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Abstract

Objectives: The uncertainty around number needed to treat (NNT) is often represented through a confidence interval (CI). However, it
is not clear how the CI can help inform treatment decisions. We developed decision-theoretic measures of uncertainty for the NNT.

Study Design and Setting: We build our argument on the basis that a risk-neutral decision maker should always choose the treatment
with the highest expected benefit, regardless of uncertainty. From this perspective, uncertainty can be seen as a source of ‘“‘opportunity loss”
owing to its associated chance of choosing the suboptimal treatment. Motivated from the concept of the expected value of perfect infor-
mation (EVPI) in decision analysis, we quantify such opportunity loss and propose novel measures of uncertainty around the NNT: the Lost
NNT and the Lost Opportunity Index (LOI).

Results: The Lost NNT is the quantification of the lost opportunity expressed on the same scale as the NNT. The LOI is a scale-free
measure quantifying the loss in terms of the relative efficacy of treatment. We illustrate the method using a sample of published NNT values.

Conclusion: Decision-theoretic concepts have the potential to be applied in this context to provide measures of uncertainty that can
have relevant implications. © 2012 Elsevier Inc. All rights reserved.
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1. Introduction

When deciding between two or more treatment options,
decision makers (clinicians, patients, and policy makers)
need to know the relative efficacy of treatments for the out-
come of interest. There are several statistics to measure rel-
ative efficacy. Among them, the number needed to treat
(NNT), that is, the number of patients who must be treated
to achieve one favorable outcome (or to avoid one adverse
outcome), is one of the most widely reported in medical
decision-making literature [1]. The NNT, calculated as
the reciprocal of the absolute risk reduction (ARR), was
originally proposed by Laupacis et al. [2] as a measure
for presenting the results of clinical trials with binary out-
comes. It has since been extended for use with continuous
outcomes [3] and survival data [4], and has led to closely
related measures, such as the number needed to harm [5],
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number needed to screen [6], and the number needed to
vaccinate [7].

In general, the NNT can be interpreted as quantifying the
extra “effort” associated with the alternative treatment to
achieve one outcome of interest. In Laupacis’ words, *“it tells
clinicians and patients in more concrete terms how much ef-
fort they must expend to prevent one event” [2]. When the
options in front of the decision maker are treatment vs. no
treatment, the NNT helps illustrate that the treatment is
costly and has potential adverse effects. When the NNT is
being calculated for an alternative vs. a standard treatment,
this is often because the alternative treatment is more effec-
tive but also more expensive and/or associated with a higher
rate of adverse effects. In the context of the NNT, the term
“effort’ is loosely defined but can point to the time, labor,
monetary costs, and patient risk that accompany any
treatment.

Although Laupacis’ definition of the NNT considers the
treatment decision made by clinicians and patients, the
NNT can equally be used in health policy decision making
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What is new?

Key finding

Currently, confidence interval is the standard way of
communicating uncertainty around the number
needed to treat (NNT). But the CI is not directly rel-
evant to the treatment decision.

Uncertainty around treatment only matters because it
may result in the choice of suboptimal treatment and
hence causing an opportunity loss.

What this adds to what was known?

This article applies the principles of value of informa-
tion analysis to the NNT context and provides two re-
lated measure of uncertainty: the Lost NNT and the
Lost Opportunity Index (LOI).

What is the implication, what should change now?
Decision-analytic concepts can be applied to the
NNT to provide measures of uncertainty that are
more relevant to decision-making task than generic
statistical measures of uncertainty like the CI.

The Lost NNT and LOI are especially applicable to
population-level policy making on the adoption of
competing treatment as they can help quantify the
areas of greatest need for the investment of research
fund

when the impact of decision at the population level (e.g.,
endorsing the coverage of a particular medication vs. an-
other) is concerned [17]. For example, Heller et al. [8] pro-
posed dividing the NNT by the proportion of the diseased
population eligible for the intervention (disease impact
number) and further by the proportion of the population
with the disease of interest (population impact number) to
provide a population perspective to the NNT [8,9].

