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ARTICLE INFO ABSTRACT

Keywords: Background: Circulating secretoneurin (SN) concentrations have been found to provide prognostic information in
Heart fa.ilure patients with acute heart failure. We wanted to assess whether SN would improve prognostication also in patients
P.ro‘o’m’S‘s with chronic heart failure (HF) in a large multicenter trial.

g‘l’;gf;]:’rs Methods: We measured plasma SN concentrations at randomization (n = 1224) and after 3 months (n = 1103) in
Secretoneurin patients with chronic, stable HF from the GISSI-HF study. The co-primary endpoints were (1) time to death or (2)

admission to hospital for cardiovascular reasons.

Results: Mean age was 67 years and 80% were male. Median (quartile 1-3) SN concentrations were 42.6
(35.0-62.8) pmol/L on randomization and 42.0 (34.5-53.1) pmol/L after 3 months, which are higher than SN
concentrations in healthy subjects. Higher SN concentrations at randomization were associated with lower body-
mass index (BMI), lower systolic blood pressure, lower estimated glomerular filtration rate (eGFR), higher B-type
natriuretic peptide (BNP) concentrations, and diagnosis of chronic obstructive pulmonary disease. During me-
dian follow-up of 3.9 years, 344 patients (27.0%) died. After adjusting for age, sex, left ventricular ejection
fraction, BMI, functional class, ischemic etiology, heart rate, blood pressure, eGFR, bilirubin, comorbidities, and
BNP concentrations, logarithmically transformed SN concentrations on randomization were associated with
mortality (HR 2.60 (95% CI 1.01-6.70), p = 0.047). SN concentrations were also associated with admission to
hospital for cardiovascular reasons, but the association was attenuated and no longer significant in multivariable
analysis.

Conclusion: Plasma SN concentrations provided incremental prognostic information to established risk indices
and biomarkers in a large cohort of chronic HF patients.

1. Introduction

Individual patients with chronic heart failure (HF) have very
different prognosis, also within subgroups classified according to etiol-
ogy and left ventricular ejection fraction (LVEF) [1]. Circulating protein
biomarkers have the potential to identify vulnerable patients that could
benefit from special follow-up and uptitration of guideline-directed
medical therapy [2]. As B-type natriuretic peptide (BNP)-guided ther-
apy has not demonstrated clear benefit over symptom-based manage-
ment in major randomized-controlled trial [3], there is a need to identify

additional prognostic biomarkers. Hence, biomarkers that provide in-
cremental prognostic information to BNP, and preferably across the
spectrum of LVEF, may prove important for future personalized man-
agement strategies in HF patients.

Secretoneurin (SN) is a 33-amino acid peptide belonging to the
chromogranin-secretogranin protein family [4]. Myocardial SN pro-
duction increases during HF development, and circulating SN concen-
trations are higher in HF patients compared to healthy subjects [5,6].
Circulating SN concentrations also increase after strenuous physical
stress and in patients with impaired renal function [6-12]. Linking SN
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directly to HF pathophysiology, SN has been found to inhibit Ca%*/
calmodulin-dependent protein kinase II6 (CaMKII8) activity in experi-
mental models [6,13], with CaMKII$ being an important kinase for HF
development and outcome [14]. Myocardial and circulating SN con-
centrations were also higher in individuals with catecholaminergic
polymorphic ventricular tachycardia (CPVT) compared to age- and
gender-match healthy controls [13]. As patients with CPVT have dia-
stolic Ca%" leak in cardiomyocytes but no other myocardial structural
dysfunction [15], this result supports a model of SN production and
concentrations linked to dysfunctional cardiomyocyte Ca?* regulation.
Hence, circulating SN concentrations seem to integrate information on
renal function, systemic stress, and myocardial dysfunction, which are
all important factors for clinical outcome in HF patients. In line with this
model, we and other groups have demonstrated additional prognostic
information to established risk indices and BNP from circulating SN
concentrations in a number of cohorts with myocardial dysfunction
[6,8-12]. The correlation between circulating SN and BNP concentra-
tions is also only moderate [6,8-10,12,13], which supports SN as a
biomarker that provides information on pathophysiology not covered by
BNP. Still, no information is currently available on the role of SN as a
prognostic biomarker in patients with chronic HF. Accordingly, in this
biomarker substudy of the large, multicenter GISSI-HF trial, we hy-
pothesized that plasma SN concentrations would improve risk assess-
ment over established risk indices in patients with stable, chronic HF.

2. Methods
2.1. Study design

The GISSI-HF trial included 6975 patients with clinical evidence of
chronic and stable HF (New York Heart Association functional class II-
IV), of any etiology and level of LVEF, in a randomized, double-blind,
placebo-controlled, multicenter study [16-18]. The main research
questions for the GISSI-HF trial were whether rosuvastatin or n-3 poly-
unsaturated fatty acids (PUFA) would provide benefit on top of con-
ventional HF treatment in patients with moderate to severe HF. The
GISSI-HF trial used two randomizations in sequence: first randomiza-
tion to n-3 PUFA/placebo, and thereafter randomization to rosuvasta-
tin/placebo. Patients already taking a statin or having contraindications
to statin therapy were not randomized to rosuvastatin/placebo. The co-
primary outcome measures of GISSI-HF were (1) time to death or (2)
admission to hospital for cardiovascular reasons during follow-up. We
have previously reported the protocol and the main results of GISSI-HF
where the addition of n-3 PUFA to conventional HF therapy provided a
small beneficial effect on both primary outcome measures, while we
found no significant effects for rosuvastatin [17,18].

