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Abstract

The number needed to treat (NNT) is a simple measure of a treatment’s impact,
increasingly reported in randomized trials and observational studies. Its calculation in
studies involving varying follow-up times or recurrent outcomes has been criticized. We
discuss the NNT in these contexts, illustrating using several published studies.

The computation of the NNT is founded on the cumulative incidence of the outcome.
Instead, several published studies use simple proportions that do not account for varying
follow-up times, or use incidence rates per person-time. We show that these approaches
can lead to erroneous values of the NNT and misleading interpretations. For example, after
converting the incidence rate to a cumulative incidence, we show that a trial reporting a
NNT of 4 “to prevent one exacerbation in 1 year” should have reported a NNT of 9. A
survey of papers reporting NNT published in four major medical journals in 2009, found
that 6 out of all 10 papers involving varying follow-up times did not correctly estimate the
NNT.

As the “number needed to treat” becomes increasingly used in complex studies and
in the comparative effectiveness of therapies, its accurate estimation and interpretation

become crucial to avoid erroneous clinical and public health decisions.
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Introduction

The number needed to treat (NNT) is now used extensively in randomized trials and
observational studies to provide an additional and user-friendly measure of the impact of a
drug or treatment on a given disease outcome.[1,2] Its interpretation is appealing: it
represents the number of patients with the disease under study that need to be treated
with the drug or intervention to prevent the disease outcome in one patient. Its
computation and interpretation have traditionally been based on a single occurrence of a
dichotomous outcome assessed using the ideal randomized trial, namely a trial with equal
follow-up for all patients. However, such ideal trials are rare. In practice, studies will
involve unequal follow-up times, while certain trials will also study recurrent outcomes
with multiple events, such as infections and exacerbations. The NNT has nonetheless been
applied to these situations. Recently, its application to outcomes with repeated events has
been criticized and its potential misuse with varying follow-up times highlighted, raising
some questions about its validity and interpretation.|3,4]

To clarify these points, we expand on some issues raised in a recent letter,[4] by
examining the use of the NNT measure in a number of trials published in four major
journals, including the New England Journal of Medicine, the Journal of the American Medical
Association, The Lancet and the British Medical Journal. In the context of these trials, all
with varying follow-up times or outcomes with multiple events, we present the proper

approaches to estimate, analyze and interpret the corresponding NNT.



The NNT measure

To better understand the origin of the NNT, recall that the frequency of disease
outcome is typically measured as a cumulative incidence of the outcome per number of
patients followed over a given time period. This will result in a proportion, whose value
will be written for example as 0.5/100, 2/100 or 5/100, where fixing the denominator at
100 makes the magnitudes of outcome frequencies easily comparable. Alternatively, the
motivation behind the NNT measure is to first make the cumulative incidences easily
comparable by fixing the numerator at 1. In our example these become 1/200, 1/50 and
1/20. When these rates are inverted to 200:1, 50:1 and 20:1, they then represent the
number of patients that need to be observed to find one patient with the outcome.

The use of the NNT relates more specifically to the effectiveness of a treatment that
can be measured by the difference in the cumulative incidence of the outcome (CI) over a
fixed follow-up time period, between two groups of patients, namely Clo-Cl1, where 0
represents the reference treatment or placebo and 1 the treatment under study. This
difference will represent the proportion of patients for whom the outcome was prevented.
Inverting this difference will produce the number of patients that need to be treated to
prevent one patient with the outcome. This patient-based interpretation corresponds to
the traditional NNT.[1]

For example, in a trial with equal one-year follow-up for all patients, a difference in
one-year cumulative incidence of the outcome of 9/100 - 5/100 = 4/100, represents a
prevented cumulative incidence of 4/100 (preventing 4 patients with the outcome for
every 100 patients treated) over one year. The NNT is then simply 1/(Clo-Cl1) =100/4=25.
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This inversion suggests that rather than using the 4/100 measure of prevented cumulative
incidence, the NNT value of 25 will provide the more graphic interpretation of one patient
avoiding the outcome over one year for every 25 patients treated.

Many studies, however, involve more complex study designs with varying follow-up
times or outcomes with multiple events. In these situation, the calculation of the NNT

requires some more careful consideration.