One of the ways to use the NNT in making treatment de-
cisions is to compare its value against a threshold NNT
(NNT7) [10], the point at which the effort and benefits are
considered equal. In some situations, the choice of the NN Tt
is obvious. For example, if treatments being compared differ
only in their efficacy and are equal in all other respects, then
the optimal treatment is the one that has the highest efficacy;
in this case NNTt= o corresponding to ARRt (treatment
threshold on the ARR) of 0. In more complex situations,
the NNTr can be explicitly derived from the benefits, risks,
and monetary costs associated with each treatment, and there
are published methods on its calculation [11]. Even if such
an objective threshold is not used, it has been argued that
at the time of the decision, the NNT is being implicitly com-
pared with an internal threshold based on subjective under-
standing of the risks, benefits, and preferences [12].

Furthermore, the NNT, like other indices estimated from
sample data, is accompanied by sampling uncertainty. It is
recommended that studies reporting NNTs always report
confidence intervals (CI) as well [13]. Unfortunately, the
NNT, as a reciprocal of the ARR, has some statistical disad-
vantages for calculating the CI when the ARR’s CI crosses
zero. In this situation, the bounds on the CI define an inter-
val that contains infinity; these bounds therefore represent
both the NNT and number needed to harm, and hence the
CI does not have an intuitive interpretation [13,14].

2. The relevance of uncertainty in the NNT: the chance
and consequences of making a wrong decision

The CI around the NNT communicates information about
the degree of uncertainty around the value of the NNT,
caused by the finite sample of the original studies reporting
the ARR and the NNT. However, the question remains as to
the practical relevance of such sampling uncertainty in med-
ical decision making. It might be proposed that if the CI
around the NNT contains the threshold NNT, the hypothesis
that the alternative treatment is superior to the standard treat-
ment is statistically rejected. Hence, the standard treatment
remains the best option. But such hypothesis testing is inher-
ently arbitrary (after all, why significance at the 5% level
and not, say, 10%?) and is not necessarily in line with mak-
ing the best treatment decision. (What if the underlying
study was simply underpowered to detect a positive NNT?)

From a decision-theoretic viewpoint, the best treatment is
the one that has the highest “expected” benefit [15]. An
NNT that is below the NNTt means the expected value of
the efficacy of the alternative treatment is above the treat-
ment threshold and hence is the treatment of choice, regard-
less of the statistical significance of difference between the
NNT and the NNTt or the CI around the NNT. Likewise,
if the NNT is above the NNT, the standard treatment has
the highest expected benefit and should be the treatment of
choice. That is, it is the comparison between the point esti-
mate of the NNT and the NNTt that should influence the
treatment decision, and statistical inference around the
NNT is irrelevant for optimal decision making [15]. A deci-
sion maker who decides on the choice of treatment by com-
paring the NNT with the NNTt will achieve the highest
number of favorable outcomes per treatment decisions in
the long run [15]. Following this argument, we developed
indices that quantify and communicate such opportunity loss
for the NNT.

3. The Lost NNT

The concept of the Lost NNT is analogous to the expected
value of perfect information in health economics, which
quantifies the opportunity loss because of not having perfect
information in making a decision [16]. The calculation is
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the quantification of the following line of reasoning: had we
known the true value of treatment efficacy, we would have
avoided choosing the alternative treatment if its efficacy
(in terms of the ARR) was below our treatment threshold
and would have adopted the standard treatment instead.
Likewise, we would have adopted the alternative treatment
if the true treatment efficacy was above the treatment thresh-
old. We do not know the true value of treatment efficacy, but
we can apply this algorithm to all its likely values and aver-
age the results. Note that first, the above line of reasoning is
strictly Bayesian, as the unknown ARR is treated as a ran-
dom quantity whose true value is unknown but can be in-
ferred from the data. Second, the calculations must be
done on the ARR scale, not on the NNT scale. This is be-
cause the point estimate of the NNT is the reciprocal of
the expected value of the ARR, not the expected value of
the reciprocal of the ARR (an analogy between the NNT
and the incremental cost-effectiveness ratio is established
in the Appendix [see appendix on the journal’s Web site at
www.jclinepi.com], following which a decision-theoretic
argument outlined in [17] can be applied to justify such an
interpretation of the NNT).

