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Aims

Methods
and results

Conclusion

Different disease processes can combine to cause atrial fibrillation (AF). Their contribution to recurrent AF after ablation in
patients is not known. Cardiovascular processes associated with recurrent AF after AF ablation were determined by quan-
tifying biomolecules related to inflammation, metabolism, proliferation, fibrosis, shear stress, atrial pressure, and others in
the AXAFA biomolecule study.

Twelve circulating cardiovascular biomolecules (ANGPT2, BMP10, CA125, hsCRP, ESM1, FABP3, FGF23, GDF15, IGFBP7,
IL6, NT-proBNP, and hsTnT) were quantified in plasma samples obtained prior to a first AF ablation using high-throughput,
high-precision assays. Cox regression was used to identify biomolecules associated with recurrent AF during the first 3
months after AF ablation. In 433 patients (64 years [58, 70]; 33% women), baseline concentrations of ANGPT2, BMP10,
hsCRP, FGF23, FABP3, GDF15, and NT-proBNP were elevated in patients with recurrent AF (120/433; 28%). After adjust-
ment for 11 clinical features and randomized treatment, elevated NT-proBNP [hazard ratio (HR) 1.58, 95% confidence
interval (1.29, 1.94)], ANGPT2 [HR 1.37, (1.12, 1.67)], and BMP10 [HR 1.24 (1.02, 1.51)] remained associated with recur-
rent AF. Concentrations of ANGPT2, BMP10, and NT-proBNP decreased in patients who remained arrhythmia free, but
not in patients with recurrent AF, highlighting their connection to AF. The other eight biomarkers showed unchanged
concentrations.

Elevated concentrations of ANGPT2, BMP10, and NT-proBNP are associated with recurrent AF after a first AF ablation,
suggesting that processes linked to disturbed cardiomyocyte metabolism, altered atrial shear stress, and increased load con-
tribute to AF after AF ablation in patients.
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Twelve biomolecules selected to reflect different disease processes were quantified in 433 patients undergoing a first atrial fibrillation (AF) ablation
(64 years; 33% women) in the AXAFA-AFNETS5 biomolecule study. Biomolecule concentrations were associated with recurrent AF after AF ab-
lation. After adjustment for clinical features and randomized treatment, NT-proBNP [Hazard Ratio (HR) 1.58, 95% CI (1.29, 1.94)], angiopoietin 2
[ANGPT2, HR 1.37 (1.12, 1.67)], and bone morphogenetic protein 10 [BMP10, HR 1.24 (1.02, 1.51)] remained associated with recurrent AF.
Concentrations of ANGPT2, BMP10, and NT-proBNP decreased in patients who remained arrhythmia free, but not in patients with recurrent
AF. These results suggest that the disease processes leading to elevation of these biomolecules, including disturbed atrial cardiomyocyte metabolism,
altered shear stress, and increased load, contribute to recurrent AF after ablation in patients.
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What’s new?

® Three out of 12 biomolecules reflecting disease processes that are
deemed important in atrial fibrillation (AF) are associated with re-
current AF after a first AF ablation.

® These biomolecules, bone morphogenetic protein 10, angiopoietin
2, and NT-proBNP, reflect different disease processes associated
with AF.

® The same biomolecules are reduced in AF-free patients during
follow-up but remain elevated in patients with recurrent AF, linking
them to the arrhythmia.

® The findings shed light into processes leading to early recurrences
after AF ablation that can help stratify therapy and risk prediction.

Introduction

Early rhythm control is emerging as an important component of atrial
fibrillation (AF) therapy.'™ Atrial fibrillation ablation is the most effect-
ive rhythm-controlling therapy available.*® But even with optimal tech-
niques, 20—45% of patients experience recurrent AF in the first months
after AF ablation.® These early recurrences are associated with later re-
currences and with cardiovascular events.”® The mechanisms leading to

Atrial fibrillation ® Rhythm control e Ablation ® Angiopoietin 2 ® Bone morphogenetic protein 10 ® N-Terminal

recurrent AF after ablation are not well understood,9 and prediction of
these events remains difficult in clinical practice.®

Several biological processes have been suggested to contribute to re-
current AF, including loss of atrial cardiomyocytes, atrial stretch, fibro-
sis, inflammation, metabolic imbalance, endothelial dysfunction, and
altered cell proliferation.’ Circulating biomolecules provide quantifiable
proxies of cardiovascular disease processes. Their measurement can
quantify disease processes leading to AR To quantify disease pro-
cesses leading to recurrent AF after a first AF ablation, we measured
the concentrations of 12 cardiovascular biomolecules reflecting disease
processes that have been associated with AF and analysed their contri-
bution to recurrent AF after a first AF ablation in context with clinical
parameters.® Using repeat sampling, we also assessed changes in bio-
molecule concentrations associated with rhythm (AF or sinus rhythm)
during follow-up.

