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Introduction

Two review articles previously published from our working group were dedicated to the
selection of endpoints as well as to reasons for premature stopping of randomized
clinical trials (RCTs).12 We there first discussed the importance of mortality and
morbidity endpoints versus softer endpoints like revascularization rates, and the issue of
endpoint adjudication. Second, we have shed light on the statistical methods and
requirements to stop RCTs prematurely due to safety, futility, or overwhelming efficacy

(versus the control arm).

The main objective of this article is now to provide the clinical cardiologist with
information how to judge and interpret published subgroup analyses. This section will
summarize the situation regarding subgroup analysis and put the current article in

context.

Aim of this review article

Modern randomized clinical trials (RCTs) typically look at outcomes of large populations.
Based on the selection of the primary endpoint(s), of size and duration of trials, their
paramount prerequisite to yield reasonable data is the sample size calculation. Here,
also the choices of pre-specified secondary endpoint(s) as well as of pre-specified

subgroup analyses are crucial.

A look at subgroups of the study cohort is tempting both for scientists and for clinicians.
However, subgroup analyses have some inherent problems. Experts, particularly
cardiologists, should be aware of their value but also of their limitations.
Scientists/trialists can derive new ideas and hypotheses, and clinicians also are

interested in clinical characteristics of subgroups with above-average outcomes.

This review article looks at advantages and disadvantages of subgroup analysis in trials
of cardiovascular pharmacotherapy with a focus on antithrombotic and metabolic

interventions.
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Statistical methods

Basic considerations for clinicians: Some principles

Over and above all statistical considerations it should be kept in mind that the size of a
trial is based on a sample size calculation. Logically, this cannot be equally valid for any
subgroup analysis (with a smaller sample). As discussed above, it would be important to

clarify that subgroup analyses are only valid for the specific endpoint.

The appropriate use of statistical methods is mandatory for subgroup analysis. An
important aspect is how to interpret data. A simple use of a p < 0.05 difference in a
subgroup and not in the rest does not tell one if there is a true subgroup difference.
Rather, interaction (heterogeneity) tests of treatment effects between subgroups should
be applied. One paramount statistical point therefore is the need for tests of interaction
(heterogeneity) of treatment effect between subgroups. P-values between subgroups

are misleading and should not be used.

The EMA defines the terms "subgroup" and sub-population".2 The term ‘subgroup’ there
is used to refer to a subset of the clinical trial population defined by one or more intrinsic
and extrinsic factors of the patients under investigation, usually measured at baseline,
and the term ‘sub-population’ will be used to refer to a subset of the patient population

described in the targeted therapeutic indication.

The number of pre-specified subgroup analyses should be limited in order to avoid the
possibility that few of them may be positive by chance. On the other hand, when
adjusting for multiple comparisons it is important that all pre-defined subgroup analyses
are presented. Otherwise many subgroup analyses without a relevant finding may be

omitted.

Only pre-specification of subgroup analyses avoids that non-significant results are not
published. On the other hand, when adjusting for multiple comparisons it is important

that all subgroups should be specified a priori to avoid spurious conclusions, particularly
5
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because the role of bias and variability is often under-estimated when subgroup effects

are interpreted a posteriori.*

Statistical significance is not always identical to medical importance. In this context, a
very conservative way to look at subgroup data often adopted by clinicians is to look at
the 95% of confidence intervals of the two (or more) subgroups as they are useful in
indicating the range of uncertainty around the estimated treatment effect. The less they
overlap, the more the subgroup finding is considered clinically meaningful. This requires
to examine the treatment effect on both a relative scale (e.g., by calculation of the
relative risk or the hazard ratio) and an absolute scale (e.g., by calculation of the
differences in the rates of events during follow-up and in the number needed to treat).®

Deep dive into statistical issues

Subgroup analyses are standard in current trial reporting. From a statistical point of
view, however, they are problematic; if not interpreted properly, they may infer grossly

false conclusions.

