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Randomized clinical trials are the foundation of evidence-based medi-
cine, offering vital insights into the efficacy of interventions. Although
these trials guide clinical decision-making through hypothesis testing,
relying solely on a significant P-value is insufficient; it is essential to con-
vey in addition the magnitude of the treatment effect. In cardiovascular
trials, the primary endpoint frequently comprises (a composite of)
time-to-event outcomes, for which the magnitude of the treatment ef-
fect is typically quantified using the hazard ratio (HR). Despite the omni-
presence of HRs, their clinical interpretation is not straightforward and,
unfortunately, often incorrect.1,2

The HR is a ratio of the hazard rates in each group, the latter being
the instantaneous risk of the occurrence of events under each treat-
ment. Consequently, it is a rate ratio and should be interpreted as a
relative rate reduction, rather than a relative risk reduction. Although
the HR shares the same direction of the treatment effect with the
risk ratio, and they converge if the event rate is rare, in general, the
HR tends to overestimate the relative risk reduction.1 For example, a
HR of 0.7 indicates that the risk decreases, but not necessarily by
30%. Instead, the instantaneous event rate decreases by 30%, and the
relative risk reduction may well vary over time. Unfortunately, this is
not the only source of confusion, as the HR has also been interpreted
as a reduction in absolute risk, or as events occurring later.2 The distinc-
tion between these measures is presented in the table.

The appeal of the HR to express the treatment effect is that if the
hazard rates are assumed proportional over time, the HR is independ-
ent of time, allowing it to be expressed as a single value. However, vio-
lations of the proportional hazards assumption complicate its
interpretation, rendering the HR time-dependent and in many circum-
stances unsuitable to represent the magnitude of the treatment ef-
fect.1,3 This violation occurs when the population includes patients
with varied treatment effects or when the treatment effect changes
over time, something visually evident in survival curves displaying time-
dependent effects like late separation, convergence, or crossing.

The HR may thus not be the most optimal measure for effectively
communicating treatment effects in (composite) survival endpoints,
prompting the consideration of alternative measures (see Table 1).

While relative measures are well-established in time-to-event
outcomes, absolute measures are generally more appropriate for ex-
pressing treatment effects over time and are recommended for a cor-
rect interpretation of relative effects.3 Although straightforward in

interpretation and use, the absolute difference in median survival
time is often impractical in cardiovascular trials, as the survival propor-
tions commonly do not drop below 50%. In contrast, the difference in
mean survival time is generally applicable, does not require proportion-
al hazards, and quantifies the mean gain in event-free time. Two main
methods can be distinguished to estimate this difference. The restricted
mean survival time assesses the difference in the area under the survival
curve over a limited period of time,4,5 while parametric survival models
predict the mean survival in each group through modelling of entire sur-
vival curves.6 The latter are often more powerful in detecting a treat-
ment difference, but depend on correct distributional assumptions,
which can be readily assessed.6

Generalized pairwise comparisons (GPC), an extension of the
Wilcoxon–Mann–Whitney test, does not depend on the proportional
hazards assumption for survival outcomes and offers both relative and
absolute measures of treatment effects.7 The GPC method works by
forming all possible pairs of patients, one from each arm of the trial,
and comparing the two patients in a pair regarding the outcome(s) of
interest. By doing this, the GPC method quantifies proportions of pairs
of patients, one from each treatment arm, that are favourable or un-
favourable to the treatment of interest. The net treatment benefit
(NTB), an absolute measure, is the difference in proportions of favour-
able and unfavourable pairs and quantifies the difference in the prob-
ability that a patient on the treatment of interest will fare better.
Unlike other methods, GPC can accommodate the analysis of outcome
types beyond survival. Interestingly, in GPC, a threshold of clinical rele-
vance can be assumed in the comparison of two patients, such that a
difference between two patients is not confined to a single day.
Importantly, the method allows the analysis of ‘time to worst outcome’
rather than ‘time to first outcome’, offering a solution to the criticism of
conventional analyses of composite endpoints, which ignore serious
events if they didn’t occur first in a patient. Moreover, a NTB restricted
in time can be formulated.5

To enhance understanding of clinical trial results and to facilitate
decision-making and effective communication to patients, it is import-
ant to acknowledge that no single metric can capture the entire profile
of differences between treatments.3,4 Hence, it is crucial, in addition to
the appropriate interpretation of the HR, to incorporate various mea-
sures of treatment effect, preferably absolute measures, for a more
comprehensive assessment of trial results. Encouraging statisticians

* Corresponding author. Tel: +3211268624, Email: johan.verbeeck@uhasselt.be
© The Author(s) 2024. Published by Oxford University Press on behalf of the European Society of Cardiology. All rights reserved. For permissions, please e-mail: journals.permissions@oup.com

European Heart Journal: Acute Cardiovascular Care (2024) 00, 1–3
https://doi.org/10.1093/ehjacc/zuae017

STATISTICAL SPOTLIGHT
Educational papers

https://orcid.org/0000-0002-4923-1032
mailto:johan.verbeeck@uhasselt.be
https://doi.org/10.1093/ehjacc/zuae017


..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

.

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

.

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

.