Methods

This paper reports the first results from the biomolecule study embedded
into the AXAFA-AFNETS5 trial (Anticoagulation using the direct factor Xa in-
hibitor apixaban during Atrial Fibrillation catheter Ablation: Comparison to vita-
min K antagonist therapy'"). Briefly, it was an investigator-led, prospective,
international, randomized, blinded outcome assessment study that com-
pared the use of continuous vitamin K antagonist therapy to apixaban



Circulating biomolecule concentrations and recurrent AF after ablation

Screened
n=676

A

y

Randomized
n=674

/\

4 i\
Allocated to apixaban
n =338
o J
A 4 n
4 I\
Underwent ablation
n=318
o J
A 4 n
4 I\
Completed final visit
n=311
o J
v n
4 I\
With biomarkers at BL
and FU
n=216
o J
v n
4 I\
Recurrent AF at 3
months
n =58
o J

4 B\
Allocated to VKA
n =315
o J
=633 v
4 I\
Underwent ablation
n =315
o J
619 v
4 I\
Completed final visit
n =308
o J
=433 v
4 I\
With biomarkers at BL
and FU
n=217
o J
=120 v
4 I\
Recurrent AF at 3
months
n =62
o J

Figure 1 Flowchart of patients included in analysis. Patients without blood samples and quantified biomarkers at both time points (pre-ablation and 3
months post-ablation) were excluded. Apart from cohort descriptives, complete cases were used as there were no missing data for variables of interest.
AF, atrial fibrillation; BL, baseline; FU follow-up; VKA vitamin K antagonist.

in 633 patients undergoing a first AF ablation in 49 European and
US-American study sites. Outcomes were not different between rando-
mized groups. The Atrial Fibrillation NETwork (AFNET e.V.), Munster,
Germany (www.af-net.eu), was the sponsor of the trial and of its biosample
substudy. All patients provided written informed consent for their
participation.

Study population

AXAFA-AFNETS enrolled patients undergoing a first AF ablation who had a
prior stroke, age >75 years, heart failure, hypertension, or diabetes. The ana-
lysis population in this study included all patients in the trial who also consented
to, and donated, blood samples at baseline and at the end of follow-up
(Figure 1). Centres participating in the biomolecule study were encouraged
to consecutively enrol all study patients into the biomolecule study as well.

Selection of biomolecules

Several mechanisms can contribute to recurrent AF.” The selection of bio-
molecules was conducted prior to the completion of AXAFA-AFNETS5 as

part of the CATCH ME consortium.” A modified Delphi process was con-
ducted to select mechanisms that can contribute to AF. Biomolecules
reflecting these disease processes were then selected via a modified three-
stage Delphi process integrating a literature review and expert consensus
within the partners of the CATCH ME consortium. Details of the process
have been published.'® The biomolecules included secreted biomolecules
that can be quantified in peripheral blood reflecting cardiomyocyte loss
(troponin), atrial stretch [N-terminal pro-B-type natriuretic peptide
(NT-proBNP)], inflammation (C-reactive protein, interleukin 6), fibrosis
(fibroblast growth factor 23), atrial metabolic dysfunction [bone morpho-
genetic protein 10 (BMP10), insulin-dependent growth factor—binding
protein 7, and fatty acid—binding protein 3], cellular aging and proliferation
(CA-125, GDF-15), and endothelial shear stress [angiopoietin 2
(ANGPT?2), endothelial surface molecule 1].

Biomolecule quantification

After informed consent, blood samples were collected at the baseline visit and
during the final in-person follow-up 3 months after ablation. ECG monitoring
for recurrent AF was done during the entire follow-up time using ECG and
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Table 1 Clinical characteristics of the cohort, stratified by rhythm outcome

All patients n =433 No recurrence n =313 Recurrence n =120 P-value

Clinical characteristics

Sex (males), n (%) 290 (67.0%) 215 (68.7%) 75 (62.5%) 0.220
Age (years), median (Q1, Q3) 64 (58, 70) 64 (57,70) 65 (60, 70) 0.134
Height (cm), mean (SD) 175.07 (9.705) 175.05 (9.709) 175.11 (9.734) 0.956
Body mass index (mg/kg?), median (Q1, Q3) 28 (25, 31) 28 (25, 31) 29 (25, 32) 0.065
Heart rate (b.p.m.), median (Q1, Q3) 61 (53, 75) 60 (53, 70) 63 (52, 82) 0.210
Systolic blood pressure (mmHg), median (Q1, Q3) 138 (125, 150) 138 (125, 151) 137 (125, 150) 0.726
Diastolic blood pressure (mmHg), median (Q1, Q3) 81 (75, 90) 80 (75, 90) 84 (75, 92) 0.732
CHA,D,-VASc score, median (Q1, Q3) 2(1,3) 2(1,3) 32,3 <0.001
CHA;D,-VASc score, n (%) 0.010

1 112 (25.9%) 91 (29.1%) 21 (17.5%)

2 145 (33.5%) 112 (35.8%) 33 (27.5%)

3 109 (25.2%) 70 (22.4%) 39 (32.5%)

4 51 (11.8%) 30 (9.6%) 21 (17.5%)

5 10 (2.3%) 7 (2.2%) 3(2.5%)

6 4 (0.9%) 2 (0.6%) 2 (1.7%)

7 1(0.2%) 0 (0.0%) 1(0.8%)

8 1(0.2%) 1(0.3%) 0 (0.0%)
Randomization, n (%) 0.976

Apixaban (1) 216 (49.9%) 156 (49.8%) 60 (50.0%)

VKA (2) 217 (50.1%) 157 (50.2%) 60 (50.0%)

Medical history, n (%)

