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Abstract

Background—To assess the influence of therapy crossovers on treatment comparisons and
mortality at 5 years in patients with ischemic heart disease and heart failure randomly assigned to
medical therapy alone (MED) or to MED and coronary artery bypass surgery (CABG) in the
Surgical Treatment for Ischemic Heart Failure (STICH) trial.

Methods and Results—The influence of early crossover (within the first year following
randomization) on 5-year mortality was assessed using time-dependent multivariable Cox models.
CABG was performed in 65/602 (10.8%) patients assigned to MED and 55/610 (9.0%) patients
assigned to CABG received MED only. Common reasons for crossover from MED to CABG were
progressive symptoms or acute decompensation. MED-assigned patients who underwent CABG
had lower 5-year mortality than those who received MED only (25% vs. 42%; hazard ratio (HR)
0.50 confidence interval (C1) 0.30-0.85, p=0.008). The main reason for crossover from CABG to
MED was patient/family decision. Five patients did not undergo their assigned CABG within a
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year but died before receiving surgery without status change. They were deemed crossover to
MED. The CABG to MED crossover population had higher 5-year mortality compared to those
treated with CABG per protocol (59% vs. 33%; HR: 2.01; ClI 1.36-2.96, p<0.001). CABG was
associated with lower mortality compared to MED in per protocol and several time-dependent
analyses (all p<0.05).

Conclusions—CABG reduced mortality in both the per protocol and crossover STICH patient
populations. Crossover from assigned therapy therefore diminished the impact of CABG on
survival in STICH when analyzed by intention to treat.
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Methods

Trial Design

Patient enrollment into trials evaluating the effect of a major surgical procedure is
challenging. Doctors, patients, and patient families often have strong views on the merits of
specific treatments that may change treatment choice in response to changing circumstances.
The characteristics of patients selected for trials influence their enrollment. Even with
careful study design and conduct, a substantial proportion of patients may deviate from their
assigned treatment after randomization. 2

The surgical revascularization hypothesis of the Surgical Treatment for Ischemic Heart
Failure trial (STICH) compared a strategy of guideline-indicated medical therapy alone
(MED) to a similar strategy combined with coronary artery bypass graft (CABG) surgery in
1,212 patients with left ventricular systolic dysfunction (LVSD) and coronary artery disease
(CAD).3 STICH is an NIH-funded, international multi-center trial conducted at 96 hospitals
with documented expertise in the treatment of patients with heart failure. Based on a median
follow-up of 56 months, intention-to-treat analysis demonstrated a trend toward reduced all-
cause mortality in those assigned to CABG (HR 0.86, 95 % CI1 0.72-1.04, p=0.123) but an a
priori as-treated comparison suggested a survival benefit for CABG (HR 0.70, 95% CI
0.58-0.84, P < 0.001).3 The STICH Extension Study (STICHES) will follow patients for five
additional years and will provide definitive information in due course. In the interim,
physicians and surgeons must use the best available evidence in order to advise patients
about the need for coronary angiography and revascularization. Since the difference between
the intention-to-treat and the as-treated analyses is most likely caused by the patients not
following their assigned treatment (crossovers), we analyzed all crossover events
specifically for their reasons of crossover. We here report these reasons and the subsequent
outcome after crossover and the effect of those crossovers on the primary intention-to-treat
analysis in the STICH trial.

Provision for Crossover

In the STICH trial, the informed consent process used standardized videos, written
information and discussions with investigators to inform patients that consenting to the
study meant they were willing to accept either medical treatment alone or medical treatment
with CABG. Patients who declined to participate were free to choose their preferred
treatment strategy. Patients who did consent were also informed that they were able to
withdraw consent at any time.

The STICH protocol specified that pharmacological treatments should be optimized early
after randomization for all patients.* For patients assigned to CABG, the operation should be
done within 14 days of randomization. Randomization was accomplished using a telephone-
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based interactive voice response system. As set by the trial’s protocol, the reasons for
crossover were recorded only in the first year and the clinical information requested from
the sites within the first year was free text and not prestructured responses guided by pre-
specified definitions. The rationale for this protocol set up was the expected imbalance in
early mortality between the MED and CABG cohorts. The current report therefore addresses
all crossover events that occurred in the first year (78,4% of all crossovers).

