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ABSTRACT
BACKGROUND Myocardial ﬁbrosis may contribute to the pathophysiology of heart failure with preserved ejection
fraction. Given the biochemical targets of sacubitril/valsartan, this study hypothesized that circulating biomarkers
reﬂecting the mechanisms that determine extracellular matrix homeostasis are altered by sacubitril/valsartan compared
with valsartan alone.
OBJECTIVES This study investigated the effects of sacubitril/valsartan on biomarkers of extracellular matrix homeostasis and the association between biomarkers and the primary endpoint (total heart failure hospitalizations and cardiovascular death).
METHODS N-terminal propeptide of collagen I and III, tissue inhibitor of matrix metalloproteinase 1, carboxyl-terminal
telopeptide of collagen type I, and soluble ST2 were measured at baseline (n ¼ 1,135) and 16 (n ¼ 1,113) and 48 weeks
(n ¼ 1,016) after randomization. The effects of sacubitril/valsartan on these biomarkers were compared with those of
valsartan alone. Baseline biomarker values and changes from baseline to 16 weeks were related to primary endpoint.
RESULTS At baseline, all 5 biomarkers were higher than published referent control values. Sixteen weeks after
randomization, sacubitril/valsartan decreased tissue inhibitor of matrix metalloproteinase 1 by 8% (95% conﬁdence interval [CI]: 6% to 10%; p < 0.001), soluble ST2 by 4% (95% CI: 1% to 7%; p ¼ 0.002), and N-terminal propeptide of
collagen III by 3% (95% CI: 0% to 6%; p ¼ 0.04) and increased carboxyl-terminal telopeptide of collagen type I by 4%
(95% CI: 1% to 8%; p ¼ 0.02) compared with valsartan alone, consistently in men and women and patients with left
ventricular ejection fraction above or below the median of 57%. Higher levels of tissue inhibitor of matrix metalloproteinase 1 and soluble ST2 at baseline and increases in these markers at 16 weeks were associated with higher primary
endpoint event rates.
CONCLUSIONS Biomarkers reﬂecting extracellular matrix homeostasis are elevated in heart failure with
preserved ejection fraction, favorably altered by sacubitril/valsartan, and have important prognostic value. (Prospective
Comparison of ARNI With ARB Global Outcomes in HF With Preserved Ejection Fraction [PARAGON-HF]; NCT01920711)
(J Am Coll Cardiol 2020;76:503–14) © 2020 The Authors. Published by Elsevier on behalf of the American College of
Cardiology Foundation. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).
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changes
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levels

of

these

biomarkers.

and CITP (Orion Diagnostica, Espoo, Finland) were
used. The coefﬁcients of variance, lower limit of

METHODS

detection

STUDY DESIGN AND PROCEDURES. The design and

primary results of the PARAGON-HF have been previously described (12,13). PARAGON-HF was a multicenter, double-blind clinical trial that randomized
patients with chronic HFpEF in a 1:1 fashion to sacubitril/valsartan or valsartan alone. Eligibility criteria
included signs and symptoms of HF, New York Heart
Association functional classes II to IV, left ventricular
ejection fraction (LVEF) $45%, age $50 years,
diuretic therapy, evidence of structural heart disease,
and elevated level of natriuretic peptides (with lower
thresholds for patients with recent hospitalization for
HF and higher thresholds in the presence of atrial
ﬁbrillation). Only patients who tolerated both study
drugs during sequential run-in periods were eligible
for randomization.
The pre-speciﬁed primary endpoint was a composite of total (ﬁrst and recurrent) hospitalizations for
HF and cardiovascular (CV) death. Key secondary
endpoints included components of the primary
endpoint. A blinded clinical events committee at
Brigham and Women’s Hospital (Boston, Massachusetts) adjudicated these endpoints.
PATIENT

