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Abstract

Aims: Multiple endpoints with varying clinical relevance are available to establish the efficacy of device-
based treatments. Given the variance among blood pressure measures and medication changes in hyperten-
sion trials, we performed a win ratio analysis of outcomes in a sham-controlled, randomised trial of renal
denervation (RDN) in patients with uncontrolled hypertension despite commonly prescribed antihyperten-
sive medications. We propose a novel prioritised endpoint framework for determining the treatment benefit
of RDN compared with sham control.

Methods and results: We analysed the SPYRAL HTN-ON MED pilot study data using a prioritised hier-
archical endpoint comprised of 24-hour mean ambulatory systolic blood pressure (SBP), office SBP, and
medication burden. A generalised pairwise comparisons methodology (win ratio) was extended to examine
this endpoint. Clinically relevant thresholds of 5 and 10 mmHg were used for comparisons of ambulatory
and office SBP, respectively, and therefore to define treatment “winners” and “losers”. For a total number
of 1,596 unmatched pairs, the RDN subject was the winner in 1,050 pairs, the RDN subject was the loser in
378 pairs, and 168 pairs were tied. The win ratio in favour of RDN was 2.78 (95% confidence interval [CI]:
1.58 to 5.48; p<0.001) and corresponding net benefit statistic was 0.42 (95% CI: 0.20 to 0.63). Sensitivity
analyses performed with differing blood pressure thresholds and according to drug adherence testing dem-
onstrated consistent results.

Conclusions: The win ratio method addresses prior limitations by enabling inclusion of more patient-
oriented results while prioritising those endpoints considered most clinically important. Applying these
methods to the SPYRAL HTN-ON MED pilot study (ClinicalTrials.gov Identifier: NCT02439775), RDN
was determined to be superior regarding a hierarchical endpoint and a “winner” compared with sham
control patients.
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Abbreviations

ANCOVA analysis of covariance

ASBP ambulatory systolic blood pressure
AVR aortic valve replacement

0SBP  office systolic blood pressure

RDN renal denervation

SBP systolic blood pressure

Introduction

The win ratio has been introduced as a new analytical method to
report composite endpoints in clinical trials'. Unlike traditional
methods that consider all contributory endpoints of equal impor-
tance and by time to event rather than clinical weight, the win
ratio enables prioritisation of clinical endpoints and addresses
differing risk profiles among patients by using pairwise compari-
sons. The win ratio has recently been applied to contemporary
pharmaceutical and device-based cardiovascular trials, providing
an informative, readily interpretable estimate of treatment differ-
ences®>. Given the variance among blood pressure measures and
medication changes in hypertension trials, we performed a win
ratio analysis of outcomes in a sham-controlled, randomised
trial of renal denervation (RDN) in patients with uncontrolled
hypertension despite commonly prescribed antihypertensive
medications.

Methods

STUDY DESIGN

The design and primary results of the randomised, assessor- and
patient-blinded, sham-controlled SPYRAL HTN-ON MED pilot
study have been published previously®’. Briefly, patients were
enrolled with both systolic and diastolic hypertension with office
systolic blood pressure (SBP) >150 and <180 mmHg, office dias-
tolic blood pressure >90 mmHg, and a mean 24-hr ambulatory
SBP >140 and <170 mmHg despite 1 to 3 commonly prescribed
antihypertensive medication classes. Patients were randomised
1:1 to RDN or sham procedure to assess the primary endpoint of
change in mean 24-hr ambulatory SBP at six months. Medication
adherence was assessed using tandem high-performance liquid
chromatography and mass spectroscopy of urine and plasma by an
independent core laboratory®. All local ethics committees approved
the protocol, and written informed consent was obtained from all
patients. The study complied with the Declaration of Helsinki and
was registered at www.clinicaltrials.gov as NCT02439775. The
authors had full access to the data and take responsibility for its
integrity and the data analysis.

DATA COLLECTION AND ENDPOINTS

An automatic ambulatory blood pressure monitor (Mobil-O-
Graph®, IEM GmbH, Stolberg, Germany) was used to measure
ambulatory blood pressure at baseline and follow-up®’. A compos-
ite medication index was calculated for each subject based on their
prescribed blood pressure reduction medication, as described in
Supplementary Appendix 1'%,

Win ratio for renal denervation

A hierarchical endpoint was created using the following six-
month endpoints and prioritised in the following order of clini-
cal importance: 24-hr mean ambulatory SBP (ASBP), followed by
office SBP (OSBP), then change in medication burden (Index):

