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Abstract

Objective: The objective of this study was to present ways to graphically represent a number needed to treat (NNT) in (network) meta-

analysis (NMA).

Study Design and Setting: A barrier to using NNT in NMA when an odds ratio (OR) or risk ratio (RR) is used is the determination of a
single control event rate (CER). We discuss approaches to calculate a CER, and illustrate six graphical methods for NNT from NMA. We
illustrate the graphical approaches using an NMA of cognitive enhancers for Alzheimer’s dementia.

Results: The NNT calculation using a relative effect measure, such as OR and RR, requires a CER value, but different CERs, including
mean CER across studies, pooled CER in meta-analysis, and expert opinion-based CER may result in different NNTs. An NNT from NMA
can be presented in a bar plot, Cates plot, or forest plot for a single outcome, and a bubble plot, scatterplot, or rank-heat plot for >2 out-
comes. Each plot is associated with different properties and can serve different needs.

Conclusion: Caution is needed in NNT interpretation, as considerations such as selection of effect size and CER, and CER assumption
across multiple comparisons, may impact NNT and decision-making. The proposed graphs are helpful to interpret NNTs calculated from

(network) meta-analyses. © 2019 Elsevier Inc. All rights reserved.
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1. Introduction

The number needed to treat (NNT) is an absolute mea-
sure of effect used to communicate the effectiveness or
safety of an intervention [1]. The NNT was first introduced
to describe the absolute effect of a certain intervention vs. a
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standard treatment or control in randomized clinical trials
[2] and then was adopted in systematic reviews and meta-
analyses [3]. The NNT provides insight into the clinical
relevance of an effect size because it is defined as the
average number of patients who need to be treated to pre-
vent one extra person from having a bad outcome compared
with another treatment. For positive outcomes, the NNT
can be equivalently defined as the number of people that
need to be treated to have one person with a good outcome.
Similarly, the number needed to harm (NNH) indicates how
many people need to be treated in order for one patient to
have a particular adverse effect. To avoid the unfavorable
NNH term, Altman [4] suggested the terms ‘“number
needed to treat for an additional beneficial outcome”
(NNTB) and ‘“‘number needed to treat for an additional
harmful outcome” (NNTH), respectively, instead of using
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What is new?

Key findings

e The number needed to treat (NNT) is an absolute
measure of effect used to communicate the effec-
tiveness or safety of an intervention and is
frequently used in the meta-analytical literature.

What this adds to what was known?

e Different considerations of calculating an NNT in
both pairwise and network meta-analysis (NMA),
including effect size and assumptions for the con-
trol event rate across multiple comparisons, may
impact NNT results. We present potential ways
of calculating NNT in (network) meta-analysis,
such as mean control event rate (CER) across
studies, pooled CER in meta-analysis, expert
opinion-based CER, and range of possible CER.

What is the implication and what should change

now?

e The graphical representation of NNTs from NMA
is crucial to ease interpretation of results. We pre-
sent six graphical approaches for NNT from NMA
and discuss their properties. We suggest the NNT
graphical representation in a bar plot, Cates plot,
or forest plot for a single outcome, and in a bubble
plot, scatterplot, or rank-heat plot for at least two
outcomes.

e Different plots can be used for different needs. For
example, if uncertainty around NNT should be
considered in decision-making, then a bar plot or
a forest plot can be used. When multiple outcomes
need to be considered, then a rank-heat plot is sug-
gested. For communication purposes, the Cates
plot is suggested if the corresponding effect esti-
mate is statistically significant and the confidence
interval is not too wide.

NNT and NNH to show direction of effect. In this article,
we use the terms NNTB and NNTH.

The NNTB and NNTH are calculated by taking the in-
verse of the risk difference (RD) [2], yet can also be calcu-
lated using other effect measures, such as the odds ratio
(OR) and risk ratio (RR) [5]. The higher the NNTB value,
the less effective the treatment will be; and, the higher the
NNTH, the more safe a treatment is. For example, interven-
tion A with an NNTB of 20 whereby one patient is saved for
every 20 patients treated with A is better than a competing
intervention B (with an NNTB of 80) that saves one patient
for every 80 patients treated with B. The use and interpreta-
tion of NNT requires understanding of several factors [1,6],

such as 1) clinical insight and patient values and circum-
stances, as it may depend on how difficult it is to implement
the intervention and how accessible and cost-effective the
intervention is, 2) follow-up period, as NNTs in studies with
different follow-up times are not directly comparable [7], 3)
baseline risk of the event, 4) statistical properties of NNT, 5)
alternative treatment to which the intervention is being
compared, 6) outcome, 7) direction and size of the effect
measure, 8) NNTB (and NNTH) scale, and 9) confidence in-
terval (CI) surrounding NNTB or NNTH [4,8]. CIs for NNTs
can be calculated to inform us about the range of NNT values
we may expect. However, Cls for the estimated NNTs are
usually given for statistically significant results [8], and this
is mainly because of a complication of the NNT calculation
when dealing with nonsignificant results (i.e., there is discon-
tinuity when RD is 0).