Detection and Documentation of Treatment Crossover

An early report was obtained in all patients at hospital discharge or 30 days after
randomization. Subsequent follow-up clinical data were collected at 4, 8, and 12 months and
at six-month intervals thereafter for the study duration. Patients assigned to CABG who did
not receive surgery within one year after randomization were defined as crossover from
CABG-to-MED. Patients who were assigned to MED who had CABG within one year after
randomization were defined as an early crossover from MED-to-CABG. For each early
crossover event, free text narrative documents were collected by the investigative teams.
Categorization of crossover reasons was performed based on these documents. No attempt
was made to identify the reasons for late cross-over after one year from MED-to-CABG and
such events were not considered in this analysis.

Categorization of Crossover Reasons

Three authors (TD, JR, RJ) used a two-step Delphi process to develop four categories of
MED-to-CABG crossover reasons and four categories of reasons for CABG-to-MED
crossovers based on the perceived susceptibility of the early crossover event to reflect
possible bias of the enrolling investigators. The four categories created for MED-to-CABG
crossover were: 1) progressive symptoms (i.e., worsening of angina or of heart failure or of
the combination), 2) acute decompensation (i.e., heart failure, myocardial infarction or
angina; cardiac arrest or ventricular arrhythmias, or endocarditis), 3) clinician decision
despite stable symptoms, 4) patient/family decision. The least to most susceptible to bias
categories of reasons created for CABG-to-MED crossover from least to most susceptible to
investigator bias were: 1) patient/family decision, 2) died before operation, 3) clinical
decision, 4) research staff/provider miscommunication.

Documentation of Risk at Randomization

A risk at randomization (RAR) index was calculated for each patient enrolled in the study to
assess the treatment effect of CABG beyond that of MED." This predicted risk of 5-year
mortality, assuming MED only treatment, was based on prognostic factors identified from a
multivariable Cox model analysis developed in a completely independent database of
patients, namely STICH-eligible patients in the Duke Databank for Cardiovascular
Diseases.® In the present report, the 1,212 patients of the surgical revascularization
hypothesis of the STICH trial were clustered into one of three tertile RAR groupings (RAR
1-6; 7-16; 17-32) to assess the influence of baseline risk on crossover occurrence. In
addition, the 5-year mortality rates of the 1,092 patients who received their assigned
randomized treatment of MED (N = 537) or CABG (N = 555) per protocol and the 5-year
mortality of the MED-to-CABG crossovers and the CABG-to-MED crossovers were
tabulated by RAR grouping to help define the relationship of baseline risk to treatment
effect on mortality.

Statistical Methods

Hazard ratios and associated 95% confidence intervals for comparing CABG vs. MED with
respect to all-cause mortality were calculated with CABG as a time-dependent variable
expanding on our previously presented analysis in the primary report.# A total of five
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different methods to account for death before CABG and for early crossover to CABG of
patients assigned to MED are presented (Figure 1). A 0/1 time-dependent covariate was
created to reflect the CABG-free interval after randomization and used with the Cox model
to indicate whether and when a patient received CABG, thereby allowing an assessment of
the CABG treatment effect from multiple different clinical scenarios. One of the modeling
strategies initially set the time-dependent covariate to 0 for all 1,212 H1 patients (no CABG)
and changed the covariate value to 1 (indicating CABG was performed) on the day the
operation occurred. This approach can be viewed as an “as treated” analysis, and survival
time prior to CABG (in the patients who undergo CABG) is thus credited to medical
therapy. A second and closely related strategy assigned a value of 1 at the time of
randomization to all patients randomized to CABG who actually underwent the operation.
Two additional analyses were performed in which patients randomized to CABG but who
died early before receiving CABG (within 30 days or within 60 days of randomization
respectively) were credited to CABG (i.e., early deaths among patients randomized to
CABG that occurred before CABG was performed were attributed to the CABG arm). A
fifth analysis was done by assigning 1 to all patients randomized to CABG at the time of
randomization regardless of whether or not CABG was ever performed. In this latter
analysis, all patients randomized to CABG were thus counted with the CABG patients
regardless of whether they received CABG, whereas the CABG variable was set to 0 for
MED-assigned patients at the time of randomization and only changed to 1 on the day of
CABG as a crossover operation. This family of models provides a range of assessments of
the treatment effects of CABG depending on various different ways of accounting for
patients randomized to MED who crossed over to CABG and of delay or failure to undergo
atimely CABG operation in patients randomized to the CABG arm.

