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Background The Women'’s Health Initiative (WHI) randomized trial of estrogen plus
progestin (E + P) was terminated early based on an assessment of harms exceeding
benefits for disease prevention. The results contravened prevailing wisdom and a
large body of literature regarding benefits of menopausal hormone therapy. The
results and their interpretation have been the subject of considerable debate.
Purpose/methods To describe the process of developing a trial monitoring plan,
the key interim and final data, and to explain the choice of statistical methods used
in trial monitoring and reporting.

Results A formalized monitoring plan was developed using statistical methods
that acknowledged protocol-defined design and analysis plans, input of monitoring
board members especially regarding the role of various study outcomes, and mul-
tiple comparisons. Major early departures from design assumptions concerning
treatment effects indicated a need for additional flexibility in safety monitoring.
When the trials were stopped early, questions arose as to how closely the statistical
methods in published reports should correspond to those defined by protocol or
used in monitoring. Methods were selected to provide a simple and transparent
summary of the primary results, with a cautious interpretation promoted by
acknowledgement of multiple testing.

Conclusions Developing a formal trial monitoring plan with a view towards influ-
encing clinical practice is useful for creating consensus among DSMB members
regarding the evidence that would justify stopping a trial and the framework to be
used to address statistical complexities. Departures from design assumptions typi-
cally occur. These reinforce the role of the DSMB in exercising their judgment, and
the judicious adaptation of these statistical guidelines in monitoring and reporting
trials. In communicating the results in such circumstances, priority should be given
to presenting as fair, accurate and transparent a view of the data and findings as
current methods and technology allow.
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Introduction

In July 2002, the National Heart Lung and Blood
Institute (NHLBI) announced the early termination
of the Women’s Health Initiative (WHI) trial of
estrogen plus progestin (E+P). This randomized,
double-blind placebo-controlled trial of 16 608 post-
menopausal women was stopped approximately
three years early at the unanimous recommendation
of the WHI Data and Safety Monitoring Board

(DSMB), based on the assessment that health risks
exceeded benefits for disease prevention in post-
menopausal women over an average 5.2-year follow-
up period [1]. The results contravened both
prevailing wisdom and a large body of literature
from observational studies, intermediate endpoint
trials, and animal experiments [2].

There was an immediate and vocal response to
this report [3,4], including discussion and criticism
of the presentation and interpretation [5,6], which
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persisted for years [7-13]. Much of the debate can
be attributed to the nature of the findings them-
selves, but some technical aspects continue to be
the subject of discussion. Details of the statistical
considerations that led to the stopping of the E+P
trial and related choices that were made in present-
ing the results have not previously been published.

The principles that guided the reporting of the
E + P trial were employed in reporting the parallel
WHI trial of estrogen-alone (E-Alone) among 10 739
postmenopausal women less than two years later.
The NHLBI terminated this trial in 2004 because of
an increased risk of stroke and the fact that neither
the hypothesized cardioprotective effect nor an
adverse effect on breast cancer risk was likely to be
demonstrated by continuing the intervention for
the planned duration [14]. Because the results and
stopping considerations for the E-Alone trial dif-
fered from those of the E + P trial, the application of
these principles presented a different set of issues
for consideration.

The present authors represent the unblinded
statisticians at the WHI Clinical Coordinating
Center (CCC) responsible for data analysis and
reporting to the DSMB and unblinded members of
the NHLBI Project Office responsible for trial over-
sight. In this article we briefly review statistical
aspects of the design and provide further details of
the trial monitoring plan. We summarize the data
presented to the DSMB and their subsequent rec-
ommendations. We describe the implications of
design and monitoring factors on the statistical pre-
sentations in the initial trial publications [1,14] and
discuss considerations in these decisions and some
lessons learned.

WHI design

The WHI is a large, multi-component public health
research program, sponsored by the NHLBI, with
input from other groups at the National Institutes
of Health (NIH). The randomized clinical trial com-
ponent of the WHI involved testing three interven-
tion strategies for their effectiveness in chronic
disease prevention in postmenopausal women:
hormone therapy, a low-fat dietary modification, and
calcium and vitamin D supplements. The hormone
therapy component involved testing two different
preparations in distinct subgroups of women:
estrogen-alone in women with prior hysterectomy
and estrogen plus progestin in women with an
intact uterus. The primary objective of both trials
was to determine whether hormone therapy would
prevent coronary heart disease (CHD) and to pro-
vide an overall health benefit to postmenopausal
women. Sample sizes for each trial were based on
the CHD hypothesis. Breast cancer was the primary
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safety outcome. Several other outcomes were of
interest, based on available literature at trial incep-
tion, but were viewed as secondary in trial motiva-
tion and design.