The NNT measure has been particularly useful in system-
atic reviews and meta-analyses [3]. However, caution is
needed in the NNT calculation as differences in baseline risks,
lengths of follow-up, outcome definitions, and clinical settings
across the studies included in a meta-analysis can impact the
magnitude and direction of NNT [1]. In the meta-analysis
context, it is recommended to calculate NNT using an overall
treatment effect that remains constant in baseline risk varia-
tions. For example, is has been shown that OR and RR effect
measures appear to be relatively constant for differences in
CERs across studies [9]. Caution is also needed when the
between-study heterogeneity in the included studies’ results
is substantial. When the study-specific effect measures vary
substantially (e.g., owing to notable differences in baseline
risks or in patient characteristics or in study-designs), it may
not be advisable to combine the study results into a single
overall effect estimate or calculate the respective NNT.

Overall, the NNT is a clinically useful measure for ex-
pressing binary and survival outcome results [10], and is
frequently used in the published literature [11—13]. Several
attempts have also been made to extend NNT for contin-
uous outcomes [14,15], as well as to graphically represent
NNTs [4,16,17]. However, knowledge users (such as pa-
tients, health care providers, and policy-makers) are faced
with a multitude of intervention options and the need to
compare several treatments for a clinical condition are
required to make informed health care decisions. As such,
more complex statistical approaches, such as network
meta-analysis (NMA) are required. NMA combines the re-
sults of trials that undertake different treatment compari-
sons [18—20] and is being conducted with increasing
frequency in the health care literature [21,22]. The aim of
this article is to present graphical approaches of NNT's from
NMA to facilitate interpretation of results.

2. Number needed to treat in pairwise and network
meta-analysis

An NNT can be calculated from the overall RD, RR, and
OR effect measures using the following formulas:
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NNT:L
IRD|
NNT = I
(1—RR)-CER
1 — CER + OR-CER
NNT = CER + OR-C

(1—RR)-CER-(1 — CER)

where CER is the control (or placebo or usual care) event
rate, defined as the observed risk of having an event in
the control group (ranges between 0 and 1). A barrier to ex-
panding the use of NNT in meta-analysis when an OR or
RR is used is the determination of a single CER value, as
the CER will vary for each study included in the meta-
analysis. In the following we present potential ways of
analyzing CER in meta-analysis:

1. The naive approach, where the sum of events in the
control group is divided by the sum of patients in
the control group;

2. Median/mean CER across all studies containing the
control group;

3. Pooled CER from a meta-analysis across all studies
containing the control group;

4. Expert opinion based, for example, on the patient
population included across the studies or on local data
from the researcher’s own patient population;

5. A range of possible CER values, which can be used to
compare potential NNT differences.

Of all approaches, the naive should be avoided, as it ig-
nores study randomization and between-study variability.
To derive a pooled CER across studies in a meta-analysis,
we may need to use transformations [23]. The CER follows
a binomial distribution and its variance, which is a function
of the mean, reaches a maximum value at CER = 0.5.
While this works well for CER around 0.5, when CER is
closer to 0 or 1, its variance declines to 0, and hence an
inverse-variance meta-analysis assigns a very large weight
to these studies [23]. Variance-stabilizing transformations
help not only to correct this problem in binomial data,
but also to obtain a sampling distribution closer to a normal
distribution. Two of the most common variance-stabilizing
transformations are the logit or double arcsine transforma-
tions [23]. Although the logit transformation helps better
approximate a normal distribution, the transformed sam-
pling variance can be quite inaccurate. For a CER close
to 0 or 1, its variance becomes extremely large, whereas
for a CER close to 0.5, its variance becomes extremely
low [23]. Hence, an inverse-variance meta-analysis assigns
small weights to studies with small or large CERs and large
weights to CERs around 0.5, irrespective of the sample size.
To improve normalizing and variance-stabilizing the CER
sampling distribution, Freeman and Tukey [24] suggested
the double arcsine transformation. A back-transformation
on the original CER scale can be performed using the

approach suggested by Miller [25]. However, it has been
suggested not to use the double arcsine transformation for
meta-analysis of single proportions because of potential
problems with the back-transformation [26]. As alternative,
the application of generalized linear mixed models is pro-
posed [26].