California), and radioimmunoassays for PINP, PIIINP,

POPULATION. Patients

or

lower

limit

of

quantitation,

and

measuring range for each biomarker were previously
published (11).
STATISTICAL ANALYSIS. Baseline biomarker levels

were described using median (interquartile range)
and compared qualitatively with referent control
values (5,7,14–17) as previously described (11). Baseline characteristics of the included patients were
described using proportions for categorical variables,
mean  SD for normally distributed continuous variables, and median and interquartile range for skewed
continuous variables and were compared using
Pearson chi-square test, Student’s t-test, and Wilcoxon rank sum test, respectively. Changes in
biomarker levels 16 and 48 weeks after randomization, compared to baseline, were described using
geometric mean with 95% conﬁdence intervals (CIs)
for each treatment group; only patients with available
data at all 3 time points were included in assessments
of 48-week change. Biomarker changes from baseline
were compared between treatment groups using
linear regression with log-transformed biomarker
values as the outcome and adjusting for logtransformed baseline biomarker level.
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The relationships among log-transformed and
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T A B L E 1 Baseline Characteristics of Patients With Available Biomarker Data

T A B L E 2 Baseline Biomarker Data

Sacubitril/
Valsartan
(n ¼ 576)

Valsartan
(n ¼ 559)

p Value

Age, yrs

73.5  7.8

73.6  8.3

0.82

TIMP-1, ng/ml 129 (108–156)

Female

292 (50.7)

294 (52.6)

0.52

PINP, ng/ml

0.60

PIIINP, ng/ml

4.4 (3.6–5.5) 3.5 (3.0–4.0)

76

CITP, ng/ml

6.0 (4.7–8.0) 3.8 (2.8–5.3)

90

Race
White

536 (93.1)

516 (92.3)

Asian

16 (2.8)

21 (3.8)

Black

7 (1.2)

8 (1.4)

Other

17 (3.0)

14 (2.5)

51 (8.9)

57 (10.2)

Central Europe

274 (47.6)

264 (47.2)

Latin America

9 (1.6)

4 (0.7)

North America

70 (12.2)

68 (12.2)

Region

0.67

Asia/Paciﬁc

Western Europe

sST2, ng/ml

PARAGONHF

Referent
Controls*

24 (19–29)

20 (17–26)

69

72 (70–75)

99

30 (25–35)

70

38 (29–51)

Percentage Above
Referent Control Median

Values are median (interquartile range) unless otherwise indicated.
*Referent controls are drawn from references 5, 7, and 14 to 17 as previously
described (11).
CITP ¼ collagen I telopeptide; IQR ¼ interquartile range; PARAGONHF ¼ Prospective Comparison of ARNI With ARB Global Outcomes in HF With
Preserved Ejection Fraction; PINP ¼ N-terminal propeptide of collagen I;
PIIINP ¼ N-terminal propeptide of collagen III; sST2 ¼ soluble ST2; TIMP ¼ tissue
inhibitor of matrix metalloproteinase 1.

172 (29.9)

166 (29.7)

246 (42.7)

225 (40.3)

0.40

77 (13.5)

47 (8.4)

0.007

Hypertension

561 (97.4)

529 (94.6)

0.017

analysis was performed in STATA version 14.1

Prior myocardial infarction

125 (21.7)

117 (20.9)

0.75

(StataCorp, College Station, Texas). A 2-sided p value

Ischemic etiology

218 (37.8)

199 (35.6)

0.43

of <0.05 was considered signiﬁcant.

Diabetes
Stroke

NYHA functional class

0.11

RESULTS

I

18 (3.1)

14 (2.5)

II

449 (78.0)

419 (75.0)

III

109 (18.9)

125 (22.4)

IV

0 (0.0)

1 (0.2)

Prior HF hospitalization

203 (35.2)

206 (36.9)

0.57

Body mass index, kg/m2

30.7  4.7

30.7  4.9

0.94

Left ventricular ejection fraction

57.1  7.6

57.4  7.5

0.47

ACE inhibitor/ARB

511 (88.7)

499 (89.3)

0.77

Mineralocorticoid antagonist

137 (23.8)

139 (24.9)

0.67

average 1 year older, with higher body mass index,

Diuretic

553 (96.0)

