
Zurich Open Repository and
Archive
University of Zurich
University Library
Strickhofstrasse 39
CH-8057 Zurich
www.zora.uzh.ch

Year: 2015

Quantitative benefit-harm assessment for setting research priorities: the
example of roflumilast for patients with COPD

Puhan, Milo A ; Yu, Tsung ; Boyd, Cynthia M ; Ter Riet, Gerben

Abstract: BACKGROUND: When faced with uncertainties about the effects of medical interventions reg-
ulatory agencies, guideline developers, clinicians, and researchers commonly ask for more research, and
in particular for more randomized trials. The conduct of additional randomized trials is, however, some-
times not the most efficient way to reduce uncertainty. Instead, approaches such as value of information
analysis or other approaches should be used to prioritize research that will most likely reduce uncertainty
and inform decisions. DISCUSSION: In situations where additional research for specific interventions
needs to be prioritized, we propose the use of quantitative benefit-harm assessments that illustrate how
the benefit-harm balance may change as a consequence of additional research. The example of roflumi-
last for patients with chronic obstructive pulmonary disease shows that additional research on patient
preferences (e.g., how important are exacerbations relative to psychiatric harms?) or outcome risks (e.g.,
what is the incidence of psychiatric outcomes in patients with chronic obstructive pulmonary disease
without treatment?) is sometimes more valuable than additional randomized trials. We propose that
quantitative benefit-harm assessments have the potential to explore the impact of additional research and
to identify research priorities Our approach may be seen as another type of value of information analysis
and as a useful approach to stimulate specific new research that has the potential to change current
estimates of the benefit-harm balance and decision making. Summary: We propose that quantitative
benefit–harm assessments have the potential to explore the impact of additional research and to identify
research priorities Our approach may be seen as another type of value of information analysis and as a
useful approach to stimulate specific new research that has the potential to change current estimates of
the benefit–harm balance and decision making.

DOI: https://doi.org/10.1186/s12916-015-0398-0

Posted at the Zurich Open Repository and Archive, University of Zurich
ZORA URL: https://doi.org/10.5167/uzh-122396
Journal Article
Published Version

 

 

The following work is licensed under a Creative Commons: Attribution 4.0 International (CC BY 4.0)
License.

Originally published at:
Puhan, Milo A; Yu, Tsung; Boyd, Cynthia M; Ter Riet, Gerben (2015). Quantitative benefit-harm
assessment for setting research priorities: the example of roflumilast for patients with COPD. BMC



Medicine, 13(157):online.
DOI: https://doi.org/10.1186/s12916-015-0398-0

2



OPINION Open Access

Quantitative benefit–harm assessment for
setting research priorities: the example of
roflumilast for patients with COPD
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Abstract

Background: When faced with uncertainties about the effects of medical interventions regulatory agencies,

guideline developers, clinicians, and researchers commonly ask for more research, and in particular for more

randomized trials. The conduct of additional randomized trials is, however, sometimes not the most efficient

way to reduce uncertainty. Instead, approaches such as value of information analysis or other approaches

should be used to prioritize research that will most likely reduce uncertainty and inform decisions.

Discussion: In situations where additional research for specific interventions needs to be prioritized, we propose

the use of quantitative benefit–harm assessments that illustrate how the benefit–harm balance may change as a

consequence of additional research. The example of roflumilast for patients with chronic obstructive pulmonary

disease shows that additional research on patient preferences (e.g., how important are exacerbations relative to

psychiatric harms?) or outcome risks (e.g., what is the incidence of psychiatric outcomes in patients with chronic

obstructive pulmonary disease without treatment?) is sometimes more valuable than additional randomized trials.

Summary: We propose that quantitative benefit–harm assessments have the potential to explore the impact of

additional research and to identify research priorities Our approach may be seen as another type of value of

information analysis and as a useful approach to stimulate specific new research that has the potential to change

current estimates of the benefit–harm balance and decision making.
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Background
Roflumilast, a phosphodiesterase-4 inhibitor, has been ap-

proved, after a long regulatory process in the US and EU,

for the prevention of exacerbations in patients with severe

chronic obstructive pulmonary disease (COPD) and fre-

quent exacerbations [1, 2]. Despite a carefully-conducted

Cochrane systematic review based on high-quality ran-

domized controlled trials (RCTs) [3], regulators, guideline

developers, researchers and clinicians alike find it difficult

to interpret these data [4–6]. Decisions or recommenda-

tions for or against drugs are commonly made under con-

siderable uncertainty because it is unclear how relevant

the beneficial (and statistically significant) effects are for

(various) types of patients, who may or may not be vulner-

able to particular side effects, or because long-term data

and data from patients with comorbidities and co-

medications are lacking [7–9].