Analyzing subgroups takes into consideration the potential impact of a covariate, i.e. a
baseline variable that is expected to influence the primary variable to be analyzed, which
in the case of clinical trials is the impact of an intervention on the study outcome.

Here, multiplicity is a problem to recognize, i.e. how many subgroup analyses were
done.

A good general rule how to interpret subgroup data is the following: Interaction tests
have the advantage that they directly assess if a treatment effect varies by subgroups,
whereas subgroup P values can be misleading since they only tackle the issue
indirectly.

Three types of subgroup analyses are typically used: i) exploratory analyses from trials
that failed to established efficacy in the intended population overall, ii) supportive
analyses that aim at showing consistency of the intervention effect across subgroups

when the intervention has been efficacious in the studied population overall, and iii)
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inferential analyses that aim at establishing the efficacy of the intervention in a pre-

defined targeted subgroup.

Exploratory subgroup analyses are hypothesis generating at best, regardless of the level
of statistical significance they are reported with. In supportive subgroup analyses,
homogeneity across strata is assumed, when the interaction subgroup by intervention
(which is reflected by an interaction term subgroup x intervention in statistical analysis)
is not significant. However, also these analyses must be interpreted cautiously: Clinical
trials due to the inclusion of few patients usually lack statistical power to show
differences between subgroups, which makes type 2 errors likely. Indeed, the size of a
trial typically is based on a sample size calculation addressing the primary outcome in
the overall study population. On the other hand, differences between groups also with
supportive subgroup analyses can show up merely by chance, a problem aggravated by
the multiplicity of comparisons frequently performed. Clinical plausibility and confirmation
of such subgroup findings in subsequent or related trials therefore are important to
support their credibility. As already mentioned, statistical significance is not identical to
medical importance. In this context, a very critical and conservative way to look at

subgroup data should be adopted by clinicians.

Inferential subgroup analyses have a different objective. They directly aim at
establishing efficacy in the population pre-defined by the subgroup. To allow for
inferential subgroup analysis, the trial a priori must be designed to establish efficacy in
the addressed subgroup - with regard to statistical power for this subgroup (which
includes the consideration of subgroup size and intervention effect in the subgroup), the
method chosen for the analysis and adjustments for multiple comparisons. In this case,
statistically significant interactions are meaningful only when the magnitude of
interaction is similar to the magnitude of the overall treatment effect. Confidence in the
overall “positivity” of a trial increases when prespecified secondary outcomes also show
a treatment benefit, while when secondary outcomes show no benefit, the credibility of
the results will decrease.

Finally, when multiple subgroup analyses are performed, the probability of a false

positive finding can be substantial.®
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If one detects an interaction, three types of true interaction can be distinguished (Table
1).

Types of subgroups

The selection of subgroups depends on the type of the trial, essentially on the disease
category of the study population as well as on the characteristics and mechanism of the
intervention. Therefore, subgroup analyses vary from trial to trial, but some are
consistent: age and sex, baseline characteristics of the population (e.g. diabetes mellitus
Y/N, LDL cholesterol at screening, smoking habits, and pre-treatment). Most but not all
of these separations are dichotomous. Examples of less consistent subgroup
separations are race and geographic region; blood pressure, glomerular filtration rate,
and albuminuria categories, see Table 2.

Inclusion criteria of trials often allow for different disease entities to be included. In
atherosclerosis (e.qg. lipid-lowering) trials, but also some others, the different vascular
bed involvement (coronary, peripheral, carotid) may be a criterion for recruitment. A
subgroup analysis according to the affected vascular site is certainly interesting.

As to the endpoints, a distinction between continuous and categorized variables is

necessary.

Validity of subgroup data

Only predefined subgroup stratifications are scientifically sound. A statement in the trial
outline must have been published. Post hoc subgroup analysis is like cherry picking and

results cannot be accepted as scientifically sound.