546 (97.7)

0.11

lower estimated glomerular ﬁltration rate, and lower

Beta-blocker

469 (81.4)

466 (83.4)

0.39

rate of prevalent HF hospitalization in the past

Atrial ﬁbrillation

185 (32.1)

177 (31.8)

0.9

9 months (all p < 0.001). Included patients also had a

Systolic blood pressure, mm Hg

131.1  15.6

130.7  15.1

0.65

higher frequency of angiotensin-converting enzyme

Diastolic blood pressure, mm Hg

74.8  10.7

74.0  9.9

0.21

4.5  0.4

4.5  0.4

0.91

inhibitor or angiotensin-receptor blocker, diuretic,

60.2  17.4

60.1  18.4

0.91

NT-proBNP, pg/ml

941.5
(525.0–1,497.0)

953.0
(497.0–1,610.0)

0.77

hsTnT, ng/l

17.0 (12.0–26.0)

17.0 (11.0–26.0)

0.54

Potassium, mEq/l
eGFR, ml/min/1.73 m

2

BASELINE CHARACTERISTICS. The baseline charac-

teristics of the study population are presented in
Table 1 and Supplemental Table 1. Patients with
available biomarker data, compared with patients
without available data, were less likely to be Asian, on

and

beta-blocker

use

at

baseline.

Within

the

biomarker substudy, baseline characteristics of patients randomized to sacubitril/valsartan and valsartan alone were balanced (Table 1). Two parameters
had clinically minor but statistically signiﬁcant dif-

Values are mean  SD, n (%), or median (interquartile range).
ACE ¼ angiotensin-converting enzyme; ARB ¼ angiotensin-receptor blocker; eGFR ¼ estimated
glomerular ﬁltration rate; HF ¼ heart failure; hsTnT ¼ high-sensitivity troponin T;
NT-proBNP ¼ N-terminal pro–B-type natriuretic peptide; NYHA ¼ New York Heart Association.

ferences: patients randomized to sacubitril/valsartan
had greater prevalence of prior stroke (14% vs. 8%;
p ¼ 0.01) and hypertension (97% vs. 95%; p ¼ 0.02).
BASELINE BIOMARKER VALUES VERSUS REFERENT

Effect modiﬁcation by randomized therapy was

CONTROL SUBJECTS. Table 2 compares the baseline

assessed via interaction terms. Similar time-to–ﬁrst

values

event Cox regression models were used for the

PARAGON-HF with published values of these bio-

endpoint of CV death.

markers from referent control subjects. Compared

All participants in PARAGON-HF provided written
informed

consent.

The

study

protocols

of

biomarkers

in

patients

enrolled

in

with referent control subjects, patients with HFpEF

were

had greater median sST2, TIMP-1, PINP, PIIINP, and

approved by local ethics committees and institutional

CITP. TIMP-1 and CITP exceeded referent control

review boards at each participating site. Statistical

median values in >90% of patients.
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Biomarker levels differed by sex: sST2, PIIINP,
TIMP-1, and CITP were higher in men, whereas PINP

independently predicted CV death after multivariable
adjustment due to lower statistical power.

was higher in women (Supplemental Table 2A). There

Baseline biomarker levels did not modify the effect

were no statistically signiﬁcant differences in base-

of sacubitril/valsartan compared with valsartan on

line

with

the primary endpoint (p for interaction >0.05 for all).

value)

Relationship between change in biomarker from

LVEF

biomarker
#57%

levels
or

between

>57%

(the

patients
median

(Supplemental Table 2B).

