are measured on the vertical axis. For the purpose of

this review, we assume that treatment benefits and risks

correspond to defined beneficial and harmful outcomes.

From the patients’ perspective prior to initiating therapy,

both beneficial and harmful outcomes are probabilistic.

Clinical data can indicate mean or most likely outcomes,

but decision makers must evaluate options with the

understanding that a particular patient’s experience could

be quite different from the average or typical outcome. For

the purpose of describing this framework, we define the

benefit–risk threshold as the maximum risk of harm deci-

sion makers would accept for a realized improvement in a

beneficial outcome. Thus, the horizontal axis is an index of

that improvement and the vertical axis is the associated risk

or probability of harm.

The benefit–risk threshold is thus the locus of combi-

nations of effectiveness and the probability of harm, which

are equally as acceptable as standard of care or another

reference condition [3]. Points below the threshold indicate

combinations that are better than the reference condition,

while points above the threshold indicate combinations that

are worse than the reference condition. The threshold

slopes upward because decision makers are averse to

bearing risk, and thus greater risk must be sufficiently

compensated with better efficacy. The threshold is likely to

Fig. 1 Quantitative measures

of benefit–risk tradeoffs—a

framework for conceptualizing

and contextualizing quantitative

measures of tradeoffs between

treatment-related benefits and

risks. A is the observed level of

benefit and risk for treatment A;

E0 is the effectiveness of

treatment A; R0 is the risk of

treatment A; B is the maximum

acceptable risk of treatment A
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be nonlinear because of the law of diminishing marginal

utility; that is, we expect the benefit–risk threshold to

increase at a decreasing rate with increases in treatment

effectiveness.

The benefit–risk threshold can be used to construct

several quantitative measures of benefit–risk preferences.

Consider treatment A, with effectiveness E0 and risk R0.

Point B on the vertical axis corresponds to the maximum

acceptable risk (MAR) the decision maker is willing to

accept in exchange for the treatment benefit represented by

E0. The difference between MAR and the observed or

expected risk is therefore a measure of the net safety

margin; that is, the risk in excess of the observed or

expected risk that a decision maker would be willing to

accept in exchange for the effectiveness of treatment A.

Alternatively, benefits can be described relative to a

fixed level of risk. For the observed or expected level of

risk (R0), there is a corresponding minimum level of benefit

required for a decision maker to accept this level of risk.

This minimum acceptable benefit (MAB) is measured as

the horizontal distance between the vertical axis and the

level of effectiveness corresponding to the point on the

benefit–risk threshold at R0. Because treatment A is to the

right of the benefit–risk threshold, this treatment yields a

net effectiveness benefit equal to the difference between

the observed or expected effectiveness and MAB; that is,

the benefit of treatment A in excess of the minimum benefit

required for a decision maker to accept a risk of R0.

3 Benefit–Risk Preference-Elicitation Methods

and Examples from the Literature

We conducted a search of the existing empirical literature

quantifying risk–benefit preferences for medical interven-

tions to understand the range of methods that have been

employed and to assess the size of the empirical literature on

this topic. Using PubMed, we searched for studies published

before May 2012 with abstracts containing combinations of

the keywords ‘‘maximum acceptable,’’ ‘‘risk,’’ ‘‘benefit,’’

‘‘health,’’ ‘‘tradeoff,’’ ‘‘preferences,’’ ‘‘valuation,’’ and

‘‘willing to accept.’’ We screened the [3,000 studies that

resulted from this search and retained 131 studies that

appeared to report one or more of the quantitative measures

of benefit–risk preferences described in Fig. 1. Although

these measures have been given different names in different

studies, the terminology used in the description of the con-

ceptual framework is consistent with that used by the

majority of benefit–risk preference studies. When different

terminology was used in the literature to describe the same

measures, these studies were included. A review of these

abstracts yielded 40 studies that met these criteria. While our

coverage of the literature is thorough, it is not intended to be

exhaustive. There are many more studies that estimate rel-

ative preferences for benefits and risks of treatment but that

do not quantify benefit–risk tradeoffs explicitly. This review

is limited to those studies that quantify one of the measures

described in Fig. 1.

A variety of preference-elicitation methods have been

used to quantify benefit–risk preferences. These methods

fall into two broad categories: direct-elicitation methods

that require decision makers to explicitly identify their

MAR or MAB at a single point on the benefit–risk thresh-

old, and conjoint-analysis methods with which benefit–risk

preferences are inferred based on patterns of responses to a

series of questions. Rating scales, threshold techniques, and

standard gamble are examples of direct elicitation methods.