Credibility of subgroup data

In general, subgroup data are considerably less credible than the results of the total
study cohort. If a subgroup performs better than the grand total, the logical consequence
is that the counterpart performs worse than average. A different conclusion can arise if

one subgroup is clearly positive and the other is just neutral as exemplified by the
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IMPROVE-IT trial where diabetic patients but not non-diabetic individuals appeared to
clearly benefit from ezetimibe plus simvastatin versus simvastatin alone.” Here, the
concept prevails that the result is valid for the total cohort.

Another example related with diabetes is that the diabetic state appears to affect the
efficacy of ticagrelor and prasugrel in patients with ACS. In patients with DM, the efficacy

of ticagrelor was comparable with that of prasugrel.8?

On the other hand, subgroup analysis is important to corroborate the central finding of a
trial. For example, in the 4S trial, subgroup analyses supported the beneficial effect of
simvastatin versus placebo in each subgroup, no subpopulation emerged where the
statin was not superior to placebo. Thus, subgroup data are helpful to confirm the inner

consistency of the overall results of a trial.

Geographic considerations

Treatment benefit may vary according to patient characteristics. Most phase Ill RCTs
recruited very heterogeneous populations coming from different countries, regions, or
even continents, with major differences in race, comorbidities, etiology, pathophysiology,
clinical presentation, practice patterns and healthcare systems. Geographic differences in
multinational trials may affect trial outcome. Trial planning should prespecify expected
distribution of patient recruitment so that the database and analyses at any stage reflect
a proper proportion of input from different geographic regions. Importantly, every effort
should be made to ensure uniformity of interpretation and compliance with trial protocol
when recruiting and treating patients in a trial. In the TOPCAT trial, whereas the country-
specific and regional heterogeneity could be viewed as statistical variation in a large
multinational trial, the differences in patient characteristics, lower event rates, drug
adherence, lack of certain drug class-related pharmacodynamic effects, and complete
lack of treatment effect in Russia and Georgia compared with the other regions strongly
suggest that more than the play of chance occurred.’® Thus, regional differences in
outcome events constitute another type of subset analysis. Again, in TOPCAT, the issue

remains of whether this kind of subset analysis may be considered valid in view of the
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neutral results of the primary study outcome. A" further example of geographical

Examples from lipid and diabetes trials

Before looking at subgroup results from RCTs on lipid lowering, it is worthwhile to
consider some general aspects. With an intervention by cardiovascular drugs it is
important to distinguish between absolute and relative risk reduction.*? From the
Cholesterol Treatment Trialists Collaboration (CTTC)*® we have learned a crucial fact
that the relative risk reduction by statins is a function of the absolute reduction of blood
LDL cholesterol (LDL-C), i.e. of the difference between the pretreatment and the treated

level.

If we accept that the relative reduction (e.g. of LDL-C) is a characteristic of the drug and
the absolute risk reduction is additionally determined by the absolute risk of the study
population, we can conclude that the success of a lipid intervention is the higher, both
the higher is the efficacy of the drug regimen as well as the higher is the absolute risk of
the study population. With the assumption that the given drug dose reduces LDL-C by a
constant percentage, it is easy to conclude that the higher the baseline level, the larger
the absolute reduction of LDL-C.

Given that information from the CTTC it can be expected that, the higher the baseline
LDL-C, the larger will be the absolute difference in LDL-C which determines the outcome
defined as relative reduction of clinical endpoints. This expectation was exactly
confirmed by the ODDYSSEY Outcomes trial. The conclusion that the finding of a
significant outcome benefits only if LDL-C is above 100 mg/dl at baseline thus simply
reflects the basic epidemiologic rule from CTTC, and cannot be regarded as a subgroup