b a s e l i n e a n d o u t c o m e s . Increases in biomarker

Effects of treatment with sacubitril/valsartan
v e r s u s v a l s a r t a n o n b i o m a r k e r s . Figure 1 shows
the effect of treatment with sacubitril/valsartan or
valsartan on geometric mean biomarker levels 16 and
48 weeks after randomization. Sacubitril/valsartan
decreased TIMP-1 by 8% (95% CI: 6% to 10%;
p < 0.001), sST2 by 4% (95% CI: 1% to 7%; p ¼ 0.002),
and PIIINP by 3% (95% CI: 0% to 6%; p ¼ 0.04) at
16 weeks, compared with valsartan after adjustment
for baseline value (Figures 1A and 1C). CITP was
increased by 4% (95% CI: 1% to 8%; p ¼ 0.02) with
sacubitril/valsartan compared with valsartan. There
were no statistically signiﬁcant differences in PINP
between treatment groups.
At 48 weeks after randomization, reductions in

levels from baseline to week 16 were associated with
increased risk of subsequent primary endpoint
events for all 5 biomarkers after adjustment for
baseline value. After further adjustment for 7 covariates, changes in TIMP-1 (rate ratio [RR]: 1.23 per
SD increase; 95% CI: 1.03 to 1.47; p ¼ 0.02), sST2
(RR: 1.15 per SD increase; 95% CI: 1.02 to 1.31;
p ¼ 0.03), and CITP (RR: 1.26 per SD increase;
95% CI 1.03 to 1.55; p ¼ 0.03) remained associated
with the primary endpoint (Supplemental Table 4).
The relationships between change in TIMP-1 and
sST2 from baseline to 16 weeks after randomization
and risk of subsequent primary endpoints are presented in Figures 3C and 3D.

DISCUSSION

TIMP-1 and sST2 with sacubitril/valsartan compared
with valsartan were maintained (Figure 1B). PINP and

Circulating biomarkers reﬂecting mechanisms of ECM

PIIINP were numerically lower and CITP numerically

homeostasis (sST2), collagen synthesis (PINP, PIIINP),

higher with sacubitril/valsartan, but these differences

and collagen degradation and turnover (TIMP-1, CITP)

were not statistically signiﬁcant.

were abnormal in patients with HFpEF enrolled in the

The effect of sacubitril/valsartan compared with
valsartan

on

biomarker

levels

16

weeks

PARAGON-HF

trial,

suggesting

that

proﬁbrotic

after

signaling may play a role in the pathophysiology of

randomization was similar in men and women and

HFpEF. Higher baseline levels of sST2 and TIMP-1 and

patients with lower versus higher LVEF (Figure 2),

increases in these markers over time were associated

despite differences in primary endpoint treatment

with greater risk of HF hospitalization and CV death.

effect between these groups.

Sacubitril/valsartan altered these biomarkers in a

BASELINE BIOMARKER VALUES VERSUS OUTCOMES. The

pattern that suggests a decrease in proﬁbrotic

risk of the primary outcome (composite of CV death

signaling. All of these ﬁndings were independent of

and total heart failure hospitalizations) increased

sex and EF. In aggregate, these data suggest that

with greater baseline values of TIMP-1, sST2, PIIINP,

biomarkers reﬂecting ECM homeostasis are elevated

and CITP, but not PINP, in unadjusted analysis

in HFpEF, altered by sacubitril/valsartan, and have

(Table 3, Figures 3A and 3B). After adjustment for 23

important prognostic value (Central Illustration).

covariates including LVEF, NT-proBNP, hsTNT, and

COMPARISON TO PUBLISHED STUDIES. B a s e l i n e

randomized treatment group, sST2 and TIMP-1

v a l u e s . Baseline values of the biomarkers examined

retained statically signiﬁcant associations with the

in PARAGON-HF were comparable to HF cohorts

primary endpoint. When all biomarkers and clinical

derived

covariates were included in 1 model, only higher

randomized clinical trials. TIMP-1 levels exceeded

TIMP-1 concentration remained independently asso-

the referent control median in >90% of patients and

ciated with risk of the primary endpoint. Thus, in

were similar to patients with HFrEF in PARADIGM-

these patients with HFpEF, baseline values of TIMP-1

HF (Prospective Comparison of ARNI with ACEI to

predicted outcomes independently of the other 4

Determine Impact on Global Mortality and Morbidity

from

both

epidemiologic

studies

and

proﬁbrotic biomarkers, NT-proBNP, and hsTNT. As-

in Heart Failure) (7,11,15). PIIINP and CITP levels

sociations of biomarker levels with the components of

exceeded referent controls and were similar to those

the primary endpoint, CV death and HF hospitaliza-

of patients with HFpEF in the Cardiovascular Health

tion, were consistent in direction and approximate

Study (17). Elevation in PIIINP was similar to that of

magnitude (Supplemental Table 3), though only sST2

patients with HFpEF in I-PRESERVE (Irbesartan in
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F I G U R E 1 Change in Biomarker Levels by Treatment Group at 16 and 48 Weeks After Randomization