An underlying premise of the design was that
there was a noteworthy lag-time to full effect of these
hormones on the disease processes and hence, any
early differences observed between randomized
groups (eg, differences in breast cancer rates between
active and placebo groups in the first year or two)
would more likely arise from chance than from a true
intervention effect. Under this assumption, power
would be improved by down-weighting early differ-
ences. The analysis plans and sample size considera-
tions were developed under this mindset using a
weighted logrank statistic. The weighting function was
defined by time since randomization, rising linearly
from zero at randomization to one over a specified
time interval (three years for cardiovascular disease
(CVD) and fractures, ten years for cancer and mortal-
ity), and constant at one thereafter (Figure 1) [15].

WHI monitoring plan

The NHLBI Director appointed an independent
DSMB to monitor and provide recommendations
regarding the ethical conduct of the trial (member-
ship provided in [1,14]). A formal trial monitoring
plan was developed with input and final approval
by the DSMB.

Monitoring plan development

The likelihood that multiple clinical outcomes
would be affected by hormone therapy was a partic-
ular challenge for trial monitoring. To facilitate
development of the monitoring plan, a rather
unusual process was undertaken. Study statisticians
from the CCC and NIH representatives developed
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Figure 1 Weights defined by time since randomization as

used in weighted logrank statistics for treatment arm com-
parisons of disease incidence rates.
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scenarios projecting potential intervention compar-
isons for key outcomes at a point in time when
approximately two thirds of the data had been
acquired. The scenarios represented a variety of
alternative hypotheses, including both higher and
lower than anticipated benefits and risks. Members
of the DSMB, and later study investigators, consid-
ered each scenario and indicated whether they
would favor stopping or continuing the trial or
whether they were unable to decide. The purpose of
this exercise was to explore DSMB members’ sensi-
tivity to various intervention effects, to inform
DSMB members on the mindset of their fellow
members, and to use these to develop statistical
guidelines in line with their judgement. Some
aspects of this process have been published [16].

The DSMB responses to multiple scenarios sug-
gested a heavy reliance on the primary outcome
(CHD) and the primary safety outcome (breast can-
cer). Beneficial effects on several other outcomes were
anticipated, but these were viewed by the DSMB as
secondary for trial monitoring considerations, either
because there was insufficient preliminary data to jus-
tify a trial to test that specific hypothesis (eg, hor-
mone effects on stroke or colorectal cancer), or
because trial results for that outcome were so highly
anticipated that, viewed in isolation, they would not
likely change clinical practice (eg, hormone effects on
fractures). Consequently, the monitoring plan did
not specify stopping boundaries for benefit (upper
boundaries) for any secondary outcome.

Adverse effect (lower) boundaries were defined
for all monitored outcomes. Death from other
causes was included to capture serious but unfore-
seen adverse intervention effects.

Scenarios involving simultaneous evidence of
both risks and benefits were specifically considered.
In such a setting three potential actions were envi-
sioned - stopping for benefit, stopping for harm, or
continuing because there was insufficient clarity of
overall benefits versus risks. A statistical summary
of effects was sought to support this decision-making
process. After consideration of several options, a so-
called global index of risks and benefits was adopted,
calculated for each woman as the time to the first
event among the list of outcomes to be monitored.