result of the trial.14

10
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In RCTs with a focus on atherosclerotic cardiovascular diseases, one of the larger
subgroups studied are patients with peripheral artery disease (PAD). In part two of our
trilogy on RCTs, we have listed several difficulties investigators might face when
initiating studies solely concentrating on PAD.! The most common problem in trials on
PAD patients are lower than anticipated recruitment rates,*®> which might be the main
reason why PAD is rarely studied in a specific RCT but is rather included in the large
group of cardiovascular patients. Thus, the influence of the cardiovascular
pharmacotherapy tested in the RCT on PAD is mostly reflected in a subgroup analysis.
A typical example in this regard is the FOURIER trial,'® which had a large PAD subgroup
(n= 3642 (13.2%)*" and resulted in a significant influence on the present
recommendations for the lipid lowering strategies in PAD patients,® as if the trial were
designed specifically for PAD patients. The investigators found evolocumab to
significantly reduce the primary end point in PAD patients and because of their higher
cardiovascular risk, PAD patients had an even larger absolute risk reductions (ARR) for
the primary end point (ARR 3.5%) than those without PAD (ARR 1.6%). Most
importantly, however, evolocumab reduced the risk of major adverse limb events in all
patients, but the number needed to treat (NNT) was impressively lower for PAD patients
(NNT= 25 with PAD vs. NNT=67 without PAD).

Although a subgroup analysis is often not recommended due to low statistical power as
stated above, FOURIER impressively showed that with a large enough subgroup,

reliable and robust relationships between intervention and result can be achieved.

Examples of studies carried out with diabetes drugs in a cardiovascular setting:

Following the FDA regulation in 2008, it was decided that all diabetes drugs must
undergo a cardiovascular safety study. The first large study in this study cycle was the
TECOS study. In this study, which was published in 2015, sitagliptin was examined in
14,000 patients with diabetes, most of whom had pre-existing cardiovascular diseases.
The impact of diabetes treatment on cardiovascular risk was examined using as primary
endpoint MACE. In this study, it was possible to show that sitagliptin reaches the non-

inferiority limit, which means that it is safe from a cardiovascular standpoint. In the

11
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outline of the subgroups, this effect was evident across the entire spectrum of the

predefined subgroup analysis.®

This resulted in certainty that this DPP4 inhibitor and later all others are cardiovascular

safe in all subgroups.

The more recent cardiovascular outcome studies, particularly the SGLT2 inhibitor
studies, show interesting positive cardiovascular results. In these studies, it is extremely

interesting to look at the subgroup analyses.

The effects of SGLT2 inhibitors seem to be multidimensional or multifactorial. The
subgroup analyses made it very clear here that the effect of SGLT2 inhibitors is not only
due to their primary effect of glucose elimination via the kidneys. It was shown that a
clearly positive effect could also be seen in the subgroup with a reduced GFR. The
subgroup analyses were of crucial importance here. This has subsequently also led to
studies being carried out in patients with a low GFR. Subgroup analyses and also

inclusion criteria in the studies can reveal significant differences.

The subgroup analysis in the SGLT-2 inhibitor empagliflozin outcome study (EmpaReg
Outcome) showed a significant p-value for interaction of 0.01 between the patients who
were younger than 65 years versus those who were older, whereby the older patients
were more likely to benefit. The same result was also shown in the DECLARE-TIMI-58
study, although the p-value for interaction was not significant here. Taken together, one
could conclude that SGLT2 inhibitors are mainly of benefit in the group of people over 65
years of age. Although this was pre-specified in the EmpaReg study, due to the nature
of the subgroup analyses, it should nevertheless be seen as hypothesis generating.
Ultimately, this result could also have come about due to the age-related significantly
higher absolute risk for cardiovascular events in older people.?%?! |n essence, the
relative risk reduction by the specific drug together with the absolute risk level of the
subpopulation determine the absolute risk reduction.

