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Abstract

Background: Long-term clinical outcomes after pulmonary artery denervation (PADN) in patients with
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Aims: We aimed to investigate the effect of PADN on 1-year outcomes in patients with PAH.

Methods: In the multicentre PADN-CFDA trial, 128 patients with Group 1 PAH were randomly assigned
to PADN plus a phosphodiesterase-5 inhibitor (PDE-5i) versus a sham PADN procedure plus a PDE-5i. The
principal endpoint of interest for the present study was clinical worsening at 1 year after randomisation, the
composite of worsening of PAH (increase in WHO functional class, need for additional PAH treatments or
PAH-related hospitalisation), atrial septostomy, listing for lung transplantation, or all-cause death.
Results: One-year clinical follow-up was available in all patients. At 1 year, clinical worsening had
occurred in 3 (4.8%) patients in the PADN plus PDE-5i group and in 15 patients (23.1%) in the sham plus
PDE-5i group (adjusted hazard ratio: 0.17; 95% confidence interval [CI]: 0.05-0.60; p=0.006), driven by
significantly increased rates of PAH-related hospitalisations, worsening functional class and the require-
ment for additional PAH treatments in the sham group. Results were consistent in high-risk, intermediate-
=(.186). Patients treated with PADN plus PDE-5i had an improvement in
the between-group change in the six-minute walking distance (6MWD) from baseline to 1 year of 81.2 m
(95% CI: 50.3-112.2; p<0.001) compared with PDE-5i treatment alone.

Conclusions: In this multicentre sham-controlled randomised trial, PADN treatment for Group 1 PAH
significantly reduced clinical worsening and improved the 6MWD during 1-year follow-up in patients
treated with a PDE-5i.
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Abbreviations

MMRM mixed-model repeated measures

mPAP mean pulmonary arterial pressure

NT-proBNP N-terminal pro-brain natriuretic peptide

PADN pulmonary artery denervation

PAH pulmonary arterial hypertension

PDE-5i phosphodiesterase-5 inhibitor

REVEAL Registry to Evaluate Early and Long-term PAH

Disease Management
WHO-FC
6MWD 6-minute walking distance

World Health Organization functional class

Introduction

Group 1 pulmonary arterial hypertension (PAH) as classified by
the World Health Organization (WHO) is a chronic, progressive
disorder of the cardiopulmonary circulation, with an estimated
prevalence of 10.6-12.4 cases per million'. In the last decade,
PAH-specific medications have been shown to improve clinical
outcomes in PAH®. However, these medications are expensive, dif-
ficult to administer, fraught with side-effects, and do not prevent
disease progression in most patients’. The 1-, 2-, and 3-year mor-
tality rates among patients with PAH in the Registry to Evaluate
Early and Long-term PAH Disease Management (REVEAL) were
10%, 19%, and 25%, respectively, before 2010, and 8%, 16%, and
21%, respectively, between 2015 and 2020%1°.

Pulmonary artery denervation (PADN) which uses radiofrequency
energy to ablate the pulmonary arterial sympathetic nerves has
emerged as a safe and potentially effective therapy in patients with
PAH'. However, only 2 prior observational studies have reported
the long-term clinical outcomes after PADN to assess the durabil-
ity of the procedure'>"%, and neither study randomised their patients.
The PADN-CFDA trial'* was a sham-controlled, multicentre trial
designed for regulatory approval of PADN in China for Group 1 PAH
patients. We have previously reported the 6-month outcomes from
this study'. To better understand the long-term effects of PADN, we
herein report the 1-year outcomes from the PADN-CFDA trial.

Editorial, see page 623

Methods

STUDY DESIGN AND PATIENT POPULATION

The design of the multicentre, randomised, sham-controlled PADN-
CFDA trial has been described elsewhere'®. The study was approved
by the institutional review board at each participating site, and all
patients signed informed consent. Inclusion and exclusion cri-
teria have also been previously described'. In brief, eligible par-
ticipants aged 18 to 70 years with symptomatic WHO Group 1
PAH who were not yet being treated with any PAH-specific drugs
because of insurance or other logistical issues were enrolled and
randomised. For diagnosis, PAH required a mean pulmonary arte-
rial pressure (mPAP) >25 mmHg with pulmonary vascular resist-
ance (PVR) >3 Wood units (WU) and pulmonary arterial wedge
pressure (PAWP) <15 mmHg by right heart catheterisation, with
a negative acute vasoreactivity test (for patients with idiopathic,

One-year follow-up of the PADN-CFDA trial

heritable, or drug-induced PAH). After right heart catheterisation,
eligible patients were randomised in a 1:1 ratio to receive PADN
plus a phosphodiesterase-5 inhibitor (PDE-5i, either sildenafil
or tadalafil per site discretion) or a sham PADN procedure plus
a PDE-5i. The PDE-5i was administered open-label to all patients
and initiated before the PADN procedure. Sildenafil was initiated at
25 mg three times daily. Tadalafil was initiated at 20 mg once daily
for 1 week and was then increased to 40 mg once daily if tolerated.
Thereafter, combination therapy with PAH-specific medications was
permitted in both groups if patients had ongoing symptoms or clini-

cal worsening.