Hypertension 392 (90.5%) 283 (90.4%) 109 (90.8%) 0.894
Diabetes mellitus 47 (10.9%) 29 (9.3%) 18 (15.0%) 0.086
Chronic obstructive lung disease 22 (5.1%) 18 (5.8%) 4 (3.3%) 0.305
Prior stroke or TIA 32 (7.4%) 19 (6.1%) 13 (10.8%) 0.090
Clinical history of major bleeding 8 (1.8%) 4 (1.3%) 4 (3.3%) 0.155
History of coronary artery disease

Myocardial infarction 17 (3.9%) 10 (3.2%) 7 (5.8%) 0.206

Percutaneous coronary intervention 30 (6.9%) 17 (5.4%) 13 (10.8%) 0.048

Coronary artery bypass graft surgery 7 (1.6%) 7 (2.2%) 0 (0.0%) 0.099
Symptomatic heart failure (NYHA [I-1V) 88 (20.3%) 59 (18.8%) 29 (24.2%) 0.218

NYHA | 34 (7.9%) 23 (7.3%) 11 (9.2%)

NYHA I 76 (17.6%) 54 (17.3%) 22 (18.3%)

NYHA I 12 (2.8%) 5 (1.6%) 7 (5.8%)

NYHA IV — - -
Valvular heart disease 50 (11.5%) 37 (11.8%) 13 (10.8%) 0.773

AF-related symptoms and ablation parameters, n (%)

AF pattern 0.095

Paroxysmal 269 (62.1%) 202 (64.5%) 67 (55.8%)

Persistent or long-standing persistent 164 (37.9%) 111 (35.5%) 53 (44.2%)
Modified EHRA scale 0.880

mEHRA | 34 (7.9%) 24 (7.7%) 10 (8.3%)

mEHRA lla 118 (27.3%) 89 (28.4%) 29 (24.2%)

mEHRA lIb 140 (32.3%) 101 (32.3%) 39 (32.5%)

mEHRA lI 130 (30.0%) 92 (29.4%) 38 (31.7%)

mEHRA IV 11 (2.5%) 7 (2.2%) 4 (3.3%)

Continued
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Table 1 Continued

All patients n =433 No recurrence n =313 Recurrence n =120 P-value
Ablation type 0.513
PVI 398 (91.9%) 285 (91.1%) 113 (94.2%)
PVI+ other 1(0.2%) 1(0.3%) 0 (0.0%)
Other 34 (7.9%) 27 (8.6%) 7 (5.8%)
Ablation energy 0.243
Radiofrequency 266 (61.4%) 189 (60.4%) 77 (64.2%)
Cryoablation 134 (30.9%) 96 (30.7%) 38 (31.7%)
Other 33 (7.6%) 28 (8.9%) 5(4.2%)
Cardioversion during ablation <0.001
0 301 (69.5%) 238 (76.0%) 63 (52.5%)
1 104 (24.0%) 66 (21.1%) 38 (31.7%)
2 19 (4.4%) 9 (2.9%) 10 (8.3%)
3 4 (0.9%) 0 (0.0%) 4 (3.3%)
4 5 (1.2%) 0 (0.0%) 5(4.2%)
Biomarkers (pre-ablation), median (Q1, Q3)
ANGPT2 (ng/mL) 2.166 (1.700, 2.988) 2.039 (1.658, 2.779) 2.456 (1.824, 3.550) <0.001
BMP10 (ng/mL) 2.053 (1.804, 2.367) 2.031 (1.769, 2.301) 2.146 (1.900, 2.434) 0.013
CA125 (per 10 U/mL) 11.450 (8.255, 16.240) 11.330 (8.070, 15.700) 11.645 (8.625, 16.760) 0.138
hsCRP (mg/L) 1.640 (0.660, 3.235) 1.540 (0.620, 3.100) 1.985 (1.045, 3.410) 0.030
ESM1 (ng/mL) 1.864 (1.507, 2.213) 1.857 (1.494, 2.151) 1.871 (1.554, 2.268) 0.395
FGF23 (per 100 pg/mL) 153.830(123.550,200.380)  149.040 (120.580, 193.180)  169.610 (134.065, 231.225) 0.003
FABP3 (per 10 ng/mL) 28.943 (23.956, 34.889) 28490 (22.953, 34.163) 30.035 (25.595, 35.963) 0.028
GDF15 (per 100 pg/mL) 1079.000 (793.400, 1060.000 (761.200, 1161.500 (860.45, 0.042
1503.00) 1477.000) 1514.000)
IGFBP7 (ng/mL) 96.646 (86.938, 107.830) 96.427 (86.531, 106.780) 97.834 (87.912, 112.460) 0.121
IL6 (pg/mL) 1.660 (1.500, 2.800) 1.550 (1.500, 2.710) 1.825 (1.500, 3.320) 0.120
NT-proBNP (pg/mL) 219.00 (85.730, 574.100) 168.00 (72.765, 361.450) ~ 458.200 (150.800, 770.725)  <0.001
hsTnT (per 100 pg/mL) 8.840 (6.495, 11.930) 8.750 (6.360, 11.850) 9.515 (6.852, 12.587) 0.113
Biomarkers (post-ablation), median (Q1, Q3)
ANG2 (ng/mL) 1.830 (1.460, 2.300) 1.720 (1.430, 2.180) 2.100 (1.580, 3.063) <0.001
BMP10 (ng/mL) 1.990 (1.760, 2.260) 1.940 (1.740, 2.180) 2.130 (1.903, 2.418) <0.001
CA125 (U/mL) 11.840 (8.420, 16.575) 11.620 (8.315, 16.510) 12.050 (8.970, 17.120) 0.285
hsCRP (mg/L) 1.540 (0.675, 2.950) 1.480 (0.610, 3.050) 1.615 (0.890, 2.580) 0.339
ESM1 (ng/mL) 1.830 (1.525, 2.230) 1.790 (1.500, 2.205) 1.915 (1.610, 2.358) 0.063
FGF23 (pg/mL) 150.930 (123.145,189.160)  145.350 (120.510, 178.600)  163.730 (132.820, 227.870) 0.001
FABP3 (ng/mL) 29.110 (24.615, 35.195) 28.920 (23.915, 35.195) 29.225 (25.875, 35.328) 0.130
GDF15 (pg/mL) 1080.000 (782.400, 1041.000 (725.950, 1161.500 (864.075, 0.009
1500.500) 1442.500) 1661.500)
IGFBP7 (ng/mL) 95.490 (86.730, 108.790) 94.730 (86.430, 106.485) 96.260 (87.868, 113.578) 0.026
IL6 (pg/mL) 1.610 (1.500, 2.675) 1.600 (1.500, 2.720) 1.625 (1.500, 2.560) 0.779
NT-proBNP (pg/mL) 124.800 (67.340, 268.675)  105.200 (60.150, 209.800)  233.200 (108.025, 599.325)  <0.001
TnT (pg/mL) 8.690 (6.330, 11.685) 8.530 (6.075, 11.470) 9.530 (7.450, 12.693) 0.008