The process conceptualized above can be formalized as
follows: let u indicate the true ARR and p; correspond to
the threshold ARR. The expected benefit under current
information, denoted by B,, is:

B. = max[0, E,(k — pur)] (1)

Likewise, the expected benefit under perfect informa-
tion, denoted by B,, is:

B, =E,[max(0, u — us)] (2)

The term E, means expectation with respect to the dis-
tribution of the ARR.

The difference between B, and B, is the opportunity loss
owing to uncertainty, defined in terms of the probability of
achieving the favorable outcome. This difference is on the
ARR scale. As treatment efficacy is expressed as the NNT,
the interpretation of such opportunity loss is the most intu-
itive if it too can be expressed in the same metric. We trans-
form this back to the NNT scale and call this the Lost NNT,
calculated as:

NNTo =Bpch (3)

A Lost NNT of X can be interpreted in this way: for ev-
ery X treatment decisions made between the alternative and
standard treatments under current information, we, on aver-
age, miss one favorable outcome because of our uncertainty
around the NNT.

Note that with no uncertainty around the NNT, there is
no lost opportunity and the Lost NNT will be infinite. On
the other hand, the wider the distribution of the NNT, the
smaller the Lost NNT will be, reflecting the higher efficacy

of the decision under perfect information compared with
the decision under current information.

Another way to express this lost opportunity is in terms
of the relative loss of treatment efficacy. We call this the
Lost Opportunity Index (LOI):

NNT

LOl=——— 4
NNTLost ( )

The LOI thus shows the relative loss in treatment effi-
cacy as a result of uncertainty. As an example, imagine
the NNT is 10 and the Lost NNT is 50, corresponding to
an LOI of 20%. Currently, for every 100 treatment deci-
sions, we expect 10 more favorable outcomes using the al-
ternative treatment. A LOI of 20% means we would have
10 x 0.2 = 2 more favorable outcomes per 100 treatment
decisions with perfect information.

4. Analytical solutions and numerical methods for
calculation of Lost NNT and LOI

If our current knowledge of the true ARR can be approx-
imated by a normal distribution, then B, can be calculated
using the following equation (derivations provided in the
Appendix, see appendix on the journal’s Web site at
www.jclinepi.com).

B,=0.¢ (%) - (/«L—/«LT)@(” UMT> (5)

where ¢ and @ are the probability density and cumulative
density functions of the standard normal distribution, re-
spectively. The parameter ¢ is the standard deviation of
the distribution of the ARR, which can often be estimated
from the two-by-two tables of treatment vs. outcome or re-
covered from the ARR (or the NNT) and its standard error
(SE) or CI, provided that these are based on an assumption
of the normality of a sample distribution of the ARR. This
is the case with the popular Wald-type CI for the ARR and
NNT [19]. However, if the underlying sample from which
the ARR and NNT are estimated is small, or if the ARR
is close to —1 or 1, then other methods for presenting the
CI bounds for the ARR are recommended [18,20—22],
from which ¢ cannot readily be estimated. If there is any
doubt about the appropriateness of the normality assump-
tion for the ARR, one can use Monte Carlo simulation
methods for the calculations, instead of using the above-
mentioned equation [23]. This is performed by randomly
generating samples from the distribution of the ARR, calcu-
lating B),, and repeating these calculations several times and
averaging the results.

A spreadsheet facilitating the analytical and numerical
methods for the calculation of the LOI and the NNT with
instructions is available from http://www.core.ubc.ca/~m
safavi/nnt/
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5. Default decision thresholds for the NNT

If the decision maker’s goal is to maximize treatment ef-
ficacy regardless of costs and possible harm (e.g., if adverse
events are rare or are known to be equal for two treatments,
and cost is equal between treatments or is not important for
the decision maker), the NNTt will be infinite (correspond-
ing to ARRt =0). On the other hand, maximum uncer-
tainty in treatment decisions happens when the observed
and threshold NNTs are equal, hence the decision maker
is indifferent toward treatment choice with the current in-
formation available. Therefore, by setting NNTt = NNT,
one can obtain a lower bound for the Lost NNT and an up-
per bound for the LOI. In the absence of a rigorously driven
NNT, these two bounds on the LOI can be reported as an
interval for the Lost NNT and the LOI for a range of plau-
sible values of the NNT.