PROCEDURES

The PADN procedure has been previously described'*!'*. The
PADN system consists of a dedicated 7.5 Fr temperature-sensing
ablation catheter which is delivered to the periconjunctional area
between the distal main pulmonary artery trunk and the ostium of
the left main pulmonary artery branch. Radiofrequency energy is
emitted to ablate the sympathetic nerves around that region'.

RANDOMISATION AND MASKING

Randomisation in block sizes of 6 was implemented through a central
interactive web response system. As previously described, the sham
procedure was carefully performed according to a script to mimic the
PADN procedure, with the PADN catheter inserted into the pulmonary
artery without delivery of radiofrequency energy'*. Patients, their fam-
ilies and all post-procedure healthcare providers remained blinded to
the randomisation arm until the primary 6-month endpoint was reached.
A questionnaire to assess the success of blinding was administered
post-procedure to all patients. As previously reported', most patients
in both the PADN and sham groups believed they had received active
PADN treatment (61/63 [96.8%] vs 62/65 [95.4%], respectively).
Patient unblinding was performed at 6 months after randomisation.

FOLLOW-UP AND ASSESSMENTS

Office visits were scheduled for all patients at 7, 30, 180 and
365 days. Baseline and follow-up echocardiography and right
heart catheterisation were performed at 6 months, as previously
reported'®. The need for rehospitalisation was determined by
a patient’s referring physician and not research personnel. A stand-
ardised script using the Patient Functional Classification Self-
Report (PH-FC-SR)'® was utilised when telephone contact was
conducted. Patients at low risk and in a stable clinical condition as
determined by the phone call had their in-person visit postponed
to a later date. On the other hand, high-risk patients were followed
more closely, and weekly or biweekly check-in calls were per-
formed to monitor clinical conditions. Patients with worsening
symptoms and/or congestive heart failure were hospitalised using
safety control procedures or through the emergency department.

ENDPOINTS
The principal endpoint of interest for the present study was
the time to first clinical worsening, defined as the composite
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of worsening of PAH, atrial septostomy, listing for lung trans-
plantation or all-cause death, within 1 year after randomisation.
Worsening of PAH was defined as an increase in World Health
Organization functional class (WHO-FC), need for additional
PAH treatments (including combination medical therapy) or
PAH-related hospitalisation. Of note, the 6-month definition of
worsening of PAH had previously included a six-minute walk-
ing distance (60MWD) decrease >15% from baseline as a com-
ponent, rather than an increase in WHO-FC. However, because
of the inability of patients to travel to their local hospital for
the 6MWD test during the COVID-19 pandemic, this component
was changed for the 1-year endpoint to an increase in WHO-FC,
which could be assessed during a telephone call. WHO-FC
I=symptom-free at rest and during exercise. WHO-FC II=no
symptoms at rest, but some daily activities such as making the
bed or grocery shopping causes dyspnoea or chest discomfort.
WHO-FC IlI=no symptoms at rest, but normal chores are greatly
limited because of dyspnoea or fatigue. WHO-FC IV=symptoms
at rest and severe symptoms with activity. Secondary endpoints
included the components of clinical worsening as well as the
between-group change in 6MWD. All primary and secondary
outcomes were evaluated by an independent clinical events com-
mittee using original source documents, blinded to treatment
assignment.

The consistency of the primary outcome of clinical wors-
ening was also assessed in 12 prespecified subgroups, includ-
ing among low-, intermediate- and high-risk groups according
to the REVEAL Lite 2 risk score, which was developed and has
been validated to predict 1-year mortality in patients with PAH".
The REVEAL Lite 2 score includes six non-invasive variables:
WHO-FC, systolic blood pressure and heart rate, 6MWD, natri-
uretic peptide levels, and renal insufficiency (estimated glomerular
filtration rate [eGFR] <60 mL/min/1.73 m?)"’.

STATISTICAL ANALYSIS

The calculation of sample size has been previously
described'®. Differences between groups in continuous vari-
ables were expressed as meantstandard deviation (SD) if data
were normally distributed or median (interquartile range [IQR])
for non-normally distributed data and were evaluated with the
t-test or the Wilcoxon rank-sum score, respectively. The y* or
Fisher’s exact tests were used to analyse categorical varia-
bles which were expressed as percentages. Time-to-first event
curves were generated using Kaplan-Meier analysis. Patients
were censored at the time of their latest follow-up. The differ-
ences in relative risk between groups were expressed as haz-
ard ratios (HR) with 95% confidence intervals (CI), generated
using Cox proportional hazards regression. Multivariable Cox
analysis was performed to identify the independent predictors
of l-year clinical worsening. In addition to treatment group,
the following covariates were entered into these models on the
basis of their associations with the outcomes of interest: baseline
6MWD, use of monotherapy and combination PAH medications,

cardiac output from right heart catheterisation, and the REVEAL
Lite 2 scores'. Missing baseline and outcomes data were not
replaced. The between-group change in 6MWD from baseline
to 1 year was analysed using mixed-model repeated measures
(MMRM) methods assuming that missing data were missing at
random. Treatment (PADN vs sham), PAH-specific monotherapy
and combination therapy, days to the follow-up test, and treat-
ment-by-day interaction were included in the model as fixed
effects, with baseline 6MWD as a covariate. Sensitivity analy-
ses using the MMRM model were performed adjusting for age,
sex, and body mass index and with multiple imputation using the
Markov Chain Monte Carlo (MCMC) method'®. The imputation
model included treatment group, sex, age, and baseline 6MWD
data for all scheduled visits.