Categorical variables are reported as n (%), and continuous variables are reported as mean (standard deviation) or median (quartile 1, quartile 3) for skewed distributions. The independent
t-test (or Mann—Whitney U test for skewed distributions) and XZ tests were used to compare characteristics between patients. Italicized clinical characteristics were included in the
multivariate analysis for predictors of recurrent AF.

ANGPT?2, angiopoietin 2; BMI, body mass index; BMP10, bone morphogenetic protein 10; CA125, cancer antigen 125; ECV, electrical cardioversion; ESM1, endothelial cell-specific
molecule 1; FABP3, fatty acid—binding protein 3; FGF23, fibroblast growth factor 23; GDF15, growth differentiation factor 15; hsCRP, high-sensitivity C-reactive protein; IGFBP7,
insulin-like growth factor-binding protein 7; ILé, interleukin 6; NT-proBNP, N-terminal pro-B-type natriuretic peptide; hsTnT, high-sensitivity cardiac troponin T; TIA, transient
ischaemic attack.
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Figure 2 ANGPT2, BMP10, and NT-proBNP predict recurrent AF. These three biomarkers were significantly predictive of AF post-ablation after
adjustment for randomized treatment and 11 clinical parameters (age, sex, BMI, hypertension, diabetes, chronic obstructive pulmonary disorder, stroke,
heart failure, ablation type, ablation energy, and cardioversion during ablation). Unadjusted FGF23 was also predictive of recurrent AF; however, this
effect was not present after adjustment. Hazard ratios and corresponding 95% confidence intervals calculated with rank normalized Blom transformed
biomarkers using Cox regression. AF, atrial fibrillation; ANGPT?2, angiopoietin 2; BMP10, bone morphogenetic protein 10; CA125, cancer antigen 125;
ESM1, endothelial cell-specific molecule 1; FABP3, fatty acid—binding protein 3; FGF23, fibroblast growth factor 23; GDF15, growth differentiation
factor 15; hsCRP, high-sensitivity C-reactive protein; hsTnT, high-sensitivity cardiac troponin T; IGFBP7, insulin-like growth factor-binding protein

7; 1L6, interleukin 6; NT-proBNP, N-terminal pro-B-type natriuretic peptide.

completed using a Holter ECG recorded at the same visit as the follow-up
blood sample. Blood samples were shipped from the sites using courier ser-
vices at ambient temperature. Courier services were available 7 days a
week, and transport time from the site to the central biosample storage facility
at the University Heart and Vascular Center Hamburg was around 2 days.
Upon arrival at the central facility, all samples were spun, frozen, fractionated,
and stored at —80°C. Biomolecule concentrations were centrally quantified in
EDTA plasma. Commercially available immunoassays were used to quantify
six proteins: CA125, GDF-15, IL-6, NT-proBNP, troponin T, C-reactive pro-
tein, GDF-15, IL-6, NT-proBNP Il, and high-sensitivity troponin T (cobas ¢ 501
for high-sensitivity C-reactive protein; cobas Elecsys® Roche Diagnostics,
Mannheim, Germany). Pre-commercial, high-throughput, high-precision
sandwich immunoassays developed using monoclonal antibodies were used
to quantify ANGPT2, BMP10, ESM1, FABP3, FGF23, and IGFBP7 (Roche
Diagnostics, Mannheim, Germany). Details of the method have been pub-
lished."? Run controls and calibrators were measured twice each run, and staff
involved were blinded to clinical status and outcomes.

Study outcomes

The primary outcome of this analysis was recurrent AF during follow-up
after ablation. Recurrent AF was detected using site reports of symptomatic
and clinical recurrences, ECGs recorded at each in-person visit, and a 24-h
ECG recorded at the 3-month visit. As a secondary outcome, the change in
biomarker concentrations at follow-up was also evaluated, again split be-
tween patients with and without recurrent AF.