A

16 Weeks After Randomization

12

TIMP-1
p < 0.001

sST2
p = 0.002

PIIINP
p = 0.04

PINP
p = 0.44

CITP
p = 0.02
*

Geometric Mean % Change

8
*

4
0
−4
−8

*

*
*p < 0.05 vs. Valsartan

−12
Valsartan

B

Sacubitril/Valsartan

48 Weeks After Randomization
20
16

Geometric Mean % Change

508

TIMP-1
p < 0.001

sST2
p = 0.02

PIIINP
p = 0.32

PINP
p = 0.39

CITP
p = 0.07

12
8
4
0
−4
−8

*
*
Valsartan

*p < 0.05 vs. Valsartan
Sacubitril/Valsartan

Change in biomarker levels by randomized treatment group 16 weeks (A) and 48 weeks (B) after randomization. (B) Only patients with
available data at all 3 time points (baseline, week 16, and week 48) are included. (C) Geometric mean change in biomarker level with sacubitril/
valsartan compared with valsartan, adjusted for baseline value, at 16 weeks. Error bars indicate 95% conﬁdence interval. *p < 0.05 versus
valsartan. CITP ¼ carboxyl-terminal telopeptide of collagen type I; PIIINP ¼ N-terminal propeptide of collagen III; PINP ¼ N-terminal propeptide of collagen I; Sac ¼ sacubitril; sST2 ¼ soluble ST2; TIMP ¼ tissue inhibitor of matrix metalloproteinase; Val ¼ valsartan.

Continued on the next page
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F I G U R E 1 Continued

16-Week Change in Biomarkers Levels with
Sacubitril/Valsartan Compared with Valsartan

C

sST2

p = 0.002

PINP

p = 0.44

PIIINP

p = 0.04

TIMP-1

p < 0.001

CITP

p = 0.02

−12%

−8%
−4%
+0%
+4%
+9%
Change After Sac/Val Compared to Val

Heart Failure With Preserved Systolic Function) (19)

When all 5 measured biomarkers of ECM ho-

and is the only marker studied with conﬁrmed

meostasis were added to the multivariate model,

association

myocardial

TIMP-1 retained a signiﬁcant relationship with the

ﬁbrosis (20,21). sST2 levels exceeded subjects of

to

histologically

proven

primary endpoint. Thus, TIMP-1 had prognostic

similar age and sex in the Framingham Heart Study

signiﬁcance independent of the other biomarkers of

(14). PINP levels exceeded referent controls in the

ECM homeostasis

SHIP (Study of Health in Pomerania) study and were

troponin. Similar associations for TIMP-1 were also

slightly lower than for patients with HFpEF in

observed in patients with HFrEF in the PARADIGM-

and natriuretic

peptides

and

I-PRESERVE (19,22).

HF trial (11). TIMP-1 was the strongest predictor of

R e l a t i o n s h i p t o o u t c o m e . In the current study,

all-cause mortality after age in a cohort of >5,000

both baseline and change from baseline values of

Icelandic patients (24), and in the Framingham

sST2 and TIMP-1 had a signiﬁcant relationship with

Heart Study, TIMP-1 was associated with LV hy-

the primary study outcome of CV death and HF hos-

pertrophy and systolic dysfunction by echocardio-

pitalization. These results in this carefully deﬁned

gram (25). TIMP-1 appears to identify patients with

HFpEF population are similar to cohorts of patients

chronic HF at the highest risk for events, regardless

with HFrEF derived from epidemiologic studies and

of EF.