Regulatory agencies, guideline developers, researchers

and funding agencies commonly ask for more research

when faced with such uncertainties. Often, such calls are

not explicit with respect to defining what the uncertainty

is about and how specific further research is likely to re-

duce it. Greenhalgh called the statement “more research

is needed” the “most over-used and under-analyzed

statement in the academic vocabulary” [10]. Others

called for a 10-year moratorium on trials (“No More

Cookbook Randomized Controlled Trials”) and a greater

focus on the needs of practitioners, patients, payers, and

policymakers in order to prioritize research [11]. The

main sources of uncertainty, however, may be difficult to
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identify. Assessing how consequential specific additional

research will be in order to augment the existing evi-

dence can be hard, too.

Box 1 shows the research needs identified by the

Cochrane review on roflumilast [3]. Nearly all of these

needs can be addressed by RCTs. While each of the

needs addresses an uncertainty about the evidence base,

no prioritization is suggested.

Research prioritization is challenging because various

stakeholders have their own perspectives and interests

[12]. For example, the researchers themselves may ask

for more research that fits their research agenda [13].

Patients and the general public, if asked, might request

research that informs their decisions for or against med-

ical interventions [14, 15]. Funding agencies have an

interest in groundbreaking research and in wisely spend-

ing scarce resources on research with high relevance for

patients’ quality of life, morbidity and mortality [16, 17].

Additional stakeholders, such as public and private fund-

ing agencies, industry, payers, and politicians, may bring

yet another set of preferences for research priorities.

Approaches to research prioritization

Research prioritization has gained much interest over

the past 20 years. The goal of research prioritization is to

rank-order research questions for specific stakeholders

(e.g., patients or policymakers). In 2004, Fleurence and

Torgerson provided a framework of approaches to re-

search prioritization [18], distinguishing between five

groups of approaches: burden of disease, subjective

methods, impact on clinical variation, payback expec-

tations, and value of information analyses (VOI). Box 2

provides a brief description of these five approaches. Cur-

rently, subjective approaches are probably most com-

monly used, but VOI has gained popularity among larger

funding agencies such as the National Institute for Health

and Clinical Excellence in the UK, the Agency for Health-

care Research and Quality (AHRQ), the Patient-Centered

Outcomes Research Institute, and the National Institutes

of Health [19–22].

The choice of approach to research prioritization

partly depends on whether disease areas and/or risk fac-

tors are rank-ordered, or within disease areas, whether

specific research questions about causal factors, diagnos-

tic procedures, prognostic factors, and treatments are to

be prioritized. For example, funding bodies, such as

AHRQ, which sometimes take a “burden of disease” ap-

proach [23, 24] and specifically ask for research pro-

posals on diseases (e.g., cardiovascular disease, cancer or

respiratory disease) or risk factors (e.g., smoking or

physical inactivity) with high burden for society [17], or

the Bill and Melinda Gates foundation, which typically

prioritizes research on diseases with high burden for de-

veloping countries such as malaria, tuberculosis, or HIV

[25]. From a health systems perspective, it may be attract-

ive to identify areas of clinical care where there is much

practice variation and to prioritize research that has the

potential to limit practice variation around best practices

and get some payback, for example, by determining how

Box 1: Research needs identified by a Cochrane

systematic review [3]

Patient population

� Subgroup analysis in patients with/without chronic

bronchitis and with/without history of exacerbations

� Effect of phosphodiesterase-4 (PDE4) inhibitors in patients

with frequent exacerbations

� Use of PDE4 inhibitors in acute exacerbations

Intervention (no research needs identified)

Comparator

� A direct comparison of PDE4 inhibitors and inhaled

corticosteroid (ICS), when used as add-on therapies to either

tiotropium or long-acting beta-2 agonists, or both

� A direct comparison of either tiotropium or long-acting

beta-2 agonists, or both, as add-on therapies to PDE4 inhibi-

tors (± ICS)

Outcomes

� Longer-duration studies to look at the effect of PDE4

inhibitors on forced expiratory volume in 1 second (FEV1)

decline and mortality

� Effect of PDE4 inhibitors on healthcare utilization, including

hospitalization (incidence and bed days)

� Effect of roflumilast on quality of life

� Better characterization of the weight loss seen with PDE4

inhibitors in COPD

� Better description of the nature of the effect on the

exacerbations that do occur

� Cost-effectiveness of PDE4 inhibitors

� Ascertaining exercise tolerance data for roflumilast

� Determining if there is any benefit on cardiovascular

outcomes with PDE4 inhibitors in COPD

Other

� Using the effects of PDE4 inhibitors to better understand the

pathophysiology of COPD
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much of which type of health care is minimally required

to ensure good patient outcomes [26–28].

When research priorities within disease areas (e.g.,

COPD) need to be set, the selected research questions

are often about the (comparative) effectiveness of spe-

cific interventions (e.g., different drug treatments) across

populations and outcomes, including costs. Subjective

methods, where the patients’ and clinicians’ perspective

can be brought in, are commonly used [13, 15, 29, 30].

Studying the impact on clinical variation, payback expec-

tations, and VOI are also approaches to define research

priorities within disease areas. VOI is arguably the most

versatile approach that can be used for various tasks of

research prioritization [19, 31].