Statistical analysis

Descriptive statistics for continuous variables were summarized as means
(standard deviations), medians (25th, 75th percentiles), or counts (percen-
tages). Continuous variables were compared using Student’s t-test
or Mann—Whitney U test after checking for normality using the
Kolmogorov—Smirnov test. Categorical variables were compared using
Pearson’s y° test. Corrections for multiple testing were not applied.
Blood biomolecule concentrations were analysed as original values in
univariate analyses. For multivariate analyses, concentrations were rank
normalized by Blom transform and included as continuous parameters.
Associations between biomolecule concentrations and outcomes were
computed for each biomolecule on its own. Multivariate models were con-
structed including all biomolecules and all biomolecules together with clin-
ical characteristics. Clinical features associated with recurrent AF were
extracted from a recent meta-analysis on this topic.® We also assessed
how well the CHA,DS,-VASc score at baseline was predictive of the out-
comes of interest. Furthermore, we compared concentrations of the bio-
molecules quantified at the end of follow-up between patients with and
without recurrent AF to detect AF-related changes. As the intervention
did not affect other clinical conditions, changes between baseline and
follow-up concentrations were attributed to the AF ablation. To assess
whether these changes were related to recurrent AF, changes in biomol-
ecule concentrations were compared between patients with and without
recurrent AF. To characterize pre- and post-ablation concentration
changes, Spearman’s rank correlation and the paired t-test or the
Wilcoxon signed-rank test was used. Change values (pre-ablation values
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BMP10 |0.187* |[0.745* |0.048 0.059 0.228** |0.123* |0.176** |0.221** |0.313** |0.074 0.357** |0.166**
CA125 |0.004 0.123* |0.866** [0.02 0.019 0.051 0.170** |0.059 0.21** |0.008 0.039 0.096*
hsCRP [0.181* |0.133* [0.139* [0.679** |-0.051 |0.209** [0.236** |0.232** (0.176** |0.260** |0.210** [0.169**
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IL6 0.152* 0.070 0.122* |0.296** (0.076 0.204* [0.162* [0.237** |0.208** |[0.530** [0.177* |0.249**
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Figure 3 Stability of biomolecule concentrations over time. Pre-ablation biomarker concentrations were highly correlated to concentrations of the
same biomolecules quantified 3 months after AF ablation, although to varying degrees (A, B), demonstrating the dynamic nature of biomarker measure-
ments post-procedure. Correlations were calculated using original biomarker values with Spearman’s rank correlation. Colour coding (A): Blue indicates
positive correlations, pink inverse correlations. Darker shades indicate stronger correlations, lighter shades indicated weaker correlations. ANGPT?2, an-
giopoietin 2; BMP10, bone morphogenetic protein 10; CA125, cancer antigen 125; ESM1, endothelial cell-specific molecule 1; FABP3, fatty acid—binding
protein 3; FGF23, fibroblast growth factor 23; GDF15, growth differentiation factor 15; hsCRP, high-sensitivity C-reactive protein; hsTnT, high-sensitivity
cardiac troponin T; IGFBP7, insulin-like growth factor—binding protein 7; IL6, interleukin 6; NT-proBNP, N-terminal pro-B-type natriuretic peptide.

subtracted from post-ablation) were calculated, and differences were de-
termined using one-sample t-tests (difference from 0).

All analyses were completed using IBM SPSS (version 25 and higher, IBM
Corporation, USA).

Results

Patient characteristics

Of the 633 patients undergoing a first AF ablation in AXAFA-
AFNETS5,"" blood samples were available and analysable in 433

patients (Figure 7). The characteristics of these patients were simi-
lar to the overall cohort (see Supplementary material online,
Table S7). In brief, the median age was 64 years [interquartile
range (58, 70)], 120 (33%) were female, median BMI was 28
(25, 31), and average CHA,;DS,-VASc score was 2 [median 2
(1, 3)]. Concentrations of all biomolecules were quantified in all
patients. Recurrent AF was detected in 120/433 patients (28%)
after AF ablation (Table 1). Clinical factors associated with recur-
rent AF were few and included a higher CHA,DS,-VASc score,
presence of AF at the baseline visit, and intraprocedural cardiover-
sion (Table 7).
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Table 2 Changes in biomarker concentrations pre- and 3 months
post-ablation

Biomarker Difference, median P-value
[Q1, Q3] (Wilcoxon
signed rank)
ANGPT2 —0.236 [-0.701, 0.025] <0.001
(ng/mL)
BMP10 (ng/mL) —0.065 [-0.265, 0.123] <0.001
CA125 (U/L) 0.000 [—1.240, 1.220] 0.797
hsCRP (mg/L) —0.060 [—0.735, 0.500] 0.078
ESM1 (ng/mL) 0.041 [-0.207, 0.221] 0.488
FABP3 (ng/mL) 0.639 [—2.885, 4.513] 0.003
FGF23 (pg/mL) 1.200 [—28.045, 24.825] 0.801
GDF15 (pg/mL) —1.900 [—125.500, 105.950] 0.703
IGFBP7 (ng/mL) 0.390 [-5.937, 6.252] 0.970
IL6 (pg/mL) 0.000 [-0.375, 0.335] 0.790
NT-proBNP —28.890 [-230.775, 22.550] <0.001
(pg/mL)
hsTnT (pg/mL) —0.130 [-1.410, 1.180] 0.205

Negative values denote a reduction from baseline to follow-up whereas positive values
denote an increase. Eight biomarker levels remained relatively unchanged whereas
ANGPT2, BMP10, NT-proBNP, and FABP3 changed significantly at follow-up.
ANGPT2, BMP10, and NT-proBNP decreased whereas there was an increase in
FABP3. Bold values indicate significant changes to baseline.