Extending the calculation of NNT in NMA, additional
considerations to the aforementioned should be made. First,
the order of treatments when these are compared in an
NMA should be presented in a meaningful and consistent
way, to facilitate the CER choice and the NNT interpreta-
tion. A consistent way could be ordering treatments within
comparisons referring to active treatment vs. placebo/usual
care or referring to new pharmacological treatment vs. old
pharmacological treatment (alternative strategies are
needed for nonpharmacological interventions). Let us
consider the fictional example of six studies comparing
treatments A, B, and C, as shown in Appendix 1. If treat-
ment C is newer than treatment B, which is newer than
treatment A, then a presentation of the treatment compari-
sons evaluated in the six different studies could be B vs. A,
B vs. A, Bvs. A, Cvs. B, Cvs. B, and C vs. A. This facil-
itates the determination of the comparator (e.g., control)
group in each case, so as to calculate the study-specific
CER. For example, in study 1 that compares B and A, a
CER is defined using evidence from treatment A. A CER
is defined in a similar way in studies 2 to 6. Second, a
CER should be defined across multiple treatment compari-
sons that share the same control (or comparator) group.
This may include choosing between a common and
comparison-specific CER. Selection of the most appropriate
assumption will depend on the patient population. Howev-
er, different assumptions may impact the NNT results. For
example, for an OR = 0.80, a common CER=0.05 across
all treatments vs. control and equal to 0.50 gives an
NNT = 18, whereas a comparison-specific CER gives a
notably different NNT = 104. In our fictional example in
Appendix 1, a common CER across treatment comparisons
sharing the same comparator group was assumed. Hence,
the CER for treatment A for the treatment comparison B
vs. A (CER3,, ;) is equal to the CER?, ,. In particular, un-
der the common CER assumption, we need to estimate 2
CERs: CERj  ,=CER} , and CERE . The CER for
treatment A was estimated from studies 1, 2, 3 (comparing
B vs. A treatments), and 6 (comparing C vs. A treatments),
whereas the CER for treatment B was estimated from
studies 1, 2, 3 (comparing B vs. A treatments), and 4 and
5 (comparing C vs. B treatments). However, under the
comparison-specific assumption, we need to estimate 3
CERs: CERy, ,,CER}  ,, and CERS .. In Appendix 1,
we used approach 2 and calculated a mean CER across
studies comparing the same control group.

Once a meaningful CER is calculated, the NNT can be
determined using the formulae presented earlier. In
Appendix 1, we present NNT using both the OR effect mea-
sure (NNTor) and the RD (NNTgp) effect measure. To
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account for uncertainty around NNT, a CI can be calculated
for the NNT values obtained in an NMA. Several ap-
proaches have been suggested to calculate CIs for NNTs
for results from RCTs [8,27], among which the Daly (or
substitution method), the method of variance estimates re-
covery (MOVER), and the propagating imprecision (Pro-
pImp) CIs can also be used for results from meta-
analyses [28—30]. For the NNT CI calculation, an appro-
priate method should be chosen to calculate CIs for the
selected effect measure. For a review of methods to obtain
CIs for the estimated overall effect from a random-effects
meta-analysis see the study by Veroniki et al. [31]. If the
chosen effect measure is the RD, then the NNT CI is simply
obtained by inverting and exchanging the corresponding
RD confidence limits. If the chosen effect measure is the
RR or OR, additionally, a meaningful CER is required.
The Daly CIs start with a CI for the estimated overall treat-
ment effect, and then calculate a CI based on a transformed
scale. Although the method is simple to apply, it does not
account for the estimation uncertainty of CER, when OR
and RR effect sizes are used. On the contrary, the MOVER
and PropImp approaches allow for a degree of imprecision
of both treatment effect and CER estimation, and can be
used when the estimates of CER and treatment effect are in-
dependent (e.g., derived from separate studies). This means
that the average CER derived across the same eligible
studies should not be used to calculate an MOVER or Pro-
pImp CI for NNT [32].

In NNT, values between —1 and 1 are impossible, and the
domain of NNT uses two regions: a) the NNTB region,
including the union of 1 (where is the largest possible benefi-
cial treatment effect) to o (no treatment effect), and b) the
NNTH region, —% (no treatment effect) to —1 (where is
the largest possible harmful treatment effect). For example,
a nonstatistically significant NNT = 5 with CI —40 and 2 is
a combination of the two regions (—o,—40] and [2, ).
The suggested presentation of a nonstatistically significant
NNTis NNTB = 5 (NNTH 40 to «« NNTB 2) [4]. The presen-
tation indicates that an NNTB = 5 is estimated implying that
on average five people should receive the treatment for an
additional beneficial outcome compared with the control
group. However, the uncertainty of this estimation is large with
a harmful effect up to NNTH = 40, a less harmful effect up to
NNTH = o0 (no effect; need to treat an infinite number of peo-
ple to cause or avoid an event), and a more beneficial effect up
to NNTB = 2. Because of this limitation and the difficulty in
interpreting a nonstatistically significant NNT, many authors
do not report a CI for nonstatistically significant NNTs.