The benefit–harm balance as an additional dimension to

assess the potential impact of additional evidence

When setting research priorities at the level of specific

interventions and comparisons, we propose that it may,

at least occasionally, be useful to focus on the benefit–

harm balance as the key parameter to decide on research

priorities. Estimating the benefit–harm balance is a core

activity of regulatory agencies and clinical guideline de-

velopers who must decide for or against preventive or

therapeutic drug or non-drug treatments. Patients and

clinicians, more or less explicitly, consider the benefit–

harm balance before making decisions. As so often,

where there is uncertainty about the benefit–harm bal-

ance of a certain treatment, we argue that research that

has the potential to reduce uncertainty should be priori-

tized, similar to VOI methods. Priorities should be set

for research that potentially changes the current esti-

mate of the benefit–harm balance or makes it more pre-

cise, and as a consequence of an updated benefit–harm

balance, impacts on (variability of ) decision making. If

additional research is unlikely to change the current esti-

mate of the benefit–harm balance, it is unlikely that it

will have an impact on practice.

To illustrate that, we focus on the quantitative assess-

ment of the benefit–harm balance of roflumilast [32].

Such quantitative assessments may include cost, but

costs are beyond the scope of this article. Several reviews

have discussed quantitative approaches for benefit–harm

assessment [33–35]. Conceptually, it is useful to distin-

guish between quantitative approaches that deal with

single or very few benefit and harm outcomes and those

that deal with multiple benefit and harm outcomes, and

multiple categories thereof (e.g., mild, moderate, and se-

vere COPD exacerbations) [34]. For example, balancing

the reduction in moderate to severe COPD exacerba-

tions versus increase in any gastrointestinal or psychi-

atric harm is often made using a comparison of the

number-needed-to-treat and number-needed-to-harm.

Often, as we and others have argued [34, 35], this

Box 2: Approaches for research prioritization

(organized according to Fleurence and Torgerson [18])

Burden of disease

A common approach to prioritize research is to use measures of

disease burden such as mortality, disability-adjusted life years, cost

of illness, or others. As a result, there is an enormous body of evi-

dence on risk factors and (preventive) treatments for major cardio-

vascular diseases, major infectious diseases (e.g., HIV), major chronic

lung diseases, and major cancers as opposed to scarce literature on

risk factors and treatment effectiveness for rare(r) diseases.

Subjective methods

Subjective methods employ expert knowledge and experiences

to define areas of research that warrant higher priority than

others. Subjective methods have been criticized because they

are usually not transparent. However, more recently, a number

of approaches have been developed that use knowledge and

experience of experts in a more systematic and replicable way

and in combination with systematic reviews.

Impact on clinical variation

This approach assumes that variations in clinical practice result

from uncertainty about the (comparative) effectiveness of

interventions and disagreement among health care providers.

Additional research is prioritized that has the potential to reduce

uncertainty and, thereby, reduce variations in clinical practice. The

Women’s Health Initiative trial is an example of how a randomized

controlled trial (RCT) may change prescription rates (in this case, of

post-menopausal hormone replacement therapy).

Payback expectations

This approach foresees the impact of research on clinical variation

but also takes into consideration the cost of additional research

(e.g., a large-scale RCT). Payback refers to the money that is saved

in the future as a result of the investment in research.

Value of information

Value of information analysis estimates the impact of research on

health outcomes and cost including the costs of conducting the

research. Value of information analyses make the key determinants

of uncertainty about the (comparative) effectiveness of

interventions explicit and uses extensive modelling techniques to

predict how additional research reduces uncertainty, and as a

consequence, how the implementation of a new or an alternative

intervention in practice and (parts of the) population will change

health outcomes. This approach is highly flexible and allows

prioritizing research in diverse contexts.
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oversimplifies the problem and one may want to use

more sophisticated statistical approaches that consider

multiple benefit and harm outcomes as well as a bene-

fit–harm metric. Examples for those approaches include

multi-criteria decision analysis, transparent uniform risk

benefit overview, or the approaches developed by the Na-

tional Cancer Institute (NCI) [36] and the PROTECT con-

sortium (Pharmacoepidemiological Research on Outcomes

of Therapeutics by a European Consortium) [37].

Common to most approaches for quantitative benefit–

harm assessment is that they are based on aggregated

data, consider three key pieces of evidence as reported

previously [38] (Fig. 1), and use statistical models to esti-

mate the benefit–harm balance: treatment effects (typic-

ally available as relative treatment effect estimates from

RCTs or meta-analyses), absolute outcome risks (avail-

able from observational studies or, if not, from control

groups of RCTs), and importance of outcomes (i.e.,

which outcomes are more important than others, avail-

able from preference-eliciting surveys among patients or

based on prognosis associated with the outcomes). Some

approaches (e.g., benefit-less-risk analysis or the ap-

proach described by Boers et al. [39]) consider individual

patient data, which allows for the consideration of the

joint distribution of benefit and harm outcomes [39, 40].