The GISSI-HF trial had a prospectively planned biomarker substudy.
In the biomarker substudy, we collected blood samples at randomization
and after three months in a subset of 1233 patients from 51 centers of the
main GISSI-HF trial. For the study on SN, we had blood samples avail-
able from 1224 patients at randomization and 1103 patients after 3
months. The endpoints of the biomarker substudy are the same as the
endpoints of the main GISSI-HF trial.

The Local Ethics Committee approved the GISSI-HF trial and we
obtained informed and signed consent from all participants prior to
study commencement. The data are stored at the CREACTIVE Coordi-
nating Center (Mario Negri Institute, Milano, Italy). Data are available
upon justified request to the CREACTIVE study Steering Committee.

2.2. Blood sampling procedures

We collected blood samples by venipuncture of an antecubital vein
after patients had rested for minimum 15 min in a supine position. We
used tubes containing EDTA as anticoagulant and all blood samples were
centrifuged at 4 °C within 10 min. All participating centers shipped
plasma aliquots on dry ice to a central laboratory where samples were
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stored at —70 °C until used for biomarker studies.
2.3. Determination of biomarker concentrations

Plasma SN concentrations were measured by a commercially avail-
able CE-marked ELISA assay (CardiNor AS, Oslo, Norway) as previously
described [19,20]. The SN ELISA assay has range 10-250 pmol/L and
intra-assay and inter-assay coefficients of variation of <5% and <7%,
respectively. We used an immunometric method to measure BNP (IRMA,
Shionogi, Osaka, Japan) [21]. All plasma biomarkers were assayed in
blinded fashion and as a single batch. We calculated estimated
glomerular filtration rate (eGFR) with the simplified MDRD equation
[22]. We report methodology for studies on long-term storage and SN
concentrations in the Supplementary material.

2.4. Statistical methods

We present categorical variables as proportions and continuous
variables as mean (+standard deviation [SD]) or median (quartile [Q]
1-3). The associations between SN tertiles and baseline variables were
investigated with the Chi-square test for categorical variables, by anal-
ysis of variance for normally distributed continuous variables, and by
the non-parametric Kruskal-Wallis test for non-normally distributed
continuous data.

We used the Spearman rank method to assess correlations between
SN concentrations and continuous variables. To assess the independent
determinants of elevated baseline concentration of SN (continuous
variable), we used a multivariable linear regression model with baseline
patient characteristics. For all variables, we first created a univariate
model, and only variables significant at the univariate level were
included in the multivariate model. Due to a right-skewed distributions
of SN (Fig. 1) and BNP concentrations, we log-transformed SN and BNP
prior to regression analyses.

The prognostic value of SN was examined by stratifying SN into
tertiles and by using the log-rank test. We also calculated univariate and
multivariable Cox proportional hazard regression models with SN con-
centrations at randomization. We provide 95% confidence intervals for
all hazard ratios (HR). In multivariable analysis, we first adjusted for age
and sex (model #1). In a second, comprehensive model, we adjusted for
age, sex, LVEF, body-mass index (BMI), New York Heart Association
(NYHA) functional class, ischemic etiology for HF, heart rate, systolic
blood pressure, bilirubin, eGFR, diabetes mellitus, atrial fibrillation, and
diagnosis of chronic obstructive pulmonary disease (COPD). Finally, in
model #3 we adjusted for all of the variables included in model #2 plus
BNP concentrations.

We tested the effect of study drugs (n-3 PUFA vs. placebo or rosu-
vastatin vs. placebo) on 3-month changes of SN concentrations with
ANCOVA, after adjusting for baseline SN concentrations.

We performed statistics with SPSS software version 27.0 (IBM Corp.,
Armonk, N.Y. USA). All P-values are two-tailed and considered signifi-
cant if <0.05. HR and TO drafted the statistical analysis plan and all
statistical analyses were performed by JM under the supervision of RL at
the Istituto di Ricerche Farmacologiche Mario Negri, Milan, Italy.

