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Abstract

An interim analysis is commonly used in phase III superiority trials to compare treatment arms, with the goal of terminating
exposure of patients to ineffective or unsafe drugs or to identify highly effective therapies for earlier public disclosure.
Traditionally, interim analyses have been designed to identify early evidence of extremely large benefit of the experimental
approach, potentially leading to early dissemination of effective treatments. Increasingly, interim analysis has also involved
analysis of futility, which may lead to early termination of a trial that will not yield additional useful information. This
presents an important challenge in early stage hormone receptor–positive breast cancer, where recurrence often occurs late,
with a steady annual event rate up to 20 years. Early analysis of events may miss late treatment effects that can be observed
only with longer follow-up. We discuss approaches to futility analysis in adjuvant clinical trials in hormone receptor–positive
breast cancer, the role of the Data Safety Monitoring Committee in such analyses, considerations of the potential harms vs
benefits of treatment, and the risks of continuing vs early termination of a trial.

Drug development in cancer is expensive and time consuming.
To speed up this process, interim analyses have been used to
identify 1) treatment benefit at the earliest possible time, allow-
ing early adoption of effective therapies, and 2) lack of treat-
ment benefit, allowing termination of studies of ineffective
agents. The role of interim analyses for early detection of treat-
ment benefit has been extensively addressed in prior publica-
tions (1,2). Typically, efficacy analyses of superiority trials are
conducted when a target number of events has occurred (usu-
ally associated with a projected timeline, often 5 years) and in-
terim analyses conducted when a portion of those events (eg,
half or two-thirds) has occurred, often within the first 3 years af-
ter randomization. Although there is usually a strong justifica-
tion for the number of events and associated timing that
triggers the primary analysis, the triggers for interim analyses
are often less fully justified and may not consider the timing of
the analysis.

Here, we focus on the use of interim analyses of futility in
adjuvant superiority trials in hormone receptor (HR)–positive
breast cancer (BC), particularly those trials with time-to-event

endpoints. Some of these trials test interventions that may re-
sult in late emergence of treatment effects. The issue of late
emergence of treatment benefit arises from the demonstrated
efficacy of existing therapies during the first 5-10 years after di-
agnosis that leads to better early outcomes in comparison arms
as well as the recent recognition of an ongoing risk of recur-
rence that persists for at least 2 decades after diagnosis (see be-
low). Whether a treatment benefit will emerge early or late
reflects many factors, including the nature of the treatment be-
ing tested, the efficacy of other treatments received by interven-
tion and control groups, and factors that remain poorly
understood.

Several statistical approaches to futility analysis have been
described (3-5); all incorporate assumptions that early treat-
ment effects will reflect later effects. The major statistical
approaches are 1) frequentist analyses involving group sequen-
tial futility boundaries and 2) conditional analyses including
stochastic curtailment and Bayesian methods (3,6,7). In group
sequential futility tests, the analysis plan specifies multiple
“looks” at the data (typically after predetermined numbers of
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events) with stopping criteria designed, for the whole proce-
dure, to maintain high power, the probability of rejecting the
hypothesis of no effect when the specified alternative is true.
Stochastic curtailment relies on conditional power, that is, the
probability that a trial will result in statistical significance, given
observed events, if it continues to its target number of events
assuming the trial design alternative hypothesis for all remain-
ing events; if the probability of statistical significance falls be-
low prespecified criteria, the trial is stopped for futility.
Bayesian predictive power uses the observed data to produce
the posterior distribution of the treatment effect. The probabil-
ity that the final result will meet a prespecified level of statisti-
cal certainty, assuming consistent treatment effects over time
(7), is calculated over all possible study trajectories, incorporat-
ing uncertainty about treatment effects; the trial is stopped for
futility if this probability falls below a prespecified level.