1. Apspp = 24-hr mean ambulatory systolic blood pressure change
from baseline to follow-up;

2. Apsgp = Office systolic blood pressure change from baseline
to follow-up;

3. Apndex = Prescribed medication burden change from baseline to
follow-up.

STATISTICAL ANALYSIS
The win ratio was introduced in 2012 in the setting of a cardiovascular
trial for heart failure! which extended the approach described by
Finkelstein and Schoenfeld'?. The win ratio method was developed
in the context of time-to-event endpoints, but can be readily extended
to continuous, ordinal, count, and binary endpoints'>!4, which is
referred to as the generalised pairwise comparisons method. The
approach compares every patient randomised to RDN with every
patient randomised to sham control, each time noting who “won”.
Let Np and Ng be the number of patients randomised to RDN
and sham control, respectively. Then one constructs all NpxNg
pairs. An example is shown in Figure 1A. Because each sub-
ject can only belong to a single pair in matched comparisons
and would result in subjects being excluded's, unmatched com-
parisons were performed to include all patients in the analysis.
Each pair is then compared on the prioritised endpoint that was
prospectively defined. Hypothetical blood pressure reductions
are shown in Figure 1B. Beginning with ambulatory SBP, if the
RDN patient has a >5 mmHg reduction compared with the con-
trol patient, then the RDN patient is the “winner”. If the control
patient has a greater decline (=5 mmHg) compared with the RDN
patient, the control patient is the “winner”; correspondingly, the
RDN patient is the “loser”. Once a winner is declared by pair-
wise comparison, that pair is no longer available for consideration
in subsequent analyses (Figure 1C). If a pairwise comparison of
ambulatory SBP results is the same (i.e., a tie), then patients are
compared by the next endpoint, in this case change from baseline
in office SBP (Figure 1D). Note that, if one of the patients is miss-
ing endpoint data, then that pair is automatically considered a tie
since it is not possible to evaluate them; such pairs are referred
to as non-informative ties. For the primary analysis, the 5 mmHg
threshold was chosen based on consensus that this reduction repre-
sented a minimal goal for ambulatory SBP reduction by RDN'¢18,
For office SBP, a threshold of >10 mmHg was applied in the
comparison of two subjects to declare a “winner”, a threshold also
based on published consensus'®'®. A sensitivity analysis was also
performed using thresholds of 3.5 mmHg for ambulatory SBP and
6 mmHg for office SBP. For medication index, no threshold was
imposed since reductions in either number or medication or dose
may be clinically relevant. An additional sensitivity analysis was
performed using medication index derived by drug testing analysis
rather than prescription records.
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Figure 1. Conceptual illustration of the prioritised endpoints methodology involving four hypothetical subjects — two randomised to renal

denervation (R1 and R2) and two randomised to sham control (S and S2). A) The generalised prioritised endpoints method requires each

RDN subject to be compared to each sham control subject, resulting in 2*x2=4 pairs. B) Hypothetical outcomes (change from baseline 24-hr

mean ASBP; A 4sgp) for each of the four subjects. C) Endpoint comparison of each subject (RDN vs sham control) and the resulting

classification of the pair based on a threshold of 5 mmHg. D) For pairs that result in a tie, compare patients using the next specified endpoint,

in this case change from baseline mean OSBP; Apspp. ASBP: ambulatory systolic blood pressure; OSBP: office systolic blood pressure;

RDN.: renal denervation; Ng: number of RDN patients; Ng: number of sham control patients

Once all pairs have been considered, the numbers of winners
(Nw), losers (Ny), and ties (Nyp) are tallied. Since each pair is mutu-
ally exclusive, Nyy+N;+Nr=Np xNg. The win ratio statistic is cal-
culated as Ry =Np/N;. Calculation of a 95% confidence interval
(CI) and p-value was performed using the bootstrap method (with
30,000 samples). A net benefit statistic, or proportion in favour of
treatment statistic, was also calculated'. The net benefit (By) is
calculated as the difference between the number of winning pairs
and the number of losing pairs divided by the total number of
pairs: By=(Ny—N)/Ny. By ranges from —1 (if the sham control
arm is uniformly better than the RDN arm) to +1 (if the RDN arm
is uniformly better than the sham control arm), and equals 0 if
there is no net difference between the arms.

Statistical analyses were performed based on the intention-to-treat
principle. R version 3.6.2 (R Foundation for Statistical Computing,
Vienna, Austria) was used to perform all analyses. Analysis of
covariance (ANCOVA) models adjusted for baseline blood pres-
sure were used to estimate treatment effects separately for ambula-
tory and office SBP. The Wilcoxon-Mann-Whitney U test was used
to compare change in medication index scores between treatment
arms. The R package BuyseTest version 1.8.5 was used to calculate
win ratios, Cls and p-values'®. A p-value <0.05 was considered to
be statistically significant.