3. Results
3.1. Baseline characteristics

Median SN concentration at randomization in the 1224 patients
enrolled in this biomarker substudy was 42.6 (35.0-62.8) pmol/L and
median BNP concentration was 141 (61-292) ng/L. We present SN
distribution at randomization in Fig. 1 and patient characteristics
stratified by SN concentrations in Table 1. Patients with high SN con-
centrations were older, a higher proportion were female, they had lower
BMI and higher NYHA functional class, and more patients with high SN
concentrations had ischemic etiology for HF compared to patients with
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Fig. 1. Distribution of SN concentrations measured at randomization in the GISSI-HF trial (n = 1224).
Table 1
Characteristics of the population stratified by baseline SN concentrations (pmol/L).
N Tertile 1 Tertile 2 Tertile 3 P
N = 415 N = 407 N = 402
SN: 5.0-37.4 SN: 37.5-48.6 SN: 48.7-273.8
Age mean + SD 63.1 £11.0 67.0 £ 10.4 70.6 + 9.6 <0.001
Males (%) 362 (87.2%) 306 (75.2%) 315 (78.4%) <0.001
LVEF mean + SD 33.9+ 9.4 33.2+9.9 32.6 + 9.5 0.152
BMI mean + SD 27.7 £ 4.9 26.5 + 4.0 26.3 + 4.4 <0.001
Ischemic etiology (%) 189 (45.5%) 199 (48.9%) 232 (57.7%) 0.002
NYHA class III-IV (%) 83 (20.0%) 109 (26.8%) 129 (32.1%) 0.002
Heart rate mean + SD 71.0 £ 12.6 69.8 +13.3 73.5+ 145 <0.001
Systolic blood pressure mean + SD 129 + 20 125+ 18 122 +17 <0.001
Diastolic blood pressure mean + SD 79 +£11 77 £ 10 74 +£11 <0.001
Serum sodium mean + SD 139 + 12 139 £ 10 139+ 8 0.766
eGFR (mL/min/1.73 m?) MDRD 81.0 £+ 20.6 70.4 £ 20.8 54.5 + 20.2 <0.001
Serum bilirubin mean + SD 0.82 £ 0.53 0.79 £ 0.52 0.79 £+ 0.62 0.660
Diabetes mellitus (%) 97 (23.4%) 97 (23.8%) 125 (31.1%) 0.019
Atrial fibrillation (%) 77 (18.6%) 65 (16.0%) 85 (21.1%) 0.167
COPD (%) 59 (14.2%) 73 (17.9%) 95 (23.6%) 0.002
ACEi or ARBs (%) 402 (96.9%) 392 (96.3%) 384 (95.5%) 0.597
Beta-blockers (%) 296 (71.3%) 281 (69.0%) 255 (63.4%) 0.046
Diuretics (%) 357 (86.0%) 369 (90.7%) 384 (95.5%) <0.001
Digoxin (%) 133 (32.0%) 142 (34.9%) 140 (34.8%) 0.617
Aldosterone antagonists (%) 153 (36.9%) 182 (44.7%) 195 (48.5%) 0.003
BNP, ng/L median [Q1-Q3] 108 [43-195] 149 [68-286] 196 [74-357] <0.001
HFrEF (LVEF < 40%) (%) 326 (78.6%) 335 (82.3%) 331 (82.3%) 0.447
HFmrEF (LVEF 40-49%) (%) 65 (15.7%) 47 (11.5%) 49 (12.2%)
HFpEF (LVEF > 50%) (%) 24 (5.8%) 25 (6.1%) 22 (5.5%)
All-cause mortality (%) 76 (18.3%) 96 (23.6%) 158 (39.3%) <0.001
All-cause mortality or CV hospitalizations (%) 241 (58.1%) 251 (61.7%) 291 (72.4%) <0.001
low SN concentrations. Patients with high SN concentrations also had was higher. The use of aldosterone antagonist and diuretics was higher
higher heart rate, lower blood pressure, worse renal function, higher and the use of p-blockers lower in patients with high SN concentrations.
BNP concentrations, and the prevalence of diabetes mellitus and COPD Patients with high SN concentrations on study randomization also had
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worse clinical outcome compared to patients with low SN concentra-
tions. Information on SN concentrations in selected subgroups is pre-
sented in Table 2. We found no significant difference in SN
concentrations between patients with LVEF >50% compared to patients
with LVEF <50%.

SN concentrations correlated with a large number of continuous
variables (Supplementary Table 1). We found especially strong corre-
lations between SN concentrations measured at randomization and after
3 months (rho = 0.66, p < 0.001) and between SN concentrations and
eGFR (rho = -0.53, p < 0.001). In contrast, the correlation between SN
and BNP was modest (tho = 0.22, p < 0.001) and the correlation coef-
ficient between SN and LVEF was rho = -0.08 (p = 0.008).

By univariate and multivariable linear regression analysis, we found
low BMI, low systolic blood pressure, low eGFR, high BNP concentra-
tions, and a prior diagnosis of COPD to be associated with increasing SN
concentrations at randomization (Supplementary Table 2 and Table 3).

SN concentrations in frozen plasma samples did not change during
24-month storage at —80 °C (Supplementary Table 3).

3.2. Baseline SN concentrations and clinical outcomes

During a median follow-up of 3.9 years (interquartile range 3.1-4.6
years), 330 patients (27%) died. SN plasma concentrations at random-
ization were strongly associated with time to death, as presented in
Fig. 2 (log-rank test: p < 0.001). SN concentrations were also associated
with mortality in Cox hazard regression analysis, including in a
comprehensive multivariable model that adjusted for clinical risk factors
and BNP concentrations (Table 4).

During follow-up, 783 patients (64%) were admitted to hospital for
cardiovascular reasons. SN concentrations at randomization were asso-
ciated with hospitalization for cardiovascular reasons (Supplementary
Table 4). This association was significant also after adjustment for age
and sex, but was attenuated and no longer significant in comprehensive
multivariable models.

Table 2
SN concentrations (pmol/L) in selected subgroups of patients.

Age p
<70 years, N = 707 >70 years, N = 517

SN Baseline 39.6 [33.6-48.6] 46.5 [38.0-57.5] <0.001
— 3 months 39.7 [32.6-49.4] 46.7 [38.5-57.3] <0.001
NYHA p
11, N=903 III or IV, N=321
SN Baseline 41.7 [34.4-51.5] 45.4 [37.1-55.8] <0.001
— 3 months 41.4 [34.1-50.9] 47.8 [36.6-60.8] <0.001
eGFR P
<60, N=450 60-89, N=561 >90, N=206
SN  Baseline 51.8 39.2 36.7 <0.001
[44.0-62.2] [33.4-47.3] [30.5-41.3]
3 51.0 39.6 35.7 <0.001
—  months [42.2-61.3] [33.0-47.6] [29.9-42.3]
BMI p
<25, N=434 25-29.9, >30, N=257
N=533
SN  Baseline 44.8 42.6 38.9 <0.001
[37.2-56.2] [35.0-51.7] [32.3-49.0]
3 45.3 41.7 39.5 <0.001
—  months [36.1-55.6] [34.6-51.3] [31.5-52.2]
LVEF P
<50%, N=1164 >50%, N=60
SN Baseline 42.5 [35.0-52.9] 45.0 [34.5-51.8] 0.888
— 3 months 42.1 [34.5-53.2] 39.9 [33.6-51.0] 0.286
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Table 3
Variables associated with increasing SN concentrations (continuous variable) in
multivariable linear regression analysis.