In Appendix 1, we present a 95% CI for each NNT using
the Daly approach [30]. It should be highlighted that the re-
sulting CIs for NNTqR contain only the OR uncertainty and
do not account for CER uncertainty. Hence, the NNT esti-
mation is conditional on the assumed CER. However, in
case of large between-study heterogeneity, we recommend
the use of various clinically meaningful CER values (e.g.,
for low- and high-risk patients) to explore differences in

NNT. In case a CER estimate with CI is available, which
is independent of the (network) meta-analysis, the PropImp
approach can be used to calculate CIs for NNTs taking into
account uncertainty of the CER and the OR estimation [29].
In Appendix 1, the NNT values slightly differ when calcu-
lated from OR and from RD. This is because different prop-
erties are associated with different effect measures, which
can affect the NNT value. It should also be considered that
small changes in RD close to zero may result in large
changes in the estimation of NNT, as RD=0 corresponds
to NNT = * oo,

3. Illustrative example

To illustrate different approaches for the graphical repre-
sentation of NNT (see section 4), we use a published system-
atic review and NMA on the comparative effectiveness and
safety of cognitive enhancers for treating Alzheimer’s de-
mentia [33]. The example includes eight dichotomous out-
comes and 10 treatments. The network representation of
each outcome is presented in Appendix 2. The treatment
comparisons including placebo, the estimated ORs, RRs,
and RDs in a frequentist NMA (using the mvmeta command
is Stata) [34], the mean CERs, and the estimated NNTs for
each outcome and effect measure are provided in Appendix
3. In this example, we used the OR, which was transformed
to NNT for the graphical approaches in section 4. To ease
interpretation in plots, we present the results on the RD scale
after converting the transformed NNTs to RDs. For illustra-
tion purposes, we also present in Appendices 4-10 the same
graphical approaches using the RD effect measure as esti-
mated in NMA and its conversion to the NNT scale. Howev-
er, it should be noted that the use of the RD effect measure is
not appropriate in this example. Nevertheless, we used this
approach here to illustrate the different graphs for RD-
based NNTs without switching to another data example.
We ordered treatments from oldest to newest by year of avail-
ability in Canada [33], used approach 2, and calculated a
mean CER across studies comparing the control group, and
considered a common CER value across treatment compari-
sons including the same, older treatment. Because the aim of
this article is to present different ways of depicting NNT, we
used a single CER value to calculate NNT under the OR (and
RR in Cates plot in Appendix 5) effect measure. We calcu-
lated a 95% CI for each NNT using the Daly approach
[30]. In the following, we infer on whether a treatment is
harmful or beneficial based on the NNT scale, that is, a treat-
ment is harmful when NNTH ranges between 1 and o, and a
treatment is beneficial when NNTB ranges between 1 and oo.

4. Graphical approaches for NNT based on absolute
measures

Several graphical ways can be used to present the NNT in
an NMA. In this article, we discuss six potential approaches
to graphically represent NNT. We also categorize the plots
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when a single outcome or multiple outcomes are available in
an NMA. The uncertainty around NNT can graphically be
depicted in a bar plot and a forest plot. A scatterplot can also
be extended to include CIs for NNTs as ellipse regions across
treatment comparisons and outcomes [35]. For a comparison
of the graphical approaches, see Appendix 11.

4.1. Plots for a single outcome

4.1.1. Bar plot

A bar plot can graphically depict the NNT for each treat-
ment comparison or the NNT for the treatments compared
with a common comparator (e.g., placebo), as presented in
Figure 1.

In Figure 1, we graphically represent the NNT values of
six treatments for Alzheimer’s dementia vs. placebo for the

vomiting outcome [33] of 42 RCTs and 12,997 patients, in
a bar plot. According to the NNT point estimates, all treat-
ments but one are suggested as harmful treatments
compared with placebo. The only beneficial treatment is
memantine (NNTB = 27, 95% CI [NNTH 3, «, NNTB
15]), suggesting that 27 patients need to be treated with
memantine compared with placebo to prevent one patient
from vomiting. However, the point estimate is associated
with large uncertainty, where its CI goes from large harm
to large benefit. Donepezil, galantamine, and oral rivastig-
mine are statistically significantly more harmful against
placebo. The most harmful treatment among the six treat-
ments evaluated in an NMA vs. placebo is oral rivastigmine
(NNTH = 7,95% CI [5,14]), suggesting that seven patients
need to be treated with oral rivastigmine in order for one
patient to vomit.

Vomiting Outcome
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Fig. 1. Bar plot of six treatments against placebo for the vomiting outcome. On the x-axis, the treatment comparisons are presented, and on the y-
axis, the RD x 100% scale is shown, whereas the NNT values along with their Cls are depicted at the top of each bar. Each vertical bar depicts the
RD x 100% value that corresponds to the specific treatment comparison, and each vertical line crossing a bar correspond to the error bars depict-
ing the 95% CI for RD x 100%. Error bars crossing the line of no effect (RD x 100% = 0%) suggest a non-statistically significant result. The
greater the area in a bar, the larger the absolute RD, that is, the smaller the NNTB (or NNTH) value, and hence the most beneficial (or harmful)
the treatment. We can distinguish between harmful (below the horizontal line of no effect) and beneficial (above the horizontal line of no effect)
treatments using dark grey and light grey colored bars, respectively. On the horizontal axis the six treatment comparisons are presented, whereas on
the vertical axis the RD x 100% value of each treatment comparison is presented. Each bar represents one of the six (i.e., total number of treat-
ments in vomiting outcome-1) possible comparisons against a common comparator (i.e., placebo). The error bars represent the 95% CI for NNT.
Light grey bars represent the number of patients need to be treated to prevent one patient from experiencing the event; dark grey bars represent the
number of patients need to be treated in order for one patient to experience the event. Although the NNT scale suggests that memantine is the only
beneficial treatment compared to its alternatives in the network, given that memantine does not treat vomiting clinically memantine would be
described as the least harmful treatment. Abbreviations: Cl, confidence interval; DONE, donepezil; GALA, galantamine; MEMA, memantine;
NNT, number needed to treat; NNTB, number needed to treat for an additional beneficial outcome; NNTH, number needed to treat for an additional
harmful outcome; RD, risk difference; RIVA, rivastigmine; RIVA_O, oral rivastigmine; RIVA_P, transdermal patch rivastigmine.
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4.1.2. Cates plot