All outcome analyses were performed in the intention-to-treat
(ITT) population, including all randomised patients according to
their assigned treatment regardless of the treatment received. All
statistical tests were 2-sided, and a p-value of <0.05 was consid-
ered to indicate statistical significance. All analyses were per-
formed with SAS version 9.4 (SAS Institute).

Results

BASELINE CHARACTERISTICS AND MEDICATIONS

A total of 128 patients with PAH were randomised at 12 centres
in China between 8 January 2018 and 22 June 2021 (Figure 1).
The baseline demographic and clinical characteristics have been
reported previously'* and are shown in Table 1. In brief, the mean
age was 40.8+11.8 years and 106 (82.8%) patients were women.
The PAH aetiology was idiopathic in 70 (54.7%) cases. At base-
line, the mean 6MWD was 4014+92 m, the mPAP measured by
right heart catheterisation was 53.9+16.4 mmHg, the mean PVR
was 10.9+5.1 WU, and the mean N-terminal pro-brain natriuretic
peptide (NT-proBNP) level was 2,345+3,154 pg/mL.

One-year clinical follow-up was completed in all patients,
90 (70.3%) by clinic visit and 38 (29.7%) by telephone call.
A 6MWD test was not performed at 1 year in this latter group,
including 21/63 (33.3%) patients assigned to PADN and 17/65
(26.2%) patients assigned to sham treatment (p=0.13). The rea-
sons that patients were unable to complete the 1-year follow-up
6MWD are shown in Figure 1.

Medication use at baseline, 30 days and 1 year were similar
between the groups (Table 2). At 30 days, PAH monotherapy
(most commonly a PDE-51) was used in most patients. At 1 year,
PAH combination therapy was used in 36 (57.1%) patients in the
PADN plus PDE-5i group and in 39 (60.0%) patients in the sham
plus PDE-5i group (p=0.74).

CLINICAL OUTCOMES

At l-year follow-up, clinical worsening had occurred in 18
(14.1%) patients, including 3 (4.8%) in the PADN plus PDE-5i
group and 15 (23.1%) in the sham plus PDE-5i group (adjusted
HR 0.17; 95% CI: 0.05-0.60; p=0.006), driven by a higher rate
of worsening of PAH in the sham plus PDE-5i group (Table 3,



One-year follow-up of the PADN-CFDA trial

186 participants were screened for eligibility

Exclusion

33 clinically unstable

8 Group 2-5 PAH

7 mPAP <25 mmHg, or PVR <3.0 WU, or PAWP >15 mmHg
2 cardiac index <1.5 L/min/m?

A 4

{1 creatinine clearance <30 ml/min

1 upper respiratory tract infection

3 tricuspid valvular or pulmonary valvular stenoses
1 pulmonary veno-occlusive disease

2 declined participation

| 128 underwent randomisation |

!

63 were assigned to receive
PADN + PDE-5i

v
63 patients had 30-day follow-up
60 underwent 6MWD
3 did not undergo 6MWD testing
- 2 had adverse events

- 1 unable to travel

A4

63 patients had 6-month follow-up
59 underwent 6MWD
4 did not undergo 6MWD testing
- 1 had adverse events
- 3 unable to travel

A4

63 patients had 12-month follow-up
42 underwent 6MWD
21 did not undergo 6MWD testing
- 3 had adverse events
- 11 unable to travel
- 7 refused

}

65 were assigned to receive
sham + PDE-5i

A4

65 patients had 30-day follow-up
62 underwent 6MWD
3 did not undergo 6MWD testing
- 2 had adverse events
- 1 unable to travel

A 4
65 patients had 6-month follow-up
63 underwent 6MWD
2 did not undergo 6MWD testing

- 2 had adverse events

A\ 4

65 patients had 12-month follow-up
48 underwent 6MWD
17 did not undergo 6MWD testing
- 4 had adverse events
- 8 unable to travel
- 5 refused

Figure 1. Screening, randomisation, and follow-up of the study participants. Among 186 patients with pulmonary arterial hypertension

screened for eligibility, 128 were randomised and treated with pulmonary artery denervation (PADN) plus a phosphodiesterase-5 inhibitor

(PDE-5i) or a sham procedure plus a PDE-5i. One-year clinical follow-up was complete in all patients, but 21 patients in the PADN plus
PDE-5i group and 17 patients in the sham plus PDE-5i group did not complete a 6-minute walking distance test (6MWD) at 1 year:
mPAP: mean pulmonary arterial pressure; PAH: pulmonary arterial hypertension; PAWP: pulmonary arterial wedge pressure;