12
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Very important aspects from the subgroup analysis come to light in the most recently
published studies with dapagliflozin and empagliflozin in patients with a reduced ejection
fraction. Specifically, when assessed from many other points of view, there was no
difference here between the subgroups of the population that had diabetes upon
inclusion and those who had no diabetes upon inclusion. The result here was almost
identical. From the subgroup analysis, which was again pre-specified, one could clearly
see that the drugs have a positive effect regardless of diabetes status (Figure 1).22:23

In the most recently published data on SGLT2 inhibitors in renal insufficiency, the
subgroup analysis also showed that the effect of the SGLT2 inhibitors was independent
of diabetes status. For example in the DAPA-CKD, a significantly positive result was
also seen in the group of patients with IgA nephropathy (interestingly, the largest study

on IgA nephropathy so far) in this subgroup.?*

Numerous interesting subgroup analyses are also available for the drug class of GLP-1
analogues. Data from the REWIND study (dulaglutide) as well as data from the LEADER
study (liraglutide) consecutively show a profound reduction of 3-point mace, independent

of eGFR and albuminuria subgroups.25:26

In summary, it can be said that, on the one hand, the subgroup analyses in the diabetes
studies provide clear data that positive (or noninferior) results are found across the
broad spectrum of subgroups. On the other hand, the subgroup analyses have also
shown — especially in the heart failure and kidney studies — that any benefit may be
advantageous for both the one and the other subgroup. This has a significant impact on
the further possible uses of the substances. Finally, as already mentioned, some

subgroup analyses at best generate hypotheses.

Examples from antithrombotic and anticoagulation trials

Antithrombotic drugs form an integral part of the management of many cardiovascular
diseases, including patients with atherothrombosis, patients with an acute

cardiovascular or cerebrovascular syndrome, patients with evidence of cardiac or

13
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venous thrombosis and patients with atrial fibrillation requiring anticoagulation for stroke
prevention. Antithrombotic drug trials are based on an evaluation of efficacy in
preventing thrombosis while safety issues revolve around bleeding risk using an
accepted bleeding scales.?” When a given treatment proved greater efficacy, it is
important to analize its safety profile to confirm that safety concerns did not offset the
benefits. Following Thus, following analysis of the primary outcome, it is indeed
appropriate to examine the benefit-risk ratio (the “net benefit”) in predetermined subsets,
since there are very clearly substantial expected differences in patients in different age
groups, in patients with differing co-morbid conditions such as renal or hepatic
dysfunction and in patients receiving concomitant medication that may interact with the
effect of an antithrombotic drug, often to cause an increased bleeding tendency.

The ARISTOTLE trial comparing apixaban to warfarin for stroke prevention in patients
with atrial fibrillation showed an overall efficacy benefit of apixaban in stroke prevention
of 21% with a 31% decrease in major bleeding.?® Although specifically with apixaban,
approximately only a quarter of drug elimination depends on renal function, it was of
major importance to examine bleeding risk in patients with different levels of renal
function.?® Subset analysis showed that the safety benefit of apixaban over warfarin
regarding major bleeding was significantly greater in patients with baseline eGFR <50
ml/min (p value for interaction 0.03).3° This information from subset analysis translates
importantly into clinical practice when considering choice of anticoagulant in patients
with renal disease.

A secondary analysis of the ARISTOTLE trial showed that, although bleeding rates were
higher among patients with CKD, compared with warfarin, apixaban treatment reduced
the rate of stroke, death, and major bleeding, regardless of renal function. Additionallly,
apixaban was associated with less major bleeding events across all ranges of eGFRs,
paryticularly in patients with with a CrCl <50 mL/min, regardless of methods to stimate
the GFR (Cockcroft-Gault or CKD-EPI equations or serum cystatin C).%°

As discussed based on subgroup analyses from ARISTOTLE the interpretation of results
of subgroup analyses are essential when overall results show a significant effect of the

(pharmacologic) intervention. In this case it is important to emphasize that patients with
14
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an eGFR < 50 ml/min particularly benefit with regard to the safety endpoint but this does

not imply that apixaban is not safe in the other subgroups based on the overall results.