Based on these considerations, the list of for-
mally monitored outcomes for both trials was
approved (Table 1) including the primary and key
secondary outcomes identified in the protocol, plus
colorectal cancer, another serious clinical event that
had become of interest in relation to hormone ther-
apy. Comparative data for a list of other clinical
outcomes, as well as for a list of symptoms plausibly
associated with hormone therapy, were provided
biannually to the DSMB. Treatment arm compar-
isons of data from the WHI Memory Study [17], an
ancillary study capturing information on probable
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Table 1 Clinical outcomes subject to formal monitoring in the
WHI Hormone Therapy Trial component

Outcomes Estrogen + Progestin  Estrogen-Alone
Primary Coronary heart Coronary heart
disease disease
Secondary Hip fracture Hip fracture
Breast cancer* Breast cancer*
Colorectal cancer Colorectal cancer
Endometrial cancer
Stroke Stroke
Pulmonary Pulmonary embolism
embolism Death from other
Death from other causes
causes
Global First occurrence of First occurrence of
index any of the above any of the above

conditions conditions

*Primary adverse outcome.

dementia and mild cognitive impairment in a sub-
set of trial participants, were also made available to
inform early stopping discussions.

Conceptual framework for early stopping
considerations

The monitoring plan indicated that early stopping
considerations for benefit would be triggered only if
the weighted logrank statistic for CHD crossed the
CHD upper boundary and the global index was sup-
portive of overall benefit, as assessed by comparison
to a separate boundary. Benefits observed only on
secondary outcomes were not expected to lead to
early stopping discussions. Stopping for adverse effects
would be considered if any disease-specific compar-
ison crossed the associated lower boundary and the
global index was suggestive of overall harm.

Although the trial motivation anticipated the
same treatment effects for estrogen plus progestin
and estrogen-alone, the design and monitoring of
these distinct trials were done separately. Pooled
results for the two trials were provided to the
DSMB. The pooled analyses were expected to be
useful if the data revealed a clear and early reduc-
tion in CHD incidence while suggesting an emerg-
ing adverse effect on breast cancer rates in both
trials.

Statistical criteria specified in the monitoring plan

The monitoring plan was devised to limit the
“experiment-wise” type I error rate using the tradi-
tional 0.05 level for benefit and the 0.10 level for
adverse effects. The asymmetry in assessing benefits
and risks was based on the importance of protecting
study volunteers from research risks, a particular
concern in prevention trials where participants are
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ostensibly healthy. Stopping boundaries for all
disease-specific comparisons were calculated accord-
ing to the O’Brien-Fleming (OBF) procedure [18] for
15 interim semi-annual analyses, with the first
analysis to occur in late 1997.

“Supportive” evidence of overall benefit was
defined as the global index comparison exceeding a
two-sided, 0.10-level OBF boundary. Evidence sug-
gesting an overall adverse effect used a less strin-
gent criterion for the lower boundary, defined by a
standardized, normally-distributed test statistic (Z-
score) of less than —1.0. Viewed in isolation, the
boundaries for the global index were not conserva-
tive. However, the global index was not intended to
be used as a stand-alone monitoring tool; rather,
the monitoring plan called for considering the
global index only when an individual disease com-
parison crossed its corresponding boundary. As a
second level criterion, the global index introduced
additional conservatism into the monitoring
boundaries beyond that of the OBF procedures.

No adjustment for multiple outcomes was in-
corporated in the monitoring boundaries for CHD
benefit or breast cancer adverse effect. Stopping boun-
daries for other adverse effects used a Bonferroni
correction based on six outcomes for E-alone (CHD,
stroke, pulmonary embolism, colorectal cancer, en-
dometrial cancer, hip fractures, and death from other
causes) and seven outcomes for E + P (all above plus
endometrial cancer).

The substantial difference in anticipated lag-time
to full intervention effect between the primary out-
come of CHD (three years) and the primary safety
outcome of breast cancer (10 years) was a specific
concern. The question as to the appropriate action
to take if the boundary for CHD benefit were
crossed early but the breast cancer comparison
strongly suggested harm was difficult. No explicit
statistical method was devised to address this issue,
other than the conservatism built into the stopping
guidelines through the global index.

In summary, a discussion of stopping for benefit
would be triggered only if both the upper 0.05-level
boundary for CHD and the upper 0.10-level bound-
ary for the global index were crossed. Stopping for
an overall adverse effect would be considered if any
of the disease-specific lower boundaries were crossed
(0.10-level for breast cancer or the Bonferroni cor-
rected 0.10-level for other listed outcomes) and the
global index logrank statistic was less than —1.0.
The stopping boundaries and logrank statistics for
key outcomes of each trial were presented on the
standardized normal scale, as illustrated in Figures 2
and 3 for the E + P and E-Alone trials, respectively.
The final plan was formally approved by the DSMB
in early 1998 after one official interim analysis had
been conducted, but had been in essentially final
form throughout the preceding year.