PVR: pulmonary vascular resistance; WU: Wood units

Figure 2). This difference was maintained when worsening func-
tional class was removed from the clinical worsening criteria
(3.2% vs 18.5%; p=0.017). Considering the components of wors-
ening of PAH, PADN reduced the 1-year rates of PAH-related
rehospitalisation, worsening WHO-FC, and the requirement for
additional PAH treatments (Table 3). In addition to PADN treat-
ment (HR 0.18, 95% CI: 0.05-0.63; p=0.008), independent pre-
dictors of 1-year clinical worsening included baseline 6MWD
(HR per 50 m decrease 1.46, 95% CI: 1.03-2.08; p=0.04) and
the REVEAL Lite 2 risk score (HR per 1 point increase 1.35,
95% CI: 1.07-1.79; p=0.04). The reduction in I-year clinical
worsening with PADN compared to sham treatment was con-
sistent across numerous subgroups examined, including in low-
risk, intermediate-risk and high-risk patients according to the
REVEAL Lite 2 risk scores (p =0.186) (Figure 3). Only
1 patient died during follow-up, a 32-year-old woman with

interaction

a 3-year history of idiopathic PAH who died 352 days after ran-
domisation to the sham control group while on dual combination
therapy. Neither atrial septostomy nor lung transplantation were
performed in any patient.

CHANGE IN 6MWD FROM BASELINE TO 12 MONTHS

The results of the 6MWD tests performed during follow-up are
shown in Supplementary Figure 1. A between-group difference in
6MWD emerged at 30 days and widened up to 1 year. The median
change in 6MWD from baseline to 1 year was 54102 m in the
PADN plus PDE-5i group and —9+127 m in the sham plus PDE-5i
group (p=0.02). The adjusted between-group mean difference in
the change in 6MWD from baseline to 12 months was 81.2 m
(95% CI: 50.3-112.2; p<0.001), favouring the PADN group. This
difference was consistent using imputed outcomes to account for
missing data in the MCMC sensitivity analysis.
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Table 1. Baseline characteristics of the randomised patients.

Table 2. Medications at baseline and during follow-up.

PADN-+PDE-5i | Sham-+PDE-5i PADN+PDE-5i | Sham-+PDE-5i
(N=63) (N=65) (N=63) (N=g) | Fvale

Demographics Medications prior to enrolment
Age, years 37 (32, 48) 39(32,52) PDE-5i 0(0) 0(0) >
Female sex 57 (90.5) 49 (75.4) ERA 0(0) 0(0) =
Idiopathic 36 (57.1) 34(52.3) Diuretics 47 (74.6) 42 (64.6) 0.25
Associated with connective tissue disease 14 (22.2) 17 (26.2) PAH-specific medications

Lupus 5(7.9) 8(12.3) Monotherapy 61 (96.8) 59 (90.8) 0.27

Sjogren’s syndrome 5(7.9) 5@.7) PDE-5i 56 (88.9) 56 (86.2) -

Systemic sclerosis 1(1.6) 1(1.5) ERA 5(7.9) 2(3.1) -

Other 3(4.8) 3(4.6) PSCA 0(0) 1(L.5) s
Associated with congenital heart disease 9(14.3) 13 (20.0) Dual combination therapy 2(3.2) 0(0) 0.24
Associated with portal hypertension 3(4.8) 0(0) PDE-5i+ERA 0(0) 0(0) -
Current smoker 3(4.8) 3(4.6) ERA+PSCA 0(0) 0(0) -
Time from diagnosis to screening, years 3.8+5.7 3.1+49 Triple combination therapy
WHO functional Class | 1(1.6) 3(4.6) (PDE-5i+ERA+PSCA)_ - "0 T -
cass Clas 2 429) 3 (508 e 00) 3us | o

Haesll L &y Diuretics 13 (20.6) 41(63.1) 0.15

6-minute walking distance, metres 388+92 414492

NT-proBNP, pg/mL 1,753 (259, 3,974) | 937 (230, 2,421)

Continuous data are expressed as n (%), mean+standard deviation or median (IQR).
IQR: interquartile range; PADN: pulmonary artery denervation; PAH: pulmonary arterial
hypertension; PDE-5i: phosphodiesterase-5 inhibitor; NT-proBNP: N-terminal pro-brain
natriuretic peptide, WHO: World Health Organization

Discussion
The present study is the first evaluation of 1-year clinical out-
comes after PADN for treatment of PAH from a randomised
sham-controlled trial that was blinded for 6 months. The major
findings from this study may be summarised as follows: 1) com-
pared with a sham procedure plus treatment with a PDE-5i, PADN
plus a PDE-5i substantially reduced PAH clinical worsening up
to 1-year follow-up (Central illustration), driven by reductions
in the 1-year rates of PAH-related rehospitalisation, worsening
WHO-FC, and the requirement for additional PAH treatments; 2)
the reduction in PAH clinical worsening with PADN was consist-
ent in low-risk, intermediate-risk and high-risk patients as assessed
by the REVEAL Lite 2 risk score'’, and across other prespecified
subgroups; 3) lower baseline 6MWD and higher REVEAL Lite 2
risk scores were independent predictors of 1-year clinical worsen-
ing, whereas treatment with PADN was the strongest predictor of
freedom from clinical worsening; 4) 6MWD at 1-year follow-up
increased in PADN patients, in contrast to that observed in patients
treated with a sham procedure.