In ELDERCARE, another trial of direct oral anticoagulants for stroke prevention including
elderly Japanese patients with atrial fibrillation, a once-daily low 15-mg dose of
edoxaban was superior to placebo in preventing stroke or systemic embolism in a very
elderly (=80 year old) population.3* Although there was not a significantly higher overall
incidence of major bleeding than placebo, it is noteworthy that there were substantially
more gastrointestinal bleeding events in the edoxaban group whereas there was no
difference in total bleeding event. The overall net benefit of edoxaban over placebo was
greater in patients not receiving nonsteroidal anti-inflammatory (NSAIDs) or antiplatelet

drugs.

Examples from recent studies

From the rapidly developing field of cardiovascular RCTs, we want to discuss 3 recently
published studies that underline the importance of subgroup analyses (Figure 2).

Summary of key findings in the 3 recent studies

RECOVERY (Figure 2, Panel A): In patients hospitalized with Covid-19, the use of
dexamethasone resulted in lower 28-day mortality among those who were receiving
either invasive mechanical ventilation or oxygen alone at randomization but not among

those receiving no respiratory support.3?

PARAGON (Figure 2, Panel B): The primary composite outcome of total hospitalizations
for heart failure and death from cardiovascular causes did not differ significantly between
the two groups. In a multivariable model that accounted for all potential interactions and
that used continuous measures when appropriate, there was suggestion of
heterogeneity of treatment effect with possible benefit in patients with lower ejection
fraction and in women.3 This led to FDA approval on this basis. However, it should be
kept in mind that — strictly judged - this finding (from a generally neutral study) has to be
considered hypothesis generating.

15
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THEMIS (Figure 2, Panel C): In patients with stable coronary artery disease and type 2
diabetes without a history of myocardial infarction or stroke, those who received
ticagrelor plus aspirin had a lower incidence of ischemic cardiovascular events, but a
higher incidence of major bleeding, including intracranial hemorrhage, than those who
received placebo plus aspirin.3*

16
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Conclusions

e individualized benefit risk trade-off is important
e usually keep emphasis on overall result

e pre-specify a few key subgroups

e view subgroup analyses as exploratory

e use interaction tests, not subgroup P-values

e lack power to explore subgroup issues

e subgroup claims usually exaggerated

e beware, don’t overinterpret

e subgroups by overall patient risk are useful

More rarely, an academic cardiologist/trialist may obtain the task to suggest subgroup
analyses for an ongoing RCT. For this occasion, four important considerations before

one starts subgroup analyses are depicted in Table 3.
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Table

Table 1. Types of true interaction in subgroup analyses.

Types of true interaction

Qualitative

Treatment effect in reverse directions, implausible, rare

All or nothing

Treatment only works in a subgroup, more plausible, important

Quantitative

Treatment benefits some more than other, very likely, but not
crucial




Table

Table 2 Examples of subgroup splits: Summary.

Dichotomous subgroups

Multiple subgroups

Age Age

Gender -

Smoking Y/N Smoker, nonsmoker, ex-smoker
Pretreatment Pretreatment dosage

Diabetes Y/N HbAlc ranges

Race Caucasians, Afroamericans, Asians

Geographic region

Europe, Easter countries, North-/South-America

Albuminuria Y/N

No albuminuria, microalbuminuria, macroalbuminuria

Hypertension Y/N

Blood pressure range

CKD Y/N

GFR range




Table

Table 3 Considerations before starting a subgroup analysis.