Of 602 patients assigned to MED, 537 (89%) remained in their assigned group and 65
crossed over to CABG within the first year following randomization. There were 35
additional MED patients who received CABG later during follow up. Of 610 patients
assigned to CABG, 555 (91%) received CABG within the first year after randomization at a
median of 10 days (interquartile range 5-16 days). The 55 CABG-assigned patients who did
not receive CABG within 1 year of randomization were considered to have crossed over to
MED.

Figure 2 shows the Kaplan-Meier (K-M) curves for the per protocol and the crossover
cohorts. Patients who were assigned to and received CABG in the first year had a lower
five-year mortality than MED patients who remained in their assigned group (HR 0.76, 95%
Cl 0.62-0.92, p=0.005). The 65 patients who were assigned to MED but received CABG had
a lower five-year mortality (14 deaths; K-M 5-year rate 25%) than the 537 patients (208
deaths; K-M 5-year rate 42%) randomized to MED who remained in their assigned group
(HR 0.50, 95% CI 0.30-0.85, p=0.008). In contrast, the 55 patients assigned to CABG who
did not receive surgery within one year of randomization had a higher five-year mortality
(29 deaths; K-M 5-year rate 59%) than the 555 patients (167 deaths; K-M 5-year rate 33%)
who were randomized to and received CABG within one year (HR 2.01, 95% CI 1.36-2.96,
P<0.001). In order to address the question why the CABG to MED crossovers had the worst
and the MED to CABG crossovers had the best outcomes, we analyzed in details the reasons
for crossover (Figure 3) and the influence of individual risks as assessed by the RAR score
(Table 1).

The adjudicated reasons for early crossover from MED to CABG are shown in Figure 3A

and from CABG to MED in Figure 3B. Patients were grouped according to their RAR score
as low (1-6), intermediate (7-16) and high risk (17-32). The main reason for crossover from
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MED to CABG was acute decompensation or progressive worsening of status/symptoms (44
of 65 patients). The most common reason for crossover from CABG to MED was a decision
change by the patients or their families (37 of 55 patients). The clinical investigator
responsible for the care of each patient made the decision to crossover from CABG to MED
in only 11 cases. In 5 patients, the reason for crossover was deemed “died before operation,”
because no unavoidable reason for the interval between randomization and death was
described in the free-text documents. Only 2 of these deaths occurred before the 14-day
interval after randomization specified by protocol as the acceptable interval between
randomization and CABG. Appendix 1 provides a listing of all 120 early crossover patients
with extraction of phrases from free text documents provided by STICH investigators that
best reflect the rationale for crossover of each patient.

Table 1 shows the relationship between risk at baseline (RAR score groups as in Figure 2)
and five-year mortality rates for patients who received their assigned therapy (per-protocol)
as well as for those having crossed over. Five-year mortality rate rose as baseline risk
increased but in each case, mortality rates were lower in patients receiving CABG. Based on
the information in Table 1 and Figure 3, no pattern indicative of outcome in the two
crossover populations could be identified.

Table 2 shows the baseline risk spectrum of the per-protocol and the crossover patients.
Patients assigned to MED who crossed over to CABG had more severe symptoms of angina
(p=0.004), heart failure (p=0.003), and a lower 6-minute walk distance (p=0.024) compared
to the patients assigned to MED who did not cross over. In contrast, patients assigned to
CABG that crossed over to MED included more patients with previous bypass surgery
(p=0.01), more prior PCI (p=0.056), and larger LVESVI (p=0.036) compared to the patients
assigned to CABG who did not cross over. However, none of these differences explain the
outcome, because the majority of patients crossing from CABG to MED did so based on a
family or patient decision and none of the patients differed in the individual risk (as assessed
by the RAR score) from the per protocol patients at the time of randomization.