Conjoint analysis studies are categorized by the question

format used in the study, including ranking, graded pairs,

and discrete choice. Figure 2 provides a list of empirical

studies quantifying benefit–risk preferences grouped by

preference-elicitation methodology.

3.1 Direct-Elicitation Methods

Direct-elicitation methods present respondents with a

hypothetical medical intervention. Respondents then are

asked to indicate the amount of risk they would be willing

to accept to achieve the benefits of the intervention (MAR)

or the amount of benefit they would require to accept a

medical intervention with known risks (MAB). Each

direct-elicitation task yields a single point on the benefit–

risk threshold, because each direct-elicitation task involves

eliciting either MAR or MAB for one medical intervention.

To recover multiple points on the benefit–risk threshold,

the benefit or the risk associated with the medical inter-

vention is varied and the direct-elicitation task is repeated

for each new scenario. Although there are statistical tech-

niques that can be used to analyze these data, nonpara-

metric measures typically are used to summarize the results

of direct-elicitation questions.

Three direct-elicitation methods have been used to elicit

benefit–risk tradeoffs associated with medical interven-

tions. These include rating-scale, threshold-technique, and

standard-gamble methods. While all of these direct-elici-

tation methods ask each respondent to consider a single

target medical intervention relative to a reference condition

or standard of care and state explicitly his or her MAR or

MAB, they differ in the way that the direct-elicitation task

is constructed. We consider each of these direct-elicitation

methods below.

3.1.1 Rating Scales

The rating-scale method is the most direct method of

eliciting benefit–risk preferences. Respondents are
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presented with a description of a medical intervention. The

description defines the salient characteristics of the benefits

or risks of the intervention; however, when the benefits are

defined, the probability of one adverse event is left unde-

fined. Likewise, when the risks are defined, the likelihood

of achieving a given benefit is left undefined. Respondents

then use a rating scale to indicate the highest probability of

experiencing the given adverse event they would accept to

achieve the defined benefit or the lowest probability of the

given benefit they would require to accept the risks of the

intervention.

We identified six empirical studies that used a rating-

scale technique to elicit benefit–risk preferences. Ho et al.

asked patients with rheumatoid arthritis to indicate the

maximum risk of death they would accept in exchange for

four different levels of treatment benefit [4]. Pullar et al. [5]

used a rating scale to elicit the maximum acceptable risk of

three different adverse events that rheumatologists and

rheumatology patients would be willing to accept to

achieve each of five levels of benefit, defined by the

likelihood of a cure, the likelihood of symptom improve-

ment, and the likelihood of no further deterioration.

Bremnes et al. [6] estimated the minimum acceptable

probability of cure or the minimum acceptable level of

symptom relief required for cancer patients, doctors, nur-

ses, and healthy subjects to accept a toxic chemotherapy

regimen.

The authors of three additional studies described their

methods as standard gamble; however, each of these

studies used rating scales to elicit benefit–risk preferences.

These three studies quantified the maximum acceptable

risk of decreased longevity due to immunosuppressant

drugs used to prevent rejection after different types of

transplants and the maximum risk of transplant rejection

that patients would accept from a transplant procedure [7–

9]. All three studies used questions from the Louisville

Instrument for Transplantation, which asked respondents to

circle the probability corresponding to the maximum risk

of rejection a patient would tolerate and still choose to have

a transplant.

Fig. 2 List of empirical studies—empirical literature quantifying benefit–risk preferences grouped by preference-elicitation method. Within

each method, studies are presented in chronological order
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3.1.2 Threshold technique

The threshold technique (also referred to as the probability

tradeoff technique and the probability threshold technique)

presents respondents with a pair of medical interventions,

each of which is defined by its salient characteristics. One

intervention is the target intervention or intervention of

interest. The other is referred to as the reference interven-

tion. Respondents then are asked to indicate which medical

intervention they prefer. Depending on the objectives of the

study, one characteristic is then varied such that the pre-

ferred alternative is made unambiguously less attractive or

the alternative that was not chosen is made unambiguously

more attractive and the question is repeated. The probability

of benefit or risk is varied systematically until a respondent

changes his or her choice. The probability of benefit or risk

that induces the respondent to switch provides a point

estimate of the minimum acceptable benefit (often referred

to as ‘‘minimal required benefit’’ in threshold-technique

studies) or maximum acceptable risk (often referred to as

‘‘maximal acceptable risk’’ in threshold-technique studies)

of the target intervention, respectively.