Patient-based NNT: varying follow-up

In practice, trials generally result in varying follow-up times between patients in
which case the cumulative incidence of an outcome cannot be calculated simply as a
proportion of subjects. It must instead use the Kaplan-Meier approach that accounts for
varying follow-up times and provides a curve for the cumulative incidence over time.[5]
The NNT can then be directly computed by inverting the difference in the cumulative
incidence of the outcome between the two groups at the desired time of follow-up.[6] This
NNT will represent the number of patients that need to be treated to prevent one patient
with the outcome over the given effect time period, namely the traditional NNT
interpretation. This approach has been properly used in several recent trials.[7-12]

Other trials, however, while at times also presenting Kaplan-Meier curves,
incorrectly computed the NNT using the simple proportion of patients with the outcome.
In some cases, this incorrect computation does not matter much because of the short and
mostly complete follow-up.[13,14] However, when the follow-up times are more variable,
computing the cumulative incidence without accounting for this may have resulted in a
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distorted value of NNT.[15-18] For example, in the recent trial of the effect of adding
zoledronic acid to a combination therapy in premenopausal women with endocrine-
responsive early breast cancer, 1803 patients were followed for varying times (median
47.8 months).[18] Despite the facts that the Kaplan-Meier curves were estimated and that
follow-up varied extensively between patients, the authors used the simple proportion of
patients whose disease progressed to compute the NNT as 1/((83/904) - (54/899) ) = 31.
Another example is a trial of nucleoside analogues against herpes simplex virus HSV type 2
(HSV-2), 1484 subjects were randomly assigned valacyclovir or placebo for 240 days.[15]
The authors claimed that “one would expect to treat 38 persons with recurrent genital
herpes for a year to prevent one case of HSV-2 infection”. Here again, the authors used the
simple proportion of patients with HSV-2 infection over the 240-day follow-up, and also
extrapolated it to 365 days. Indeed, the value of 38 for the NNT comes from (240/365) x 1
/ ((27/741) - (14/743) ). This is inaccurate not only because the authors used
proportions that do not account for varying times, but also because this value was

extrapolated from a trial period of 240 days to an unstudied one-year period.

Patient-time-based NNT

Rather than using the absolute number of patients with the outcome in computing
the NNT in studies with varying follow-up times, as done above, trials may use, as a
measure of outcome frequency, the incidence rate (IR) of the outcome. Itis computed as
the number of patients with the outcome divided by the total amount of person-time or
patient-time, to account for varying follow-up times. In this case, the effect of a treatment
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is measured by the difference in the incidence rate of the outcome between two groups,
namely IRo-IR1, where 0 represents the reference treatment or placebo and 1 the treatment
under study. This difference will represent the incidence rate of prevented events per
person-moment. Some authors have computed the corresponding NNT as 1/(IRo-IR1) in
several recent studies, with the interpretation that it represents the number of patients
that need to be treated to prevent one outcome over a given time period.[19-25]

An example is from the trial of 1,801 frail elderly adults randomized to a hip
protector or to a control group to assess the effect on the risk of hip fracture.[19] The
subjects were followed for a mean of 1.1 years with follow-up times varying up to 2 years.
The incidence rate of hip fracture in the hip-protector group was 21.3 per 1000 person-
years compared with 46.0 per 1000 patient-years for the control group. The NNT for 1-
year treatment was computed as 1/(0.0460-0.0213) = 40.5 which was interpreted as “the
number needed to treat for one year to prevent one hip fracture was 41 persons”.
Moreover, the incidence rates were converted to five-year rates, namely to 106.5 versus
230.0 per 1000, and the corresponding NNT computed as 1/(0.2300-0.1065) = 8.1, which
was interpreted as “the number needed to treat for five years to prevent one hip fracture
was 8 persons”.[19]