Most quantitative benefit–harm assessments combine

different data sources, each of which provide the best

available estimates for treatment effects, outcome risks,

and importance of outcomes (e.g., through patient pref-

erences), respectively.

We know of no RCT that, on its own, provides enough

data to estimate the benefit–harm balance. Often, a sin-

gle trial, even if a large phase III trial, may provide pre-

cise estimates for the primary and some secondary

outcomes. However, it is very unlikely that a single trial

is powered enough for all outcomes including harms.

This is even more true for baseline risk, where trials are

often of limited value because the eligibility criteria (e.g.,

to make a trial as safe as possible) or selection of pa-

tients into trials may not give estimates of baseline risks

that reflect real world patients. Further, some outcomes

are just too rare so that baseline risks from a single trial

are estimated imprecisely. Finally, trials rarely assess pa-

tient preferences. Although it would be welcome if pref-

erence elicitation surveys were embedded in trials, it

rarely happens. Thus, RCTs may only under very excep-

tional circumstances provide the best available evidence

for all three key pieces that are combined in quantitative

benefit–harm assessments. Of course, the importance of

careful and transparent selection of the most appropriate

data for a quantitative benefit–harm assessment cannot

be emphasized enough [34, 35, 37].

Benefit–harm curves for illustrating the impact of

additional research

We propose that quantitative benefit–harm assessment

is valuable for setting research priorities as illustrated in

Fig. 2a–c. We based these examples on a recent quanti-

tative benefit–harm assessment of roflumilast that used

the NCI approach (Box 3) [32]. One of the main ana-

lyses compared the expected outcomes of 10,000 male

COPD patients below 65 years of age who received

roflumilast over the course of 1 year with 10,000 male

COPD patients below 65 years of age who did not re-

ceive roflumilast. We assumed that these patients had an

intermediate (i.e., 30 %) risk of a moderate to severe ex-

acerbation over the course of a year without roflumilast

(i.e., the baseline risk), which corresponds to the ap-

proved indication for roflumilast.

Randomized trials or meta-

analysis of randomized trials 

Observational studies (cohort studies or registries)

Control groups of randomized trials 

Surveys (preferences)

Observational studies (prognosis)

Various methods

See[33-35] 

Outcome risks

Estimates of effect

Absolute effects

Benefit harm 

analysis

Importance of 

Outcomes

Fig. 1 Key determinants of the benefit–harm balance of interventions. Figure adapted from Yu et al. [38]
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The black (thick-lined) benefit–harm curve in Fig. 2a–c

shows the distribution of 100,000 repetitions of the bene-

fit–harm analysis for this scenario (10,000 male COPD pa-

tients <65 years with a 30 % 1-year risk of moderate to

severe exacerbations). For each repetition, we calculated

the index as the sum of benefit outcome events (i.e., pre-

vented exacerbations) and harm outcome events (psychi-

atric, gastrointestinal, and neurological), based on a

survival model and with weights as described in Box 3.

The 100,000 repetitions take into consideration the statis-

tical uncertainty of treatment effects on benefit and harm

outcomes and of the outcome risks. A negative index

means that the harms exceed the benefits. Almost all of

the repetitions showed a negative index indicating that the

probability that roflumilast is harmful for this scenario

(male COPD patients <65 years with a 30 % 1-year risk of

moderate to severe exacerbations) is very high, or, the

probability of net benefit is close to 0 %.
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Fig. 2 Benefit–harm curves for 100,000 estimates of the benefit-harm index (each curve) for roflumilast: IR, Incidence rate; IRR, Incidence rate ratio
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We argue that research that has the potential to shift

(change) or, if the benefit–harm curve overlaps with zero,

can narrow the benefit–harm curves (i.e., make it more

precise) should be prioritized. In addition, research that is

likely to shift a benefit–harm curve in such fashion that

the new curve can support different decisions (e.g., regula-

tory decisions or guideline recommendations) should also

be prioritized. Since such decisions may refer to an entire

population or subpopulations (e.g., COPD patients with

severe disease and at high risk for exacerbations), add-

itional studies may focus on subpopulations or use en-

richment designs to have more statistical power for a

particular subpopulation.

In Fig. 2a, the scenarios with evidence from additional

RCTs are shown. If an additional RCTs comparing roflu-

milast with placebo became available, the most likely

scenario is that it would not change the meta-analytic

estimate of the exacerbation incidence rate ratio import-

antly, but narrow the curve because of a more precise

(meta-analytic) effect estimate (shown by the blue

curve). In another scenario, a very large additional RCT

or a high-quality and large observational study could, if

showing a much larger treatment effect, shift the meta-

analytic treatment effect estimate towards a considerably

larger value and thus shift the benefit–harm curve to-

wards zero, increasing the probability that roflumilast

provides net benefit (shown by the green curve). How-

ever, this scenario is unlikely given the stability (inertia)

of the existing meta-analytic estimate and the substantial

amount of evidence needed to cause such a major shift.