We identified nine empirical studies that used the

threshold technique to elicit benefit–risk preferences.

Devereaux et al. [10] calculated the minimum decrease in

the probability of a stroke and the maximum increase in the

probability of bleeding that patients would accept for pre-

scription and non-prescription treatments for atrial fibrilla-

tion. Kopec et al. [11] and Richardson et al. [12] estimated

the maximum acceptable risk of stomach bleed, heart attack

or stroke that patients and physicians would be willing to

accept in exchange for two different reductions in osteoar-

thritis pain. Llewellyn-Thomas et al. [13] also estimated

risk tolerance for improvements in arthritis symptoms.

Other studies used the threshold technique to calculate

patients’ maximum acceptable risk of death associated with

variations in the location of the treatment facility during

pancreatic cancer resections [14], the maximum acceptable

incremental risk of breast cancer recurrence that patients

would accept in order to avoid adverse events [15], the

minimum acceptable efficacy for different treatments for

benign prostatic hyperplasia [16], and the minimum

required increase in 5-year survival necessary for patients to

accept adjuvant chemotherapy for early-stage breast cancer

[17]. Finally, Llewellyn-Thomas et al. [18] estimated the

required reduction in the risk of cardiovascular events

resulting from cholesterol-lowering and antihypertensive

medications with known potential risks or side effects.

3.1.3 Standard Gamble

In standard gamble, respondents are presented with a

choice between a certain health state and a gamble with

two possible outcomes—one better (often perfect health)

and one worse (often death) than the certain health state.

The probability of the gamble resulting in the worse health

state is increased systematically until respondents are

indifferent between the certain health state and the gamble.

The standard gamble technique typically is used to estimate

health-state utilities, and 1 minus the probability at which

the respondent is indifferent between the certain health

state and the gamble is the utility of the particular health

state. O’Brien et al. [19] applied this framework to benefit–

risk preference analysis by defining the probability in the

gamble to be the risk of a fatal side effect of an intervention

that would improve a person’s health from their current

health state to a better health state. Using this approach,

O’Brien et al. estimated the level of fatal treatment-related

risk that patients with rheumatoid arthritis would be willing

to accept for a treatment that would yield one of four

possible health-state improvements. Thompson [20] used a

similar approach to estimate the maximum acceptable risk

of a fatal adverse event that patients would accept for a

treatment that cured their rheumatoid arthritis.

3.2 Conjoint-Analysis Methods

Conjoint-analysis methods present respondents with two or

more hypothetical profiles. Each profile represents a med-

ical intervention and is defined by multiple attributes, each

of which represents a salient feature of the medical inter-

vention. Each profile in the set is defined by the same

attributes, but the levels of these attributes vary across the

alternatives. Respondents are asked to indicate their pref-

erences from among the alternatives presented by rating or

ranking the alternatives or by choosing the most preferred

alternative. The task is then repeated with different profiles

according to an experimental design. By analyzing the

pattern of responses to these questions, the rate at which

respondents are willing to trade off among the attributes

and attribute levels can be quantified. When benefits and

risks are included among the attributes, the tradeoff results

can be used to calculate MAR or MAB. Because the levels

of each benefit and risk attribute vary over a range, the

results of a conjoint-analysis study can be used to recover

the benefit–risk threshold over that range.

Conjoint analysis data typically are analyzed using lim-

ited dependent variable analysis, and these analyses can be

quite sophisticated. A detailed review of the statistical

methods required to analyze conjoint-analysis data is beyond

this scope of this paper; however, the type of analysis

required is driven largely by the question format. We iden-

tified three primary conjoint question formats that have been

used to elicit benefit–risk preferences. These included

ranking, graded pairs, and discrete-choice experiments

experiments. While all of these methods ask each respondent
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to indicate their preferences among sets of alternatives, they

differ in the way that the task is presented. We consider each

of these conjoint-analysis methods below.