randomized clinical trials (11,23). However, to our

EFFECTS OF SACUBITRIL/VALSARTAN. The changes

knowledge, this is the ﬁrst study to demonstrate this

in biomarker levels observed with sacubitril/valsartan

relationship in patients with HFpEF. The relation-

compared with valsartan alone would be predicted to

ships between higher levels of sST2 and TIMP-1 (and

reﬂect signiﬁcant changes in ECM homeostasis. TIMP-1

increases in these markers) and greater risk of CV

inhibits a number of MMPs, thus inhibiting the

death and HF hospitalization remained statistically

catabolism of insoluble ﬁbrillar collagen and promot-

signiﬁcant even after robust multivariable adjust-

ing

ment for all baseline covariates including NT-proBNP

PARADIGM-HF, treatment with sacubitril/valsartan

and hsTNT.

decreased TIMP-1; therefore sacubitril/valsartan may

its

accumulation.

In

PARAGON-HF

and
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F I G U R E 2 Change in Biomarker Level by Treatment 16 Weeks After Randomization by Sex and LVEF

sST2

PINP

PIIINP

TIMP-1

CITP

LVEF

Sex

All p-interaction >0.05

All p-interaction >0.05

EF ≤57%

Men

EF >57%

Women

EF ≤57%

Men

EF >57%

Women

EF ≤57%

Men

EF >57%

Women

EF ≤57%

Men

EF >57%

Women

EF ≤57%

Men

EF >57%

Women

−8%
+0%
+9%
+19%
−16%
Change After Sac/Val Compared to Val

−8%
+0%
+9%
+19%
−16%
Change After Sac/Val Compared to Val

Change in biomarker level with sacubitril/valsartan versus valsartan 16 weeks after randomization in men and women and patients with lower and higher left ventricular
ejection fraction (LVEF). Geometric mean change in biomarker level with sacubitril/valsartan compared with valsartan, adjusted for baseline value at 16 weeks. The
median LVEF was 57%. Abbreviations as in Figure 1.

alter ECM homeostasis in a manner that may reduce

treatment with sacubitril/valsartan decreased sST-2

proﬁbrotic signaling. sST2 serves as a decoy for inter-

and therefore may alter ECM homeostasis in a

leukin 33, facilitates proﬁbrotic signaling through the

manner that may reduce proﬁbrotic and inﬂammatory

ST2 receptor and may lead to increased collagen syn-

signaling (11,26). The magnitude of TIMP-1 and sST2

thesis. In the PARAGON-HF, PARADIGM-HF, and

reduction

PIONEER-HF

Sacubitril/Valsartan

regardless of EF in this study and compared with

Versus Enalapril on Effect on NT-proBNP in Patients

reduction in patients with reduced EF in PARA-

Stabilized From an Acute Heart Failure Episode) trials,

DIGM-HF.

(Comparison

of

with

sacubitril/valsartan

was

similar

T A B L E 3 Association Between Baseline Biomarker Levels and Primary Endpoint

Unadjusted

Adjusted for Baseline Covariates

Adjusted for Baseline Covariates þ
Other 4 ECM Biomarkers

n

RR (95% CI) per SD

p Value

RR (95% CI) per SD

p Value

RRR (95% CI) per SD

p Value

1,117

1.70 (1.49–1.94)

<0.001

1.36 (1.17–1.58)

<0.001

1.36 (1.15–1.61)

<0.001

sST2

1,120

1.43 (1.27–1.60)

<0.001

1.14 (1.01–1.29)

0.04

1.00 (0.87–1.15)

0.99

PIIINP

1,108

1.32 (1.12–1.56)

<0.001

1.04 (0.88–1.23)

0.65

1.05 (0.84–1.30)

0.69

PINP

1,116

1.06 (0.87–1.28)

0.56

0.92 (0.77–1.10)

0.34

0.85 (0.67–1.07)

0.16

CITP

1,096

1.55 (1.32–1.82)

<0.001

1.04 (0.86–1.26)