Variable B (SE) t P

BMI (+1 kg/m2) —0.003 (0.001) —3.482 0.001
Systolic blood pressure (+1 mmHg) —0.001 (0.0003) —-2.174 0.030
eGFR (+1 mL/min/1.73 m?) —0.003 (0.0002) —15.628 <0.001
COPD 0.020 (0.010) 2.061 0.039
BNP (logtransformed) 0.014(0.007) 2.127 0.034

0.14

Linear regression for log-transformed SN was adjusted for the following vari-
ables, which were all significantly associated with baseline SN concentrations in
univariate analyses: age, sex, BMI, ischemic etiology for HF, heart rate, systolic
and diastolic blood pressure, eGFR, COPD, Beta-blockers, diuretics, aldosterone
antagonists, and log-transformed BNP.

3.3. Effect of study drugs on SN concentrations at 3-month follow-up

Median SN concentrations were 42.0 (34.5-53.1) pmol/L after 3
months. The majority of patients had stable SN concentrations over
time, as reflected by rho = 0.66 (p < 0.001) for correlation between
baseline and 3 months SN concentrations (Supplementary Table 1).
Three-month changes in SN concentrations were not significantly
different in patients randomized to 1 g/day n-3 PUFA or 10 mg/d rosu-
vastatin compared to patients on placebo (Supplementary Table 5).

4. Discussion

In this substudy from a large, randomized-controlled clinical trial,
we report for the first time that SN measurements provide incremental
prognostic information to established risk indices and biomarkers in
patients with chronic HF. We found no differences in SN concentrations
between HF patients with LVEF above or below 50%, which supports SN
as a biomarker across HF subgroups.

Cardiologists have used biomarkers in clinical practice for many
years, but primarily to establish the correct diagnosis [2]. As B-type
natriuretic peptides are cardiac-specific, these peptides provide sensitive
and specific information related to cardiac function [2]. Hence, guide-
lines recommend B-type natriuretic peptide measurement in patients
with dyspnea and other symptoms suggestive of HF [1]. Studies have
also indicated a potential of B-type natriuretic peptides to guide therapy.
However, as a large multicenter randomized-controlled trial failed to
verify that B-type natriuretic peptide-guided therapy is superior to
conventional symptom-based management [3], there is a need for
additional studies related to biomarker-guided therapy in HF patients.
Pertinent to this point, large groups of HF patients do not receive
guideline-directed medical or device therapy [1]. Accordingly, B-type
natriuretic peptide-guided therapy should be further tested, and
possibly in combination with novel biomarkers that complement the B-
type natriuretic peptides. Ideally, such biomarkers should reflect addi-
tional pathophysiology to the B-type natriuretic peptides, have limited
physiological variability, and demonstrate utility across HF subtypes.

SN is a candidate biomarker in patients with myocardial dysfunction
that could prove useful as a complement to the B-type natriuretic pep-
tides [23]. In contrast to B-type natriuretic peptides, SN production in
the myocardium is not primarily linked to volume overload and LV
remodeling [6,11], but rather could be linked to dysfunctional car-
diomyocyte Ca?t handling [13]. Accordingly, the pathophysiology of
SN seems to differ from the mechanism that primary regulate B-type
natriuretic peptide production. We now strengthen a model of SN as
complementary to the B-type natriuretic peptides as we find SN mea-
surements to provide prognostic information on top of established risk
indices and BNP measurements. Of note, comparing SN concentrations
in our study with prior data from healthy subjects and low-risk patients
with chest pain [19,20], SN concentrations are not increased in all
chronic HF patients, but rather in a subgroup with worse prognosis.
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Fig. 2. Association between baseline secretoneurin (SN) concentrations by tertiles and all-cause mortality in patients with chronic heart failure.

Table 4
Univariate and multivariable Cox proportional hazard models for time to death
during follow-up.

Univariate
HR 95 %CI P
SN, randomization 15.45 7.84-30.42 <0.001
Multivariable
HR 95 %CI P
Model #1: 10.16 4.78-21.60 <0.001
SN, randomization
Model #2: 3.43 1.37-8.64 0.009
SN, randomization
Model #3: 2.60 1.011-6.70 0.047

SN, randomization

Model #1: adjusted for age and sex.

Model #2: adjusted for age, sex, LVEF, BMI, NYHA functional class, ischemic
etiology for HF, heart rate, systolic blood pressure, bilirubin, eGFR, diabetes
mellitus, atrial fibrillation, and diagnosis of COPD.

Model #3: adjusted for all variables in model #2 plus BNP concentrations.

Accordingly, although prior data found SN concentrations to stay high
during hospitalization for acute HF patients [6], our new data indicates
that only a subgroup of chronic HF patients have long-term elevated SN
concentrations. Additional studies are needed to establish the dynamics
of SN over time in HF patients, including whether single measurement or
serial measurements are most informative. Still, for a novel biomarker to
have clinical potential a number of criteria should been met [24]. First,
there is a need for a robust method to measure the biomarker. We
recently reported the development of a CE-marked SN ELISA test and
demonstrated favorable results for the SN ELISA compared to the
established, in-house SN RIA [19]. Using the SN ELISA, we have also
found low day-to-day variability in SN concentrations among healthy
subjects [20], which supports that SN has low noise-to-signal ratio as a

biomarker. Hence, the SN ELISA provides a valuable platform to further
validate and test SN, which seems to have potential as a new cardiac
biomarker [2,23].