How about a RCT or an observational comparative ef-

fectiveness study where roflumilast is assessed as an

add-on treatment to inhaled drug treatments? There

have been some criticisms that the RCTs on roflumilast

did not explicitly consider co-medications such as long-

acting bronchodilators and inhaled corticosteroids, which

raised concerns about the applicability of the trial results

in real-world populations. In fact, the Food and Drug Ad-

ministration (FDA) asked the manufacturer of roflumilast

for a post-marketing commitment and “Conduct a con-

trolled clinical trial to evaluate the efficacy of roflumilast

as an add-on therapy to a long-acting beta agonist and in-

haled corticosteroid fixed-dose combination therapy in

the population of COPD patients for which roflumilast is

indicated” [2]. To call for such a post-marketing commit-

ment shows, similar to the research needs identified by

the Cochrane review, a focus on research questions that

can be addressed by RCTs.

However, it is unlikely that such a trial would show a

larger treatment effect than existing trials that compared

roflumilast against placebo on top of unclear co-

treatments. Furthermore, the treatment effect can even

be smaller, as is commonly the case in such head-to-

head trials, and shrink the updated meta-analytic esti-

mate. As a consequence the benefit–harm curve would

shift to the left indicating an even more negative bene-

fit–harm balance (red curve). In fact, the RCT, which

the FDA asked the manufacturer of roflumilast to con-

duct for a post-marketing commitment, has been pub-

lished just recently [41]. This RCT found a similar effect

of roflumilast on exacerbations in severe COPD patients

using fixed combinations of inhaled corticosteroids and

long-acting beta-2 agonists as in previous studies (inci-

dence rate ratio of 0.87 [95 % CI, 0.75–1.00]) [41]. The

limited additional information this trial provided sup-

ports our argument against conducting additional RCTs

when the benefit–harm balance is unlikely to change. It

Box 3: Summary of a recent quantitative benefit–harm

analysis on roflumilast for patients with COPD [32]

We used the approach developed by Gail/NCI [36] estimating

the probability that the benefits of an intervention exceed the

harms for COPD patients at different risks for exacerbations. We

considered the effects of roflumilast on exacerbations and harm

outcomes, including gastrointestinal (acute pancreatitis, diarrhea,

nausea, and weight loss), psychiatric (insomnia, anxiety,

depression, and suicide), and neurological (headache and

dizziness) symptoms or disorders based on high-quality RCTs

that were included in the Cochrane review on roflumilast [2]

and in the extensive evaluations of the US FDA [3]. Since harmful

effects were expected from roflumilast, the trials paid particular

attention to harm outcomes and reported remarkably precise

estimates of treatment effects on harm outcomes and baseline

risks, which was valuable for our benefit–harm analysis. Where

trials did not provide valid or precise estimates of baseline risks

we used data from the Centers for Disease Control and Prevention

and from observational studies as reported previously [32]. We

varied the outcome risk and severity of COPD exacerbations

(moderate exacerbations defined as those requiring outpatient

treatment, usually with systemic corticosteroids ± antibiotics,

and severe exacerbations defined as those requiring hospital

admission ± mechanical ventilation) as well as the weight of

different benefit and harm outcomes. Thereby, we could

determine the benefit–harm balance of roflumilast for various

scenarios, clarifying considerably its potential indications.

We used moderate to severe exacerbations as the benefit

outcome and included 10 gastrointestinal, psychiatric, and

neurological events as harm outcomes. In the main analysis, we

assigned a (relative) weight of 1.0 to completed suicide, 0.5 to

incident moderate to severe exacerbations and acute pancreatitis,

0.25 to incident depression, anxiety and insomnia, and 0.05 to

incident diarrhea, nausea, weight loss, headache and dizziness.
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sometimes is not a sensible investment and, from an

ethical point of view, the conduct of such a trial, which

may cost 100 million US$ or more [42], may be ques-

tioned since it is unlikely that the newly estimated bene-

fit–harm balance would lead to a different conclusion

compared to the benefit–harm balance based on existing

evidence.

Figure 2b shows the impact of knowing more about

the importance patients assign to moderate-to-severe ex-

acerbations. There is not much evidence about the im-

portance of exacerbations from a patient’s perspective

relative to other outcomes such as the harms caused by

roflumilast. A preference-eliciting survey among COPD

patients may show that patients are, on average, as con-

cerned about some of the harms (e.g., incidence of de-

pression or anxiety) as they are about exacerbations so

that the relative weight used for the benefit–harm ana-

lysis should be larger. As a consequence, the benefit–

harm curve would shift to the left (Fig. 2b, red curve), or

the survey may show that patients assign more weight to

moderate-to-severe exacerbations relative to the harm

outcomes, which would shift the curve towards zero

(yellow curve). The examples in Fig. 2b suggest that add-

itional evidence about patient preferences may be valu-

able to inform the benefit–harm balance of roflumilast

since the benefit–harm curve is likely to shift.