A Cates plot can be used to graphically present the NNT
values derived from NMA evidence. The Cates plot shows
the average rate of having a good outcome with treatment
(green faces), a bad outcome with treatment (red faces), a
better outcome with control (crossed green faces), and a
change in outcome category if a patient is treated (yellow
faces) per treatment comparison. 100 faces are depicted
in a Cates plot representing patients treated with the under-
lying treatment. The more green faces in a section referring
to a certain treatment comparison indicate the most benefi-
cial the treatment against its comparator, whereas the more
red faces in a section referring to a certain treatment com-
parison indicate the most harmful the treatment against its

Assuming a common CER across comparisons with
mean CER=7% across studies, we plotted a Cates plot
for each treatment against placebo at http://www.
nntonline.net/visualrx/. Figure 2 demonstrates the Cates
plot for the vomiting outcome and six treatments against
placebo: donepezil, galantamine, oral rivastigmine, trans-
dermal patch rivastigmine, memantine, and
rivastigmine + memantine. This plot suggests that the most
beneficial treatment is memantine, where 93 patients
treated with memantine had a good outcome of not vomit-
ing, four patients, who would vomit without memantine,
had a change in outcome and did not vomit after receiving
treatment, and three patients had a bad outcome of vomit-
ing even if they were treated with memantine (NNTB = 27,
95% CI [NNTH 3, o, NNTB 15]). The least harmful

comparator.
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Fig. 2. Cates plot representing six treatments against placebo in the vomiting network. Each region corresponds to a different treatment (vs. pla-
cebo) and includes 100 faces corresponding to the patients treated with the underlying treatment. Green faces represent patients not vomiting with
the underlying treatment; red faces represent patients vomiting with the underlying treatment; crossed green faces represent patients not vomiting
with control; yellow faces represent patients that would not vomit if they would be treated with the underlying treatment. The NNT values have been
recalculated in http://www.nntonline.net/visualrx/ using the odds ratios estimated in an NMA model and a mean CER = 7%. Although the NNT
scale suggests that memantine is the only beneficial treatment compared with its alternatives in the network, given that memantine does not treat
vomiting clinically memantine would be described as the least harmful treatment. Abbreviations: CER, control event rate; NMA, network meta-
analysis; NNT, number needed to treat; NNTB, number needed to treat for an additional beneficial outcome; NNTH, number needed to treat
for an additional harmful outcome. (For interpretation of the references to color in this figure legend, the reader is referred to the Web version
of this article.)
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treatment is transdermal patch rivastigmine, where 38 pa-
tients need to be treated with transdermal patch rivastig-
mine in order for one patient to vomit (NNTH = 37,
95% CI [NNTH 8, %, NNTB 39]). The Cates plot suggests
that 90 patients treated with transdermal patch rivastigmine
had a good outcome of not vomiting, three patients had an
adverse event with transdermal patch rivastigmine and their
category from a good outcome changed to a bad outcome of
vomiting, and seven patients had a bad outcome of vomit-
ing even if they were treated with transdermal patch
rivastigmine.

4.1.3. Forest plot

A forest plot can graphically depict the estimated NNT
for each treatment comparison. On the x-axis, the
RD x 100% scale is shown with 0% corresponding to the
line of no treatment difference, and on the y-axis, the treat-
ment comparisons are presented. The NNT values along
with their Cls are depicted on the left-hand side of the plot
next to the RD values. In the forest plot, each treatment
comparison is presented by a diamond on the RD x 100%
scale and a horizontal line extending either side of the dia-
mond depicts a CI for RD x 100%. The treatment compar-
isons may be divided into subsets for presentation in a
forest plot, such as according to the common comparator
in the NMA treatment comparisons.

Vomiting Outcome

17

The forest plot of six treatments against placebo as-
sessed for vomiting in an NMA of patients with Alz-
heimer’s dementia is shown in Figure 3. This plot shows
that donepezil, galantamine, and oral rivastigmine are sta-
tistically significantly harmful when compared with pla-
cebo, and among the three treatments, the highest
uncertainty around NNT is observed for donepezil
(NNTH = 22, 95% CI [10,113]). Memantine, transdermal
patch rivastigmine, and rivastigmine + memantine are
associated with nonstatistically significant NNTs and very
wide 95% ClIs.