6. Examples from the literature

Table 1 presents the results of selected samples of
NNTs taken from the publication of Altman [13] on the
interpretation of CIs alongside the NNT. The NNTs are
for 11 medications (different in type or dosage) for the
treatment of postoperative nausea in children. We calcu-
lated the Lost NNT and the LOI with two treatment thresh-
olds, NNTpr=® (maximizing treatment efficacy) and
NNTt = NNT (maximizing the impact of uncertainty), as
described previously. All calculations are performed by re-
covering the ARR and its SE from the NNT and its CI
bounds. Calculating the ARR and SE directly from the
two-by-two tables, reported by Tramer et al. [24], led to
very similar results.

When NNTt= o, the LOI varies from 0% for 5 of the
medications to 73.9% for atropine 10. For all instances of zero
LOI, the CI around the NNT is narrow and is entirely on the
NNT-benefit (positive) side, conforming to the intuition that
there is not much doubt about the benefit of treatment in such
situations. The LOI is high for atropine 10 because the CI is
wide and the NNT is almost in the middle of the CI (for

NNTtr=o0, a CI contains NNT} when it covers both the
NNT-harm and NNT-benefit ranges). Also, there is a clear
dose—response relation for the NNTs of droperidol. This is
generally followed by an increasing Lost NNT and a declining
LOI, with an exception. As the uncertainty for droperidol 50 is
higher than that of droperidol 20, the opportunity loss is higher
despite a higher point estimate of efficacy. This demonstrates
the combined effect of the point estimate and the width of the
CI around the NNT on the opportunity loss. When
NNTt = NNT, the lost opportunity is at its maximum value,
therefore all Lost NNTs are lower and LOIs are higher in
the second column than in the first column.

An example of the application of the Lost NNT and LOI
at the policy level is provided in the Appendix (see appen-
dix on the journal’s Web site at www.jclinepi.com).

7. Comments

Evidence-based medicine seeks to support medical deci-
sion making with objective methods to maximize out-
comes. The emphasis on using measures, such as the
NNT, to inform treatment decisions is an attempt toward
such objectivity, yet the inevitable uncertainty surrounding
NNT values influences objective decision making in a way
that has not heretofore been quantified. To show the practi-
cal importance of uncertainty surrounding the NNT in mak-
ing treatment decisions, we introduced the Lost NNT and
the LOI as measures that explicitly quantify opportunity
loss owing to lack of information. The Lost NNT and the
LOI are linked to the measures of opportunity loss derived
from the expected value of information analysis in health
economics [15,25]. The LOI can be reported in percent
and can be easily interpreted in terms of the loss of efficacy
of treatment owing to our lack of perfect knowledge about
its value and the resulting chance of making the suboptimal
treatment choice. Similar concepts can be developed for
other measures of treatment efficacy, such as odds ratio, rel-
ative risk, and so on. Such measures are, however, mainly
epidemiological indices aimed at communicating the treat-
ment effect size, whereas the NNT specifically informs the

Table 1. NNT derived from the meta-analyses of trials of prophylactic antiemetics in surgery for strabismus in children

Medication NNT (95% Cl) NNT\ost, LOI when NNT; = NNT_ost, LOI when NNT; = NNT
Droperidol 10 15.8 (NNT-b =4, NNT-h = 8) 69.2, 22.8% 26.3, 60%
Droperidol 20 6.2 (NNT-b = 2.5, NNT-h=13.9) 190, 3.3% 20.6, 30.1%
Droperidol 50 9.5 (NNT-b = 3.5, NNT-h = 13) 172.6, 5.5% 27.2,34.9%
Droperidol 75 3.5(2.8,4.8) >1,000, 0% 63.5, 5.5%
Metoclopramide 0.10 7.2 (NNT-b = 3.3, NNT-h = 44) 590.5, 1.2% 29.9, 24.1%
Metoclopramide 0.15 4.0(2.7,7.6) >1,000, 0% 41.5, 9.6%
Metoclopramide 0.25 2.5(1.8, 4.3) >1,000, 0% 29.3, 8.5%
Dixyrazine 0.25 2.5(1.5,7.6) >1,000, 0% 18.3, 13.7%
Ondansetron 0.15 2.5(1.6,5.2) >1,000, 0% 23.7, 10.6%
Atropine 10 25.0 (NNT-b = 3.7, NNT-h =5) 33.8,73.9% 21.3,117.2%
Lorazepam 10 14.3 (NNT-b =4, NNT-h =9) 84.6, 16.9% 27.3,52.4%