Results

Adjusted treatment effects for both ambulatory and office SBP
were statistically significant favouring RDN compared with sham
control, as previously reported (Table 1). For each blood pressure
endpoint, the statistical comparison was made on the basis of all
data, and prescription medication data were also available on all
randomised subjects at baseline and at six-month follow-up visit.
In total, 13 patients had a change in prescription medication index
value between baseline and six-month follow-up — 8 patients
(19%) in the control arm, and 5 patients (13%) in the RDN cohort.
The mean change in index was 0.13 units for the sham control
group and 0.06 units for RDN patients (p=0.48). In the control
group, the change in medication index ranged from —0.25 units
to +2.5 units, whereas the changes ranged from —0.5 to +1.0 units
among patients treated with RDN.

For the prioritised endpoints analysis, 38 RDN patients and
42 sham control patients were randomised, yielding the multiple
of 1,596 pairs (Figure 2). Each pair was first evaluated for change
in ambulatory SBP at six-month follow-up (with a pre-speci-
fied margin of 5 mmHg), with pairs categorised as “winners”
for RDN (green boxes), “losers” (orange boxes), or “ties” (blue
boxes) (Figure 2). The tied pairs were subsequently carried for-
ward for comparison of office SBP at six-month follow-up (with



Table 1. Change from baseline statistics for ASBP and 0SBP, including
follow-up in the SPYRAL HTN-ON MED pilot study.

Win ratio for renal denervation

ANCOVA haseline adjusted treatment effects, all at six-month

. RDN arm Control arm ANCOVA treatment o
i Mean=SD (N) Mean=SD (N) effect® el ARG
ASBP (mmHg) -9.0+11.0 (36) -1.6+10.7 (36) -7.0 -12.0to-2.1 0.006
OSBP (mmHg) | 9.4:12538) | -2.6:12.9(40) | 6.6 | -12410-09 | 0.025

* Treatment effect in favour of renal denervation. ASBP: ambulatory systolic bl
denervation

ood pressure; OSBP: office systolic blood pressure; RDN: renal

a margin of 10 mmHg). Any remaining ties were finally evaluated
for change in medication index between baseline and six months.
Altogether, there were 1,050 pairs where the RDN subject was
the winner, 378 pairs where the RDN subject was the loser, and
168 pairs that were tied on completion of the stepwise analysis
(Figure 2). Missing outcome data were responsible for 300/605
ambulatory SBP ties, 76/278 office SBP ties, and 0/168 medica-
tion index ties. Accordingly, the win ratio in favour of RDN was
2.78 (95% CI: 1.58 to 5.48; p<0.001). After back-transformation,
this result corresponds to a 74% (95% CI: 61% to 85%) prob-
ability (2.78 / [2.78 + 1]) of winning with RDN (conditional on
not being a tie). The corresponding net benefit statistic was 0.42
(95% CI: 0.20 to 0.63).

A sensitivity analysis was performed using thresholds of
3.5 mmHg and 6 mmHg for ambulatory and office SBP,

Apsgp RDN wins RDN loses
at 6 months N=718 N=273

Dosep RDN wins RDN loses
at 6 months N=242 N=85

Do RDN wins RDN loses
at 6 months N=90 N=20

Total wins: 718+242+90=1,050
Total loses: 273+85+20=378

Hence win ratio: 1,050/378=2.78
95% Cl (1.58, 5.48)

Figure 2. Win ratio analysis of the hierarchical endpoint of A 4spp at
six months (with threshold of 5 mmHg), Apspp at six months (with
threshold of 10 mmHg), and Ay, at six months (with threshold of
one unit) in the SPYRAL HTN-ON MED pilot study. Every patient in
the RDN arm is compared with every patient in the sham control
arm. For each pair, it is determined over the six-month follow-up,
first whether the RDN randomised patient “wins” or “loses” on
ASBP; then, if “tied”” on ASBP, whether the RDN randomised patient
“wins” or “loses” on OSBP; and then, if “tied” on OSBP, whether
the RDN randomised patient “wins” or “loses” on medication
index. ASBP: ambulatory systolic blood pressure; OSBP: office
systolic blood pressure; RDN: renal denervation

respectively. In this instance, the win ratio was similar with a value
of 2.67 (95% CI: 1.56 to 5.00; p<0.001). The net benefit statistic
was 0.43 (95% CI: 0.21 to 0.64). In addition, the same analysis
was applied when using medication index changes according to
direct drug testing data versus prescription data. By this method,
the win ratio was 2.43 (95% CI: 1.44 to 4.49; p=0.001).