4.2. Plots for multiple outcomes

4.2.1. Bubble plot

A bubble plot shows the NNT values for all treatment
comparisons assessed in an NMA for two outcomes. The
plot arranges the presentation of NNT for all treatments
on a certain outcome on the x-axis against the treatments
included in a second outcome on the y-axis. Let us define
that the outcome presented at the lower diagonal part of
the plot is outcome 1 (e.g., headache in Figure 4) and the
outcome presented at the upper diagonal part of the plot
is outcome 2 (e.g., nausea in Figure 4). The direction of
the treatment comparisons in outcome 1 (e.g., headache)
is defined as treatment at the relevant row (e.g., donepezil)
vs. treatment at the relevant column (e.g., placebo).

Treatment vs. Placebo RD (95%Cl) NNT (95%Cl)
D ; —— -4.55 (-10.00,-0.88) NNTH 22 (10, 113)
onepezil
Galantamine —— -9.09 (-14.29,-4.55) NNTH 11 (7, 22)
Rivastigmine Oral —&— -14.29 (-20.00,-7.14) NNTH 7 (5, 14)
Rivastigmine Patch — -2.70(-12.50,2.56)  NNTH 37 (NNTH 8, =, NNTB 39)
Memantine * 3.70 (-33.33,6.67) NNTB 27 (NNTH 3, =, NNTB 15)
Rivastigmine+Memantine * -4.55(-33.33,4.76)  NNTH 22 (NNTH 3, =, NNTB 21)
T T T T T T T
-30% -20% -10% 0% 10%
most harm least harm least benefit most benefit

Risk Difference x 100%

Fig. 3. Forest plot for six NMA treatment comparisons against placebo to assess vomiting in Alzheimer’s dementia. The RD x 100%, its 95% Cl,
the corresponding NNT and its 95% CI for each comparison are shown. Note that the pooled or effect measure estimated in NMA has been trans-
formed to NNT, and the NNT has been converted to an RD effect measure, which is presented in this plot. Abbreviations: Cl, confidence interval;
NNT, number needed to treat; NNTB, number needed to treat for an additional beneficial outcome; NNTH, number needed to treat for an additional

harmful outcome; RD, risk difference.
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Fig. 4. Bubble plot for the eight NMA treatments (including placebo) included in headache (x-axis) and nausea (y-axis) outcomes. The NNT values
for each pair of the Alzheimer’'s dementia treatments according to headache (lower diagonal) and nausea (upper diagonal) are presented. The area
of each circle is proportional to the RD x 100% value of each treatment comparison, and the NNT value is presented in the center of each circle.
Light grey circles represent the number of patients need to be treated to prevent one patient from experiencing the event; dark grey circles represent
the number of patients need to be treated in order for one patient to experience the event. The direction of the treatment comparisons is defined as
row treatment vs. column treatment. Although the NNT scale suggests that there are beneficial treatments in the network, given that these treat-
ments do not treat nausea or headache clinically they would be described as the less harmful treatments. Abbreviations: DONE, donepezil; GALA,
galantamine; MEMA, memantine; NMA, network meta-analysis; NNT, number needed to treat; NNTB, number needed to treat for an additional
beneficial outcome; NNTH, number needed to treat for an additional harmful outcome; PLAC, placebo; RD, risk difference; RIVA, rivastigmine;

RIVA_O, oral rivastigmine; RIVA_P, transdermal patch rivastigmine.

Similarly, the direction of the treatment comparisons in
outcome 2 (e.g., nausea) is defined as treatment at the rele-
vant row (e.g., placebo) vs. treatment at the relevant column
(e.g., donepezil). The diagonal of the plot gives no informa-
tion about NNT. The area in each circle is proportional to
the absolute RD x 100%, and the number in each circle
represents the NNT value for the corresponding treatment
against the comparator for the specific outcome. However,
a challenge with bubble plots is that the smaller the circle,
the harder it is to read the NNT value. Each point corre-
sponds to four pieces of information: treatment comparison,
magnitude of RD, benefit/harm of treatment, and NNT
value. Light grey circles represent the number of patients
need to be treated to prevent one patient from having an
event, whereas dark grey circles show the number of pa-
tients need to be treated in order for one patient to experi-
ence a harmful event.