Our search of the literature returned 23 studies that use

conjoint analysis to estimate explicitly the tradeoffs decision

makers are willing to make among benefits and risks of

medical interventions. Other conjoint studies estimate the

relative importance of benefits and risks of medical inter-

ventions, and the resulting data likely could be used to esti-

mate MAR or MAB; however, these studies do not present

the rate at which respondents are willing to tradeoff among

benefits and risks, nor do they present any of the benefit–risk

measures presented in Fig. 1. For example, Fraenkel et al.

[21] used conjoint analysis to elicit women’s preference

weights for characteristics of cytotoxic medications for

lupus, including probabilistic benefits and risks; however,

these authors did not explicitly calculate the rates at which

patients would be willing to accept tradeoffs among benefits

and risks, and thus did not estimate any of the measures

presented in the conceptual framework in Fig. 1.

3.2.1 Ranking

In a ranking experiment, respondents are shown several

profiles and asked to rank them from most preferred to least

preferred. Our search returned only one study which used a

ranking experiment to elicit benefit–risk preferences. Sassi

et al. [22] presented vascular surgeons and cardiologists

with 10 hypothetical diagnostic strategies that featured

positive predictive value, negative predictive value, test-

related morbidity, and novelty of technology. Respondents

were asked to order these diagnostic strategies from best to

worst for a hypothetical patient profile. The authors esti-

mated the minimum acceptable negative and positive pre-

dictive values that respondents would accept in exchange

for a 0.1 % increase in test-related morbidity.

3.2.2 Graded Pairs

Graded pairs is a question format in which respondents are

presented with two profiles and asked to indicate their

strength of preference for one of the two alternatives.

Typically, this is done by presenting the respondent with a

rating scale in which the ends of the scale can be used to

indicate a strong preference for an alternative, the middle

rating represents indifference between the alternatives, and

the intermediate points can be used to indicate somewhat

weaker preferences for the alternatives. Only one study in

our review, Johnson et al. [23], utilized this method; the

authors find that menopausal women would be willing to

accept increased risks of serious adverse events, including

heart attack and breast cancer, in exchange for better

symptom relief when taking hormone-replacement therapy.

In addition, these authors estimate different risk tolerances

for risks that are presented as absolute risks and those that

are presented as relative risks.

3.2.3 Discrete-Choice Experiments

The majority of conjoint-analysis studies employ a discrete-

choice format. In a discrete-choice experiment, respondents

are asked to choose the most-preferred alternative from a set

of profiles, assuming that these are the only alternatives

available. Some discrete-choice experiments allow respon-

dents to opt out; that is, to indicate that they prefer no medical

intervention to the treatment alternatives presented in the

choice task. Other discrete-choice experiments require that

respondents choose from among a set of medical-interven-

tion profiles, even if they would prefer no medical inter-

vention to the options presented in the choice task.

Our search returned four studies that allowed respon-

dents to select among two profiles or an opt-out alternative.

De Bekker-Grob [24] used this approach to estimate

women’s preferences for osteoporosis drugs and found that

women were willing to accept treatment-related nausea if

the treatment resulted in a 40 % reduction in the risk of hip

fracture. Eberth et al. [25] estimated the rate at which men

with benign prostatic hyperplasia were willing to accept

treatment-related side effects and risks to reduce prostate

size. McTaggart-Cowan et al. [26] found that asthma

patients were willing to accept fewer symptom-free days to

reduce treatment-related side effects, and Salkeld et al. [27]

estimated the maximum acceptable risk of a false-positive

screening result that older adults would be willing to accept

to prevent one death from colorectal cancer.

The most common question format used in discrete

choice experiments presents respondents with a forced

choice in which respondents are asked to choose from

among a set of treatment alternatives. We identified 17

studies that used this question format. Johnson et al. [28]

estimated the maximum levels of three fatal risks that

patients with Crohn’s disease would be willing to accept

for different levels of treatment benefit. Fraenkel et al. [29]

estimated the minimum acceptable reduction in fracture

risk that women with osteoporosis would expect from a

treatment that requires daily injections. Four other studies

used a forced-choice discrete-choice experiment to esti-

mate MAB. Hauber et al. [30] estimated MAB among

patients for treatments for idiopathic thrombocytopenia

purpura, Mohamed et al. [31] estimated patients’ and

physicians’ MAB for hepatitis B treatments, Lewis et al.