In adjuvant hormonal trials in HR–positive BC, there is a
steady annual recurrence risk up to 20 years (Figure 1) that is de-
pendent on initial stage (8). With current early treatment
approaches, more relapses occur beyond 5 years than during
the first 5 years after BC diagnosis. Thus, trials initiated at diag-
nosis may not show treatment effects until more than 5 years
later (even if the treatment is effective); those initiated after
5 years may show benefits at variable (and unpredictable) times.
As a result, the assumption that early treatment effects (ie, at
the time of an interim analysis) will reflect later treatment
effects may not be valid. As discussed below, the temporal pat-
tern of emergence of treatment effects can vary considerably.

In a patient-level meta-analysis of randomized trials of
5 years of tamoxifen vs placebo, recurrence curves separated
early on, between years 1 and 2 postrandomization, consistent
with an early treatment effect [Figure 2 (9)]. Although the curves
remained separate, the recurrence rate ratio reflected declining
benefit over time: recurrence rate ratio of 0.53 (Standard Error
[SE] 0.03 years 0-4), recurrence rate ratio 0.68 (SE 0.06) during
years 5-9, (both 2-sided P< .00001), and recurrence rate ratio 0.97
(SE 0.10) during years 10-14. In contrast, in the Atlas trial that
randomly assigned women who had received 5 years of tamoxi-
fen to either placebo or an additional 5 years of tamoxifen, the
benefit of tamoxifen was most pronounced after the extended
treatment was completed [relative risk (RR) ¼ 0.90, 95% confi-
dence interval (CI) ¼ 0.79 to 1.02; P¼ .10 years 5-9 postdiagnosis;
RR ¼ 0.75, 95% CI ¼ 0.62 to 0.90; P¼ .003 beyond year 10; Figure 3
(10)]. This late emergence of benefit may reflect a carryover ben-
efit of earlier tamoxifen during years 5-9 in placebo subjects.

In a patient-level meta-analysis of ovarian ablation or sup-
pression vs no treatment, there was an improvement in
recurrence-free survival (52.4% vs 46.1%; P¼ .001) and overall
survival (OS ¼ 45% vs 39%; P¼ .0007) (11); recurrence-free sur-
vival and OS curves separated between years 2 and 3 postran-
domization (Figure 4) and remained separate through 15 years,
consistent with an early treatment effect that was sustained
over time. In contrast, in the SOFT trial, comparing tamoxifen
vs tamoxifen with ovarian suppression vs exemestane with
ovarian suppression for 5 years in premenopausal women,
disease-free survival curves separated late, only after year 7,
and the first evidence of a benefit favoring ovarian suppression
was identified at 8 years (hazard ratio ¼ 0.76, 95% CI ¼ 0.62 to
0.93; Figure 5) (12,13).

These examples highlight the variable timing of emergence
of treatment benefit across trials; benefits can even emerge af-
ter completion of study drug. They call attention to the poten-
tial pitfalls of using early absence of a treatment effect as a
surrogate for later treatment effect. This may be particularly

relevant in studies investigating the addition of a new treat-
ment to an effective endocrine treatment. When treatment ben-
efit emerges late, an early futility analysis may lead to an
incorrect conclusion of futility for treatments that are ulti-
mately shown to be effective and practice changing.

The increasingly common use of composite endpoints, such
as invasive disease-free survival, that includes events with vari-
able temporal patterns may also contribute to changing hazard
ratios over time in HR–positive BC adjuvant trials. Hazards of
some events that are not affected by the study treatment (po-
tentially including non-BC deaths or new cancers in other sites)
may be constant over time. When treatment effects emerge

Figure 1. Recently reported data from the Oxford Overview, showing risk of dis-

tant recurrence (ignoring locoregional recurrence and contralateral BCs) out to

20 years postdiagnosis in women with ER positive BC who are free of recurrence

at completion of their adjuvant hormone therapy at 5 years. Reproduced with

permission from New England Journal of Medicine (8). BC ¼ breast cancer; ER ¼ es-

trogen receptor.
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late, the composite outcome early in a trial could primarily be
made up of events not affected by study treatment, and an early
futility analysis could find little treatment benefit, potentially
leading to an incorrect decision to terminate the trial before
treatment benefits emerged. It has recently been suggested that
nonbreast primary cancers should not be included in composite
outcomes in adjuvant BC trials because of concerns that

treatment effects on BC outcomes (both early and late) may be
obscured (14).