Figure 4 demonstrates the bubble plot for the NNT of
eight NMA treatments included in headache (x-axis) and
nausea (y-axis) outcomes. In this plot, the NNT values
for all NMA treatment comparisons are presented accord-
ing to headache (lower diagonal) and nausea (upper diago-
nal) outcomes. For example, for the headache outcome, the
comparison row treatment vs. column treatment donepezil

vs. placebo has an NNTH = 73, whereas in nausea, the
comparison row treatment vs. column treatment placebo
vs. donepezil has an NNTB = 17 (equivalent to donepezil
vs. placebo: NNTH = 17). The plot suggests that the most
beneficial treatment for nausea is donepezil + memantine
against placebo (donepezil + memantine vs. placebo:
NNTB = 17), but the same treatment is the most harmful
treatment for headache against placebo (donepezil + mem-
antine vs. placebo: NNTH = 7). The only beneficial treat-
ment against placebo in headache is rivastigmine +
memantine, which is also beneficial in nausea (rivastigmine
+ memantine vs. placebo, headache: NNTB = 33, nausea:
NNTB = 55). The least beneficial treatment in nausea is
transdermal patch rivastigmine, which is one of the most
harmful treatments against placebo in headache (trans-
dermal patch rivastigmine vs. placebo, headache:
NNTH = 17, nausea: NNTB = 117).

4.2.2. Scatterplot

For the case of two outcomes, two-dimensional scatter-
plots can be used, which can be extended to the case of
three outcomes with three-dimensional plots. The plot pre-
sents both the RD x 100% and NNT values for treatments
against a common comparator across two (or a maximum
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of three) outcomes. Clustering methods can be used to
group the NNT performance of treatments according to
their efficacy and/or safety [36].

Figure 5 depicts the RD x 100% values of seven treat-
ments against placebo for headache and nausea in a scatter-
plot. The NNT scale is presented on the right and upper
scales of the plot. The plot suggests that the only beneficial
treatment vs. placebo in both outcomes is rivastigmine +
memantine (headache: NNTB = 33, nausea: NNTB = 55).
The least beneficial treatment in nausea is transdermal
patch rivastigmine against placebo (NNTB = 117),
whereas the only beneficial treatment in headache is
rivastigmine + memantine. The most harmful treatment
in the headache outcome is donepezil + memantine vs. pla-
cebo (NNTH = 7), but the same treatment is the most bene-
ficial treatment in the nausea outcome vs. placebo
(NNTB = 17).

4.2.3. Rank-heat plot

The rank-heat plot can be used for the visual presenta-
tion of the NNT values across multiple treatments and out-
comes [37]. A rank-heat plot includes N circles with the
same center corresponding to the N outcomes assessed in
an NMA. The radii included in each concentric circle corre-
spond to T treatment comparisons as assessed in NMA.
Instead of presenting all available treatment comparisons,
one can present the NMA treatments against a common

comparator (e.g., placebo). Each section in the rank-heat
plot is colored according to the NNT value of the particular
treatment at the corresponding outcome. The NNT scale
ranges from NNTH = 1 to o to NNTB = 1 and is trans-
formed using three colors: red (NNTH = 1), yellow
(NNTH/NNTB = o), and green (NNTB = 1). Although
the color of the section is interpretable, the section area
does not convey any information. Statistically significant
NNT results are depicted in the rank-heat plot by high-
lighting the borders in the corresponding section. Unco-
lored sections refer to NMA treatments without data on
the outcome within the circle. A star symbol can be used
to highlight these cases (see https://rh.ktss.ca/site/nnt).

Figure 6 displays the hierarchy of 10 treatments for Alz-
heimer’s dementia against placebo across eight outcomes
according to their NNT values in a rank-heat plot. The
NNT scale is presented at the top of the graph. The plot
suggests that donepezil + memantine lies among the most
beneficial treatments when compared with placebo across
most outcomes except for headache with NNTH = 7. How-
ever, owing to lack of evidence, we cannot infer the treat-
ment’s harm or benefit in bradycardia and diarrhea
outcomes. Across all outcomes and treatment comparisons,
10 NNTs are statistically significant and these refer to do-
nepezil, galantamine, and oral rivastigmine treatments.

All plots can present NNTs from NMA, but the bar plot,
Cates plot, and forest plot can be cumbersome when a large
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Fig. 5. Scatterplot for the NNT of seven treatments vs. placebo for headache (x-axis) and nausea (y-axis) outcomes for patients with Alzheimer’s
dementia. Treatments lying on the upper right-hand side quarter are more beneficial against placebo for both outcomes. Although the NNT scale
suggests that there are beneficial treatments in the network, given that these treatments do not treat nausea or headache clinically they would be
described as the less harmful treatments. Abbreviations: DONE, donepezil; GALA, galantamine; MEMA, memantine; NNT; number needed to treat;
RIVA, rivastigmine; RIVA_O, oral rivastigmine; RIVA_P, transdermal patch rivastigmine.
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Fig. 6. Rank-heat plot of the NNT values of eight treatments in eight different outcomes. Each section is colored according to the NNT value of the
corresponding treatment and outcome. The scale consists of the transformation of three colors red (NNTH = 1), yellow (), and green (NNTB = 1).
Each section includes also the NNT value corresponding to the specific treatment and outcome. Highlighted borders in a section correspond to
statistically significant NNT results. Uncolored sections show that the underlying treatment was not included in the NMA for the particular
outcome. Although the NNT scale suggests that there are beneficial treatments in the network, given that these treatments do not treat nausea
or headache clinically they would be described as the less harmful treatments. Abbreviations: DONE, donepezil; GALA, galantamine; MEMA, mem-
antine; NMA, network meta-analysis; NNT, number needed to treat; NNTB, number needed to treat for an additional beneficial outcome; NNTH,
number needed to treat for an additional harmful outcome; RIVA, rivastigmine; RIVA_O, oral rivastigmine; RIVA_P, transdermal patch rivastigmine;
SAE, serious adverse events. (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of this

article.)