[32] estimated physicians’ and midwives’ MAB for pre-

natal tests for Down’s syndrome, and Bridges et al. [33]

estimated the minimum additional years of progression-

free survival required for patients with non-small-cell lung

cancer to accept various treatment-related adverse events.
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In 11 additional studies, researchers estimated MAR in

various therapeutic areas, including Alzheimer’s disease

[34], irritable bowel syndrome [35], Crohn’s disease [36,

37], multiple sclerosis [38], renal cell carcinoma [39, 40],

liver transplantation [41], osteoarthritis [42, 43], and HIV

and AIDS [44].

4 Discussion

In the past two decades, legislators and regulators in the US

and European Union have expressed increasing interest in

formal benefit–risk evaluation for pharmaceutical and

medical interventions. In recent years, there also has been

increasing interest in incorporating the perspectives of

patients into regulatory decisions [45, 46]. At the same time,

researchers from different disciplines have used different

methods to quantify the benefit–risk tradeoff preferences of

patients, physicians, and other healthcare decision makers.

Benefit–risk preference-elicitation methods have been

applied to different types of medical interventions, includ-

ing pharmaceuticals, medical devices, surgical and medical

procedures, and diagnostics, as well as resource-allocation

decisions such as facility placement. While preference-

elicitation approaches may differ across studies, all of the

studies described in this overview of the literature can be

used to provide quantitative measures of the tradeoffs

patients and other decision makers are willing to make

between the benefits and risks of medical interventions.

As noted above, this overview of the literature was not

intended to identify every study used to estimate benefit–

risk preferences. In addition, the studies described in this

overview are limited to those that provide only a subset of

possible quantitative benefit–risk measures. Therefore, the

collection of studies described in this overview may not

include some studies that contribute important information

about the benefit–risk tradeoffs decisions makers are willing

to make when considering a medical intervention. How-

ever, even with these caveats, this overview of the literature

demonstrates that this body of research already is sub-

stantial, and it appears that the number of benefit–risk

preference studies in the literature will continue to increase.

All of the studies described here can be viewed based on

a common conceptual framework consistent with the one

presented in Fig. 1. The framework is based on the fun-

damental axioms of economic theory and is flexible enough

to accommodate a broad range of risks and benefits asso-

ciated with a medical intervention. As demonstrated by the

range of studies presented here, it also can be applied to

multiple decision makers, including both patients and

healthcare providers. However, while the framework

includes both a benefit–risk threshold and the observed or

expected benefits and risks associated with an intervention,

most of the studies described here estimated only one or

more points on the benefit–risk tradeoff curve. Few of these

studies compared risk tolerance estimates to actual clinical

data [5, 28, 29], a necessary condition if the results of these

studies are to be used to inform regulatory benefit–risk

decisions.

The simplest method of combining benefit–risk prefer-

ence information and clinical results in benefit–risk deci-

sions is to plot the clinical data corresponding to point A in

Fig. 1 relative to the benefit–risk threshold. As described

above, Lynd and O’Brien [2] suggested one method for

plotting this point. Holden [47] proposed an alternative

approach to evaluating the benefit–risk balance of a med-

ical intervention by combining preference data with clini-

cal outcomes data. Specifically, Holden suggested applying

a relative preference weight to a clinical outcome to esti-

mate a weighted measure of number needed to treat (NNT)

or number needed to harm (NNH).

Interestingly, the framework presented in Fig. 1 can be

used to estimate weighted NNT and weighted NNH. Spe-

cifically, for any given level of efficacy, MAR can be

interpreted as the ratio of the maximum acceptable number

of adverse events (NAE) to the size of the exposed popu-

lation (N). Number needed to harm (NNH) is a measure of

the number of people that need to be exposed to a treatment

to yield one case of the adverse event assuming a constant

therapeutic benefit. Thus, the inverse of MAR (1/MAR) is

a measure of the minimum acceptable number needed to

harm that can be compared directly with the clinical

measure of NNH. For example, if clinical data reveal that

the NNH for a treatment-related cancer is 1,000, that means

that after 1,000 exposures to the treatment, researchers

would expect to see one case of treatment-related cancer.

If, given the expected benefits of treatment, decision

makers would accept a maximum level of risk of only

0.067 % (or less than 1 in 1,000) then the level of treat-

ment-related cancer risk would be too high. Conversely,

MAB represents the minimum level of efficacy that

patients require to accept a given level of risk. Thus, for

any given level of adverse-event risk, MAB is the ratio of

the minimum number of patients achieving a therapeutic

benefit (NB) to the total size of the treated population (N).

