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Subgroup analysis: application to individual patient decisions

CLINICAL TRIALS PROVIDE EVIDENCE of effectiveness of
treatments as an average for a group of patients, yet, in
clinical medicine, we usually wish to apply these results to
individuals. Can we simply apply the overall trial result for
each patient, or can the result be tailored to individual
patients in some way?

Consider a hypothetical example: a randomised trial
comparing treatments A and B shows that treatment A is
more effective than B among men (P<0.001), but not
among women (not signficant). Does this mean men should
receive the new treatment, but women should not?

Box 1 illustrates these results from three different studies.
In Study 1, the estimated treatment effect in men and women
is the same — a 25% reduction in mortality associated with
treatment A — but the much smaller number of women in
the study gives rise to wider confidence intervals for this
subgroup. In this case, there is no basis to consider that the
treatment is any less effective in women (no heterogeneity; ie,
non-significant test for interaction). Treatment could be
considered effective for any patient regardless of sex.

In Study 2, the treatment effect in women is less than that
in men (8% v 25% relative reduction, or 0.92 v 0.75 relative
risk, respectively), but the effects in both are still consistent
with the overall result of a 20% relative reduction, and there is
no evidence of significant heterogeneity between groups (test
for interaction, P=0.20). Here, the different results between
men and women could be simply due to chance, and it would
still be appropriate to apply the overall estimate to both men
and women (unless there was additional evidence).!

In Study 3, the observed effects for men and women are
sufficiently different to suggest that this difference is unlikely
to be due to chance (test for interaction, P=0.01), and it is
reasonable to conclude that the treatment effect differs
between men and women. In this instance, the trial evidence
should be considered separately for these subgroups. How-
ever, even here, a test of interaction can still give a low P
value simply on the play of chance if many subgroups have
been evaluated.?

A practical approach

Consider applying the overall trial treatment effect
to each subgroup

How should we decide in practice whether to consider the
treatment effects for these subgroups separately? A practical
approach is shown in Box 2. A controlled trial is usually
designed with a sample size large enough to show an overall
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1: Treatment effects in subgroups of men and
women in three hypothetical trials

Pvalue for  Pvalue for
Study 1 treatment heterogeneity
Men —_—— 0.001
0.95
Women 0.72
Study 2
Men —_— 0.001
0.20
Women 1 0.86
Study 3 .
Men —_ 0.001
0.01
Women | —f— 0.95
0.5 0.75 1.0 15

Treatment better Control better

Relative risk

Overall relative risk: 0.75 for Study 1; 0.80 for Study 2; 0.87 for Study 3;
represented by the vertical dashed line in each case.

treatment effect, but not necessarily adequate to show
significant effects in each subgroup separately. The overall
treatment effect is considered the best estimate for each
subgroup of patients in the trial (this is sometimes referred
to as the effect domination principle!). Hence, the treat-
ment-effect results should only be applied differently for
different subgroups if there is evidence of heterogeneity (a
significant difference between subgroups, sometimes called
interaction or treatment-effect modification).>”

In considering whether there is evidence of heterogeneity,
it is also worth reviewing the other questions outlined in the
checklist for subgroup analyses in the previous article in this
series.! If there is clear and reliable evidence of heterogene-
ity, using the treatment effects for each subgroup may be
appropriate. However, as these may be unreliable (based on
smaller numbers of patients) they may still be considered
exploratory and motivate further trials rather than neces-
sarily leading to different treatment guidelines. Further,
evidence of heterogeneity may also lead to a search for
underlying factors which may be linked to the particular
subgroup and provide a more plausible biological explana-
tion for such variation. For example, an apparent difference
in treatment effect between men and women may truly
relate to differences between these groups in age or smoking
status (so-called confounding).