In order to assess the influence of time of crossover on outcome, we performed various Cox
multivariable statistical models using CABG as a time-dependent variable. The results are
graphically illustrated in Figure 1. Relative to the time of randomization, the figure depicts
when the time-dependent covariate in the multivariable model was set or changed for a
given patient to reflect the period of follow-up in which the patient was counted as a CABG
patient. In the first analysis depicted in the figure, patients randomized to receive CABG
were included in the CABG group from the time they were randomized as long as they had
CABG at some time within the following year. Patients randomized to MED were all
initially included in the MED group, but those who crossed over to CABG within the first
year were shifted to the CABG cohort on the date of surgery. This strategy produced the
lowest CABG: MED hazard ratio (0.74) and the smallest p-value (P = 0.001), which
suggests that the MED to CABG crossover event did not detract from the survival advantage
contributed by CABG to the total 1,212-patient cohort. Analysis strategy 5 in Figure 1
represents a scenario in which all patients randomized to CABG, including patients who
“died before surgery” and all other CABG to MED crossovers, were counted in the CABG
group. Among patients randomized to MED, the MED to CABG crossovers were counted
with the CABG group once they received surgery. Even in this analysis, which may be
considered the least biased towards surgery and which differed from the primary outcome
report only by treating the MED/CABG crossovers differently, the HR was 0.83 (Cl
0.69-1.00) and still significant (p=0.044). The other analysis scenarios depicted in Figure 1
considered different time frames of counting patients in one or the other group. They
produced results that were intermediate between those of analyses 1 and 5, all showing a
significant favorable effect of CABG. In other words, the figure shows that significance
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level of the investigated difference is the greater the earlier the crossover event was
considered in the analysis.

Discussion

Coronary artery disease (CAD) is the most common cause of heart failure associated with
left ventricular systolic dysfunction (LVSD).3 Effective treatment of CAD should retard or
reverse the progression of LVVSD and heart failure. Medical treatments, such as beta-
blockers® and ACE inhibitors,” appear to be effective for both heart failure and CAD.
However, interventions directed solely at CAD, including aspirin® 2 and statins,1%: 11 have
met with little success when applied to patients enrolled in trials on the basis of heart failure.
Historically, trials of coronary revascularization have excluded patients who had either heart
failure or substantial LVSD.

Recently, the STICH trial failed to show a statistically significant reduction in the primary
endpoint of all-cause mortality by intention to treat analysis.3 However, there were a number
of treatment crossovers during patient follow-up in the trial, and the as treated analysis
demonstrated that all patients who received CABG had a lower mortality. Furthermore
CABG showed a significant improvement compared to MED for secondary endpoints such
as survival free of cardiac hospitalization.3 These observations suggest that CABG may
reduce mortality but that crossovers between assigned groups during the trial diluted the
effect of the intervention.

The NIH-funded Coronary Artery Surgery Study (CASS) compared survival of 780 patients
with LVEF of 20.35 randomized to MED or CABG.2 During 10 years of follow-up of the
cohort randomized to MED, CABG was performed in 6% of patients within 6 months of
randomization? compared to the 11% crossover of STICH patients randomized to MED who
had CABG within 1 year. Of the CASS patients assigned to CABG, 11% remained on MED
only at 6 months after randomization? compared to 9% of CABG-assigned patients in
STICH who remained on MED 1 year after randomization. Therefore, the rate of crossover
in STICH was comparable to that of CASS despite the management challenges imposed in
STICH by the patients with more severe LV dysfunction. Moreover, in response to
comments of others regarding outcomes of MED-to-CABG crossovers in CASS stating “the
introduction of moribund patients into the surgical group would bias results against
operation,” Fisher, et al'2 countered by pointing out that in the CASS trial, MED-to-CABG
crossovers had a lower mortality rate than the original patients who remained compliant with
the CABG treatment assignment. This concordance in outcome of crossover events between
MED-to-CABG crossover cohorts of CASS and STICH patients most likely reflects the
entry criteria at baseline that required knowledge of the coronary anatomy at the time of
randomization. Because patients in both clinical trials were known by investigators
responsible for their clinical care, appropriate evaluation and treatment could be expedited in
response to deterioration of clinical status of the patient.