Abbreviations: Cl, confidence interval; NNT, number needed to treat; NNT-b, number needed to treat to benefit; NNT-h, number needed to treat

to harm; NNT+, threshold NNT; LOI, Lost Opportunity Index.
Data from Tramer et al. [24] and Altman [13].
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treatment decision by contrasting the effort of treatment vs.
its benefit. Another motivation behind our approach was the
difficulty in the presentation and interpretation of the CI for
the NNT when the CI covers both the negative and positive
values.

The novelty of our proposed approach is that it ex-
presses uncertainty in a measure of treatment efficacy
based on its impact on decision making and not based on
a generic statistical paradigm. Although it may be imprac-
tical for clinicians to use opportunity loss measures, it
should be feasible for health policy makers to apply the
LOI and the Lost NNT in decision making. As outlined
in more detail in the (Appendix, see appendix on the jour-
nal’s Web site at www.jclinepi.com), it is possible to esti-
mate the total number of instances a treatment decision
will be made in the target population over a given time
period [26], and to calculate how many suboptimal deci-
sions will be made owing to lack of certainty in treatment
efficacy [9].

We are aware of several limitations to the theory and
practical implementation of the Lost NNT and LOI. For
one, the present approach hinges on the assumption that a de-
cision is always made based on using a treatment threshold
[27]. If such a threshold is not rigorously defined, then the
Lost NNT and LOI do not reflect the true opportunity loss.
Furthermore, calculation of the Lost NNT and LOI is more
difficult than other calculations proposed around the NNT.
The Lost NNT and LOI require quantification of treatment
threshold (NNTy). Yet the NNTt is a function of aspects
of treatment that may themselves be uncertain, including
costs and rate of adverse events. This means a rigorous quan-
tification of the NNTwill yield a probability distribution for
its value. However, if the distribution of ARRy as well as
ARR are assumed to be normal, calculations can be per-
formed analytically. The equations for the calculation of
the Lost NNT and LOI can optionally incorporate uncer-
tainty in the treatment threshold (Appendix, see appendix
on the journal’s Web site at www.jclinepi.com). Finally,
the opportunity loss approach is based on the Bayesian par-
adigm as it models a true ARR whose value can be guessed
from the observed data. In the examples throughout this ar-
ticle, we have taken the sample distribution of the ARR as its
probability distribution. This is an approximation that a rig-
orous analyst can obviate by directly estimating the posterior
distribution of the ARR from the observed data. One may
also incorporate informative priors at this stage, combining
external evidence or expert opinion with the empirical
results.

We conclude that quantifying opportunity loss around
treatment decisions by using measures developed in this
work can provide a measure of uncertainly that is directly
relevant to the decision-making task, with particularly use-
ful applications at the policy level. In many health jurisdic-
tions, the demand for new treatments and the demand for
evidence to support those new treatments ultimately com-
pete with each other as they are funded from a fixed,

limited health care budget. Measures such as the Lost
NNT and LOI have the appeal of expressing the value of
acquiring evidence in the same metric as the value of mak-
ing a treatment decision. This enables decision makers to
predict returns on investment in treatment efficacy studies
in the same metric as the return on investment in adopting
treatments [28]. We anticipate this work will stimulate fur-
ther investigation and help bridge the gap between the prin-
ciples of optimal decision making and the real practice of
making decisions.
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Supplementary material

Supplementary data associated with this article can be
found, in the online version, at 10.1016/j.jclinepi.2012.01.022.
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