Seek confirmatory evidence

If there is still uncertainty whether differences between the
subgroups in treatment effect are real, the following steps
should be taken:
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= seek confirmation from the results of an independent
trial, a meta-analysis, or both;

= determine whether the effect is also present for a compos-
ite (expanded) endpoint, or surrogate endpoints; and

= establish whether independent evidence exists of a-priori
biological plausibility of differences in the treatment effect.
Without a good a-priori rationale for subgroup differ-

ences, the overall treatment effect provides a reasonable

estimate for each subgroup, unless confirmatory evidence of

treatment differences becomes available.

Estimate treatment effect according to baseline risk

If the same (or similar) relative treatment effect applies to
different subgroups of patients, then those with a greater
baseline risk of an event will derive a larger treatment effect.
The absolute risk reduction associated with treatment is
simply the absolute baseline risk multiplied by the relative
risk reduction (Box 2).% For example, for a patient group
with a 20% baseline risk, a treatment with a relative risk
reduction of 25% would translate into a 2000.25=5%
reduction in absolute risk. For a patient group with a 10%
baseline risk, this would translate into a 1000.25=2.5%
absolute risk reduction.

The number of patients needed to treat (NNT) to avoid
one event can be calculated as one divided by the absolute
risk reduction (Box 2).® This corresponds to 1+0.05=20
NNT for a patient with a baseline risk of 20%, and
1+0.025=40 NNT for a patient with a baseline risk of
10%. Smaller numbers needed to treat will result for
patients at higher baseline risk.

A practical example

A 75-year-old woman who has had a previous myocardial
infarction (MI) presents within 4 hours of symptom onset
with suspected acute MI and ST elevation on electrocardio-
gram (ECQG); she is being considered for aspirin and
reperfusion therapy. Data from randomised trials of aspirin,
thrombolytic therapy and immediate coronary angioplasty
are considered. The patient has no known contraindications
to these treatments.

Based on evidence from the ISIS-2 trial,’ there is strong
evidence that aspirin reduces the risk of short-term mortal-
ity, by about 23%, both overall and within most subgroups
examined, including women and patients aged over 70
years. However, in this trial, among patients with a prior MI,
no significant treatment benefit was observed. While the
treatment effect in this subgroup apparently differed from
patients without a prior MI, the interaction may have been a
chance finding owing to the many subgroups examined.
(For example, the chance of at least one significant result at
the 5% level among 20 independent tests is over 50%.1)
Consequently, the trial evidence still strongly supports the
use of aspirin therapy in this patient.

Randomised trials of thrombolytic therapy in the FTT
overview'® have also demonstrated clear evidence of a
reduction in mortality from such treatment for patients with
acute ST elevation presenting within 12 hours of symptom
onset. This overview also suggested diminished effectiveness
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2: Interpreting treatment effects in different
subgroups within a controlled clinical trial*

Is there evidence of modification in treatment
effect for different subgroups (evidence of
heterogeneity — see check list?)?

No Uncertain Yes

Seek confirmatory evidence
from other trials, meta-analysis,
other endpoints

Use overall relative treatment
effect for each patient group

Consider separate estimates for
each subgroup (may be unreliable
because of small numbers)

Consider new trials
(hypotheses raised)

Estimate treatment benefit for
individual patient according to
baseline level of risk

Absolute risk reduction = Relative risk reduction x Baseline risk
Number needed to treat = 1/Absolute risk reduction

Treatment recommendation for individual patient based on:
« Estimated size of treatment benefits and harms
« Patient preferences regarding outcomes
« Health economic factors

*The decision pathway assumes there was a reasonable basis to consider
the subgroups to have the same underlying condition.

of such treatment in the elderly (test for trend with older
age, P=0.01). However, in this case, much of the heteroge-
neity could be explained by the fact that older patients more
often presented later (after 12 hours) and without the
specific diagnosis of ST elevation on ECG. Lack of ST
elevation and late presentation to hospital relate directly to
the underlying biology and are linked to diminished effects
of treatment. Once these confounding factors have been
taken into account, there is much less rationale for consider-
ing different treatment or withholding thrombolytic therapy
simply on the basis of the age of our patient.!!