ANGPT?2, angiopoietin 2; BMP10, bone morphogenetic protein 10; CA125, cancer
antigen 125; ESM1, endothelial cell-specific molecule 1; FGF23, fibroblast growth
factor 23; FABP3, fatty acid-binding protein 3; GDF15, growth differentiation factor
15; hsCRP, high-sensitivity C-reactive protein; hsTnT, high-sensitivity cardiac
troponin T; IGFBP7, insulin-like growth factor-binding protein 7; ILé, interleukin 6;
NT-proBNP, N-terminal pro-B-type natriuretic peptide.

Three biomolecules reflecting different
disease processes are associated with
recurrent atrial fibrillation after a first

atrial fibrillation ablation

Concentrations of ANGPT2, BMP10, hsCRP, FGF23, FABP3, GDF15,
and NT-proBNP were elevated in patients with recurrent AF
(Table 1). As expected from a prior meta-analysis,® clinical risk scores
such as the CHA,DS,-VASc score were predictive of recurrent AF
[CHA,DS,-VASc score hazard ratio (HR) 1.288 (95% ClI 1.128,
1.472)]. After adjustment for 11 clinical features (age, sex, BMI, hyper-
tension, diabetes, coronary artery disease, chronic obstructive pulmon-
ary disease, stroke, heart failure, ablation type, and ablation energy,
highlighted in bold in Table 1) and randomized group, elevated
NT-proBNP {HR 1.584 [95% confidence intervals (Cls) 1.294,
1.938]}, ANGPT2 [HR 1.370 (95% Cl 1.121, 1.673)], and BMP10 [HR
1.241 (95% CI 1.020, 1.509)] remained significantly predictive of recur-
rent AF (Figure 2).

Changes in biomolecule concentrations by

rhythm outcome at follow-up

Pre- and post-ablation biomolecule concentrations were highly corre-
lated (Figure 3, each P<0.001, Spearman correlation coefficients
0.5-0.9). Concentrations of eight biomolecules remained unchanged
between baseline and follow-up, irrespective of recurrent AF status

(Table 2). The concentrations of ANGPT2, BMP10, and NT-proBNP
decreased at the follow-up visit compared to baseline, whereas
FABP3 increased. Changes in biomolecule concentrations were driven
by patients who were arrhythmia free without relevant changes in pa-
tients who had recurrent AF (Figure 4). Comorbidities and age, sum-
marised in the CHADSVASc score, only showed weak associations
with recurrent AF and with biomolecule concentrations (see
Supplementary material online, Figure S7). Our findings are summarized
in Figure 5.

Discussion
Main findings

This hypothesis-generating analysis of the plasma of over 400 patients
undergoing a first AF ablation in seven European countries and the
USA identified three circulating biomolecules that predict recurrent
AF after ablation: BMP10, ANGPT2, and NT-proBNP. Three of the
key disease processes associated with these biomolecules are
(Figure 5): disturbed atrial metabolism and proliferation (BMP10), endo-
thelial shear stress (ANGPT?2), and cardiac load (NT-proBNP). The
same biomolecules showed lower concentrations 3 months after suc-
cessful AF ablation, underpinning that their blood concentrations are
related to AF. These biomolecules predicted recurrent AF in context
with known clinical parameters that are associated with recurrent AF
after AF ablation.'® They also highlight mechanisms contributing to
stroke and to periprocedural brain lesions in patients undergoing a first
AF ablation.""

NT-proBNP is an inactive polypeptide that is released by cardio-
myocytes in response to myocardial stretch. BNP and NT-proBNP
are used in clinical routine to rule out heart failure. NT-proBNP is
also an established biomarker for AF.'® Elevated concentrations of
NT-proBNP predict incident and prevalent AR recurrent AF
post-ablation,20 and recurrent AF after cardioversion.?' In addition,
midregional pro-ANP has been suggested as a biomarker for undiag-
nosed AF in patients with stroke.?> Our analysis confirms this associ-
ation and identifies two additional biomolecules associated with AF
after AF ablation.

ANGPT?2 is a growth factor belonging to the angiopoietin/Tie signal-
ling pathway, with roles in angiogenesis and vascular regression, increas-
ing permeability.”® One study in patients with cryptogenic stroke
suggested that elevated ANGPT2 concentrations are associated with
undiagnosed AF.** To our knowledge, this is the first time ANGPT2
has been demonstrated to be predictive of recurrent AF after ablation.
In patients with AF, ANGPT?2 and the ANGPT2-regulated VEGF were
elevated.” Changes in endothelial shear stress and lack of regular pul-
satile flow were postulated as contributing factors to atrial endothelial
injury, increasing ANGPT2 release in atrial endothelium and activating
coagulation in atria in AF. Our data suggest that ANGPT2 could also
regulate atrial cardiac cells. This calls for research into endothelial-myo-
cardial interactions in the atria. Restoration of pulsatile, regular blood
flow after successful AF ablation can reduce shear stress and endothe-
lial injury. These effects can explain reduced ANGPT2 concentrations
in patients without recurrent AF after ablation.