Few prior studies have reported 1-year or longer outcomes after
PADN. In a registry study of 66 patients with different aetiolo-
gies of PAH, clinical worsening after PADN occurred in 15.2% of

PAH-specific medications

Monotherapy 22(34.9) 22 (33.9) 0.90
PDE-5i 14 (22.2) 18 (27.7) -
ERA 8(12.7) 4(6.2) s
PSCA 0(0) 0(0) =
Dual combination therapy 32(50.8) 31(47.7) 0.73
PDE-5i+ERA 27 (42.9) 31 (47.7) =
PDE-5i+PSCA 2(3.2) 0(0) -
ERA+PSCA 3(4.8) 0(0) -
mpesmetew | yen | sy | oz
TSR 1(16) 162 037
Diuretics 34 (54.8) 35(53.8) 0.85

Binary data are n (%). Cl: confidence interval; ERA: endothelin receptor antagonist;
PADN: pulmonary artery denervation; PAH: pulmonary arterial hypertension;
PDE-5i: phosphodiesterase-5 inhibitor; PSCA: prostacyclin analogues

patients at 1-year follow-up'?. In a subsequent publication, the out-
comes of 120 PAH patients of different aetiologies were reported
at a median follow-up of 4.8 years after PADN'". Patients were
stratified by baseline WHO-FC, and the mortality rates at 1 year
(2.2% vs 12.2%; p=0.087) and 3 years (6.5% vs 17.6%; p=0.102)
were numerically lower in the WHO-FC I/II versus III/IV groups,
respectively. The median increase of the 6MWD was 29 m in the
WHO-FC I/II group compared with 60.5 m in the WHO-FC III/IV
group (p=0.04). However, neither of these studies had a concur-
rent control arm treated with medical therapy alone, and thus the



Table 3. Clinical worsening at 1-year follow-up.

One-year follow-up of the PADN-CFDA trial

PADN+PDE-5i | Sham+PDE-5i | Hazardratio | Adjusted hazard | Adjusted
(N=63) (N=65) (95% CI) ratio* (95% CI) p-value
Clinical worsening 3(4.8) 15 (23.1) 0.19 (0.06-0.66) 0.17 (0.05-0.60) 0.006
Worsening of PAH 3(4.8) 15 (23.1) 0.19 (0.06-0.66) 0.17 (0.05-0.60) 0.006
PAH-related rehospitalisation 1(1.6) 10 (15.4) 0.10(0.01-0.75) | 0.07 (0.01-0.58) 0.01
Worsening WHO-FC 3(4.8) 14 (21.5) 0.20 (0.06-0.68) 0.19 (0.05-0.70) 0.01
Requirement for additional PAH treatments 2(3.2) 12 (18.5) 0.16 (0.04-0.72) 0.13 (0.03-0.58) 0.008
Atrial septostomy 0(0) 0(0) = = -
Listing for lung transplantation 0(0) 0(0) = - -
Death, all-cause 0(0) 1(1.5) - - 0.98
PAH-related death 0(0) 1(1.5) - - 0.98
Event rates are binary n (%). *Adjusted for sex and baseline six-minute walk distance. Cl: confidence interval; PADN: pulmonary artery denervation;
PAH: pulmonary arterial hypertension; PDE-b5i: phosphodiesterase-5 inhibitor; WHO-FC: World Health Organization functional class

incremental benefits of PADN beyond approved PAH medications
could not be estimated.

In the present multicentre, randomised, sham-controlled
6-month PADN-CFDA trial in which all patients were treated ini-
tially with background PDE-5i therapy, we assessed 1-year clinical
outcomes by the occurrence of “clinical worsening”, a composite
endpoint that has been used in prior clinical trials of PAH-specific
medications'®®. PADN resulted in a significant reduction in
1-year clinical worsening, with 80% or greater adjudicated reduc-
tions in PAH-related rehospitalisations, worsening WHO-FC, and
the requirement for additional PAH treatments. Although the pre-
sent trial was powered for and demonstrated an improvement in
6MWD with PADN at 6 months', these 1-year outcomes suggest
that PADN may also provide substantial clinical benefits to PAH
patients.

Of note, the hazard curves favouring PADN compared with sham
treatment continued to diverge up to 1 year. However, between
6 months and 1 year, the 6MWD was maintained in the PADN
group, whereas it declined in the sham group (despite compar-
able PAH-specific medication intensification in both groups).
This observation suggests that PADN mitigated the natural his-
tory of declining 6MWD in Group 1 PAH patients treated with
PAH-specific medications only. However, only 70.3% of patients
underwent a 6MWD assessment at 1 year. These patients likely
represented a healthier group capable of exercise, and cautious
interpretation of the 6MWD findings after 6 months is warranted
given this selection bias.

Accurate risk prediction is essential to inform individualised
treatment decisions in PAH disease management. Our results con-
firmed that the REVEAL Lite 2 risk score was an independent
predictor of 1-year clinical worsening. In the recently published
Pulmonary Hypertension Association Registry'?, when catego-
rised by the REVEAL Lite 2 score, the 1-year rates of mortality
ranged from 1% in low-risk patients to 7-8% in intermediate-risk
patients to 12-19% in high-risk PAH patients. In the present study
of mostly low-risk and intermediate-risk PAH patients who were
clinically stable despite being off all PAH-specific medications for

at least 30 days before enrolment, the 1-year rates of death in the
sham control and PADN groups were 1.5% and 0%, respectively.
The 1-year rates of clinical worsening among low-risk, interme-
diate-risk, and high-risk patients by the REVEAL Lite 2 score
were 0%, 4.0%, and 12.5%, respectively, after PADN (similar to
our previous reports®') and substantially lower than the respective
observed clinical worsening rates after sham control. The clinical
outcomes of PADN were consistent across the 3 risk strata.

