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In randomized controlled trials, investigators often explore the possibility that the treat-
ment effects differ between subgroups (eg, women vsmen, old vs young,more versus less
severedisease). Investigators often inappropriately claimsubgroupeffects (also called ‘‘ef-
fectmodification’’ or ‘‘interaction’’)when the likelihoodof a true effectmodification is low.
Criteria for assessing the credibility of subgroup analyses, nicely summarized in a formal
Instrument for Assessing the Credibility of EffectModificationAnalyses (ICEMAN), include
investigator postulation of a priori hypotheses with a specified direction; support from
prior evidence; a low likelihood that chance explains the apparent subgroup effect; and
only testing a small number of subgroup hypotheses.
Patient summary: Randomizedclinical trialsoftenusesubgroupanalyses toexplorewhether
a treatment is more or less effective in a particular patient subgroup (eg, women vs men,
old vs young). In this mini-review, we explore the common pitfalls of subgroup analyses.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of European Association of
Urology. This is an open access article under the CC BY license (http://creativecommons.

org/licenses/by/4.0/).
Of all study designs, randomized controlled trials (RCTs) The first question that arises when treatment appears to

provide the best evidence regarding treatment efficacy
[1,2]. Randomized trials often enroll diverse populations
(the old and young; severe and mild conditions), raising
the possibility that the treatment effect may differ in sub-
populations (eg, treatment is effective in the old but not
in the young). Investigators therefore often conduct analy-
ses to explore such possible subgroup effects, also referred
to as ‘‘effect modification’’ or ‘‘interaction’’.

Despite the best intentions, investigators often fail to con-
duct subgroup analyses adequately and to optimally inter-
pret the results of such analyses. Claims of subgroup effects
that are in fact spurious have the potential to compromise
patient care [3,4]. In this mini-review, we explore common
limitations and pitfalls of subgroup analyses in RCTs.
lsevier B.V. on behalf of Eur
org/licenses/by/4.0/).
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work better in one subgroup than another is whether chance
can explain the difference. To address this issue, investiga-
tors must execute a statistical test, usually referred to as a
‘‘test of interaction’’ [5]. The interaction test generates p val-
ues: if p > 0.05, chance remains a likely explanation of an
apparent subgroup effect; only very low p values (�0.005)
for the interaction test provide high confidence that chance
cannot explain the apparent subgroup effect [6].

Aside from the p value for the test of interaction, other
criteria can help in distinguishing between a credible and
less credible subgroup claim. A claim is more credible (1)
if it is supported by an a priori hypothesis with an accu-
rately prespecified direction; (2) if prior evidence of the
subgroup effect exists; (3) if investigators have tested only
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Table 1 – Instrument for Assessing the Credibility of Effect Modification Analyses (ICEMAN) questions for randomized controlled trials [6].

1: Was the direction of the effect modification correctly hypothesized a priori?
[ ] Definitely no [X] Probably no or unclear [ ] Probably yes [ ] Definitely yes
Clearly post hoc or results inconsistent

with hypothesized direction or
biologically very implausible

Vague hypothesis or hypothesized
direction unclear

No prior protocol available but unequivocal
statement of a priori hypothesis with correct
direction of effect modification

Prior protocol available and includes
correct specification of direction of
effect modification, eg, based on a
biologic rationale

2: Was the effect modification supported by prior evidence?
[ ] Inconsistent with prior evidence [ ] Little or no support or unclear [X] Some support [ ] Strong support
Prior evidence suggested a different

direction of effect modification
No prior evidence or consistent
with weak or very indirect prior
evidence (eg, animal study at high
risk of bias) or unclear

Consistent with more limited or indirect prior
evidence (eg, large observational study, non-
significant effect modification in prior RCT, or
different population)

Consistent with strong prior evidence
directly applicable to the clinical
scenario (eg, significant effect
modification in related RCT)

3: Does a test for interaction suggest that chance is an unlikely explanation of the apparent effect modification? (consider irrespective of number of effect
modifiers)

[X] Chance a very likely explanation [ ] Chance a likely explanation or
unclear

[ ] Chance may not explain [ ] Chance an unlikely explanation

Interaction p value > 0.05 Interaction p value � 0.05
and >0.01, or no test of interaction
reported and not computable