A second criterion for novel biomarkers is that the biomarker pro-
vides consistent information across cohorts [24]. For prognostic bio-
markers, this would mean strong and incremental risk information to
established clinical risk indices and cardiac biomarkers. Pertinent to this
point; SN has been found to provide strong and consistent prognostic
information across several cohorts and studies, including patients with
acute HF, patients with ventricular arrhythmia-induced cardiac arrest,
patients with cardiovascular related-acute respiratory failure, patients
with aortic stenosis, and patients with sepsis-induced myocardial
dysfunction [6,8-12]. In these studies, circulating SN concentrations
added prognostic information to a number of clinical risk factors and
established biomarkers like the B-type natriuretic peptides. The present
study supports and extends prior studies by demonstrating incremental
prognostic information from SN in patients with chronic HF from a large
randomized-controlled multicenter trial. Of note, we have previously
reported that chromogranin A, which is another novel biomarker
candidate from the chromogranin-secretogranin protein family, did not
improve prognostication in the GISSI-HF trial [25].

The final criterion for novel biomarkers is whether information from
the biomarker will help physicians treat patients better [24]. Whether
SN can improve patient management needs to be tested in prospective
clinical trials. However, this and prior studies indicate that high SN
concentrations should alert the physician that the patient is high-risk for
adverse events in the near future. Accordingly, it is imperative that such
high-risk patients receive guideline-directed medical or device therapy,
and that pharmacological treatment is uptitrated to the maximum
tolerated dose [1]. Established HF therapy will also target pathophysi-
ology associated with high SN concentrations. SN is released from sys-
temic and peripheral nerve endings and linked to dysfunctional
cardiomyocyte Ca®* handling [4,6,13], which support the need for
p-blocker inhibition in HF patients with high SN concentrations. In
contrast, we found low p-blocker use and poor clinical outcome in HF
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patients with high SN concentrations in the GISSI-HF trial. Whether SN-
guided strategies can improve guideline adherence and clinical out-
comes in HF patients should be explored in new trials.

This study has some strengths and limitations. One strength is the
large population of patients with chronic HF that were enrolled into a
multicenter, randomized-controlled clinical trial. This ensures close
follow-up of the patients for the clinical endpoints. We also processed
samples uniformly and biomarkers were measured as a single batch and
in a single laboratory with personnel unaware of patient characteristics
or clinical events when performing the analysis. Limitations include lack
of detailed echocardiography, which precludes analysis into correlations
between SN concentrations and systolic and diastolic indices in this
cohort. The GISSI-HF trial was also conducted prior to the introduction
of the most recent HF medication, such as sacubitril-angiotensin and
sodium-glucose cotransport-2 inhibitors. Whether such novel HF ther-
apies affect SN concentrations and the prognostic utility of SN mea-
surements in HF patients should be examined in other cohorts. Samples
in the GISSI HF trial had been stored for several years at —70 °C and we
cannot exclude influence by storage on SN concentrations. Still, as we
demonstrate excellent stability for SN concentrations in frozen samples
stored up to 24 months, and as degradation is expected to affect our
results in a negative way, we believe degradation has not had major
impact on our results. Recruitment of patients from a large number of
centers should neither influence SN concentrations.

In conclusion, we find that SN concentrations measured at random-
ization in the large GISSI-HF trial provided incremental prognostic in-
formation to established risk indices and biomarkers in patients with
chronic HF. The role of SN as a possible novel clinical biomarker in HF
patients requires further studies, including more detailed information on
therapeutic implications of high SN concentrations.

Declaration of Competing Interest

The authors declare the following financial interests/personal re-
lationships which may be considered as potential competing interests:
HR and TO have intellectual property rights for the use of SN as a
biomarker in CVD, HR and TO have stocks in CardiNor AS, which holds
the patent for SN as a CV biomarker, and HR, AHO, and TO have
received consultant fees from CardiNor AS. HR has also received
consultant fee from SpinChip Diagnostics.

Acknowledgements

We would like to thank all participating centers in the GISSI-HF
biomarker substudy for patient recruitment and blood sampling. We
thank Arne L. Faaren, MSc, for SN measurements and data on SN sta-
bility for extended storage. We also acknowledge the generous support
by Stiftelsen Kristian Gerhard Jebsen (K.G. Jebsen Center for Cardiac
Biomarkers, grant number SKGJ-MED-024).

Sources of funding

This study was supported by the Norwegian Research Council and by
dedicated grants from the GISSI-HF consortium and from the Italian
Health Ministry (Ricerca Finalizzata, projects RF-FCG-2006-379933 and
PS-RIABILex56/05/10). Omland and Rosjo also have received funding
from Stiftelsen Kristian Gerhard Jebsen (K.G. Jebsen Center for Cardiac
Biomarkers, grant number SKGJ-MED-024).

The sponsors had no role in any of the following: design and conduct
of the study, collection, management, analysis and interpretation of the
data, or preparation, review and approval of the manuscript.

Appendix. Participating centers and investigators

Switzerland - Lugano (T Moccetti, MG Rossi, A Anesini). Italy - Pie-
monte Saluzzo (P Allemano, SG Reynaud), Torino, Martini (R Fenoil),