Lower baseline 6MWD also emerged as an independent pre-
dictor of 1-year clinical worsening, as well as being a component
of the REVEAL Lite 2 score!’. Similarly, in the PADN-5 trial®,
6MWD was an independent predictor for clinical worsening in
patients with combined pre- and post-capillary pulmonary hyper-
tension. Thus, consistent with approval studies of pharmacological
agents®?° and international guidelines®, field walk testing effec-
tively evaluates baseline risk and therapeutic response in patients
with PAH following PADN (Supplementary Figure 1). Finally,
treatment with PADN was the strongest independent predictor
of freedom from clinical worsening, suggesting that PADN may
be an important therapeutic option for appropriate patients with
Group 1 PAH who remain symptomatic despite drug therapy.

In the present trial, the incremental 33.9 m and 81.2 m improve-
ments in the 6MWD with PADN from baseline to 6-month and
12-month follow-ups, respectively, compared with sham control
treatment in patients principally on background monotherapy
for the first 6 months were at least as good as the findings from
prior trials in which combination therapy was initialised'***%.
More recently, the randomised STELLAR trial reported a 1 metre
increase in the mean 6MWD at 6-month follow-up in the control
group treated with background combination therapy (triple drug
use in >60% of patients) and a 40.1 m mean improvement in the
sotatercept group®.

Limitations
First, the sample size of the present study was modest, and the
trial was not powered for clinical outcomes. Caution is espe-

cially warranted when interpreting the results in small subgroups.
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A Clinical worsening
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HR 0.19, 95% CI: 0.06-0.66
3 04 adjusted HR 0.17, 95% Cl: 0.05-0.60
g Sham plus PDE-5i, 23.1%
g 15
é 10
E 5 PADN plus PDE-5i,4.8%
3 7 plus PDE-5i,4. |°_o|
0 T T T T T T T T T T 1
0 1 2 3 4 5 6 7 8 9 1.0 1 1
Time since procedure (months)
Number at risk

Sham plus PDE-5i 65 65 62 61 61 61 59 58 57 55 54 54 54

PADN plus PDE-5i 63 63 62 62 62 62 62 62 62 62 62 62 61

C PAH-related rehospitalisation
25

HR 0.10, 95% Cl: 0.01-0.75

3 0l adjusted HR 0.07, 95% Cl: 0.01-0.58
é 15 - Sham plus PDE-5i group, 15.4%
2 104
°© PADN plus PDE-5i group, 1.6%

0 T T T T T T T T T T T 1

0 1 2 3 4 5 6 7 8 9 10 1 12
Time since procedure (months)
Number at risk

Sham plus PDE-5 65 65 63 62 62 62 60 60 59 57 56 56 56
PADN plus PDE-5i 63 63 63 63 63 63 63 63 63 63 63 63 62

E Requirement for additional PAH treatments
25
HR 0.16, 95% Cl: 0.04-0.72
3 0 adjusted HR 0.13, 95% Cl: 0.03-0.58
3 Sham plus PDE-5i group, 18.5%
g 5
é 10 4
E
3 5 PADN plus PDE-5i group, 3.2%
—
0 T T T T T T T T T T 1
0 1 2 3 4 5 6 7 8 9 0 11 12
Time since procedure (months)
Number at risk

Sham plus PDE-5i 65 65 62 61 61 61 59 58 57 55 54 54 54
PADN plus PDE-5 63 63 62 62 62 62 62 62 62 62 62 62 61

B Worsening of PAH
25
HR 0.19, 95% Cl: 0.05-0.60
3 04 adjusted HR 0.17,95% Cl: 0.05-0.60
g Sham plus PDE-5i, 23.1%
g 15
é 10 -
E 5 PADN plus PDE-5i, 4.8%
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0 1 2 3 4 5 6 7 8 9 1 1 12
Time since procedure (months)
Number at risk

Sham plus PDE-5i 65 65 62 61 61 61 59 58 57 55 54 54 54
PADN plus PDE-5i 63 63 62 62 62 62 62 62 62 62 62 62 61

D Worsening WHO-FC
25

HR 0.20, 95% Cl: 0.06-0.68
3 0l adjusted HR 0.19, 95% CI: 0.05-0.70
g 5
2 Sham plus PDE-5i group, 21.5%
E
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s PDE-5i group, 4;&[
0 T T T T T T T T T T T 1
0 1 2 3 4 5 6 7 8 9 10 1 12
Time since procedure (months)
Number at risk

Sham plus PDE-5 65 65 64 64 64 64 63 63 62 60 59 59 59
PADN plus PDE-5i 63 63 63 63 63 63 63 63 63 63 63 63 62