Interaction p value � 0.01 and >0.005 Interaction p value � 0.005

4: Did the authors test only a small number of effect modifiers or consider the number in their statistical analysis?
[ ] Definitely no [X] Probably no or unclear [ ] Probably yes [ ] Definitely yes
Explicitly exploratory analysis or large

number of effect modifiers tested
(eg, greater than 10) and
multiplicity not considered in
analysis

No mention of number or 4–10
effect modifiers tested and number
not considered in analysis

No protocol available but unequivocal
statement of 3 or fewer effect modifiers tested

Protocol available and 3 or fewer
effect modifiers tested or number
considered in analysis

5: If the effect modifier is a continuous variable, were arbitrary cut points avoided? [ ] not applicable: not continuous
[ ] Definitely no [X] Probably no or unclear [ ] Probably yes [ ] Definitely yes
Analysis based on exploratory cut point

(eg, picking cut point associated
with highest interaction p value)

Analysis based on cut point(s) of
unclear origin

Analysis based on pre-specified cut points, eg,
suggested by prior RCT

Analysis based on the full continuum,
eg, assuming a linear or logarithmic
relationship

How would you rate the overall credibility of the proposed effect modification?
The overall rating should be driven by the items that decrease credibility. The following provides a sensible strategy:
�All responses definitely or probably reduced credibility or unclear => very low
�Two or more responses definitely reduced credibility => maximum usually low even if all other responses satisfy credibility criteria
�One response definitely reduced credibility => maximum usually moderate even if all other responses satisfy credibility criteria
�Two responses probably reduced credibility => maximum usually moderate even if all other responses satisfy credibility criteria
�No response options definitely or probably reduced credibility => high very likely
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a small number of subgroup hypotheses; and (4) if the sub-
group effect is a continuous variable, investigators have
avoided cut points driven by the data (eg, choosing a
threshold of age 50 yr rather than 40 or 60 yr because 50
is threshold that suggests a subgroup effect). To facilitate
clinician judgments regarding subgroup effects, investiga-
tors have developed a simply applied tool called Instrument
for Assessing the Credibility of Effect Modification Analyses
(ICEMAN) (Table 1) that summarizes these criteria [6].

Previous studies have demonstrated that trialists are
often suboptimal in planning and conducting the appropri-
ate statistical test for interaction [7,8]. Spurious or false-
positive results are especially common when investigators
test a plethora of hypotheses. Defining subgroups post
hoc, as evidenced by failure to report the subgroup test in
the original trial protocol, may be particularly problematic.
In such instances, when the subgroups are not preplanned,
spurious subgroup inferences are common.

Another serious error is defining subgroups after ran-
domization, when treatment might have already influenced
patient characteristics. Therefore, clinicians should reject
any subgroup analysis that does not focus on the variables
defined at baseline [4].

All these concerns highlight why clinicians cannot neces-
sarily trust authors’ interpretation of subgroup effects,
which is why the ICEMAN instrument is needed. To illus-
trate the use of the ICEMAN tool, we selected the well-
known Prostate Cancer Intervention Versus Observation
Trial (PIVOT) as an example of assessing subgroup credibil-
ity in the light of current evidence [9].
To summarize, during 1994–2002, PIVOT recruited 731
men (age � 75 yr, life expectancy � 10 yr, fit for surgery)
with localized prostate cancer (prostate-specific antigen
[PSA] level < 50 lg/l, clinical stage T1–2, any grade). The
men were randomized to radical prostatectomy (n = 364)
or observation (n = 367). At 22 yr of follow-up, the risk of
any-cause death was 68% for men randomized to surgery
and 73% for men in the observation group (relative risk
0.92, 95% confidence interval 0.84–1.01). In their abstract,
the authors state: ‘‘Results did not significantly vary by
patient or tumor characteristics, although differences were
larger favoring surgery among men aged < 65 yr, of white
race, and having better health status, fewer comorbidities,
�34% positive prostate biopsy cores, and intermediate-risk
disease.’’ [9]. The latest European Association of Urology
prostate cancer guideline appears to consider these sub-
group inferences credible: the guideline states that patients
with intermediate-risk cancer benefit more from surgery
than men with low-risk or high-risk cancer [10].

Should urologists thus recommend radical prostatec-
tomy to younger White men with good overall health status
and fewer comorbidities and large-volume intermediate-
risk cancers, but perhaps not to Black older men with
comorbidities and low-volume, high-grade cancer?