Clinical Trials 2007; 4: 207-217

Monitoring and early stopping of the
hormone therapy trials

Issues arising during monitoring

In August 1998, the Heart Estrogen/Progestin
Replacement Study (HERS), a secondary prevention
trial of the same E + P preparation in women with
established coronary disease, presented its principal
results and reported no overall effect on CHD event
rates after 4.1 years of follow-up, but a statistically
significant elevation in coronary disease in the first
year of exposure as well as an overall elevation in
venous thromboembolism (VT) [19]. Interim analy-
ses of the WHI hormone therapy trial data at that
time suggested similar early adverse effects on CHD,
stroke (Figures 2 and 3) and VT (data not shown).
The weighted logrank statistics, which discounted
early differences, lacked sensitivity to these early
effects. Because this was a safety concern, the DSMB
requested that the monitoring reports be aug-
mented with unweighted logrank statistics as an aid
to early adverse effect monitoring. All subsequent
reports contained both weighted and unweighted
logrank statistics.

By early 2000, interim treatment arm compar-
isons for CHD, stroke, and pulmonary embolism
strongly suggested early risk elevations in both trials
with nominally statistically significant comparisons
in the E+ P trial for CHD and stroke (unweighted
Z<—1.96, Figure 2) and for pulmonary embolism
(data not shown). No stopping boundaries had been
crossed though, other than the lower boundary for
the global index. The DSMB recommended that par-
ticipants in both trials be informed of these early,
unanticipated risks. There were differences in the
magnitude of effects between the two trials, but
since the estimated hazard ratios (HR) for cardiovas-
cular diseases were elevated in both, all hormone
trial participants were informed of this early eleva-
tion in heart disease, strokes and blood clots that
may diminish with time. In 2001, as evidence of
these adverse effects persisted the DSMB recom-
mended that participants again be told of the poten-
tial adverse cardiovascular effects. WHI investigators
informed participants of these risks without quanti-
tative information or unblinding and with a
statement that the DSMB recommended the trials
continue (participant materials available [20]).

Stopping of the E + P trial

In early April of 2002, analyses of data available
through 28 February 2002 revealed that the breast
cancer statistic in the E+ P trial (weighted logrank
Z=-3.19) had crossed the adverse effect boundary
(Z=-2.32) and the global index statistic (weighted

http://ctj.sagepub.com
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Figure 2 Monitoring boundaries and interim logrank statistics for selected outcomes in the WHI E + P trial. According to the
monitoring plan, a weighted logrank (Z) statistic above (below) the corresponding monitoring boundary provides evidence for
stopping for benefit (adverse effect). Unweighted logrank statistics were to be considered when examining potential early
adverse effects. Stopping considerations were to be based on evidence of an effect for a specific disease, supported by the
global index exceeding the its corresponding monitoring boundary in the same direction. The breast cancer weighted logrank
statistic exceeded the adverse effect boundary in Spring 2002, and a global index comparison which was considered support-
ive of an overall adverse effect throughout the trial. CHD and stroke comparisons showed nominally significant adverse effects

(corresponding unweighted Z<—1.96) but did not cross monitoring boundaries.
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Figure 3 Monitoring boundaries and interim logrank statistics for selected outcomes in the WHI E-Alone trial. In the fall of
2003, the stroke comparison was approaching the adverse effect boundary, the breast cancer comparison had reached nomi-
nal statistical significance for benefit (unweighted Z>1.96) and the CHD and global index comparisons were neutral.
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Table 2 Tenth interim analysis of the WHI E + P Trial®. (Data as of: 28 February 2002.)