Figure 2. Kaplan-Meier analysis. The cumulative 1-year hazard rates of ) clinical worsening, B) worsening of pulmonary arterial
hypertension (PAH), C) PAH-related rehospitalisations, D) WHO functional class (FC) increase, and E) requirement for additional PAH
treatments after treatment with PADN and a sham procedure. CI: confidence interval; HR: hazard ratio; PADN: pulmonary artery
denervation; PDE-5i: phosphodiesterase-5 inhibitor, WHO: World Health Organization

Nonetheless, the large magnitude of the clinical effect during
1-year follow-up in this sham-controlled trial, with reductions in
each of the 3 parameters of the clinical worsening endpoint, and
consistent outcomes across low-, intermediate- and high-risk strata,

provide reassurance in the validity of these findings. Second, the
possibility that unblinding after 6 months influenced the 1-year
outcomes cannot be excluded. However, PAH-specific medication
use at 1 year was comparable in both groups, and the differences



One-year follow-up of the PADN-CFDA trial

PADN plus PDE-5i  Sham plus PDE-5i p-value for
n/N % n/N % HR (95% CI) interaction
Overall 3/63 48 15/65 231 —a— 0.19(0.06-0.66)
Age, years
<30 0/8 0.0 1/13 17 - - 0.207
30-50 3/38 19 9/41 220 —— 0.34(0.09-1.27)
>50 0/17 0.0 511 455 —_— -
Sex
Male 0/6 0.0 2/16 125 - - 0.924
Female 3/57 5.3 13/49 26.5 —— 0.18 (0.05-0.62)
BMI, kg/m? :
>25 0/18 0.0 1/12 83 L - 0.911
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€0, L/min H
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>25 1/29 34 7132 219 —_—— 0.14(0.02-1.14) 0.720
<25 2/34 5.9 8/33 24.2 — 0.23 (0.05-1.08)
Baseline 6MWD, m H
>440 1/18 5.6 7124 29.2 —_— 0.17(0.02-1.39) 0.901
<440 2/45 44 8/41 195 — 0.21(0.05-1.00)
PAH aetiologies :
Other 0/27 0.0 10/31 323 = : - 0.910
Idiopathic 3/36 83 5/34 147 ——— 0.56 (0.13-2.34)
REVEAL Lite 2 score classification :
Low 0/22 0.0 8/35 229 —_— - 0.184
Intermediate 1/25 40 4/19 211 —_— 0.17 (0.02-1.54)
High 2/16 12.5 311 213 —.—‘— 0.43(0.07-2.61)
T LI T
0.05 051 2 5

<— PADN plus PDE-5i better

Sham plus PDE-5i better —>

Figure 3. Subgroup analysis for the 1-year primary endpoint of clinical worsening. An interaction test of >0.05 indicates that there was no

significant difference in the relative risks for clinical worsening in patients randomised to PADN plus phosphodiesterase-5 inhibitor (PDE-5i)

versus a sham procedure plus PDE-5i. BMI: body mass index; CI: cardiac index; 95% CI: 95% confidence interval; CO: cardiac output;

eGFR: estimated glomerular filtration rate; HR: hazard ratio; mPAP: mean pulmonary arterial pressure; NT-proBNP: N-terminal pro-brain

natriuretic peptide; PADN: pulmonary artery denervation; PAH: pulmonary arterial hypertension; PVR: pulmonary vascular resistance;
RAP: right atrial pressure; REVEAL: Registry to Evaluate Early and Long-term PAH Disease Management; WHO-FC: World Health

Organization functional class; 6MWD: 6-minute walking distance

in clinical outcomes between 6 months and 1 year (after unblind-
ing) were similar to those observed between randomisation and 6
months (before unblinding). Third, only 1 patient died during the
1-year follow-up duration in this study — a PAH-related death in
the sham group — in part due to the inclusion criteria that ensured
enrolment of a relatively low-risk cohort (e.g., patients untreated
with PAH-specific medications for at least 30 days, without clin-
ical instability). Although guidelines recommend initial com-
bination therapy for Group 1 PAH?, in a large registry study,

combination therapy use in China was still <45% by 2021%. As
such, the present trial served as a “proof-of-principle” test of the
effectiveness of PADN. However, while approximately half of the
patients in both groups were treated with combination PAH medi-
cation regimens during follow-up, these outcomes cannot neces-
sarily be translated to Group 1 PAH patients who are symptomatic
at baseline despite treatment with 2 or more PAH-specific drugs.
However, in the TROPHY I study, a mean 42 m improvement in
the 6MWD from baseline to 4-6-month follow-up was reported
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Sham plus PDE-5i

CI: confidence interval; HR: hazard ratio; PADN: pulmonary artery denervation; PAH: pulmonary arterial hypertension;
PDE-5i: phosphodiesterase-5 inhibitors; WHO-FC: World Health Organization functional class