The first ICEMAN question asks if the direction of the
effect modification was correctly hypothesized a priori
(Table 1). The first PIVOT paper in 2012 includes a study
protocol as a supplementary file [11]. The protocol does
predefine nine subgroups, including age, race, tumor stage,
tumor grade, family history, PSA level, and Charlson comor-
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bidity index. However, they do not specify the direction of
any hypotheses (eg, were the authors thinking that surgery
would have a greater effect on Black or White men) and
therefore the answer is ‘‘probably no’’ (Table 1).

The second question is: Was the effect modification sup-
ported by prior evidence? If we look at the evidence accu-
mulated thus far from the three RCTs concerning
prostatectomy versus observation, namely PIVOT, SPCG-4
[12], and ProtecT [13], as well as the large observational
PCBase Sweden study [14], we find some support for a sub-
group effect in some subgroups in the SPCG-4 trial and the
PCBase Sweden study (eg, age < 65 vs �65 yr), but not in the
ProtecT trial. These findings from SPCG-4 and the PCBase
Sweden study are probably of low credibility (SPCG-4: no
formal interaction tests, no preplanned subgroups; PCBase
Sweden: observational study). The answer to the question
is thus ‘‘some support’’ (Table 1).

The third question asks if the interaction test suggests
that chance is an unlikely explanation for subgroup differ-
ences. The p values for interaction tests in the PIVOT sub-
groups are between 0.1 and 0.8, meaning that chance is a
very likely explanation for the effect modification observed.
The answer is ‘‘chance a very likely explanation’’ (Table 1).

The fourth question asks: Did the authors test only a
small number of effect modifiers or consider the number
in their statistical analysis? At least nine subgroups were
listed in the original protocol, of which seven are presented
in the latest publication. Therefore, the answer is ‘‘probably
no’’ (Table 1).

The last question is: If the effect modifier is a continuous
variable, were arbitrary cut points avoided? In the original
protocol the cut points were not predefined [11]. The con-
tinuous variables in subgroup analyses in the latest PIVOT
publication are age (<65 vs �65 yr), PSA (�10 vs >10 ng/
ml), performance score (0 vs 1–4), and Gleason score (<7
vs 7 vs 8–10). These thresholds are based on clinical rele-
vance; however, the positive biopsy core subgroups were
selected according to <34% versus �34 positive cores. The
choice for this threshold remains unclear and therefore
the answer for this ICEMAN item is also ‘‘probably no’’.

The responses to all individual items of ICEMAN suggest
low to very low credibility of the subgroup effects. The clin-
ician should thus anticipate that the overall relative effect
would apply to all patients and should thus not recommend
differential therapy on the basis of subgroup effects.

Of course, our discussion has focused on the relative sub-
group effect. The absolute effect is a different matter. With
the same relative effect, any absolute reduction in mortality
would be small in low-risk patients and larger in
intermediate- or high-risk patients owing to the higher
absolute (baseline) risk of death with higher-risk cancer
[15]. For example, let us assume that radical prostatectomy
provides a substantial relative risk reduction (in prostate
cancer mortality) of 35% in all subgroups [16]. If the abso-
lute risk of prostate cancer death with low-risk cancer is
3%, with the 35% relative risk reduction the absolute risk
reduction is 1% or one in 100. In very high-risk cancer, how-
ever, if the absolute risk of prostate cancer death is 60%,
with the same 35% relative risk reduction the absolute risk
reduction is approximately 20% or 20 in 100. When we look
at effect modification, however, we are focusing on relative
effects. Differences in absolute effects across subgroups will
be present for any effective treatment in which patients dif-
fer in their risk of adverse outcomes (in contrast to true dif-
ferences in relative effects that are rare, differences in
baseline risk are extremely common).

When reading a clinical trial that includes a claim of a
subgroup effect, asking the ICEMAN questions is crucial
for any clinician, reviewer, or editor. It is not rare that the
results of the subgroup analyses alter interpretation of RCTs
and guide treatment choices. False inferences may lead to
the use of ineffective treatments or deny patients effective
treatment. Exploratory subgroup analyses may lead to
important findings and guide further research, but clini-
cians should consider results for which the credibility is
low as merely hypothesis-generating and not a finding that
should influence their practice.

Conflicts of interest: The authors have nothing to disclose.
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