0.68

1.00 (0.80–1.25)

0.99

TIMP-1

The primary endpoint was a composite of CV death and total HF hospitalizations (335 events). Rate ratio (RR) with 95% conﬁdence interval (CI) refers to increase in expected
event rate per SD increase in log-transformed biomarker level and was calculated using recurrent events regression analysis. The following covariates were included: NTproBNP; high-sensitivity troponin; age; sex; region; history of stroke, diabetes, hypertension, myocardial infarction, ischemic cause of HF, or atrial ﬁbrillation; NYHA functional class; left ventricular ejection fraction; medications (mineralocorticoid receptor antagonist, diuretic, beta-blocker); systolic and diastolic blood pressure; eGFR; and serum
potassium.
ECM ¼ extracellular matrix; other abbreviations as in Tables 1 and 2.
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F I G U R E 3 TIMP-1 and sST2 Baseline Values and 16-Week Change With Incidence of HF Hospitalization and CV Death

Baseline Values vs Outcomes
A

B
sST2

60
40

HF Hosp & CV Death per 100 py

HF Hosp & CV Death per 100 py

TIMP-1

20
10
5
2
75

60
40
20
10
5
2

100 125
160 200 250 300
Baseline TIMP-1 (ng/ml)

12

40
20 25 30
Baseline sST2 (ng/ml)

50

65

16-Week Change from Baseline Values vs Outcomes
TIMP-1
2
1.5
1
.75
.5
.35
+20% +40%
−30% −20% −10% 0%
Change in TIMP-1 from Pre Run-in to 16 Weeks

HF Hosp & CV Death After 16 Weeks

D
HF Hosp & CV Death After 16 Weeks

C

sST2
2
1.5
1
.75
.5
.35
−30% −20% −10% 0%
+20%
+40%
Change in sST2 from Pre Run-in to 16 Weeks

Continuous relationships of TIMP-1 and sST2 baseline values and 16-week change with incidence of subsequent heart failure (HF) hospitalization (Hosp) and cardiovascular (CV) death. (A, B) The x-axis and histogram represent plasma biomarker level at baseline. The solid line represents estimated incidence rate of the primary
endpoint, total HF hospitalizations and CV death, without adjustment. The dashed lines represent 95% conﬁdence intervals for the estimated incidence rate. Incidence
rate is displayed on the primary (left-sided) y-axis. The highest and lowest 3% of biomarker values are not shown. (C, D) The x-axis and histogram represent change in
biomarker level between pre-run-in baseline visit and the week 16 visit. The solid line represents estimated incidence rate of the primary endpoint, total HF hospitalizations and CV death, that occurred after 16 weeks, relative to patients with no change in biomarker level, adjusted for log-transformed baseline value. The
dashed lines represent 95% conﬁdence intervals for the estimated incidence rate. Incidence rate ratio is displayed on the primary (left-sided) y-axis. The highest and
lowest 5% of biomarker change values are not shown. py ¼ patient-years; other abbreviations as in Figure 1.

The increase in CITP with sacubitril/valsartan may

greater proﬁbrotic signaling. One explanation is that

appear inconsistent with reductions in TIMP-1 and

chronic elevations in CITP reﬂect greater collagen

sST2, as all 3 markers are postulated to associate with

turnover (which may adversely affect prognosis),
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C E NT R AL IL L U STR AT IO N Fibrosis Biomarkers in Heart Failure With Preserved Ejection Fraction

Cunningham, J.W. et al. J Am Coll Cardiol. 2020;76(5):503–14.