Consideration before starting subgroup analyses

Patients are not homegeneous

Response to treatment may well vary,
legitimate to explore in subgroup analyses

Trials usually not large enough

Lack power to detect subgroup effects

Many possible subgroups

Guard against data dredging/false positive

Do not rely on subgroup P-values

Use interaction tests instead




Figure

Dapagliflozin
(n=2373)
DMT2 at baseline
Yes 215/1075
No 171/1298

Placebo

(n=2371)

271/1064

231/1307

+
—_—

Hazard Ratio (95%Cl)

0.75 (0.63 — 0.90)

0.73 (0.61 - 0.88)

Figure 1 Diabetes mellitus type 2 at baseline in DAPA-HF (Figure adapted from Mc

Murray JJV et al. NEJM 2019).2%



Figure

Panel A
Respiratory Support
at Randomization Mortality Rate Ratio (95% CI)
Invasive mechanical m
ventilation

Oxygen only B

No oxygen received =

All Patients <

| | | |
0.50 0.75 1.00 1.50 2.00
- S
Dexamethasone Usual Care
Better Better

Figure 2 Examples from three recently published cardiovascular RCTSs.

Legend to Panel A) RECOVERY trial in hospitalized COVID-19 patients (Figure from
(Horby et al. 2020): Key subgroup finding using a forest plot, P for heterogeneity <
0.001; treatment benefit confined to patients getting respiratory support, mortality rate
ratio 0.83 (95% CI 0.75 to 0.93), P<0.001, proof beyond reasonable doubt of
treatment benefit.3!

Comments to Panel A): Large simple trials are vital to achieve convincing results, too
many other small trials lack clear evidence. Given a highly significant overall benefit,
subgroup analysis can then be of value. A highly significant interaction can help
refine who really needs a new treatment. Note: RECOVERY had 3 types of

multiplicity: multiple treatments, subgroup analysis, and early stopping.



Panel B

Subgroup Rate Ratio (95% Cl)
Sex
Male
Female -
Left ventricular ejection fraction
<Median (57%) -
>Median (57%)
0!4 O|.6 0!8 1.|0 2|.0
-4 -
Sacubitril-Valsartan Valsartan
Better Better

Legend to Panel B) PARAGON: sacubitril + valsartan vs valsartan in preserved EF
heart failure; 4822 patients, median 35 months follow-up; primary composite
outcome: all heart failure hospitalizations and CV death; 13 pre-specified subgroup
analyses, two had “significant interactions”; (Figure from McMurray et al. 2019).%?
Comment to Panel B): Interaction tests: sex P=0.006; LVEF P=0.03 (categorical),

P=0.002 (continuous); “sacubritril/valsartan may benefit patients with HF; not frankly
reduced, but less than normal’.



Panel C

Difference in Event Rate (Ticagrelor vs Placebo)

Prior PCI No Prior PCI Interaction test
CV death, MI, stroke -1.3% -0.3% P=0.16
CV death -0.1% +0.3% P=0.41
MI -0.8% -0.3% P=0.42
stroke -0.6% -0.2% P=0.26
TIMI major bleed +0.9% +1.4% P=0.20
Irreversible Harm* -1.7% +0.5% P=0.012

Legend to Panel C) THEMIS: 19 220 patients with stable coronary disease and
diabetes; ticagrelor + aspirin vs placebo + aspirin; primary composite outcome: CV
death, MI, stroke over mean 39.9 months; hazard ratio 0.90 (95% CI 0.81-0.99)
P=0.04; efficacy and safety by prior PCI (58% Yes, 41% No); (Table from Steg
2019).33

* All cause death, MI, stroke, fatal bleed, or intracranial haemorrhage. Ticagrelor
provided a favourable net clinical benefit after prior PCI. Beware: a subgroup analysis
of a post hoc endpoint.

Comment to Panel C): ESC Headline: “Ticagrelor plus aspirin reduce ischaemic
events in stable coronary patients with diabetes” but an excess of TIMI major bleeds.
Hazard ratio 2.32 (95% CI 1.82-2.94) P<0.001. They then produced a post hoc

endpoint “irreversible harm“ to claim net benefit in a PCI subgroup.



Word count

Revision 1

The age of randomized clinical trials

Subgroup analyses in randomized clinical trials: Value and
limitations

Review #3 on important aspects of randomized clinical trials in
cardiovascular pharmacotherapy

Word count: 4116 words (excl. Affiliations, References; incl title)