number of NNTs is available, especially when more than
one outcome is available. An NNT can be particularly help-
ful when different outcomes with widely different CER
values (e.g., harmful and beneficial outcomes) are
compared, to reflect the different likelihood of each
outcome. Similarly, an NNT is helpful for comparing
different interventions. A disadvantage of the bubble plot
is that the smaller the circle the harder it is to read the
NNT value, whereas a scatterplot cannot be produced when
different treatments (or treatment comparisons) are
included in the studied outcomes. A challenge associated
with the Cates plot, bubble plot, and rank-heat plot is that
they do not depict the NNT uncertainty, which can impact
interpretation. Although the interpretation of nonstatisti-
cally significant NNTs is challenging, when we only

consider an NNT point estimate or direction of effect that
shows benefit (or harm) and do not account for the huge
estimation uncertainty (CI is going from large harm to large
benefit), our conclusions can be misleading. For example,
based on the NNT point estimate, rivastigmine + meman-
tine is suggested as a beneficial treatment when compared
with placebo in both headache and nausea outcomes
(headache: NNTB = 33, nausea: NNTB = 55). Interpret-
ing only the point estimates rather than the combination of
point estimates and uncertainty around them can lead to
an erroneous decision-making considering also that nausea
and headache are adverse events related to these medica-
tions (headache: NNTB 33 [NNTH 2, o, NNTB 13],
nausea: NNTB 55 [NNTH 7, o, NNTB 15]). The Forest
plot on the RD scale is probably one of the easiest ways
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to present uncertainty around each result, followed by the
bar plot.

5. Discussion

We recommend the presentation of NNT along with the
relevant effect measure and its CI when it is useful to
describe the treatment effects in an absolute scale. The
NNT values can be presented for all available or selected
treatment comparisons (e.g., active treatments vs. placebo)
from an NMA. We suggest the presentation of all results us-
ing the main effect measure used in the analysis (e.g., OR),
and of selected, interesting for the considered research
question, results using NNT. An important consideration
when calculating NNT is that it may vary according to
the effect measure used in meta-analysis or NMA. There-
fore, it is important to choose the appropriate main effect
measure in meta-analysis or NMA before NNTs are
calculated.

When the OR or RR effect measures are used in meta-
analysis or NMA, a useful CER should be assumed to esti-
mate NNT. As discussed in section 2, several ways exist to
select a CER value for the NNT calculation, including
mean CER across studies, pooled CER in meta-analysis,
expert opinion-based CER, and range of possible CERs.
In the presence of small to moderate heterogeneity, we sug-
gest the use of several CER values (e.g., for low- and high-
risk patients) to estimate an NNT and assess robustness of
results. By means of these assumed CERs, we can calculate
NNTs and their CIs (e.g., based on the Daly approach [30],
but this neglects the estimation uncertainty of CER). In case
external estimation of CER is available (e.g., from registry
data), which is independent on the data used in the under-
lying meta-analysis or NMA, and in case the RR is the
main effect measure, we can use the MOVER approach
to estimate NNT and its CI taking into account the CER
estimation uncertainty [28]. In case the OR is the main ef-
fect measure, the PropImp approach can be used [29]. In
NMA, additional considerations are required to calculate
NNTs, which include a meaningful and consistent order
of treatments to facilitate the CER choice for NNT calcula-
tion and interpretation, and a selection among different
CER assumptions (i.e., common or comparison-specific
CER). Because NNT is dependent on CER and study dura-
tion, the comparison of multiple treatments for a specific
outcome through NNT may be difficult. The selection
among different CER assumptions depends on the clinical
field and the nature of the treatments assessed in an
NMA. If different CER values (e.g., derived from control
arms of the included studies) influence the NNT calcula-
tion, then this should be considered when interpreting the
NNT. We suggest that NNTs always be interpreted along
with the relevant treatment effects and their CIs estimated
in a meta-analysis or NMA. Ranking statistics derived from
an NMA model can also be used as complementary

information to NNTs to compare treatments within each
outcome of interest [38].

In this article, we discussed the NNT calculation for
dichotomous data. However, the estimation of NNT can
also be helpful for continuous outcomes. A way to calculate
NNT for continuous data can be by converting a standard-
ized mean difference to OR and then calculate NNT [5] or
by dichotomizing the continuous data and then calculate an
effect size for dichotomous data. In any case, we suggest to
graphically represent NNT to ease interpretation. However,
it should be considered that the NNT interpretation may
differ according to the NMA considerations, including se-
lection of effect size and CER, as well as CER assumption
across multiple comparisons.
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