Increased hemodynamic and metabolic loads produced by the antecedent disease processes lead to the development of the clinical syndrome of heart failure with
preserved ejection fraction (HFpEF). Activated ﬁbroblasts alter both collagen synthesis and degradation; circulating biomarkers reﬂect these changes and are altered
by treatment with sacubitril/valsartan. CITP ¼ carboxyl-terminal telopeptide of collagen type I; PIIINP ¼ N-terminal propeptide of collagen III; PINP ¼ N-terminal
propeptide of collagen I; sST2 ¼ soluble ST2; TIMP ¼ tissue inhibitor of matrix metalloproteinase.

whereas short-term changes are driven by collagen

with newly synthesized collagen that is processed

degradation (which may facilitate more normal ECM

and cross-linked in an abnormal fashion. This

homeostasis). In chronic pathological states, collagen

increased collagen turnover would be characterized

turnover increases to a higher steady state level.

by increased propeptides and telopeptides, the

Existing normal collagen is degraded and replaced

pattern observed in this study and others, in which
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patients with HFpEF had higher values of PINP,

CONCLUSIONS

PIIINP, and CITP than did referent control subjects or
patients with diabetes and hypertension but not heart

Patients with HFpEF who were enrolled in the

failure (7,17,27). These clinical data are also supported

PARAGON-HF trial had elevated levels of circulating

by data from a recent porcine model of pressure-

biomarkers reﬂecting abnormal ECM homeostasis.

overload that results in HFpEF and abnormal ECM

Baseline biomarker levels and short-term changes

architecture (28). On the other hand, the short-term

were associated with subsequent risk of HF events

increase

independently of clinical risk factors. Sacubitril/val-

in

CITP

with

sacubitril/valsartan

may

reﬂect greater collagen degradation, particularly

sartan signiﬁcantly altered these biomarkers. These

when viewed in combination with a coordinate

data suggest that interstitial myocardial ﬁbrosis con-

decrease in TIMP-1. In this substudy, sacubitril/val-

tributes to HFpEF pathogenesis and prognosis and

sartan decreased TIMP-1, which would be expected to

that antiﬁbrotic properties may contribute to the

allow increased MMP degradation of ﬁbrillar collagen

mechanism of potential beneﬁt of sacubitril/valsartan

and

in patients with HFpEF.

the

release

of

increased

CITP.

Moreover,

although the increase in CITP cannot be dismissed,
baseline CITP was not independently associated with

ADDRESS FOR CORRESPONDENCE: Dr. Scott D. Sol-

the primary endpoint and the increase in CITP with

omon,

sacubitril/valsartan was less statistically robust than

Women’s Hospital, 75 Francis Street, Boston, Massa-

decreases in TIMP-1 and sST2 and was observed only

chusetts 02115. E-mail: ssolomon@bwh.harvard.edu.

at 16 and not 48 weeks.

Twitter: @scottdsolomon. OR Dr. Michael R. Zile,

Cardiovascular

Division,

Brigham

and

values

Division of Cardiology, Medical University of South

were compared with those of referent control subjects

Carolina, Thurmond/Gazes Building, Room 323, 30

from previous publications, not with those of patients

Courtenay Drive, Charleston, South Carolina 29425.

enrolled contemporaneously as part of PARAGON-HF.

E-mail: zilem@musc.edu.

STUDY

LIMITATIONS. Baseline

biomarker

However, studies with similar assays and patient demographics were selected, except for the presence of
HF. Plasma and serum biomarker concentrations may

PERSPECTIVES

be inﬂuenced by processes outside the myocardium,
such as renal or hepatic dysfunction, bone or skin
disease, systemic inﬂammation, malignancy, or pregnancy. However, patients with these conditions were
excluded from the PARAGON-HF trial. Comparison to
the active comparator valsartan, which may itself have
antiﬁbrotic effects, may have resulted in smaller
treatment effects than would have been observed
with a placebo control. The assays for TIMP-1, PIIINP,
and CITP are indicated for research use only; the assays

COMPETENCY IN MEDICAL KNOWLEDGE: Reductions in
biomarkers of perturbed ECM homeostasis during treatment with
sacubitril/valsartan are associated with improved clinical outcomes in patients with HFpEF.
TRANSLATION OUTLOOK: Further studies are warranted to
understand the effects of sacubitril/valsartan on ﬁbrotic
signaling on the pathobiology of ECM homeostasis in patients
with HFpEF.

for sST2 and PINP are approved for clinical use by the
U.S. Food and Drug Administration.
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