In the case of roflumilast, there is considerable evi-

dence on harmful effects as the Cochrane review and

FDA documents show. However, it is unclear at what

(absolute) risks COPD patients are to experience the

gastrointestinal, psychiatric, and neurological outcomes

without roflumilast and how much roflumilast increases

those risks. For the black curve in Fig. 2c, we assumed,

based on the placebo groups of the roflumilast trials (for

insomnia and anxiety) and an observational study (for

depression), that the incident rates for depression, anx-

iety and insomnia are around 15 per 1,000 person years.

There is some uncertainty about these incidence rates

since risks in placebo groups often do not reflect risks

observed in real-world populations because of the

eligibility criteria and selection mechanisms in RCTs.

Figure 2c illustrates that additional evidence, which is

more valid and applicable for COPD patients in whom

roflumilast is prescribed in real-world practice, may shift

the benefit–harm curve considerably. If the incident rate

of psychiatric outcomes is in fact higher than current es-

timates, which may well be the case, the benefit–harm

curve would shift to the left (grey curve), meaning that

the benefit–harm balance would become even less favor-

able. In this case, investment in such a cohort study with

COPD patients may not be worthwhile since the conclu-

sion that the benefit–harm balance is unfavorable would

not change. If, however, there is an indication that

current estimates of the incidence rates for depression,

anxiety, and insomnia are overestimated, research in

such an observational study may be justified because the

benefit–harm curve would shift to the right indicating a

more favorable benefit–harm balance for roflumilast

than current estimates suggest (orange curve).

Conclusion
In situations where additional research for specific inter-

ventions in specific populations needs to be prioritized, we

propose that investigators may use benefit–harm assess-

ment as a way to prioritize research. Research prioritization

should not only focus on questions that can be addressed

by new RCTs, but include specific research that has the

potential to shift current estimates of the benefit–harm

balance.

Previous research has identified many methodologies

for quantitative benefit–harm assessment and discussed

the challenges to performing such an assessment [34].

Therefore, these methods, among others to prioritize re-

search, should be assessed for their usefulness in the

process of determining research priorities. The example

of roflumilast shows that the benefit–harm balance is

sometimes more likely to change with additional specific

evidence on patient preferences and outcome risks than

with updated meta-analytic treatment effect estimates

based on additional RCTs. Therefore, we propose that

quantitative benefit–harm assessments have the poten-

tial to explore the impact of additional research and to

identify research priorities.

Abbreviations

AHRQ: Agency for Healthcare Research and Quality; COPD: Chronic

obstructive pulmonary disease; FDA: Food and Drug Administration;

RCT: Randomized controlled trial; VOI: Value of information.

Competing interests

The authors declare that they have no competing interests.

Authors’ contributions

MP conceived the study and wrote the first draft of the article. TY conducted

the analyses and critically revised the article. CMB and GTR critically reviewed

the article for important intellectual content and revised it. All authors read

and approved the final manuscript.

Author details
1Epidemiology, Biostatistics and Prevention Institute, University of Zurich,

Zurich, Switzerland. 2Department of Epidemiology, Johns Hopkins Bloomberg

School of Public Health, Baltimore, USA. 3Center on Aging and Health,

Division of Geriatric Medicine and Gerontology, Johns Hopkins School of

Medicine, Baltimore, USA. 4Academic Medical Center, Department of General

Practice, University of Amsterdam, Amsterdam, Netherlands.

Received: 7 November 2014 Accepted: 12 June 2015

References

1. European Medicines Agency – Human Medicines: European Public

Assessment Report for Daliresp. 2011. http://www.ema.europa.eu/ema/

index.jsp?curl=pages/medicines/human/medicines/002398/

human_med_001415.jsp&murl=menus/medi. Accessed 6 April 2015.

2. US Department of Health and Human Services. Food and Drug

Administration. Approval package for: application number:

Puhan et al. BMC Medicine  (2015) 13:157 Page 7 of 8

http://www.ema.europa.eu/ema/index.jsp?curl=pages/medicines/human/medicines/002398/human_med_001415.jsp&murl=menus/medi
http://www.ema.europa.eu/ema/index.jsp?curl=pages/medicines/human/medicines/002398/human_med_001415.jsp&murl=menus/medi
http://www.ema.europa.eu/ema/index.jsp?curl=pages/medicines/human/medicines/002398/human_med_001415.jsp&murl=menus/medi


022522Orig1s000. 2011. http://www.accessdata.fda.gov/drugsatfda_docs/

nda/2011/022522Orig1s000Approv.pdf. Accessed 6 April 2015.

3. Chong J, Poole P, Leung B, Pn B. Phosphodiesterase 4 inhibitors for chronic

obstructive pulmonary disease. Cochrane Database Syst Rev.

2013;11:CD002309.

4. Lone N, Oba Y. Roflumilast: a green signal is yet to come. J Thorac Dis.

2013;5:213–5.

5. Global Initiative for Chronic Obstructive Lung Disease. Updated 2014.

Chapter 3: Therapeutic options, p. 25. http://www.goldcopd.org/Guidelines/

guidelines-resources.html. Accessed 6 April 2015.