Clinical Biochemistry 118 (2023) 110595

Veruno (P Giannuzzi, A Mezzani, U Corra). Lombardia Bergamo (A
Gavazzi, A Grosu), Giussano (A Volpi, KN Jones), Menaggio (C Lissi),
Milano (FM Turazza, M Frigerio), Montescano (O Febo, F Olmetti),
Monza (A Ciro, A Vincenzi), Pavia, San Matteo (L Tavazzi, L Scelsi, C
Campana), Pavia, Salvatore Maugeri (C Opasich, A Gualco), Pieve di
Coriano (MA Iannone), Sondrio (G Cucchi). Veneto Belluno (G Catania, L
Tarantini), Bovolone (G Rigatelli, S Boni), Cittadella (R Carlon), Con-
egliano Veneto (A Sacchetta, L Borgese), Mirano (P Sarto, S Milan),
Portogruaro (D Milan), Rovigo (L Roncon, M Carraro), San Bonifacio (R
Rossi, E Carbonieri, A Valentini), Villafranca di Verona (G Brighetti).
Liguria Sarzana - Loc. S. Caterina (A Cantarelli). Emilia Romagna Ferrara
(R Ferrari, A Fucili), Loiano (A Bonfiglioli). Toscana Castelnuovo Gar-
fagnana (PR Mariani). Umbria Gubbio (S Martinelli, M Buccolieri),
Marche Ascoli Piceno (L Moretti, L Partemi, G Gregori). Lazio Marino (D
Testa), Roma, San Camillo (G Pulignano), Roma, San Filippo Neri (M
Santini, A Varveri), Roma, Santo Spirito (N Aspromonte). Molise Termoli
(D Staniscia, E Calgione). Campania Caserta (A Vetrano), Napoli, Fed-
erico II (P Perrone Filardi). Puglia Casarano (G Pettinati, S Ciricugno, MR
Gualtieri), San Giovanni Rotondo (M Villella). Basilicata Lagonegro (R
Lauletta, E Tagliamonte). Calabria Catanzaro (A Scozzafava, S Cassano),
Cosenza (G Misuraca, R Caporale), Mormanno (G Musca, C Carpino),
Sicilia Catania (G Leonardi), Erice (G Ledda), Messina (G Di Tano),
Palermo, Villa Sofia (V Cirrincione, N Sanfilippo), Palermo, Cervello (F
Enia, M Floresta). Sardegna Cagliari (M Porcu, P Orrl).

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.clinbiochem.2023.110595.

References

[1] T.A. McDonagh, M. Metra, M. Adamo et al. 2021 ESC Guidelines for the diagnosis
and treatment of acute and chronic heart failure. Eur. Heart J., 42 (2021) 3599-
3726.

[2] M.N. Lyngbakken, P.L. Myhre, H. Rgsjg, T. Omland, Novel biomarkers of
cardiovascular disease: Applications in clinical practice, Crit. Rev. Clin. Lab. Sci. 56
(1) (2019) 33-60.

[3] G.M. Felker, K.J. Anstrom, K.F. Adams, J.A. Ezekowitz, M. Fiuzat, N. Houston-
Miller, J.L. Januzzi, D.B. Mark, LL. Pina, G. Passmore, D.J. Whellan, H. Yang, L.
S. Cooper, E.S. Leifer, P. Desvigne-Nickens, C.M. O’Connor, Effect of natriuretic
peptide-guided therapy on hospitalization or cardiovascular mortality in high-risk
patients with heart failure and reduced ejection fraction: A randomized clinical
trial, J. Am. Med. Assoc. 318 (8) (2017) 713.

[4] L. Taupenot, K.L. Harper, D.T. O’Connor, The chromogranin-secretogranin family,
N. Engl. J. Med. 348 (12) (2003) 1134-1149.

[5] H. Rosjo, M. Stridsberg, G. Florholmen, et al. Secretogranin II; a protein increased
in the myocardium and circulation in heart failure with cardioprotective
properties. PloS ONE, 7 (2012) e37401.

[6] A.H. Ottesen, W.E. Louch, C.R. Carlson, O.J.B. Landsverk, J. Kurola, R.F. Johansen,
M.K. Moe, J.M. Aronsen, A.D. Hgiseth, H. Jarstadmarken, S. Nygard, M. Bjgras,

L. Sjaastad, V. Pettila, M. Stridsberg, T. Omland, G. Christensen, H. Rgsjg,
Secretoneurin is a novel prognostic cardiovascular biomarker associated with
cardiomyocyte calcium handling, J. Am. Coll Cardiol 65 (4) (2015) 339-351.

[7] H. Rgsjg, P.-K. Opstad, J.E. Hoff, K. Godang, G. Christensen, M. Stridsberg,

T. Omland, Effect of short- and long-term physical activities on circulating granin
protein levels, Regul. Pept. 185 (2013) 14-19.

[8] P.L. Myhre, A.H. Ottesen, M. Okkonen, et al. Prognostic value of secretoneurin in
patients with acute respiratory failure: Data from the FINNALI study. Clin. Chem.
62 (2016) 1380-1389.

[9] H. Rgsjg, M. Stridsberg, A.H. Ottesen, S. Nygard, G. Christensen, V. Pettild,

R. Linko, S. Karlsson, T. Varpula, E. Ruokonen, T. Omland, Prognostic Value of
Secretoneurin in Critically Ill Patients With Infections, Crit. Care Med. 44 (10)
(2016) 1882-1890.

[10] H. Rosjo, S. Masson, P. Caironi, et al. Prognostic value of secretoneurin in patients
with severe sepsis and septic shock: data from the albumin Italian outcome sepsis
study. Crit. Care Med. 46 (2018) e404-e410.

[11] J. Brynildsen, P.L. Myhre, M.N. Lyngbakken, L.G. Klaeboe, M. Stridsberg,

G. Christensen, T. Edvardsen, T. Omland, H. Rgsjg, Circulating secretoneurin
concentrations in patients with moderate to severe aortic stenosis, Clin. Biochem.
71 (2019) 17-23.

[12] J. Brynildsen, L. Petaja, P.L. Myhre, et al. Circulating secretoneurin concentrations
after cardiac surgery: data From the FINNish acute kidney injury heart study. Crit.
Care Med. 47 (2019) e412-e419.