Il PADN plus PDE-5i
M Sham plus PDE-5i

PAH-related
rehospitalisation

HR: 0

WHO-FC IV or increase  Requirement for
by >1 grade additional treatments

10 HR: 0.20 HR: 0.16

after treatment with an alternative ultrasound-based PADN system
in patients on dual or triple combination therapy in an open-label
single-arm study?’, consistent with the present 6-month results.
Longer-term follow-up in higher-risk patients and in greater num-
bers of patients are required to determine whether PADN confers
a survival benefit in Group 1 PAH, especially among patients who
remain symptomatic despite combination therapy. Fourth, the pre-
sent trial results apply to patients with Group 1 PAH treated with
a specific PADN catheter-based radiofrequency energy delivery
system; whether the results would be similar in other aetiologies of
PAH (e.g., secondary pulmonary hypertension due to left ventric-
ular dysfunction or chronic pulmonary thromboembolic disease)
or with other PADN systems can only be assessed in dedicated
randomised trials. Finally, WHO-FC assessment replaced 6MWD
testing for this 1-year analysis as the COVID-19 pandemic made
in-person follow-up difficult for many patients. The rate of wors-
ening FC was 21.5% in the sham group compared with 4.8% in
the PADN group (adjusted p=0.01). However, given the increas-
ing difference between 6 and 12 months in 6MWD favouring
the PADN group, we do not believe this substitution materially
affected the impression of the long-term benefits of PADN.

Conclusions

In the present multicentre, sham-controlled randomised trial in
which PAH-specific background medication use was consist-
ent between groups during follow-up, PADN resulted in a signi-
ficant reduction in 1-year clinical worsening and an improvement
in 6MWD in Group 1 PAH patients. Further trials are required to
assess outcomes in patients who remain symptomatic despite mul-
tiple PAH-specific medications and to assess the long-term out-
comes in different patient risk strata and subgroups.

Impact on daily practice

Group 1 pulmonary arterial hypertension is an incurable dis-
ease, resulting in progressive pulmonary arterial remodelling,
increasing dyspnoea and fatigue, and premature death in most
patients. Pulmonary artery denervation significantly reduced
the risk of clinical worsening and improved 6MWD up to
1-year follow-up in patients with Group 1 pulmonary arterial
hypertension initially treated with PDE-5i therapy. Pulmonary
artery denervation may improve the efficacy of current pulmo-
nary arterial hypertension therapy.
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Supplementary data
Supplementary Figure 1. Between-group difference in the increase

in the 6-minute walking distance.

The supplementary data are published online at:
https://eurointervention.pcronline.com/
doi/10.4244/E1J-D-23-00349
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Day 0 Day 7 Day 30 Day 180 Day 365
PADN plus PDESi
N observations 63 61 60 59 42
Unadjusted — m 3875+ 11.6 4104 £ 13.0 4443+ 9.8 4499 £ 9.8 459.0 +16.7
Sham plus PDESi
N observations 65 64 62 63 48
Unadjusted — m #1643+ 113 4287+ 124 4487 + 9.6 4437+ 9.8 3901+ 229
Intra-group differences from
Baseline to each time
Unadjusted — m
- PADN - 204 +6.8 557+ 6.6 58.8+7.6 571 +17.3
- Sham - 149+6.8 288+55 249+72 <19.4 +20.6
MMRMagjusted — mM*
- PADN - 181+ 81 526+ 81 565+ 8.2 58.0 +9.6
- Sham = 163179 314+ 80 7479 <184 + 9.0
MCMCagiusted — m™F
- PADN - 184+ 88 525488 573489 68.4 + 14.6
- Sham & 164+ 8.6 324+ 8.7 284+ 8.7 229+ 120
Treatment effect (95% CI)
Unadjusted — m - 5.6 26.9 339 76.5
(-13.4 t0 24.5) (9.9 10 43.9) (131 10 54.6) (22.210130.8)
MMRMagjusted — M| = 6.5 26.0 339 81.2
(-24.6 to 37.6) (-5.2 to 57.1) (3.2 to 64.6) (50.3 to 112.2)
MCMCadjustes — mYT N 72 25.3 341 96.6
(4.0 t0 10) (21.8 to 27.7) (30.4 to 39.6) (69.8 to 128.0)

BMWD, 6-minute walk distance; MMRM, mixed model for repeated measures; MCMC, Markov Chain Monte Carlo; PADN,
pulmonary artery denervation.

* Least square means of intra-group difference in 6MWD from baseline to each time were estimated using the mixed-effects
model for repeated measures (MMRM) with adjustment for the baseline 6MWD.

t Missing data were imputed using MCMC.

1 Treatment effect was defined as the difference of changes in 6MWD from baseline to the corresponding visit time point
for patients treated with PADN compared with a sham procedure. The treatment effect was estimated using MMRM including
group, repeated time point, baseline 6MWD and interaction between group and repeated time point as independent
variables.

Supplementary Figure 1. Between-group difference in the increase in the 6-minute walking distance.
The primary analysis used mixed-model repeat-measurement (MMRM) methods with the assumption
that missing data were missing at random. This model included the change from baseline in 6-minute
walk distance (6MWD) as the dependent variable, with treatment, days, and treatment-by-day
interaction as fixed effects, and the baseline 6MWD as a covariate. The number of paired patients for
the unadjusted and MMRM adjusted differences are the same as the number of patients with the
6MWD test at each follow-up time. A sensitivity analysis used multiple imputation from the Markov
Chain Monte Carlo (MCMC) method to account for missing data. 6 MWD is provided as mean + SE
in the table and figure. PADN, pulmonary artery denervation; PDESi, phosphodiesterase-5 inhibitor;
CI, confidence interval; N, number.