This interpretation is not accurate. Since this NNT is computed from the incidence
rate of events, its inverse does not represent persons but rather person-time. This person-
time-based NTT should thus instead be expressed as the number of person-moments
needed to be treated. Indeed, 8 patients being treated for 5 years are not necessarily the
same as 40 patient-years. This distinction is important because the former insinuates 8
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distinct patients treated for 5 years, while the latter can as well equally imply 40 patients
treated for 1 year or 20 patients treated for 2 years. Indeed, the incidence rates inherently
assume that person-moments are intrinsically interchangeable so that one year of follow-
up in one patient is equivalent to the first month of follow-up of 12 patients. The study in
fact provided the Kaplan-Meier curves for the cumulative incidence of hip fracture, which
indicate that the one-year cumulative incidence of hip fracture is around 5.0% for the hip-
protector group and 2.1% for the control group. These correspond to a now accurate NNT
of 35 patients needing to be treated for 1 year to prevent 1 hip fracture, rather than the
reported 41. Similarly, in the Collaborative Atorvastatin Diabetes Study (CARDS), the
authors used incidence rates to report that “27 patients would need to be treated for 4
years to prevent one (major cardiovascular) event”, but the Kaplan-Meier curves for the
cumulative incidence of a major cardiovascular event result in a NNT value closer to 20

patients at four years.[23]

Event-based NNT: multiple events

In some studies, the outcome involves a recurrent event that can occur more than
once during the patient’s follow-up.[26,27] In such studies, the frequency of disease
outcome is also measured as an incidence rate computed as the total number of outcome
events divided by the total amount of person-time. Here again, the corresponding NNT has
been computed as 1/(IRo-IR1) with the interpretation that it represents the number of
patients that need to be treated for a given time period to prevent one “event” in that
period. An example is the TORCH trial of over 6,000 COPD patients randomized to one of
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four treatment groups including fluticasone, salmeterol, their combination, or placebo,
followed for three years.[26] With varying follow-up times, the incidence rate of
exacerbation, which could occur more than once during a patient’s follow-up, was 1.13 per
patient-year in the placebo group and 0.85 in the combination group. The authors thus
computed the NNT as 1/(1.13-0.85) = 3.6 rounded to 4, which was interpreted as “number
needed to treat of four to prevent one exacerbation in 1 year”.

This type of interpretation has been criticized on the basis that this event-based
NNT deviates from its original meaning of the number needed to prevent one patient with
an exacerbation but instead targets the number needed to prevent one exacerbation.[3]
This particular criticism is not entirely justified because this event-based NNT is computed
from the incidence rate of events so that it represents events and not patients with events.
Instead, the criticism of the interpretation of this event-based version of the NNT should be
directed to its claim about the time period: This NTT does not represent patients treated
for a time period, but rather person-moments of treatment.

For example, the TORCH study’s “number needed to treat of four to prevent one
exacerbation in 1 year” would be more accurately expressed as “the number needed to
treat of four patient-years to prevent one exacerbation”.[26] This distinction is important
because the former insinuates that 4 patients need to be treated for 1 year, while the latter
can equally be expressed as an NNT of 48 patient-months to prevent one exacerbation or
208 patient-weeks to prevent one exacerbation, because of the nature of the underlying
incidence rate. Indeed, with this measure, person-moments are intrinsically assumed to be
interchangeable so that one year of follow-up in one patient is equivalent to the first month
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of follow-up of 12 different patients. Thus, the interpretation must avoid the insinuation of
a 12-month treatment period by clearly specifying 12 patient-months of treatment to
reflect this interchangeability. The next section provides formulae that permit the patient-

based interpretation.

From event-based to patient-based NNT

While the event-based NNT is valid and useful, albeit with a proper interpretation,
one may anyhow also wish to quantify the corresponding patient-based NNT. To do so one
may of course directly compute the cumulative incidence of the first event. Alternatively,
one may use the relation between the Poisson and exponential distributions to relate the
incidence rate and the cumulative incidence in the following way

CI = 1 - e-Ith
where Cl is the cumulative incidence of the outcome event up to time t and IR is the
incidence rate of outcome events measured in the same time units as t. For simplicity, the
time axis can be considered as the time to the first occurrence of the event during follow-
up, although it is also the time between events. However, this formula depends on strong
assumptions for the time to event distribution, namely a constant hazard and
independence between successive inter-event times, which may not often hold. In this
case, the formula cannot replace the direct computation of the cumulative incidence of the
first event to occur during follow-up.