E+P Placebo
Number randomized 8506 8102
Mean follow-up time (months) 60.2 59.2

Weighted Unweighted Hazard

Outcomes n % n % 4 z ratio®
Coronary heart disease (CHD) 160 1.88 119 1.47 -1.23 -2.09 1.29
Hip fractures 42 0.49 61 0.75 1.89 2.20 0.64
Invasive breast cancer 160 1.88 116 1.43 -3.19 —2.05 1.28
Endometrial cancer 22 0.26 24 0.30 1.00 0.50 0.86
Colorectal cancer 41 0.48 63 0.78 2.73 2.51 0.61
Stroke 120 1.41 80 0.99 -2.33 —2.41 1.41
Pulmonary embolism 66 0.78 31 0.38 =217 -3.23 1.99
Death from other causes® 152 1.79 153 1.89 0.81 0.76 0.92
Global index? 713 8.38 592 7.31 -1.62 —2.38 1.14
Total deaths 214 2.52 203 2.51 0.58 0.24 0.98
@Monitoring boundaries for the 10th interim analyses were:
CHD benefit Z=12.68 Upper boundary
Global index benefit Z=2.32 Upper boundary
Breast cancer adverse effect Z=-2.32 Lower boundary
Other adverse effects Z=-3.25 Lower boundary
Global index for harm Z=-1.00 Lower boundary, in conjunction with crossing a stopping

boundary for breast cancer or other adverse effects
bFrom an unweighted proportional hazards model stratified by age, prevalent condition, and DM randomization arm.
CAll deaths except those from breast, colorectal, or endometrial cancer, CHD, stroke, pulmonary embolism or hip fracture. Includes

deaths that are not yet adjudicated.
dParticipants having one or more of the above listed outcomes.

Z=-1.62, unweighted Z= —2.38) was supportive
of overall harm (Table 2). CCC statisticians
informed the unblinded NHLBI Project Officer and
together developed a contingency plan for early
stopping. Because the scheduled DSMB meeting
was approximately eight weeks later, the first step
was to conduct an unscheduled analysis of data
accrued through 30 April 2002. The purpose of this
analysis was to confirm that these statistics remained
beyond the boundaries, providing additional assur-
ance against a chance finding. The updated analy-
ses, available by mid-May, produced a breast cancer
comparison that was slightly attenuated
(Z=-2.92) but still exceeded the stopping bound-
ary. Supportive evidence of overall harm also per-
sisted (global index wunweighted Z=-1.74).
Analyses from both time points were presented to
the DSMB at the regular meeting on 31 May. Based
on these data, which met the established adverse
effect stopping criteria, the DSMB recommended
that the E + P trial be stopped. The NHLBI Director
attended the meeting and accepted the recommen-
dation. Contingency plans for stopping the trial
were launched immediately. An article describing
the data available through 30 April was submitted
on S5 June and published in mid-July [1].
Simultaneously all 27000 participants in the two
hormone trials were notified by mail of these
results.

http://ctj.sagepub.com

Stopping of the E-Alone trial

Despite the early stopping of the E + P trial in 2002,
the DSMB recommended that the E-Alone trial con-
tinue as planned. No stopping boundaries had been
crossed and the overall risk/benefit profile was
approximately neutral. In November 2003, at the
regularly scheduled meeting of the DSMB, and in
subsequent conference calls, the committee could
not reach a consensus recommendation for continu-
ing the trial. No stopping boundaries had yet been
crossed, but the stroke hazard ratio was similar to
that observed in the E + P trial and the comparison
was near the adverse effect stopping boundary. The
global index was balanced, owing to hazard ratios
less than one for hip fracture and unexpectedly for
breast cancer (Table 3 and Figure 3). Because the
DSMB was undecided, the NHLBI constituted a sepa-
rate committee to review the results and in February
2004 stopped the E-Alone trial based on the elevated
risk of stroke and lack of CHD benefit [21].

Statistical issues in reporting results
from terminated trials

In reporting these results, the question arose as to
how closely the data presentations to the medical

Clinical Trials 2007; 4: 207-217



214  GL Anderson et al.

Table 3 Thirteenth interim analysis of the WHI E-Alone Trial.? (Data as of 31 August 2003.)