BMP10 is a polypeptide belonging to the TGF-f superfamily. BMP10
mutations have been associated with cardiovascular disease.?® While
BMP10 has an overarching role in cardiovascular development, it is se-
lectively secreted by atrial cardiomyocytes in the adult heart. Elevated
BMP10 blood concentrations were associated with reduced left atrial
PITX2 and with recurrent AF after ablation in another study.”” A similar
elevation was found in patients with recurrent AF after a cardiover-
sion.?’ Our results confirm the association of BMP10 and recurrent
AF. BMP10 is uniquely expressed and secreted by atrial cardiomyo-
cytes” and, therefore, is a promising atrial-specific circulating
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Figure 4 Reduced ANGPT2, BMP10, FABP3, and NT-proBNP concentrations during follow-up in patients who remain in sinus rhythm. In compari-
son with pre-ablation concentrations, ANGPT?2 (A), BMP10 (B), and NT-proBNP (C) decreased significantly whereas FABP3 (D) increased (all patients,
dark blue, left column). When stratified by rhythm outcome, the changes were only noted in the arrhythmia-free group (light blue, middle columns) but
not in patients who experienced recurrent episodes (red, rightmost columns). Change difference from 0 calculated using one-sample t-test. Absolute
biomolecule concentrations are given in Table 1. ANGPT2, angiopoietin 2; BMP10, bone morphogenetic protein 10; FABP3, fatty acid—binding protein 3;
NT-proBNP, N-terminal pro-B-type natriuretic peptide; Rec AF, recurrent atrial fibrillation.

biomolecule for AF, including in patients with heart failure.?” In view of
its association with stroke in anticoagulated patients with AF,*° reduced
BMP10 concentrations in patients without recurrent AF after ablation
could contribute to the outcome-reducing effect of early rhythm con-
trol therapy.">*'

Measuring multiple biomolecules in

patients with atrial fibrillation

Pending validation in other data sets, our findings demonstrate that a
combination of biomolecules can be used to identify patients at risk
of recurrent AF after a first AF ablation. Despite clear collinearity of
all biomolecule concentrations, the combination of ANGPT2,
BMP10, and NT-proBNP enabled prediction of recurrent AF. The
biomolecule combination identified here underpins that different
mechanisms contribute to recurrent AF after ablation in patients.
A similar biomolecule-based assessment for stroke and bleeding
risk was developed'® and is currently undergoing testing in a con-
trolled clinical trial (ABC-AF study, NCT03753490). Furthermore,

a combination of biomolecules can provide information that may en-
able development and testing of stratified, mechanism-oriented pre-
vention of recurrent AF after ablation in the future. Clearly,
independent validation of our findings is required. Our hypothesis-
generating data suggest that the mechanisms leading to secretion
of NT-proBNP, ANGPT2, and BMP10 are potential candidates for
treatable drivers of AF after ablation.

Change of biomolecule concentrations

after atrial fibrillation ablation

Generally, all biomolecules showed stable concentrations upon repeat
measurement after 3 months. This is expected as they reflect long-term
disease processes. The observed stability of biomolecule concentra-
tions found here (Figure 4) confirms reports from the ARISTOTLE
trial 22 Longer term changes were recently described in the ENGAGE
AF-TIMI 48 trial, which quantified changes in NT-proBNP, GDF15,
and hsTnT from baseline to 12 months.>> Unlike our analysis, neither
ENGAGE nor ARISTOTLE captured rhythm status during follow-up.
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Figure 5 Biomolecule-quantified mechanisms of recurrent AF after AF ablation. Our analysis of 12 biomolecules representing different disease pro-
cesses relevant for AF identify three disease processes associated with recurrent AF after a first AF ablation: altered endothelial shear stress (ANGPT?2,
orange), altered atrial metabolism (BMP10, blue), and increased cardiac load (NT-proBNP, green). These biomolecules can be used to identify patients
at high risk of recurrent AF and provide information on the vascular, atrial, and cardiac processes contributing to recurrent AF. They may also be useful
to develop stratified prevention and stratified rhythm control therapy for patients with AF. AF, atrial fibrillation; ANGPT?2, Angiopoietin 2; BMP10 bone
morphogenetic protein 10; NT-proBNP N_terminal pro-brain natriuretic peptide; HR Hazard Ratio.

Our hypothesis-generating results suggest that the disease processes
leading to the release of ANGPT2, BMP10, and NT-proBNP are modi-
fied by successful rhythm control therapy as evident in the decrease in
patients without recurrent AF while concentrations remained constant
in patients with recurrent AF. In view of the emerging role of arrhyth-
mia burden for outcomes in patients with AF,34'35 and the
outcome-reducing impact of attaining sinus rhythm through early
rhythm control therapy,1'2 rhythm-related changes could help to ex-
plain the outcome modification observed in ENGAGE*® and the
outcome-reducing effect of early rhythm control therapy." More
research is needed to characterize the potential outcome-mediating
effect of arrhythmia burden and the possible contribution of circulat-
ing, rhythm-dependent biomolecules. This can be studied in post hoc
analyses of biosamples collected in interventional trials with rhythm
outcomes that may have effects on AF, e.g. SGLT-2 or RAAS inhibi-
tors, and in prospective studies integrating rhythm outcomes and bio-
samples. Interestingly, a similar biomolecule signature is also found in
patients with prevalent AF,3® suggesting that similar changes are found
outside of the ablation setting.