In the example of the TORCH trial, the paper did not provide Kaplan-Meir curves for
the time to the first exacerbation, so that the cumulative incidence cannot be computed
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directly.[26] Using the formula, however, the exacerbation rate of 1.13 per patient-year in
the placebo group translates to a one-year cumulative incidence of an exacerbation of 0.68
while the incidence rate of 0.85 in the combination group translates to 0.57. Thus, the
corresponding NNT from these one-year cumulative incidences is 1/(0.68-0.57) = 9.1,
suggesting that 9 patients need to be treated for a year to prevent one patient with an
exacerbation. This value is fairly different from the “number needed to treat of four to
prevent one exacerbation in 1 year” reported in the paper, thus the importance of
distinguishing the interpretation of the event-based NNT computed directly using
incidence rates from that using cumulative incidence. This approach can easily be used to
assess different time periods. For example, in the TORCH trial, the two-year cumulative
incidence of an exacerbation can in this way be estimated to be 0.90 for placebo and 0.82
for combination, resulting in a NNT of 13 patients that need to be treated for two years to
prevent one patient with an exacerbation. The Table provides such examples for the two
recently published studies, using various time periods, highlighting the differences in

results from the two approaches.[26,27]

Recent review: 2009

We reviewed all papers published in 2009 in four major medical journals, namely
the New England Journal of Medicine, the Journal of the American Medical Association, The
Lancet and the British Medical Journal, that reported the NNT. We used MEDLINE to search
the papers (term: “number needed to treat”) and excluded meta-analyses. We identified 19
such papers. We found that most papers (13/19) used this measure properly. However, 9
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of the 19 studies involved simple designs with fixed follow-up times, which are not subject
to miscalculation, since the cumulative incidence is a proportion at the fixed study end
time. However, among the 10 other papers involving varying follow-up times, only 4 used
the NNT properly. The other 6 studies incorrectly used incidence rates rather than
cumulative incidence, or simply proportions of patients when the follow-up time was

varying.

Conclusion

The “number needed to treat” is a simple and intuitive measure of the impact of a
drug or treatment that is increasingly added to the reporting of study results. However, a
clear understanding of what is being counted is crucial in its interpretation. The original
NNT version is patient-based and counts the number of patients that need to be treated to
prevent the outcome in one patient over a given time period. As most studies result in
varying follow-up times, this measure inherently requires that the cumulative incidence of
the outcome be used in its computation. We found, however, that several studies continue
to use simple proportions rather than Kaplan-Meier curves to estimate the cumulative
incidence, thus not properly accounting for varying follow-up times.

We also noted that studies that use the NNT formula not with cumulative incidences
but with incidence rates to account for varying follow-up times are confusing. By
incorrectly using a patient-based interpretation, the estimation can lead to some
inconsistent values of the NNT and misleading interpretations. This error is also inherent
in studies that involve recurrent outcomes with multiple events. We also observed that
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some studies will extrapolate the NNT beyond the study time period, for example a two-
year study used to compute a 5-year NNT.

This misuse of the NNT is still very current and ongoing. Our survey of papers
published in 2009 in four major medical journals found that there was no problem with the
calculation of the NNT when the studies involved simple designs with fixed follow-up
times. In this case, the proportion of patients with the outcome is valid for the cumulative
incidence. However, in the studies involving designs with varying follow-up times, 60% did
not compute the NNT correctly. Thus, in studies using more complex designs that involve
varying follow-up times or outcomes with multiple events, the NNT continue to date to be
miscalculated and misinterpreted.

Such inaccuracies are not trivial: an incorrectly calculated NNT of 2 patients instead
of 5 implies the treatment of 20,000 instead of 50,000 patients in any impact or economic
calculation. Thus, as the “number needed to treat” becomes increasingly used to compare
drugs and diseases, accurate estimates become crucial to avoid misleading clinical and

public health decisions.
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Table

Comparison between event-based NNT computed from incidence rates and patient-based

NNT computed from corresponding cumulative incidences for two recent

studies.[26,27]

Event-based

Patient-based

approach approach*
Time
Outcome span for
Study event NNT IRi TRo NNT Ch Clo NNT
TORCH[26] Exacerbations 1 year 0.85 1.13 4 0.57 0.68 9
2years 1.70 2.26 2 082 090 13
3years 2.55 3.39 1 092 097 23
Lacroix[27] Transfusions 14days 0.47 0.86 3 0.37 0.58 5

28days 094 1.72 2

0.61 0.82 5

* Patient-based NNT based on cumulative incidence approximated by converting the

incidence rate using the exponential distribution.
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