Management of patients with long-term medical conditions, such as heart failure, requires
continuing evaluation and adjustment of treatment according to changing circumstances.
This is also true in clinical trials. Randomization reflects a decision at a particular time to
implement a certain strategy, but if the patient’s condition changes from baseline after
randomization, the management strategy must also change to reflect the usual standard of
care for patient safety. In this respect, crossover remains part of the original design of
STICH. STICH is a study comparing the two treatment strategies of CABG versus no
CABG. Retrospective analysis of reasons for early crossover now also allows STICH to be
considered a trial of early routine compared to delayed and highly selective surgical
revascularization. We found that crossover events could not be pinpointed to a specific
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subset of patients who in retrospect might have been inappropriate for randomization upon
initial evaluation. Table 2 demonstrates the baseline clinical profiles to reflect a broad
spectrum of risk of the crossover patients. The few patients (1.8%) who did cross from
CABG to MED because the responsible clinician felt CABG was no longer in the patient’s
best interest had similar baseline RAR scores to patients crossing over from MED to CABG.
Thus, as there was no way to easily identify patients who were treated medically that would
eventually decompensate and require CABG without a demonstrable increased mortality, the
results of STICH should not be interpreted as suggesting that a delay to proceeding with
CABG is warranted in routine clinical practice. However, in common with many other
clinical trials, the median age of patients in STICH was substantially lower than in
epidemiological cohorts of patients with heart failure and coronary disease. The results of
STICH should therefore be extrapolated with care to older patients with heart failure and
multiple co-morbidities where operative risk may be increased.

The STICH study was powered to show a 25% reduction in mortality with CABG compared
to pharmacological therapy using an ITT analysis allowing for crossover rates of up to 20%
for the duration of the study. However, use of K-M analysis for comparison of data with
early crossing of survival curves has limited applicability for guiding physician and patient
decisions about accepting the higher early risk of CABG with the hope of longer survival
once they are safely through the operative risk. Technically, K-M curves that cross violate
the proportional hazards assumptions. Physicians and surgeons can confidently say about
patients meeting the STICH inclusion criteria that the initial risk of CABG always will be
higher than an additional day of MED treatment.

The role of this report is therefore to provide data on survival of all 1,212 STICH surgical
revascularization hypothesis patients as individuals who also can be considered to be part of
one of four observational cohorts — those who were and those who were not compliant with
their randomized treatment assignment. This type of analysis introduces bias into the
analysis. Here it is important to realize, that the bias was by definition not in the “per-
protocol” patients. They were compliant with their assigned treatment. Any potential bias
resided in the crossover patients, and that bias can never be understood without placing the
early crossover events in the context of data available only in this current manuscript. The
current manuscript therefore complements our primary publication and in no way
contradicts the conclusion of the primary report.3 Nevertheless, without the message of this
paper in the literature, the full message of the STICH surgical revascularization hypothesis
cohort would never be complete.

Conclusion

CABG reduced mortality in both the per protocol and crossover STICH patient populations.
The crossover events from randomly assigned therapy therefore diminished the impact of
CABG on survival in STICH when analyzed by intention to treat. Until the 10-year
outcomes (STICHES) are available, STICH-like patients should be informed about the 5-
year outcome results of the STICH surgical revascularization hypothesis patients prior to
making their own treatment decision.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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The international, multi-center STICH trial (Surgical Treatment of IsChemic Heart
failure) had identified a 14% relative risk reduction of bypass surgery (CABG) vs.
optimal medical therapy (MED). However, this risk reduction was not statistically
significant. We illustrate in this manuscript that crossover events within the first year of
randomization diluted the difference between the two treatment options because all MED
patients had higher 5-year mortality than all CABG patients. Importantly, we analyzed
the reasons for such crossover events and were unable to identify predictable patterns or
risk profiles that characterized the crossover patients. In other words, we provide strong
support for the conclusion that crossover events were random and not associated with the
patients perceived risk at the time of randomization or thereafter. This information should
therefore be helpful for advising all patients with systolic heart failure and coronary
artery disease amenable for bypass surgery with respect to treatment options until
definitive information on all-cause mortality is available by the STICH extension study
(STICHES).
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Analysis of CABG as a Time-dependent Covariate” in a Cox Multivariable Model

Timing of Introduction of CABG
as Model Covariate Hazard 95%
Analysis (CABG , MED ) Ratio Hazard P
CABG:MED Ratio Value
Confidence
Limit
From (lower,
randomization
Treatment Groups to the time of From the time of CABG upper)
(Assigned/Received) CABG received
received to the end of follow-up
1 CABG/CABG 0.74 (0.62,0.89) | 0.001
CABG/MED
MED/MED
MED/CABG
2° CABG/CABG 0.75 (0.62, 0.90) | 0.002
CABG/MED
MED/MED
MED/CABG
3¢ CABG/CABG 0.77 (0.64,0.93) | 0.005
CABG/MED
MED/MED
MED/CABG
4° CABG/CABG 0.77 (0.64,0.93) | 0.005
CABG/MED
MED/MED
MED/CABG
5! CABG/CABG 0.83 (0.69, 1.00) | 0.044
CABG/MED
MED/MED
MED/CABG
Figure 1.