Next, the role of immediate coronary angioplasty in such
a patient could be considered. Randomised trials, particu-
larly in specialised centres, have suggested an additional
treatment benefit for immediate coronary intervention com-
pared with thrombolysis. An individual patient data over-
view of earlier randomised trials suggests a relative reduction
in death or reinfarction of about 50%, with similar relative
effects in each of the subgroups examined.'? However, the
absolute benefits of treatment (absolute risk reductions)
were estimated to be much greater in the patients at high
baseline risk, particularly those aged over 70 years (see Box
3). Consequently, if treatment with immediate angioplasty is
considered appropriate in the particular hospital setting, it
would be likely to have greater absolute benefit for this older
patient than the average patient.

Finally, the role of long-term treatment in this patient
could be considered. Should statin therapy be considered on
the basis of the evidence from such trials as the LIPID and
CARE studies?!>!* Both of these had insufficient evidence
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3: Absolute risk reduction (ARR) and numbers
needed to treat (NNT) in age and sex subgroups

(a) Thrombolysis or percutaneous transluminal coronary angioplasty (PTCA)
for acute myocardial infarction (M)

Results from the PCAT overview'2
% died or with M|

at 30 days
Age Lysis PTCA ARR NNT
<60 years 8.2 4.3 I T — 3.9 25
60-70 years 12.8 6.3 - 6.1 16
>70 years 236 133 —h— 11.3 9

PTCA better Lysis better

(b) Statin therapy to prevent coronary heart disease (CHD) events
1. Results from the LIPID trial'314

% died from CHD or
with Ml over 6 years

Placebo Pravastatin ARR NNT
Age <65years 13.4 10.4 —m— 3.2 31
Age =65years 19.7 155 —— 4.7 21
Women 13.7 11.9 SN W
Men 16.3 12.4 .
Al patients 15.9 12.4 | 35 29
Statin better Placebo better

2. Results for women only from the 4S, CARE and LIPID trials combined™®

% having an event

Trial Placebo Statin ARR NNT
4s 21.7 14.7 N E—
CARE 134 81 — m—
LIPID 13.7 11.9 — .
All patients 15.9 11.9 —— 4.0 25
0.2 0.4 0.6 0.8 1.0 1.2
Statin better Placebo better
Relative risk

In none of these cases is there evidence of treatment effect modification (all P
values for interaction are non-significant). ARRs and NNTs are derived from
the overall relative treatment effect.

4: Principles for using subgroup evidence for making

decisions about individual patients

Use the subgroup-specific result only when there is (unconfounded)
evidence of interaction and, ideally, confirmatory evidence.

Use the estimated overall treatment effect if there is no evidence of
heterogeneity (no interaction or treatment-effect modification).
Adjust the size of the treatment benefit (and harm) according to the
patient’s baseline risk.

Consider patient preferences regarding each outcome when there
are significant trade-offs in benefit and harm.

to show reductions in mortality with treatment for women
separately. In the LIPID trial, older and younger patients
had similar relative reductions in events (Box 3), but older
patients at higher baseline risk had greater absolute benefit.
Fewer women than men were studied in these trials, and yet
the results for women were not inconsistent with those for
men (Box 3).

The effect of statin therapy for women with prior CHD is
illustrated further by the results of the 4S, CARE and LIPID
trials.!* The combined results of these three trials show an
overall significant reduction in coronary events; the estimates
from the separate trials vary but are still consistent with the
overall result. Evidence of a similar relative treatment effect
from statin therapy in both women and men has recently been
confirmed by the results of the Heart Protection Study.'’

Finally, for some of these decisions, different recommen-
dations for treatment may still apply even when a similar
relative treatment effect seems valid and patients are at the
same baseline risk. Circumstances in which different recom-
mendations will be appropriate include:
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Where the importance of different outcomes (of benefit
and harm) varies for different patients

Where patient preference varies for other reasons

Where there are limitations in applying the trial results in
a particular setting, related to such factors as the skill or
experience of practitioners and access to technologies.

Principles for applying subgroup analysis to decisions

about individual patients are summarised in Box 4. Cau-
tious interpretation of the results of subgroup analyses is
generally advisable.
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