[13] A.H. Ottesen, C.R. Carlson, O.S. Eken, M. Sadredini, P.L. Myhre, X. Shen, B. Dalhus,
D.R. Laver, P.K. Lunde, J. Kurola, M. Lunde, J.E. Hoff, K. Godang, I. Sjaastad,


https://doi.org/10.1016/j.clinbiochem.2023.110595
https://doi.org/10.1016/j.clinbiochem.2023.110595
http://refhub.elsevier.com/S0009-9120(23)00114-5/h0010
http://refhub.elsevier.com/S0009-9120(23)00114-5/h0010
http://refhub.elsevier.com/S0009-9120(23)00114-5/h0010
http://refhub.elsevier.com/S0009-9120(23)00114-5/h0015
http://refhub.elsevier.com/S0009-9120(23)00114-5/h0015
http://refhub.elsevier.com/S0009-9120(23)00114-5/h0015
http://refhub.elsevier.com/S0009-9120(23)00114-5/h0015
http://refhub.elsevier.com/S0009-9120(23)00114-5/h0015
http://refhub.elsevier.com/S0009-9120(23)00114-5/h0015
http://refhub.elsevier.com/S0009-9120(23)00114-5/h0020
http://refhub.elsevier.com/S0009-9120(23)00114-5/h0020
http://refhub.elsevier.com/S0009-9120(23)00114-5/h0030
http://refhub.elsevier.com/S0009-9120(23)00114-5/h0030
http://refhub.elsevier.com/S0009-9120(23)00114-5/h0030
http://refhub.elsevier.com/S0009-9120(23)00114-5/h0030
http://refhub.elsevier.com/S0009-9120(23)00114-5/h0030
http://refhub.elsevier.com/S0009-9120(23)00114-5/h0035
http://refhub.elsevier.com/S0009-9120(23)00114-5/h0035
http://refhub.elsevier.com/S0009-9120(23)00114-5/h0035
http://refhub.elsevier.com/S0009-9120(23)00114-5/h0045
http://refhub.elsevier.com/S0009-9120(23)00114-5/h0045
http://refhub.elsevier.com/S0009-9120(23)00114-5/h0045
http://refhub.elsevier.com/S0009-9120(23)00114-5/h0045
http://refhub.elsevier.com/S0009-9120(23)00114-5/h0055
http://refhub.elsevier.com/S0009-9120(23)00114-5/h0055
http://refhub.elsevier.com/S0009-9120(23)00114-5/h0055
http://refhub.elsevier.com/S0009-9120(23)00114-5/h0055
http://refhub.elsevier.com/S0009-9120(23)00114-5/h0065
http://refhub.elsevier.com/S0009-9120(23)00114-5/h0065

H. Rysjo et al.

[14]

[15]

[16]

[17]

[18]

[19]

V. Pettild, M. Stridsberg, S.E. Lehnart, A.G. Edwards, 1.G. Lunde, T. Omland, M.
K. Stokke, G. Christensen, H. Rgsjg, W.E. Louch, Secretoneurin is an endogenous
calcium/calmodulin-dependent protein kinase II inhibitor that attenuates Ca(2+)-
dependent arrhythmia, Circ. Arrhythm. Electrophysiol. 12 (4) (2019) e007045.
A.M. Shah, D.L. Mann, In search of new therapeutic targets and strategies for heart
failure: recent advances in basic science, Lancet 378 (9792) (2011) 704-712.
C.W. Kim, W.S. Aronow, T. Dutta, D. Frenkel, W.H. Frishman, Catecholaminergic
polymorphic ventricular tachycardia, Cardiol. Rev. 28 (6) (2020) 325-331.

L. Tavazzi, G. Tognoni, M.G. Franzosi, R. Latini, A.P. Maggioni, R. Marchioli, G.
L. Nicolosi, M. Porcu, Rationale and design of the GISSI heart failure trial: a large
trial to assess the effects of n-3 polyunsaturated fatty acids and rosuvastatin in
symptomatic congestive heart failure, Eur. J. Heart Fail. 6 (5) (2004) 635-641.
L. Tavazzi, A.P. Maggioni, R. Marchioli, et al., Effect of n-3 polyunsaturated fatty
acids in patients with chronic heart failure (the GISSI-HF trial): a randomised,
double-blind, placebo-controlled trial, Lancet 372 (2008) 1223-1230.

L. Tavazzi, A.P. Maggioni, R. Marchioli, et al., Effect of rosuvastatin in patients
with chronic heart failure (the GISSI-HF trial): a randomised, double-blind,
placebo-controlled trial, Lancet 372 (2008) 1231-1239.

P.L. Myhre, A.H. Ottesen, A.L. Faaren, S.H. Tveit, J. Springett, J. Pyylampi,

M. Stridsberg, G. Christensen, A.D. Hgiseth, T. Omland, H. R¢sjg, Performance of a
novel research-use-only secretoneurin ELISA in patients with suspected acute
coronary syndrome: comparison with an established secretoneurin
radioimmunoassay, Cardiology 146 (5) (2021) 566-574.

[20]

[21]

[22]

[23]

[24]

[25]

Clinical Biochemistry 118 (2023) 110595

K.M. Aakre, A.H. Ottesen, H. Strand, A.L. Faaren, B. Alaour, J. Torsvik, M.S. Sylte,
M. Marber, G. Christensen, H. Rgsjg, T. Omland, Biological variation of
secretoneurin; a novel cardiovascular biomarker implicated in arrhythmogenesis,
Clin. Biochem. 98 (2021) 74-77.