Thus, the inverse of MAB (1/MAB) is a preference-based

measure of the maximum acceptable number needed to

treat that can be compared directly with the clinical mea-

sure NNT. For example, if clinical data reveal that the NNT

for a treatment is 2, meaning that two exposures are

required to see one beneficial outcome (a response rate of

50 %), and the MAB for that treatment given all its asso-

ciated risks is 40 %, then the benefits of this treatment

would outweigh the risks.

The approach implicit in the conceptual framework

presented here and the NNH/NNT approach are applicable

326 A. Brett Hauber et al.



when the critical benefit–risk decision involves comparing

a single benefit outcome and a single adverse event.

However, when a medical intervention or a set of medical

interventions yield multiple beneficial outcomes or are

associated with more than one adverse event, the evalua-

tion becomes more complicated. Lynd et al. [48] combine

clinical outcomes data and relative benefit–risk preference

weights to estimate the net clinical benefits of a treatment

for irritable bowel syndrome. The clinical data were esti-

mated using a discrete-event simulation model, and pref-

erence weights from a conjoint-analysis study were applied

to each outcome in the study. Because it can be used to

estimate relative benefit–risk preference weights for mul-

tiple outcomes simultaneously, conjoint analysis probably

is more appropriate than direct elicitation methods when

estimating net clinical benefits for medical interventions

associated with multiple benefits, multiple risks, or both.

One shortcoming of the methods described here is that

most benefit–risk assessors are unlikely to be familiar with

stated-preference methods, and may be unconvinced of their

validity and reliability. The most serious limitation of these

methods is that they employ judgments among hypothetical

alternatives. Hypothetical choices do not have the same

clinical, financial, and emotional consequences of actual

choices. Successful elicitation of patient-preference data

requires that the sample shares a common, clear under-

standing of the features they are evaluating. In the case of

eliciting preferences including probabilistic outcomes,

researchers also must cope with the generally low level of

numeracy in the general population. Some well-established

findings include [49, 50]: (1) people’s difficulty evaluating

small probabilities, (2) the sensitivity of risk evaluations to

characteristics of the risk itself, such as the timing, source,

and familiarity of the risk, whether risk exposure is volun-

tary, and whether outcome is catastrophic, (3) framing

effects, and (4) heuristics that individuals use to translate

population risks into personal risks. Obtaining valid and

reliable measures of patient preferences is challenging, and

researchers will need to demonstrate that it is possible to

quantify patient preferences and to subject the results to the

same rigorous standards as those applied to clinical, epide-

miological, and patient-reported outcomes data.

Benefit–risk evaluations inevitably require judgments

about the relative importance of endpoints measured in

clinical data. Currently, these judgments typically are made

by clinical scientists who have no special expertise in

making societal value judgments. Physician input into

benefit–risk evaluations often is limited to small, unrepre-

sentative samples. Physician experts often are members of

advisory panels; however, these experts are few in number

and may not be well suited to assessing the values of the

population of physicians who recommend or conduct the

medical interventions under consideration.

While there is growing agreement that benefit–risk

evaluations should take the patient perspective into con-

sideration, current evaluation practices do not require the

values of patients to be quantified in drug approval deci-

sions. However, because patients are both the potential

beneficiaries of new treatments and also those who bear the

risks associated with those treatments, their preferences

arguably warrant consideration as well. In addition, patient

representatives often are asked to provide anecdotes or

opinions as part of the review process, but are unlikely to

be representative of an entire patient population. Public

outreach efforts may give voice to patient concerns about

regulatory decisions; however, it is not obvious how such

outreach efforts can and should influence decision making.

Employing stated-preference methods to quantify benefit–

risk preferences is consistent with the growing interest in

greater patient involvement in health-care decision making.

5 Conclusions

Eliciting and quantifying the preferences of decision mak-

ers allows for a formal, evidence-based consideration of

decision-makers’ values that currently is lacking in regu-

latory decision making. There is a substantial and growing

literature describing stated preference methods which offer

one option for gathering systematic, theoretically sound,

and valid evidence of the values of patients and physicians,

and should be considered in benefit–risk evaluations. Future

research in this area should focus on two primary issues—

developing best-practice standards for preference-elicita-

tion studies, and developing methods for combining stated

preferences and clinical data in a manner that is both

understandable and useful to regulatory agencies.
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