Additionally, treatment effects seen early in a RCT may fluc-
tuate and be unreliable because they are based on a small num-
ber of events. This may be exacerbated if there are random
baseline imbalances in the study population or if endpoints are
ascertained using nonstandardized approaches (15).

Figure 2. Results of randomized trials of endocrine therapies in the adjuvant breast cancer setting. As shown in Figures 2–5, in adjuvant endocrine trials in hormone re-

ceptor–positive breast cancer, the timing of emergence of treatment benefit has varied. Effects of approximately 5 years of tamoxifen on the 15-year probabilities of

breast cancer recurrence, estrogen receptor–positive disease. The arrow shows the early separation of the curves. Reproduced with permission from Lancet (9). CI ¼
confidence interval; ER ¼ estrogen receptor; O–E ¼ observed minus expected, with variance V; RR ¼ relative risk.

Figure 3. Breast cancer recurrence by treatment allocation for 6846 women with ER-positive disease in the ATLAS trial. Recurrence rates are percentage per year

(events/patient-years of follow-up). The arrow shows the late separation of the curves. Reproduced with permission from Lancet (10). CI ¼ confidence interval; ER ¼ es-

trogen receptor; O–E ¼ observed minus expected, with variance V; RR ¼ relative risk.
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The potential risks of stopping a trial early for presumed
“futility” have been explored by Jitlal et al. (16), who retrospec-
tively conducted futility analyses, using a frequentist approach,
after 25%, 50%, and 75% of events occurred in 10 randomized
clinical trials in breast, lung, head and neck, and gastrointesti-
nal cancers conducted by Cancer Research UK. Five trials had
no final treatment benefit, whereas 4 had moderate and 1 had
large beneficial treatment effects. Using a rule that stopped a

trial when the predicted probability of success was less than
15%, 3 of 5 studies with no final benefit would have been
stopped early, leading to shorter trial duration. However, 2 of
the 4 trials with moderate beneficial effects seen with longer
follow-up would have been erroneously stopped early thereby
missing an effective treatment. Reassuringly, the trial with large
treatment effect would not have been stopped early for futility
at any point.

Figure 4. Recurrence-free survival for 2102 women aged younger than 50 years randomly assigned to ovarian ablation or control. The arrow shows early treatment ben-

efit of ovarian suppression. Reproduced with permission from Lancet (11). CI ¼ confidence interval; ER ¼ estrogen receptor; O–E ¼ observed minus expected, with vari-

ance V; RR ¼ relative risk.

Figure 5. Disease-free survival for 3037 premenopausal women randomly assigned to tamoxifen alone, tamoxifen (T) and ovarian function suppression (OFS), or

exemestane (E) and OFS in the Soft trial. Late treatment effect is observed at 8 years. Reproduced with permission from New England Journal of Medicine (12). CI ¼ confi-

dence interval; ER ¼ estrogen receptor; O–E ¼ observed minus expected, with variance V; RR ¼ relative risk.
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Thus, even when futility analyses are well designed and
properly conducted from a methodological perspective, there
should be thoughtful interpretation, with reference to the spe-
cific clinical context, when deciding whether their results
should change trial conduct. This is particularly salient in HR–
positive BC where there is increasing evidence that treatment
effects may appear only after prolonged follow-up.