Discussion

Emphasis on a single efficacy endpoint in device-based hyperten-
sion trials has several limitations considering clinically relevant
yet different measures of blood pressure but also changes in medi-
cation dose and number. Conversely, a single composite endpoint
for evaluating continuous endpoint components is unfavourable
since it would require pre-specified artificial weightings, there-
fore underscoring the need for an alternative methodology. In the
present study, the win ratio method addresses these prior limita-
tions by enabling inclusion of more patient-oriented results while
prioritising those endpoints considered most clinically important.
Applying these methods to the SPYRAL HTN-ON MED pilot
study®, RDN was determined to be superior regarding a hierarchi-
cal endpoint with a win ratio of 2.78 favouring RDN as the “win-
ner” compared with sham control patients.

A novel aspect of this research is that it represents the first
known application of win ratio techniques to the field of device-
based hypertension treatment outcomes. Second, we have incorpo-
rated a hierarchical endpoint of multiple continuous outcomes and
applied thresholds to each pairwise comparison. This approach is
analogous to incorporating super-superiority margins into a pri-
oritised endpoint framework, providing the ability to distinguish
a priori clinically meaningful differences. Also with this method,
generalised pairwise comparisons remain evaluable in the pres-
ence of missing data. Specifically, if there are missing data on
the first component of the hierarchical endpoint, then the pair will
progress to the next tier for evaluation. Traditionally, in a single
endpoint comparison, subjects with missing data would usually be
discarded.

The win ratio can potentially introduce efficiency to the design
of a clinical trial"®. Unlike conventional methods limited to com-
posite endpoints of a single variable type, the win ratio enables
analysis of composites that include time-to-event, recurrent
event, continuous and/or categorical outcomes'. The impact on
statistical power is complex and depends on the prioritised end-
points included in the analysis, with addition of continuous (e.g.,
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quality-of-life measurements) and recurrent event (e.g., rehospi-
talisations) outcomes increasing the overall power®. Compared
with larger trials involving traditional comparisons, maintenance
of statistical power with smaller sample size may be achieved with
lower expense®!°. Also, as demonstrated, missing data for a priori-
tised endpoint do not necessarily preclude the inclusion of the sub-
ject/pair at subsequent endpoint evaluations. In contrast to more
common methods dependent upon time-to-first-event occurrence
(e.g., Kaplan-Meier estimates, log-rank test, or Cox proportional
hazards regression), the win ratio also enables assessment of mul-
tiple endpoints while permitting prioritisation of clinical endpoints
that are intuitive and readily interpretable. Not only may the inci-
dence of an event be compared, but also the time to occurrence.
Finally, the win ratio can also incorporate quantitative quality-of-
life scores, medication indices or other tests relevant to a therapy
in addition to clinical events. As a result, the methodology has
already been assimilated into prospective trial designs®.. Unique
to this study were three continuous endpoints - ambulatory SBP,
office SBP, and medication index. Incorporating all endpoints into
a single statistic as opposed to a complex multivariate (multiple
outcomes) model is considered to be an advantage. In the pre-
sent study, ordering of the endpoints was based on clinical justi-
fication, and the comparison thresholds used for SBP-represented
measures were proposed by expert consensus'®'$. Importantly, nei-
ther the ordering nor thresholds are fixed, such that the methodo-
logy is flexible and alternative pre-specified choices can be used.
Moreover, there is no restriction on the selection of endpoints to
be examined; for example, additional endpoints of interest may
include reduction in diastolic blood pressure. The choice of medi-
cation index used was based on pragmatic data reduction argu-
ments, seeking a way to balance number of medications together
with their class type, prescribed dose, and standard dose. Notably,
several alternative medication indices are available, including
the defined daily dose®. Even the number of prescribed medi-
cations may be considered, although this model probably repre-
sents an oversimplification of change in medication burden since
it neglects change in dose.