Time-dependent covariate Cox multivariable analysis of CABG vs. MED.

a. A numeric (0, 1) time-dependent covariate was created in the Cox model to indicate
whether and when a patient received CABG, with the format of 1 = CABG and 0= MED.
This variable allows an assessment of the CABG treatment effect to begin at the time that a
patient actually received CABG. A patient is counted in the MED group until the CABG
variable is switched to 1.

b. Analysis 1 has the CABG variable initially set to 1 for all patients who were assigned to
CABG and actually received CABG. For patients assigned to MED who crossed over to
CABG, the CABG variable is started as 0 and set to 1 at the time of the crossover. For all
other patients (i.e., those assigned to MED who received MED, and assigned to CABG but

did not receive CABG), the time-dependent CABG variable remains as 0 in the Cox model.

c. Analysis 2 is the same as Analysis 1 except that early deaths in patients randomized to
CABG are handled differently. In this analysis, patients who were assigned to CABG but
died within 30 days after randomization without receiving CABG are counted as CABG=1.
These patients are not counted as MED patients (as in Analysis 1) even though they never
received CABG. Thus, these early deaths are credited to the CABG arm.

d. Analysis 3 is the same as Analysis 2 except that patients who died within 60 days after
randomization before receiving CABG are all counted as CABG=1.
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e. Analysis 4 has the CABG variable started as 0 (MED) for all 1212 Hypothesis 1 patients.
For patients who received CABG treatment, the CABG variable is set to 1 on the day of
surgery.

f. Analysis 5 has the CABG variable started as 1 for all patients who were randomized to
CABG regardless of whether they ever received the CABG. For all the other patients (i.e.,
MED patients), the CABG variable is started as 0 and switched to 1 at the time of CABG for
any patients who crossed over from MED to CABG.
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1.00 Treatments
Assigned/Received  Assigned/Received Hazard Ratio 95% Cl P—value
0.90 CABG/CABG : MED/MED 0.76 0.62, 0.92 0.005
0.60 CABG/MED : CABG/CABG 2.01 136, 2.96 <0.001
' MED/CABG : MED/MED 0.50 0.30, 0.85 0.008
0.70
[N
T 060 -
(24 y
2 050 m———-- |
] e e
5 -
= 040
0.30
0201 Lt —  _ ________\TTTTTTT
0.10 WE— CABG/CABG - CABG/MED
— MED/MED - MED/CABG
0.00 T
0.0 0.5 1.0 1.5 2.0 25 3.0 3.5 4.0 45 5.0
Years Following Randomization
CABG/CABG 555 487 452 428 31 167
CABG/MED 55 45 34 31 21 7
MED/MED 537 471 430 381 276 139
MED/CABG 65 61 57 54 36 B
Figure 2.

Kaplan-Meier analysis of patients assigned to CABG (blue lines) or MED (red lines) either

adhering (per protocol) or not adhering (crossover) to their randomly assigned treatment.
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Crossover Patients

Figure 3.
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A: Crossover From MED to CABG

Progressive Symptoms B Acute Decompensation
30 7 W Patient/Family Decision ® Clinical Decision
25 A
20 -
15 4
10 4
13
5 1 10
7
0
Low RAR Intermediate RAR High RAR
1-6 7-16 17-32
(N=21) {N=27) (N=17)
B: Crossover From CABG to MED
W Patient/Family Decision M Clinical Decision
M Died Before Operation Provider Miscommunication
30 ~
25 A
20 A
15 4
10 4
5 4
0 «

Low RAR Intermediate RAR High RAR
1-6 7-16 17-32
(N=9) (N=26) (N=20)

Crossover by reason (as adjudicated by a committee) with increasing risk at randomization
(RAR) indices. The reasons for crossover are shown for MED to CABG crossovers (panel
A) and CABG to MED crossovers (panel B).
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