The interpretation of futility analyses is typically the domain
of the data safety monitoring committee (DSMC) that receives the
unblinded results. Ideally, the DSMC will consider a broad range
of information when assessing the results of a futility analysis,
including information about accrual, duration of follow-up, po-
tential imbalances between arms, missing information, adverse
events, central (vs local) review of endpoints, the breakdown of
events in a composite outcome, the magnitude of the expected
treatment benefit, and the natural history of the disease under
consideration (Table 1). If accrual is complete and the toxicity of
an ongoing intervention is minimal or the intervention has been
completed on everyone, there little may be gained by terminating
a trial early. Cost savings may also be minimal in this situation. If
the duration of follow-up is shorter than the potential emergence
of treatment benefit, the futility analysis may not reflect final
treatment benefit. It may be useful to consider whether the pri-
mary endpoint includes events not likely to be affected by the in-
tervention, as well as evaluation of the consistency of treatment
effects on other outcomes (such as OS and quality of life) or
across key subgroups. Ideally, investigators will specify a priori
the factors the DSMC should consider in interpreting futility anal-
yses; however, not all scenarios can be anticipated, and it is es-
sential that the DSMC include members with sufficient expertise
to optimize decision making regarding termination of the trial
(17,18). Although the sponsor will often accept a DSMC recom-
mendation after a futility analysis, additional evaluation or dis-
cussion may be undertaken.

Increasing numbers of BC adjuvant trials include futility
analyses; these analyses may be required by funders. The Food
and Drug Administration (19) and the European Medicine
Agency provide guidance on futility analyses (20). We recom-
mend that investigators and sponsors carefully consider the
factors discussed above in deciding whether to include futility
analyses in these trials and to carefully consider the timing of
any futility analyses that are planned. If there is potential for
late emergence of treatment benefit, as in adjuvant trials in HR–
positive BC, we argue against inclusion of early futility analyses,
where there may be little to be gained and potentially much to
be lost. Caution is advised in incorporating such analyses

without full consideration of the risks of missing future benefi-
cial effects when trials are terminated early.

The recent discontinuation of some adjuvant trials examin-
ing the potential benefits of adding CDK 4/6 inhibitors to endo-
crine therapy in HR–positive BC based on early futility analyses
(21,22) raises the concern that treatment benefit that might
have emerged with longer follow-up was missed. At 3 years of
follow-up, the MonarchE trial showed early benefit for the addi-
tion of abemaciclib, with early separation of distant relapse-free
Kaplan-Meier curves (23). In contrast, in the PALLAS trial, the
addition of palbociclib to endocrine therapy did not improve in-
vasive disease-free survival, with no separation of the curves up
to 4 years postrandomization (24). It is not clear yet whether
these differing results are related to drug scheduling (abemaci-
clib was given continuously, whereas palbociclib was given in-
termittently), different anticancer activity of the 3 drugs, or
differences in study populations, or whether longer follow-up is
needed to identify an impact of palbociclib on recurrence.

In adjuvant trials in HR–positive BC, when a futility analysis
suggests a treatment benefit may not be present, the risks of
missing a future beneficial effect are real and must be seriously
considered, particularly as study outcome events will continue
to occur. Unless there is confidence that a future benefit will not
be seen, we recommend that these trials be continued, even
when a futility analysis suggests no treatment benefit, particu-
larly when continuation involves little or no risk to study partic-
ipants. We do not recommend that futility analyses as currently
designed be incorporated into all adjuvant trials in HR–positive
BC; decisions about their incorporation should reflect the issues
discussed above. New analytic designs that reflect the expected
timing of emergence of treatment benefit should be developed
to allow more thoughtful incorporation of futility analyses into
future adjuvant trials in HR–positive BC.
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Table 1. Factors that may favor terminating or continuation of study

Factors favoring early termination of study Factors favoring continuation of study

Severe and/or unexpected toxicity of the new therapy (eg,
chemotherapy)

Low toxicity profile of the new drug (eg, hormone therapy)

Study has a long follow-up period and/or expected early treatment
benefit

Study with short follow-up period and/or expected later treatment
benefit to occur

Accrual is slow Accrual complete or near complete
Single or composite endpoint in which all events likely to be im-

pacted by the study treatment
Complex endpoint that includes events that may not be impacted by

the study treatment (eg, invasive disease-free survival); these
events may disproportionately contribute to a negative early futil-
ity analysis

Repeated futility analyses suggest lack of benefit Single futility analysis
All endpoints favor control arm Inconsistent impact of the intervention on different endpoints
Possible impact of missing data, potential bias or unusual experience

in 1 or 2 study sites has been excluded
Missing information on stratification factors or early imbalances; po-

tential impact on interim analysis has not been excluded
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