E-Alone Placebo

Number 5310 5429
Mean f 76.3 76.6

Weighted Unweighted Hazard
Outcomes n % n % z z ratioP
Coronary heart disease 166 3.13 169 3.11 0.39 -0.07 1.01
Hip fractures 29 0.55 57 1.05 2.74 2.93 0.52
Invasive breast cancer 87 1.64 118 217 1.87 2.02 0.75
Colorectal cancer 57 1.07 55 1.01 —0.80 -0.35 1.07
Stroke 144 2.71 106 1.95 —2.54 —-2.69 1.41
Pulmonary embolism 40 0.75 29 0.53 -1.23 -1.43 1.42
Death from other causes® 170 3.20 161 2.97 -0.67 -0.82 1.09
Global indexd 623 11.73 623 11.48 —-0.22 —0.41 1.02
Total deaths 258 4.86 248 4.57 -0.11 -0.80 1.07

@Monitoring boundaries for the 13th interim analyses were:

CHD benefit Z=2.35 Upper boundary
Global index benefit Z=2.03 Upper boundary
Breast cancer adverse effect Z=-2.03 Lower boundary
Other adverse effects zZ=-279 Lower boundary
Global index for harm Z=-1.00

Lower boundary, in conjunction with crossing a stopping

boundary for breast cancer or other adverse effects
bFrom an unweighted proportional hazards model stratified by age, prevalent condition and DM randomization arm.
All deaths except those from breast or colorectal cancer, CHD, stroke, pulmonary embolism or hip fracture. Includes deaths that are

not yet adjudicated.
dParticipants having one or more of the above listed outcomes.

community and the public should correspond to
those defined by protocol or used in trial monitor-
ing. Three technical issues were raised in this regard:
Should the results be reported with weighted or
unweighted test statistics, and should the same
approach be used for all outcomes? Should the mul-
tiple interim analyses and multiple outcomes be
acknowledged in confidence interval formulation
and if so, how? And, should the asymmetry in mon-
itoring benefits and adverse effects carry over into
reporting? The decisions described below were made
for the E + P trial, and the general approach was sub-
sequently applied to the E-Alone trial.

Unweighted and weighted test statistics

The protocol specified weighted logrank statistics
for each clinical outcome but an unweighted Cox
regression analysis was used in publishing E+P
results [1], motivated by the importance of provid-
ing a transparent and easily interpretable (hazard
ratio) estimate of treatment effects. The unweighted
analysis was particularly preferred for reporting of
the CHD result because it did not rely on the
assumption of lag time to full prevention effect, an
assumption that was not supported by the data. For
simplicity, the same methods were used for report-
ing all other outcomes, even though this provided
a more conservative breast cancer statistic, com-
pared to the corresponding weighted test. The
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weighted logrank statistic for breast cancer, the cata-
lyst for stopping the trial, was highly statistically sig-
nificant (P = 0.001), but the lower limit of the 95%
confidence interval from the unweighted analyses
was one (HR: 1.26; 95% CI: 1.00-1.59) [1]. The
weighted test significance level was also presented
but only in the description of the trial termination.
The strength of these findings was questioned by
some [22,23] until subsequent analyses of breast
cancer rates relying on the protocol-defined statis-
tics were published [24].

Acknowledging multiple comparisons

The initial E + P trial report provided both nominal
and multiple comparisons-adjusted confidence
intervals (Cls), the latter included to discourage
over-interpretation and to put the results into the
context in which the stopping decision was made.
The adjustments to the width of the CIs were made
by an appropriate transformation of the monitor-
ing boundaries. The use of the OBF procedures and
Bonferroni adjustments to correct confidence inter-
vals for multiplicities provides a very conservative
view of these data, particularly in reporting second-
ary outcomes where both adjustments were applied.
While this conservatism seems appropriate for
trial monitoring where early stopping decisions
of trials involving such an enormous investment
need to be considered with due caution, it likely
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under-represents the true statistical significance of
the results. Any other adjustment for multiple com-
parisons developed when results were in hand,
however, would be unduly ad hoc.

These two sets of Cls provide somewhat different
inference for individual disease effects, but can be
viewed as bracketing the likely true confidence
region limits. For example, in interpreting the
effects of E+ P on CHD, where the reported E + P
hazard ratio was 1.29, the nominal CI of 1.02-1.63
can be interpreted as providing evidence of a mod-
est increase in CHD over 5.2 years. The adjusted CI
of 0.85-1.97 does not allow one to conclude there
is an increase in CHD rates, but does exclude the
level of benefit the trial was designed to detect (a
22% reduction). In this case, the adjusted CI is
likely too conservative. Specifically, the OBF adjust-
ment assumes that early stopping is based on the
CHD statistic crossing its prespecified boundary.
Here, however, the CHD data played only a minor
role in the early stopping decision so that the nom-
inal confidence interval at that time can be
expected to be fairly accurate.