R. Latini, S. Masson, I. Anand, D. Judd, A.P. Maggioni, Y.-T. Chiang, M. Bevilacqua,
M. Salio, P. Cardano, P.H.J.M. Dunselman, N.J. Holwerda, G. Tognoni, J.N. Cohn,
Effects of valsartan on circulating brain natriuretic peptide and norepinephrine in
symptomatic chronic heart failure: the Valsartan Heart Failure Trial (Val-HeFT),
Circulation 106 (19) (2002) 2454-2458.

A.S. Levey, J.P. Bosch, J.B. Lewis, et al., A more accurate method to estimate
glomerular filtration rate from serum creatinine: a new prediction equation.
Modification of Diet in Renal Disease Study Group, Ann. Intern. Med. 130 (1999)
461-470.

J. Plagek, M. Lazarova, J. Dodulik, P. Sulc, D. Stejskal, Z. Svagera, F. Vsiansky,
J. Véclavik, Secretoneurin as a novel biomarker of cardiovascular episodes: Are we
there yet? A narrative review, J. Clin. Med. 11 (23) (2022) 7191.

D.A. Morrow, J.A. de Lemos, Benchmarks for the assessment of novel
cardiovascular biomarkers, Circulation 115 (8) (2007) 949-952.

H. Rgsjg, S. Masson, R. Latini, A. Flyvbjerg, V. Milani, M.T. La Rovere, M. Revera,
A. Mezzani, G. Tognoni, L. Tavazzi, T. Omland, Prognostic value of chromogranin
A in chronic heart failure: data from the GISSI-Heart Failure trial, Eur. J. Heart Fail.
12 (6) (2010) 549-556.


http://refhub.elsevier.com/S0009-9120(23)00114-5/h0065
http://refhub.elsevier.com/S0009-9120(23)00114-5/h0065
http://refhub.elsevier.com/S0009-9120(23)00114-5/h0065
http://refhub.elsevier.com/S0009-9120(23)00114-5/h0065
http://refhub.elsevier.com/S0009-9120(23)00114-5/h0070
http://refhub.elsevier.com/S0009-9120(23)00114-5/h0070
http://refhub.elsevier.com/S0009-9120(23)00114-5/h0075
http://refhub.elsevier.com/S0009-9120(23)00114-5/h0075
http://refhub.elsevier.com/S0009-9120(23)00114-5/h0080
http://refhub.elsevier.com/S0009-9120(23)00114-5/h0080
http://refhub.elsevier.com/S0009-9120(23)00114-5/h0080
http://refhub.elsevier.com/S0009-9120(23)00114-5/h0080
http://refhub.elsevier.com/S0009-9120(23)00114-5/h0085
http://refhub.elsevier.com/S0009-9120(23)00114-5/h0085
http://refhub.elsevier.com/S0009-9120(23)00114-5/h0085
http://refhub.elsevier.com/S0009-9120(23)00114-5/h0090
http://refhub.elsevier.com/S0009-9120(23)00114-5/h0090
http://refhub.elsevier.com/S0009-9120(23)00114-5/h0090
http://refhub.elsevier.com/S0009-9120(23)00114-5/h0095
http://refhub.elsevier.com/S0009-9120(23)00114-5/h0095
http://refhub.elsevier.com/S0009-9120(23)00114-5/h0095
http://refhub.elsevier.com/S0009-9120(23)00114-5/h0095
http://refhub.elsevier.com/S0009-9120(23)00114-5/h0095
http://refhub.elsevier.com/S0009-9120(23)00114-5/h0100
http://refhub.elsevier.com/S0009-9120(23)00114-5/h0100
http://refhub.elsevier.com/S0009-9120(23)00114-5/h0100
http://refhub.elsevier.com/S0009-9120(23)00114-5/h0100
http://refhub.elsevier.com/S0009-9120(23)00114-5/h0105
http://refhub.elsevier.com/S0009-9120(23)00114-5/h0105
http://refhub.elsevier.com/S0009-9120(23)00114-5/h0105
http://refhub.elsevier.com/S0009-9120(23)00114-5/h0105
http://refhub.elsevier.com/S0009-9120(23)00114-5/h0105
http://refhub.elsevier.com/S0009-9120(23)00114-5/h0110
http://refhub.elsevier.com/S0009-9120(23)00114-5/h0110
http://refhub.elsevier.com/S0009-9120(23)00114-5/h0110
http://refhub.elsevier.com/S0009-9120(23)00114-5/h0110
http://refhub.elsevier.com/S0009-9120(23)00114-5/h0115
http://refhub.elsevier.com/S0009-9120(23)00114-5/h0115
http://refhub.elsevier.com/S0009-9120(23)00114-5/h0115
http://refhub.elsevier.com/S0009-9120(23)00114-5/h0120
http://refhub.elsevier.com/S0009-9120(23)00114-5/h0120
http://refhub.elsevier.com/S0009-9120(23)00114-5/h0125
http://refhub.elsevier.com/S0009-9120(23)00114-5/h0125
http://refhub.elsevier.com/S0009-9120(23)00114-5/h0125
http://refhub.elsevier.com/S0009-9120(23)00114-5/h0125

	Prognostic value of secretoneurin in chronic heart failure. Data from the GISSI-Heart Failure trial
	1 Introduction
	2 Methods
	2.1 Study design
	2.2 Blood sampling procedures
	2.3 Determination of biomarker concentrations
	2.4 Statistical methods

	3 Results
	3.1 Baseline characteristics
	3.2 Baseline SN concentrations and clinical outcomes
	3.3 Effect of study drugs on SN concentrations at 3-month follow-up

	4 Discussion
	Declaration of Competing Interest
	Acknowledgements
	Sources of funding
	Appendix Participating centers and investigators
	Appendix A Supplementary data
	References