6. Puhan MA. Phosphodiesterase 4 inhibitors for chronic obstructive

pulmonary disease. The Cochrane Library. 2011;8:ED000028.

7. United States Preventive Services Taskforce Grade Definitions. http://

www.uspreventiveservicestaskforce.org/Page/Name/grade-definitions

(accessed April 6, 2015).

8. Rocchi A, Miller E, Hopkins RB, Goeree R. Common Drug Review

recommendations: an evidence base for expectations? Pharmacoeconomics.

2012;30:229–46.

9. Imberger G. Clinical guidelines and the question of uncertainty. Br J

Anaesth. 2013;111:700–2.

10. Greenhalgh T. Less research is needed. http://blogs.plos.org/

speakingofmedicine/2012/06/25/less-research-is-needed/. Accessed 6 April

2015.

11. Kessler R, Glasgow RE. A proposal to speed translation of healthcare

research into practice: dramatic change is needed. Am J Prev Med.

2011;40:637–44.

12. Krishnan JA, Lindenauer PK, Au DH, Carson SS, Lee TA, McBurnie MA, et al.

Stakeholder priorities for comparative effectiveness research in chronic

obstructive pulmonary disease: a workshop report. Am J Respir Crit Care

Med. 2013;187:320–6.

13. Chalmers I, Bracken MB, Djulbegovic B, Garattini S, Grant J, Gülmezoglu M,

et al. How to increase value and reduce waste when research priorities are

set. Lancet. 2014;383:156–65.

14. Caron-Flinterman JF, Broerse JEW, Teerling J, Bunders JFG. Patients’ priorities

concerning health research: the case of asthma and COPD research in the

Netherlands. Health Expect. 2005;8:253–63.

15. Clavisi O, Bragge P, Tavender E, Turner T, Gruen RL. Effective stakeholder

participation in setting research priorities using a Global Evidence Mapping

approach. J Clin Epidemiol. 2013;66:496–502. e2.

16. National Institute for Health and Care Excellence (NICE). Research and

Development. https://www.nice.org.uk/about/what-we-do/research-and-

development. Accessed 6 April 2015.

17. Patient Centered Outcomes Research Institute. National Priorities and

Research Agenda. http://www.pcori.org/content/national-priorities-and-

research-agenda. Accessed 6 April 2015.

18. Fleurence RL, Torgerson DJ. Setting priorities for research. Health Policy.

2004;69:1–10.

19. Fleurence RL, Meltzer DO. Toward a science of research prioritization? The

use of value of information by multidisciplinary stakeholder groups. Med

Decis Making. 2013;33:460–2.

20. Wald HL, Leykum LK, Mattison MLP, Vasilevskis EE, Meltzer DO. Road map to

a patient-centered research agenda at the intersection of hospital medicine

and geriatric medicine. J Gen Intern Med. 2014;29:926–31.

21. Ginnelly L, Claxton K, Sculpher MJ, Golder S. Using value of information

analysis to inform publicly funded research priorities. Appl Health Econ

Health Policy. 2005;4:37–46.

22. Carlson JJ, Thariani R, Roth J, Gralow J, Henry NL, Esmail L, et al. Value-of-

information analysis within a stakeholder-driven research prioritization

process in a US setting: an application in cancer genomics. Med Decis

Making. 2013;33:463–71.

23. Lozano R, Naghavi M, Foreman K, Lim S, Shibuya K, Aboyans V, et al. Global

and regional mortality from 235 causes of death for 20 age groups in 1990

and 2010: a systematic analysis for the Global Burden of Disease Study

2010. Lancet. 2012;380:2095–128.

24. Vos T, Flaxman AD, Naghavi M, Lozano R, Michaud C, Ezzati M, et al. Years

lived with disability (YLDs) for 1160 sequelae of 289 diseases and injuries

1990-2010: a systematic analysis for the Global Burden of Disease Study

2010. Lancet. 2012;380:2163–96.

25. Bill & Melinda Gates Foundation. Grant Opportunities. http://

www.gatesfoundation.org/How-We-Work/General-Information/Grant-

Opportunities. Accessed 6 April 2015.

26. Wennberg J. Tracking medicine: a researcher’s quest to understand health

care. 1st ed. Oxford: Oxford University Press; 2010.

27. Phelps CE, Parente ST. Priority setting in medical technology and medical

practice assessment. Med Care. 1990;28:703–23.

28. Fleurence RL. Setting priorities for research: a practical application of

“payback” and expected value of information. Health Econ. 2007;16:1345–57.

29. Robinson KA, Saldanha IJ, McKoy NA. Development of a framework to

identify research gaps from systematic reviews. J Clin Epidemiol.

2011;64:1325–30.

30. Li T, Vedula SS, Scherer R, Dickersin K. What comparative effectiveness

research is needed? A framework for using guidelines and systematic

reviews to identify evidence gaps and research priorities. Ann Intern Med.

2012;156:367–77.

31. Meltzer DO, Hoomans T, Chung JW, Basu A. Minimal modeling approaches

to value of information analysis for health research. Med Decis Making.