Ignoring the asymmetry in risk and benefit
evaluation

The monitoring plan required stronger statistical
evidence of benefit (two-sided P-value <0.05) than
for adverse effects (two-sided P-value<0.10). To
incorporate this asymmetry into confidence inter-
vals would have been both awkward and inconsis-
tent with reporting standards, so the wider 95% Cls
were used uniformly for all adverse effects.

Additional issues in reporting

The 2002 E + P publication included both relative
and absolute risk estimates of treatment effects for
all outcomes. Use of relative risk estimates was con-
sistent with the planned analyses and motivated by
their well-established statistical properties, includ-
ing the ease of accounting for stratification factors
and the somewhat better control for follow-up time,
yielding well-behaved tests and estimates while avoi-
ding strong modeling assumptions. Absolute risk cal-
culations, based on simple differences in annualized
incidence rates, were included to facilitate clinical
interpretation.

Application of these principles to the E-Alone trial

Because the termination of the E-Alone trial was not
triggered by fulfilling the stopping criteria of the
monitoring plan, the extent to which the adjust-
ments for multiple analyses should be acknowledged
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is debatable. The E-Alone trial termination was not
independent of the multiple interim analyses or
multiple disease event rate comparisons, however, so
a parallel approach was taken in presenting these
results. The reliance on unweighted statistics for this
trial was less of a concern. With the longer-term
follow-up (average of 6.8 years for E-Alone), which
was approaching the planned termination, the dif-
ferences between weighted and unweighted analyses
were smaller. Further, the wide interest in comparing
these results with the E+ P trial findings provided
strong impetus to use the same analytic techniques.

Comment

The WHI trial monitoring plan provided the foun-
dation of analyses and reporting to the WHI DSMB
and gave guidance to their assessment of trial evi-
dence. The plan was informed by a priori expecta-
tions of benefits and risks of hormone therapy and
developed around key design assumptions, the
protocol-defined analysis plan, and standard statis-
tical methods for multiple outcomes and interim
analyses. It was tailored to support the clinical and
ethical judgment of the DSMB by an iterative pro-
cess of assessing the DSMB’s responses to hypothet-
ical scenarios of interim results. This development
process was instrumental in bringing forward vari-
ous perspectives of board members in their assess-
ment of the clinical environment in which these
data would be viewed. The statistical framework for
the stopping boundaries was derived to present the
data in alignment with their judgement.

The concept of a global index of risks and bene-
fits was one particularly useful aspect of the plan
that arose from these discussions. The primary role
of the global index in this plan was to promote cau-
tion in early termination if there was emerging evi-
dence in both directions. Possible trade-offs in
treatment effects exist in many settings (eg, AIDS,
cancer therapy) but there is heightened sensitivity
to harm in chemoprevention trials conducted
among ostensibly healthy individuals [25,26].

Evaluating individual treatment effects across a
range of diseases to assess overall impact is not
straightforward if they vary in incidence, morbidity
and mortality; time-dependent treatment effects on
these disease processes add further complication.
In such circumstances, additional statistical sum-
maries can be helpful. In these hormone trials, total
mortality was considered a valid summary but too
insensitive to effects on the chronic diseases being
tested. A summation of the disease specific inci-
dence rates, including death from other causes,
seemed preferable. To acknowledge disease burden
disparity across an initial list of outcomes (eg, ver-
tebral fractures and deep vein thrombosis versus
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stroke and colorectal cancer), the global index was
tirst proposed as a weighted linear combination of
disease incidence with weights defined by a mea-
sure of disease burden. The difficulty in determin-
ing appropriate weights and the statistical issues
associated with multiple events per individual led
us to instead define the global index as an un-
weighted summary using only the relevant clinical
outcomes considered to be serious, life-threatening
conditions (including death from other causes)
using a time to first event data summary. Perhaps
the most important aspect of the WHI global index
was that it was specified in advance, preventing it
from being skewed by selecting outcomes to be
included based on observed results.