Conclusions

Using quantification of 12 biomolecules selected to estimate the activity
of different disease processes relevant for recurrent AF after ablation,
this hypothesis-generating analysis identified ANGPT2 reflecting al-
tered endothelial shear stress, BMP10 reflecting defective atrial cardio-
myocyte metabolism and proliferation, and NT-proBNP reflecting
increased cardiac load as quantifiable proxies predicting recurrent AF

after a first AF ablation. Furthermore, the concentrations of these bio-
molecules decreased after successful AF ablation, suggesting a connec-
tion of their concentrations with the arrhythmia. Pending validation,
these circulating biomolecules provide quantifiable proxies for mechan-
isms that can be targeted to improve prevention of recurrent AF after
ablation.

Strengths and limitations

Strengths of the data are inclusion of an international cohort of patients
undergoing a first AF ablation, central quantification of biomolecule
concentrations using high-precision, high-throughput assays, and
rhythm follow-up in the context of a clinical trial. Our multicentre
data set provides a robust reference for concentration ranges and AF
ablation—induced changes 3 months after a first AF ablation that can
be used for comparison and calibration. While the a priori selection
of 12 biomolecules relevant for AF guided by a semi-formalized expert
consensus process can be seen as a strength,10 this analysis is also lim-
ited to the biomolecules quantified. There are several other limitations:
One, the genetic predisposition to AF,>” an independent contributor to
recurrent AF, and biomolecules related to coagulation (affected by the
randomized treatment in the trial, but not by recurrent AF38) were not
considered in this analysis. Two, the shipment of blood samples to the
central biosample facility at room temperature may have affected con-
centrations of selected biomolecules, introducing imprecision in the
measurements. On the other hand, this is a practical strength as the bio-
molecules identified here can be quantified after ambient temperature
courier shipment. Three, two of the three biomolecules identified in
our study (ANGPT2 and BMP10) can so far only be measured in
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research contexts. More research is needed to establish their clinical
utility. Four, while left atrial size, a decent surrogate for atrial structural
remodelling, was included in this analysis, we did not have access to
other echocardiographic parameters, MRl imaging, or intracardiac map-
ping. Further studies are warranted to determine whether the biomo-
lecules identified here are associated with altered cardiac structure and
function as seen on imaging and on atrial electrical function as measured
using mapping. The biomolecules proposed here provide a quantitative
tool to evaluate such associations. Five, our hypothesis-generating data
call for independent validation in other data sets. Six, the AXAFA-
AFNETS5 data set captured clinical recurrences of AF combined with
systematic ECG and Holter ECG monitoring, but did not employ con-
tinuous monitoring. This will have reduced the number of patients with
recurrent AF, but is unlikely to affect the main findings of the analysis.>”
Seven, follow-up for recurrent AF was limited to 120 days after AF ab-
lation. Further studies are warranted to assess the association of bio-
molecule concentrations with later recurrences of AF after ablation.
Eight, small effects of biomolecules on recurrent AF cannot be excluded
from this analysis. Nine this analysis is limited to the selected biomole-
cules. Other biomolecules may further aid in predicting recurrent AF
after ablation. Ten, we did not correct for multiple testing and there
is a possibility of false-positive findings. The internal consistency of
our hypothesis-generating results renders them plausible in our view.
Eleven, these findings call for validation in independent cohorts with
available biosamples and rhythm information. Twelve, kidney function
as estimated by creatinine concentrations was normal in the majority
of the patients studied here (mean estimated creatinine clearance 78
+ 19 mL/min at baseline, no change during follow-up). It is furthermore
not a clear predictor for recurrent AF.® Creatinine was therefore not
included in the models. Results may differ in patients with chronic kid-
ney disease.

Clinical perspectives

Competency in medical knowledge

Translational research identified multiple mechanisms that can lead to
AF. Their relative contribution to recurrent AF in patients undergoing
AF ablation is not well understood. This study quantified multiple circu-
lating biomolecules related to different cardiovascular disease pro-
cesses. Three biomolecules reflecting disturbed cardiomyocyte
metabolism and growth (BMP10), altered endothelial shear stress
(ANGPT?2), and increased atrial and ventricular load (NT-proBNP)
were associated with recurrent AF after a first AF ablation. External val-
idation of these hypothesis-generating findings is needed.

Translational outlook

The biomolecules identified here can be used to quantify disease pro-
cesses contributing to recurrent AF using blood samples. This can be
applied to translate mechanistic knowledge into clinical research.
BMP10, ANGPT2, and NT-proBNP can be combined to identify pa-
tients at highest risk for recurrent AF after AF ablation. Following exter-
nal validation, the disease processes reflected by these biomolecules,
disturbed cardiomyocyte metabolism and growth, endothelial shear
stress, and increased atrial and ventricular load, provide promising
therapeutic targets to improve rhythm control in patients with AF.°

Supplementary material

Supplementary material is available at Europace online.
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