T
ab

le
1

Ex
am

pl
e

of
a

tw
o-

ar
m

cl
in

ic
al

tr
ia

lw
it

h
th

e
nu

m
be

r
of

pa
ti

en
ts

ha
vi

ng
th

e
ev

en
t

of
in

te
re

st
,t

o
ex

pl
ai

n
th

e
di

ff
er

en
t

m
ea

su
re

s
of

ri
sk

an
d

al
te

rn
at

iv
e

m
ea

su
re

s
fo

r
su

rv
iv

al
ou

tc
om

es

Ex
am

pl
e

Ev
en

t
N

o
ev

en
t

C
on

tr
ol

A
B

A
to

ta
lo

fn
1

pa
tie

nt
s

fo
llo

w
ed

fo
r

a
cu

m
ul

at
iv

e
tim

e
t 1

A
ct

iv
e

C
D

A
to

ta
lo

fn
2

pa
tie

nt
s

fo
llo

w
ed

fo
r

a
cu

m
ul

at
iv

e
tim

e
t 2

R
is

k
in

te
rp

re
ta

ti
on

In
te

rp
re

ta
ti

on
Fo

rm
ul

a

H
az

ar
d

ra
tio

In
st

an
ta

ne
ou

s
ris

k
re

du
ct

io
n

or
re

la
tiv

e
ra

te
re

du
ct

io
n

A t 1 C t 2

Ri
sk

ra
tio

Re
la

tiv
e

ris
k

re
du

ct
io

n
A n 1 C n 2

Ri
sk

di
ffe

re
nc

e
A

bs
ol

ut
e

ris
k

di
ffe

re
nc

e
A n 1

−
C n 2

A
lt

er
na

ti
ve

m
ea

su
re

s
fo

r
su

rv
iv

al
ou

tc
om

es

M
ea

su
re

M
et

ho
do

lo
gy

In
te

rp
re

ta
ti

on
A

dv
an

ta
ge

s
D

is
ad

va
nt

ag
es

H
az

ar
d

ra
tio

Pr
op

or
tio

na
lh

az
ar

ds
(P

H
)m

od
el

Re
la

tiv
e

ra
te

re
du

ct
io

n
Ta

ke
s

su
rv

iv
al

cu
rv

e
in

to
ac

co
un

t;
ex

pe
rie

nc
e

Re
la

tiv
e

m
ea

su
re

,d
ep

en
ds

on
PH

as
su

m
pt

io
n

fo
r

co
rr

ec
t

in
te

rp
re

ta
tio

n

D
iff

er
en

ce
in

m
ed

ia
n

su
rv

iv
al

M
ed

ia
n

D
iff

er
en

ce
in

m
ed

ia
n

Ea
sy

Re
la

tiv
e

m
ea

su
re

,r
eq

ui
re

s
th

e
su

rv
iv

al
pr

op
or

tio
ns

to
dr

op
be

lo
w

50
%

D
iff

er
en

ce
in

re
st

ric
te

d
m

ea
n

Re
st

ric
te

d
m

ea
n

su
rv

iv
al

tim
e

D
iff

er
en

ce
be

tw
ee

n
ar

ea
s

un
de

r
th

e
cu

rv
e

A
bs

ol
ut

e
m

ea
su

re
,d

oe
s

no
t

de
pe

nd
on

PH
as

su
m

pt
io

n
Re

st
ric

te
d

in
tim

e

D
iff

er
en

ce
in

un
re

st
ric

te
d

m
ea

n
Pa

ra
m

et
ric

su
rv

iv
al

m
od

el
s

Se
ve

ra
li

nt
er

pr
et

at
io

ns
po

ss
ib

le
A

bs
ol

ut
e

m
ea

su
re

,d
oe

sn
ot

de
pe

nd
on

PH
as

su
m

pt
io

n,
ta

ke
sf

ul
ls

ur
vi

va
lc

ur
ve

in
to

ac
co

un
t

Re
qu

ire
s

co
rr

ec
t

as
su

m
pt

io
n

on
th

e
su

rv
iv

al
di

st
rib

ut
io

n

N
et

tr
ea

tm
en

t
be

ne
fit

G
en

er
al

iz
ed

pa
irw

ise
co

m
pa

ris
on

s
D

iff
er

en
ce

in
pr

ob
ab

ilit
y

of
do

in
g

be
tt

er
A

bs
ol

ut
e

m
ea

su
re

,d
oe

sn
ot

de
pe

nd
on

PH
as

su
m

pt
io

n,
ta

ke
sf

ul
ls

ur
vi

va
lc

ur
ve

in
to

ac
co

un
t,

ca
n

pr
io

rit
iz

e
en

dp
oi

nt
s

by
se

ve
rit

y,
ca

n
in

cl
ud

e
a

th
re

sh
ol

d
of

cl
in

ic
al

re
le

va
nc

e

D
ep

en
ds

on
th

e
ce

ns
or

in
g

di
st

rib
ut

io
n

if
no

t
re

st
ric

te
d

2 Statistical Spotlight



and clinical scientists to embrace diverse measures recognizes that the
variability in clinical scenarios prompts a nuanced selection of treatment
effect metrics based on specific clinical contexts.
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