2011;31:E1–22.

32. Yu T, Fain K, Boyd CM, Singh S, Weiss CO, Li T, et al. Benefits and harms of

roflumilast in moderate to severe COPD. Thorax. 2014;69:616–22.

33. Guo JJ, Pandey S, Doyle J, Bian B, Lis Y, Raisch DW. A review of quantitative

risk-benefit methodologies for assessing drug safety and efficacy-report of

the ISPOR risk-benefit management working group. Value Health.

2010;13:657–66.

34. Puhan MA, Singh S, Weiss CO, Varadhan R, Boyd CM. A framework for

organizing and selecting quantitative approaches for benefit-harm

assessment. BMC Med Res Methodol. 2012;12:173.

35. Mt-Isa S, Hallgreen CE, Wang N, Callréus T, Genov G, Hirsch I, et al.

Balancing benefit and risk of medicines: a systematic review and

classification of available methodologies. Pharmacoepidemiol Drug Saf.

2014;23:667–78.

36. Gail MH, Costantino JP, Bryant J, Croyle R, Freedman L, Helzlsouer K, et al.

Weighing the risks and benefits of tamoxifen. J Natl Cancer Inst.

1999;91:1829–46.

37. Mt-isa S, Goginsky A, Chan E, Downey G, Hallgreen CE, Hockley KS, et al.

IMI-PROTECT Benefit-Risk Group Recommendations. Report recommendations

for the methodology and visualisation techniques to be used in the

assessment of benefit and risk of medicines. www.imi-protect.eu/docu-

ments/HughesetalRecommendationsforthemethodologyandvisualisation-

techniquestobeusedintheassessmento.pdf. Accessed 6 April 2015.

38. Yu T, Vollenweider D, Varadhan R, Li T, Boyd C, Puhan MA. Support of

personalized medicine through risk-stratified treatment recommendations –

an environmental scan of clinical practice guidelines. BMC Med. 2013;11:7.

39. Boers M, Brooks P, Fries JF, Simon LS, Strand V, Tugwell P. A first step to

assess harm and benefit in clinical trials in one scale. J Clin Epidemiol.

2010;63:627–32.

40. Chuang-Stein C. A new proposal for benefit-less-risk analysis in clinical trials.

Control Clin Trials. 1994;15:30–43.

41. Martinez FJ, Calverley PMA, Goehring U-M, Brose M, Fabbri LM, Rabe KF.

Effect of roflumilast on exacerbations in patients with severe chronic

obstructive pulmonary disease uncontrolled by combination therapy

(REACT): a multicentre randomised controlled trial. Lancet. 2015;385:857–66.

42. Berndt E, Cockburn I. Price indexes for clinical trial research: a feasibility

study. Natl Bur Econ Res 2013, No. 18918. http://www.nber.org/papers/

w18918.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Puhan et al. BMC Medicine  (2015) 13:157 Page 8 of 8

http://www.accessdata.fda.gov/drugsatfda_docs/nda/2011/022522Orig1s000Approv.pdf
http://www.accessdata.fda.gov/drugsatfda_docs/nda/2011/022522Orig1s000Approv.pdf
http://www.goldcopd.org/Guidelines/guidelines-resources.html
http://www.goldcopd.org/Guidelines/guidelines-resources.html
http://www.uspreventiveservicestaskforce.org/Page/Name/grade-definitions
http://www.uspreventiveservicestaskforce.org/Page/Name/grade-definitions
http://blogs.plos.org/speakingofmedicine/2012/06/25/less-research-is-needed/
http://blogs.plos.org/speakingofmedicine/2012/06/25/less-research-is-needed/
https://www.nice.org.uk/about/what-we-do/research-and-development
https://www.nice.org.uk/about/what-we-do/research-and-development
http://www.pcori.org/content/national-priorities-and-research-agenda
http://www.pcori.org/content/national-priorities-and-research-agenda
http://www.gatesfoundation.org/How-We-Work/General-Information/Grant-Opportunities
http://www.gatesfoundation.org/How-We-Work/General-Information/Grant-Opportunities
http://www.gatesfoundation.org/How-We-Work/General-Information/Grant-Opportunities
http://www.imi-protect.eu/documents/HughesetalRecommendationsforthemethodologyandvisualisationtechniquestobeusedintheassessmento.pdf
http://www.imi-protect.eu/documents/HughesetalRecommendationsforthemethodologyandvisualisationtechniquestobeusedintheassessmento.pdf
http://www.imi-protect.eu/documents/HughesetalRecommendationsforthemethodologyandvisualisationtechniquestobeusedintheassessmento.pdf
http://www.nber.org/papers/w18918
http://www.nber.org/papers/w18918

	Abstract
	Background
	Discussion
	Summary

	Background
	Approaches to research prioritization
	The benefit–harm balance as an additional dimension to assess the potential impact of additional evidence
	Benefit–harm curves for illustrating the impact of additional research

	Conclusion
	Abbreviations
	Competing interests
	Authors’ contributions
	Author details
	References