As experience grows with the win ratio method, the methodo-
logy described and illustrated herein should be considered as an
additional supplementary endpoint analysis or even as a primary
analysis for future trials in device-based hypertension treatment.
Moreover, this methodology presents an additional perspective for
both interpretation of clinical benefit and to inform shared deci-
sion making. In the former instance, the win ratio can also be
translated to a probability likelihood: if the win ratio is 2.78 in the
current study, then the probability that the RDN patient wins com-
pared with sham control is 74% (2.78 / [2.78 + 1]). In a population
of patients with similar enrolment criteria to ON MED, explana-
tions of probability of benefit and outcome are especially relevant
to individual patient preference. If renal denervation is efficacious,
then a patient may prefer a blood pressure reduction with com-
mensurate decline in medication burden, especially if the medi-
cation has undesirable side effects or if medication adherence is

challenging. Not only can the win ratio be considered as a measure
of relative benefit, but also the net benefit can be considered an
absolute measure and summarise the treatment effect for all end-
points. Further, the prioritised endpoint methodology employed
in this study may be generalised to allow for repeated measures.
For example, medication burden assessment separately at both six
and 12 months provides an extensible opportunity to analyse the
long-term durability of RDN therapy. This method may therefore
be especially relevant to device-based hypertension trials since
medication changes per protocol are typically not allowed until
later time points. Finally, the methodology can be used to assess
a mixture of different endpoint types, such as inclusion of both
a continuous endpoint (e.g., change from baseline in ambula-
tory SBP) and a binary endpoint (e.g., office SBP <140 mmHg
at follow-up).

Limitations

A limitation of this analysis is that, despite demonstration of sta-
tistically significant blood pressure reductions with RDN in the
SPYRAL HTN-ON MED pilot trial®, performance of the win ratio
analyses is based on a limited study population. Also, unlike time-
to-event outcomes (e.g., death more important than rehospitalisa-
tion), establishing the clinical priority of endpoints for continuous
measures may be more ambiguous in a device-based hypertension
study'. Notwithstanding this, the endpoint components, ordering,
and any thresholds to be applied were reported and clinically jus-
tified prospectively in a statistical analysis plan, although this was
a post hoc analysis and the study was not designed and powered for
this kind of approach. Further, despite protocol recommendations
for medication changes to improve blood pressure control, such
changes were performed at the treating physician’s discretion and
therefore may either overestimate or underestimate differences
when considering patient preference and adherence. However,
results were consistent in the present study when limited to actual
drug adherence by testing. Longer-term follow-up regarding
medication changes may amplify potential differences; however,
later results were not included in the present study since control
patients were permitted by protocol to cross over to RDN. Finally,
the win ratio method does not account for the regression to the
mean phenomenon?. Extensions to correct for this might include
the use of residuals or stratified win ratio statistics, which repre-
sents an area of future research specific to this methodology.

Conclusions

The win ratio analysis allows utilisation of several endpoints in
a prioritised way to assess the efficacy of device-based hyperten-
sion treatments such as renal denervation. This novel approach
addresses the limitation of single endpoint measurements for effi-
cacy and may be particularly important for assessment of long-
term efficacy. When applied to the SPYRAL HTN-ON MED pilot
study data to address both blood pressure and medication changes,
the win ratio method demonstrates unequivocal benefit for RDN
compared with sham control.



Impact on daily practice

Multiple endpoints with varying clinical relevance are avail-
able to establish the efficacy of device-based treatments. The
win ratio method outlined in this paper enables inclusion of
patient-oriented results while prioritising those endpoints con-
sidered most clinically important. Applying these methods to
the SPYRAL HTN-ON MED pilot study, RDN was determined
to be superior regarding a hierarchical endpoint and a “winner”

compared with sham control patients.
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Supplementary data
Supplementary Appendix 1. Methods for calculating medication index

The index is determined by the class, numbers, and doses of each medication using the following

formula:

K
z o dosek
= class
=) kstd. dose, std. dosey,’

where K is the number of prescribed medications, class;, dosey, and std. dose;, are the class
weight, prescribed dose, and standard dose of the k-th prescribed medication (k = 1, ..., K). The
standard dose for each medication is defined as the maximum dose recommended by the JNC-7
Guidelines [10]. The class weights are each fixed to be equal to 1 based on prior observation that
diuretics, ACE inhibitors, beta-blockers, angiotensin receptor blockers, and calcium channel
blockers all similarly reduced blood pressure at standard doses [11]. As an example, for a subject

taking the following three medications:

1. Hydrochlorothiazide (class: diuretic; dosage: 25 mg/day; standard dose: 50 mg/day);
2. Enalapril (class: ACE inhibitor; dosage: 20 mg/day; standard dose: 40 mg/day);
3. Amlodipine (class: calcium channel blocker; dosage: 10 mg/day; standard dose: 10

mg/day).

The medication index for this subject would be 0.5 + 0.5 + 1 = 2. Alternatively, if the subject
were instead prescribed a dosage of 10 mg/day for enalapril, the medication index would total
1.75. Similarly, if the patient had been prescribed each medication at standard dose, the summed

index would equal 3.