The monitoring plan provided the basic frame-
work and guidance for monitoring, but the DSMB
was not limited to its criteria in their considera-
tions. Some of the emerging data in these and in
other hormone therapy trials were inconsistent
with design assumptions regarding cardiovascular
effects, both in direction and timeline. Changing
the monitoring plan based on emerging data can
inflate the experimental error rates, however, so
such modifications must be approached with cau-
tion. Here, the ethical requirements of safety moni-
toring and the information from other studies were
sufficient to warrant a modest change, accomplished
in this case by augmenting the protocol-defined
weighted analyses with unweighted analyses. Other
proposed modifications, including redefining out-
comes to be monitored, were not adopted because
of their likely effect on inflating the type I error
since the justification arose primarily from observa-
tions within the trial.

In determining how to present the results when
the E + P trial was stopped, the statistical approaches
were chosen to balance several factors: consistency
with the original design; analysis and monitoring
plans; transparency and accessibility of results; and
accuracy in portraying the data underlying the stop-
ping decision. The departures from expectations and
the complexities of the trial design and monitoring
made it difficult to put these results into the appro-
priate context while avoiding extensive statistical
considerations.

The initial publications of both trials [1,14] relied
on traditional analytic approaches (i.e., unweighted
analyses) for transparency and simplicity, even
though the protocol-defined analysis for E + P and
breast cancer would have suggested higher statistical
significance. Use of the more conservative approach
was expected to discourage over-interpretation, but
it also created room for doubts as to whether the
breast cancer finding was real. Inclusion of the
protocol-defined analysis in the data displays might
have prevented this. We presented both nominal
and multiple comparison-adjusted CIs. While the
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latter provided another source of caution, interpre-
tation was clearly hampered by including two sets of
ClIs. This remains an area that would benefit from
additional statistical methods development [27] to
more accurately describe the statistical significance
of results in the presence of such multiplicities.

Our observations of WHI trial monitoring and
reporting have reinforced the need for as much for-
mality as is practical in the statistical analysis and
monitoring plan. In particular, the specification of
outcomes, statistical methods and early stopping
procedures in advance promote clarity in the pro-
cess and may help to avoid possible outside distor-
tion of findings by those having strong prior beliefs
or special interests. This formality in the monitor-
ing guidelines does not diminish the importance of
the clinical and ethical judgement of DSMB mem-
bers nor bind them to the methods specified.
Rather, it provides a useful basis from which the
need for modifications can be assessed. In fact, the
process of developing a formal monitoring plan in
the multidisciplinary atmosphere of a DSMB is
helpful in establishing from the outset an under-
standing of the evidence required to change clinical
practice.

Communication of risk estimates remains a dif-
ficult area. Both relative and absolute risk estimates
were presented, each with their own strengths and
weaknesses. Whether these risks appear small or
not, may be influenced by the metric (eg, a 29%
increase in CHD in relative terms, or seven addi-
tional cases per 10000 person-years of exposure).
Critics have focused on the difference in percep-
tion of risk for the adverse effects [22, 23] without
a parallel comment on the assessment of benefits
(eg, a 34% reduction in hip fracture rates repre-
sented five fewer cases per 10000 person years).
The experience of WHI suggests that both types of
estimates are useful — relative risk for inferences
regarding within populations comparisons and
absolute risk estimates for individual level risk
assessment — and the use of both contributes to a
balanced perspective.

A comprehensive assessment of the risks and
benefits of a chronic disease prevention interven-
tion remains a medical, social, and statistical chal-
lenge as more recent experiences with the Cox-2
inhibitor trials reveal [28]. Because the results are
likely to be translated to a broad population, it is
important that the assessment of effects be suffi-
ciently comprehensive in scope. It is important that
there be adequate power to detect reasonable levels
of effects on the more common diseases in the pop-
ulation likely to be exposed. It is also important
that the assessment of effects take into account the
potential for duration-dependent effects. The WHI
was designed to be such a program. The statistical
challenges described here in monitoring and
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presenting these unanticipated results are not
unique to hormone therapy. Rather, these likely
reflect the difficulty in changing clinical practice
when it has embraced treatments or interventions
in advance of a highly reliable assessment [29]. In
reporting these results, our experience suggests that
deviations from the usual approaches, even when
intended to inject a measure of caution in the inter-
pretation, may lead to some confusion or criticism.
It seems important, however, not to let this possi-
bility deter one from presenting as fair and accurate
a view of the data and findings as current method-
ology and technology allow.
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